
m^plf:-i>}'.

CALIFORNIA
FISH-GAME
tONSERWOTON OF WILD UFE THROUGH EDUCATION^*

Volume 33 San Francisco, October, 1947

6101



STATE OF CALIFORNIA

DEPARTMENT OF NATURAL RESOURCES
DIVISION OF FISH AND GAME

Son Francisco. Calilomia

EARL WARREN
Governor

WARREN T. HANNUM
Director of Natural Resources

FISH AND GAME COMMISSION

LEE F. PAYNE, President

Los Angeles

H. H. ARNOLD, Commissioner WILLIAM J. SILVA, Commissioner
Sonoma Modesto

HARVEY E. HASTAIN, Commissioner PAUL DENNY, Commissioner

Brcrwley Etna

EMIL J. N. OTT, Jr.

Executive Director

Sacramento and Son Francisco

CALIFORNIA FISH AND GAME
CARLTON M. HERMAN, Editor Berkeley

Editorial Board

RICHARD S. CROKER San Francisco

BRIAN CURTIS San Francisco

JOHN E. CHATTIN . Berkeley

Calijirnia Fish and Game is a publication devoted to the conservation of wildlife.
It is publistied quarterly by the California Division of Pish and Game. All material for
publication .should be sent to Dr. Carlton M. Herman, Editor, Division of Fish and
Game, Strawberry Canyon, University of California, Berkeley 4, California. Manu-
scripts should be typed, double spaced, and conform to the style of previous issues.

The articles published herein are not copyrighted and may be reproduced in other
periodical.s, provided due credit is given the author and the California Division of Fish
and Game.

This publication is sent free of charge to interested persons, who may have their
names placed on the mailing list by writing to the editor. Subscriptions are for one
year and must be renewed annually. A postcard will be included with each October
issue for renewal of subscriptions. Subscribers are requested to notify the Division of
Fi.sh and Game, University of California, Berkeley 4, California, of changes of address,
giving old address as well as the new.



California Fish and Game
"conservation of WII.DLIIK THROUGH EDUCATION"

TouMi:.'!:'. ISSTKl) OCTor.iat :',1, 11117 No. J

TABLE OF CONTENTS

Page
A System for Classifying Vegetation in California

IIkkukkt a. Jkx.sen 199

Castle Lake Trout Investigations : 1946 Catch, and Cliemical Removal
of All Fish J. A. Wales 2G7

Second Progress Report on the Cooperative Study of the Interstate

Deer Herd and Its Range Interstate Deer Ilei-d Coiiiniittoe 287

Reports 315

Financial Statements 317

Index to Volume 33 323

List of Personnel 326

(107)
rtiioi





A SYSTEM FOR CLASSIFYING VEGETATION
IN CALIFORNIA'

I'.y IIi:kiii;kt A. Jinsk.n-

Aiiioiiii' tlic inventories needed for the manajrenu'iit of our p^anie

resources iii-e those eoiicerned witli ve<iot;itioii covci-. liccaiisc this cover

involves many plant species and Forms <,'ro\vinu' uiuh'r a vai'icty of" cli-

matie, soil, and moisture conditions -while subjected to a wide ranjre of

treatment by man and beast, inventorying: it usually inti-odiiecs [)roblems
of classification. IMany systems foi- classifying- all oi- parts of this vc<reta-

tion cover jiave been devised, but most of them iiave limitations j)reventinf^

their jieneral adoption. Most of tliem also have depended wholly upon
ground observations.

"While pround observations have many points in their favor and in

some instances are indispensable, under certain conditions they are

neither the most accurate nor the most economical means for classifying

vegetation cover. Chief among the advantages of the ground technique is

the ability to see such vegetation details as individual species and under-

growth. However, for area delineation the ground technique depends
upon oblique or horizontal views in which the foreground-background
factor produces erroneous impressions of both areas and vegetation com-

position. Thus many classification boundaries are determinable, if at all,

only through considerable travel and search.

Aerial photos offer a technique that has many advantages over

ground observations alone. This technique is especially useful when the

vegetation classification is based upon specified proportions of the cover

or ground occupied, -when base maps are not of high quality or recent

date, and when time and funds are limiting factors. On the essentially

vertical views of aerial photos foreground-background differences are

negligible, the various parts of the vegetation complex (excluding under-

growth) appear in their true proportions, and most boundaries are

clearly evident. The addition of vegetation details (understory, etc.) by
ground observation can then be made with a minimum of time and field

travel by using the photo classification as the control. On the other hand,
users of the photo technique should bear in mind that aerial photos are

rarely maps on account of inherent characteristics that cause areas to

appear in other than their true sizes and shapes. Chief among these

characteristics are: (1) the variation in perspective from vertical at the

center of the photos to a degree of obliqueness at their edges, and (2) the

variation in distance between subject and camera lens that causes dift'er-

ences in scale wdienever the ground is not level. But despite these char-

acteristics the areas will appear in their true relationships to the terrain,
and the size and shape distortions can be removed in the process of trans-

ferring the photo areas to maps.
1 Submitted for publication June, 1947.
- California Forest and Range Experiment Station, -United States Forest Service.

The California Forest and Range Experiment Station is maintained at Berlceley in

cooperation with the University of California.

( 19!) )
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Part of a classification system that has been designed to encompass
all of California's natural vegetation without losing the character of its

many transitional conditions, that is capable of flexible interpretation,
and that is based upon the use of aerial photos

^ will be described here.

Although not specifically developed for game management purposes, this

classification system is as applicable to game management as it has proven
to be in other fields. While the system has been designed for the use of

aerial photos, it can also be applied to ground mapping if the photos are

unavailable.

B}^ themselves, the classifications presented may not furnish all the
information needed for particular localities or projects. Their purpose is

to provide, first, simple inventories that effectively stratify the vegetation
complex into significant parts, and second, frameworks upon which sub-

sequent intensifications by area, composition, or use can be added with-
out duplicating previous efforts. These simple inventories serve not only
the needs of most over-all surveys of large areas but also present a
standard for discussions among game managers, foresters, range man-
agers, watershed managers, and others concerned with the natural vege-
tation cover. The frameworks provide bases for finer breakdowns of
areas (edge types, etc.) or species, or for an ecological classification such
as that suggested by Graham (1945).2 Such finer breakdowns also can
be used in small blocks as detailed samples of the broader classifications,

thereby reducing the amount of detailed work that would otherwise be

necessary. Any detailed classification will be facilitated and more accu-

rately located by having the broader classifications to use as a control.

These classifications and techniques of application are products of

the California Forest and Eange Experiment Station, a unit of the

United States Forest Service. More specifically, they represent the joint
efforts of several individuals under the leadership of A. E. Wieslander,
Chief of the Division of Forest Economics. Their development can be
followed through a number of articles and office manuals, the most per-
tinent of which are Wieslander (1935) ;

Burks and Wilson (1939) ;
Wies-

lander, Jensen, Wilson, and Burks (1942) ;
Wieslander and Wilson

(1942) ;
and Forest Survey staff (1947). In its original form the system

was used to inventory a considerable part of California and contiguous
western Nevada, and maps of this work are available from the experiment
station. The ground-mapping technique of that form became obsolete with
the adoption of aerial photos prior to World War II. At the war's end
the remainder of California was classified from photos, but only on a

very extensive basis to provide certain forest statistics (Wieslander and

Jensen, 1946). The over-all distribution of A'-egetation types, as then

determined, by acreage (Table 1) and location (folded map), are repro-
duced here. The modernized form of the classification system is now an
essential part of the station's state-wide timber inventory,^ for which
all commercial timberlands and intermingled areas are being classified

^ In particular, these covering most of California—vertical photos of aroufid three
inches to the mile (1 :20,000) scale, taken on panchromatic film with a minus-blue filter
and an 8 J -inch lens. Photos that present greater detail than these would, of course, also
be usable.

2 A classification of the vegetation cover's ecological (successional) stages, as
determined from a combination of pertinent vegetation and habitat factors.

3 This project is one unit of the nation-wide forest survey being conducted by the
United States Forest Service to ascertain and correlate data on the present supplies of
timber and other forest products, growth and loss rates, present consumption, probable
requirements, and other facts pertinent to balancing the Nation's timber budget.
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down to a 40-acre miniiumii. hi addition, it is a part of the intensification

'id extension of that inventory to be conducted by the State Division of

^stry on lands outside the national forests.

TABLE I

Areas of Vegetation Types in California

Typo

»ood.

Douglas-fir.
Fir.

Pine—DouRlaa-fir—Fir>.

Spruce.
IjodRepoIc pine—Whitebark pine'.

Pinon pine and Juni[)pr.

Minor conifers

Woodlands-
Woodland—Grass'.

Chaparral.
Coastal saKcbrush
Great Basin sagebrush.
Desert

Bushy herbs

Grass
Marsh
Barren — -.--

Cultivated and Urban—Industrial.

Total land area.

1 Includes pine
—Douglas-fir, Pine—Fir, Pine—Dnuglas-flr

—^Fir.

2 Areas too small to be represented.
3 Includes Lodgepole pine

—Mountain hemlock, Whitebark pine—Foxtail pine.
* Includes dense stock of Woodland—Chaparral, Woodland—Sagebrush, where the hardwoods predominate,
s Includes open stock of Woodland—Chaparral, Woodland—Sagebrush.

Four sections of the system are presented here. The first concerns

a basic photo classification of vegetation-cover and other land status ele-

ments
;
the second a vegetation species classification, which is not obtain-

able from the photos alone
;
the third a type classification

;
and the fourth

a density classification. While the four together comprise a complemen-
tary group, the first can be considered either by itself or in any combina-

tion with one or more of the last three. A further classification, that of

age classes of tree stands, is also a part of the system, but is not included

in the present paper.

Section I. Classification of the Vegetation-cover and
Other Land Status Elements

This is the basic classification. It segregates the natural vegetation

complex into units that are generally identifiable on aerial photos and
that have significantly different uses. Then, to provide for complete area

coverage, certain other land-status elements are also included. "With a

field background in photo interpretation, the classification is Mholly
obtainable from the aerial photos now generally available. This classifica-

tion is usable either by itself or as a framework upon which the other

classifications can be added.
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The Units Recognized

The elements of this classification, their definitions, and the symbols

adopted to designate them are :

C—Commercial conifers (Fig. 64)
^—Coniferous trees such as ponderosa pine,^

redwood, Douglas-fir, white fir, lodgepole pine, and others that are considered

of value for lumber, pulpwood, and related uses.

K—Noncommercial conifers (Fig. 65)—Coniferous trees such as whitebark pine,
knobcone pine, pinon pines, bigcone-spruce, junipers, and others that are con-

sidered of little or no value for lumber, pulpwood, and related uses.

H—Hardwoods (Fig. 66)—Broadleaved trees such as oaks and madrone. Aspen
and willows are also included.

S—Chaparral (Fig. 67)—Shrubs such as manzanitas, scrub oak, chamise, moun-
tain-mahogany, and others that are mostly tall in stature and heavily
branched.

T—Sagelrush (Fig. 68)—Shrubs such as the sagebrushes, bitterbrush, wild-

buckwheats, and others that are mostly low in stature and slenderly branched,

together with such taller associates as coyote brush and creosotebu«h.

F—Bushy herhs (Fig. 69)—Herbaceous plants such as ferns, Klamath weed,

wooly mules-ears, and others that are bushy in size and character of growth.

G—Grass (Fig. 70)—Grasses, sedges, and other associated herbaceous plants that

are not under cultivation.

M—Marsh (Fig. 71)—Areas of very poorly drained or partially submerged soils

supporting herbaceous vegetation such as samphire, cattail, and others char-

acteristic of those situations.

B—Bare ground (Fig. 72)—Areas of bare soil and litter-covered ground that are

practically devoid of vegetation.

R—Rock (Fig. 73)—Lava, talus, clifP, boulders, and other rock conditions that

are practically devoid of soil.

A—Cultivated (Fig. 74)—Lands that are being cultivated for farm crops, regu-

larly-cropped natural haylauds, irrigated pastures, and fallow fields.

U—JJr'ban—Industrial (Fig. 75)—Residential, business, and industrial areas.

Classification Principles

On the ground the above elements are found either in single-element
stands (Fig. 77), where no more than one element occurs in significant

amount or, except for Cultivated and Urban—Industrial, in multi-element

or mosaic stands (Fig. 78), where significant amounts of two or more
occur intermixed. A mixture may contain any elements but it must be a

true mixture, with the elements somewhat uniformly dispersed among
one another (Figs. 78 and 80A), and not a patchy occurrence of differing

groups of elements (Figs. 79 and SOB) . "Where the latter condition exists,

proper treatment is the recognition of all distinct conditions and elimina-

tion of those from the inventory that are belov/ the established minimum-
area requirement. For example, the area in Figure 79 is in part hard-

woods alone, in part grass alone, and in part chaparral alone or mixed
with grass, not an over-all mixture of hardwoods, chaparral, and grass.
The chaparral areas and one or more of the grass areas may be too small

^ Although the aerial-photo technique is emphasized in this article, ground photos
are used as illustrations because of the larger and more familiar views thus afforded.
Figure 76 shows a few examples of the elements as they appear on 1 :20,000-scale aerial
photos. Since species and growth characteristics over the State vary, local preliminary
ground comparisons and occasional subsequent checks are usually necessary for proper
photo interpretation.

2 The scientific names of all plants mentioned are listed in Table 3, at the end of
this article.
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to be included in tli(> inventory. Siiiiihuly, the aerial view in l''i<^uro 80IJ

shows a <>:rass ai'ca witli sti-in<;ers, some very small, of hardwoods; not a

fijrass-hardwood mixtni-e sudi as is illiisli-atcd in I''ij,Mir(! 8()A. If the

smaller ai'eas ar(> imporliint, lo the inventory, i)rovisioM for them slioiild

be made tlirouf^h lowered aica-ininiiniinis or special desi<»:nations.

Sif^nificant occnrrence of the eh-nients is specified in terms of the |)er-

centa<j;e of ground covered. Alt hou^li 1 he lijnits to he jriven have been arbi-

trarily establisiied, expei'ienee lias pi-oven them both adeiinate to show
I'eal economic oi- ecoloj^'ical din"erenees and pract ie;ible to observe nnd(!r

the teehnirpies employcMl. Each element is considered .sej)arately. Commer-
cial conifers are considered si<rnificant if they cover f) percent oi- more
of the {4'round. Other trees (nonconunercial conifers and hardwoods) are

likewise considered si{?nificant down to 5 percent when they are not in

nnxtui'c with commercial conifers; bnt when so nnxed their lower limit

is 20 ])oi-cent. For all otlier elemeids the lower limit is 20 percent. Fig-
ure 5iJ illustrates the densities repi'csented by these limits. They are

applied only to the portions of

g OQ the elements exposed to the sky ;

those inider the canopy of taller

elements are inventoried by sup-

plemental gTound observations

if wanted. Vegetation elements
are judged on the basis of the

space their cro^vns cover.

Limitation to the size of

areas given recognition is also

necessary if uniformity between
workers is to be maintained.
Individual vegetation - element
areas will range from very large
to very small, and somewhere
between there is usually a size

below which delineation is not

profitable. The location of this

limit will of course be deter-

mined by each particular job's

recjuirements. For the State's

intensification of the California

Forest Survey referred to ear-

lier, in which the inventory unit is the county, the minimum established

is 10 acres for contrasting classes and 40 acres for noncontrasting classes.

In general, the former involve changes in the presence of elements (e.g.,

GSII (Grass, Chaparral, Hardwoods), SG (Chaparral, Grass), HS
(Hardwoods, Chaparral) ,

C ( Conifers) ) ,
while the latter involve changes

in relative abundance among a constant group of elements (e.g., GSH,
SGH,HSG).
Classifying Techniques

Depending upon the availabilit}' of suitable aerial photos and the

experience and skills of the workers, the classification is adaptable to

either aerial-photo or ground techniques. Reasons have already been given

Figure 59. Diagramatic representation
of the percentage limits used in the classifica-
tions. The four squares have, respectively, 5,

20, 50, and SO percent of their areas blackened.
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why the former is better if it is supported by preliminary ground obser-

vations and occasional subsequent ground checks. Stereoscopic study of

the photos will yield the maximum information, but is not always
essential.

With either method the procedure simply requires observing the com-

position of the vegetation, drawing boundaries where changes occur, and

entering appropriate designations in each delineated area to record its

composition (Figs. 81-84). For example, the single-element stand illus-

trated in Figure 77 would be designated C and the multi-element stand

in Figure 78 designated GSH. In the latter case the symbols are given the

order that corresponds with the relative abundance of the elements on

the ground. This record is made directly on the photo or map, which-

ever is being used as a base.

Judgment in estimating the percentage of ground covered by vege-

tation elements is developed and maintained through measurements along

representative line transects or comparisons with such guides as appear
in Figure 59.

Value of the Classification

The product of this classification will be an in-place record of the

gross characteristics of the vegetation cover capable of use in either sta-

tistical or map (Fig. 60) form. The classification will be sufficient unto

Figure 60. A .sample map showing the classification of vegetation-cover and
other land status elements. C = commercial conifers, K= noncommercial conifers,H= hardwoods, S == chaparral, G= grass, B = bare ground, A= cultivated.
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itself as far as t lie I'eaturt's rcconlcd provide the in format ion needed. The

acreage or location of jj^rasslands segregat(Ml by tlieir eontent of shrubs

or treesnijfjlitbecited asoneexamph; of information needed in f^aine inan-

apcement. But more fre(|U('ntly this elassilieation will find its fjreatest use

in ]iroviding a dexibh' foniulal ion foi' f he i-emaitiiii;^' tliref; sections, whose

(h'script ions foHow.

Section II. Classification of the Vegetation Species

This is a classification of tlie doniin.int-species composition of the

vegetation elements recoi-ded under Section I. inasmuch as this involves

the collection of information not generally recognizable on aerial photos,
the data must be obtained by gi-ound mapping. The vegetation-element
boundaries are used as species-composition boundaries except where sub-

divisions are needed to bring out important diirerences.

The Units Recognized

The units of this classification are individual or groups of plant

species. A list of California species, as prepared and used by the Cali-

fornia Forest and Range Experiment Station in its state-wide Vegetation

Type Survey, is presented with symbols to designate them in Table 4.*

Figures 85-88 and some of the others that follow illustrate a few of these

species.

Classification Principles

Like the vegetation elements, the species units will be found cither

in single-species stands (Fig. 85), where no more than one species occurs

in significant amount, or in multi-species stands (Figs. 86-88), where

significant amounts of two or more species occur intermixed. ("What was

previously stated about mixtures vs. patchy occurrence of the vegetation
elements also applies here.) The single-species stands are usually regarded
as "pure" stands and the multi-species stands as "mixed" stands, Avitli

the latter either simple mixtures (Fig. 86), where only one vegetation
element is involved, or mosaic mixtures (Figs. 87-88), where two or

more elements are involved.

Significance here is specified in terms of the percentage of crown
cover occupied bj^ individual species

—determined separately for each

vegetation element. Where only one element is present the percentage
relates to the total cover, but where two or more are present each element

constitutes a separate total against which its own component species are

judged. For example, in the single-element stand of Figure 86 all species
are considered with respect to the total cover, while in the multi-element

stand of Figure 87 the individual sagebrush species are considered only
with respect to the sagebrush cover and the commercial-conifer species
with respect to the commercial-conifer cover. The low^er limit of signifi-

cance for species within each element recorded is 20 percent; again

applying only to the vegetation exposed to the sky. Any species meeting
this requirement is considered a dominant part of the complex. "Where

important species are present in less amounts special designation can be

given to them within the framework of the standard classification.

* Since this list also includes those species most commonly found in game manage-
ment inventories, the author consented to its inclusion in this paper.—Ed.
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To take full advantage of the classification system each vegetation-
element area delineated under Section I should be considered as a separate

species-composition area, subject to boundary change only by subdivi-

sion within the established limits. In the state project previously men-
tioned the subdivision limit has been set at 40 acres (the same as that

applied to noncontrasting vegetation-element classes). Thus in the state

project, individual species-composition areas may go down to the 10-acre

minimum of contrasting vegetation-element classes, where these have been

delineated under Section I, but no vegetation-element area will be sub-

divided for species composition unless each resulting part exceeds 40

acres in size or involves an especially-significant species change over

10 acres in size.

Classifying Techniques

This classification is primarily a ground mapping operation inas-

much as the species units are seldom directly identifiable on the aerial

photos now available. Some exceptions occur with very distinctive species
or where the photography is of superlative character, but even then the

bulk of the local species will be indistinguishable. On the other hand,
considerable indirect help is obtainable from the photos. First, they

provide control for the ground observation of species composition through
the prior delineation of vegetation elements and second, they offer a

means for expanding the species classification beyond what is actually
seen on the ground through observable terrain and vegetational-associa-
tion relationships visible both on the ground and from photos. Making
full use of these aids cannot help but expedite and increase the accuracy
of the species classification over what can be done by ground observations
alone.

The procedure first involves determining the dominant-species com-

position of each vegetation-element area or its subdivisions and then

recording that information by symbols on the aerial photos or maps. If

aerial photos are not used, all of the areas must be viewed at close enough
range that the species can be identified and their abundance estimated,
at least with the aid of binoculars

;
if the photos are used, only a portion

of the areas need be viewed directly. The boundaries drawn for the vege-
tation-element areas also serve for the species-composition areas. Only
where subdivisions of the vegetation-element areas are justified will addi-

tional boundaries be drawn. When more than one dominant species occurs
in an area, their relative abundance on the ground is indicated by the

order in which the symbols are recorded. For example, the area repre-
sented by Figure 88, composed of vegetation elements GHSK, w^ould be

given species symbols B, V for element H, Cc for element S, and Dp for

element K. Because of the inconspicuous variations in grassland composi-
tion, no species distinctions of the grass element are attempted. The areas

represented by Figures 85 and 86, each composed of only one vegetation
element, Avould be given species symbols Ci and Af

, Api, respectively. The
area in Figure 87, composed of two elements, would be given species sym-
bols Atr, J.

Aids such as those suggested for the classification of vegetation ele-

ments will likewise be of help in the judgment of dominant-species com-

position.
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Value of the Classification

This classification hiiii'js out (lirfci-eiiccH between tlic vej^etation
elenioits that result froni the unequal values of individual species. Know-
in<^' that an ai'ca lias coiniiKM-cial conirci's is uscfid iiiroruiatioi), hut not as

useful for many purposes as kno\viu<;' Aviietlicr tii(; couil'crs ai"e suj,'ar

pine or pondcrosa pine, l)()u<;Ias-fir or white fir, oi- luixfurcs of them. Not

only are present stand differences then ijidicated but also the future devel-

opmental diffcu'cnces that would ro]h)w ]()<^<^\\\<^. Simihirly, the informa-
tion that the hardwood cover of an area is Oaliforuia black oak rather

than Canyon live oak has more ecoloj;ical value than just knovvin<; that

the area is covered with hardwoods. And anion;;- ^ame numaj^ement prob-
lems the distiiu'lions between shi'ubs havin*;- different fora<,'e values

(e.g., Figs. 85 and 86) may find im])oi-tant uses. Figure Gl gives the

species classification of the same area that is in figure (iO.

Y
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Cc

Gr

Gr

Gr
Cc

Cc

Cc

Gr
Av
Cc
G
B

Av CI Y

B Av Av Ci
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6 D
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B
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D
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^v
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Y D B Av
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Figure 61. A sample map showing the classification of vegetation species for the
-same area as that in Figure 60. Av= White-leaf manzanita, B := California black oak,Ba^ Barren, C= Canyon live oak, Cc= Wedgeleaf ceanothus, Ci ^ Deerbrush, Cu =
Cultivated, D == Douglas-fir, G r^ Oregon white oak, Gr = Grass, K =: Knobcone pine,Y =r Ponderosa pine.

Section III. Classification of the Vegetation Types

This classification groups the vegetation-element areas (Section I)

according to broad and specific use patterns. Considerable flexibility is

possible within the framework of the basic vegetation-element classifica-

tion. The specifications for any desirecl type classification may be quite
restrictive (requiring complete similarity of elements for grouping) , very
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broad (requiring only the presence or absence of a single element for

grouping), or something in between, depending upon the purpose for

which they are made. Furthermore, varying sets of specifications can be

established to permit study of the same area from different viewpoints.

Except for any species identification that may be needed, this classifica-

tion can be made entirely through office interpretation of the vegetation-
element classification.

The Units Recognized

The set of specifications in use on the Forest Survey and Vegetation
Type Survey of California is given below. It illustrates the possibilities
of this type classification. With some combinations, the types listed corre-

spond with those in Table 1.

(1) Vegetation Types That Contain Commercial Conifers :

Pine (Fig. 89)—Ponderosa, Jeffrey, or sugar pines (the timber pines) are

dominants^ of the commercial-conifer stand in the absence of redwood, Douglas-
fir, or the true firs.

Redioood (Fig. 90)—Redwood is a dominant of the commercial-conifer

stand, or giant sequoia is present.

Douglas-fir (Fig. 91)—Douglas-fir is a dominant of the commercial-conifer
stand in the absence of ponderosa, Jeffrey, or sugar pines, singly or mixed, or
redwood.

Fir (Fig. 92)—True firs (white or red) are dominants of the commercial-
conifer stand in the absence of ponderosa, Jeffrey, or sugar pines, singly or

mixed, redwood, or Douglas-fir.

Pine—Douglas-fir (Fig. 93)-—Ponderosa, Jeffrey, and sugar pines, singly
or mixed, and Douglas-fir are associated dominants of the commercial-conifer
stand in the absence of redwood or the true firs.

Pine-Fir (Fig. 94)—Ponderosa, Jeffrey, and sugar pines, singly or mixed,
and the true firs are associated dominants of the commercial-conifer stand in the
absence of Douglas-fir.

Pine—Douglas-fir—Fir (Fig. 94)^—-Ponderosa, Jeffrey, and sugar pines,

singly or mixed, Douglas-fir, and the true firs are associated dominants of the
commercial-conifer stand.

Spruce (Fig. 95)—Sitka spruce is a dominant of the commercial-conifer

stand in the absence of redwood, Douglas-fir, or the true firs.

Lodgepole pine—Mountain hemlock (Fig. 96)—Lodgepole pine, western
white pine, and mountain hemlock are the only dominants of the commercial-
conifer stand.

(2) Vegetation Types That Lack Commercial Conifers But Contain
Noncommercial Conifers in Predominance Over Hardwoods:

Whitehark pine—Foxtail pine (Fig. 97)—Whitebark, foxtail, limber, or

bristlecone pines are dominants of the noncommercial-conifer stand.

Pifion pine (Fig. 98)—Piiion pines are dominants of the noncommercial-
conifer stand.

Juniper (Fig. 99)—Junipers are dominants of the noncommercial-conifer
stand in the absence of pinon pines.

Minor conifers (Fig. 100)—Knobcone, Monterey, Bishop, Coulter, Torrey,
or digger pines, bigcone-spruce, bristlecone fir, or cypresses are the only dom-
inants of the noncommercial-conifer stand.

1 For definition of a dominant, see Classification principles of Classification op
THE VEGETTATroN SPECiBSj page 205. In the following- type specifications, reference is

made only to key species. Others, not key species, may also be present in any of the types.
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(3) Vkoetation Tvi'ks That Lack (JoMMFatciAii C^onifkrs But Contain
Hardwoods in J'ukdominanck Ovioii No.ncoai.mkkcial Co'nifkks:

Woodhmd (Fif^. 101 )- -Il.-udwoods not iissociiUcd uitli cluiii.irr.'il, huk»!-

briish, or lu'rhaccous clciiM'til.s.

Woodland—Chuparral (Fif;. 102)—Hardwoods aHsociatcd vvitli <-hai)arral

and tho ('liai)arral is more alinndaiit llinii any sanchnisli or licili.iii'uus clcinciits

presoiit.

Woodland—Sagehmsh (Fij,'. 10.''>)
—Hardwoods associated witii suK<;l>rush

and llic sagebrush is more ahnndanl than any cliapan-al or lnTJiaccons I'lcrneiits

present.

Woodland—Oras.t (Fip. 104)—Hardwoods associated with lurliaeeoiis

(other than marsh) eh'nients and I lie hcrliaceous elements are niori' ahnnilant
than any chaparral or sayelirnsh elements present.

yi};niiicant subdivisions of the above four Woodland types on the basis
of species composition are:

Tanodh—Madroiic (Fij;. 107))
—Tanoak, madrone, or California laurel are

dominants of the hardwood stand.

Black oak—Oregon ivhite oak (Fig. lOG)—California lilack or Oregon
white oaks are dominants of the hardwood stand in the absence of Tanoak—
Madrone species.

Live oaks (Fig. 107)—Interior, coast, or canyon live oaks are the only
dominants of the hardwood stand.

Blue oak—California ichite oak (Fig. 108)—California blue, California

white, or evergreen white oaks are dominants of the hardwood stand in the
absence of Black oak—Oregon white oak and Aspen—Cottonwood species.

Digger pine is a very common associate of this type.

Alder (Fig. 109)—Red or white alders are the only dominants of the hard-
wood stand.

Aspen-—Cottonwood (Fig. 110)—Aspen, cottonwoods, willows, and Cali-
fornia sycamore are dominants of the hardwood stand.

(4) Vegetation Types That Lack Trees :

Chaparral (Figs. Ill and 112)—Chaparral is the predominant vegetation
element. Two subdivisions based on species composition are generally significant :

(Fig. Ill) where species other than chamise are most abundant, and (Fig. 112)
where chamise is the most abundant chaparral species.

Coastal sagehmsh (Fig. 113)-—Sagebrush is the predominant vegetation
element and the sagebrush species consist of California sagebrush, wild buck-

wheats, coyote brush, and others of similar distribution.

Great Basin sagehmsh (Fig. 114)—Sagebrush is the predominant vege-
tation element and the sagebrush species consist of big sagebrush, bitterbrush, and
others of similar distribution.

Desert* (Fig. 115)—Sagebrush, including creosotebush, is the predom-
inant vegetation element and the sagebrush species are those characteristic of

the IMojave and Colorado Deserts. (Joshua-tree and interior barren areas are

also included.)

Bushy herhs (Fig. 116)—Bushy herbs is the predominant vegetation ele-

ment.

Orass (Fig. 117)—Grass is the predominant vegetation element.

Marsh* (Fig. 118)^Marsh is one of the predominant elements present.

* As pointed out by the author, the types given here were established for tlie "Vege-
tation Type Survey of the California Forest and Range Experiment Station. As further
pointed out, it is recognized that these types will not necessarily meet all the needs of
other workers. For example, game management workers will find it necessary to set up
subdivisions of the broad desert and marsh types—Ed.
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(5) Other Land-Status Types :

Barren (Fig. 119)—Bare ground and rock, singly or mixed, are the only
elements present.

Cultivated (Fig. 120)—Cultivated is the only element present.

Urian—Industrial (Fig. 120)—Urban—Industrial is the only element

present.

Classification Principles

Inasmuch as the basic data come from the classification of vegetation
elements (Section I) ,

the principles that apply there consequently become

parts of this classification. If any supplemental species data, such as are

PINE ^M PINE-OOUGLAS-Fm

[[Jill
MINOR CONIFERS ^^^ WOODLAND
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WOODLAND—CHAPARRAL

CHAPARRAL

BARREN

" t • .1.1".

WOODLAND— GRASS

GRASS

'^'^S^ CULTIVATED

FiGUiiE 62. A sample map showing the classification of vegetation types
for the same area as that in Figures 60 and 61
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in the foregoing scheme, are also i<'(|iiirc(l, t hen I In- ]niiii'i|)h's control I intr

the species classification likewise beconn; a|)f)Iicahle here.

One additional point of note is that as tlu; classes an* hroadeiied so

will the rang(! of ^a^iation williin ciicli class increase and llic distinction

of transition conditions decrease. A coinjn-oinise between the ininiinniii

of classes and niaxiiniini of distinctiveness is therefore to !)e desired.

Classifying Techniques

This classification is essentially ;in office tr-anslaf ion ol' the recoi-d

made under^Section I, althongh the set of speci(ic;il ions ^iven above also

requires some ground ol)ser\at ions. The office phase recpiii-es oidy a redes-

ignation, by cithei- synd)ols or colors, of the vegetal ion-eleineid. areas in

accordance with the type specifications. Whei-e species are the deteriiMn-

ing factor the types can be obtained directly from the species classifica-

tion (Section TI) if tlmt has been made
;
otherwise thi-ongh the i)rocedure

outlined for the species classification. But in either case retention of the

basic vegetation-element classification will provide the means for better

understanding of what the types include. Figure 62 shows the type classi-

fication given above superimposed on the area also covered by Figures 60
and 61.

The most useful way to present such a classification as this is to indi-

cate the types by colors. A suggested color legend that brings out both

relationships and contrasts, and that has been widely used in California
is as follows :

Green— Commercial conifer types containin^^ redwood or timl)er pines ; tlie color
shades or patterns decreasing in density tlirout,di Redwood, I'ine—Doug-
las-fir—Fir, Pine—Fir, Pine—Douglas-fir, and Pine.

Blue— Commercial conifer types lacking redwood or timber pines ; the color

shades or patterns decreasing in density through Douglas-fir, Fir,
Spruce, and Lodgepole pine—Mountain hemlock.

Violet— Noncommercial conifer types ; the color shades or patterns decreasing
in density through Minor conifers, Piilon pine, Juniper, and "White-
bark pine—FoxtaU pine.

Red— Hardwoods types ; the color shades or patterns decreasing in density
Orange through Woodland, Woodland— Chaparral, Woodland— Sage, and

Woodland—Grass.

Brown— Shrub types (except Desert) ; the color shades or patterns decreasing
in density through Chaparral, Coastal sagebrush, and Great Basin sage-
brush.

Yellow—-Herbaceous types; the color shades or patterns decreasing in density
from Bushy herbs to Grass.

Black— Barren and Desert, with the color shades or patterns decreasing in that
order.

Pink— Urban—Industrial and Cultivated, with the color shades or patterns
decreasing in that order.

Standard map designation—Marsh.

Value of the Classification

This classification finds its chief value by summarizing the multi-
tudinous vegetation details for particular purposes. Through groupings,
specifically desired characteristics are placed, in a form that is easily seen,
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and characteristics not required are subordinated. As examples: The
desired information may be the acreage or location of timber stands, live-

stock grazing areas, wildlife food crops, watershed cover conditions, or

inflammability classes. While the classification presented will bring out

these features, any of the specifications can be changed if the needs

require.

Section IV. Classification of the Tree and Shrub Densities

This classification segregates the woody vegetation (the tree and
shrub cover) according to its density. Two schemes are presented : (1) a

separate photo classification made independently and concurrently with
the vegetation-element classification (Section I) ,

and (2) a close approach
to the first, but obtainable by direct interpretation of the vegetation-
element classification. Both schemes are applicable either to the tree and
shrub cover as a whole, to any of its elements alone, or to any combination
of its elements.

'-•'•'•"''- -'-

DENSE

OPEN— VERY OPEN

SEMIDENSE

UNSTOCKED

Figure 63. A sample map showing the classification of total tree and shrub
density for the same area as that in Figures 60, 61 and 62



VIOdKTATION CliASSII'KA'rio.N'
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J^>^
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Figure 64. Commercial conifers (Ponderosa pine)

Figure i>5. Xtmcomniercial coniii is vMonterey cypress)

2—76101
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VEGETATION-COVER AND OTHER LAND STATUS ELEMENTS

Figure 66. H^ Hardwoods (California white and California blue oaks)

Figure 67. S ^^ Chaparral (White-leaf manzanita)
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Figure fiS. Sagebrusli (Big sagelnusli aii<l bittcii)i-ush)
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VEGETATION-COVER AND OTHER LAND STATUS ELEMENTS

1 i>i ., t,-i

'*1?-1. -.
»t..

Figure 70. Grass

FiGL'RE 71. Marsh (Rushes and cattail)
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VEGETATION-COVER AND OTIILK LAND SI A lUS 1 1.1 MINTS

Figure 72. Bare ground

«w

FiGUKE 73. Rock
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VEGETATION-COVER AND OTHER LAND STATUS ELEMENTS

Figure 74. Cultivated

Figure 75. Urban-Industrial
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H ^n Hardwiiixls, ( ; (Ii-ass,
A -- Ciiltivatcil

K= Noncommercial conifers, B ^ Bare
ground, R^ Roclc

C = Commercial conii'i-.s, il lliird-

woods, F^ Bushy herbs. G::=f trans

T

K

^^ife,*l

K 1^ Noncommercial conifers,
T =: Sagebrush, G = Grass

/;

f

M =z Marsli, U = Urban-industrialC = Commercial conifers, H= Hard-
woods, S=: Chaparral

Figure 76. The vegetation-cover and other land status elements on 1 :20,000 scale

(approximately W inches =^ 1 mile) aerial photos
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VEGETATION-COVER AND OTHER LAND STATUS ELEMENTS

Figure 7 7. A single-element stand composed of commercial conifers

Figure 78. A multi-element stand composed of grass, chaparral, and hardwoods
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VEGETATION-COVER AND OTHER LAND STATUS ELEMENTS
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Figure 79. The proper inventory of this area would show as many of the distinct

areas as the job specifications require and omit the others ; it would not show a mixture
of hardwoods, grass, and chaparral.

Figure SO. Aerial photo views of

(A) a true grass-hardwood
mixture and

(B) an area that would be incor-

rectly classified as such a mixture even
though some of the hardwood stringers
would otherwise be too small to record.
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VEGETATION-COVER AND OTHER LAND STATUS ELEMENTS

Figure 81. An example of a classified aerial plioto from the Sierra Nevada. B ^ Bare
ground, C= Commercial conifers, G = Grass, H = Hardwoods, S =: Chaparral

Figure ><2. An example of a classified aerial photo from the Sierra Nevada
foothills. A= Cultivated, G= Grass, H = Hardwoods, S = Chaparral
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VEGETATION-COVKR AND OTHIR LAND STATUS ELEMENTS

Figure 83. An example of a classified aerial photo from the northeastern plateau
(Great Basin). B = Bare ground, C = Cultivated, G = Grass, H = Hardwoods, K =
Noncommercial conifers, S ^ Chaparral, T ^ Sagebrush.

Figure 84. An example of a classified aerial photo from the south coastal mountains.
B = Bare ground, G = Grass, H = Hardwoods, S = Chaparral, T = Sagebrush
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VEGETATION SPECIES

m^¥
Figure 85. A single-species stand where only one veg-etatlon element

(chaparral) is present. The chaparral species is deerbrush

Figure 86. A multi-species stand where only one vegetation element (chaparral) is

present. The chaparral species are chamise and strlpedberry manzanita
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VEGETATION SPECIES

22;")

FlGUKK M. A niulli-!si)fL'if.s slaiul where twn \i-i lalioii elcnieiil.s (sugebrush and
commercial conifers) are present. The .sagebrush siif.i.s is big sagebrush and the com-
mercial conifer species is Jeffrey pine.

Figure 8S. A multi-species stand where more than two vegetation elements
(grass, hardwoods, cliaparral, and noncommercial conifers) are present. The hardwood
species are California black oak and California white oak, the chaparral species is

wedgeleaf ceanothus, and the noncommercial conifer species is digger pine. No attempt
is made to map the individual grass species. The ponderosa pines appearing on the photo
cover too little of the area to be given recognition.
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VEGETATION TYPES

Figure 89. Pine

i- iGUKE 'JO. Redwood
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VEGETATION TYPES

FiGUUE 'Jl. Douglas-tir

Figure 92. Fir
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VEGETATION TYPES

Figure 93. Pine—Douglas-fir

Figure 94. Pine—Fir and Pine—Douglas-flr—Fir. (Tliese two types are g'enerallj
similar except for the absence or presence of Douglas-fir. )
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VEGETATION TYPES

i55,rrX"«

Figure 9 5. Spruce

Figure 96. Lodgepole pine—Mountain lieniloclv

3—76101
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VEGETATION TYPES

Figure 97. Whitebark pine—Foxtail pine

Figure 98. Pifion pine
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VEGETATION TYPES
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Figure 99. Juniper (Sierra juniper)

FiGUKE 100. Minor couilers (Bigcone-spruce)
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VEGETATION TYPES

Figure 101. Woodland

Figure 102. Woodland—Chaparral
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VEGETATION TYPES

•j:{:{

Figure lo:!. WooiUand—Sagebrush

•^•:

Figure 104. Woodland—Grass
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VEGETATION TYPES

*?-?r^5<-

Figure 105. Tanoak—Madrone

Figure 106. Black oak—Oregon white oak
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VEGETATION TYPES
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FiGUKE lUT. Live (»;iks

Figure lOS. Blue uak—Calil'uniia \\ liile uak
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VEGETATION TYPES

Figure 109. Alder

Figure 110. Aspen—Cottonwood
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VEGETATION TYPES
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Figure 112. Chaparral (Chamise)
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VEGETATION TYPES

Figure 113. Coastal sagebrush
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Figure 114. Great Basin sagebrush
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Figure 116. Bushy herbs
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VEGETATION TYPES

Figure 117. Grass

.**-
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Figure 118. Marsh
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VLGhTATION lYl'hS

Figure 11 !i. Liarren

Figure 120. Cultivated and rrliaii-lnclusiriai
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TREE AND SHRUB DENSITIES

Figure 121. Dense woody cover ; dense for trees alone, unstocked for shrubs alone

t^ /̂**^*""^-'-"^

Figure 122. Semidense woody cover ; very open for trees alone,
semidense for shrubs alone
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Figure 123. Open woody cover; very oi)en for trees alone, very open for shrubs alone
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FiGUKK 1-4. \'ery open woody cover: un.stuckcd for trees alone,
very open for shrubs alone
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TREE AND SHRUB DENSITIES

Figure 125. Unstocked with woody cover

Figure 120. An example of the density classification on an aerial photo. 1, dense;
2, semidense ; 3, open ; 4, very open ; 5, unstocked
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The Units Recognized, Scheme 1

This scheme gives tlic cssoiitially Ijiilancod division of density classes

by which timber stands are now bcin;^' steal ifird on a(!rial pliolos for the
Forest Survey of Calirornia. Its classes and idcntii'yint,' syiid)ols are :

1—Dense—Stands in wliicii Ihc crow us i>l Ihc ilcnnni nr ili'ini-iils Ijciiij; con-
sidiTcd covor SO poreciit or iiioro of I lie ki-oiiikI Hpacc

2—Scmidcnsc—Stands in wliich the crowiiH of Iho eh'rni-nl or cliiiiinls ln-iiiK con-
sidered cover from r»() to ,S() percent of I lie ground spacr.

3—Open—Stands in which the crowns of the element or elements being con-
sidered cover from 20 to fiO percent of tiie Kiound space.

4—Veil/ open—Stands in which the crowns of the element or ejemeutH beinj; eon
sidered cover from 5 to 20 percent of the ;;roiiinl space.

5—Unstockcd—Areas having le.ss than ."» jiercent of Kiound space covered \>y

crowns of tlie element or elements l)ein;; considercul.

Figure 50 illustrates diagramatically what these percentage linuts

mean in terms of vertical views. Figures 121-125 .show examples of the
classes from ground views, and Figure 126 examples on an aerial photo.

TABLE 2

Schedule (Scheme 2) for Translating the Vegetation- Element Classes
Into Density Classes

Number of
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to the vegetation-element classification (Section I), so they are not
restated here. The second scheme is automatically controlled by those same
principles through its being wholly derived from that classification.

Classifying Techniques

Classifying density under the first scheme follows the same procedure
outlined for the vegetation-element classification (Section I) except that
it is most efficiently done concurrently with the latter rather than sepa-

rately. Delineations are then made on the joint basis of vegetation-element
composition and density, and the designations given both vegetation-
element and density symbols. If separate density classifications are made
of different parts of the woody cover, additional density symbols would
be listed in regular order. For example, the complete designation for the

area in Figure 78 would be GSH-3 if the only density classification was
for total tree and shrub cover, or GSH-34 if it was first for total tree and
shrub cover and second for tree cover.

As with the other original classifications, such guides as Figure 59

and samples measured on either the aerial photos or ground are essential

tools in developing judgment of tree and shrub densities.

The second scheme requires only the addition of density symbols to

the vegetation-element areas already outlined
;
the proper density in each

case being determined through reference of the vegetation-element sym-
bols to the foregoing schedule. Again, separate density classifications can
be made of different parts of the tree and shrub cover. Figure 63 illus-

trates, with shading, such a density classification for the total tree and
shrub cover applied to the same area as that covered by Figures 60, 61,
and 62.

When compiling a map to emphasize the density classification the

following color legend is suggested: Dense (blue), Semidense (green).

Open (red). Very open (orange), and Unstocked (yellow).

Value of the Classification

The vegetation densities brought out by this classification have a wide

range of uses. Densities of the commercial timber stands are pertinent
to the inventorying, management, and use of timberlands. Density of the

shrub cover on grasslands is one measure of range carrying capacity and
of the range rehabilitation problem. Densities of tree and shrub cover
have direct bearings on watershed values. All of them, as well as others,
also touch upon game management problems, because of the close and
direct dependence of game species on the vegetation cover.

Summary

The taking of inventories is an essential part of management, and
classification a like part of inventorying. To assist game managers in

their inventorying of vegetation cover, four sections of a classification sys-
tem developed at the California Forest and Range Experiment Station

for its Forest Survey and Vegetation Type Survey have been presented
here. This system is distinguished from many other systems by its design
to take advantage of aerial photos. But while developed for aerial-photo
techniques, the system is also applicable to ground mapping.

The first classification is the basic one, segregating the vegetation-
cover and other land status elements in whatever combinations they occur.
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With a field background in plioto interpretation, the clasKifieation is

wholly obtainahhi from llie aerial photos now generally available. This
classification is usal)Ie cillior l)y itself or- as a franicworK' npon which the
other classifications can be added.

The second classificat i(»n siip|»|einenls the fii-st by adding the donn-
nant species eonii)osilion of the vc^^'tation cjcinents recorded in the first

classification, inasmuch as this involves soin(!thin<' not L'cnerallv rcco"-
iiizable on the aerial photos, ground niap|)in^ is Ihm-c rc<pured. I5ut hav-

ing the prior delineation of vegetation elements greatly facilitates the

ground mapping of species comi)ositioM, and the photos are of other
indirect help.

The third classification summarizes the vegetation-element and part
of the species-composition classifications into vegetation types that are

easily comprcluMidcd aiul used. A set of spei-ifications now in use at tlie

Experimeid Station is presented but others ciin readily be drawn up for

special needs. A single area can also be classified in sevei-al ways to bring
out different features. Since this classification is merely a rerlesignation
of the other two it can be made entirely through office translation or, if

the full species classification is not being nuide, tiirough a minimum of

ground mapping.
The fourth classification, which segregates the tree and slirub den-

sities, is presented in two schemes— (1) as a separate classification made
concurrently with the vegetation-element classification through study of

aerial photos, and (2) as obtainable through translation of the vegetation-
element classification. Both have the same limits but the latter scheme
is less complete.

Between these four classifications, most of the information needed
in inventories of the natural vegetation cover for game management pur-
poses is included. They are not intended to be all-inclusive. But through
following such a system, much-needed uniformity in the broader aspects
of related inventories can be achieved. At the same time wide latitude

remains for making local modifications to fit either present or future

needs.
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TABLE 3

Common Names of Plants Mentioned in Article, Together With Their
Scientific Equivalents

Common name Scientific nam.e Common name Scientific name

Alder Alnus spp.

Aspen Populus tremuloides

Bigcone-spruce Pseudotsuga
macrocarpa

Big sagebrush Artemisia tridentata

Bishop pine Pinus muricata

Bitterbrush Purshia tridentata

Blue oak (CaUf. Blue

Oak) Quercus douglasii

Bracken Pteris aquilina

lanuginosa
Bristleoone fir (Santa

Lucia fir) Abies venusta

Bristleoone pine Pinus aristata

CaUfornia black oak Quercus kelloggii

CaUfornia-laurel Umbellularia

californica

California sagebrush Artemisia californica

California sycamore Platanus racemosa

California white oak

(Valley oak) Quercus lobata

Canyon live oak Quercus chrysolepis

Cattail Typha latifolia

Chamise Adenostoma

fasciculatum
Coast live oak Quercus agrifolia

Cottonwoods Populus spp.
Coulter pine Pinus coulteri

Coyote brush

(Kidneywort) Baccharis pilularis

Creosotebush Larrea tridentata

glutinosa

Cypresses Cupressus spp.
Deerbrush (Svveetbirch Ceanothus

ceanothus) integerrimus

Digger pine Pinus sabiniana

Douglas-fir Pseudotsuga
taxifolia

Evergreen white oak Quercus engelmannii
Ferns Pteridophyta
Firs (True) Abies app.
Foxtail pine Pinus balfouriana
Giant sequoia Sequoia washingtonia

(S. gigantea)
Grasses Gramineae
Interior live oak Quercus wislizenii

Jeffrey pine Pinus jeffreyi

Joshua-tree Yucca brevifolia

Junipers Juniperus spp.
Klamath weed Hypericum perforatum,
Knobcone pine Pinus attenuata

Limber pine Pinus flexilis

Lodgepole pine Pinus contorta

m.urrayana
Madrone (Pacific

madrone) Arbutus memiesii
Manzanitas Arctostaphylos spp.

Monterey cypress Cupressus macrocarpa
Monterey pine Pinus radiata

Mountain hemlock Tsuga mertensiana

Mountain-mahogany Cercocarpus spp.
Oaks Quercus spp.

Oregon white oak (Garry
oak) Quercus garryana

Pinon pines Pinus monophylla
and P. parryana

Ponderosa pine Pinus ponderosa
Red alder Alnus rubra

Red fir (California red fir) Abies magnifica
Redwood Sequoia sempervirens
Rushes Juncaceae

Sagebrushes Artemisia spp.

Samphire Salicorvia spp.
Scrub oak Quercus dumosa
Sedges Cyperaceae
Sierra juniper Juniperus occidentalis

Sitka spruce Picea sitchensis

Stripedberry manzanita. Arctostaphylos

pilosula

Sugar pine Pinus lambertiana

Tanoak Lithocarpus densiflcra

Torrey pine Pinus torreyana

Wedgeleaf ceanothus Ceanothus cuneatus

Western white pine Pinus monticola

White alder Alnus rhombifolia
White fir Abies concolor (inc. A.

grandis)
Whitebark pine Pinus albicauhs

White-leaf manzanita Arctostaphylos viscida

Wild-buckwheats Eriogonum spp.
Willows Salix spp.

Wooly mules-ears Wyethia mcllis
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TABLE 4

A. Alphabetical List by Genus of Plants Other Than Grassas

AnuHirji tomrntunii H
Aninoroma nciiHlin H
Antrnnnria nlpinn H
Antfriri'iria ilinirn H
Artlhrtnin coiuln H
Anlirrhirium (jlitiiiluloriim H
Antirrhinutn uprriimnm H
Apoci/nutn nnilromti-mi/iilium purnilumH
Ajmr.ynum ciinnabinum H
Aqintcuvt trunatin H
Arabin hlfphiirophnlla H
Arnbin brrtrrri H
Ariibin hiilb'nHii frnillrri H
ArabiK hiilbi>cUii retnifrnrln H
Arnliii cnlifirmirii H
Arbiilus mrnzinsii T
ylrciomcron merriamii H
Arctoaliiphi/lnii nnrlemonii S
ArctoHtnpliylon anrlirmmii prchnf.nniK S
Arctiislnphulon nuriculnln S
Arclostaphyhin bicolor S
ArciostnphyltiH ciinftm-rnx S
Arcloatnphylos columbi'ina S
Arctostnphylns ilennifolin S
Arctostaphyliis lirupacea S
Arctostaphylos elegans S
Arctoslaphylos glandulosa S
Arctostaphylon glauca S
Arcloslaphylus hookeri S

Arctoslaphylos imbricala S
Arctostaphylos insularis S
Arctoslaphylos manzanila S
Arctoslaphylos mariposa S
Arctostaphylos mariposa birisum S
Arctoslaphylos morroensis S

Arctostaphylos myrtifolia S
Arctostaphylos nevadensis S
Arctostaphylos nissenana S
Arctostaphylos nummularia S

Arctostaphylos obispoensis S
Arctoslaphylos otayensis S

Arctostaphylos pajaroensis S

Arctostaphylos pallida S
Arctoslaphylos parryana S

Arctostaphylos parryana pinetorum S

Arctostaphylos pastillosa S
Arctostaphylos patula S

Arctostaphylos pechoensis S
Arctostaphylos pilosula S
Arctostaphylos pumila S

Arctostaphylos pungens S

Arctostaphylos regismontana S

Arctostaphylos rudis S
Arctostaphylos sensitiva S
Arctostaphylos sihicola S
Arctostaphylos slanfordiana S
Arctoslaphyos tomentosa S

Arctostaphylos ura-ursi S

Arctostaphylos viscida S

Arctostaphylos ynezensis S
jlrenan'a congesta H
Arenaria douglasii H

The plants in the list have been classified as herbs (H), shrubs (S), and trees (T), with a subdirision of

shrubs into those that may he classified as sagebrush type species (Ss). The classification of many species, liow-

ever. is as yet questionable and is subject to change following furtlier study.
A

1 This symbol carries accent, i.e., X.

* This symbol carries underline, i.e., X.
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TABLE 4—Continued

A. Alphabetical List by Genus of Plants Other Than Grasses—Continued

Atpa Atriplex patida H
Atp Atriplex polycarpa Ss
Ats Atriplex semibaccata H
Atx Atriplex sp. H, Ss
Asp Atriplex spinifera Ss
Att Atriplex torreyi Ss

Aya Ayenia califomica Ss

B

Bd Baccharis douglasii Ss
Be Baccharis emoryi Ss

Bag Baccharis glutinosa Ss
Bp Baccharis pilularis Ss

Bpl Baccharis plummerae Ss
Bsa Baccharis sarothroides Ss
Bas Baccharis sergiloides Ss
Bv Baccharis viminea Ss
Bao Baeria chrysostoma H
Bap Baeria platycarpha H
Bax Baeria sp. H
Bho Balsamorhiza hookeri H
Bsg Balsamorhiza sagittata H
Bav Barbarea vulgaris H
Bj Bebbia juncea Ss
Bee Beloperone califomica Ss

Baq Berberis aquifolium Ss
Bcf Berberis califomica S
Bf Berberis fremontii S
Bn Berberis nervosa S
Ben Berberis nevinii S
Bpi Berberis pinnata S
Bpu Berberis pumila S
Bar Berberis repens S
Bern Bernardia myricaefolia Ss
B2 Betula fontinalis T
Bgl Betula glandulosa S
Bif Bidens frondosa H
Bil Bidens levis H
Blc Bloomeria crocea H
Bad Brassica adpressa H
Bca Brassica campestris H
Bng Brassica nigra H
Brx Brassica sp. H
Baa Brickellia atractyloides arguia
Be Brickellia califomica Ss
Bfr Brickellia frutescens Ss
Bg Brickellia grandiflora H
Brm Brickellia microphylla Ss
Bmu Brickellia multiflora Ss
Bne Brickellia nevinii Ss
Bol Brickellia oblongifolia linifolia
Bkx Brickellia sp. H, Ss
Bro Brodiaea capitata H
Beo Brodiaea coronaria H
Bhy Brodiaea hyacinthina H
Bi Brodiaea ixioides H
Bl Brodiaea laxa H
Brp Brodiaea pulchella H
Bvo Brodiaea volubilis H

Am
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TABLE 4—Continued

A. Alphabetical List by Genus of Plants Other Than Grataes—Continued

Cac
Call)

Cnca
Coat
Caco
Cke
Call

Calu
Cania
Caiiio

Cnu
Cap
Cpu
Ckx
Cls

Cav
Cabi
Cmo
Clm
Clp
Clx

Cat
Cao
Cal
Cale

Caq
Cah
Cab
Cxb
Cax
Ccl

Caga
Caa
Ctp
Q
Ccm
Cs
Caf
Can
Cfl

Cala
Cami
Cpdo
Capi
Cam
Car
Ca
Ceo
Ccr
Cc
Ccy
Cde
Cim
Cd
Cdi
Cfe
Cfo

Cg
Cgp
Cin

Calandrinia caulescens H
Cirlochorlwt aUmn H
CnhtrJiorluK caer ulcus H
('(ilochi)rtiis Cdtnlinae H
Cnhirhorliix nmcolor H
CnhichortiiK kcnnrdui H
Cnli>c,hi>rtH!i leiclUlinii H
('nh)c)wrlHS liiteus H
('<iliirhi>rtiis macrocarpus H
('(ihic.horliis monophi/llan H
CnliH-.lwrtiis nudus H
Cnlor.hiirtns plammcrae H
Caliicliortus pulchclliis H
Calnchorlus sp. H
Cnlorhortiifi splcndrns H
('(ddc.hnrtiis venustus H
Cnlllia bijlora H
Cahjcadcnia mollis H
Cahjcadenia multiglandulosa H
Cahjcadenia opposilifolia H
Calycadenia sp. H
Cali/cadetiia Iruncala H
Cahjcantkus occidentalis S
Cahjptridium uinhellaliim H
Camassia leichtlinii H
Camassia quamash H
Canotia holocantha S
Capsella biirsa-pastoris H
Carex barbarae H
Carex sp. H
Carpenteria californica S
Carum gairdneri H
Cassia armata Ss

Cassiope mertensiana S
Castanopsis ehrysopltylla T
Castanopsis chrysophylla minor i

Castanopsis sempervirens S
Castilleia affinis H
Castelleia anguslifolia H
Castclleia foliolosa H
Castilleia latifolia H
Castilleia miniata H
Castilleia parviflora douglasii H
Castilleia pinetorum H
Caucalis m,icrocarpa H
Ceanothus arboreus S
Ceanothus auslromontaniis S
Ceanothus cordulatus S
Ceanothus crassifolius S
Ceanothus cuneatus S
Ceanothus cyaneus S
Ceanothus dentatus S
Ceanothus dentatus impressus S
Ceanothus divaricatus S
Ceanothus diversifoliiis S
Ceanothus ferrisae S
Ceanothus foliosus S
Ceanothus greggii S
Ceanothus greggii perplexans S
Ceanothus incanus S

Ci Ceanothut intro^rrimut S
Cj CeanothuK jepnonii S
Cjp Ceanothiig jfpmmii jmrpurm S
Cle Ceanolhun Uttimimi S
Clo Cranolliun lomiMtrrnniii S
Ctn ('nmothun miim>ritrjni» S
Co Cf.anolhun oliuanthun S
Cpl Ceanolhun pajtillnnuii S
Cpr CeaniithuH pnrri/i S
Cpv Ceiinnlhux pitrTifoliuK S
Cpi CenniithuM jrinrt'rrum S
Cpo Ceanolhun jrronlralun S
Cpd Ceanolhun primtnUun dirrrgenn S
CpK Ceanolhun pronlrnlun OTandi/oliun S
Cri Ceanolhun rigidun S
Crf Ceanothus rigidun frinncnnin S
Csa Ceanothus minonineun S
Cho Ceanothus nerrulnlun S
Cflo Ceanothus sorciliiilus S
Cx Ceanothus »i>. S
Csp (.'canothus spinosun S
Cpa Ceaniilhua npinosua pnlmeri S
Ct Ceanothus thj/rsi/lorua S
etc Ceanothus Ihyrsijlorus cfumdleri S
Cto Ceanothus tomenlosus S
Ctl Caenothus tomenlosus olivaceus S
Cv Ceanothus vclulinus S
Cw Ceanothus velutinus Inevigalus S
Cvl Ceanothus velutinus lorenzenii S
Cve Ceanothus verrucosus S
Cvt Ceanothus vestilus S
Hw Celtis mississippiensis reticulata T
Ccm Centaurea melitensis H
Ces Centaurea solstilialis H
Cev Centaurium venustum H
Cef Centromadia filchii H
Cep Centromadia pungens H
Ceo Cephalanthus occidentalis S
Cea Cerastium arvense H
Cvis Cerastium viscosum H
Pv Cercidium torreyanum T
Ceo Cercis occidentalis S
Cb Cercocarpus betuloides S
Cei Cercocarpus intricatus S
CI Cercocarpus ledifolius S
Cmi Cercocarpus minutijlorus S
Cee Cercus emoryi Ss
Ce Cercus engelmannii Ss

Co Cereus gigantea T
Cha Chaenactis arlemisiaefolia H
Che Cfuienaclis carphoclinia H
Chd Chaenactis douglasii H
Chg Chaenactis glabriuscula H
Cne Cluienactis nevadensis H
Chs Chaenactis sanlolinoides H
Csu Chaenactis sutfrulescens H
Cxa Chaenactis xantiana H
Cf Chamaebatia foliolosa S
Cfa Chamaebatia foliolosa australis S
Chm Chamaebatiaria millefolium S
O Chamaecyparis lawsoniana T
Chmn Chamaesaractia nana H

The plants in the list have been classified as herbs (H), slinibs (S), and trees (T), with a subdivision of

shrubs into those tliat may be classilicd as sat;ebrush type species (Ss). The classiticathiti of many species, how-

ever, is as yet questionable and is subject to change following further study.
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TABLE 4—Continued

A. Alphabetical List by Genus of Plants Other Than Grasses—Continued

Kea Chenopodium album H
Kam Chenopodium amhrosioides H
Kca Chenopodium, califomicum H
Cpx Chenopodium, sp. H
Chi ChUopsis linearis S
Cum Chimaphila urnbellata S
Chpo Chlorogalum pomeridianum H
Czm Chorizanthe Tnembranacea H
Czs Chorizanthe staticoides H
Cbr Chrysopsis breweri H
Cvi Chrysopsis villosa H
Chb Chrysothamnus bloomeri Ss
Chn Chrysothamnus nauseosus Ss
Cnc Chrysothamnus nauseosus consimUis Ss
Cng Chrysothamnus nauseosus gnaphalodesSs
Cnh Chrysothamnus nauseosus hololeucus Ss
Cno Chrysothamnus nauseosus occidentalisSs

Cns Chrysothamnus nauseosus speciosu,s Ss

Chp Chrysothamnus parryi Ss

Cpm Chrysothamnus parryi monocephalus Ss
Chx Chrysothamnus sp. Ss
Chv Chrysothamnus viscidiflorus Ss
Cvp Chrysothamnus viscidiflorus puberulusSs
Cic Cicuta californica H
Cid Cicuta douglasii H
Cibr Cirsium breweri H
Cioc Cirsium occidentale coulteri H
Cix Cirsium sp. H
Cel Clarkia elegans H
Cla Clematis lasiantha S
Cli Clematis ligusticifolia S
Cpf Clematis pauciflora S
Cob Cleomella obtuMfolia H
Clpl Cleome platycarpa H
Cdu Cneoridium dumosum S
Cnb Cnicus benedictus H
Cra Coleogyne ramosissima Ss
Coi Collinsia bicolor H
Ctt Collinsia tinctoria H
Cgr Collomia grandiflora H
Cod Comarostaphylis dizersifolia S
Cly Condalia lycioides S
Cpy Condalia parryi S
Com Conium maculatum. H
Coa Convolvulus arvensis H
Col Convolvulus luteolua H
Coo Convolvulus occidentalis H
Cov Convolvulus villosus H
Cop Cordylanthus pilosus H
Cbi Coreopsis bigelovii H
Coca Coreopsis calliopsidea H
Cog Coreopsis gigantea Ss
Cosp Coreopsis sp. H, Ss
Coc Corethrogyne californica H
Cof Corethrogyne fllaginifolia H
Cca Comus californica S
Cgl Comus glabrata S
Cn Comus nuttallii S
Cos Comus sessilis S
Cr Corylus rostrata californica S
Crt Corylus rostrata tracyi S

Cot Cotula coronopifolia H
Kof Cotyledon farinosa H
Kol Cotyledon lanceolata H
Klx Cotyledon laxa H
Kop Cotyledon pulverulenta H
Cst Cowania mexicana stansburiana S
Cdo Crataegus douglasii S
Crb Crossosoma bigelovii S
Crca Crossosoma califomicum S
Crc Croton califomicus Ss
Cm Cryptantha intermedia H
Cma Cryptantha micrantha H
Crp Cryptantha pterocarya H
Qkf Cucurbita foetidissima H
Qkp Cucurbita palmata H
Tt Cupressus forbesii T
Gt Cupressus goveniana T
Ny Cupressus raacnabiana T
By Cupressus macnabiana bakeri T
My Cupressus macrocarpa T
Ky Cupressus nevadensis T
Py Cupressus pygmaea T
Sy Cupressus sargentii
Dy Cupressus sargentii duttoni T
Cy Cycladenia humilis H
Cyg Cynoglossum grande H
Cyo Cynoglossum occidentale H
Csc Cytisus scoparius S

Dae Darlingtonia californica H
Dag Datisca glomerata H
Dam Datura meteloides H
Dap Daucus pusillus H
Dhc Delphinium califomicum H
Dhd Delphinium decorum H
Dha Delphinium hansenii H
Dhh Delphinium hesperium H
Dhn Delphinium nudicaule H
Dhp Delphinium parryi H
Dht Delphinium trolliifolium H
Dhv Delphinium variegatum H
Dr Dendromecon rigida S
Die Dentaria integrifolia californica H
De Dicentra chrysantha H
Dfo Dicentra formosa H
Da Diplacus aurantiacus Ss
Dl Diplacus longiflorus Ss

Dpu Diplacus puniceus Ss
Dif Dipsacus fullonum Ss
Do Dirca occidentalis S
Doc Dodecatheon hendersonii H
Drb Draba breweri H
Drc Draba cuneifolia H
Deo Draba corrugata H
Drg Draba glacialis H
Dri Draba lemmonii H
Dye Dysodia cooperi H

The plants in the list have been classified as herbs (H), shrubs (S), and trees (T), with a subdivision of

shrubs into those that may be classified as sagebiush type species (Ss). The classification of many species, how-
ever, is as yet questionable and is subject to change following further study.
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TABLE A—Continued

A. Alphabetical List by Genus of Plants Other Than Grasses—Continued

H

n

Eoy Echinocactut cylindraceua Ss

Kcp Echinocaclus polycephnlus Ss
Efa KchinocyKlis fubncin H
Ema EcKinucystis mncrocarpa
Eor Echiriory.iiiii orradnHn H
Ech Ellisia chrynanllicmifolia
Elm Ellisia mctnhrnnacca H
Eiiip Emmenanlhe pcnduliflora H
Enin Empetrum nii/rum S
Ea EnSelia actoni Ss
Enc Eticelia californica Ss
Enf Encelia farinosn Ss
Efr Encdia frutcxccnx Ss
Eca Ephedra californica Ss
Ene Ephedra n evade n sis Ss

Epv Ephedra viridis Ss
Ean Epiliibium anguslifolium H
Epb Epilobium hrcvistylum H
Epc Epilobium californicum H
Epp Epilobium pnnicuhiluin H
Erar Erechtites arguta H
Erp Erechtites prenanthoides H
Ese Eremocarpus setigerua H
Ear Erecameria arborescens S
Eb Ericameria brachylepis S
Ere Ericameria cooperi Ss
Ecu Ericameria cuneata Ss
Ecs Ericameria cuneata spathulata Ss
Ee Ericameria ericoides Ss
Emo Ericameria monactis Ss

Epa Ericameria palmeri Ss

Erpa Ericameria paniculata Ss

Epr Ericameria parishii Ss

Epi Ericameria pinifolia Ss
Ert Ericameria teretifolia Ss
Erca Erigeron canadensis H
Erk Erigeron concinnus H
Eka Erigeron concinnus aphanactis H
Erf Erigeron foliosus H
Egl Erigeron glaucus H
Ein Erigeron inornatus H
Err Erigeron radicatus H
Ers Erigeron salsuginosus H
Ec Eriodictyon californicum Ss
Ecr Eriodictyon crassifolium Ss
Eto Eriodictyon tomentosum Ss
Et Eriodictyon trichocalyx Ss
Etl Eriodictyon trichocalyx lanatum Ss
Era Eriogonum arborescens Ss
Eba Eriogonum baileyi H
Efc Eriogonum cinereum S
Ed Eriogonum deflexum H
Erd Eriogonum douglasii H
Eel Eriogonum elatum H
Ere Eriogonum elongatum S
Ef Eriogonum fasciculaium Ss
Eff Eriogonum. fasciculaium foliolosum Ss

Efp Eriogonum fasciculatum polifolium Ss

Egi Eriogonum giganteum Ss

Eg Eriogonum gracile H

Eho
lOi

ICrkc

Elo
Erin
Emi
Eiiiv

En
Eov
Kp
lOrx

Ellin

i;ru

Evin
Ev
lOw
Eco
Elc

Elg
El
Esa
Ero
Eci
Ems
Ery
Erj
Erv
Eas

Eryc
Eeo
Esl
Esm
Eu
Eur
Euc
Eo
Eua
Eucr
Em
Eup
Eus
Ux
Eul

Evsp

Fac

Fap
Fie

Fig
Fnm
Fs
Fca
Frc
Fg
Fgc
Fpa
Fra
Fbi
Fch

Krino'inum herrmnnnii Sa
Kriogimum in/tutum H
Eriitfjininm kmnfilyi H
Kriiiijitnum IMjii H
ETiiigiinum mnrifolium H
Eringonum mirrruthrrum St
Eriogonum moluirrnur H
Kriogimum nuilnm H
Eriogiinum otnlifnlium H
Kriijgimum pnrcifotiiim Ss
Kriogonum up. H, Si

Eriogonum utnbrWitum H
Erittgouum urn in urn H
Eriogonum riminrnm H
Eriogonum rirgntum 11

Eriogonum wrightii Ss

Eriophyllum ronfrrtiflirrum Ss
Eriophyttum hinntum cunralum H
J'Jriophytlum lanatum ornniti/lirrum H
Eriophyllum hinntum intrgrifolium H
Eriophyllum ntarcluidifi>lium Sa
Erodium botryu H
Erodium cicutarium H
Erodium moschatum H
Eryngium caslrense 11

Eryngium jepsonii H
Eryngium rasryi H
Erysimtim asperum H
Erysimum capitnlum H
EschschoUzia californica H
EschachoUzia lobbii H
EschschoUzia minutiflora H
Eucalyptus sp. T
Eucnide urena Ss
Eulobua californicus H
Euonymua occidentalia S
Euphorbia albomarginatn H
Euphorbia crenulata H
Euphorbia misera Ss

Euphorbia palmeri H
Euphorbia serpyllifolin H
Euphorbia sp. H, Ss
Eurotia lanata Ss
Evax sparsiflorus H

Fagonia californica Ss

Fallugia paradoxa Ss

Filago californica H
Filago gallica H
Forestiera neo-mexicana S

Fouqieria splendens Ss

Fragaria californica H
Fragaria chilensis H
Frankenia grandifolia Ss
Frankenia grandifolia campestris Ss
Frankenia palmeri Ss
Franscria acanthicarpa H
Franseria bipinnatifida H
Franseria chenopodiifolia Ss

The plants in the list have been classified as herbs (H), shrubs (S), and trees (T), with a subdivision of

shrubs into those that may be classified as sagebrush type species (Ss). The classificatiou of many species, how-

ever, is as yet questionable and is subject to change following further sluily.
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TABLE 4—Continued

A. Alphabetical List by Genus of Plants Other Than Grasses—Continued

Fdu Franseria dumosa Ss

D' Fraxinus anomala ,T

Fd Fraxinus dipetala S
O^ Fraxinus oregona T
V Fraxinus velutina T
Fco Fraxinus telutina coriacea S
Fc Fremontia califomica S
Fcm Fremontia califomica mexicana

Gci Greeneocharis drcumscissa
Grc Grindelia camporum H
Gou Grindelia cruneifolia H
Gro Grindelia rohusta H
Gru Grindelia rubricaulis H
Guc Gutierrezia califomica Ss
Gl Gutierrezia lucida S
Gsa Chdierrezia sarothrae

Gt
Ss

Gymnogramme triangularis H

H

Haplopappxis carthamoides H
Haplopappus eximius H
Haplopappus racemosus H
Hazardia cana Ss
Hazardia squarrosa Ss
Hazardia whitneyi Ss
Helenium bigelovii H
Helenium hoopesii H
Helenium puherulum H
Helianthemum scoparium H
Helianthemum scoparium vulgare H
Helianthus annuus H
Helianthus califomicus H
Helianthus gracilentus H
Helianthus petiolaris H
Heliotropium crurassavicum H
Hemizonia congesta H
Hemizonia corymbosa H
Hemizonia fasciculata H
Hemizonia sp. H
Hemizonia virgata H
Hemizonia virgata heermannii H
Heradeum lanatum H
Heterotheca grandiflora H
Hibiscus denudatus H
Hoffmanseggia densiflora H
Hofmeisteria pluriseta H
Holacantha emoryi S
Hollisteria lanata H
Holodiscus discolor S
Holodiscus discolor dumosus S
Holodiscus discolor glabrescens S

Hugelia densifolia H
Hugelia virgata H
Hugelia virgata floccosa H
Hulsea vestita H
Hydrophyllum occidentale H
Hymenoclea monogyra Ss

Hymenodea salsola Ss

Hymenopappus filifolius H
Hypericum concinnum, H
Hypericum formosum scouleri H
Hypericum perforatum H
Hypochoeris glabra H
Hypochoeris radicata H
Hyptis emoryi Ss

The plants in the list have been classified as herbs (H), shrubs (S), and trees (T), with a subdivision of

shnibs into those that may be classified as sagebrush type species (Ss). The classification of many species, how-
ever, is as yet questionable and is subject to change following further study.

^ This symbol carries overline, i.e., X.

Gan
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TABLE 4—Continued

A. Alphabetical List by Genus of Plants Other Than Grasses—Continued

I

Ird

III

Ilo

IriiH

Iini

Iv

Iva

Ivv
la

lax

Jac
Wc
Wh
Jbu
Jue
Jx
Jc
Ju
Jm
Jo

Kpo
Kal
Kg
Ken
Koa
Koc
Kra

Lsc
Lt
Lac
Lgr
Lpo
Lsp
Las
Lav
Laa
Lae
Lafr

Lag
Lap
Lg
L3l

Ln
Lsq
Lcf

Lpn
Lpu

Iris douglasvina H
Iris h<irtwc(iii H
Iri.i Until ipeliihi II

Iris mdcrosiphiiii H
Iris iiiissourifiisis H
Isocomti vitne.ta iicTiiiltnia Ss
laocoma reitctn ari/utn Ss
Isocoiiia vcneUi vcryionioidcs Ss
Isomcris arhoren Ss
Iva axillaris H

Jamrsia americana califurnica Ss

Juglans californica T
Juyhins hindsii T
Juncus hufimius H
Juncus elfusus H
Juncus sp. H
Juniperus ailifurnica T
Junipcrus californica ulahensis T
Juniperus coimnunis montana S

Juniperus uccidentalis T

K

Kalmia polifolia S
Kaltnia polifolia microphylla S
Kelloggia gidioides H
Kentrophyta montana H
Kochia americana H
Kochia americana californica H
Krameria canescens Ss

Lactuca scariola H
Larrea tridentata glutinosa Ss

Lathyrus californicus H
Lathyrus graminifolius H
Lathyrus polyphyllus H
Lathyrus splendcns H
Lathyrus strictus H
Lathyrus vestitus H
Lavatcra assurgentiflora Ss

Layia elegans H
Layia fremontii H
Layia glandulosa H
Layia platyglossa H
Ledum glandrdosum S
Lepidium lasiocarpum H
Lepidium nitidum H
Lepidospartum squamatum Ss

Leptodactylon californicum Ss

Leptodactylon nuttallii H
Leptodactylon pungens Ss

LeS Lfuningia lrjHo<:liiitft H
Led Leur.iilhor datiniiir S
Len Levriniii ntmiUnniii H
I^r Ltvritiii rrdivita H
I Libitctdrnn dr.currtnii T
Uk Liguiitirufn gnii/i H
Lill Litiiim humhiildtii H
Lpa Lilium iMird'itinuin H
Lip Liliurn parriim H
Lir Lilium rubiHiinif H
Lw Lilium withinaUmi'ijiurn H
I<nia Liiininiilhrn iilhn H
Lriid LirnrinrUhfH doiigl/inii H
Lmr Litnnnttthr.s rimrn H
Lia Linnnlhua andronaceut H
Lau Linaidhns aureus H
Lib Linanthus bicolur H
Lid Lirianlhus dichotomua H
Lif Linardhus fdipea H
Linl Linanthus liniflirrua H
Lim Linanthus monlnnua H
Lix Linanthus sp. H
Lba Linnaea borealia amcricjina H
Lie Linum lewisii H
T Lithocarptia densiflora T
Lde Lilhocarpus densi/lora echinoidea S
Laf Lithophragma affinia H
Lome Lomatium caruifolium H
Lonid Lomatium dasycarpum H
Lome Lomatium moluivenae H
Lome Lomatium nevadense H
Lomn Lomatium nudicaule H
Lomp Lomatium piperi H
Lps Lomatium plummerae sonnet H
Lox Lomatium sp. H
Lout Lomatium utriculatum H
Leo Lonicera conjugialis S
Lhc Lonicera hispidula californica S
Li Lonicera interrupta S
Lin Lonicera involucrala S
Lil Lonicera involucrata ledebourii S
Lbu Lonicera subspicata S
Lou Lonicera utahensis S
Lam Lotus americanus H
Loa Lotus argophyllus H
Lcr Lotus crassifolius H
Ldo Lotus douglasii H
Ldn Lotus douglasii neradensis H
Lof Lotus formosissimus H
Log Lotus grandiflorus H
Lhu Lotus humistratus H
Lol Lotus leucophyllus Ss
Loin Lotus micranthus H
Lea Lotus salsuginosus H
Ls Lotus scoparius Ss
Lx Lotus sp. H, Ss
Los Lotus stipularis Ss
Lst Lotus strigosus H
Lts Lotus subpinnatus H
Lai Lupinus albicaulis H
La Lupinus albifrons Ss
Lar Lupinus arboreus Ss

The plants in the list have been classified as herbs (H), shrubs (S), and trees (T), with a subdirision of

shrubs into those that may be classified as sagebrush type species (Ss). The classification of manj- species, how-
ever, is as yet questionable and is subject to change following further study.
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TABLE 4—Continued

A. Alphabetical List by Genus of Plants Other Than Grasses—Continued

Lbi Lupinus bicolor H
Lub Lupinus breweri Ss

Luca Lupinus caudatus H
Lch Lupinus chamissonis Ss

Luc Lupinus concinnus H
Lud Lupinus densiflorus H
Lux Lupinus excubitus Ss
Lfo Lupinus formosus H
Lug Lupinus grayi H
Lhi Lupinus hirsutissimus H
Lla Lupinus latifolius H
Lul Lupinus lyallii Ss
Lum Lupinus micranthus H
Lun Lupinus nanus H
Lnv Lupinus nanus vallicola H
Luo Lupinus odoratus H
Lpx Lupinus sp. H, Ss
Lust Lupinus stiversi H
Lub Lupinus succulentus H
Lut Lupinus torreyi H
Luv Lupinus variicolor H
Lan Lycium andersonii Ss
Lea Lycium califomicum Ss

Lye Lycium cooperi Ss

Lyf Lycium fremontii Ss

Lyp Lycium pallidum Ss
Lto Lycium torreyi Ss
Ltw Lycium torreyi wrightii Ss

Lys Lygodesmia spinosa H
I' Lyonothamnus floribundus T

M

Mecr
Mch
Mic
Map
Mia
Mid
Mcx
Mil
Mb
Mbo
Mbr
Mif
Mig
Mik
Mle
Mm
Mix
Mt
Mf
Ml
Mod
Mol
Mo
Mov
Mog
Mom
Mpe
Mo
Mh

Mad
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TABLE A—Continued

A. Alphabetical List by Genus of Plants Other Than Grasses—Continued

Oex Oenothera up. H
Oc8 Oenothera spiralin H
Dl Olnej/a trsola T
Oao Opuntid ar.iinlhoc.arpa Ss
Oba Opunlia ha.iilarin Ss
Ob Opantia hiuelovii S
Ocl Opuntia clavata Ss
Oo Opuntia echinocarpa Ss
Oer Opuntia erinacea Ss
Oo Opuntia occidcntalis Ss
000 Opuntia occulenlalis covillei Ss
001 Opuntia occidcntalis littoralis Ss

Opa Opuntia parryi Ss

Op Opuntia prolifera Ss
Or Opuntia rarnosissima Ss
Ox Opuntia sp. Ss

Opu Opuntia ursina Ss
Ova Opuntia vaseyi Ss
Ora Orthocarpua attenualus H
Ord Orthocarpua denaijlorus H
Ore Orthocarpua erianthua H
Orl Orthocarpua lithospermoidca H
Opi Orthocarpua piloaua H
Orp Orthocarpua purpuraacena H
Orx Orthocarpua sp. H
Oc Oanuironia ceraaiformia S
Osn Oamorrhiza nuda H
Oso Oamorrhiza occidentalis H
Oxc Oxalia comiculata H
Oxd Oxyria digyna H

Pmy Pachyatima myrainitea S
Pbr Paeonia brownii H
Pal Palafoxia linearia H
Pah Papaver heterophyllum H
Pam Parkinsonia microphylla H
Paf Paronychia franciacana H
Par Paroaela arboreacena Ss
Pea Paroaela californica Ss
Pae Paroaela emoryi Ss
Pafr Paroaela fremontii Ss
Pmo Paroaela moUis H
Pap Paroaela parryi H
Ppo Paroaela polyadenia Ss
Pas Paroaela apinoaa S
Pea Pedicularia attollena H
Pde Pedicularia denaiflora H
Peg Pedicularia groenlandica H
Pese Pedicularia aemibarbata H
Po Pellaea ornithopua H
Pex Pellaea sp. H
Pep Pelliphyllum peltatum H
Per Pentacaena ramoaiaaima H
Pac Pentatemon acuminatus H
Pan Pentatemon antirrhinoidea S
Pb Pentatemon breviflorua S
Peb Pentatemon bridgeaii H
Pee Pentatemon centranthifoliua H
Pco Pentatemon confertus H

I'm

I'CIM

IV,.

Per
Po

Poy
Fed
Pof

P«l

PRr
Ph
Pja
Pela

Pla
Pol

Pn
Pepa
Ppa
Prt
Pro
Px
Ps
Pte
Pra
Pern
Pet

Ptp
Pea
Pba
Phea
Pdi
Phdo
Pfi

Phh
Phi

Phy
Phi
Pmi
Phr
Phx
Ptn
Pht
PI

Pdo
Phd
Phg
Phs
Pa
Phb
Phe
Phcr
Pho
Ws
Es
S'

Pm
Wp
Kp
Fp
P

I'erUsUmon confertui raeruUo-purpurrui
H

I'enttlemnn eonferiu* genieulalut H
/'enlftrmim rMnfrriun mwlrituf H
l^i'ntntrrnon confrrtuH jnurrrua H
PtntMi-Tjioji ron/rrtuB rigtdua H
Prnlnlrinon curilifoliun S
Pintftrmnn cirrymhoaut S
Penlntemon deuntui H
PcnI.ilenion frulirifiirmia Si
Prritalfmon gliiher H
Pentatemon griirilentua St
Pentatemon heterophyllua H
J'entatrmon jalTniynjtua H
Pentsti-mon liibroaua H
Pentatemon laetui H
Pentatemon Icmmonii S
Pentatemon newberryi Ss
Pentatemon palmeri Ss
Pentatemon pariahii H
Pentatemon rattanii H
Pentatemon rothrockii H
Pentatemon sp. H, Ss, S
Pentatemon apectabilis H
Pentatemon temalua S

Peraphyllum ramoaiaaimum S
Perezia microcepfuila H
Petalonyx thurberi Ss
Petasitea palmata H
Peucephyllum achottii S
Phacelia brachyloba H
Phacelia californica H
Phacelia diatana H
Phacelia douglaaii H
Phacelia fremontii H
Pluicelia heterophylla H
Phacelia hiapida H
Phacelia hydrophylbiidea H
Phacelia linearia H
Phacelia minor H
P/iacelia ramoaiaaima H
Phacelia sp. H
Pfiocelia tanacetifolia H
Phacelia thermalia H
Philadelphua lewiaii californicua S
Phlox dolichantha H
Phlox douglaaii H
PIdox gracilia H
Phlox apecioaa H
Photinia arbutifolia S

Phyllodoce breweri S
PhyUodoce empetriformis S

Phyaalia craaaifolia H
Phyaocarpus capitatua S
Picea breweriana T
Picea engelmannii T
Picea silchenaia T
Pickeringia montana S
Pinua albicaulis T
Pinua ariatata T
Pinua balfouriana T
Pinua cembroidea monophylla T

The plants In the list have been classified as herbs (H), shrubs (S), and trees (T), with a subdivision of

shrubs into those that may be classified as sagebrush type species (Ss). The classification of many species, how-

ever, is as yet questionable and is subject to change following further study.
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TABLE A—Continued

A. Alphabetical List by Genus of Plants Other Than Grasses—Continued

Prunus demissa S
Prunus emarginata S
Prunus fasciculata S
Prunus fremontii S
Prunus ilicifolia S
Prunus ilicifolia T
Prunus subcordata S
Psathyrotes annua H
Pseudotsuga macrocarpa T
Pseudotsuga taxifolia T
Psilostrophe cooperi Ss
Psoralea califomica H
Psoralea macrostachya H
Psoralea orbicularis H
Psoralea physodes H
Ptelea baldwinii crenulata S
Pteris aquilina lanuginosa H
Purshia glandulosa Ss
Purshia iridentata Ss

Pycnanthemum californicum H
Pyrus rivularis T

Q
Quercus agrifolia T
Quercus agrifolia frutescens S

Quercus chrysolepis T
Quercus chrysolepis nana S

Quercus douglasii T
Quercus dumosa S
Quercus dumosa T
Quercus durata S
Quercus engelmannii T
Quercus engelmannii S
Quercus garryana T
Quercus garryana breweri S

Quercus garryana semota S

Quercus kelloggii S

Quercus kelloggii T
Quercus lobata T
QwercMS morehus T
Quercus palmeri S
Quercus sadleriana S

Quercus tomentella T
Quercus^accinifolia S
Quercus wislizenii T
QwercMS wislizenii frutescens S

Ranunculus alismaefolius H
Ranunculus californicus H
Ranunculus cymbalaria H
Ranunculus glaherrimus H
Ranunculus lemmonii H
Ranunculus sp. H
Raphanus sativus H
Rhamnus califomica S
Rhamnus califomica crassifolia

The plants in the list have been classified as herbs (H), shrubs (S), and trees (T), with a subdivision of

shrubs into those tliat may be classified as sagebrush type species (Ss). The classification of many species, how-

ever, is as yet questionable and is subject to change following further study.

2 This symbol carries overline, i.e., X.

Pp
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TABLE 4—Continued

A. Alphabetical List by Genus of Plants Other Than Grasses—Continued

UuhnK ri(i/«/iu« S»
Uuilhrrkin rritifirrnirii If

h'uilhrckin hirlit H
h'nithrrklil tirrtimrWi If

Kutnrx humrHiiMrfMilut II

liumri talicif'iting H

Salnzarin merirana Sn
Snlirmniii itmbiu"" H
Sitlicirrnitt h|>. H
Siiliriirnia unbtfrmiriiilitt I{

Salir aryDphuWi S
Snlix brewKTi S
Salix CDmmntiilii S
Snlix cordnta S
fiiilix exigua S
Snlix geijerinnn argentea S
Salix hievignla T
Snlix lasinnJra T
Salix lasiulepia T
Salix lemmtmii S
Salix melajxopsis bolanderiana S
Salix nigra vidlicola T
Salix petrophilii S
.S'a/ij phylicifulia monica S
Salix piperi S
Saiix scouleriana S
iS'aZiJc sessilifolia hindsiana S
Salix aitchensis coulleri T
iSah'x sp. S, T
Salsola kali tenuifolia H
Salvia apiana Ss
Salvia carduacea H
Salvia carnosa Ss
Salvia aimosa compacta Ss
Salvia clevelandii Ss
Salvia coluinbariae H
Salvia eremostachya Ss
Salvia funerea Ss
Salvia leucophylla Ss
Salvia mellifera Ss
Salvia moluitensia Ss
Salvia palrneri Ss
Salvia sonomensis Ss
Salvia spatliacea H
Sambucus glauca S
Sambuctis raccmosa S
Sambucus racemosa callicarpa S
Sambucus velutina S
Sanicula bipinnalifida H
Sanicula nienziesii H
Sanicula sp. H
Sarcobatus baileyi Ss
Sarcobafus vermiculatus Ss

Saxifraga lolmiei H
Scirpus aculus H
Scirpus microcarpus H
Scirpus olneyi H

Tlie plants in the list have been classifieil as herbs (H), shrubs (S), and trees (T), with a subdivision of

shrubs into those that may be classified as sagebrush type species (Ss). The classilication of many species, how-

ever, is as yet questionable and is subject to change foUuwing further study.

Rco
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TABLE A—Continued

A. Alphabetical List by Genus of Plants Other Than Grasses—Continued

Stenotopsis linearifoliua Ss

Stephanomeria lactucina H
Stephanomeria runcinata H
Stephanomeria virgaia H
Stillingia linearifolia H
Streptanthus inflatus H
Streptanthus tortuosus H
Styrax officinalis californica S
Styrax officinalis fulvescens S
Suaeda californica Ss
Suaeda depressa H
Siuieda moquini Ss
Svaeda suffrutescens Ss
Swertia nitida H
Swertia radiata H
Symphoricarpos albus Ss

Symphoricarpos longiflorus Ss

Symphoricarpos mollis Ss

Symphoricarpos rotundifolius Ss

Symphoricarpos sp. Ss

Tamarix gaUica S
Tanacetum camphoraium H
Taraxacum vulgare T
Taxus brevifolia T
Tetracoccus dioicus S
Tetradymia canescens Ss

Tetradymia comosa Ss

Tetradymia glabrata Ss

Tetradymia spinosa Ss

Tetradymia stenolepis Ss
Thalictrum fendleri H
Thalictrum polycarpum H
Thamnosma montana Ss

Thelypodium flavescena H
Thermopsis gracilis venosa H
Thermopsis macrophylla H
Thuja plicata T
Thysanocarpus curvipes H
Thysanocarpus laciniatus H
Thysanocarpus sp. H
Tidestromia oblongifolia Ss

Torreya californica T
Tribulus terrestris H
Tricardia watsonii H
Trichostema lanatum Ss
Trichostema lanatum denudatum Ss
Trichostema lanceolatum H
Trichostema laxum H
Trichostema sp. H, Ss
Trientalis europaea latifolia H
Trifolium albopurpureum H
Trifolium amplectens H
Trifolium andersonii H
Trifolium beckwithii H
Trifolium breweri H
Trifolium ciliatum H
Trifolium depauperatum H
Trifolium fucatum H

The plants in the list have been classified as herbs (H), shrubs (S), and trees (T), with a subdivision of

shrubs into those that may be classified as sagebrush type species (Ss). The classification of many species, how-

ever, is as yet questionable and is subject to change following further study.

*This symbol carries underline, i.e., X.

Scb
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TABLE 4—Continued

A. Alphabetical List by Genus of Plants Other Than Grasses—Continued

Trg Trifolium (iracilt-nlinn H
Tin TrifiiUum iitvolurrdlum H
Trmo Trifolium inir.roceyhdlum II

Trmi Trifolium microiton H
Trm Trifolium mojiuritlium H
Trob Trifolium ohluHijUrrum H
Tro Trifolium olioacrum H
Tpr Trifolium prntense H
Tre Trifolium rcpcnif H
Trx Trifolium Hp. H
Trt Trifolium tridcntalum H
Trv Trifolium raricgatum H
Tov Trillium oralum H
Tsg Trillium sessile ijii/anlcum H
Tro Trixia californica Ss

Tgr Tropidocarpum grac.ilc H
H Tsuga heteruphylla T
Hm Tsuga mertensiana T
Tya Typha angustifolia H
Tyl Typlia latifolia H

u

Ue Ulex europaeus S
L' Umbellularia californica T
Uc Umbellularia californica S
Uli Uropappus linearifolius H
Url Uropappus lindleyi H
Ugh Urtica gracilis holosericea H

Vim V'tn<'<i niitjor H
Va l'i«/a ndunr.a H
Vbe I'lo/zi beckwilhii H
Vib V.»/.J <;//Jn<i-i H
Vie I'io/a CHnr/il/i H
Vil V'io/-i /«6«H H
Vio Viitla ocelliila H
Vpe Violrt pedunirulittn H
Vi|ir I'inlit prnimnrnii H
Vip l'i«/<t purpurea H
Vie I'ic»/a aurinr.ntnnn H
Vo Viiia califirrnicit S
Vg Vi<i« oirdiana S

w
P' Wiishinulonia fdifera T
Whin WhipiAca moilr.ala S
W'iido W'hilneya dualbaln H
Wos tV'()o</sia scopulinii H
Wor Woodwardia raiiicans H
Wya Wyethia angustifolia H
\Vy(5 Wyethia glabra H
Wh Wyethia helenioidea H
Will Wyethia mollis H
Wyo VKi/e</ita ocato H

Xt Xerophyllum tenax H

Vca
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TABLE A—Continued

B. Alphabetical List by Genus of Grasses
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TABLE 4—Continued

B. Alphabetical List by Genus of Grasses

DIx2
Dl8»
DIt»

ECc2
ECxJ
Eca!
Eco»

Eg>
Em»
Emo2
Exs
Et2
EPr2

ERca2

ERc2
ERx2

Fca2
Fco2

Fc2
Fel2

Fern2

Fgr2
Fi2

Fm"
Finv2
ro2
Foc2
Foh2

Fp2
Fre2

Fr2

Fx2
Fsb2
Fv2

Gv2
GLel2

GLp2
GLx2

HIj2
HIr2

Diinthmia sp.

Danllutnid iininiiinttit

Dislirhlis sp.

DislirJilin siiirnta

{Dixtithlia Ktricla)*

Echinochluii criiK(;iillii

Echiiiochliiii sp.

Elijinux cmiadcusis

Elymux cimdensalun

Elytniix (ilaucus

Elymiis nidcounii

Elymus mollis

Etymus sp.

Elymus trilicoidex

Epicampes riycns

{M uhlenhiryia ripens)*
Erayrostis caruliniana

(Erauroslis pectinacea)*
Eragrostis cilianensis

Eragrostis sp.

Festuca bromoides

{Fesluca dertoi>e7}sis)*
Festuca mlifornica
Festuca confinis

{Festuca kingii)*
Festuca confusa
Festuca elatior

Festuca elmeri

Fesluca grayi
Festuca idahoensis

Festuca megalura
Festuca myuros
Festuca occidentalis

Festuca octoflora

Festuca octojlura hirtella

Festuca pacifica
Festuca reflexa

Festuca rubra

Festuca sp.

Festuca subulata.

Festuca viridula

Gastridium ventricosum

Glyceria elata

Glyceria pauciflora

Glyceria sp.

H

Hilaria Jamesii
Hilaria rigida

irix'

IIOX'

I Ik'

Mj'
IImi'

llx'

II Yc'
HYx'

Kc"
Kp2
Kx2

LAii2

LPf2
LPx2
LEc2
Lp2
Lm2

Lt2

Ma2
Mb2

Mbu2

Mfr2
Mf2
Mg2
Mi»
Mx2
Ms*
Mst2
Msb2
Mt2
M012
MUf=
MUj^
MUmo=
MUp2
MUr2
MUx2
MUs2

N12

Nx2

lliliiria Mp.
//iilitun lutl/tpeniiiii

(Sorghum hnUprrme)*
llnlrun up.

(Sirrghum up.)*
Ifirrititiin uuMHiinrnnuin
llnrdrum jnhittuiH

lli>rdium tnurinnm
//ord):uin up.

Ilyglrix cati/urnicii

l/yHtrix n[i.

Koflerin criiilatn

Korlrria phleoides
Koileria sp.

Lamnrrkia nurea

Lcptiichloa fdifiirmis

Leptocldoa sp.

Lepturus cylindricus
Lolium pcrenne
Lolium multiflorum
Lolium sp.
Lolium temulenlum

M
Melica aristata

Melica bclla

{Melica bulbosa)*
Melicu bulbosa

{Melica californica)*
Melica frutescens
Melica fugax
Melica geyeri
Melica imperfecta
Melica sp.

Melica speciabilis

Melica stricta

Melica subulata

Melica torreyana
Mo)ianthochloe litloralis

Muhlenbergia ftliformis

Muhlenbergia jonesii

Muhlenbergia montana
Muhlenbergia porteri

Muhlenbergia repens

Muhlenbergia sp.

Muhlenbergia s^arrosa

N
Notholcus lanatus

{Holcus lanatus)*
Notholcus sp.

{Holcus sp.)*

'This symbol carries underline, I.e., X.
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TABLE 4—Continued

B. Alphabetical List by Genus of Grasses—Continued

Oh' Oryzopsis hymenoides
Ok' Oryzopsis kingii

Ox' Oryzopsis sp.

Px2 Poa sp.

PYl^ Polypogon lutosus

PYm2 Polypogon monspeliensis

PYx2 Polypogon sp.

PUl^ Puccinellia lemmonii

PUnu2 Puccinellia nutkaensis

PUn^ Puccinellia nuttalliana

PUs^ Puccinellia simplex

PUx2 Puccinellia sp.

PNc2
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TABLE A—Continued

C. Supplemental List of Symbols for Plants Other Than Grattet*

A I

A Quercus agrifoiia T
A' Populus trcmuloides T

B

B Quercus kelloggii T
B' Pojmlua trichocarpa T
B' Ahics venusta T
Bs Pserulnlaiiga macrocarpa T
Bt Segtioia gigantea T
Bt Cupressua macnabiana bakeri

C Quercus chrysolepis T
C Thuja plicata T
Cp Pinus coulteri T

I Libocedrua decurren* T
I' I/yonothamnut ftoribundui T

Pinut ponderoga jeftrej/i T

K

K Pinus lubfTculnln T
Kam Chennpndiiim nmljrosinvles H
Kca Chenopodiurn rnlifirrnirrum H
Kea Chenopodiurn album H
Klx Cotyledon Inxti H
Kof Cotyledon fixrinosti H
Kol Cotyledon Innceolala H
Kop Cotyledon puherulenta H
Kp Pinus aristata T
Kt Cupressus nevnderuiis T

D Pseudotsuga taxifolia T
D» Fraxinus anomala T
D' Quercus douglasii T
Dl Olneya tesota T
Dp Pinus sabiniana T
Dt Cupressus sargentii duttoni T

L Pinus corUorta murrayana T
L' Umbellularia califomica T
Lb Pinus conlorta bolanderi T
Lc Pinus contorta T
Lp PintM ftexilis T

E Quercu* engelmannii T
Es Picea engelmannii T

F' Populus fremontii T
Fp Pinus balfouriana T

M
M 4r&ut«s memiesii T
M* ^cer macrophyllum T
M' Quercus morehus T
Mp Pinus radiata T
My Cupressus macrocarpa T

G Quercus garryana T
G' Abi'ea grandis T
Gt Cupressus goreviana T

N
N Torreya califomica T
N' Acer negundo califomicum T
N* Afcies nobilis T
Nt Cupressxts macnabiana T

H

H Tsuga heterophylla T
H^ AescuJus califomica T
Hm Tsuga mertensiana T
Hw Celtis mississippiensis reticulata T

O Chamaecyparis lawsoniana
O* Fraxinus oregona T
Oa Pyras rivularis T

• Symbols of plants not occurring in alphabetical sequence in Table 4, B.

A
^ This sjrmbol carries accent, Le., X.

*This symbol carries underline, i.e., X.

s This symbol carries overline, i.e., X.
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TABLE 4—Continued

Supplemental List of Symbols for Plants Other Than Grasses—Continued

pa Washingtonia filifera T
Pv Cercidium torreyanum T
Pt Cupressus pygmaea T

Q
Q Castanopsis chrysophylla T
Qkf Cucurbita foetidissima H
Qkp Cucurbita palmata H

R Sequoia sempervirens

R2 Alnus rubra T
Ri Abies magnifica T

S Pinus lambertiana T
S' Platanus racemosa T
S' Picea sitchensis T
S* Abies magnifica shastensis

Sp Pinus muricata T
St Cupressus sargentii T

T Lithocarpus densiflora T
T' Quercus tomentella T
Th Ailanthua glandulosa T
Tp Pinus torreyana T
Tt Cupressus forbesii T

V
V3

ww
Wi
Wc
Wh
Wp
Ws

Xa
Xar
Xb
Xbr
Xc
Xcr
Xe
Xg
XI
Xm
Xp
Xpi
Xpm
Xb
Xs
Xsh
Xv
Xt

Querjms lobata T
Fraxinus velutina

w
Quercus wislizenii T
Pinus monticola T
Abies concolor T
Juglans californica T
Juglans hindsii T
Pinus albicaulis T
Picea breweriana T

iSoHi lasiolepis T
iSoiia; argophylla S
Salix nigra vallicola T
Sah'a; breweri S
/SoZii commutata S

iSaHx cordata S
Sah'z exigua S
SaZix geyeriana argentea S

iSoKx lemmonii S
jSah'z melanopsis bolanderiana

Salix petrophila S

iSah's piperi S
iSaZia phylicifolia monica S
<SaHx laevigata T
Salix scouleriana S

Sahi sessilifolia hindsiana S
Salix sitchensis coulteri T
SoZia; lasiandra T

U
Ux

u

Taxus brevifolia T
Euphorbia sp. H, Ss Pinus pondercsa T

^ TWs symbol carries accent, i.e., X.

2 This symbol carries underline, Le., X.

3 This symbol carries overline, i.e., X.



CASTLE LAKE TROUT INVESTIGATION
1946 CATCH, AND CHEMICAL REMOVAL OF

ALL FISH'
/.'// .1. II. Walks

Bureau of Fish Coiiscrviitinii, ( ",ilifcpriii:i Oivision of Ii'isli ;iii(l (Iiinif

Castle Lake is a fairly typical NoiMlicni (Jalifoniia lalo-. It has an

area of 47 acres, and is located near Mt. Sliasfa, Siskiyou County. An
intensive investigation has been made of this lake since 1!):58, and a creel

census has been conducted since 1941. The objectives of the investif^ation

were to determine the most snilable spcf-ics of trout for lakes of this tyf)o,

and the optimum number and siz(! to plant. The lake coutaiiu'd small sdf-

maintaining populations of mackinaw trout and minnows, but afforded

no facilities for significant natural reproduction of rainbow, brook or

brown trout, the principal species i)roduced in oui- hatcheries. It was

therefore decided to stock equal numbers of each of these species annually
to determine the one best suited to conditions, and later to concentrate

on that one to determine the size and numbers to be planted to produce
the optimum catch.

The results of the first five years of the census, 1941 to 1945 inclusive,

were published in July, 1946 (Wales, 1946). During that period the

brown had been the dominant species, providing approximately half of

the total catch in numbers, and far more than half in weight. However,
there was reason to believe that, while the brown trout might j^rovide the

bulk of the fishing when planted together with the other two species, either

one of the other two might provide better fishing if planted alone. It

was, therefore, decided to begin the second phase of the program, plant-

ing one species only, and since brook trout are used in many parts of the

State for lakes of this type, this species was selected.

It was realized that, if we merely refrained from planting anything
but brook trout in Castle Lake, the brown trout, because of their longevity,

would continue for years to be a complicating factor. It was therefore

decided to eliminate all fish by ''poisoning" (i.e., treatment of the lake

with rotenone) in order to get a fresh start, and it was hoped at the same

time that we might make a sufficiently complete recovery of the fish killed

to' get a good idea of the total population in the lake.

The present report gives the data on the anglers' catch in 1946, and

on the destruction of all fish in the lake by rotenone in October, 1946, thus

concluding the "First phase" of the investigation. The lake, at date of

writing this, still contained so much rotenone at 30 feet deptli and below

as to be lethal to trout. Upon recovery, it will be stocked with 20.000 brook

trout, thus initiating the "Second phase" of the investigation, in which a

single species of trout will occupy the lake.

1 Submitted for publication June, 1947.

(267 )
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TABLE 1

Record of Fish Planted in Castle Lake

1938
October 21.

October 21.

October 21-

1939

September 20.

September 20.

August 5.

1940

September 9.

September 10.

August 20.

1941

August 29.

September 18.

August 13.

1942
June
June
June

June
June
June
June
June

11.

11.

11-

11.

11.

11.

11.

11-

1943

August 2-

August 2-

July 29.

May
May
May
May
May

1944

July
August
July

1945

July
July
August
July

1946
June

27-
27..

27..

6-7.

6-7.

29.

15-

29.

20.

20.
16-

20.

Date
Number and

species

7,000 rainbow

7,000 brown
25,000 brook

6,360 rainbow

7,000 brown
7,000 brook

7,305 rainbow

7,500 brown
7,000 brook

7,000 rainbow

7,000 brown
7,101 brook

15,000 rainbow

15,000 brown
15,000 brook

2,000 rainbow
181 rainbow

1,640 brown
173 brown
181 brook

5,000 rainbow

5,000 brown
5,000 brook

900 rainbow
900 brown
900 brook
148 rainbow
75 raipbow

7,000 rainbow

7,000 brown
7,000 brook

3,600 rainbow

3,500 rainbow

6,000 brown
7,000 brook

2,000 book

Size,* number,
per oz.

9.2 per oz.

6 . 5 per oz.

21.0 per oz.

7.0 per oz.

9.5 per oz.

6.0 peroz.

5.0 per oz.

9.0 per oz.

6.0 per oz.

7.0 per oz.

12.0 per oz.

8 . per oz.

37.0 peroz.
31.0 peroz.
34.0 peroz.

1.4 per oz.

1.1 oz. each.

1.0 per oz.

1.5 per oz.

2 . 7 oz. each

17.0 per oz.

25.0 per oz.

14.2 per oz.

11.0 per lb.

10.6 per lb.

9.8 per lb.

1.41bs.''av.

5.0 lbs. av.

10.9 per oz.

20.8 per oz.

12.0 per oz.

9.6 per oz.

9.3 per oz.

14.8 per oz.

12.9 peroz.

1.0 per oz.

Fin markt

Ad.
Ad.
Not marked

L.V.
L.V.
R. V. & Ad.

R. V.
R.V.
L.V.

L. V. & Ad.
L. V. & Ad.
R. V. & Ad.

Not marked
Not marked
Not marked

2V.
2 V. & Ad.
2V.
2 V. & Ad.
2 V. & Ad.

Ad.
Ad.
Ad.

R.V. &Ad.
R. V. & Ad.
R. V. & Ad.

H D. & Ad.

H D. & Ad.

L.V.
L.V.
L.V.

Not marked
R.V.
R.V.
R.V.

Ad.

* Average lengths of fish are approximately:
 IJ" at 35 per ounce

li" at 25 per ounce

2" at 15 per ounce

3" at 5 per ounce

5" at 1 per ounce

t Ad. = Adipose
L. V. = Left Ventral

R. V.
—

Right Ventral

2 V. = Both Ventrals

Fingerlings planted in 1946 for survival tests are not shown.
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Summary of Pertinent Facts
Physical Data

Castle Lake, Siskiyou County, California, T. 39 N., R. 5 W., S. 13.

Tributary to the Sacramento River via Castle Lake Creek.

Geological character : Granitic, glacial cirque.
Elevation : 5,200 feet.

Surface area : 47 acres.

Volume : Approximately 1,800 acre-feet.

Maximum depth : 120 feet. (This is in the south part of the lake; the northern
third is a shallow basin not over 15 feet deep.)

Temperature range : 32°-75° F.
Tributaries to Castle Lake : Seasonal ; water from melting snow.

Fish Present in Castle Lake

The following species of fish were present at time of treatment with

rotenone (October 9, 1946) :

1. Brown trout—salmo trutta Linne.
2. Shasta Rainbow trout—Salmo gairdnerii stonei Jordan.
3. Eastern Brook trout-—Salvelinus fontinalis (Mitchill).
4. Mackinaw trout—Cristivomer namayciish namaycush (Walbaum).
5. Western Golden Shiner—Notemigoniis crysoleucus auratus (Rafinesque).
6. Black Dace—Rhinichthys osculus (Girard).

Ang'lers' Catch in 1946

The anglers' catch in 1946 is shown in Table 2.

The picture in 1946, insofar as distribution by species goes, was dis-

torted by the fact that 2,000 eastern brook trout, averaging one ounce each,

were planted early (June 3d) to improve fishing during the season. Had
it not been for this addition of catchable fish, angling would have been
much poorer than it was. Of this eastern brook plant, 293 were caught
before the lake was poisoned. The distribution by species, with these 293

brooks included, and with them excluded, is shown in Table 3.

TABLE 3

Catch Distribution by Species, 1946

(1)

Species
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although the angling pressure was lower in the earlier year (546 angler-

days in 1943, as against 667 in 1946) . No explanation has been found for

the poor fishing in 1946.

TABLE 5

Number of Angler-Days and Individual Anglers
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accurate soundiiififs of tlu! Inkn and also holpcd tlio workors in distributing
the poison evenly. Tlie pcjisun used was (Juhe powder with a 5.4 percent
rotenoue content.

FiGUKB 127. Mixing cube powder with water during chemical treatment of Castle Lake

The actual poisoning work began early on the morning of October 9,

1946, and continued all that day and part of the next. Water temperature
was about 58 degrees F. at surface, 42 degrees P. at 100 feet. About 15

men and five boats with outboard motors took part in the operation. The

powder was mixed on shore in a concrete mixing boat, then taken to the

distributors by a tender. Four methods of distribution were employed :

1. The shore line was covered simply by broadcasting with dippers.

2. The shallow areas were covered by pouring the poison liquid
behind an outboard motor.

3. Depths from 10 to 50 feet were poisoned by a siphon method
which will be described.

4. Depths between 50 and 120 feet were reached by a gasoline engine
and centrifugal pump connected to a weighted garden hose.

The siphon method mentioned above was developed by Harold H.
Hewitt of the California Division of Fish and Game. After computing the

volume of water in a stratum and the amount of poison needed, a wash
tub or other large receptacle is set upon supports extending from gun-
wale to gunwale of the boat. Thus, the poison liquid is raised about
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18 inches above the surface of the lake. Next, a three-quarter inch garden
hose is filled with water and started siphoning out of the tub. The length
of the hose depends upon the depth of the stratum to be poisoned. Several

25-feet lengths can be coupled to give any desired length. Any heavy

object can be fastened to one end of the hose or the hose can be coupled
to a length of pipe to give the weight necessary to keep it down. The other

end of the hose can be fastened into the tub of poison liquid. The liquid

is siphoned out quite rapidly, and the amount distributed can be regu-
lated by the speed of the boat. This is the simplest and most accurate

method of distribution that the writer has used or heard of.

Those who assisted in the poisoning were largely members of the Cali-

fornia Division of Fish and Game, but able assistance was rendered by
members of the U. S. Forest Service, and by local fishermen.

Results of Poisoning

The operations on October 9th killed almost all fish on that day. Of
the four species of trout and the two species of minnows in the lake, there

was little apparent difference in the reaction to the poison, except that

the large golden shiners were the last to be killed, and a few were still

swimming feebly on the 10th. After that date no fish life could be found,
and destruction of fish was complete.

Figure 12 8. Recording fish recovered after chemical treatment
of Castle Lake on October 9, 1946
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Ordinarily it is iiimcccssary to caUccA llic ixtisoncil fisli in any body
of water boin}^ treated, in I'aet, it is desirable to l(;t tlie fish d(!coiiipose and
fertilize the water. However, in (!aslh' rjaU(! we did not want to waste the

large number of edibh; trout, and we wanted 1o ^et as eornplete a eensus

of tlie population as possible, 'riiei-el'ore, tin- i)oisonin^' project was adver-

tised, and about ;>()() p(M)|)le and 'Jo boats were; on hand t(j lake i)art in the

eollection of the fish. All part icipant.s werc^ retpiired to brin^ the poisoned
fish whicli they captured to a cent ral point, where a record was made of

the species, mark, l(Mip:1h, and also in many (;ases, the wei'.'ht. After this,

each person was allowed to retain one limit, and the remainin*,' fish wen*

preserved.

Naturally many fish saidc into deep water and could not be recovered.

The writer f(>ols that not ovei- half of them were picked up, but this i.s

only a rough estimate. The numbers by species, of tiiose actually collected,

are given below :

TABLE 6

Fish Recovered After Rotenone Treatment, Not Including
Fingerlings Planted in 1946

Species

Brown trout -- -

Brook trout (Planted prior to 1946)
Brook trout (2,000 yearlings planted 6-3 -46 at 1 per oz..

Mackinaw trout

Rainbow trout .-

Black dace.

Golden shiners

Number
recovered

2.027
SO

364
81

44

Several thouiand
Several hundred

The large number of brown trout as compared to other species is

most striking. There is reason to believe that this is not a true picture of

the distribution by species of the lake population at time of poisoning.
Tables 8, 9, and 10 throw light on this matter and provide other reveal-

ing information. These tables give, by species, the number of poisoned
trout recovered on and after October 9, 1946, broken down into the sev-

eral year-classes present ;
and also the anglers

'

catch records for the past
six years ;

thus showing all of the fish which can be accounted for, both

caught and poisoned.
For the purposes of illustration, some of the data on rainbow from

Table 8 are regrouped below to show the pattern of survival :
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There are no fij^ures Tor the 1945 year-class in Colmmi '.i above beeauHC
that would be the catch of the 1947 season. In their place, we do have the
number of rainbows of this year-class recovered after poisoninf?, .'11. If

all of these .'51 fisii were to hav(! survived thron^di the winter, and if all of

them were to liave been cauj^lit in tliu III 17 seu.son, the fi;,'ure in (,'oliuini :'.

for the 1945 year-class would be .'{1, and the figures in Column 4 would
be 31/1)56, or 23 percent. Kven this would be far below the average of
the percentages for the otiier year-(^lMsses ;

and of course survival tlirout,'h

tlie winter of 100 i)ercent of the i)()puliit ion is not possible, and catch by
nncrlers of 100 percent of the population is recoj,'nized to be very far from
wliat actually occurs. Tn other words, there must have been many times
31 rainbow trout of the 1!)45 yenr-class left in Castle Ijako on ()etob«!r !>,

1046, unless its mortality pattern were compictciy dilfi'iviif ffom the year-
classes which preceded it.

A direct comparison can be made with the ea.stern brook as shown
in Table 9. The way in wliich tlie two species make tht-it- contribution to

the catch is well shown in Tables 8 and 9. For the brook, the bulk of the

catch of any year-class (excepting 1942, planted at an unusually small

size) is made the year after planting, with very little left thereafter. For
the rainbow, while the bulk of the catch is made the year after planting,
there remains a residual which makes a significant (contribution to the

catch the succeeding season. According to this pattern, recovery of

poisoned rainbow of the 1945 year-class should have been nuich greater,
in comparison to the catch in 1946, than of eastern brook, in comparison
to the catch of this species, yet the reverse was true : 26 brooks were recov-

ered against 21 caught, whereas only 31 rainbow Avere recovered against
136 caught.

Everything seems to indieate that the number of rainbow i-ecovercd

after poisoning fell far short of being as large a proportion of the total

number present as was the case for the other two species. One reason for

this may be found in the feeding habits. Stomach analyses have shown the

rainbows to be extensive plankton feeders in Castle Lake, and in past sum-
mers they have been commonly seen feeding on plankton near the surface

TABLE 11

Relationship of Anglers' Catch in 1946 to Fish Recovered at End of Season
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It has been pointed out earlier in this report that the number of fish

recovered on October 9th is an unknown fraction of the fish present at

that time. This fraction was roughly estimated at one-half, but it may be

considerably less. Also, it has been pointed out that the proportions of

the species recovered are probably different from the actual proportions

present on October 9th, and that undoubtedly, there were proportionally
more rainbow than are shown in the foregoing figures.

However, there is no question but that the brown trout in the lake at

time of poisoning far outnumbered the other species. This derives from
the fact, brought out in Tables 8, 9, and 10, that while the brooks make
the greatest contribution to the catch in the year following that in which

they were planted as fingerlings and then almost disappear, and that

while the rainbows continue to make a showing in the catch for one or

two more years, the browns do not begin to appear in significant num-
bers in the catch until the second year after planting, and thereafter con-

tinue to play an important part for several years. The result is that they
build up a backlog, and eventually, in lakes where they are planted with
the other two species, come to form the bulk of the population of catch-

able fish. The same phenomenon has been noted in Frog Lake in Nevada

County : Planted in equal numbers with brooks and rainbows from 1938

through 1942, the browns were discontinued in 1943, in which year, and

thereafter, rainbows only were planted ;
and yet, in 1946, the browns still

formed 58 percent of the total catch.

One of the most striking facts brought out by the figures in Table 11

is the large number of fish present in a lake where fishing could not be

called good. Angling in Castle Lake in 1946, with a catch of less than
one-half of one fish per hour, could not be called good, by comparison
with other waters or with its own past record. And yet at the end of the

season, there were still at least twice as many fish of catchable size in

the lake as had been caught (and probably many more, in view of the

number which escaped recovery and therefore were not included in the

count) ;
and of brown trout there were over four times as many as were

caught.
We have here a demonstration that even after a season of heavy

angling and poor success, there may well be plenty of fish left in a lake to

provide an ample spawning stock. If Castle Lake had spawning areas for

all trout present ;
if one-half of all mature trout were females

;
if each

female produced only 300 eggs (and the average based on size ranges
shown in Table 14 would probably be higher) ;

and if only the fish recov-

ered on October 9, 1946, took part in the spawning (and we have every
reason to believe that the number present was actually far greater than
the recoveries, especially in the rainbow) ;

then the natural production
of eggs in the fall and spring spawnings of 1946-47 would be :

Brown trout, approximately 300,000
Brook trout, approximately 60,000
Rainbow trout, approximately 6,600

Total 366,600

As against this, we have been planting around 20,000 advanced fin-

gerlings annually, or as high as 45,000 fingerlings at 31 to 37 per ounce

(1^ to If inches). If Castle Lake had spawning tributaries, the natural
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production would liavc l)(>('n so '^vo;i\, even ullowinj^ for f'trt,' and fry mor-

tality, that the hatchery additions woidd have liad no clfcct other than

to increase competition, and thus to decrease survival and f^rowth of the

natural fisli.

Castle Tjake has no trihntaries, ;in(l mnst be stocked to maintain fish-

ing. But in lakes which do iiave sulticient spawninj^ ar(!a.s, it seems prob-

able that, even when tliey appear to be
"

fislied out
' ' and there is a demand

for planting of hatchery fingcrlings, there is often* a brood stock left

sufficiently numerous to jii-oduee so many yonnir trout that additions

from the hatchery are of no value, and may be harmful.

TABLE 12

Recovery of Fingerlings Planted in 1946 Prior to Poisoning
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brooks than of rainbows in Castle Lake. Here may be another example
of the already mentioned difference in habit : The shore-loving nature of

the brooks in contrast to the tendency of the rainbows to live more in

parts of the lake far from shore. It is also noteworthy that the recovery
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Percentages of Castle Lake Fish "Accounted for"

by Anglers and by Poisoning

11" to the aii'^l(!r.s' catclins (IDIl-Ki iiidiisivo) arc; added {\u: niiin-

l)ers of fish recovered at poisoiiiii*^ tinu!, and if llii.s sum is tlu-n <lividt'd

by the number of fisli plaiilcd in llie years lf)4()-4r) iiudusive, the follow-

ing percentages will result :

Brown trout - 0.0%
Rainbow trout - .'».<>%

Brook trout - 'J.4%

Average ."».«;';',

These percentages indicate that even in the brown trotit the number
of fish which are killed by prodatoi-s, by diseases, and by old age is rela-

tively high. The need is also indicated for a l)reak-(lowu of the "unac-

countable" loss to determine possible means of reducing this loss.

Loss From Predation

The analysis of the numbers of fingerlings recovered from the groups
marked and planted at intervals of two months, one month, and two weeks

before poisoning shows clearh' that a very heavy loss occurs duriiur the

fiingerling stage. The catch records from Castle Lake show that fingerling

plants have a much lower survival than the yearling plants. The informa-

tion from both sources clearly indicate that during the fingerling stage

the loss is very high. Predation from one source or another must be the

cause of this loss. There are usually several types of predators operating
in any water. The survival of the brook trout planted in Castle Tiake after

the predatory browns and mackinaw have been removed will show us

more about the role of cannibalism in mortality.

Loss From Disease

Diseased trout in Castle Lake and in most natural waters are appar-

ently rare. It does not appear that this is a major factor in the "unac-

countable loss." By avoiding the introduction of hatchery diseases into

natural waters, we may feel that little more can or need be done to reduce

this source of loss.

Loss From Old Age

The summaries of fish caught and poisoned show that neither the

rainbow nor the brook attain "old age" in Castle Lake. Few live to be

over three years old. In the browns, the story is different. A considerable

number probably do die from old age. This can be considered an undesir-

able characteristic of this species, for these fish compete for food and eat

the other trout and yet add nothing to the catch. Encouragement of fish-

ing methods which would "select" the larger (older) individuals might
be considered. However, the brown trout is not widely spread in Cali-

fornia, and few are being planted at the present time, so this problem is

not of great practical importance.

Loss at Spawning Time

We have no evidence that an abnormal loss occurs at spawning time

in Castle Lake but this might be the ease. There may be some loss from

disease as the resistance of the fish is lower at that time. There is also the
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possibility that some fonialos die because they are unable to spawn their

egp. The hurk oF a suitjihle inlet stream may be particularly serious for
rainbow and browns wiiicji jji-crcr to spawn in runninj,' water. The brooks
will use tile sj)rin<^s i-jsiiifz; in the bottom of IIh- lake and so will not siifT.-r

as much as the other two si)eeies.

Winter-kill

Losses caused by severe winter eonditions, particularly erii.shinj,' bv
ice and snow, may well be impoi-tant in ( 'astic Lake tliouf,'li we have made
no actual observations on such h)sses.

TABLE 14

Condition Factors of Castle Lake Fish
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5. The actual number of trout recovered after poisoning was 2,566,
but many more sank in deep water, and could not be obtained. The num-
ber recovered may have been roughly one-half the fish present at that

time. Distribution by species of the recovered fish was as follows :

Brown trout 2,027
Brook trout (planted in 1946 as yearlings) 364
Brook trout (planted prior to 1946) 50
Rainbow trout 44
Mackinaw trout 81
Black dace several thousand
Golden shiners several hundred

These figures do not necessarily represent the true proportion of the

several species ;
it seems probable that a much higher proportion of rain-

bow was not recovered than was the case in the other species.

6. The contrast between number of trout caught by anglers in 1946

(1,275) and number recovered on poisoning (2,566), shows that many
trout may be present in a lake even when angling is considered poor.

7. Fingerling rainbow and brook trout were planted in the lake at

intervals up to two months prior to the poisoning time. Recoveries of

these indicate a heavy mortality of small fish soon after planting.

8. Mortality from natural causes in Castle Lake among all species
and ages was found to be very high (90-97 percent), while conversely,
the percentage of all planted fish which were caught by anglers or

poisoned on October 9th was low (3-10 percent). It is assumed that the

major cause of this natural mortality is cannibalism.

References
Wales, J. H.

1946 Castle Lake Trout Investigation. First phase : Interrelationships of four

species. California Fish and Game, Vol. 32, No. 3, pp. 109-143.



SECOND PROGRESS REPORT ON THE COOPERA
TIVE STUDY OF THE INTERSTATE DEER

HERD AND ITS RANGE '

III/ IlVTERSTATE Dl'.MU Illlil) CoMMHTKK

Introduction

As a result of a meeting d' hiciiiIm'i-s of llic (';ilil'(niiia l''i.sli and (iuiae

Commissiou and the Oregon (hinie Commission willi rcju-esentatives of

the United States Forest Service from Regions V ami VI on tin? Modoc
National Forest in May, 1915, a cooperative study of the interstate deer
herd and its range was inaugurated in tlie Jail oL" 11)4"). This probhMu had
been under study for several years previously by personnel of the Modoc
National Forest and others and was reported upon in lf>44 and 1945

(Fisher, et al., 1944-1945). A progress report on th(» preliminary i)hases
of the study was presented earlier (Interstate Deer Herd ( 'onnaittee,

1946).
The following report is a compilation of the several individual reports

which the various field worlvcrs presented at the spring m(>eting of the

field and advisoiy personnel.
The following personnel of the cooperating agencies were primarily

responsible for the field and laboratory work: George A. Fischer
and John C. Davis, Modoc National Forest ; Randal ]\IcCain, Fremont
National Forest; Avon Denham, Region 5, U. S. Forest Service; ^Vil-

liam Lightfoot, Robert Mace, and Winfred V. Masson, Oregon State Game
Commission; James D. Stokes, Nathan L. Rogan, William P. Dasmann,
John E. Chattin, Daniel Tillotson, Carol Ferrel, Carlton ]\r. Herman,
Merton Rosen, Melvin Brunkhorst, Doiuild D. IMcLean, and Albert Reese,
California Division of Fish and Game.

An advisory board was composed of various representatives of the

cooperating agencies. Semiannual meetings of field and advisory person-
nel were also attended by representatives of sportsmen's groups and live-

stock organizations, the U. S. Fish and Wildlife Service, and the Univer-

sity of California.

Range

The range of the interstate deer herd contains approximately 780,000
acres. There are about 406,000 acres in the summer range, mostly on the

Fremont National Forest in Oregon, and 875,000 acres in the Avinter

range, which is entirely within the boundaries of the Modoc National

Forest in California (Fig. 130). This deer herd summers in Oregon and
winters in California. It is composed entirely of Rocky Mountain ]\Iule

Deer (Odocoileus Jiemionus hemionus). The deer share the forage crop
with domestic livestock.

1 Submitted for publication, July, 1947.

(287)
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Figure 1.30. Winter Range of the Interstate Deer Herd Showing Vegetation
Types and Principal Features

Livestock Numbers

There is no apparent problem on the summer range at the present
time. The Fremont National Forest permits 21,335 cow months of live-

stock grazing on the area it administers at the average rate of 19.0 acres

per cow month.

During the last five years the Modoc National Forest has made reduc-

tions in permitted livestock use on the deer winter range of 30 percent
for sheep and 22 percent for cattle. At the present time, 23,170 cow
months of livestock grazing are permitted on the area, at a rate of 16.2

acres per cow month. Table I shows permitted livestock use on grazing
allotments on the deer winter range.

Climate and Weather

During the three years 1944-46, the winters were mild and open.

During the winter of 1946-47, neither severe temperatures nor exces-

sive snowfalls occurred at any time. Cold snaps and storms were few
and of short duration. Except for very short periods, the ground surface

was bare of snow all winter, thereby providing ample ground forage for

the deer. Muddy periods causing difficult travel for deer were short.
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TABLE I

Grazintj Allotments

Allotment
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Figure 131. Winter range of the interstate deer herd showing-
the unit boundaries used in this study

All strips were covered each month except in cases where strips were
known to contain no deer or so few deer that census numbers would not
be materially affected. In one instance back country roads were impass-
able and as a result the Blue Mountain area was not censused in Febru-

ary. Motor vehicles were used for transportation throughout the winter.

Herd Size and Glassification

Table II shows computed populations in the principal census types
(established by Fischer et al.) by periods over the winter of 1946-47. The
computed totals for individual months during the December to March
period were consistently at or above the 12,000 mark. The totals for the

four months were averaged at 12,400. This figure was considered to be
the approximate size of the herd for the 1946-47 period.

Another group of deer, the Glass IMountain herd, winters on an area

immediately west of the interstate deer herd range. The number and com-

position of this herd have been compared with that of the interstate deer

herd each year since 1944. Census figures of the Glass Mountain herd
for the corresponding period are presented in Table III. Due to the open
winter and low snowfall on the Glass Mountain range, some of these deer

were not forced to the lower and more accessible part of the winter range.
Deer were found in the timber high on the mountain in mid-winter where

they had never been seen during the same period in previous years.
Tables IV, V, VI, VII, and VIII are included in the present prog-

ress report to show trends in numbers and changes in composition.
Table VII provides figures for comparison with earlier censuses,

and with counts on other herds. These figures are based on nearly 30,000

sight records.
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TABLE II

Deer Populations in the Principal Forage Types, 1946-47

201
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TABLE VI

Buck-Doe and Doe-Fawn Ratios by Census Years

Interstate Herd

Year
Buck-doe

ratio

Doe-farm
ratio

Number of deet

classified

1937-38.

1938-39

1939-40
1943-44
1944-45
1945-46

1946-47

5.6
3.5
4.9
7.4

6.6
9.5
6.2

0.81
1.25
1.03
0.45
0.67
0.54
0.61

1,262

2,882

1,338

5,986

3,007

1,696

1,603

Glass Mountain Herd
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Drive Count

On February 10, 1947, a drive count was made over the same area
of four sections that was driven in 1940. Three counters were located

along a high ridye on tiie western (ulge ol" tlie area. Seven drivers were

dropped oil' along the road at i'our-tent h mile intervals. These men worked
northward through the area. The weal her was warm with few chMids and
a light west wind. Tlie drive began at 'J p.m. and eoiitinui'd for approxi-
mately one hour. Many deer were reluctant to leave cover, milled about,
and cut back through the drivers, making counting condition.s difticult.

After eliminating all known sources of error and duplication, a total

count of 594 deer was obtained for the ai-ca, or 148 deer per section. The
accuracy of the drive count is (piestionable and no significant correlation

can be made between the drive count and other census methods ajjplied
to the same area.

State Line Track Count

The track count of the northward spring migration of the interstate

deer herd across the California-Oregon state line (Table IX) was made
between April 10 and April 29, 1947. It was made along the state line

road between Fort Springs (milepost 19) and Yokum Valley (milepost
10), a distance of nine miles. Daily counts were made on horseback and
tracks were tabulated between mileposts. Southbound tracks were sub-

tracted from the northbound tracks to obtain the total number of

northbound deer. The strip was dragged each day with a brush drag to

obliterate old tracks. The counting strip which was made by the drag
averaged approximately three feet in width and after the first few days

TABLE IX

State Line Track Count—Interstate Deer Herd, 1947

Area
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crossed. The migration started across the state line on or about the first

of April and the peak occurred on April 14th. Counting was discontinued
on April 29th when the daily count had dropped to 61 deer per day. It is

probable that several hundred deer still remained to cross the counting
strip. The tracks counted for the nine-mile strip from Fort Springs to

Yokum VaUey was 9,884 (Figs. 132 and 133) .

2000

1900

1800

1700

1600



INTKKSTATK DKKU IIKIII) 295

Figure 133. Numbers of deer migrating north (Total northbound tracks minus
total southbound tracks) between Ft. Springs Cabin and State- Line Cabin, April
11-29, 1947.

1,000 deer were estimated to have crossed the state line from Young Val-

ley to Goose Lake. It is probable that the majority of these deer win-

tered along the Goose Lake rim and do not constitute a part of the

main interstate herd. Based upon the track count, the total number of

deer crossing from California into Oregon on the spring migration of

1947 was estimated at 13,884 head. This estimate is based on a track count

of 10,826 head and an additional estimate of 3,058 head. Exclutling the

1,000 head of deer crossing the state line east of Young Valley leaves

12,884 deer in the interstate deer herd wintering on the Modoc problem
area.
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Pellet Group Counts

During March and April, 1947, a total of 155 pellet sample plots
were established and the pellet groups counted. This was accomplished
in 42 man-days of field time. The plots were spaced one-half mile to

1^ miles apart. Eighty-five of the plots were established by the use of

a surveyor's tape. The measured plots were 22 chains in length
^
and were

paralleled with one, two, or three companion strips of equal length. The
number of companion strips at a plot depended upon the number of

men available. With two exceptions, the plots were all six feet in width.
The remainder of the plots were laid out by pacing and all plots were

composed of five parallel strips 6 feet x 11 chains. These dimensions were
used because they contain an area of one-tenth acre or its multiple.

The number of pellet groups counted for each plot has been con-

verted to groups per acre and then to deer days by the use of the con-

version factor of 12.7 groups to one deer day. Table X contains the sum-

mary of the 1947 computations. It includes use by resident deer and use

_ OO^GON
~CALIFORfjTA

VERY HEAVY

^ HEAVY

MODERATE

:::^^ LIGHT

_L

Figure 134. Intensity of deei- use as shown by pellet group counts on main part
of range. Heavy boundary line is the boundary of the winter deer range, shaded areas
show range covered in pellet group count. Very heavy, over 20 deer days per acre ;

heavy, 10-19 deer days per acre ; moderate, 5-9 deer days per acre ; light, 1-4 deer days
per acre.

1 One chain equals 66 feet.
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TABLE X

Summary of 1946-47 Pellet Group Counts



298 CALIFORNIA FISH AND GAME

on some areas not generally considered as winter range. Areas which
show similar degrees of use are grouped into four classifications showri in

Figure 134. The study indicates that small areas of heavy concentration
furnish as much deer food as very large areas of low use (See Table XI) .

Table XI shows data on the main wintering area converted to deer
months of use. The 370,500 acres of winter range, herein tabulated,
received a total of 68,400 deer months of use according to estimates based

upon pellet group counts. The deer herd entered this area about Octo-
ber 25, 1946, and left about April 15, 1947. The average deer spent 172'

TABLE XI

Deer Use en Winter Range

Class of use

deer-days per acre
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,,^0 attempt wus iiimlc to count dcrr in Hic tiiiibcrcd area on tlie

south edj^e ol" the study area. Sinee the j,'n»mid was soft because of recent

rains, tracks couhl be seen fairly easily and some bands were actually
trai'ked down. Deer were seen ciisily on areas of l)are t^'ronnd and o[)en
brush and could l)e seen almost as easily on areas of Jiuiiper cover type.
\n this type deer Avouhl either be standing,' in the open watching the

airplane as it approaelied or woidd bound out into the clear as the air-

plane passed over them. No dinicnily of diiplicjition was caused l)y deer

drifting ahead into uncounlcd areas.

All bands tliat were not easily counted from the air were photo-
graphed witli a "K-20" aerial camera and counted from the photograph.

Figure Vl^^ sliows tlie area surveyed, the areas where deer were secti

and the deer counted in eacli block. Deer were working noi-thward in long
tongues along the firm ground and rocky ridges. It is of interest to note

Figure 135. Airplane deer counts by units, February 18, 19, and 20, 1947

that a definite separation of the Glass Mountain herd and the Interstate

herd was observed.

The observers estimated that they recorded 65 percent of the deer
on the area, which would make a total of 6,552 deer present on the area.

It is felt that the count was fairly accurate for this first attempt,
but improvements in method should be made in future counts.
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Comparison of Census Methods

Track counts on the northward migration gave the number of deer
on the interstate migration as 12,884.

The car strip census gave the population as 12,400, which should be
conservative due to the apparent assumption that all deer on the strip

TABLE XII

Summary of Airplane Count, 1947

Area



INTERSTATK DEER llliltl) 301

was built to the west of the trap to facilitate observation and clositi!? of

the main gate.
Successful operation of the 1 rap is larj^'ely deixuidciit on a fust ini{^ra-

tion forced on by stormy weallier. Diiriii;^' tlie past traf)i)inf^ season, no
severe storms occurred. Tlu; deer drilled 1lii'()ii<^h shtvvly over a pro-

longed period of time. The migration was first noted about the middle
of September and continued until the; last of Oetoi)er. The trap was

operated during most of tlie month of October, but with litth; sn(,-ee«s

owing to the slow migration. Dni-ing tlie night of October 2bst, four does

were caught and were successfully marked, tagged, and released. Two
does and one spike buck wliere caught on the night of October 2fjth and
were sueeessfully marked, tagged, and released. No other deer were

caught during tlie trapping period.
A drive was attempted on October 23d with 10 drivers participating.

Seven deer were forced to within 20 yards of the main gate of the hold-

ing corral but then broke bade through the line of drivers who were about

15 yards apart at that point. Two deer went tlirougli the west wing, tear-

ing down 200 yards of the wire netting. It was decided that driving as

a method of getting deer into the trap was not satisfactory.

OBl-OON
CALIFOCINIA

\

CrOWOCR TlaT PimC

U— \
\

PER SAGC TtPC

J>

Bluc Mtn Bct-li Cn

/
/
/

Juniper - Annual Gbass Typc

C31

.V
\ /'^7 BiTTEftBRUSM TRANSITION TyPE

\. 10 1
/ s_

20 "f

\.fj
\f

6 V /

/
/

Badger Pine Type

Figure 136. Distribution of plots for bitterbrush utilization measurements.
Black rectangles, Study A ; Open rectangles, Study B
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Lack of success in operating the trap this past season was attrib-

uted largely to the slow leisurely type of migration. Deer caught in the

trap were handled successfully. None of the marked deer were noted in

the subsequent census work.

Bitterbnish Utilization Study

Two independent studies were made of the use of the 1946 bitter-

brush forage crop on the interstate deer herd winter range (Fig. 136).

Thirty-six sample plots, consisting of transects of 20 shrubs each, were
established at right angles to principal roads throughout the range.
Degree of cropping was determined by visual estimate (Table XIV) of

the percent of current growth that had been cropped from the shrubs.
The method was the same as that used in bitterbrush studies by Hormay
(1943) of the California Forest and Range Experiment Station.

Study ''A" (Table XIII), composed of 19 plots, sampled the Bad-

ger Pine, Bitterbrush-transition and Juniper-annual grass areas. The
plots were established in early October, 1946, after all livestock, except
a few scattered cattle, had been removed but before deer arrived on the

TABLE XIII

Analysis, Study A—Bitterbrush Utilization Study—Interstate Deer Herd

Visual Estimate

Plot number
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ill pl;it',(^ on 1li(! slinil) cai-li yrnv. l"'()it\- pi-rcciit ol' its aiimiul ^rrowth is

the metabolic i'ju'tor ol" a bittcrhnish shi-iil); the other (iO ixTcciit mak-
ing up the allowable crop r.-iclor that may Ik- coiisuiiied without damaf^c
to the shrub. Where luoi-c t haii (iO percent is taken, the shrub is weakened.
If ovei-cropped year alter year, the shrub will produce less and les«

forage, will become a weak seeder and will die prematurely.
An analysis ol' the sample secured in tin- fall of l!)|(i indicates that

livestock are damaging this im|>ortaid fora^n' plant,, 'i'hc sample indi-

cates that 40 out of cvciy 100 hitti'rbr-ush shrubs were (nercropped when
livestock had left the area in the fall. Overcropped shrubs were found
on 14 out of the 1i> sample plols and raM'jed t'i-<)m !{ to 20 shrubs per
plot.

When the plots Avere reexamined in the sjiiing, it was round that

additional use by deer resulted in raising the number of ov(!rcropi)ed
shrubs per 100 from 40 to 74. Such slinihs were round on every one (jf

the 10 established plots, ranging from 2 to 20 slimhs per- plot.

This data may be compared as follows :

IjivosldfU ovorcTopiicd 40 ptTCfnl of I In- slinilis

Dot'i- aii'l livc'stoclv nvorcroppcd 74 porccut of liic s!iriil>s

Arithmetical averages of the over-all use of the annual growth on all

shrubs indicate that :

Livestock used 40.4 percent
Deer used 32.(5 percent

Total use was T.'i.O iMTccnt

It is quite possible that deer use might have been greater had live-

stock left more for them. On part of the Juniper-annual grass area, in

the deer winter concentration area, livestock took 89 percent of the annual
bitterbrush growth. Of the 20 shrubs in the sample not one was cropped
less than 70 percent.

In addition to the visual estimates analyzed above, cropping of

bitterbrush was sampled by a ruler measurement method. One lat-

eral branch group on each of the last four shrubs on each transect

was tagged just below the first prominent forking, and all annual leader

growth occurring above the tag was measured to the nearest one-(piar-
ter inch with a ruler. When plots were rechecked in the spring the

remaining annual growth was measured. The difference between the first

and second measurement was considered the amount cropped by deer.

It was found that deer had consumed 69 percent of the forage that

remained the previous fall.

The visual estimates for each of these tagged shrubs (76 in all) were
then grouped and averaged for comparison purposes. It was found that

where visual estimates gave a use by deer of 34 percent, the measured
branch groups indicate that deer took 41 percent.

All data (as well as general observation) indicate that bitterbrush

is severely overcropped under present stocking. Grouping data by areas,

shows that the average number of overcropped shrubs was:

Badjjer pine area 11 out of 20 shrubs
Ritterbrusli-ti-ansition 13 out of 20 slirubs

Juniper-annual grass 10 out of 20 .shrubs
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Study '''B" (Table XIV), composed of 17 plots, sampled the

Juniper-annual grass, Bitterbrush-transition, Blue Mountain-Boles Creek

juniper-browse and the Crowder Flat bitterbrush-grass areas. The data

secured yielded the following information which may be compared with

the results of Study "A," above :

TABLE XIV

Analysis, Study B—Bitterbrush Utilization Study

Visual Estimate

Plot number
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TABLE XV
Bitterbrush Use by Type, Study B (Sco Map, Fig. 136)

Typo

Juniper-annual grass
Bittt'rbrusli-traiisitlon

Badficr I'inc.

Blue Mountiiin-Bolcs Creek
Crowdor Flat Bitterbrush grass

Percent of Monal growtli

Total
UM

M
70
M

70

l.ivrttoek

51

3.3

41

49
61

D(»f
UM

33
37
23
10

IS

Deer take it after the leaves are falling or already shed. It has been deter-

mined that the weight of leaves on a bitterbrush twig roughly equals
the weight of the twig itself. Ilenec deer actually eonsunu! a iiiueli lesser

volume of forage than the study indicates, while livestock actually con-

sume more.

Grass Utilization Survey

Deer take considerable quantities of dry grass throughout the winter
when it is not covered with snow. The quantity of this material removed

by deer is not considered injurious to the plants. Green grass in the early

stages of growth is taken whenever available.

A survey to determine the degree of cropping of green range grasses

by deer on the winter concentration area was made in late March and

early April, 1947. Lines of plots were run at mile and mile and a half

intervals at right angles to principal roads. The utilization of green
grass was estimated on square-foot plots w'hich were placed one chain

apart, usually 10 to a transect. Fifty transects containing 526 square-
foot plots were measured by visual estimate to the nearest 10 percent,
of the percent of green growth taken.

An analysis of the plot data (Table XVI) indicates that the aver-

age over-all use of grass by deer was less than 5 percent of the green

TABLE XVI

Grass Utilization by Deer

Range forage type
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This stiid}^ indicates that deer make widespread use of grass during
the time they are on the winter range and this use appears to be heaviest

in the perennial-forbs and the browse-shrub types. It would appear that

the use of grass by deer on the winter concentration area is significant
but hardly heavy enough to cause damage to this class of vegetation.

Food Habits

During the period covered by this report 53 deer were collected

and the contents of the stomachs analyzed by the Food Habits Labora-

tory, California Division of Fish and Game (Fig. 137). Collection of 50
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Figure 137. Location of deer collections

deer was initiated November 1, 1946, with 10 deer being taken each
month (five at the first of each month and five the fifteenth of each

month). Collections were continued in this manner through March 15,
1947. Three deer accidentally killed by automobiles were also collected.

A summary by range type of the number of deer collected each month
is presented in Table XVII.
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TABLE XVII

Distribution of Samples by Range Types by Months— 1946-47

:{()7

Range type
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NOV. DEC JAN. FEB. MAR.

BITTERBRUSH

NOV. DEC. JAN. FEB. MAR.

SAGE

NOV. DEC. JAN. FEB. MAR.

JUNIPER

ID

NOV DEC. JAN. FEB. MAR-

GRASS (DRY a GREEN)

NOV. DEC. JAN. FEB. MAR.

OTHER BROWSE PLANTS
CEANOTHUS PROSTBATUS,
MAHOGANY, MANZANITA

NOV. DEC. JAN. FEB. MAR.

OTHER PLANTS
BALSAMORHIZA, PHLOX,
BUCKWHEAT, ML'STARD

Figure 138. Summary of food by plant species by months
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TABLE XIX

Percentage of Browse vs. Grasses and Other Herbs Taken by Months

(Derived From Fig. 138)
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tlie loss computes to 3,900 and 2,011, for a total loss for the three-year

period of 8,557. It is estimated that less than 3,000 of this loss was hunter
take and the remainder were cripples and natural losses.

The doe loss for the period computes to 14,433. None were taken

legally in either state during the period.
In addition to the above losses, the fall count of fawns is far below

the number of embryos of the preceding spring. As shown above, the

doe : Embryo ratio in the spring of 1946 was 1 :1.6, while the doe : Fawn
ratio in the fall-winter of 1946-47 was 1 :0.61, indicating a loss of one

embryo or fawn per doe per year for the intervening period.

Parasites

At the time the animals were skinned they were examined for ecto-

jjarasites, which were found in 58 of the 60 deer examined. Ectoparasites
were not numerous. Ticks and hippoboscid flies occurred most frequently.
The ticks included at least two species of Dermacentor and one species
of Ixodes. Very few fleas were found and both biting and sucking lice

were present but rare.

The internal organs were removed and examined for parasites. The
following were found: Tapeworm cysts (cysticercus stage—C. tenuicol-

lis—of Taenia, hydatigena) in 56; cecal worms (Oesophagostomum
venulosicm) in four; and footworms (Wehrdikmansia cervipedis) in 54
deer. No other parasites of significance were found.

Tapeworm cysts usually were found on the mesenteries, particu-

larly the omentum. In a few animals the liver was infected with these

cysts. A single cysticercus was found in the lung of one animal and was

tentatively determined as the cyst stage of Taenia ovis. Fragments of

the tapeworm Monezia henedeni were found in the intestinal tract of one
deer. It could not be determined if the accompanying hemorrhage v/as

the result of the tapeworm infection. In one deer hemorrhage was found
in the abomasum (fourth stomach), but no parasites were found in con-

junction with it.

Footworms were found in all feet of deer and nowhere else on the

body. Thirty-eight animals had all four feet infected. No lesions attrib-

utable to these worms were evident.

One crippled doe was collected and at autopsy showed evidence of

a healed fracture of the right scapula and humerus. One animal had a
small tumor-like growth (about 2 cm. in diameter) attached to the inner
wall of the rumen (first stomach). One deer had a small twig of juniper
lodged in the lung tissue, with a small abcess forming about it. It was

apparently of recent origin as there was no evidence of host reaction

to wall off infection.

There is no evidence from the work of the current season covered

in this report, or from the preliminary work of the previous season, that

would indicate disease to be a problem in the interstate deer herd dur-

ing the months under study. Even though such a large percentage of

the animals were infected with tapeworm cysts and footworm>s, there was
no evidence that the intensity of these infections caused any animal

examined to be in poor condition. Although these parasites could poten-

tially, in greater numbers, cause severe damage, it is felt that in the

examination of 60 random specimens some indications of this would
have shown up if the problem were present.
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Figure 139. Survival of deer by sexes as indicated by herd composition and size each
year. Total loss: buclvs, 8,557; does, 14,433



312 CALIFORNIA FISH AND GAME

that the percentage of heart weight to total weight indicates that the

heart is roughly slightly less than one percent of the total weight of the

animal (Fig. 140).

NUMBER
OF DEER

25

0.6 0.7 0.8 0.9 1.0 I.I X ?otaZ wt.

Figure 140. Percentage-
Heart wt.

Total wt.

Management

Beseeding. The range reseeding program instituted in 1944 was con-

tinued in 1946. Approximately 189 acres in Saddleblanket Flat were
disked and seeded to western wheat and crested wheat grasses and dry-
land Ladak alfalfa. In 20 acres, bur clover was added to the mixture. The

program will be continued in 1947.
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Wild horse prohlrrn. "P>('<^Mmiin^' ;i iiiitiilxT of yoars aj^o, a wild liorso

population bc^Mii to l)uil(l up on IIk; Oouhlflicad-Dcvir.s (iardt-ii area.

Attempts were made to keep the popidat ion down hy the jxTiodic rctmoval

of horses. By 194(i, this pi)|»iil;il inn li;i(l ;i'/;iiii tmilt, up to the point at

which it was becoming,' a sci-ious llwcat. Durini^' Api-il and .May, under a

closing order issued by the Sccrclai-y ol' A;.;i-icnltur<', 2'S7 liorscs were
removed from tlie ran«?e used to a lai-^'c extent by the interstate deer
herd. These liorses used the ranj^e yeailon^', (•()ii.suniiii!_' .'', } 14 horse- months
of fora*^e. Tliis meant tliat soine pressiii-c and over-use was relieved on
local areas and more l'()ra<,n! l)ecani(! available for winter deer ti.se." (Inter-
state Deer Herd Committee, ]f)lO.)

The problem is not yet entirely eliminatc^d, as it is estimated that

approximately 100 wild horses remain on the ranj^'e. With the expiration
of the Secretary's closing ordcu-, tres{)ass domestic horses again appearccl
on the range. Ownership of these horses is difficndt to determine during
the summer season since they intermingle with permitted horses and

during the winter it is impossible to read brands.

Trespass. In view of the depleted condition of the range it is impor-
tant that trespass livestock be reduced to a practical mitiimnm. During
the fall of 1946 effort was made to obtain as complete removal of live-

stock as possible. On an open and unfenced range as large as that used

by the winter deer herd, small groups of cattle are sometimes missed by
riders. As these were observed, permittees were notified and removal

requested. In spite of all efforts, several small bunches remained on the

range. Any estimate of the number of cattle that wintered on the area

is purely a guess, and judging from the number seen at various times,

probably does not exceed 50 head for the six months.

Summary

1. Further decrease in number of deer utilizing the winter range
was indicated by census: 1944-45—18,000; 1945-46—13,600; 1946-47—

12,400.

2. During the past year the percent of bucks classified increased to

9.0 percent from 6.4 percent, and the percent of bucks classified in the

larger antler classes has increased.

3. Percent of fawns recorded in the herd compares favorably with

other herds, in spite of the loss which occurs between conception and the

following winter,

4. The four census methods—ear strip counts, track counts, pellet

group counts, and airplane counts obtained relatively consistent results.

5. Attempts to trap and mark deer were unsuccessful.

6. Bitterbrush utilization studies indicate a need for reduced stock-

ing on this deer-livestock range.

7. Stomachs of 53 collected deer were analyzed. Life history infor-

mation was also obtained on weights and measurements, pregnancy, and

parasites.

8. Range reseeding was continued.
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9. "Wild horse problem still exists and some trespass livestock are
still present on the range.
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FISH CASES
April, Mrty, June, 1947

UfTciuie

AUildtLc: (ukiiiK from slwll liilow IiIkIi water, no lirpiinr, utuii'miird, ovprlitiiit,

takiiiK to sell cornnKTcially

AiiKliri);: no licciiMi'. too ijjiiiiy honkH, cluncd iioaHon, fuilurv »how lici>iiM>, fabe
statcriiirits to obtain a licciusc. failiiri' havo alien linriw whilf ri.HliiiiR, iwiiiK

aiiotlii'r's liccMsi'. use of two [lolcs, jiiorr tlian one liiii', cIumiiI area. 1.10 feet (if

(lam, set line Dist. 2, dcstroyiiin fisli hulik-r, hack datliiK lui-nac

Barracuda: no liccii.sp

Bass: taking ilo,sc(l season, ai't lino, illeRal not, no lioonso, undorMizcd, at niKht,
2 rod.s, iInIii^ siinfi.sli lus liail, more than one lino, pomcHsioii cloatrd Hoanon,
before sunrise, at niKliI, iiainn iinilersized as Imit

Catfish: takinc with .sot lino, undersized, t(M) many lines, more than one polo. . ,

Chums: undersized

Clams: posses.sioM undersized, overliniit, out of .shell

(^ookle.s: taking overlimit, undersized, no license

Connnercial: |iiis.session iiienal will net. no license, draR net, seininn, closed dis-

trict, set lines, failure stop allow inspection, failure make reports, no license,

round hall net Dist. lll.A, untaKKcd, failure keep Iok

Crabs: possession undersized .

Crappie: clo.sed season, overlimit, no license

Lol),stor: dased season, unpunched, undersized r-

Porch : no license, closed season

Pollution

Salmon: undersized, operating net*-, takiiiR in Dist. 12A, no boat nuinl)cr.s, at

night in Dist. 1, possession of spear, attempt galT, attempt snag, other than

angling-
Seals: shooting from power boat

Sturgeon: possession of ,

Sunlish: taking dosed se;ison, no license, overlimit .-.

Trout: closed season, spearing, shooting, overlimit, untagged. pos.session spear
300 feet stream, set lines, too many hooks, poles, unattended, chumming with

salmon eggs, possession of spear in river, false statenients in obtaining license.

Totals _

Numticr
rreiU

271

178

I

230
15

I

05
22

123

S

24

22
2

18

26
1

t

128

275

1,438

riM»

2,7»7 00
5 00
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SEIZURES OF FISH AND GAME •

April, May, June, 1947

Fish:

Abalone. 1,589

Abalone, pounds
Barracuda 86

Barracuda, pounds 4,062

Bass 204

Bass, pounds 343

Carp 114

Catfish 20

Catfish, pounds 100

Cockles 9,573

Crappie
'

42

Lobster 263

Lobster, pounds 6,675

Salmon 7

Salmon, pounds 1,362

Sturgeon, pounds 10

Trout 559

Trout, pounds 2,799

Game:

Coots 12

Deer 1

Deer meat, pounds 801

Doves 38

Ducks 119

Frogs 2

Geese 54

Nongame birds 20

Pheasants 57

QuaU 19

Rabbits 123

Antelope meat, pounds 35
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DIVISION OF FISH AND GAME
STATEMENT OF EXPENDITURES

For the Period July 1, 1946, to June 30, 1947 (Ninetytiuhth Fiical Year), at of July 31. 1947

Function



318 CALIFORNIA FISH AND GAME

DIVISION OF FISH AND GAME
STATEMENT OF EXPENDITURES—Continued

For the Period July 1, 1946, to June 30, 1947 (Ninety-eighth Fiscal Year), as of July 31, 1947

Function

Additional—
Fall Creeli Hatchery
Feather River Hatchery
Fillmore Hatchery
Heenan Lake Egg Collecting Station .

Hot Creek Hatchery
Huntington Lake Hatchery
June Lake Egg Collecting Station
Kaweah Hatchery
Kern Hatchery
Kings River Hatchery
Klamathon Hatchery
Lake Almanor Hatchery
Little Walker Lake Hatchery
Mad River Egg Collecting Station...

Mojave River Hatchery
Moorehouse Springs Hatchery
Mt. Shasta Hatchery
Mt. Tallac Hatchery
Mt. Whitney Hatchery
Owens Park Experimental Ponds
Prairie Creek Hatchery
Rush Creek Hatchery
San Lorenzo Hatchery
Sequoia Hatchery
Shasta River Hatchery
Snow Mountain Hatchery
Tahoe Hatchery
Tuolumne Hatchery
Whittier Hatchery
Yosemit« Hatchery
Yreka Warehouse
Yuba River Hatchery

Total Fish Conservation.

Game Conservation—108:

Brawley Game Farm
Castaic Farm
Chino Farm
Elk Refuge
Executive
Freso Game Farm
Game Bird District—Los Serranos
Game management
Grey Lodge Refuge
Honey Lake Refuge
Imperial Refuge
Imperial Valley Pubhc Shooting grounds.
Los Bancs Refuge
Los Serranos Game Farm
Marysville Game Farm
Office

Porterville Game Farm
Predatory animal Uon hunting
Predatory animal trapping
Predatory birds

Redding Game Farm
Research
Sacramento Game Farm
Statistics

Suisun R«fuge
Tehama Winter Deer Range
Unallocated—automobile, gas, oil

TJkiah Game Farm
Valley Center Game Farm
Valley Center Farm
Visalia Game Farm
Willows Game Farm
Winter feeding and salting of game
Yountville Boarding House
YountviUe Game Farm

Total Grame Conservation.

Salaries

and

wages

6,605 01

6,232 84

26,806 05

20,627 78
325 00
193 55

7,146 31

3,585 28

7,832 75

9,967 39

1,029 74

1,240 00

58,556 97

5,026 46

29,890 95

7,828 53

5,794 51

476 67

1,013 54

7,480 40
837 74

10,607 10

6,614 51

4,246 13

S377,383 78

S940 00

2,640 00

45,

,980 00
,547 61

,101 50
400 00
839 23

263 32
821 41
910 00

640 00
914 87

9,

1,

12,

74,

217 40
619 35
647 90
481 52

128 57

379 03

050 98

4,525 07

1,910 00

310 00

!,181 28

2,

34,

079 02

384 40

$293,839 46

Operating
expenses

107 20

39,764 59

6 15

1,660 30

2,148 06

3,183 00
434 43

2,890 55
113 45

317 36
244 50

14,252 06

2,845 50

31,944 87

184 76

2,217 63

24 20
72 86

1,425 98
318 97
325 72

4,779 32

2,809 15

1,703 76

219 93

5251,439 19

S526 60
755 52
338 91

1,071 64

3,142 89

4,283 87

24,256 05

1,178 85

4,183 42

1,618 66

2,204 08

2,045 41

11,277 68

628 65
737 86

13,293 09

26,986 87

372 00

1,965 47

5,418 08

1,665 08

1,527 37

1,032 07

4,114 13

277 63

809 62
88 44

1,517 60
4 55

5,093 54

18,344 79

$140,760 42

Equipment

2,161 51

12 55

1,166 07
76 77

103 93

7,727 39
32 98
565 62

2,796 10

4,227 50

202 59

18 99

3,499 33

"""99'43'

6"66"

$43,494 94

Sl,092 78

'"T,229"i5"

941 24
70 54

652 51

'46907'

76 96
25 33

1,119 06
306 21

1,122 16

51 87

5,107 97

1,052 04

1,640 23

24 81

7 69

267 48

$15,197 10

Total

39,643 90
107 20

62,553 88
331 15

193 55

8,819 16

6,899 41

11,092 52
434 43

12,961 87
113 45

1,029 74

9,284 75
277 48

73,374 65

10,668 06

66,063 32
184 76

10,248 75
24 20
72 86

7,239 48
795 64

1,339 26

15,759 05
837 74

13,515 68

8,318 27
6 66

4,466 06

$672,317 91

$2,559 38

3,395 52

1,568 06

4,051 64

19,558 74

13,455 91

400 00

70,747 79

9,442 17

13,413 90

6,528 66

2,204 08

7,762 37

30,217 88

1,119 06

10,152 26

3,479 37

25,992 86

106,576 36
372 00

8,146 08

22,437 34

6,716 06

1,527 37

5,581 95

7 69

4,114 13

277 63

2,719 62
88 44

310 00

4,698 88
4 55

7,172 56

52,996 67

$449,796 98
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DIVISION OF FISH AND GAME
STATEMENT OF EXPENDITURES—Continued

For the Period July 1, 1946, to June 30, 1947 (Ninety-eighth Fucal Year), at of July 31. 1947

I''iiiii'iiiiii

liicpnsos —111:
Kxocutivc. . ..

Licciiso distribution

Office

Unallociitcil ;nitoninl)ilo, Ras, oil.

ToIbI lit-eiisc's

Conservation of Kish Screens and
Strpiwn linprovomcnts

Fish scri'ciis

Total Kish and (lanic Support, 98th Fiscal Year.
Less estimated nminteiiaiiec deductions.

Net total Fish and (!anic Support, 98th fiscal year

Total Operating Exiicnditurcs, 98th fiscal year...

Additions and Betterments:
Land—

Appraisal of Welch Tract in Colusa County
Acquisition, establishment and maintenance of

fish hatchery (Ch. 1439-45), Los Angeles County
San Bernardino County

Improvements (Ch. 644-45)—
Alteration and modernization of Hatchery build-

ings.
Alterations to Botanical Gardens Building

—
Game Conservation Research Laboratory

Brooder Houses and Pens (Ch. 106-46)— 

Sacramento ( Jame Farm
Brooder Houses and Pens (Ch. 644-45—

Yountville Game Farm
Brookdalc Hatchery propane installation

Central Valley Hatchery
Coast Counties Quail Project Warehouse
Construction of roaring ponds

—
all hatcheries

Construction of salmon traps in Central Valleys and
Trinity River water sheds,

Construction and equipment of workman shop and
warehouse at Yrcka

Cattle guard fence. Crystal Lake Hatchery
Crystal Lake Hatchery
Drilling of well, Kern Hatchery
Engineering project

Experimental electrical and mechanical fish screens.

Fish Ladders and Dams—
Clough Dam on Mill Creek

Woodbridge Dam

Game Conservation—
Game farms—miscellaneous improvements-
Honey Lake Refuge
Imperial County public shooting grounds. .

Improvement of Game Farm—
Brawley
Chico

Marysville
Portersville

Improvements to Tule Lake and Madeline Reser-

voirs

Kern Hatchery
Mt. Tallac Hatchery
Mt. Whitney—Hatchery wire installations

New construction—Tahoe Hatchery
Redding Game Farm—Cottage and garage

Redding Warehouse

Ralarir«

and

wugw

1(1, IHU (N)

2,M7 00

t.36,4AK 8fi

tl.fl2U 03

194, I3S 17

1.722 M

tm.m) n

$3,254 85

%\.UV) w
n 02

tl,083 03

110.wjg «ci

21H,05« in

4,2M 27
IW 98

S323 69

7,214 95

19,271 97

7,902 98

3,050 29

132 41

4.166 82

1,128 00
682 78

l,3fi3 17

122 84

60 00

2.143 05

11,000 00

116,428 59
461 79

10,000 00

8,455 03

8,000 00

65,400 00

4,009 74
522 61

1,633 83

6,183 30
448 11

4,306 72

5,737 28

4,114 72
172 56
63 88
850 00

3,705 50

5,175 00
358 05

1234.202 20

$3,2.M 85

$2,621,902 47

13.312 U2

$2,608,649 M
$2,608,649 56
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DIVISION OF FISH AND GAME
STATEMENT OF EXPENDITURES—Continued

For the Period July 1, 1946, to June 30, 1947 (Ninety-eighth Fiscal Year), as of July 31, 1947

Function

Additions and Betterments:—Continued

Remodel Living Quarters^
Fresno Game Farm
Sacramento Game Farm .—
Replacement of pipe lines—all hatoheries-

Tahoe Hatchery improvements
Tehama winter range
Terminal Island Laboratory _

Terminal Island parking area paving
Tuna fisheries research facilities

Total Additions and Betterments-

Specific Item, Cooperation with Federal Government
Pittman-Robertson Act

All projects.
Less indicated abatement from Federal Government,

pro rata share Pittman-Robertson Act

Net Total, Pittman-Robertson Act

Contra to State Employees Retirement Fund.

Grand Total Fish and Game Preservation Fund,
98th fiscal year

Salaries

and
wages

136,688 68

Operating
expenses

Equipment

501 23
52 10

794 17

194 24

5,385 00

4,500 00
760 00
640 63

$107,632 85

Total

$317,417 03

$144,321 53

30,937 46

$113,384 07

108,358 97

$3,147,809 62
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DIVISION OF FISH AND GAME
STATEMENT OF REVENUES

For the Period July 1, 1946, to June 30. 1947 (Nlntty-tighth Fitcal Y(«r)

Revenue for Vk\\ and (laino Prcacrvation Kund:
License Itcvcnuo:

1947 Hcrics— IVtail ToUl
AnRlinK:

V'dhcii . %H'J\mn 00
Notireaideiit . Il,3tl7 00
Alien 6.015 00

Duplicate 35fl 00

|01fl.M4 00

HuntinR—Citizen $20 00 20 00
Fish packer and shellfish dealer—Citizen 430 00 430 00

Deertags 6 00 6 00
Fish tags 3.'',on "1 3.fiO0 71

Game tags 12fl 21 120 21

Market (islierman 7H.I!K) 00 78.100 00
Fish iiiiiiortiT 0.1 00 B5 OO
Fish party lioat permits 52'J 00 52fl 00
Fish l)rmlcr 400 00 400 00
Game hreodor 2.fi<X) 00 2.0OO 00

Kelp license 40 (X) 40 00
Game management area licenses 80 00 80 00

Total 1947 series $1,002,636 92

1946 series—
Angling:

Citizen $773,065 00
Nonresident 18,642 00
Alien 6..S20 00

Duplicate 3,294 50

$801,521 50

Archery—Hunting citizen $1,902 00

Hunting—Citizen. 873,306 00

Hunting—Junior 41,317 00

Archery—Hunting nonresident 145 00

Hunting—Nonresident 41,670 00

Hunting—Declarant alien 2,370 00

Hunting—Alien 3,225 00

Hunting—Duplicate 2,305 00

$966,240 00

Commercial Hunting Club $725 00 725 00
Commercial hunting club operator 245 00 245 00

Trapping:
Citizen 1,961 00
Alien 28 00

$1,989 00

Fish paclier and shellfish dealer:

Citizen $1,790 00
Alien 20 00

$1,810 00

Archery—Deer tags. $604 00
Deer tags 282,053 00

$282,657 00
Fish tags $2,569 89 2,569 89

Gametags 369 51 369 51

Market fishermen 50.090 00 50.090 00
Fish importers 10 00 10 00
Fish party boat permits 153 00 153 00
Fish breeder 75 00 75 00
Game breeder 190 00 190 00

KelpUcense 10 00 10 00
Game management area licenses 10 00 10 00
Game management area tags 53 73 53 73

Deer meat agents
—Locker permits 11,285 00 11.2S5 00

Deer meat agents
—Wardens 596 00 596 00

Total 1946 series $2,120,599 63
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DIVISION OF FISH AND GAME
STATEMENT OF REVENUES—Continued

For the Period July 1, 1946, to June 30, 1947 (Ninety-eighth Fiscal Year)

1945 series—
Angling:

Citizen 15,028 00
Nonresident Debit —3 00

Duplicate 3 50

Hunting:
Citizen S17,454 00
Junior 1,198 00
Nonresident 120 00
Declarant alien 20 00

Duplicate 68 50

Deertags 23 00
Fish tags 83 01

Game breeder 90 00

Kelp license Debit —70 00
Game management area licenses Debit —20 00
Deer meat agents

—Locker permits 12 50

Total 1945 series 824,007 51
Other Revenue—
Court fines 1110,058 64
Lease of kelp beds 52 80
Fish packers tax 218,534 03

Kelp tax 3,154 16

Salmontax 43,618 85

Miscellaneous revenue 32,333 56

Interest on surplus money investment fund 1,429 37

Total other revenue $409,181 41

Grand total Fish and Game Preservation Fund $3,556,425 47
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STATE OF CALIFORNIA
DEPARTMENT OF NATXJRAL RESOURCES

DIVISION OF FISH AND GAME
SAN FRANCISCO, CALIFORNIA

Personnel

OFFICE OF ADMINISTRATION
EMIL J. N. OTT, JR., Executive Director Sacramento and San Francisco

William H. Bostwick, Supervisor of Conservation Education Sacramento
Robert E. Reedy, Administrative Aid Sacramento

BUREAU OF FISH CONSERVATION
A. C. TAPT, Chief San Francisco

EARL LEITRITZ, Supervisor of Fish Hatcheries San Francisco
J. William Cook, Assistant Supervisor of Pish Hatcheries San Francisco

Edward Clessen, Foreman, Brookdale Hatchery Brookdale
Carl Freyschlag, Foreman, Central Valleys Hatchery Elk Grove
Stephen Smedley, Foreman, Prairie Creek Hatchery Orick

R. C. Lewis, Assistant Supervisor of Fish Hatcheries Fresno
Ross McCloud, Foreman, Basin Creek Hatchery Tuolumne
A. N. Culver, Foreman, Kaw^eah Hatchery Three Rivers
Cecil Ray, Foreman, Kern River Hatchery Kernville
C. L. Frame, Foreman, Kings River Hatchery — Fresno
L. E. Nixon, Foreman, Tosemite Hatchery Yosemite
G. S. Gunderson, Fish Hatcheryman, Sequoia Hatchery Exeter
Terence Potter, Fish Hatcheryman, Moorehouse Spring Hatchery

Camp Nelson
Allan PoUitt, Assistant Supervisor of Fish Hatcheries Tahoe City

Harold E. Roberts, Foreman, Mt. Tallac Hatchery Camp Richardson
William Fiske, Foreman, Feather River Hatchery Clio
Harry Cole, Foreman, Yuba River Hatchery Camptonville

George McCloud, Assistant Supervisor of Fish Hatcheries Mt. Shasta City
Preston Bills, Foreman, Mt. Shasta Hatchery Mt. Shasta City
James Hinze, Foreman, Fall Creek Hatchery Copco

D. A. Clanton, Assistant Supervisor of Fish Hatcheries Fillmore
C. W. Chansler, Foreman, Fillmore Hatchery Fillmore
Donald Evins, Foreman, Mojave River Hatchery Victorville
Byron Unruh, Fish Hatcheryman, Whittier Hatchery Whittier

Leon Talbott, Assistant Supervisor of Fish Hatcheries Independence
M^illiam O. White, Foreman, Hot Creek Hatchery Bishop
Carleton Rogers, Foreman, Black Rock Ponds Independence
M. O. Talbott, Foreman, Mt. Whitney Hatchery Independence

Harold Hewitt, Assistant Supervisor of Fish Hatcheries Burney
John Marshall, Foreman, Lake Almanor Hatchery Westwood

BRIAN CURTIS, Supervising Fisheries Biologist San Francisco
Joseph Wales, District Fisheries Biologist Mt. Shasta

Harry Hanson, Senior Fisheries Biologist Red Bluff
E. W. Murphey, Fish Hatcheryman, Stream Improvement Yreka

William A. Dill, District Fisheries Biologist Fresno
Scott Soule, Junior Aquatic Biologist Fresno
C. K. Fisher, Jr., Junior Aquatic Biologist Fresno

Leo Shapovalov, District Fisheries Biologist Stanford University
Garth I. Murphy, Junior Aquatic Biologist Lakeport

Alex Calhoun, Senior Fisheries Biologist San Francisco
Chester Woodhull, Junior Aquatic Biologist Stockton
J. C. Eraser, Junior Aquatic Biologist San Francisco
H. P. Chandler, Junior Aquatic Biologist San Francisco

Elden Vestal, Senior Fisheries Biologist June Lake
R. V. Beck, Junior Aquatic Biologist June Lake

Willis A. Evans, Senior Fisheries Biologist — Whittier
John Maga, Assistant Sanitary Engineer San Francisco

BUREAU OF GAME CONSERVATION
J. S. HUNTER, Chief San Francisco

BEN GLADING, Assistant Chief San Francisco
R. E. Curtis, Game Manager in Charge San Francisco

R. N. Hart, Assistant Gaine Manager San Francisco
A. L. Hensley, Assistant Game Manager San Francisco
Nathan Rogan, Assistant Game Manager — San Francisco

L. H. Cloyd, Game Manager Gridley
J. B. Cowan, Assistant Game Manager Gridley
R. R. Noble, Assistant Game Manager Gridley
R. M. Wattenbarger, Assistant Game Manager — Los Banos

J. D. Stokes, Game Manager Alturas
G. L. Bolander, Assistant Game Manager Alturas
James H. Gilman, Assistant Game Manager Red Bluff
Verne F. Fowler, Assistant Game Manager Wendel
R. M. Bushey, Sr., Assistant Game Manager Madeline
Robert Lassen, Assistant Game Manager Doyle

D. M. Selleck, Game Ma.nager --King City
Fred T. Ross, Assistant Game Manager, Federal Aid Project 26D_Halcyon
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BUREAU OF GAME CONSERVATION—Continued
John LaiiKlillii, (Jiimo MaiiaK'T ______.- HI v«;r«l<lfl

C It. KiiiKlit, AH.Hl.Mlanl < iiirru! MitnaKur Calli'i'trltt
U. \j. Kic(ly, AH.si.Mtiiril <iiinif ManiiK<T__________________ ('utli>utrLa

W. T. I)aNinaim, (iiinin Uati^'c 'r('('liiii<'lan __-._____Ban FranclHCo
1 >. 1). Mchcati, Cami- Itlolni^iHt .Hun KrariclNco
J. 10. ("hattiii, Caiiio 15Ii>1(>>,'1.h( lU-rkiAiy

I). l-\ Tlllol.son, AHHlHtant Game BloloRlat, Federal AJd Project 2&K---
lit-rkfley

.1. 1''. AnIiIcv, OaiiH' Ulol<)(,'i.Mt __ '^" ' "^ "'•
II. A. 1 1 ji-r-.sriian, As.sl.stant (iarm- niiiI<iKi.'<t

II. TwIiiiiiK, A.s.sistaiil (iaiiic KioIokIhI, Federal Aid I*r".
C. M. lIiTinaii, I 'ai'aHltuloj^i.Mt H»Tk>-l<'y
J. li. Wallac(\ Siipcivi.sor, I'rcdutory Animal ('ontrol San Frundwo

Ct. McNatncs, SupiTvi.MiriK 1 liiiilcr ami 'I'l-apixT I(<-(Mlntr
Oeorf^c Seymour, Siii)i'rvi.'<liiK lliiiilfi- ami 'rra|ipor___________8arrarn<-nto
O. K. Shaw, SiiixTvi.siriK lliiiilii- ami 'I'lappiT Klnjj «'Uy
N. J. Jcn'iMcs, SnpciN i.sinj; lluiitcr and 'rt;n>i)er______________. Motirovla

Carlisle Van Ornmn, Snp<r\is(if, (lamr l'"arni.s ___San KranrlHfo
l''rfd Ilcin, (lamc l''aiiM I''i)riTn;in Krf.Mno

Eugene i). I Malt, (!ame l''arin Superintendent--- Vountvljlfj
Geiiin(' II. Rletcalfo, Game l-'ai-m l-'orernan Voiintvlllo

Val H. Fiaiu'is, (I.'ime I'^irni Superintendent ______Li08 SerranoH
Richard 15. Kramer, Game Farm l-'orenian Los Serranoa

BUREAU OF MARINE FISHERIES
RICHARD S. CROKER, (^hi( f San Francisco

S. H. DADO, Assistant Chief San Franrisco
B. R. Saunders, Auditor San Francl.sco
Frances N. Clarlc, Senior Aquatic Biologist Terminal Island
Donald H. Fry, Jr., Senior Aciuatic BioloKist Mf)de.sto
W. L. Scofield, Senior Aqualie P.iolofii.'^t Terminal Island

John F. Janssen, Jr., Associate A(|uatic Biologist Terminal Island
J. B. Phillips, Associate Aquatic Biologist Pacific drove
William E. Ripley, Associate A(iuatic Biologist Stanford University
J. A. Aplin, Assistant Aquatic Biologist Stanford University
Paul Bonnot, Assistant Aquatic Biologist Stanford University
Charles R. Clothier, Assistant Aquatic Biologist Terminal Island
H. C. Godsil, Assistant Aquatic Biologist Terminal Island
Howard H. McCully, Assistant Aquatic Biologist Stanford University
Phil M. Roedel, Assistant Aquatic Biologist Terminal Island

John G. Carlisle, Jr., Jimior Aquatic Biologist I'aciflc Grove
Robert D. Collyer, Junior Aquatic Biologist Terminal Island
Keith W. Cox, Junior Aquatic Biologist Pacific Grove
Anita E. Daugherty, Jimior Aquatic Biologist Terminal Island
John E. Pitch, Junior Aquatic Biologist Terminal Island
Richard J. Hallock, Junior Aquatic Biologist Sacramento
Edwin K. Holmberg, Junior Aquatic Biologist Stanford University
Eldon P. Hughes, Junior Aquatic Biologist Berkeley
Robert C. Wilson, .lunior Aquatic Biologist Terminal Island
Parke H. Young, Junior Aquatic Biologist Terminal Island
Geraldine Conner, Fisheries Statistician Terminal Island

Lars J. Weseth, Captain, M. V. "N. B. SCOFIELD" Terminal Island
Robert Mills, Engineer, M. V. "N. B. SCOFIELD" Terminal Island
Peder Stockland, Boatswain, M. V. "N. B. SCOFIELD"

Terminal Island
Harry A. Peters, Radioman, M. V. "N. B. SCOFIELD"

Terminal Island

BUREAU OF LICENSES
H. R. DUNBAR, Chief Sacramento

C. LAAVRBNCE O'LEARY, Assistant Chief Sacramento
Emil Dorig, Senior Account Clerk, Licenses San Francisco
Enid L. Mullen, Intermediate Account Clerk, Licenses Redding-
Ren E. Nickerson, Supervising Account Clerk Grade 1. Licenses Los Angeles

ACCOUNTS AND DISBURSEMENTS
D. H. BLOOD, Deputy Director and Comptroller Sacramento
E. ARONSTEIN, Accounting Officer Sacramento

BUREAU OF PATROL
E. L. MACAULAY, Chief of Patrol__^__ San Francisco
H. C. JACKSON, Assistant Chief of Patrol (Training Officer) Los Angeles

A. L. Reese, Warden-Pilot -Sacramento

North Coast District

WILLIAM J. HARP, Assistant Chief San Francisco
LESLIE E. LAHR, Captain, Humboldt and Del Norte Counties Eureka

Otis Wright, Warden, Del Norte County Crescent City
Jack Finigan, Warden, Humboldt Coimty Areata
Larry Werder, Warden, Humboldt County Eureka
William F. Kaliher, Warden, Humboldt County Fortuna
Robert Perkins, Warden, Humboldt County Garberville
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BUREAU OF PATROL—North Coast District—Continued

SCOTT FELiAND, Captain, Mendocino and Lake Counties Lakeport
Jack Sawyer, \Varden, Lake County Lakeport
Douglas Dowell, "Warden, Lake County Lakeport
Ovid Holmes, "Warden, Mendocino County Fort Bragg
Floyd Loots, "^''arden, Mendocino County Willits
Garrie Heryford, "Warden, Mendocino Countj' — Ukiah
J. G. McKerlie, "Warden, Mendocino County Point Arena

LEE C. SHEA, Captain, Sonoma, Marin and Napa Counties --Santa Rosa
Ray Bruer, "Warden, Sonoma County — Santa Rosa
Harley Groves, Warden, Sonoma County Cloverdale
Bert Laws, "Warden, Sonoma County Petaluma
R. J. Yates, "^^arden, Marin County — San Rafael
M. F. Joy, "Warden, Napa County Napa
Karl Lund, "Warden, Napa County Napa

T. "W. SCHILLING, Captain, San Francisco, San Mateo, Alameda and Contra Costa
Counties San Francisco

C. R. Peek, "^Varden, San Mateo County _ Burlingame
Chas. Kanig, "Warden, San Francisco County --San Francisco
J. 'W. Harbuck, "SVarden, Contra Costa County Antioch
James Ruetgen, "^^arden, Alameda County — Martinez

RALPH CLASSIC, Captain, Monterey, San Benito, Santa Cruz and Santa Clara
Counties Monterey

Fred H. Post, "Warden, Monterey County Salinas
Owen Mello, Warden, Monterey County Monterey
Warren Smith, "Warden, Monterey County King City
J. P. Vissiere, "Warden, San Benito County — Hollister
C. B. Holladay, Warden, Santa Clara County San Jose
R. A. Tinnin, "Warden, Santa Clara County Morgan Hill
P. J. McDermott, "Warden, Santa Cruz County --Santa Cruz

Northeast District

A. A. JORDAN, Assistant Chief Redding
William Royston, Warden, Siskiyou County Tulelake
Louis Olive, Warden, Siskiyou County Yreka
Delmor Baxter, "Warden, Modoc County Nubieber
Don Davison, Warden. Modoc County Alturas
Bert Mann, "Warden, Shasta County Redding
Don Chipman, "Warden, Siskiyou County Dunsmuir
Harold Erwick, Warden, Tehama County Corning
R. Vi^. Anderson, "W^arden, Tehama County -- Red Bluff
Arthur Barsuglia, "V^^arden, Siskiyou County Fort Jones
C. L. Gourley, Warden, Trinity County Weaverville
W. D. Hoskins, Warden, Shasta County —McArthur

North Valley District

C. S. BAUDER, Assistant Chief -- Sacramento
JOSEPH H SANDERS, Captain Sacramento

Albert Sears, "^Varden, El Dorado County Placerville
William Hoppe, "Warden, San Joaquin County —Lodi
Charles Sibeck, Warden, Sacramento County Sacramento
Eugene Durney, Warden, Sacramento County Sacramento
C. O. Fisher, Warden, Yolo County Woodland
R. E. Tutt, "Warden, Solano County Dixon
Ed. Hughes, Warden, Sacramento County Sacramento
H. S. "^arj^ "Warden, Sacramento County — Sacramento
W. B. Bradford, Warden, San Joaquin County — Stockton

A. H. "WILLARD, Captain Rocklin
Nelson Poole, Warden, Placer County —— Auburn
William LaMarr, AVarden, Placer County Tahoe City
Earl Hiscox, Warden, Nevada County-- --Nevada City
Tavlor London, "Warden, Colusa Countj' Colusa
Hal Waggoner, Warden, Sutter County Sutter City
Edward Dennett, Warden, Yuba County Wheatland

E. O. WRAITH, Captain — Chico
L. E. Mercer, "Warden, Butte County Chico
Chester Ramsey, Warden, Butte County Oroville

Rudolph Gerhardt, "Warden, Butte County Gridley
L. M. Booth, Warden, Lassen County__ Susanville
Paul Kehrer, Warden, Plumas County Greenville

George Shockley, "Warden, Plumas County Portola
James Hiller, Warden, Glenn County --Willows
T. O. Borneman, Jr., Warden, Lassen County Chester

South Valley District

S. R. GILLOON, Captain Fresno
R. J. Little, Warden, Amador County Pme Grove
L. R. Garrett, Warden, Calaveras County Murphys
C. L. Brown, "Warden, Fresno County Coalinga
R. J. O'Brien, "Warden, Fresno County . Clovis
Gilbert T. Davis, Warden, Fresno County — Reedley
Lester Arnold, "Warden. Kern County Bakersfleld
Donald Hall, Warden, JKern County Kernville
Ray Ellis, "Warden, Kings County Hanford
H. E. Black, "Warden, Madera County Madera
Hilton Bergstrom, Warden, Merced County Los Banos
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George MaKl-'i'lry, Wtirdi-n, Kt.-ini.sl;iuH Cijurity Modento
W. I. lj(>])K, SS'ardin, Tiilari; <''iiiiily \'l-:illa
Hoswcll (;. Wilcli, W'ardoii, 'I'liliui- (bounty I •.( t. rvlllo
F. l'\ Jolin.sloii, VVitrdcii, Tunluiiiiii! County.—-_«-—_— .Sonura
R. Swltzer, Warden, Merced ('ounty __._Mercx-d

Southern District

lOAUI. MACK'LIN. AsHlslatit Chief .. r.

VVAl/J'lOli SHANNON, Captain I.

1j. It. .MiI/,k;ii-, Wai-dcn, hn.s AnjTPh^H ('(iiinty _-__ Iv .»..-. >

A. I''. Sla^tT, VS'ardrn, I-hh Ant,'(|i-.s ('i)nMt> ., I'ornoiui
Fi-od Allirc(dit, Warden, liU.s A njfclf.s ( 'nnnly l.<f Ai).-<\i-m
Wiiltrr !•'. I'lniri'icU, Warden, Lom Aiuiidi'M C^>unty_

'

il«
Tlieotlore .J(dli'y, WardiTi, Ij(j.s AiikcIcs Cciunly ilkC Li. 'rowi'i-s, Warden, J.,nH An^:ele.s (.'onnty _____-_J. leu
Otto Uowland, Warden, San Hi^rnai'dino County_____ lift

W. C. Malone, Warden, San Iternafdini) f'<>iinty____ ___________8an I no
Erol Oroenleaf, Warden, San I tetna r<lln() County IJU- ' ke
IjCO liossier, \Varden, .San IJernardino ('ounty __. . •x
George Werden, Jr., Wardi'n, Itiverside (Jounty IMvfhe
W. C. BUiWelt, Warden, Jiiver.side f:;oiinty I .11..

Cliff Donhain, Warden, Uiver.side ('ounty
William 1 1, .lolley. Warden, Uiver.side County
U. L. J'^rasor, W.irdeii, Kiver.side County .UaiiniiiK

WILLAKD GREIONWALD, C.iptain La Mesa
James Reynolds, Warden, Imperial County fJrawley
Henry Shebley, Warden, San Diego County ICseondldo
Henry Ccker, Warden, San Dic^o County Julian
Frank I'.artol, Warden, San Diego County La .Me.sa

F. W. HKCKER, Captain San Luis r,i,i.,„.

Orben Philhriek, Warden, San Lui.s C)bi.si>o County Pa.no i

Vincent Dona, Warden, San Luis Obispo County San Luis   

R. E. Bedwell, Warden, Santa Barbara County Santa Barbara
H. L. I>antis, Warden, Santa Barbara County Santa Maria
Leslie F. Kdgerton, Warden, Ventura County Fillrnore
John Spicer, Warden, Ventura County Ojai

HOWARD SHFBLEY, Captain Independence
A. F. Crocker, Warden, Inyo County Big Pine
Henry J. Bartol, Warden, Inyo County Little Lake
James Loundigan, Warden, Inyo County Bishop
W. S. Talbott, Warden, Mono County Bridgeport
Robert Stedman, Warden, Mono County Leevining

MARINE PATROL
L. F. CIIArPELL, Assistant Chief of Patrol San Francisco
RALPH CLASSIC, Captain Monterey

Ellis Berry, Warden Monterey
E. R. Hyde, Warden Monterey
J. Ross Cox, Warden__ Wat.sonville

LESLIE E. LAHR, Captain Eureka
Walter Grey, Warden Eureka

T. W. SCHILLING, Captain San Francisco
Ralph Dale, Captain Patrol Boat Greenbrae, San Rafael
Kenneth Hooker, Warden Novato
Bolton Hall, Warden Antioch
Ralph Miller, Warden San Francisco
G. R. Smalley, Warden Richmond
Glenn Whitesell, Warden — Stockton

TATE MILLER, Captain Terminal Island
N. C. Kunkle, Warden Newport Beach
Carmi Savage, Warden Santa Monica
R. C. Schoen, Warden Terminal Island
Niles J. Millen, Warden Terminal Island
Donald Glass, Warden --Terminal Island
John Barry, Warden Terminal Island
W^ill Payne, Warden -- Terminal Island
Robert Kaneen, Warden Terminal Island
Jacob Meyer, Warden Newport
Thomas J. Smith, Warden San Diego
Frank Felton, W^arden San Diego
Lester Golden, Warden Arroyo Grande

MARINE PATROL BOATS
Cruiser Bonita Catalina "Warden Millen
Cruiser Yelloiotail -San Pedro Warden Glass
Cruiser Broadhill Newport Warden Meyers
Cruiser Grunion Santa Monica Warden Savage
Cruiser Perch -- San Rafael (~"aptain Dale
Cruiser Rainbow III Antioch Warden Hall
Cruiser Tyee Stockton Warden Whitesell
Cruiser Bass Lake Millerton Captain Gilloon
Cruiser Shasta Redding Warden Mann
Launch MwMoio Clear Lake Warden Sawj-er

O
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NOTICE TO DUCK HUNTERS

The United States Fish and Wildlife Service is again asking the duck
hunters to cooperate during the present hunting season in securing data

which will be of help in working out fair regulations. The hunter is

requested to keep a tally of the birds he bags, cripples or observes this

fall and, at the end of the season, send a complete score card to the United
States Fish and Wildlife Service, Chicago 54, 111. Readers of California
Fish and Game are urged to cooperate in this program. Below is an

example of the type of information desired.

How many, what kinds of

ducks, geese bagged

Scorecard

How many cripples
lost

Compared with last year
waterfowl numbers were

More


