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INTRODUCTION

East of the Sierra Nevada and the Cascade Kange lies a section of

California considered geographically t<> be an extension of the Greal

Basin of tin- western United suites. It is characterized by a sagebrush
climax. Inhabiting this area in California are the Rocky Mountain nude

deer, Odocoileus hemionus hemionus (Rafinesque), and the [nyo mule

deer, Odocoileus hemionus inyoensis (Cowan) (Figure 1). These decl-

are largely migratory, summering high in the Sierra Nevada and the

Cascade Range and wintering in the foothills and adjacenl lower eleva-

tions in the < rreal Basin.

The purpose of this study was to determine the food habits of

Rocky Mountain and Inyo mule deer on the Great Basin winter

ranges in < 'alifornia, in an effort to contribute to a better understanding

z Odocoileus h. hemionus

Odocoileus h. inyoensis

Devi Is Garden Range
2. Lassen Washoe Range
3. Verdi Range
4. North Inyo Range
5. South Inyo Range

FIGURE 1. Map of the distribution of Rocky Mountain and Inyo mule deer in California,

showing the location of the winter ranges of deer herd management units and subunits.
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of the ecology of deer with respecl to food conditions and climatic

phenomena.
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HISTORY OF DEER COLLECTIONS

The study of the food habits of California's deer herds by the stomach
analysis technique began in 1046. when permission was granted to the
disease staff of the California Department (then Division) of Fish
and Game to collect 60 female deer from the Interstate Deer \h'Vi\

in Modoc County. Subsequently, eolleetions of female deer from other
herds were authorized by the Fish and Game Commissions of Oregon,
Nevada, and California.
The special authorized collections were supplemented by extensive

collections of stomach samples and data from deer made available from
hunter kills, highway mortality, and winter die-offs.

Table 1 is a history of the sources of the 978 stomach samples
reported on in t his paper.

METHOD OF STUDY

stomach samples were obtained in the field by removing a pint or
more of material from the rumen. After appropriate labeling they
were preserved in formalin.
The samples were examined with ;i binocular microsco] quipped

with a T\ ocular and a o.Tx objective. The material was thoroughly
washed through a fine-mesh screen preparatory to examination. After
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TABLE I

Summation of the Field Collection of 978 Deer Stomach Samples

Deer herd
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PRESENTATION OF DATA

Doer management studies in California have been conducted by re

gions, units, and subunits based on natural deer populations and range
boundaries (Longhursl el al.. 1952). Certain of these units have been

subjected to intensive study. The food habits data represented by the

stomach analyses of 978 Greal Basin Acer have been broken down into

the following four managemenl units and subunits: Devils Garden
deer herd unit, Doyle subunit of the Lassen-Washoe deer herd unit.

Verdi Section of the Loyalton-Truckee subunit of the Sierra Valley
deer herd unit, and Inyo deer herd unit.

To interpret fully the dynamics of the deer herds in relation to

Food habits and range condition it was necessary to present the variable

climatic factors affecting both the deer and the range encountered dur-

ing the course of study. This necessitated the breakdown of the data
into monthly and yearly increments for each deer herd, and the dis-

cussion is arranged accordingly."to
J

CLIMATE

The climate of the Great Basin is semiarid and characterized by low
ainfall, some subzero temperatures in winter, and warm, dry summers.

'recipitation is generally limited to a period from September through
April. In the northern ranges precipitation normally varies from 8 to

10 indies at the lower elevations to as much as 20 inches in the higher
timbered areas. Semidesert conditions exist in the southern Inyo ranges;
the precipitation may be no more than 5 inches annually. In the

Appendix are included climatological data giving the monthly means
of daily maximum and minimum temperatures, the lowest recorded

monthly temperatures, precipitation, and snowfall representative of

the study areas and of the winter periods concerned.

DEVILS GARDEN DEER HERD

Description of Area

The Devils Garden Interstate deer herd is made up of Rocky Moun-
tain mule deer that summer principally in the Fremont National Forest
in Oregon and winter in the Modoc National Forest in California. The
snnnner range covers approximately 406,000 acres and the winter range
about 375,000 acres. However, the acreage on which the *\ocv spend the

greal part of the winter is much smaller, covering approximately 100,-
000 acres (Interstate \)n'\- Wi^rA Committee, 1!U7).

Geologically, the Devils Garden area is a portion of the Modoc Pla-

teau. It is of volcanic origin, characterized by an undulating plain with
areas of lava overflow and occasional hills rising from .100 to 1,500 feet

above the general plateau level. The elevation in California runs from
4,050 feet at Tulelake to over 5,000 feet at Badger Well and Crowder
Flat.

Vegetative Composition of the Range

The flora of the region is typically Great Basin sagebrush formation

interspersed with other cover type associations i Figures 2, '>. and 4).
The higher portions of the range, notably the Crowder Flat and Badger
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FIGURE 2. A general view of the ponderosa pine vegetative type characteristic of much of

the area inhabited by the Devils Garden deer herd during the early portion of the winter.

It is essentially a ponderosa pine-bitterbrush association with open sagebrush flats. Photo-

graph by the author.

FIGURE 3. A transition area predominantly of bitterbrush exists between the ponderosa pine

type and the lower elevations of the winter range, where juniper is dominant. Photograph
by the author.
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mam

FIGURE 4. The Casuse Mountain area, showing the juniper-annual grass type, c

of the lower portions of the winter range. Photograph by the author

haracteristic

Well areas, are characterized by the extension of the ponderosa pine
forest type, which supports an umlerstory dominated by bitterbrush.

Interspersed are open areas of grassland and fiats of sagebrush,
:i with

a scattering of Sierra juniper. Associated with the pine forest is the

prostrate-growing squaw carpet, an evergreen shrub, thickly matting
the ground in some areas. Thickets of mature curlleaf mountain ma-

hogany occur principally on the hill slopes and ridges. Extensive brush

fields of greenleaf manzanita and snowbrush fringe the winter range
on the slopes of the higher mountains.
An intermediate area, dominated by bitterbrush. exists between the

pine forest and the lower portions of the winter range. This bitterbrush

association gives way to open flats of sagebrush or grassland inter-

spersed with areas of Sierra juniper. Rubber rabbitbrush and sticky-

flowered rabbitbrush occur as subdominants in this plant association.

Several species of grasses occur throughout the range; certain areas aro

dominated by annual cheat grass. The principal perennial grasses

present are the blue grasses (Poa spp.), squirreltail (Sitanion sp.),
Idaho fescue (Festuca idahoi nsis \ . Junegrass (Koeleria sp.), needle

grasses iSlipa spp.). and rye grasses (Elymus spp.). Forbs for the

most part are frozen out during the first days of frost. Imt available in

the form of dry Leafage are balsam root, mule's ear, and Douglas phlox.
which are widespread over the area. Tumbling mustard is conspicuous
in the disturbed fields in the flats and along the roads.

Table 2 is a summary of the vegetative composition of the Devi's

Garden area based on 204 line-intercepl plots.

8 In this paper "sagebrush" Is considered Artemisia tridentata, although several of
its siiiispri-it-s, as presented by Flail and Clements (!!'-•"• ». may \>v included.
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TABLE 2

Percentage Composition of Vegetation of the Devils Garden Winter Range

Grass
Vnnual grasses—
Perennial grasses.

Total grass.

I orbl
Vniiual forbs

Perennial forbs..

Total forbs.

Browse
Arclostaphi/loa patula Greenleaf manzanita

Artem isin tridentata Sagebrush
Ceanothus prostrutus Squaw carpet
i eanothus velutinus.. Snowbrush
Cei ocarjnu ledifolius Curlleaf mountain mahogany.

Chrysothamntu spp Rabbitbrush

Juniperus occidentalis . . . Sierra juniper

I'inus sp Pine

I'runus emarginata Bitter cherry

Pvrahia tridentata... Bitterbrush

Kibes sp.. Gooseberry

Tetradymia sp Horsebrush

Others

14.2
L'li. I

40.0

10. i

6.9

Total browse

Percentage of ground covered with available forage.

17.3

0.3
21.1

3.8
Trace
0.3
4.4
1.3

0.6
0.3
9.1

Trace
Trace
0.9

42.1

32.0

Migration

The fall migration of deer from Oregon usually occurs in October,

with the mass of deer taking well-defined trails into the northeast por-

tion of the winter range. By late November the deer have moved south-

ward from the Crowder Plat and Blue Mountain areas to the Badger
Well area and tend to concentrate in this general vicinity during De-

cember and January. Movement from this concentration area is deter-

mined by climatic conditions. In an open winter the deer distribute

themselves over a wide area of the winter range, while heavy storms

have a tendency immediately to concentrate the deer in the north-

western portions of the winter range. In very severe winters the deer

remain there until the weather permits a return to more favored areas

to the south and east. By May the deer move northeastward to the

Oregon summer range.
Food Habits

Table 3 is a monthly summary of the food items eaten by 199 Rocky
Mountain mule deer on the Devils Garden winter range, expressed in

volume percentage and frequency of occurrence in percentage. This is

a summary of the food habits of the Interstate deer herd over the three

winters of 1946-47, 1950-51, and 1951-52. The graphical presentation
of this diet is shown in Figure 5. Not included in this summation of

data, but discussed later, are the results of the analyses of the 99 deer

stomachs collected From winter-killed deer in 1!»52.

It is evident from an examination of Table :! and Figure 5 that there

is a definite seasonal trend in deer food habits throughout the winter.
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FIGURE 5. Graphic representation of the food habits of the Interstate deer herd in the

winters of 1946-47, 1950-51, and 1951-52.

This monthly trend correlates closely with the movement of deer on
the wintering area, which is determined by weather conditions and
food preferences.

Present at the higher elevations of the winter range and accessible to
the tier during the early part of the winter are such browses as cuiv
leaf mountain mahogany, snowbrush, greenleaf manzanita, and squaw
carpet. These plants contribute most heavily to the diet from October

through December, and of these plants, squaw carpet is apparently a

preferred forage. Deer are known to seek- ou1 this plant even when it

is covered by snow.
The consumption of bitterbrush exhibits a definite seasonal utiliza-

tion. As seen in Table 3, bitterbrush made up 59.8 percent by volume
of the October diet and was found in 100 percent of the stomachs, but

by January and .March the consumption of bitterbrush decreased to a

point where it contributed little to the diet.

As bitterbrush use falls off in the late winter months, sagebrush takes

its place as the staple browse in the diet. There was but one occurrence
of sagebrush in the October stomachs and little sagebrush was eaten in

November. Beginning in December, the consumption of sagebrush in-

creased appreciably. It made up 12.2 percent of the December diet and
was found in (i.'!.(i percent of the stomachs; by January and February
it constituted 26.3 and 25.2 percent, respectively, of the diet. This

heavy consumption of sagebrush continued in March, bul decreased

noticeably in April.
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Sierra juniper has been considered an emergency deer food on the

Interstate deer range by range observers. However, the stomach analy-

ses indicate thai juniper is taken all winter long, even when other

foods are available. Little juniper appears to be eaten when the deer

first arrive on the winter range but, as the season progresses and the

deer are forced oul of the higher portions of the range, the consumption
of juniper increases. In October, it made up 4.0 percenl of the diet. By
January, February, and .March, it contributed 24.!), 18.6, and 23.1 per-

cent of the food, occurring in over 87 percent of the stomachs. The im-

portance of juniper as as emergency food during the critical winters is

most evident when its consumption during a mild winter is contrasted

with that during a critical one. Such a comparison is made later in the

text.

Porbs contribute little to the diet of the deer on the winter range
except during April, when the new green growth appears. The dry

leafage of balsam root, the stems of tumbling mustard, and phlox ap-

peal- to contribute most as filler food prior to spring'.

The importance of grass to the welfare of the deer on the winter

range should not be underestimated. The early October and November
rains freshen up the perennial grasses and start the new growth of the

annual cheat grass. Deer immediately respond by consuming heavy
amounts of green grass, and continue to utilize this food until such

100
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time as it is no longer available or until spring, when the grass matures
and new Leafage appears on the browse species. During winters which
are open and mild, deer consume green grass in quantity throughout
the winter. Grass, both green and dry, made up only (i.4 percenl of the

October diet, bu1 contributed 40. (i percenl to the November and 26.1,

21.3, 50.0, and 43.2 percent, respectively, to the December, January,

February, and March diets.

Climatic Conditions as They Affect Food Habits

Temperature, precipitation, and snowfall arc yearly variables which

greatly influence the diet and welfare of the An'v. During mild winters,

loss of deer is negligible and winter survival is reflected in both a high
Eawn-aduH ratio and an increase in numbers of animals migrating into

Oregon in the spring. Certainly, maximum carrying capacity is a

dynamic factor largely determined by yearly variations in climatic

conditions. This weather phenomenon not only directly affects the avail-

ability of food, especially the animal herbaceous component of the

range, bu1 also exerts physical influence on the deer themselves.

A breakdown of Table :{ into the individual winters represented in

the study presents a most interesting picture. Figures <i. 7. and 8 are

graphic representations of the winter diet for 1946-47, 1950-51, and
1951-52. Data on the climatic factors of temperature, precipitation, and

100

uj 60
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used, with 60 percent of that use attributed to livestock. The consump-
tion of sagebrush, as shown by Stomach analyses, was relatively hmli

from December to March. Little utilization of juniper was apparent.
No noticeable winter die-off of (\t'cv was reported, with the deer ap-

parently having access to most of the winter range. The absence of

"recii »rass on the ran ire may account partly for the reported heavy
use of bitterbrush.

Winter of 1950-51

The winter of 1950-51 was considered to be a mild, open one-
favorable to deer. The maximum and minimum temperatures were

relatively high during most of the winter. Precipitation was heavy
in October and December, falling off in the later months of the winter.

Snowfall was heavy in January and February, coincident with the

lower temperatures, but remained on the ground \'<>\- brief periods.
It was apparent from the stomach analyses of deer collected during

this mild winter that green grass was available every month of the

winter and contributed substantially to the diet. Over the entire winter,

grass was found to have contributed no less than 40 percent of the

bulk of the food in the stomachs of the 69 deer examined. Bitterbrush
contributed heavily to the diet from November to January and con-

tinued to be utilized in February and March. Sagebrush made up
much of the diet in February and March, as the volume of bitterbrush
eaten fell off. During this mild, open winter juniper showed a relatively
constant utilization, contributing most to the diet in November and
December. The open winter evidently permitted the deer to utilize

more heavily the browses which otherwise are not available because

of ground snow. The other browses, which made up 24.2 percent of

the November diet, consisted principally of squaw carpel and green-
leaf manzanita. Squaw carpet made up 19.6 percent and greenleaf
manzanita 3.2 percent of the November diet, and to a lesser degree both

continued to contribute to the diet in December and January.
The result of the range utilization cheek as reported by the Inter

state Deer Herd Committee (1051) showed that the average percentage
cropping of bitterbrush by deer was slightly heavier than during
previous years, but was more evenly distributed over the range than
in the past. The average cropping of juniper by deer was the lightesl
so far recorded in the study. Significantly, the spring track count

revealed a population of 19,570 animals in the Interstate migratory
(\fc\- herd, compared with the previous winter high of 15,256 and a

1946-47 census of 12,884.

Winter of 1951-52

The winter of 1951-52 was critical. The maximum and minimum tem-

peratures averaged well below those of the winter of 1950-51 for the

months from December through April. Rain occurred in the months
of October and November but turned to heavy snowfall iii December,
January, and February. By the firsl part of January deer began to

appear in poor condition and were noticed feeding during the storms.

Prom February 2nd to the 11th the weather was clear and mild and
the deer were observe,! feeding on green grass; however, snow storms

again occurred and continued throughout the balance of February.
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By the middle of February Large numbers of deer carcasses were
found, Indicating thai the peak of the deer die-off occurred at that
time. A carcass count on MS.575 acres conducted during: the last week
of April and the first two days of .May resulted in a total count of

2,428 dead deer (Interstate Deer Herd Committee, 1954). It was esti-

mated thai approximately 32 percent of the Devils Garden herd suc-

cumbed over the winter.

The results of the analyses of 99 deer stomachs collected in March
from winter-killed deer were added to the deer stomachs made available

through load kills and incorporated into the March data for the winter
of 1951-52.

An analysis of Figure 8 reveals that green grass became available
on the range in November and received heavy utilization by the <\rr\-

until the heavy snows in December. During December and January
little grass was consumed, but grass was again heavily utilized in

February and March. Most of the grass eaten was dry, although a mild

-pell in the early part of February contributed some green grass to the

diet.

Bitterbrush received heavy utilization from November to January,
but contributed little or nothing to the diet for the remainder of the

winter. This undoubtedly can be attributed in part to the forced move-
ment of deer from the normal winter concentration area in the bitter-

brush transition area to the lower juniper-grass association in the

Casuse RIountain-Sagehorn area. Sagebrush contributed most heavily
to the diet from January through February and to a lesser degree in

March.
The utilization of juniper during this critical winter was extremely

heavy. Juniper contributed 48.5 percent to the December, 53.6 percent
to the January, 25.9 percent to the February, and 52.0 percent to the

March diets. Heavy utilization of juniper during critical winters has
been revealed by range utilization checks in the past. The winter of

1948-49 was considered to be a critical one; the cropping of juniper
for that winter was 22.2 percent, compared with 14.0 percent in 1947-48
and 12.3 percent in 1949-50 (Interstate Deer Herd Committee, 1951).

Juniper contributes materially to the diet of the deer in the Devils

Garden area during favorable years, but the dependence of the deer
on this food during severe winters is very apparent.

During periods of severe weather, deer are forced to move out of the

higher elevations of the range and concentrate in its western extremity,
in the vicinity of Dry Lake and Casuse Mountain. In 1938-89, when
deep snows occurred, it was reported that the area of heaviest concen-
tration of deer was in the Dry Lake-Casuse Mountain area (Fischer
e1 al., 1944). Range fires in 1938, 1941, 194(i, and 1950 destroyed much
of the browse cover in this area.

The heavy cropping or hedging of juniper in deer concentration
areas during such winters is most striking and leads one to believe

that they actually exhaust their food supply, although Wright (1952)
reported that with the exceptions of two fawns all the deer examined

during the die-off period of 1951-52 were found with full stomachs.

Evidence seemingly indicates that deer die-off cannot be attributed

entirely to inanition or lack of food, quantitatively speaking. An ex-

amination of rumen contents of deer found dead as the result of winter
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mortality indicates thai they died with full stomachs containing es-

sentially the same food as those of deer surviving the winter. A signifi-
canl comparison is made later in the text of the food habits of winter-
killed deer and deer collected from the same area at the same time by
shoot ing.

Summer Food Habits

Table 4 is a summary of the food items eaten by "J!i deer collected

during the months of May through September, 1M47. The collection

was made by personnel of the Oregon State (lame Commission of deer
from the Interstate deer herd on the summer range in the Fremont
National Forest, Lake Comity, Oregon.
Browse plants made up 54.5 percent of the diet of the deer collected

from the summer range. The most important item of food was snow-

brush, which made up 28.8 percent of the diet and was found in 62.1

percent of the stomachs. Bitterbrush, although found in 27 .(i percent
of the stomachs, made up but (>.(> percent of the diet. Oilier browse

plants contributing materially to the summer diet are listed in Table 4.

Forbs, which contribute little in the winter diet, proved to be an

important item to the deer on the summer range, making up 34.9

percent of the diet. Twenty-four different forbs were identified in the

stomachs. Crass, although found in 96.6 percent of the stomachs, con-

tributed but 10.6 perceid to the summer diet.

LASSEN-WASHOE DEER HERD (DOYLE SUBUNIT)

Description of Area

The summer range of the Lassen-Washoe deer herd is located prin-
cipally in the Plumas National Forest in the eastern portion of Plumas
County, California. Much of the summer range lies at an elevation of

6,000 feet, with occasional peaks as high as 8,000 feet. The winter

range extends along the eastern slope of the Sierra Nevada from the

vicinity of Milford south to Peavine and eastward into Washoe County.
Nevada (Figure 1). The winter range of the Lassen-Washoe deer herd
embraces about 228,400 acres of public and private land, whereas
the summer range encompasses some 330,000 acres, made up mostly of

national forest lands.

Vegetative Composition of the Range

The summer range is of a forest type dominated by ponderosa pine,

Jeffrey pine, and Avhite fir. Some juniper is present. Aspen and moun-
tain alder (Alnus tenuifolia I grow along the streams and on the slopes
bordering the many meadows and small valleys. As the result of fire

and logging, extensive brush fields of greenleaf manzanita and snow-
brush occur throughout much of the summer range. Other less preva-
lent browses are service berry, choke cherry, and snow berry. The sage-
brush formation extends into the Lower portion of the summer range
and is interspersed throughout the timbered areas. Sagebrush and bit

terbrush constitute the principal understory, with squaw carpet con-

tributing to the ground cover. .Many of the canyon slopes bordering
the eastern crest of the summer range are wooded with California black

oak, with occasional dense thickets of mature curlleaf mountain mahog-
any. The principal perennial grasses are Idaho fescue, squirreltail,
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ii llegrass, Sandberg bluegrass (Poa secunda), and bluebuneh wheat

Lr r,-iss (Agropyron spicatum). Cheal grass is prevalenl on tin 1 lower

peaches <>f the summer range.

TABLE 4

Summary of the Food Items Eaten by 29 Rocky Mountain Mule Deer Collected From the Summer Range
of the Interstate Deer Herd, Lake County, Oregon, Expressed in Percentages

:::

ntific name ( '(itniiiiiti name

Br..

Ceanolhus vdutinus . Snowbrush
fata Bitterbursh

Prunus emarginata --- Bitter cherry

I ereoearpus ledifoliui Curlleaf mountain mahogany.
lei Oregon boxwood

mi>sa - Choke cherry..

P . Barberry _

Amelanchier alnifolia - Service berry~
ArctOBtaphylos sp.. - Manzanita

thus prostratue. --- Squaw carpet—
ponderosa Yellow pine

,lor ... White fir

decurrens Incense cedar

Popvlus tremuloides. --------- Aspen

Arctostaphylos patula Greenleaf manzanita-

phoricarpos sp Snowberry
Artemisia tridentata ... Sagebrush

Unidentified browse

Total browse -

I orbs

Fragaria -i i
- - Wild strawberry

Lichen - Lichen

Balsamorh i :a sp Balsam root

Lomalium sp. — Hog fennel

Liliaceae— - Lily family
Bird's beak
Wild buckwheat-
Mushroom
Buttercup
Wild onion

Knotweed
Mustard family

( 'ordylanthus sp ---

(71 'I'll Bp.

i
-

Ranunculu-' i

I Ilium sp
'

sp.
< niciferae

eae - Rose family..

mopsis ura> False lupine

minosae. - Pea family

Trifolium sp.. - Clover

Epilobium sp. Willow herd

Umbelliferae Parsley family

Polemoniaceae— - - Gilia family

PMoxbp - --Phlox

Jlesperiichiron sp .-- Hesperochiron

Boraginaceae Borage family
j sp Violet

CoUinsiasp Collinsia.. _

( lompositae... - Sunflower family _

Taraxacum -p Dandelion

Unidentified rb

Total forbs.

( rraes and grass-like plants
firamineae (green)
Carex sp.-

I rrass family

Sedge

Total grass -

Volume

28.8
6.6
4.3
3 . •">

2.2
2.1

2. 1

1.8

1.7

1.4

Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace

5 1 . 5

3.7
2.4

1.7

1.6

1.0

0.9
0.5
0.3
0.2

Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
22.6

34.9

10.6

Trace

10.6

Frequencj

62. 1

27.6
24.1

27.6
6.9
17.2

27.6
37 . 9

24.1

27.6
58.6
17.2
17.2
3.4
3.4
6.9
3.4
3.4

31 .0

6.9
13.7

6.9
10.3

3.4

24.1
27.6
6.9

44.8
3.4
3.4
6.9

10.3
17.2

3.1

3.4

3.4
3.1

3.1

3.4
3.4

6.9
10.3
3.4

93.1

96.6
1(1.3

: The number ol deer collected In 1947 by months were: May, 5; June, 5; July, 5; August, 8; and September, 6.
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Sagebrush dominates the winter range, with an Lnterspersal of bit-

terbrush, deserl peach, California wildrose, juniper, mormon tea, horse-

brush (Tetradymia canescens), spiny hop sage (Grayia spinosa), shad

scale (Atriplex confertifolia), and gooseberry | Figure 9). Rubber rah

bitbrush and sticky-flowered rabbitbrush also occur on the range. In

areas influenced by fire or agricultural disturbances, rabbitbrush,

desert peach, and or cheat grass comprise the resulting plant siic-

FIGURE 9. A view of the upper edge of the Lassen-Washoe winter range near Doyle, looking

eastward towards Nevada. Photograph by H. D. Bissell, December, 7 955.

cession. Willow and creek dogwood (Cornus stolonifera var. califomica)
are found along the intermittent streams flowing into the valley. Very
few perennial grasses occur; those present are principally Idaho fescue.

Indian rice (Oryzopsis hymenoides) , Sandberg bluegrass, needlegrass,
wheat grass, sipiirreltail, salt grass, and vyt' grass. The dominant grass

types are annuals, notably cheat grass. Along the foot of the mountains
on the west side of Honey Lake Basin and Long Valley, ranches are

found wherever water is available for the irrigation of hay land.

Alfalfa and meadow hay are grown for the winter feeding of livestock.

Ranches are less numerous at the southern and eastern extremity of

the winter range.
The vegetative composition of the Lassen-Wash leer range based

on "Jd.'! line-point plots is given in Table •>.

Although the plant associations found on the Lassen-Washoe winter

range are similar to those found on the Devils Garden, the vegetative

composition of the two winter ranees differs considerably more than
is shown by comparing the forage eomposil ion surveys I Tallies 2 and 5 .

These surveys are essentially attempts to determine an average saiu-

pling of the various vegetative types on designated key concentration
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TABLE 5

Percentage Composition of Vegelation on the Lassen-Washoe Winter Range

Innual .! i--' -

Perennial tr:i-i-

Total gra--

Forba
Annual forba

Perennial forbe

Total forbs..

Browse
[rtemieia tridentata Sagebrush

I tanothus prottratus - Squaw carpet

Cercoearpus ledifolius Curlleaf mountain mahogany
Chrysothamnus spp . Rabbit brush

Ephedra sp Mormon tea

(irayia spinosa Hop sage

Juniperua occidt ntolii Sierra juniper

Populus tremuluides Aspen
I'rittius andersonii Desert peach
I'urshia tridentata Bitterbrush

Hibes sp Gooseberry
Salix sp Willow
7 • tradymia sp Horsebrush
Others

Total browse

Percentage of ground covered with available forage.

31.2
1.5

32.7

3.1

0.6

3.7

:;s.n

Trace
Trace
4.6
0.3
0.3
1.3

0.3
4.4
8.5
0.9

Trace
3.4
1.1

63.6

32.0

areas on the winter deer range. The Devils Garden area is characterized

by a variety of vegetative types, while the Lassen-Washoe winter range
is largely an homogenous sagebrush-annual grass cover type. Signifi-

cantly, the Lassen-Washoe winter range represents a more arid and
decadent range, as well as one of a more dominant sagebrush climax
than that of the Devils Garden.

Migration

The migration of deer from the summer range to the winter range
occurs usually in late October or early November. The altitudinal

movement of deer is accomplished in a short period of time, due to the

abruptness of the eastern slope of the Sierra Nevada, which permits
rapid transition from slimmer to winter range. However, the migration
is often delayed in open, mild winters, when the deer tend to linger
about the lowrer edge of the summer range until snow forces them to

lower elevations. Normally, the majority of the deer herd is found to

concentrate about the better bitterbrush area, which is a belt extending

generally along the base of the mountains. A sizeable portion of the

herd is known to pass into the Fort Sage Mountain and Ked Rock
areas, thence eastward into Nevada.

Food Habits

A monthly summary of the principal food items eaten by -527 mule

deer, expressed in volume percentage and frequency of occurrence in

percentage, is shown in Table 6. Table 7 is a supplementary list of the
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TABLE 7

Supplemental List of Plants Eaten by Deer on the Lassen-Washoe Winter Range
:::

Scientific name Common name

Browse
ocedrus decurrens Incense cedar

Ephedra tiridis Mormon tea

Populua tremuloides Aspen
Sarcobatus vermiculatus Black greasewood
Phoradendron viliosum Common mistletoe

Atriplex ap. - Saltbush
/(. rh. i is sp Barberry
Ribet Illinium . Plateau gooseberry. _

Ann ! in ih a r alnifolia Service berry
Wnltts sp Cultivated apple
Robinia pseudoacacia Locust

Irctostaphyloa patula Greenleaf manzanita.

Vicotia.na.Bp Wild tobacco

Symphoricarpos sp Snowberry
Chrysothamnus nauseosus .. Rubber rabbitbrush..

1 n identified browse

Forbi

Bryophyta Moss
Fungus Mushroom
Eguiseturn sp Horsetail

Brodiaea sp Brodiaea

Liliaceae — Lily family
l.imiiu sp. - Duckweed
F.riiigmiuin sp Wild buckwheat

Polygonum sp Smartweed
I 'nl ygonum nriculare Wire grass
h' a mix sp Dock
I 'In ni'iiiiilnim sp. _ _ Goosefoot

Chenopodiaceae Saltbush family
Salsola kali Russian thistle

I maranthus blitoides Amaranth
I maranthus sp Amaranth
Montia perfoliata Miner's lettuce

I'm "ilia brownii Western peony
li'anuiicttliis sp Ranunculus
/.< /

1 itlium sp Pepper grass

Sisymbrium altissimum Tumbling mustard.

Tl,i/siiitt'ciiri>us sp. Fringepod
Astragalus sp Rattle-weed
I, a. ii i mis sp. Lupine
Mi dicago lupulina Black medick

Medicago hispida Bur clover

'I'riJul in in sp._ _ Clover
Erodium sp I'ilaree

Maha Bp Mallow
Cruciferae Mustard family
I fmbelliferae Parsley family. _ _

Polemonium Bp Jacob's ladder

Polemoniaceae . Gilia family
\m inckia sp Fiddleneck

l'i ntsliinim sp. . . Pentstemon
Franseria acanthicarpa ..

I I a axillaris Poverty weed
Eriophyllum lanatum
Madia sp. Tarweed .„

Lactucasp Wild lettuce

Monardella sp.

Unidentified CompoBitae Sunflower family

Frequency
of occurence
in percent-

age

0.9
1 .'.i

6. I

0.3
0.3
o.:i

o.c

1.9

i.s

0.3
1 .2

3.7
0.6
o.i;

3.0
2.4

2

2

1

1

1

2

13

1

3
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TABLE 7—Continued

Supplemental List of Plants Eaten by Deer on the Lassen-Washoe Winter Range*

Scientific nil uie < ir 1 1 1 in til n.iiiH'

( trass and grass-like plants

Bromus mollis Soft chess

Bromua lectorum... Cheat grass _

Distichlia apicata Salt grass

Hordeum sp - Wild barley

Hordeum vulgare Cultivated barley

Poa sp Blue grass

Carexap Sedge -

Eh ocharis sp - Spike rush

Cyperaceae --- Sedge family
Juncus sp Rush

Frequency
of occurence
in pen-elll

age

0.3
- 7 g

0.3
I .5

0.3
3. I

1 .2

0.3
1 .2

2.8

* Food Items included in this list are those items which made up less than one percent of the total volume of food

consumed In any monthly period.

food items bulking less than 0.1 percent during any monthly period.

These data represent a compilation of the stomach analyses of deer

collected in the winter months from 1949 through 1951-52. Figure
10 is a graphic representation of the .T27 stomach analyses, showing
the principal items of diet by month.

The seasonal utilization of forage on the Lassen-Washoe winter

range is shown in Figure 10. It is apparent that the heavy utilization

of bitterhrush, which is revealed by the annual forage utilization

checks, occurs during the first four months that the deer occupy the

winter range. The heaviest consumption of bitterhrush was in Sep-
tember and October, when it made up 60.2 and 62.3 percent of the

diet and occurred in 100 and 85.2 percent of the stomachs examined.

No. sept
Specimens 6

FIGURE 10. Graphic representation of the food habits of the Lassen-Washoe deer herd in the

winters of 1948-49, 1949-50, 1950-51, and 1951-52.



266 < AI.II'nKNlA PISH WD GAME

The November diel again Leaned heavily toward bitterbrush utilization,
with bitterbrush Found in s 7.."> pereenl of the stomachs and contributing
51.6 pereenl to the diet. Bj December the consumption of bitterbrush
had decreased to 20.5 pereenl and by January it amounted to only
Hi. <• pereenl of the t' I. This downward trend in bitterbrush consump-
tion continued until March, when it was oonexistenl in the diet of 87

deer examined. Deer resumed eating bitterbrush when the young leaf-

age became available in Late April and early May.
Although sagebrush was round in 51.9 pereenl of the stomachs ex-

amined, in October it contributed hut •'{.."> pereenl to the diet. By
November the volume of sagebrush eaten had increased to 11.8 pereenl
in 87.5 pereenl of the stomachs and in December had increased to 26.9

pereenl in 90.0 percent of the stomachs. The months <>!' January,
February, and March showed the heaviest consumption of sagebrush;
it made up <>4.!». .">:}. 4. and .14..") pereenl of the diets in these months
ami was found in over !»4 percent of the stomachs. It continued to

contribute materially to the diet in April (34.4 percent) and May
i 44.4 percent I. Sagebrush may be considered the staple winter browse
for deei- on the Lassen-Washoe winter range.

Until snow forces the deer to the lower elevations of the winter

range, they are able to utilize California black oak, curlleaf mountain

mahogany, squaw carpet, snowbrush, and other browses which are

available at the lower edges of the summer range. In mild, open winters
these browses contribute to the diet in varying amounts throughout
most of the winter for those deer wintering between Highway 395 and
the Sierra Nevada. The fallen leaves and acorns of California black
oak arc eaten most heavily in September, October, and November, and
are found in trace amounts in deer stomachs collected during other
months of mild, open winters. However, this food item has a very re-

stricted distribution and contributes very little to the over-all food of

the Lassen-Washoe deer herd.

Curlleaf mountain mahogany, though eaten every month of the

winter, contributed little to the diet except during the month of Sep-
tember, when 10.5 percent of the food consisted of this browse. The
curlleaf mountain mahogany present on the range consists largely of

mature plants which have been "high-lined" over a period of many
years and is of little importance to the deer.

Squaw carpet and snowbrush contributed mosl to the diet in the

early months of the winter. Choke cherry Avas utilized only in Septem-
ber and October, before the leaves are dropped. Occasionally, deer
were found to have eaten the n lies of ponderosa pine and white fir,

which, during some months, contributed to the '"other browse" eaten.

Browse plants found in association with sagebrush and bitterbrush at

the lower elevations of the winter range, and contributing to the diet,

were willow, California wildrose, desert peach, juniper, and rabbit-

brush. Willow. California wildrose, and desert peach are deciduous

plants making up little of the food, and this for the most part in

September and October. In the spring, when the young sprouting

Leafage becomes available, these plants are again utilized. This was

especially true of desert peach, which apparently was eaten avidly in

the early spring.



DEER FOOD HABITS 267

Juniper, although making: up an estimated 1..'! percent of the vegeta-
tive composition, was used sparingly by the Lassen-Washoe deer herd.
The highesl volume of juniper eaten by these deer was in December,
when it made up 1.2 percent of the volume of food and occurred in

16.7 percent of the stomachs. During the remainder of the winter
months the amount of juniper eaten was negligible. Range observation

by Dasmann and Blaisdel] (1954) substantiates this, since they found
little evidence of juniper utilization by deer. Why <\t'>'i do not utilize

juniper on the Lassen-Washoe winter ran^e, as they do on the Devils
( rarden range, is not known.

Sticky-flowered rabbitbrush proved more acceptable to dct'v than

rubber rabbitbrush. Bowever, rabbitbrush was a minor pari of the

diet. The highest consumption was in December, when it constituted

1.3 percent of the die* and was found in 13.3 percen of the stomachs
examined.

In contrast with the Devils Garden winter ranee, where annual and

perennial forbs made up 17.-'! percent of the vegetation, forbs on the

Lassen-Washoe winter range made up only 3.7 percent. Of the forbs

identified, alfalfa, sweet clover, hoe-fennel, phlox, balsam root, and
mule's ear contributed most to the diet. The contribution of alfalfa

to the winter diet was the heaviest in February, March, and April,
and may be credited to the collection of deer in the immediate vicinity
of ranches. Alfalfa occurred infrequently, but made up a substantial

bulk of tin 1 food of those deer in which it was found. During the early

portion of the winter the leafage of sweet clover, balsam root, and
mule's ear contributed the bulk of the forbs eaten. A list of the other

forbs identified in the stomachs is included in Table 7.

Grass is an important item of diet of deer on the Lassen-Washoe
winter ranee. Annuals form the bulk of the grass present and consist

principally of cheat grass, which makes up 31.2 percent of the vege-
tative composition. With mild weather conditions, grass begins to grow
with the early fall rains and is available to deer during the winter as

lone as the weather permits. The consumption of grass was negligible in

October (1.0 percent), but increased to 14.4 and 28.2 percent, respec-

tively, of the November and December diets. Grass continued to eon-

tribute heavily to the diet through the winter months to May. With
the growth of new browse leafage in May, deer apparently eat less

grass and consume more browse.

Climatic Conditions as They Affect Food Habits

As in the study of the Devils Garden herd, a breakdown of the

stomach analyses has been made by individual winters. The following
discussion is an attempt to relate yearly food habits of iln-v with

weather fluctuations and to correlate this relationship with deer mor-

tality and range conditions. Figures 11. 12. 13, and 14 are graphic

representations of the trends in diet for the winters of 1948-49, 1949-50,

1950-51, and 1951-52. Climatic data taken at Doyle for temperature.

precipitation, and snowfall during the winters of the above years may
be found in the Appendix in Figures A.-5, A.-6, A-7, A.-8, A.-9, A-10,

and A-11.
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No. SEPT.

Specimens 6

FIGURE 14. Graphic representation of the food habits of the Lassen-Washoe deer herd in the

winter of 1951-52.

Winter of 1948-49

The winter of 11)48-49 was the driest and one of the coldest in the

sixty-year record of precipitation at Susanville, Lassen County (Up-
church and Brown, 1951). During the period October, 1948, through
April, 1949, only 5.07 inches -was recorded at Doyle, with 1.55 inches

occurring in December and 1.24 inches in March, principally in the

form of snow. Accompanying this period of snowfall in December was
an abnormally low range of maximum and minimum temperatures. The
lowest recorded monthly temperatures for the four years of study
occurred in .January and February of 1949, when —22 degrees F. and
—24 degrees F. were recorded.

The intensive study of the Lassen-Washoe deer herd was initiated

by the Department of Fish and Game and the Interstate Deer Herd
Committee in 194!). Forty-seven stomach samples were collected from

February throne.li April of that year. Figure 11 is a graph showing the

seasonal trend in diet over the three months of the initial collection.

Sagebrush formed the hulk of the diet, and was supplemented in

April with green grass. The green grass apparently became available in

April, as a result of warmer weather and increased precipitation. The

grass eaten in February and .March consisted principally of dry grass
and it can he assumed that the Low minimum temperatures of the pre-
vious months had inhibited any new growth. Bitterbrush contributed

virtually aothing to the diet of the deer during the period from Febru-

ary through April, Ponderosa pine needles contributed a small part to

the February diet and also occurred in the stomachs of the deer col-

lected in March and April. By April, snowbrush and squaw carpel
formed the hulk of the '"other browse" eaten. The increased consump-
tion of forks in March was caused by alfalfa, which made up over 75

percent of the stomach contents in ti of the 1!' >\^^r sampled.
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Few data are available on the Lassen-Washoe deer herd for the win-
in- of 1948-49. The winter of 1948-49 was the mosl critical of the four
winters reported in this study. The range produced little additional

i to supplement the diet of sagebrush upon which the deer were
forced to subsist. Robert Lassen, who in the fall of 1948 began to lay
the groundwork for the study of the Lassen-Wasl deer herd, ex-

pressed the opinion that an extensive die-off of deer occurred and thai

it exceeded in magnitude the die-off which was to follow in the winter
of 1949-50. This die-off in 1948-49 commenced in February and con-

tinued through April, as evidenced by the finding of numerous carcasses

throughout the late winter. The deer observed were in noticeably poor
condition. The discussion that follows on the effect of the cold, dry
winter of 194!>-50 on the deer can be assumed to apply also to the winter
of 1948-4!'.

Winter of 1949-50

The winter of 1949-50 was a winter of low precipitation. During- the

period October through April only 5.61 inches were recorded at Doyle.
Although the ranges in maximum and minimum temperatures were

higher than those in 1948-49, the winter was cold and dry. Minus tem-

peratures were recorded for December, January, and February. The
precipitation, which began to fall in November, was for the most part
rain, but in January 22.0 inches of snow were recorded.

Eighty-two stomach samples were collected from January through
April, 1950; the results of the analyses are shown in Figure 12. Sage-
brush formed the bulk of the late winter diet, contributing over 40 per-
mit of the monthly intake of food. Bitterbrush, although contributing
1 1.0 percent to the diet in January, made up little of the bulk of foods
eaten during the remaining months of the year. Other browses con-

tributing to the diet were willow, aspen. California black oak, juniper,
white fir, and ponderosa pine. Squaw carpet, snowbrush, and goose-

berry made up the bulk of the "other browse" eaten in April. Grass
contributed materially to the diet during this late winter period. Dry
grass made up 27.5 percent of the January diet, but decreased in con-

sumption as green grass became available, (ireen grass, although making
up only 6.7 percent of the February diet, showed evidence of being
heavily utilized in .March (26.1 percent) and April (23.4 percent I. Of
the forbs contributing to the diet, alfalfa constituted the bulk, being
found in Ml stomach samples of the 83 collected.

The winter of 1949-50 proved to be severe for deer wintering on the
Lassen Washoe winter range. Lassen e1 al.. (1952), reporting on the
condition of the ^\^>'v herd, observed that the deer were generally in fair

physical condition in January, but by March and April began to appear
in very poor condition. The figures on fawn survivial derived from herd

composition checks taken during the winter and early spring form an
index of the severity of the 1950 die-off. The December, 1949, herd

composition counts revealed 62 fawns: 100 does and only 12 fawns: 100
does iii April, 1950. From these figures Lassen determined that 82 per-
cenl of the fawns had succumbed during the winter. The die-off was
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attributed largely to malnutrition, following the examination of 213
deer carcasses for the degree of fal resorption. It is significanl that ;i

considerable die-off of deer occurred in the winter of 1949-50, following
an extensive loss of di'rr during the previous winter.

Winter of 1950-51

rpi
he winter of 1950-51, in contrast with the two previous cold, dry

winters, was mild and open. Precipitation amounted to 1 li.fiii inches al

Doyle, with the bulk of precipitation occurring in November, December,
and January. Snowfall was light, falling principally in January, Feb-

ruary, and March. The maximum and minimum temperatures were

relatively high, with no minus temperatures recorded.

As in previous winters, sagebrush formed the hulk of the diet during
the latter pari of the winter. However, owing to the mild, open winter,

it is evident that the deer were not as dependent upon sagebrush for

food as they had been in previous years. The lower consumption of bit-

terbrush in the early part of the winter was perhaps influenced by th •

deer being able to utilize until January browses which normally are not

available because of ground snow at the higher elevations. The deer
were evidently able to remain until January along the lower edge of

the summer range, where they fed on snowbrush, squaw carpet. Cali-

fornia black oak. willow, and choke cherry. Due to the utilization of

these other food plants, bitterbrush was available over a longer period
of time, as evidenced by its contribution to the diet well into February.
The heavy rains of October and November brought forth the growth
of green grass, which contributed heavily to the diet throughout the
winter except in January, when 6.5 inches of snowfall were recorded.

However, little snow remained on the range and green grass again be-

came available during February and March.
An abnormally early spring in April brought forth the growth of

new browse leafage. The consumption of bitterbrush increased from

nothing in March to 17.") percent of the April diet. Seventy percent of
the April diet consisted of browses other than bitterbrush and sage-
brush. Of the other browses utilized, 91.0 percent was made up of the

young leafage of desert peach and California wildrose. Porbs made up
little of tbe diet, contributing the most in September and .March. Al-

falfa occurred in seven stomachs, making up most of the bulk of the

forbs eaten in March. However the occurrence of alfalfa is likely to be

reflected only in the sample taken in the vicinity of the ranches and
contributes little to the diet of most of the deer in the herd.

The effect of the excellent forage conditions was evident in the eon-
dition of the deer wintering on the Lassen-Washoe range. The herd

composition check made prior to the winter showed 4!) fawns per 100

does, which was evidence that there had been poor fawn production
and survival, possibly attributable to the previous critical winter.

However, the survival of fawns over the favorable winter of 1950-51
was good. The spring herd composition revealed 48 fawns per 101)

does. The range utilization check over the winter showed that bitter-

brush had received less utilization by deer—34 percent of the current

year's growth compared with 42 percent recorded for the previous

2—39068
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critical winter. This represents a drop in bitterbrush utilization of 24

percenl from the figure given for the previous year.
A mild, open winter undoubtedly makes the bitterbrush available

as food over ;i Longer period of time, as well as subjecting it to loss

severe utilization, due to herd dispersal. Furthermore, other forages
are available, lessening the pressure on the bitterbrush. In addition

to the more favorable forage conditions and the mildness of the winter.
consideration must be given to the fad that, due to the reduction in

deer population brought about by the severity of the two previous
winters, fewer deer were dispersed over the winter range.

Winter of 1951-52

During the early pari of the winter of 1951-52 another mild and

open winter was indicated. Rain had fallen during October and con-

tinued until January. Only 2.5 inches of snowfall had been recorded

through January. However, there was a noticeable drop in temperature
in December and severe snow storms began in .January. Snowfall was
extremely heavy in February, with 38 inches recorded at Doyle. An
additional 9.0 inches fell in March, and 20.0 inches in April. Snow
covered even the lower reaches of the winter range. This ground snow
at the lower elevations disappeared rapidly. The winter, which earlier

had given indications of being mild, suddenly became severe and crit-

ically affected the deer herd.

Sagebrush again contributed the bulk of the winter food, reaching
a peak in consumption during January and March, when it constituted

62.2 and 77.0 percent of the diets. Bitterbrush accounted for 60.2 per-
cent of the September diet and reached a high in < October and November
of 71.7 and 66.9 percent, respectively. The volume of bitterbrush de-

creased to 10.3 percent in January, but 31.6 percent of the February
diet consisted of bitterbrush. The increased use of bitterbrush in Feb-

ruary in comparison with previous years might be attributed to the

heavy February snowfall, which enabled the deer to utilize some of

the bitterbrush leaders that are normally out of reach. Other browses

contributing to the diet from September through December were the

following: squaw carpet, snowbrush, California wildrose, curlleaf

mountain mahogany, California black oak. willow, and choke cherry.
A little juniper ami rabbitbrush was also utilized.

Following the October and November rains, grass began to contribute
to the diet; green grass made up 15.3 percent of the December diet.

However, in February and March the consumption of green grass
amounted 1o only 2.8 and •'>.•'{ percent of these monthly diets and it was
not until April that a noticeable increase in the utilization of green

grass (20.0 percent of the diet) occurred. Apparently, as the ground
snow melted and green grass again became available, deer immediately
began to utilize it. In .May, bitterbrush and desert peach began to

sproul new leafage, which contributed materially to the diet. Forbs
made up little of the winter food, making their highest contribution to

the diet in December (9.6 percent), when they consisted mostly of the

dry leafage of mule's ear and balsam root. Alfalfa occurred in six of

the 123 stomachs examined and was found only in the < tctober samples.
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A considerable die-off of deer occurred during the winter of 1951-52.

A partial count of carcasses revealed 75 on approximately 7<i() acres.

From the fawn : adult ratios of the December and April herd composi-
tion counts, it was calculated that the Lassen- Washoe (\ri~v herd had
suffered a loss of •'{•"> percent of the herd, consisting of 1!' percent of

the adults and 63 percenl of the fawns (Lassen-Washoe Deer Herd

Committee, 1952).
A further indication of the extent of the winter mortality is shown

by comparing the fall and spring herd compositions. The fall count

disclosed that 64 fawns per 100 does were present on the winter range
in December, before the heavy snows occurred, while only 29 fawns

per 100 does were present during the April count. This die-off of fawns
was evidently not as extensive as that observed in 1949-50, when the

spring herd composition count showed only 12 fawns per 100 does. It

is worthy of note that, during the first part of the winter of 1951-52,
the bitterbrush forage production was the highest of any year of the

study. Dasmann and Blaisdell ( 1 !)~)4 ) estimated that the 1951 produc-
tion of bitterbrush forage was .">4 percent greater than the average for

the other three years of their study. Bitterbrush utilization amounted
to 3!) pel-cent of the year's growth and it may be assumed that this

utilization occurred, for the most part, during the first four months
of this critical winter. Nevertheless, a considerable die-off of deer
occurred.

Summer Food Habits

Table 8 is a summary of the food items eaten by 16 deer collected

during the months of June through August. The locality of collection.

which is typical summer range, was in the vicinity of the Dixie Eefuge
in Plumas County, California.

Browse plants made up 80.3 percent of the diet of the deer collected.

Bitterbrush was the most important single item of diet; it contributed
34.6 percent and was found in 93.7 percent of the stomachs. Second in

importance was snowbrush, which made up 22.8 percent of the summer
diet and was found in 50.0 percent of the deer examined. Other impor-
tant contributors to the browse diet, based on the amount eaten and
the frequency of occurrence, were the following: greenleaf manzanita.
curlleaf mountain mahogany. s<piaw carpet, willow, and aspen. Sage-
brush, though found in 31.2 percent of the stomachs, failed to con-

tribute any bulk to the diet.

Forbs. which contributed 111.6 percent to the summer diet, consisted

principally of phlox, mule's ear. wild buckwheat, lupine, and unidenti-

fied herbaceous leafage.
Grass made up only 0.1 percenl of the summer diet, although it was

found in 50.0 percenl of the stomachs.

An analysis of the summer food habits is limited by the small sample
of (leer stomachs. It is significant that the three heaviest contributors

to the diet bitterbrush, snowbrush, and greenleaf manzanita— are the

browses which are most abundantly distributed on the summer range.
Forbs are apparently taken in greater bulk than are grasses. Grass

consumption was negligible, although grass was readily available in

Open meadows in the immediate vicinity id' the collection area.
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TABLE 8

Summary of Food Items Eaten by 16 Rocky Mountain Mule Deer Collected From the

Summer Range of the Lassen-Washoe Deer Herd, Expressed in Percentages
:::

'

ific name ( '.iimioii name Volume Frequency

Browse
tridt ntata Hitterbrush.

Ceanoihv elutinus Bnowbrush

Arcloetaphylot patuln Greenleaf manzanita

Cereoearpua lea Curlleaf mountain mahogany.
Sal, j- sp. - Willow
< 'eanothut prostratus Squaw carpet

.. tremuloides . Aspen
Am ,it i. in a in eampylopodium - Pine mistletoe

Quereus keUoggii .. Black oak

P - Wild cherry
I'r a n us dt in issa Choke cherry
PtniM ponderosa - Yellow pine
IAhrocedrus decurrent Incense cedar

a califomica California wild rose

Amelanchier alnifolia Western service berry
Art, in i.-in li nli nlnta Sagebrush
Unidentified browse

Total browse.
Forba

Phlox sp
h'aiiuiirulii.- californ ic i

II ,, tliia sp
/ ogonum sp..

... Phlox

Buttercup
Mule-ears
Wild buckwheat-.

Paeonia broumii Western peony
l.niiuiiiy sp Lupine

us Mushroom
Scirpus sp Bulrush
I'iiIi/i/imuni .<ji. . . Knotweed
M ntia perfuliata Miner's lettuce

Ron unculus sp - Buttercup
i nllumia sp Collomia
' a i, hi >p Chinese houses
Pentstemon sp Pentstemon
Pentstemon deustus Pentstemon
Taraxacum sp. Dandelion
I imlentified Compositae Sunflower family -

Unidentified forbs

Total forbs .

Grass
Gramineae (green) Grass family
Poo sp Blue grass
Bromus tectorum Cheat grass
Bromus sp Brome grass

Total grass .

34.0
22.8
9.9
4.6
3.8
3.0
0.9
0.4
0.1
0.1

0.1

Trace
Trace
Trace
Trace
Trace
Trace

80.3

7.9
4.7
t. t

2.0
0.4

0. l

Ti ace

Ti ace

Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace

0.1

19.6

0.1

Trace
Trace
Trace

0.1

93.7
50.0
43.1
56.2
18.7
50.0
6.2

25.0
6.2
6.2
13.5
62
6

6

6

31

6.2

37 . 5

13.5
31.2
25.0
18.7

13. I

6.2
i;..'

13

25

13

18

18

6

6

6

18.7
68.7

50.0
13.5
13.5

13.5

Collection (if (leer made as follows: 5 in May, (5 in June, 2 in July, and 3 in August. Locality of collection: cast

ami u.-t of Dixie liefuue, Plumas ( loiiity, California.

SIERRA VALLEY DEER HERD (VERDI SECTION)

Description of Area

The Verdi study area is located in Truckee River Canyon a1 the

California-Nevada border, just wesl of the town of Verdi, Nevada
(Figure 1). This small area was selected because it was thought to

represenl a bitterbrush range in good condition, typical of the zone of

transition between the sagebrush climax and the pine forest type.
There is considerable use of areas of this type by deer during the early
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pari of every winter and throughoul open winters. As an intermediate
winter range, forage conditions in the study area are considered to be

the best of ;d I the winter ranges represented in this study (Figure 1"> ) .

The range composition for the Verdi study area, as determined by
76-milacre plots, is given in Table 9. Because only a small portion of

the Verdi winter range was sampled, the vegetative composition is not

representative of the entire range. However, it will serve as an index

for comparison with data on oilier winter ranges.
An examination of Table !> shows bitterbrush to be more abundant

than sagebrush, with the two species making up 67.9 percenl of the

ground cover.

The ratio of dead to Living browse on the Verdi study area is 1 :25

for bitterbrush and 1:33.3 for sagebrush. Comparative figures for the

Lassen-Washoe range are 1 :3 for bitterbrush and 1 :-'l.4 for sagebrush.
In addition. 30 percent of the Verdi bitterbrush stand consists of

seedlings and young plants, which are sparsely represented on the

Lassen-Washoe range.

TABLE 9

Percentage Composition of Browse Vegetation ot the Verdi Study Area

Purshia tridentata Bitterbrush
Artemisia tridentata Sagebrush
Chryaotkamnus nauseosus. . Rubber rabbitbrush

Ardostaphylos patula Greenleaf manzanita
Ceanothus velutinus Snowbrush
Cercocarpus ledifulius Curlleaf mountain mahogany _

Prunus andersonii Desert peach
I'm us ponderosa Ponderosa pine
Salix sp Willow
Ribea sp Gooseberry
L ihmredrus dec urrens Incense cedar
Other browse

1'tirsl, ia tridentata (dead)
Artemisia tridentata (dead)__

Chrysothamnus nattseosus (dead)
Ceanothus velutinus (dead)

Percentage

composition
per average

acre

37.9
30.0
10.3
7.9
1.8

1.2

0.9
0.9
0.6
0.3
0.3
4.1

1.4

0.9
0.6
0.9

Ground Cover Classification

(Excluding above browse)
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FIGURE 15. The Verdi study area, showing the principal vegetative types. The bitterbrush-

sagebrush association in the foreground gives way to a snowbrush-greenleaf manzanita

association, interspersed with ponderosa pine forest, covering the slopes. Photograph by the

author.
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Food Habits

Table LO is a monthly summary of the food items eaten by •'{<> deer

collected during the calendar year 1951 from the Verdi study area.

No deer were collected during the summer months or during March
and I October.

It is evident from an examination of both Table K) and Kigure 16

that the deer inhabiting this section of the winter range utilize a num-
ber of browse species throughout the winter months. This resulted in

a diet varying markedly from month to month.

Of particular interest is the monthly utilization of bitterbrush con-

trasted with that on the Lassen-Washoe and Devils Garden winter

ranges. Bitterbrush contributed materially to the diet over most of the

winter months with the exception of April. Had a March sample of

deer been collected, it mighl have revealed a possible low utilization

of bitterbrush, as in April. This was found to occur on all the other
di'rv ranges reported in the study and could not always be attributed

to the unavailability of bitterbrush forage.

Sagebrush was an important contributor to the diet only in the late

winter months. The greatest use of this plant was in February, when
it made up 35.2 percent of the diet and occurred in 80.0 percent of the

stomachs. No collecting was done in March, but continued utilization

of sagebrush was noted in April and May. Greeenleaf manzanita con-

tributed materially to the diet during- January, February, and April
and made up 53.8 percent of the December diet, occurring in 100 per-
cent of the stomachs. Snowbrush made up 10.0 percent of tin 1

April,
33. S percent of the September, and 21.0 percent of the December diets.

but contributed little over the remaining months studied. Other browse
found in the winter diet are listed in Table 10.

Forbs contributed little to the food of deer collected in the Verdi

study area. In January green grass apparently became available and
both green and dry grass were found in the diet over the remainder of

the winter months. Crass, although eaten in bulk- in November (24.4

percent), consisted almost entirely of dry matter.

It should be pointed out that, because of the small, localized sample,
the data presented here for the Verdi study area are not representa-
tive of the entire Loyalton-Truokee deer herd subunit. Had deer
stomachs been sampled throughout the winter months from January
to April of 1952, probably an entirely different food habits picture
would have resulted. January and February produced the same record

snowfall and critical conditions experienced by other Creai Basin deer

herds. Deer wintering in Truckee Canyon were driven out of the upper
reaches of this winter range and forced to subsist in its lower, eastern

areas.

INYO DEER HERD

Description of Area

Most of the winter range of the Inyo mule deer is in Owens Valley,

Inyo County. California. This valley is an elongated basin some s ~>

miles long, situated between the Sierra Nevada and the White-Inyo
mountain ranges, which rise abruptly to over 14,000 feet. From the

base of the mountains, huge alluvial fans, occasionally interrupted by
lava flows and low hills of volcanic origin, slope into the valley. The
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/
FIGURE 17. Aerial photograph of the Buttermilk winter deer range in Inyo County, showing

the extensive piedmont plain descending to the valley floor. Photograph by Fred Jones,

January, 1952.

FIGURE 18. A typical view of the vegetative composition of the Buttermilk winter deer range.

Bitterbrush, sagebrush, and blackbush make up the vegetation in the foreground, while

pinon pine grows on the lower slopes in the background. Photograph by C. M. Ferret.
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valley averages K) to 1~> miles wide and its floor slopes from 4. .'{00 feet

at the northern end to 3,000 feel near Little Lake at the southern end.

.Most of the winter range of the Inyo nude deer occurs on the wesl

side of Owens Valley along the base of the Sierra Nevada (Figures IT

and 18). It is restricted to approximately 166,000 acres. During the

summer these deer are confined generally to the western slope of the

Sierra Nevada, which they reach through numerous passes, some over
ll.ooo feet high. This extensive summer range of some 598,000 acres

is almost entirely within Kings Canyon and Sequoia National Parks
and Inyo Xat tonal Forest.

Vegetative Composition of the Range

The sagebrush formation, with which the distribution of the Rocky
.Mountain mule deer in California is closely associated, comprises the

dominant vegetation found on the winter range ••!' the Inyo mule deer.

This sagebrush climax intergrades with desert shrub vegetative types
al the lower elevations. At the southern extremity of Owens Valley
is the more arid Mojave Desert climax, which is dominated by creosote

bush (Larrea tridentata) . Because of the diversity in plant associa-

tions occurring on the winter range of the Inyo (\cry herd, the available

stomach samples were divided into two groups. One represents the

food habits of the drrv inhabiting the northern [nyo-Sierra whiter

ranges, while the other represents that of deer on the southern Inyo-
Sierra winter ranges.

Norihern Inyo

The Northern Inyo samples include stomachs collected from the

winter ranges along the base of the Sierra Nevada from Sherwin Sum-
mit, northwest of Bishop, to Pinon Creek, west of Independence. The
winter range includes the steep, lower mountain slopes and the gentle

eastwardly descending alluvial fans, sloping from 6,000 feet at the base

of the mountains to 4.000 feet at the valley floor. The more elevated

winter range, which is superior to the lower range, is dominated by
sagebrush and bitterbrush,' with an association of deserl ceanothus,
desert peach. California buckwheat, ephedras, and numerous species of

bunch grass dominated by needlegrass, Indian rice grass, and wild rye.

Pifion pine occurs on the highest parts of the winter range. The lower

edges and the southern extremity of this range are characterized by
extensive areas of sagebrush, blackbush, and rabbitbrushes. There is

an intermingling of the more arid-growing browse plants like dalea

Dalea sp. I, fourwing salt brush, and white burrobrush. The numerous
creeks which descend into the valley are lined with willow, water birch,

and introduced locust. Small meadows are interspaced throughout the

winter range.
The vegetative composition of the Buttermilk area, which is typical

of the northern Inyo range, is based on 62 line-point plots (Table 11 I.

Southern Inyo

The sjimpliiiL! of deer stomachs from the southern Inyo winter ranges
included those taken between Sjiliv Flat, southwest of Olancha, and

'Two species of bitterbrush (Purahia tridentata ami P. glanduloaa) occur in i nvens

Valley, but because of the difficulty in distinguishing the two species by leafage
characteristics all bitterbrush is designated as p. tridentata in this report.
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TABLE 11

Percentage Composition of Vegetation on the Buttermilk Winter Range

< '.r:i--

AniiiKil urasses.

Perennial

,1 gran

I orb*

Annual forbs

Perennial forbs

Total forbs .

BrowBe
Arti tmsia hridt ntata

i eanothus greggit

Chrysothamnv Bpp
( '../. ogynt ramosisrima

Ephedra -p

Eriogonum -pp.

Sagebrush
Desert ceanothus
Rabbitbrush
Blackbush

Ephedra
Wild buckwheat.

a pino a Spiny hop-sage.

Haplopappus ep Goldenbush.
Prunus ainlir.

Purshia tridentata.

PP
Scdix -i>p

Tetradymia spp
Other browse

Desert peach.
Bitterbrush. .

Wild rose

Willow
Horsebrush. _

Total browse

ntage of ground covered by productive forage.

0.6
7.2

7.8

5.3
1.3

6.6

29.4
3.0
3.0
12.5
3.6
2.8

trace

0.3
2.0

26.7
1.0

trace

1.0

0.3

85.6

30.0

Pines Canyon, southwest of Dunmovin. The winter range used by the

deer is largely restricted to the lower mountain slopes, with little use
made of the piedmont plain, except in critical winters. Representative
of the southern Inyo winter range is Tunawee Canyon, which is about
\\ miles in Length and embraces some 1,500 acres of accessible winter

range (Figure 19). There are two definite slope exposures: the south-

t'acing slopes are sparsely vegetated with narrow leaf goldenbrush
{Haplopappus linearifolius) ,

snakeweed, burrobrush, and California

buckwheat; the more heavily wooded, north-facing slopes are covered
with bitterbrush, sagebrush, and rabbitbrush, interspersed with canyon
oak and pinon pine. Willow grows extensively along the creek bottoms.

Table 12 gives the vegetative composition of the Tunawee winter

range based on 19 line-point plots.

Migration

the Inyo mule (\n'v generally begins in the latter

and continues until November, when the bulk of

Fall migration o

pari of September
the i\c<-\- are on the winter range. Deer summering on the western slope
of the Sierra Nevada follow prominent migration routes over the crest

ami make an abrupt descent to the winter range. The spring migration

begins in April and is completed by July, with the deer returning to

the summer range over the same migration routes. An estimate of the

winter deer population of the entire Inyo deer herd unit is not avail-

able for 1951-52, but Jones (1954) estimated the 1954 population at

26,900.
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FIGURE 19. Tunawee Canyon in southern Inyo County, showing the abruptness of the terrain

and the difference in vegetative composition between the north and south facing slopes.

Photograph by Fred Jones.

TABLE 12

Percentage Composition of Vegetation on the Tunawee Winter Range

Grass
Annual grasses—
Perennial grasses.

Total grass .

Forbs
Annual forbs

Perennial forbs _

Total forbs.

Browse
Artemisia tridintata .. ..-.

Ceanothus greggii -

Chrysothamnua Bpp.

Ephedra sp
Eriogonum sp -

(luiterrezia sp Snakeweed- -

llapltipappus linearifolivm Narrow-leaf goldenbush

Hymenoclea salsola White burrobrusb

Sagebrush
Desert ceanothus. .

Rabbitbrush

Ephedra
Wild buckn heat

Lupinus sp
Mahastrum sp
I'urshia tridentata- _

Prunus anderstmii _

Ribea sp
Z\ tradymia spinosa-

( rtbei browse

Lupine.
( ilobemaUan
Bitterbrush
I i. -ii l [.each
( mo.sebenv
llorsebrusli

2.3
5.2

7.5

9.3
0.2

9.5

23

1.9

14.9

9.0
:. . 2

1 . t

3.3
5 . -2

1 .2

0.7
1.3

2.1

2.1

1.7

I. ii

Total browse

I Vi centime "I "M m in I rn\ ei ei I bj I luct ive foi Bgl

s:; ii

22 I
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Food Habits

Table 13 is a monthly summary of the food Items eaten by 160 deer

collected on the northern [nyo deer ranges during the period from

December, 1951, to April, 1952, ami Figure 20 is a graphic representa-
i ion of this diet.

Ld

O
UJ

<
H
UJ
O
a:

UJ
a.

No.
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the food during the remaining months of the winter. A number of

other browse plants supplemented the basic diet of sagebrush, black-

bush, and bitterbrush. Porbs and grass were of little importance in

the over-all winter diet, apparently becoming available only in April,
when young forbs contributed 22.1 percenl and green grass 7.7 percenl
to the diet.

The only Stomach samples available from the northern Inyo winter

ranges were those collected in the severe late winter months of 1951-52.

TABLE 14

Summary of the Food Items Eaten by 91 Inyo Mule Deer Collected from the Southern Inyo Winter Ranges
in Winter of 1952, Expressed in Percentages
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FIGURE 21. Graphic representation of the food habits of deer on the southern Inyo winter

ranges in the winter of 1951-52.

precluding comparison of these food habits data with those from a

mild winter.

The 112 stomach samples from the southern Inyo winter ranges "were

taken from 111 winter-killed deer collected in 1!).">2. and 21 deer collected
from the Tunawee winter range by shooting during the late months
of the mild winter of 1952-53. Table 14 and Figure 21 represent the
f I habits of the Inyo mule deer inhabiting the southern Inyo deer

ranges during the severe winter months of January through March,
1952. Representative of the food habits of the deer in the same period
of a mild, open winter is the Tunawee collection of 21 deer made in

February, .March, and April, 1953, and shown in Table 15 and Fig-
ure 22.

The two most important items contributing to the diet of the deer
on the southern Inyo winter ranges during the critical late winter
months of 1952 were rabbitbrnsh and sagebrush. Rabbitbrush (Chrys-
othamnus teretifolius) ,

which dominates the lower reaches of the Tuna-
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FIGURE 22. Graphic representation of the food habits of deer on the Tunawee winter range
in the winter of 1952-53.

wee range, was the heaviest contributor to the diet, making tip 29.5

percent of the food and occurring in 83.5 percent of the stomachs

during the late winter months. The heavy utilization of rabbitbrush
in March (4G.2 percent) coincides with the month of heaviest snowfall.

during which the deer were forced to the lowest elevations of the
winter ranges. The consumption of sagebrush over the winter amounted
to 20.5 percent of the diet and was found in 67.0 percent of the

stomachs. Heaviest use was in February and March. Before the severe

snowstorms in March, the deer apparently were forced to ea1 food

which they normally do not utilize heavily. PinOD pine, willow, and
oak made up a considerable portion of the diet in January and Febru-

ary and contributed lessee amounts in March. Not only the dry leafage
of willow, hut also the green stems and winter buds, were utilized.

The needles of pinon pine and the green and Avy Leafage of oak made
up a substantial part of the January diet. A number of other less

important browse species wv\-i< identified in the stomachs. Forbs and
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grasses apparently were qo1 available <>n the range during the winter
of 1951-52. Green grass became available in March, -when it was found
in 68.8 percent of thr stomachs, bill it contributed only 0.5 ppreenl
tut he diel for thai month.

In contrast, the food babits of the Inyo mule deer on the Tunawee
winter range during t he late months of the mild, open winter of 1952-53

are Bhown in Figure 22. Sagebrush formed the staple item of diet,

being found in 100 pereenl of the stomachs and making up b'8.5 percent

by volume. Bitterbrush made up 25 percent of the February diet, but
contributed virtually nothing to the March and April diets. It is

likdy that bitterbrush on the Inyo deer ranges follows the same pattern
of nt ili/.at ion as in the Devils Garden and Lassen-Washoe winter

ranges. The only other relatively important browse forage was Cali-

fornia buckwheat, which made up 7.9 and 6.4 percent of the Febru-

ary and .March diets and was found in 57.1 percent of the stomachs.

Green grass apparently was not abundant on the range, although it was

TABLE 15

Summary of the Food Items Eaten by 21 Inyo Mule Deer Collected from the Tunawee Winter Range in

Winter of 1953, Expressed in Percentages
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high in frequency of occurrence for all three months. It contributed

hut 9.0 percenl to the March, and 7.8 percenl to the April dirts. In

April, however, green forbs began to appear on the range and supple-
mented the browse diet. Forbs, which contributed practically nothing
to the February and March diets, made up 26.4 percent of the April

diet.

It is obvious that sagebrush is the staple item of did Tor deer

inhabiting the southern Inyo winter ranges and also for (\\'c\- on the

northern Inyo ranees. Blackbush, rabbitbrush, pifion pine, oak, and
willow apparently are utilized heavily only under severe winter

conditions.

With the exception of the 21 stomachs collected from ilnn- on the

Tunawee winter range in 1953, the sampling; of the Cnyo mule deer

was conducted during the late winter months of 1951-52 (see climato-

logical data in Figures A-12, A-13, A-14 of the Appendix). This was
a critical winter for deer. Heavy snowfall in January forced the deer

to move below their normal winter range. Additional storms prevented
a return to the better areas of the wilder range until the latter part
of February. In March, the most severe storms of the winter occurred

and culminated in a die-off of deer which had begun in January.
Jones (1954) calculated the winter mortality on the Tunawee to be

40 percent of the herd, with 83 percent of the fawns and 19 percent
of the adults succumbing. A comparable loss occurred on the Butter-

milk with 41 percent of the herd, composed of 64 percent of the fawns
and 23 percent of the adults, dying. Approximately 1,200 of the esti-

mated 3,000 deer on the Buttermilk winter range in December died,

as well as 240 of the estimated 600 deer on the Tunawee range.

USE OF WINTER DIE-OFF DEER FOR FOOD HABITS DETERMINATION

The question of the validity of attempting to determine food habits

by using samples gathered from deer found dead on the winter range

undoubtedly will arise. Of the 272 deer stomach samples analyzed from
the Inyo winter deer ranges. 151 represent samples of stomachs of deer

found dead as the result of winter die-off. It is significant that dead

deer, from which samples were obtained, all had full stomachs, and the

percentage composition of the food from these stomachs differed little

from that from samples collected by shooting (Table 16).

TABLE 16

Stomach Analysis Comparison of Collected Deer with Winter Dieoffs Taken on the

Buttermilk Area, Expressed in Percentages

Sagebrush. .

Blackbush
Rabbitbrush
Ritterbrush .

80 Samples
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The similarity between the diets of deer apparently surviving the

winter and those which Buecnmbed seemingly indicates that the deer

which survived did so not because of a better winter diet, but because

they possessed greater vigor and condition.

SUMMARY

[nhabiting the sagebrush formation of the Greal Basin in California

are the Rocky Mountain and Inyo mule deer. A study was made to

determine the food habits of these deer, based on analyses of !)78 deer

stomachs collected from four representative winter deer ranges: Devils

Garden, Lassen-Washoe, Verdi, and Inyo.
The sagebrush formation in California occurs chiefly east of the

crests of the Cascade Range and the Sierra Nevada from the Oregon
border to the southern extremity of Owens Valley. In the Devils Garden
area this sagebrush formation is broken into dominant assoeiations of

ponderosa pine, bitterbrush, and juniper, which form the vegetative

types. To the south, the vegetation is dominated by the sagebrush
climax with adaphic associations of bitterbrush, juniper, ponderosa
pine, and other subdominants.
The plants which form the hulk of the winter food of Rocky Moun-

tain and Inyo mule deer consist of sagebrush, bitterbrush. juniper,
and annual grasses. Sagebrush proved to be the staple item of diet for

the deer inhabiting the Lassen-Washoe and Inyo ranges. It constituted

the most important single item of food consumed over the critical

winter months. Sagebrush and Sierra juniper contributed heavily to

the bulk of the diet of the Devils Garden deer. Bitterbrush was utilized

seasonally on all deer ranges. It was eaten heavily by deer during the

first three months of the winter, but contributed little to the diet dur-

ing the remainder of the winter. Deer were able to utilize browse species
such as snow brush, greenleaf manzanita, curlleaf mountain mahogany,
and squaw carpet, found on the lower edges of the summer ranges,
until snow forced them to the winter ranges.
The greatest variable item of diet was grass. It was utilized through-

out the winter by the Great Basin deer. In fact, during one mild, open
winter green grass was found to have contributed as much as one-half

of the winter food of the Devils Garden deer herd. Yearly climatic

fluctuations and the weather over any winter period determine not

only the availability of green grass but also largely the ultimate carry-

ing capacity of the winter deer ranges. An open winter is characterized

by a heavier usage of grass and a more diversified browse diet. Winter

mortality is generally negligible. Conversely, a severe winter forces

deer to depend more heavily on browse forage.
Winter mortality is related directly to the severity of the weather

and its duration. In severe winters, deer are forced to rely on browse

species which normally are eaten less extensively. Among these are

the following: Sierra juniper on the Devils Garden winter range and

blackbush, rabbitbrush, and pirlon pine on the southern Inyo winter

ranees. It is apparent that deer will utilize whatever food is available

and preference becomes secondary to survival in periods of adverse
conditions.
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Summer range food babits of deer were studied less extensively and

the sampling was limited to the Devils Garden and Lassen-Washoe

deer herds. Browse made up nearly 55 percenl of the diet of the Devils

Garden deer herd in the Premonl National Poresl in Oregon. Snow-
brush constituted the most important single item of food. l''orl>s con-

tributed nearly 35 percenl of the diet, while the consumption of ^fass

was negligible. The summer food habits study of the Lassen-Washoe
deer herd revealed that browse made up 80 percent of the diet, of

which hit terbrush was the principal item, with snowbrush second in

importance. Forks made up the remainder of the diet and grass was

utilized hut little.
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OCT. NOV. DEC. JAN. FEB. MAR. APR.

FIGURE A-l. Mean daily maximum and minimum temperatures for

Clear Lake Dam, Modoc County.
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OCT. NOV. DEC. JAN. FEB. MAR. APR.

FIGURE A-2. Lowest recorded monthly temperatures for Clear Lake Dam, Modoc County.

3.0

1950-51

1951 -52
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OCT. NOV. DEC. JAN. FEB. MAR. APR.

FIGURE A-3. Monthly precipitation for Clear Lake Dam, Modoc County.
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OCT. NOV. DEC. JAN. FEB. MAR. APR.

FIGURE A-4. Monthly snowfall for Clear Lake Dam, Modoc County.



300 ( \l.ll <>KMA FISH AND GAME

80



DEER FOOD HABITS 30]

OCT. NOV. DEC. JAN. FEB. MAR. APR.

FIGURE A-6. Mean daily maximum and minimum temperatures for Doyle, Lassen County.
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OCT. NOV. DEC. JAN. FEB. MAR. APR.

FIGURE A-10. Monthly snowfall for Doyle, Lassen County.
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OCT. NOV. DEC. JAN. FEB. MAR.

FIGURE All. Monthly snowfall for Doyle, Lassen County.

APR.
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OCT NOV. DEC. JAN. FEB. MAR. APR.

FIGURE A-12. Mean daily maximum and minimum temperatures and lowest recorded monthly
temperatures for Bishop and Haiwee, Inyo County. Bishop represents the northern Inyo
winter ranges; Haiwee, the southern winter ranges. Winter of 1951-52.
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OCT. NOV. DEC. JAN. FEB. MAR. APR.

FIGURE A-13. Monthly precipitation for Bishop and Haiwee, Inyo County. Winter of 1951-52.
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OCT. NOV. DEC. JAN. FEB. MAR. APR.

FIGURE A-14. Monthly snowfall for Bishop and Haiwee, Inyo County. Winter of 1951-52.



AVERAGE LUNAR MONTH CATCH OF SARDINE

FISHERMEN IN SOUTHERN CALIFORNIA,

1932-33 THROUGH 1954-55'

FRANCES N. CLARK
Marine Fisheries Branch

California Department of Fish and Game

INTRODUCTION

A measure of the return to the fishermen in terms of the amount of

effort expended constitutes of the important tools available to

fisheries biologists and to governmental agencies dimmed with admin-

istering fishery resources. A record of the amount of effort needed, be

it in units of gear or units of time, to take a given weight or number
of fish furnishes a suitable yardstick to estimate the relative abundance
of the fish population on the fishing grounds, and in some instances of

the total population also. The use of this tool, however, presupposes a

standard unit of effort over a number of years and a demand for fish

sufficiently great to assure that the effort expended reflects changing
abundance of fish on the grounds and not the changing magnitude of

demand.

Neither of these conditions has prevailed continuously throughout
the history of the sardine fishery and as a result the problem has been

approached several times by somewhat different methods. All workers
have conceded that prior to 1932-33 the supply of sardines ( Surd i imps

caerulea) on the California fishing grounds was large and the fisher-

man's catch was determined by the size of the net and the boat and the

ability of the processor to use the fish, but not by the abundance of

the fish. Xo estimates are available, therefore, of return per unit of

effort for the California sardine fishery prior to 1 f » : J 1? - : I : ! . Clark (1939
made the first calculations based on the Monterey and San Pedro fish-

eries for the seasons 1 !>::2-:{:i through L937-38. Silliman and Clark
(1!>4.~>> refined the methods and applied them to the fisheries out of

San Francisco, Monterey, and San Pedro for the seasons 1932-33

through l!»41-42. Clark 'and Daugherty (1950, 1952) continued the

studies through 1950-51 .

Tic techniques developed by these workers were satisfactory lor the

California sardine fishery until 1952-53. During the seasons prior to

1952 the fishery was failing rapidly, especially on the San Francisco
and .Monterey fishing grounds, hut boats still operating were sufficient

to yield data on which to base the calculation of return per unit of

effort. In 1952-53 and 1953-54 the fishery collapsed and less than 5,000
tons were taken each season from all the California grounds. This
failure invalidated any previously applied formulae to determine which

1 Submitted for publication May, I 956.
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boats were actively engaged in fishing. In L954-55 the southern Cali-

fornia fishery revived as a resull of an upsurge in availability of

sardines on the fishing grounds, bu1 a depressed markel prevented the

processors from accepting all the fish the fishermen could have supplied.

Consequently, the return per unit of effort did not reflect the true

abundance of sardines on the southern California grounds. New
methods were necessary, therefore, to carry the measures through the

1952-53 and 1953-54 seasons and to try to determine how much the de-

pressed markets held down the catch of individual fishing boats in

1954-55. The results are presented in this report.
The procedures are bold and they may he unacceptable to some.

They do, however, give some indication of the abundance and availa-

bility of sardines in California waters, and it* interpreted with suffi-

cient caution, should not lead far astray. Since there are still too few

sardines in central California waters to permit a fishery out of

.Monterey or San Francisco, comparison over the years can be made
for the southern California fishery only. The present calculations indi-

cate that the yield per unit of effort, either in tons or numbers, Avas

less in 1952-53 and 1953-54 than ever experienced in a prior season.

No other result was expected, due to the practically complete failure

of the fishery in these two seasons. In 1954-55 fishing was much im-

proved, but the catch per unit of effort was below all other seasons

except the two just mentioned and that of 1947-48. The data do not
indicate thai depressed market conditions materially reduced the catch

and surest, therefore, that although much better than in 1952-53 and

1953-54, this last season did not mark a major upswing in abundance
or availability of sardines on the California fishing grounds.

Throughout the past 20 years the southern California season has

grown shorter and shorter. In the latter half of the 1930 's the fisher-

men experienced good returns through February. In the first half of

the I94()'s fishing began to fall off by the end of January and in the

last half of the decade by the end of December. During the early 1950's
the sharp decline began in November and at present good fishing pre-
vails for only about six weeks during October and November.
The relative size of each year class, measured by tbe number of

sardines taken per boat month when the year class is two and three

years old, has been consistently small since 1!)49 and only four average
or better than average groups have appeared on the California fishing

grounds since 1941.

METHODS

Unit of Measure

Records of fishermen's catches are compiled in pounds or tons. For
the sardine fishery the most convenient unit has been the short ton

(2,000 pounds) and is here used. In addition, each season's tonnage
has been converted to numbers of fish by average weight figures de-

rived from semiweekly sampling of the catch. This report, as in former
studies, gives the return per unit of effort both in tons and in numbers
of fish.
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Unit of Effort

The poundage of fish delivered by each fisherman is obtained by the

Department of Fish and Game Erom the dealer who buys the fish.

Unfortunately, it' a boal operates but takes no fish, 110 fen.nl of this

effort is made. K<>r the sardine fishery, therefore, it has been accessary

to select a time interval as the unit of effort and thus allow for the

effect of these zero catches. Most of the catches are made at niirht after

moonset or before inoonrise and fishing ceases for several oights during
the full moon. As a result, the lunar month, from full moon to full

moon, has proved to lie a satisfactory unit of effort anil has been used

in former studies. Nighl fishing still predominates, despite the intro-

duction of echo-sounding equipment and airplanes to Locate fish schools,

and the lunar month has been continued in this study. The dates of the

lunar mouths for the six seasons, 1949-50 through 1954-55, are given
in Table 1.

TABLE 1

Dates of Lunar Months Used for Comparison of the Catch of Each Boat With its Catch in the

Corresponding Lunar Month of the Previous Season

Lunar month
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adjacenl Beason is similarily linked and the chain completed. Linkage
has been used in this study and the details of the calculations are

evident in Tallies 4 and 5. The 1941-42 season, selected hy Clark and

Daugherty (1952) as a base year, has been used in this report. Average
lunar month catch as here given thus represents the success of sardine

fishermen in terms of boats <>!' the size and efficiency of those in opera-
tion in that season.

Selection of Boats

Fishermen arc not successful on every fishing trip and no record is

available of the times thai a boat puts to sea but catches no fish. It

has been necessary, therefore, to draw up rides on which to base a

decision as to whether or not a given boat will be considered fishing

during the lunar i th and whether its catch will be used in the study.
In former studies, as a ride, a boat was considered fishing if it fished

in comparable lunar mouths of two successive seasons and made de-

liveries in two of the four weeks of the lunar month involved.

In 1952-53 and 1953-54 no sardines were found except in southern
California. In these waters fish were so scarce that many boats fished

throughoul a lunar mouth with only one or two catches of sardines or
none at all. New rules had to be established if the calculations were to

be carried through this time interval. As the sardine fishing failed,

fishermen and processors turned more and more to substitute fish:

Pacific mackerel (Pneumatophorus diego), jack mackerel (Trachurus
symmetricus) ,

and anchovies (Engraulis mordax). All are caught by
the same gear and the fishermen took any one of the three species if

sardines, the preferred fish, could not be found. In this study the as-

sumption was made, therefore, that any boat delivering any one of the
four species sardine, Pacific mackerel, jack mackerel, or anchovies—
was fishing for sardines. Based on this premise, a boat was considered

fishing if it :

1. Landed fish one day out of each of three weeks of a lunar month.
2. Landed fish in the last two lunar weeks but not in the first, pro-

vided it fished in the prior lunar month.
.'{. Landed fish in the first two lunar weeks but not in the last two,

provided it fished in the succeeding lunar month.
4. Landed fish in the second and third lunar weeks only, provided

it also landed fish in the prior or succeeding lunar month..
5. Landed fish in the first and fourth, the first and third, or the sec-

ond and fourth lunar week.
6. Landed lish in only one week of a lunar month, provided it landed

fish in both the prior and succeeding lunar month.

"' " boat landed fish in the first two. middle two. or last two weeks
of a lunar month but did not land fish in the prior or succeeding lunar
month, it was considered as fishing one half of a month.

At the beginning and end of the sardine season the performance of a
boat was checked againsf its fishing activity for the two mackerels and
for anchovies in the month preceding or following the sardine season.

When a se;is pened after the beginning of a lunar month, the data
for that month were treated ;is a fraction of the time interval, one-half
or three fourths of a month. When strikes interfered with fishing, frac-

tions of months were similarily treated.
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Calculations under the former rules had been carried oul through the

l!).")!-.")!' seasons. To determine bow greatly the above criteria for select-

ing boats mighl affed the results, the new procedure was carried

through for tin' 1949-50, 1950-51, and 1951-52 seasons. Thus, the ratios

for the two pairs of years resulting from the former and the present

methods can be compared (Table 2). For both pairs the new method

gives a somewhat greater ratio than the former. In 1950-51 the increase

is 12.5 percent and in 1951-52, 9.1. These differences were not con-

sidered of sufficient magnitude 1<> invalidate the use of the present

method to determine whether a boat was fishing throughout a lunar

month and the new caluciilat ions were linked with the former without

the use of any adjustment factor. All figures in this study for 1950-51

and following seasons are based on the new" rules.

TABLE 2

Comparison of Present Method with Former Method for Selection of Fishing Boats

Si i -Hi
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AVERAGE LUNAR MONTH CATCH

In previous reports, average catches derived from sardine Landings
in Los Angeles and San Diego harbors have been credited to San Pedro.

In the more recent years a higher percentage of the tonnage has been

delivered to the port of Hneneme. Boats operating out of this port and

out of Los Angeles Harbor fish throughout southern California waters

and the more general term southern California is here used to describe

the Landings at all ports from Santa Barbara south to San Diego.
The average lunar month catch reached an all-time low in 1952-53

and 1953-54 (Figure 1. Tables 4 and 5). The revival of the 1954-55

southern California fishery and resultant increase in average lunar

month catch needs further clarification.

i i i r

i i i i i i i i i

SEASONS

FIGURE 1. Average catch per lunar month in tons and in numbers for sardines on the southern

California fiishing grounds. Base year, 1941-42.

Figure 1 and Tables 4 and 5 contain no adjustment for the effect of

a depressed market, which during the first few weeks of the 1954-55
season prevented the fishermen from bringing in all the fish they could

have caught in a night's fishing. To compensate for this, frequently a

crew would call another boat by radio-telephone and load part of its

catch onto the second boat, which had been less successful on the par-
ticular night. This tended to compensate for the limitations placed on
the boats by the processors and mitigated to a measure the effects of the

depressed market. By December, the level of abundance of fish on the

southern California fishing grounds had declined to the point where
the processors could absorb all fish that were landed and limitations

were no Longer placed Oil the tonnages delivered by individual boats.
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TABLE 4

Average Lunar Month Catch in Tons for Southern California

A\ erage monthly catch

S.:i~. .11

1932-33

1933-34

1933-34.

1934-35

1934-35

1935-36

1935-36.

1936-37

1 936-37 _

1 937-38 .

1937-38.

1938-39

1938-39.

1939-40.

1939-40.

1940-41 .

1940-41.

1941-42.

1941-42.

1942-43.

1942-43.
1943-44.

1943-44.

1944-4.")

1944-45.
1 '.14.5-46 _

1945-46.
1946-47.

1946-47
1947-48.

1947-48.
IMS l'«

1948-49.

1949-50.

1949-50
1950-51.

1950-51

1951-52.

1951-52

1952-53

1952-53.
1953-51

1953-54.

1954-55.

Ton*

335 . 3

452.7

420.1
450.9

404.3
286 . 4

356 . 5

271.5

281.8
172.9

182.3
231.5

251.1
197.4

210.2
307 . 6

383.8
314.3

331.9
479.5

541.4
318.0

308.1
490.3

509.3
1411 3

43 1 . 5

283.3

297.5
134.2

131.0
.'7'.' I

240.9
406.6

336.4
285.6

273.6
145.3

206.7
10.6

10.7

11.9

12.9
17.5.0

Ratio

0.7407

0.9317

1.4117

1.3131

1.6298

0.7875

1.2720

0.(5834

1.2211

1.4447

. 5874

1.5914

. 8763

0.6520

0.4.51 I

2.1328

1 . 6878

0.8490

0.5311

0.0513

1. 1121

13.5659

Linkage
(average monthly catch)

Tons

.57S I

780.9

838.1

593 . 7

1.52. I

277 . 4

352 . 3

277.0

405.3

331.9
479.5

281.7

448.3

392.8

256.1

1 1.5..5

246.3

115.7

3.52 . 9

187.4

9 6

10.7

14.5.2

Percentage

174.26

23.5 27

252.52

178 SK

136.23

83 . 59

106.15

S3 1.5

122. 11

100 lid

144.47

si st;

135.05

1 18.34

77. Hi

34 81

74
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TABLE 5

Average Lunar Month Catch in Numbers for Southern California

• III
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A similar decline within the season in average lunar month catch

has occurred throughout the history of the southern California sardine

fishery. Throughout the succeeding seasons since 1940, its onset lias

staried earlier and earlier. This trend has been reflected in the Legisla-

tion governing the length of the legal season. In the 1930's the southern

California season opened November 1 and closed at tl ml of .March.

Within 10 years, fishing in March had become poor and the industry

requested <i closure in March and an opening on the firsi of October.

Sueli a law was enacted in 1941. Pishing continued to decline, how-

ever, especially in February. In 1H4!*, the season was shortened by
another mouth and closed on February 1.

TABLE 6

Average Catch for the Southern California Fishery, in Thousands of Pounds per

Lunar Month Within the Season
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per lunar month in 1954-55 would have been 1.09 times greater than

the calculations indicate, 158.3 tons instead of 145.2. This suggests thai

the unfavorable economic conditions had only a small effect on the

measures of return per unit of efforl and that the southern California

fishermen have experienced, in the history of the fishery, only three

other seasons in which fishing success was
|

v<t than in 1954-55.

These were 1947-48, 1952-53, and 1953-54.

MEASURES OF THE STRENGTH OF YEAR CLASSES

One of the tools obtained from a study of return per unit of efforl is

an estimate of the number of units required to make a season's catch.

For the sardine fishery this is expressed in numbers of boal months

(Tables 4 and 5, last column). By dividing the number of fish of a

given year class caugh.1 in a season by the number of boat months op-

erating within the season, the relative strength of the year class is ob-

tained at a specific age. This has been done previously by Clark and

Daugherty (1952), Felin I 1954), and Eckles (1954). The presenl study
brines these measures up to date.

TABLE 7

Relative Strength of Individual Year Classes Measured by the Number Taken per Boat Month at Monterey

and in Southern California When Approximately 2% and V/i Years Old. Numbers in

Thousands (i.e., 000's omitted).
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Data are available for the sardine for a number of differenl year

classes when each was approximately 2\ and -'U years old. The numbers

of fish taken were derived Prom Pelin e1 al. (1948, 1949, 1950, 1951,

1952, 1953, 1954, 1955 . Mosher e1 al. (1949), and Eckles (1954), and

the i ber of boal months from Clark and Daugherty (1952) and

Table 5 of this publication. Prom these figures, using t lit* Monterey
and southern California fisheries, either two or four values for the

average lunar month catch nave been derived Eor year classes,

1929-1935 and 1938-1952 (Table 7). Although there are variations

between ports and between age groups, all averages indicate thai the

strong year classes were 1929, 1931, 1932, 1938, 1!)::!), and 1947. Of the

remainder, some were better than average, others below average, and
l'i i'i and 1950 extremely weak.

C~l
—

I

—
I I T

1 h

n i i i i i i i r
STRENGTH OF YEAR CLASSES
— MEASURED AT Z'/z AND 3]/j YEARS PER

BOAT MONTH

J I I I I I 1 I I I I I I I I I I I

CLASS

FIGURE 3. Relative strength of sardine year classes as measured (a) when 2Vi and 3Vi years

old and (b) by Clark and Marr (1955) as a cumulative total of all sardines taken in the

fishery.

The two or four estimates for a given year class were combined into

our average lunar month catch by summing all fish taken at Monterey
and in southern California when 2\ and 3| years old, and dividing this

sum by the total number of boal months in each locality in both sea-

sons. The resulting values (Figure '-\
;
Table 7. last column) indicate

that year classes have comprised fewer fish since the early 1940's than

in the I930's. The average for the 22 classes was 791 thousand fish per
Imat month. Clark and Marr (1955) estimated the size of year classes

by summing all fish caught from each year class during the time thai

such a class was taken by the fishery. These values averaged 2.5 billion

fish per year class. The two measures are comparable except for tin'

l!)4(i and subsequent classes. The present study estimates these to be

stronger tran did Clark's and Marr's estimates. The differences result

in part because Clark and Marr terminated their sums with 1952-53,

before 1946 and younger fish had run onl their life course. More have

been taken in later seasons. Because of the low level of availability of

sardines mi the southern California fishing grounds in 1952-53 and

1953-54, the present measures of the strength of the 1!»4!) and 1950

year classes are also probably too low. These classes have not made a

material contribution to the fishery in the following seasons, however,

and it seems probable that the estimates are not in serious error.
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Both the present measure and thai of ('lark and Man- indicate tliat

year classes produced during the 1940's and the early 1950's have 1 n

appreciably smaller in numbers than in the 1930's. The presenl study
also shows thai in genera] for classes 1929 through 1942 more fish of

a given class were taken per boal month at :!.', years than al '_", years,
and for the later groups the reverse was true.

SUMMARY

By developing new rules for determining which boats were fishing Eor

sardines each season, the return to the southern California fishermen

per Lunar month has I a carried through I!).")}-.");).

After almost complete collapse in l!h")2-r>3 and 1953-54, ashing in

1954-55 was more successful. In this season, however, the average
monthly catch was still less than in any previous season except 1947-48
and t he two meiit ioned above.

Based on the total boat months calculated to be required to make
each season's catch, the relative strength was measured for 22 year
classes occurring in the fishery between 1932-33 and 1954-55. In the

1930's only two year classes were of less than average strength, whih-

in the 1940's and 1950's nine were below average and only four were
above.

During IS seasons the vithin-season average monthly catch in south-
ern California showed an increasing decline year by year. In the 1930's

fishing success held np through February, in the early l!)40's only
through January, in the late l!»4()'s only through December, and in the

early 1 Doll's onlv through November.—
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A TAGGING EXPERIMENT WITH CHANNEL CATFISH

(ICTALURUS PUNCTATUS) IN THE LOWER
COLORADO RIVER'

GEORGE W. McCAMMON
Inland Fisheries Branch

California Department of Fish and Game

The catfish fishery of the Lower Colorado River is of vital importance
to California's anglers, particularly in heavily-populated southern

California, where there are relatively few fishing waters. It is esti-

mated that the fishery provided a catch of 750,000 catfish to Cali-

fornia's sport fishermen in 1!).~>:{. Tins represented aboul 10 percenl
of the total state catfish catch and about 60 percent of the catch in

southern California that year.
The channel catfish (Ictalurus punctatus) is the most abundant

species of catfish in the Colorado River. Dill (1944) expressed the

opinion that t lie catch of channel catfish exceeded that of any other

game fish in both numbers and pounds. The yellow bullhead (Ameiurus
natalis) and black bullhead (A. melas) also have been reported from

the lower Colorado River. Their role in the fishery, however, appar-

ently is of no significance.
Aside from some general data presented by Dill (op. cit.), virtually

no information upon which to base effective management of the fishery

is available.

This report presents the results of an exploratory tagging study
begun in 1058 to provide information on the annual rate of harvest

and movements of channel catfish. Data on tagging techniques and
efficient methods of trapping channel catfish also were sought.

PROCEDURE

General

The section of river between Parker and Imperial dams was selected

for the study (Figure L). Largemouth bass (Micropterus salmoides)
are abundant in the area

; however, the fishery is dominated by channel

catfish. The length of this section is 148 miles.

Headtiate Hock Dam is located aboul 15 miles downstream from

Parker Dam, and the Palo Verde Weir lies about 12 miles upstream
from Blythe. Both structures are irrigation diversions and apparent
barriers to the upstream migration of catfish.

Work began in December, 1953, when 44 fish were tagged and re-

leased at Locations A. B, and C, as shown in Figure 1. It was necessary
to postpone further tagging operations until April, 1954, because it

1 Submitted for publication June, 1956. This work was performed as part of Dingell-
Johnson Project California F-2-R, "A Study of the Catfish Fishery of California",
supported by Federal Aid to Fish Restoration funds.
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FIGURE 1. Map of the study area, showing locations at which channel catfish

were tagged and released.
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was not possible to nel channel catfish in sufficient numbers during the

winter months. In April and May, l!'")!, 220 fish were tagged ;if Loca
tinn ( '. Tims, the total number of fish tagged was 264.

The fork length of each lish was measured to the nearesl tenth of an

inch. No fish less than 7.0 inches in length were tagged.
A minimum length was established for two reasons. First, it was

believed thai the effect of the tag mighl be harmful to small fish; and

second, there was evidence thai fish less than 7.0 inches were too small

to be caught with the heavy angling gear ordinarily used on the river.

The sex of 160 fish was determined by examination of the genital

opening. All determinations of sex were made from fish tagged in

April and May, 1954, when the fish were approaching a ripe condition
and the sexes were relatively easy to separate. Of 160 apparently
mature fish, 91 were females and 69 were males. It is doubtful that this

ratio is representative of the entire population.

Trapping Methods

Fyke nets, described by Pelgen and McCammon l 1955), were used to

capture the fish. This type of net has proven to be highly efficient in

taking white catfish (Ictalurus catus) and bullheads in other California

waters.

During December, l!i.~>:!, the nets were fished in a variety of loca-

tions at several points on the river, but only 44 channel catfish over 7.0

inches in length were taken in 170 net-days. It was thought that low
water temperatures (around 52°F.) were primarily responsible for the

poor catch. Dill (op. tit.) observed that netting in the lower Colorado
River was least productive during the early months of cold water.
A second attempt to trap fish was made between April 25 and May

(i, 1!>f>4. All trapping was confined to an area about two miles down-
stream from the Palo Verde Weir (Location C, Figure 1). The nets
were set in locations thai possessed diverse physical characteristics, to

determine the effect of net location on trapping efficiency. All positions
of individual nets are shown in Figure 2.

Despite water temperatures that ranged between 70 and 75 degrees
F., the initial 72 net-days of trapping yielded only 69 fish large enough
to tag. Each net was raised every 48 hours during this period. The
nets were baited with cottonseed meal pellets in an efforl to attract fish

into them; however, the catfish catch was not increased. The use of bail

did increase the catch of carp (Cyprinus carpio) significantly.
The initial failure to catch fish in sufficient numbers resulted iii con-

siderable shifting of the net locations, in the hope that more productive
vets could be found. By chance, a M'vy successful location was discov-
ered immediately. This set was located jusl downstream from a sandbar
that had been formed on the inside of a meander bend of the river
and was characterized by relatively deep, quiel water. Two additional
sandbars were located within the trapping area and nets were placed
below them also. This action resulted in an immediate and substantia]
increase in the catch. In 27 nel-, lays. 151 taggable channel catfish were
taken. Several hundred catfish below the minimum tagging length of
7.0 inches were captured also. During this period, the nets were checked
every 12 hours.
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mile

FIGURE 2. Map showing the positions of fyke nets set in April and May,
1954, at Location C.
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These results indicate that net location is one of the most important
Factors in catfish trapping success in the Colorado River. The three

productive locations are identified in Figure 2, in anticipation thai

these, and comparable sets, will be used in any future studies on the

Colorado River that involve the trapping of channel catfish.

Tagging of Fish

Two types of tags were used in this study: the disk-dangler tag and
the Einar Lea hydrostatic tag.
The disk-dangler tag (Figure 3), a variation of the Atkins ta«r, is

constructed of a cellulose nitrate disk and tantalum wire It w;is origi-

nally described by Calhoun (1953). Pelgen (1954) and Pelgen and
McCammon (1!).").")) used it on white catfish, and it proved to be satis-

factory in both field trials and holding experiments. The method used
to attach the tags was essentially the same as thai described by Pelgen
{op. tit.).

FIGURE 3. The disk-dangler tag shown in place.

The hydrostatic tag was developed by Einar Lea of Norway for use

on pelagic marine fishes, such as herring and mackerel. This tag is a

water-tight, transparent, plastic tube which contains complete direc-

tions for returning the tag printed on a roll of tissue paper. The for-

ward end of the tag is flattened and contains a hole for attaching a

wire. The rear end is tapered. A stainless steel bridle is used to attach
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KEEP THE FISH 598
CUT ENDS LETTER INSIDE

FIGURE 4. Above: The hydrostatic tag with wire bridle attached.

Below: The hydrostatic tag shown in place.

the tag to the fish. The complete tag assembly and poinl of attachment

are illustrated in Figure 4.

The tags are available in several sizes. Those used in this study
measured 1

]
inches long and nearly \

inch in diameter. Both ends of

the tag are colored bright blue, while the center section is transparent
with a yellowish tinge. The contrast in colors attracts immediate atten-

tion; however, it has been observed that the colors may be obscured by

algae when the tag is exposed to fertile, warm waters.

Hydrostatic tags have two desirable characteristics that are lacking
in more conventional tags. First, their specific gravity is almost equal
to that of water; thus, in spite of their relatively large size, they do

no1 cause much strain on either the lish or the wire bridle. Second, the

instructions offered by the enclosed message are so complete that there

should he no confusion or douht by the fisherman regarding the correct

reporting procedure. The message is particularly valuable in tagging
studies that rely on voluntary mailed returns from sport fishermen. It

is believed thai the error resulting from incomplete returns in many
such studies can he minimized by the use of such a message.

Although the hydrostatic tag has been successfully used iii Europe
I'm- several years, its use in the United States has been restricted.

Collyer (1954) tested it in an aquarium and a water tunnel and con-

cluded that it would he unsatisfactory for marking yellowtail (Seriola

dorsalis). He attached tags with both steel wire bridles and nylon, but

neither was substantial enough to secure the tags. Pelgen (unpublished
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data) tried the hydrostatic tag on while catfish in hatchery ponds. In

this experiment, three of 20 tags were Inst within one year. Kimsey
(l!).")(i) used the tag on largemouth bass in an aquarium experiment
and found thai the steel In-idle had a tendency to foul on obstructions,

resulting in loss of tags. Additional evidence thai the tag is prone to

shed was obtained during tagging operations in this study. Four chan-

nel catfish thai had been tagged with hydrostatic tags were recap
tu red in the nets within a few days after their release. One of the tags

had already been shed and the wire bridles on the remaining three were

badly twisted. Several fish tagged with the disk-dangler also were re

captured, with the tags still in excellent condition.

Disk-dangler tags were attached to lt>4 fish and Kin fish received

hydrostatic tags.

Publicity

Since records of tag recoveries were wholly dependent upon volun

tary mailed reports from anglers, several methods were used to stimu-

late interest in the study. Posters, previously described by Pelgen
(1954), informing the public of California's catfish tagging program
were placed at many points of angler access in the study area. The

posters, as well as both types of tag, provided the address tu which

anglers were to send tag recovery reports. A commendation card bear-

ing a brief history of the tagged fish was senl to each angler who
returned a tag, and his name was entered in a prize drawing sponsored
by the Foothill Sportsmen's Club of Oakland. This group awarded an
annual prize of $100, in addition to many prizes of fishing equipment.

RESULTS

Tag Returns

Since tagging was done during both December. 1953, and April and

May. 1!C)4. the returns from each phase were considered separately.
Eight returns, amounting to 18.2 percent, were obtained during the
first 12 months following the December. 1953, phase. The first year
following the second phase yielded 4A returns. This represents a return
of 20.4 percent. The total return from both tagging periods was 20.0

TABLE I

Data on Tags Attached and Tags Returned During First Year
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percent (53 tags . Table 1 summarizes all data on the number of tags

applied and returned during the first year.
The tagged fish ranged from 7.0 to 27.0 inches Fork length. Their

mean length was 13.4 inches. The mean Length of the fish from which

tags were returned was 14.3 inches, and tin* range was 7.6 to 23.0

inches. A statistical test showed that the difference is not significant at

the 10 percent level. Thus, tag returns were probably independent of

the si/e of the fish.

The only data on the length of fish at time of recapture was supplied

by tag returnees. In some instances, these measurements may have been

fairly accurate; nevertheless, it was apparent that many of the lengths

given by fishermen were in error. For instance, some of the length
data supplied by anglers indicated that the fish had shrunk consider-

ably between time of tagging and time of recapture. Since there was
no way to discern the accurate measurements, determination of the

growth of tagged fish was not attempted.

Thirty-seven tags were recovered from the 160 fish which were sexed.

Of this total, 22 were from females and 15 were from males. It was

expected that tags from 21 females and 16 males would be recovered if

returns were entirely independent of the sex of fish. Obviously, the

difference is not statistically significant. Despite the small size of the

sample, the results indicate that there is no difference in the harvesta-

bility of the sexes.

Suitability of Tags

As shown in Table 1, 21 (21 percent) of the hydrostatic and 32

(19.5 pei-cent i of the disk-dangler tags were returned during the 12

months following tagging. Statistical procedures showed that the dif-

ference is not significant. A deviation, as great or greater, from the

number of returns expected theoretically could occur in 75 percent of

similar experiments by chance alone.

On the basis of returns alone, it may be concluded that the tags
were equally efficient in this experiment. Nevertheless, it is believed

that important differences in the tags were not reflected in the rates of

return. The proper evaluation and subsequent improvement of both

tags are contingent on the recognition of these differences.

Previous holding experiments have demonstrated that the disk-

dangler will remain attached to catfish for more than one year, while

the hydrostatic fag may become detached. The author estimates that

about 15 to 20 percent shedding of hydrostatic tags from catfish might
be expected within one year when the tags are attached with steel wire

bridles. Loss of hydrostatic tags is attributed primarily to snagging on
fallen trees and other obstructions. In the light of this knowledge, it

would be reasonable to expect a higher return of disk-danglers than

hydrostatic tags. The fact that a greater percentage of hydrostatic tags
was returned suggests the operation of some factor or factors that com-

pensated for shedding of those tags.
In the opinion of the writer, the effect of shedding of some hydro-

static tags was offset by more efficient reporting of recoveries of that

tag. The enclosed message is believed to have resulted in practically
100 percent reporting of recovered hydrostatic tags. On the other

hand, the return of disk-dangler tags is estimated as being only about
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•flagging LocOttor, C
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85 percenl complete. Stroud and Bitzer (1955) obtained data indi-

cating thai about 75 percent of recovered simp and cheek tags on

warmwater game fishes were reported in Massachusetts when no creel

census or reward system was used.

The preceding <'\ idence suggests that the efficiency of hydrostatic

tags can be improved effectively by developing a method of attachment

that anchors the tags more securely. The effectiveness of the disk-

dangler can be enhanced by using every possible means to obtain a

complete report of tag' recoveries.

Movement of Tagged Fish

Recapture data supplied by anglers who reported tag recoveries pro-
vided the opportunity to determine accurately the movements of 50

channel cattish. Eight of these fish were tagged at Locations B and C
in December. 1953, and the remaining 42 were tagged at Location C
during April and May, 1954.

The tish tagged in 1953 showed practically no movement between
time of tagging and recapture, while recovery data from those tagged
in 1!).">4 demonstrated that some fisb move considerable distances. In-

dividual movements of fish tagged at Location C in 1954, in relation to

the interval between time of tagging and recapture, are shown in Fig-
ure 5. These movements do not demonstrate a definite pattern of migra-
tion. However, ii is evident that there was a distinct tendency for fish

to move downstream from the Palo Verde Weir area, particularly after

the first three months following their release. This downstream move-
ment may be evidence, in part, of a seasonal migration pattern in which
fish move upstream during the spring and early summer months and
downstream during the fall and wilder. Tt will be necessary to obtain

a greater number of tag returns over a longer period of time before any
definite conclusions regarding migration can be reached.
The greatest downstream movement was Logged for a fish that traveled

from the Palo Verde Weir area to Ferguson Lake, a distance of 76

miles, in 180 days. The fastesl movement was made by an individual

that moved downstream 46 miles in 4."> days.
The fad thai no fish tagged al Location C were recovered above the

Palo Verde Weir (Figures 6 and 7) is strong evidence thai this loose

rock structure is an efficient barrier to the upstream movement of chan-
nel catfish. As illustrated in Figure 5, a number of fish released a few
miles downstream were caughl at the base of the Weir. Whether these

fish were actively attempting upstream migration or were simply at-

tracted to the Weir by the fast current and deep water is a matter of

conjecture. Nevertheless, it appears that few, if any. cattish actually

move upstream across the barrier.
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FIGURE 6. Aerial view of the Palo Verde Weir. Photograph by California

Department of Fish and Game.

FIGURE 7. The Palo Verde Weir. Shore anglers usually fish in the eddies shown at the left

of the photograph. Boat anglers fish the edge of the white water along the face of the weir.

Photograph by the author.
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Harvest

Aj9 stated previously, one of the objectives of this experiment was to

obtain a tentative estimate of the percentage of the Colorado River
channel catfish population that is harvested cadi year by anglers. Since
the study was preliminary in nature, it was realized that such an esti-

mate would be of doubtful value in regulating the fishery, except as

an indication of the general level of exploitation. It will be necessary
to tag a much larger number of fish in more sections of the river before

a valid estimate of the annual rate of harvest can be obtained from

tag returns.

Despite the relatively small number of fish used in the study, the
return of 20 percent of the tags during the first year indicates that the

present rate of harvest is not excessive.
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SUMMARY

The sport fishery for channel catfish in the lower Colorado River is

a resource that is vitally important to California's anglers. However,
information necessary to manage the fishery is lacking. In 1953, an

exploratory tagging study was begun to provide preliminary data on

trapping and tagging techniques, annual rate of harvest, and migra-
tions of channel catfish.

The fisli were trapped and tagged between Parker and Imperial dams.

Trapping during the winter months yielded very few fish, while spring

trapping was fairly productive when fyke nets were fished immediately
below sand bars.

A total of 2»>4 channel catfish was tagged, Kid with disk-dangler tags
and 100 with hydrostatic tags. Anglers reported recovery of .">:> tags

(20 percent) during the first 12 months.

Twentj'-one percent of the hydrostatic tags and 19.5 percent of the

disk-dangler tags were returned. The difference is not statistically sig-

nificant; however, it is believed that the nearly equal rates of return

failed to reflect certain fundamental differences in the effectiveness of

the tags. Shedding of hydrostatic tags was probably offset by more

complete reports of recoveries of thai tag than of disk-danglers. The
return of disk-dangler tags was estimated to he only 85 percent com-

plete.

Statistical procedures demonstrated that tag returns were apparently
independent of both the size and sex of the fish.



CHANNEL CATFISH TAGGING '.'>''>')

Data on the movement of tagged fish indicated a definite tendency
for channel catfish to move downstream from the Palo Verde Weir
during the fall months. This movemenl may be partial evidence of a

regular, seasonal migration. The Palo Verde Weir is, apparently, an

efficient barrier to the upstream movement of channel cattish.

The return of 20 percent of the tags in the first year indicates that

the fishery is not overexploited ; however, a larger number of fish will

have to be tagged before accurate information on both the annual rate

of harvest and migration can be obtained.
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LARGEMOUTH BASS TAGGING'
J. B. KIMSEY

Inland Fisheries Branch
California Department of Fish and Game

It became apparenl in the early phases of the California warmwater
fisheries investigations that a good tag for largemouth bass, Micropterus

sdlmoides, was needed. Long-range mortality and rate of harvest data

were not forthcoming from information obtained by conventional

tagging methods. One reason for this was the rapid shedding of tags.
This report summarizes the results thus far obtained from a study

of different types of tags in the field and in the aquarium. Tiny are

not entirely conclusive and the study is a continuing one. Enough in-

formation has been obtained, however, to make a discussion of results

profitable at this time.

Acknowledgment is due Dr. Earl S. Herald, who made an 800-gallon
observation tank (Figure 1) available at Steinharl Aquarium, San

Francisco, for a year and a half. Almo Cordone, Ed V. Dwyer, Leonard
0. Fisk, and R. TJ. Bell all assisted in either tagging, recording, or

making observations.

FIGURE 1. Tagged largemouth bass in display tank at Steinhart Aquarium.

1 Submitted for publication May, 1956. A portion of this work was performed as pari
of Dingell-Johnson Project California F-13-R, "Black Bass Tagging*', supported
by Federal Aid to Fish Restoration funds.
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TYPES OF TAGS USED

Strap Tag

This type of tag is most commonly used on warmwater fishes and

many of the classic use studies were carried out with strap tags. In the

present study \<>. 1 monel strap tags, 2 nun. wide and 8.5 mm. long,

were used. They an- usually applied by special crushing pliers and
when closed have an oblong opening 2.5 mm. by 6.3 mm. However, by

squeezing they can be forced into a more or less circular form with an

opening approximately 5 mm. in diameter.

Tagging in the Field

At Clear Lake, Lake County, both forms were used. They were placed

on the lower jaw halfway between the epiphysis and the angle of the

mouth (Figure 2, A). The fish ranged from 6.5 to 9.0 inches in fork

length. Of a total of 108 tags attached, three, or 2.8 percent, were

returned by anglers. The longest, confirmed elapsed time between

tagging and return was 41 days.

FIGURE 2. Location of experimental tags. A and B, flat and rounded strap tags; B, round

jaw tag; C, Petersen disk; D, Petersen disk, disk-dangler, and plastic "spaghetti"; E, Einar

Lea hydrostatic; F, Petersen disk.

Not enough returns were received to show a significant difference

between rounded and unrounded tags. The use of strap tags was dis-

continued at Clear Lake after the 48th day of tagging. At that time

every net-recaptured fish had a large, raw tag sore and was in obvious
distress because of it.

Aquarium Experiment

Because of the popularity of this tag, further tests were carried out
in an 800-gallon observation tank at Steinhart Aquarium. Sixteen fish

from 7.25 to 8.0 inches in fork length were tagged on August 4, 1953.

Five had conventionally flattened jaw tags attached in the same place
as the Clear Lake tags, five had similarly attached rounded tags, and
six had rounded tags attached around the point where the maxillary
and the premaxillary overlap (Figure 2, B). Two weeks after tagging
all tags had caused serious sores, although none had been shed. No
change was noted at the end of six weeks. On December 1, 1953, four
lower jaw and two upper jaw tags had been shed, leaving badly split

jaws.
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By July 7, 1954, when the experimenl waa terminated, only two tags
remained. These were both lower jaw, rounded tags.
The 14 fish that shed their tags experienced ;i mean percentage in-

crease in length of 28 percent during the period of the test, while the
two fish retaining their tags showed only 6 percenl increase. One of
these two tags was still in place on July 25, 1!).")."). In the aearly two
years it had been tagged this bass had gained 17 percenl in fori length
over its size at tagging. This is about one-third the increase that could
be expected. Therefore, it appears that jaw tags are retained besl when
growth is slow.

Hatchery Experiment

Round jaw tags similar to bird bands were applied to the tipper jaw
on August 10, 1954. These tags were of monel metal 3.5 mm. wide and
8 mm. in diameter. They encircled the point where the premaxillar\
and maxillary overlap I Figure 2, B). Fifty tags were attached and 20
of these were shed within 30 days. The fish were kept in a dirt-bottom

hatchery pond with a moderate amount of aquatic plant growth. The
remaining tags had begun to wear an irritated notch in the lower jaw.
This tag appeared to inconvenience feeding less than any other of the

jaw tags. Some interference with the oral valves was observed. The
tagged fish ranged from 6.2 to 9.0 inches in fork length. The shedding
was caused by the constant rubbing of the tag on the bottom or sides
of the pond. The place from wdiich the tag was shed healed rapidly and
in most instances no serious deformity resulted.

Evaluation

In fast-growing, active fish such as yearling largemouth bass, jaw
tags should not be relied upon to give dependable data. In order to

allow for growth, the size of tags placed on yearling bass must be so

large that the tags interfere seriously with feeding and swimming. If

the tags are initially of a size proportionate to the size of the fish,

growth soon forces them out.

The use of this tag on larger bass, whose growth rate has decelerated

enough to cause a corresponding lesser rate of tag loss, may produce
one-season angling mortality data but does not yield the more exten-
sive natural mortality information.

P. A. Douglas (unpublished data) reported that at San Vicente
Reservoir. San Diego County, California, a six-month tag return of

52.9 percent for jaw tags placed on 70 introduced bass with a mean
weight of 2.6 pounds ami a mean fork length of 15.5 inches was ob-

tained. Fifty percent were returned in four months, with an addi-

tional 2.9 percent received the sixth month ami. although fishing con-

tinued, none after that time. He obtained a tag return from the same
water of 51.7 percent in three months from another introduced group
of 14!» bass with a mean weight of 1.1 pounds ami an estimated mean
fork length of 12.5 inches. An additional (I percent were recovered in

the next eight months.
Chance (1955) reported resident largemouth bass jaw tag returns of

41.6 percent and 11.2 percenl from two Tennessee Valley reservoirs.

The tag returns were 95 ami 94 percent complete during the firsl year.
The size of the fish tagged was not reported.
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Manges I L950) reported an over-all jaw tag return of 18.4 percedfor krgemouth bass m Norris Reservoir, Tennessee. This was the com-
bined result ol tour separate lagging studies, in whirl, known second
season recaptures ol tins species totaled one. The size of the tagged fishwas not reported.

BS

De<Iuine and Hall (1950) had an average jaw fa-- return of 22 9
l-reent from lar.e.nou.h bass in six lakes in Florid! This was 924
i™;'/-"'!'!''"'"

-.Inn 30 weeks of their release. Three returns weren '

,

'::

r "" 1 ;,M

";- ff-
™" — of the tagged fish was not reported

Whether or not jaw tags have an influence on the rate at which theugged fish are harvested is not known. The rate may be acceleratedover that for untagged fish, due to irritation and interference w hnormal feeding. An unfamiliar and unpleasant jaw tag may we 1 make
ttie usual prey at least temporarily unavailable. The quiescent bottombaits or the hampered live minnow baits may be more attractive Also
Plugs and artificial lures may be more readily taken during tl periodbecause of their method of presentation by the angler. Thl initial hth
tag returns may substantiate this viewpoint.

PETERSEN DISK TAG
This type of tag consists of two cellulose nitrate buttons one-half

w£e oVc^i "r °'°1*
^^ at eadl end of a -ft tamanit

ZJZf f
"\ chameter passing through the fish. The buttons are

JHcAented from sliding off by a simple twist knot at each end of the

Aquarium Experiment

This tag was tried in three positions. One was on the back, about
hall way between the occiput and the anterior insertion of the dorsal
fin (Figure 2, C) Another was on the back, between the spinous and
oft dorsa fins (Figure 2, D). The wire at each of these positions passed
through the fish slightly above the midway point between the lateral
line and the midline of the back. The third position was on the caudal
'"' h

""j/ ; ,'•';;""'
- V), in 'I quivalenl position described by Cal-houn (19o3) for striped bass, Boccus saxatilis.

Figure 3 shows the growth in width plotted against the growth intork length at these three positions. Ii is rather apparent that the rate
ol growth at the two dorsal locations is such that the slack will soon
be taken up and the tags will be forced upwards and eventually out
J Ins occurred m the aquarium experiments begun July 7 1954
The soft tantalum wire was, in two instances, actually untied bV the

pressure of growth. Of the 12 tags placed in these areas (6 at each
location), all were well on their way to being forced out at the end of
seven months.
The 10 tags placed on the caudal peduncle had the wire passing

through the hypural plate. The 4 tags retained at the end of 7 months
were, m each instance, gradually forcing their way backward and
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FIGURE 3. Regression lines of fork length and width for three tagging points on largemouth
bass. Line A is for the caudal peduncle (Figure 2, F). Line B is for the position on the back

between the spinous and soft dorsals (Figure 2, D). Line C is for the position on the back

midway between the occiput and the anterior insertion of the spinous dorsal (Figure 2, C).

upward. Six had been completely shed. Even though the growth rate

at this point is least, the bone structure is not heavy enough to prevent
the wire from sawing its way out.

Evaluation

Petersen disk tags do not allow for growth. Tags placed loose enough
to allow for growth move enough to cause bad sores.

Red, white, and yellow tags were used. I'nlike tagged rainbow trout

confined in a small area (German and LaFaunce, 1955), the bass did

not attack any one color more than another. There was no evidence of

damage to the fish by other fish biting a1 tags.
The resistance and subsequent pulling out of the tags on the caudal

peduncle may be reduced by using a tag of smaller size. In this in-

stance a Petersen disk tag may be useful.

STAPLE TAG

The staple tag (Figure 4, A, B), as described by Calhoun i 1953

and used by Pelgen and MeCanmion i lit.").") on white catfish, Ictalurus

catus, was placed on 240 largemouth bass in Clear Lake. Lake County.
in the summer of 1953. These tish varied from 8.5 to 19.0 inches fork

length, with a mean of 10.1 inches.

This tag consisted of two soft tantalum wires with a disk on one side

secured by a simple twist knot on the other side. The wires passed

though the fish between the spinous and sofl dorsal tins i Figure 2, I>

about half way between the mid-dorsal line and the lateral line. The
wire and disks were of the same specifications as those used in the

Petersen tag observations.
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It soon became apparent that this tag was unsatisfactory. A large
sore formed rapidly and the tag was forced hack by rubbing, so that it

turned completely over (Figure 4, C). Its ultimate position made it, in

effect, a disk-dangler tag. The severe sore caused the early abandon-
ment of this tag.

Despite this, a two-year return of 66 tags (22.2 percent) was ob-

t .lined, of which :59 (59.1 percent of the total return) were received the

first year and 25 (37.9 percent of the total return) the second year.
In the first half of the third year two tags have been returned.

B

FIGURE 4. Diagrams of tags used: A, staple tag in place on fish; B, normal form; C, in the

turned over position at which time it acts as a disk-dangler tag; D, disk-dangler; E, plastic

"spaghetti"; F, Einar Lea hydrostatic.
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DISK-DANGLER (ATKINS) TAG

This is a modification of the Atkins tag described by Calhoun (1953
and used by Pelgen (1954) and Pelgen and McCammon (1955) <>n

white catfish. It consists of two wires passing tlirough the fish, knotted
• mi one side with a pendant, although rigidly-fixed, disk tag on the

other side I Figure 4, D).

Field Experiment

At Clear Lake, Lake County, 82 of these tags were placed on bass

from 9.0 to 20.2r> inches in fork length. A total of 26 (31.7 percent)
was returned in two years, of which 14 (56 percenl of the total return

were received the firsl year and 11(11 percenl of the total return) the

second year.

Aquarium Experiment

Ten of these tags were placed dorsally between the spinous and sofl

dorsal tins (Figure 2, D) on yearling bass in Steinharl Aquarium 'lur-

ing July, 1954. "When the experiment was terminated in February,
1955, all tags were still in place. Except for one swelling, all fish were
in excellent condition externally. No sores were in evidence, other than
a few red areas under tags. In most instances the knot was completely
covered by skin and scales. The knot could be drawn into the fiesh as

far as the point where the proximal pterygiophores and the neural

spines interlock.

For every two-inch increase in fork length the largemouth bass in

California on the average gains a corresponding 0.1 inch in width at

this point (Figure 3). In Clear Lake, according to data from Murphy
(1951), bass gain in fork length at an average rate of about 3 inches

per year after the first year. A 9.0-inch fish is about 0.6 inch wide
where the two-wire tag is attached. If growth is normal, this allows

about 0.3 inches of growth in width or about two years before the wire

has migrated inward far enough to press on the neural spines and

proximal pterygiophores. The length of time the ta^- remains effective

is also dependent upon whether or not the tag is iminobolized. a con-

dition readily obtained with tantalum wire. Flesh actually appears to

become attached to it.

Many factors affect the time these tags can be expected to remain on

the fish. Slower growth, dimpling, looseness of tagging, and the pulling
in of the disk stalk all affect the time a tag will be effective.

Two disk-dangler tagged fish died en route from the aquarium to the

hatchery holding pond. These, together with another later casualty,
were dissected to determine the effeel of the tag on the muscle and
bone structure of the fish. One of the dead fish was the individual in

which the swelling had been noted. \'o other irritation was evident

until the skin was removed, when a discolored area about 1 inch long
and \

inch wide was revealed. The 'Knotted wire had moved into the

flesh about
]
inch. A pocket of necrotic tissue had formed at the point

where the forward wire passed though the proximal pterygiophores
and the neural spines. A similar condition was found in the two remain-

ing fish. In each instance, however, the hind wire, even though pressing

against bone, had not formed any such pocket.
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The wire frame when initially applied has a rectangular shape. In

the above tags the wires had been distorted into a rough right triangle
with the hypotenuse (the fore wire) coming diagonally through the

fish and the base (the hind wire) still in place. Later examination of

other fish showed thai when this condition had existed for a longer

period of time the necrotic pocket had virtually disappeared. Stabiliza-

tion appeared to be taking place.
Force diagrams showed thai when a rectangular wire tag had the

stalked disk pushed through an art- of 1<> degrees with the fulcrum

(neural spine) in the center of the rear wire, the center of the forward
wire moved about three times as far as it did when similar movement
of the stalked disk occurred in a triangular wire tag.

It would then appear that if the wires were applied in a triangular

shape initially, the internal irritation would be reduced. The elimina-

tion of the long stalk on the disk would also tend to limit movement.

PLASTIC "SPAGHETTI" TAG

Wilson (1953) and Collyer (1954) have described this tag in their

tagging studies on tuna and yellowtail. The tags of this type (Figure
4, E) used on Largemouth bass Avere made of white No. 20 vinylite

tubing. No jacket or core was used. They were secured with a simple

figure-eight knot.

In the aquarium observations, 10 of these tags were placed dorsally
between the spinous and soft dorsal fins (Figure 2, D). None of these

tags was shed. Although some initial swelling and redness occurred, no
external sores were noted.

Dissection of three individuals at the end of seven months showed
no irritation. The hole through which the tag passed appeared to be

lined with strong membrane-like scar tissue. In one instance the edge of

the soft dorsal was worn by rubbing of the tag.
The possibility that the tag would catch on submerged brush was not

adequately tested. These tags placed on brown bullheads held in an

aquarium full of brush did catch. In one instance a tag was torn out.

No knots came untied, although this is a definite possibility that has
been demonstrated (personal communication) in rapid-swimming
marine fish. This might be circumvented by using small metal clips
instead of a knot. A few "spaghetti" tags secured with No. 1 strap tags
are now being tested.

EINAR LEA HYDROSTATIC TAG

This tag (Figure 4, F) consists of a message sealed in a tubular

plastic hydrostatic tag and secured to the fish with a stainless steel

bridle. Einar Lea developed the tag and has used it successfully in

Norway to tag ocean fishes.

Four of these tags were used in an aquarium experiment lasting 11

months. Two were placed between the spinous and soft dorsal fins,

with the bridle passing through the interlocking proximal pterygio-

phores and neural spines (Figure 2, D). Two others were placed just
behind the soft dorsal, at the fore part of the caudal peduncle
(Figure 2, E).
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The two dorsal tags were retained for the duration of the experi
iiMMii. The wounds oever healed and, although qoI Large, allowed con-

siderable movement of the bridle. Tin' fish were moved ;ii the end of

the aquarium experiment to hatchery ponds with moderate weed

growth. One month after this, when they were seined tor examination,
both bridles had shifted so thai the tag was riding on tie' side of the

fish with the bridle knot on one end inside the fish and the other knot

protruding al an angle from the side of the fish. The bridles became

easily fouled in the net. The thin stainless steel wire was cutting up-
wards rapidly and would have been shed in a short time.

The oiher two tags, placed at the lore end of the caudal peduncle,
were shed after six months in the aquarium. The resultant sears indi-

cated that this was caused by the slighl but persistent backward pull
of the hydrostatic cartridge during the somewhat limited swimming
in the 800-gallon aquarium.
When fouling on debris or weeds occurs, the Kinar Lea tag with its

present stainless steel bridle can easily saw its way out. The principle
of the sealed message is pood and consideration is being given to devel-

oping a more suitable bridle arrangement.

SUMMARY
'pi
he performance of six different kinds of tags attached to large

month bass was observed in the aquarium and in the field. Although
limited in some instances, these observations support the following
conclusions.

Strap tags used on various parts of the month do not yield adequate
mortality data because of their rapid shedding, apparently caused by
rapid growth. Tn yearling fish, a tag large enough to allow for growth
is too cumbersome and a smaller tag is shed too rapidly.

Twenty of 50 round jaw tags fastened over the premaxillary and

maxillary bones were shed in 30 days.
Petersen disk tags are shed too quickly, if growth is normal.
Two-wire staple tags become stable only after the disk turns over, in

which instance they in effect become disk-dangler tans. The wires are

exposed to excessive abrasion when this occurs.

Two-wire disk-dangler tags are long lasting and none has been shed.

A change in the shape of the wire frame from rectangular to triangular
is indicated.

Plastic "spaghetti'* tags were not shed in the aquarium, nor have
they caused sores. The possibility of their hanging up on brush has not

been tested adequately and an improvement in fastening may be

needed.

Einar Lea hydrostatic tags have a hard, small-diameter, stainless
steel wire thai has a tendency to cut out or change position and hang
up on nets and vegetation. Unless this bridle arrangement is improved,
they are not satisfactory for largemouth bass tagging.
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A SIMPLE OPTIC BENCH FOR SCALE

PHOTOMICROGRAPHY'
HARRY M. MEKJIAN and JACK W. SCHOTT

Marine Fisheries Branch
California Department of Fish and Game

During the course of an age and growth study on the barred perch,

Amphistichus argenteus, and the yellowtail, Seriola dorsaUs, a Deed

arose for some means of taking suitable photographs of fish scales.

The available equipment for scale photography at the California

State fisheries Laboratory was found inadequate and difficuH to use.

The authors believed that modifications to the equipment available at

the laboratory could provide an optic bench which would be compact
for storage, easily portable, simple, and efficient in photomicrography.
With this in mind the optic bench (Figure 1) was constructed.

Materials Used

1. Kine Exakta camera without the lens.

2. Bausch and Lomb triple-purpose microprojector.
3. Bausch and Lomb No. 31-33-77 microscopic illuminator; aspheric

focusing condenser; ribbon filament bulb and a three-intensity trans-

former.
1. Two pieces heavy-gage sheet metal, 25 inches x 3 inches.

5. One piece plywood, 40 inches x 1\ inches x 1 inch,

(i. Microscope objective lenses:

16-mm. objective
32-mm. objective (Micro Tessar)
I
s -mm. objective

CONSTRUCTION AND USE OF BENCH

Lach piece of three-incli wide heavy sheet metal was bent at righl

angles to form a "I I" shaped channel (i inches x 12 inches x 6 inches.

and the ends of this channel were then limit outward at right angles
to form a i-inch flange. These flanges were drilled for attachment to

the plywood baseboard. The two formed pieces of sheet metal were then

inverted and mounted parallel to one another, <>u one end of the bas

board, with a 3/16-inch separation between them. This separation
allows for mounting the camera by a knurled screw and for the trans-

port of the camera aloim the 12-inch track. Urns providing ease in

moving and maintaining optical alignment of the camera.

The microprojector, stripped of its lighl ami condensing system, was

mounted on the plywood baseboard, leaving a two-inch distance between

its fully extended focusing mount and the proximal end of the camera
track.

Submitted for publication March, 1950. This work was performed a- part of Dii

Johnson Projects California P-l-R, "Yellowtail Study" and F-5 K. "Surf I

Study", supported by Federal Aid t.. Fish Restoration funds.
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The microscope illuminator with its condenser lens in retracted posi-

tion was mounted Ml!, inches Prom the proximal end of the camera

track. For large fish scales it may be desirable to position the illumi-

nator at a somewhat greater distance Prom the end of the camera track.

The microscope illuminator must be Ear enough from the fish scale bo

that the projected illuminated ribbon filament will give evenly dis-

tributed light throughout the scale field. To obtain even illumination

and to reduce light refraction the illuminator condenser was adjusted
so that the edge of the illuminated ribbon filament was focused sharply

upon the camera's ground glass. Extraneous light, admitted from the

space between the camera ami the focusing mount, can I Liminated

from striking the film by use of adapter rings, cylindrical tubes, or by
subduing room light.
When taking photographs of various sized scales, the camera should

be moved forward or backward until the scale image fills the field of

the camera's viewing glass. With this accomplished, the fine adjustment
of the focusing mount should be used to give a clear, sharp image for

each photograph.
Of the three objectives, the 32-mm. Micro Tessar was the mosl versa-

tile for photographing different sized scales. The other objectives were

restricted to smaller or larger scales.

The transformer intensity, when using the 32-mm. Micro Tessar, is

dependent on the scale size. With smaller scales the camera is positioned

at a greater distance from the microprojector and consequently it is

necessary to use the high transformer intensity. With larger scales the

converse is true and the lowT or medium intensity is used.

Using Plus-X film, a 32-mm. objective, and a shutter speed of 1/250
of a second, suitable film exposures were obtained of a seven-millimeter

scale at low or medium transformer intensity and of a one-millimeter

scale at high transformer intensity.





NOTE
CONDITIONED SPACE RESPONSE IN AN AQUARIUM TANK BY THE

CALIFORNIA YELLOWTAIL, SERIOLA DORSAUS

In September, 1953, Steinhart Aquarium received 11 California

yellowtail from the California Department of Fish and (lame research
vessel N. B. Scofield. These were placed in a 1,400-gallon tank with a

surface area of 79 x !)3 inches and a depth of 44 inches.

Despite the fact that this is one of the few species of large, t'ast-

swimming fishes that do well in a small tank, it was believed they
needed a greater volume of water. Accordingly, a wall between two
tanks was removed to provide a rectangular 2,746-gallon tank. Thus.
on September 1, 1!).")."), after two years in the original small tank, the

yellowtail were transferred to the new tank of almost twice the pre-
vious capacity (Figure 1). It should be noted that the old tank was
immediately adjacent to the new tank, so that both old and new had
the same orientation.

FIGURE 1. Visitors watching the yellowtail in the left half of their 2,746-gallon tank. The bat

rays are in the right side of the yellowtail tank. Photograph by Moss Photography, November
10, 1955.
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Surprisingly, the yellowtail made no use of the additional swimming
space but remained almosl constantly in the Left or oast section of the

tank. This condition continued for three weeks, by which time one

fish would occasionally swim into the unused portion of the tank. On
rare occasions it would be followed by the other 10 fish in schooling
formation. This strange condition continued for two months with little

change. In the third and fourth months the yellowtail gradually ac-

cepted the additional space and eventually used the whole tank about

one-half of the time. In the fifth and sixth months there was little

indication of their earlier preference for the left side of the tank.

However, the strange enigma of why the left or east rather than the

right or west side of the tank should have originally been selected

remains unanswered.—Earl S. Herald, Steinhart Aquarium:, California

Academy of Sciences, San Francisco 18, California, May, 1956.
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The Spirit of the Wild

By William J. Long; Doubletlay and Company, Inc., Garden City, X. V., 1950;
256 p., illus. $4.

Dr. Long is familiar to many through his series of nature articles which appeared
iu Sports Afield and Sports Illustrated. These concerned some of the common game
and fur-bearing mammals and are reproduced in this book.

Although Dr. Long published his last book in 1923, he kept observing nature and

writing about it until his death in 1948. This volume is the first in a proposed
series of three nature books compiled from his unpublished material. The second

book will be about birds and the third about fish.

The contents are divided into two parts. The first deals with the individual

animals and the second their general behavior.

From the Grand Canyon in Arizona to the forests of New Brunswick, Dr. Long
discovered, tracked, and observed a great variety of animal life over a long span of

years. He was primarily interested in the mannerisms and characteristics of wild

animals and, in particular, those features or oddities which bestow to each animal
the mark of an individual. These he portrays in delightful fashion through vivid,

living descriptions and captivating style.

Especially good are the descriptions of beaver courage on page 14."i, and a porcu
pine "throwing" its quills on pages 100 and 101. The chapter on jack-light witcherj
is outstanding in the artistry of the descriptions, while the chapter on the question
of animal reason is memorable for its summary and analysis of the classic literature

on reason versus instinct. On this subject the author concludes,

"More than this, instinct is not the animal, and reason is not the man. With
man's reason are his will and emotions—love, fear, courage, generosity—none

of these separate and distinct entities, but all combined together to make the

man. With the animal's instinct are other things that we must consider—some-

thing that looks like will, and emotions of love, fear, courage, and self-denial,

which are undeniably like those in our own hearts, however much they differ

in degree. Since we share so much in common of the physical and emotional

life, it is hardly more than to be expected that the animal himself, apart from

his instinct, should share something of our rational faculties."

There are two features of this book which detract from its over all excellent

quality. The occasional slaps at professors and biologists may have been warranted
but seem incongruous for a man of Dr. Long's stature.

A serious drawback to the hook, in the reviewer's mind, is the author's views

on predators, which are more akin to the hunter than the naturalist. For example,
on page SO he says. "l'p to this time I had tto though! of Stalking lions afoot : now
th • remembrance of that bleeding doe broughl with it an impulse to still-hunt her

terrible enemy." On page 220 he again refers to the mountain lion, "Whatever
sympathy one might otherwise have felt for the big cat had vanished at sighl of

his claw marks gashing the side of a doe, * * *" The great homed owl is called

a savage bird and the Cooper's hawk is scorned as a tireless freebooter and the

worst of the game-bird killers.

Such terminology is reminiscent of movies starring Howard Hill, the noted archer,

which drone with such adjectives as savage, treacherous, vicious, dangerous, etc

This is sad; an old sadness which today's public is not buying.
Those familiar with the works of Sigurd Olson and the late Aldo Leopold and

many other famous naturalists who love all wild things and understand and ap

predate their place in nature will be dismayed and perplexed by this facet of I>r.

Long's thinking, particularly in view of his seemingly firm grasp of animal behavior.—Almo J. Cordone, California Department of Fish and Game.
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Resources and the American Dream

By Samuel D. Ordway, Jr.; The Ronald Press Company, New York, 1953;
vii + 55 i)., 5 figs. $2!

Our conservationists seem to be divided into two groups, the optimists and the

pessimists. The first group thinks that every day in every way we are getting better

and better, that our inventiveness will overcome all obstacles, and that our natural

resources will meet all demands of our increasing population indefinitely. The pessi-

mists, on the other hand, think that we are on the way to becoming a nation of

"have-nots", that our demands on our national resources are threatening the Ameri-
can standard of living, and that our resources are going the way of the buffalo and
the passenger pigeon.

Mr. Ordway recognizes both of these viewpoints; a review of the facts leads him
to conclude that a certain necessary reduction in our way of living is coming. He is

not enthusiastic about the prediction of "steaks made from sawdust, cookies from

kelp, or vitamins from algae in the sea". He asks and answers two questions:

(1) "How valid are the optimistic claims of scientists on the one hand and the

predictions of prophets of doom on the other?'' (2) "What are the limits, if any, to

economic and industrial growth?"'
In this small book Mr. Ordway has accumulated an abundance of stubborn facts

and charts to support his conclusion that we are using up our capital land, minerals,
and wood at an alarming rate. "Since 1045 our food production has increased 50

percent less than our population." The expansion of industry is eating up our pro-
ductive farm land, while at the same time through misuse much of our acreage is

becoming unproductive. In the light of our soil bank plan and our accumulating sur-

pluses we may laugh this off, but before doing so we had better weigh carefully the

evidence put before us by the author. His charts are not to be contradicted.

For those who care to philosophize about our present outlook, the chapter on
"The Good Life" is refreshing.

This is a stimulating little book, clearly written, and provides an excellent intro-

duction to the whole problem of conservation.—Willis A. Evans, California Depart-
ment of Fish and Game.

f

Fishing With Natural Insects

By Alvah Peterson; The Spahr & Glenn Company, Columbus, 1956; x + 17G p.,

*63 figs. $6.

The subtitle, "A Handbook of Insects for Bait Use", is far more descriptive than

the title. Mr. Peterson, an entomologist, does not discuss the techniques of fishing

with insects. He explains the techniques of capturing, preserving, and rearing insects

that are large enough to impale on a hook.

The text adequately describes insects and their larvae, selected from 13 orders.

Life history, distribution, and physical details are given for each order, family, and

genus mentioned. The information is presented in (dear, simple form that permits

quick reference and pleasant reading. One of the most appealing aspects of the book

is the manner in which some of the insects and their habits are described. The
author discusses the crickets, for instance, as though they were close friends.

Amateur naturalists and anglers alike will enjoy the continuous thread of infor-

mation on the capture and rearing of insects. How many of us have placed our bait

in a jar or can and found it dead within a few hours?
A chapter on the location and food of common fishes is rather vague with respect

to distribution and tends toward the bizarre regarding foods.

The illustrations range from fair to excellent. Many of the photographs have been
retouched for clarity, while others are almost perfect in detail. I especially liked the

photographs of oil paintings by W. C. Costello.

Although the price is high, there is a great deal of factual and interesting infor-

mation in this little book.—Richard Haley, California Department of Fish and Game.

Forest and Range Policy

By Samuel Trask Dana; McGraw-Hill Book Company, New York, 1956; xii

+ 455 p. ,$6.50.

The complete title is "Forest and Range Policy, Its Development in the United
States." This is the twenty-fourth work in the American Forestry Series of text-

books, which dominates the forestry text field.
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The first inception of Eoresl regulations in colonial times marks the starting point

of till' chronology. As times Changed, policies changed. Tin- object of I he hook i.s to

present "some knowledge of these changes and of the forces thai have controlled

them both to understand the present pattern and predict its future evolution."

Though federal policies receive special attention, those of Btates and private

agencies are covered also. An uppendix summarizes federal policies relating to wild

life, soil, water, and mineral resources. < >ne item of local interest in the wildlife

section is reference to the earliest wildlife sanctuary in the United Slates, which

was established in. 1870 in what is now Oakland.
A second appendix consists of "A Chronological Summary of Important Events

in the Development of Colonial and Federal Policies Relating to Natural Resources."

The hook is designed for reference use and as a text. Surprisingly enough, it affords

relatively easy reading, possibly because of the occasional use bj Dr, Dana of col-

loquialisms, rather than the usual unrelieved sterile verbiage common to textbooks.

The volume will be of value to any natural resource worker involved with policj

matters and should be of interest to others.—Fred I,. Jones, < '<iliji>iiii<i Department
of Fish and Game.

The Singing Wilderness

By Sigurd F. Olson; Alfred A. Knopf, New York, 1956; 245 p., illustrated by

Francis Lee Jaqnes. .$4.

"The Singing Wilderness" is reminiscent of Aldo Leopold's "Sand Counts

Almanac".
In both volumes the appeal of wilderness experience is (dearly expressed with

feeling and insight.
Mr. Olson is a well-known conservationist and is active in several national or-

ganizations dedicated to wilderness preservation. This book has stemmed from 30

years of enjoyment in the forest and lake wilderness of I he Ouet ico Superior countrj

of northern Minnesota and adjoining Canada.
A collection of 33 essays is presented according to the four seasons spring, sum

mer, autumn, and winter. Each of tl ssays is headed by one of Francis Lee

Jaques' fine pen and ink sketches.

One essay describes a stirring in light serenade by wild-flying hums. Another

delicately shares a revel in wilderness silence. A collection of thoughts concerning
the incomparable aroma and superior pyrotechnics of well-seasoned [due knots is

gathered together. The final essay transmits to the reader the enjoyment and thrills

of a once-in-a-lifetime midwinter encounter with timber wolves.

Throughout the hook, .Mr. Olson exhibits a rare ability to transpose esthetics into

communicable terms. It is a pleasure to share his experiences in such a medium.

The I k is not for the reference shelf. It is, rather, something to be read and

enjoyed. The passages in it will stimulate successive selected rereadings. for all of

the nuances of thought cannot he conquered in the first perusal.

"The Singing Wilderness" will be enjoyed in one degr >r another by anyone
who has an affinity for the outdoors. Fred L. Jones, California Department of Fish

and (lame.

Experimental Design

By Walter T. Federer; The Macmillan Company, New fork, L955; six + oil

+ 47 p. $11.

This book brings together material hitherto available onlj from widely scattered

sources and then certainlj not as well presented as it is here. It is an intro-

ductory text, but rather a technique handbook for advanced students. A detailed

knowledge of basic statistical epts is necessars for its effective use.

The introductorj section has a brief but dear discussion of the principles of

scientific experimentation, essentiallj based on the statistical approach. Chapter 2

discusses statistical tools and concepts a- a prel inn na r.\ exposure ami exercise for

the rest of the book. The bulk of the book thoroughlj covers various types of ex

perimeiital designs with their application, advantages, and disadvantages compre

bensively discussed. In general, the conception and analysis of each design is

presented first in the chapter and is followed by a discussion of the design's variation,

with material on components of variance presented last. A bibliographj of 340 cita

lions is included.

This reviewer believes this I k should be available to every serious researcher,

either on his own shelf or in a library. J. lirin-r Kinis,i,. California Department of

Fish and Gome.
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Laboratory Manual of Mammalogy

By B. Lendell Cockrum; Burgess Publishing Company, Minneapolis, 1955;

iii + 160 p., illus. $4.

This spirally-bound manual was developed as an aid to students of mammalogy.
While it emphasizes study of the mammals of Arizona, it is general in scope and
thus generally applicable. Its particular benefit to wildlife management personnel

is that it provides easy reference to subjects varying from skeletal characters and

methods of taking standard specimen measurements to a key to the families and

genera of North American mammals north of Mexico. Most of the chapters terminate

with good lists of references to detailed studies of specific subjects. Of particular
interest is Appendix P>. which is a selected bibliography of area works on mammals.
It lists the major contributions to mammalian literature for Alaska and the indi-

vidual provinces of Canada, and for 43 of the United States.

It must be borne in mind that this publication is intended to guide the student

toward further endeavors. The treatment is necessarily general, but the way is

left open to attain the specific.
—Henry A. Hjersman, California Department of Fish

and Game.

Travels and Traditions of Waterfowl

By II. Albert Hochbaum; The University of Minnesota Press, Minneapolis, 1955;
xii + 301 p., illus. $5.

My praise for II. Albert Hochbaum and the results of his work as director of the

Delta Waterfowl Research Station in Manitoba, Canada, is almost unlimited. I

believe Mr. Hochbaum is a true example of the right man in the right place at the

right time. For 1('» years he has resided at the Delta station, studying the waterfowl

of that area and along the south shore of Lake Manitoba. The station is sponsored

by the North American Wildlife Foundation and the Wildlife ManagementTnstitute,
and apparently operates in an atmosphere of complete academic freedom.

Being a waterfowl manager myself, and familiar with the author's earlier book

The Canvasback on a Prairie Marsh, I was most excited when I learned of his new

work. Travels ami Traditions of Waterfowl is an example of keen observation allied

with broad thinking, reported in a practical manner easily understandable by all.

The scientific value of the book comes from his analysis of one of the most dra-

matic mysteries of nature, that of bird migration. Mr. Hochbaum has seen that the

blanket term "instinct" as the explanation for migration is in truth no explanation

at all. He makes no pretense of omniscience—lays no claim to knowledge of the

migration of other species. He does present impressive evidence that what he calls

"tradition" plays an important, perhaps a major, part in the travels of waterfowl

from their nesting grounds to their winter quarters and return.

The migration of birds has and always will intrigue the mind of man. How do

birds make their long trips each year without being equipped with sextants and com-

passes, mathematical tables, or the gift of speech? I believe you will agree with the

author's intrepretation that "tradition" is well founded and substantiated by recent

band return information. Emphatically, this is a book for the layman as well as

the scientist.

The book is divided into three parts. Part one is entitled Travels of Waterfowl,
with chapters on (1) Patterns of local movement, (2) Learned response to the

environment, (3) The visual world. (4) The function of memory, (5) The aerial

environment, and (G) Awareness of time and space.
Part two is entitled Migrations of Watrrfotrl, with chapters on (1) The cycle of

migration, (2) Flight trails south. (3) Homeward migration, (4) The classification

of waterfowl travel, (5) The dimensions of travel, (»'>) The influence of bad

weather, (7) Overseas migration, (S) Magnetic and radio fields, and (9) Awareness

of direction.

Part three presents the Traditions of Waterfowl, with chapters on (1) Biological

traditions, (2) Building new traditions, (3) Tradition and racial isolation, and

(4) Broken traditions.

A 21-page biblography covering the various aspects of travels, migrations, and

traditions of waterfowl further attests to the thoroughness of Mr. Hochbaum's work.

To close without a reference to the excellent illustrations which accompany the

text would be an injustice to the author. He is as capable an artist as he is an

observer and writer.
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In brief] Travels and Traditions of Waterfowl is a great book and an excellent

contribution toward the understanding of waterfowl migrations and ecology. John
li. Coinni, California Department of Fish and Game.

Handbook of Tropical Aquarium Fishes

By Herbert W. Axelrod and Leonard F. Schultz; McGraw Hill Booh C pany,

Inc. New York. 1955; xii
i

718 p., over 800 illustrations. incl. I s" in full

color. $10.

Perhaps this contribution to the lure of tropical aquarium lislics has used the term

"handbook" to mean a German "handbuch," which many think of as a work requir-

ing at least two hands to pick up ! [let worn its adequate cloth hound covers are

some 7o<i pages exhibiting a nice job of printing on a good quality of paper.

The first four sections take up 150 pages and consider Ichthyology, The Aquarium
and Its Management, Plants in the Home Aquarium, and Diseases of Fish and Their

('ure. The major portion of the hook, over 500 pages, is devoted to the Catalogue of

Fishes. In addition, there is a glossary which contains most, Imt not all, of the

technical terms used in the hook.

This hook seems to he directed toward the advanced aquarisl as well as the

student of ichthyology. The aquarisl will find the chapter on Ichthyology of special

interest, as it deals with the history of ichthyology, methods of collecting fishes,

preservation of fishes for identification purposes, distribution of fishes, and anatomy
and functions. The second chapter, The Aquarium and Its .Management, is a bodge

podge of information varying from such statements as "Water is composed of the

two elements hydrogen and oxygen chemically bonded together" to the mathematical

expression of pi I (pi I - tz~t
, ,. )

\ logio Il-ion concentration in gram equivalents per liter/'

In addition, there appear techniques of importance only to persons interested in

obtaining brine shrimp eggs as a commercial enterprise. The section on water in

this chapter can not only lead to confusion, but may result in the reader's being

left with .300 gallons of salt water on his hands.

The short chapter on Plants in the Home Aquarium seems adequately written and

contains some excellent photographs. The chapter on Diseases of fishes and Their

Cure will please the aquarist. It describes diseases of the skin, eyes, and internal

organs caused by worms, protozoa, bacteria, and fungi, and also provides recom-

mendations for their treatment.
The Catalogue of Fishes is done in a scientific manner. It includes illustrations

of the species, scientific name, range, size, temperament, temperature requirements,
sex differences, and fin ray counts. In addition, for each species there are usually
three or four paragraphs concerning coloration, feeding habits, and breeding habits.

The illustrations in this portion of the book consists of photographs, both color and

black-and-white, and drawings. The photographs for the most part are excellent.

The drawings, however, are mil so uniform in quality as the photographs, although
some are outstanding. Some four hundred odd species are described in the Catalogue.
Many of these, however, are not to he found in the neighborhood pet store, and have

actually only been seen by collectors and scientists.

As with most first editions, there are the usual errors which will require corrections

in subsequent editions. This hook will he useful and worthwhile to most persons
interested in tropical fishes.— Harold Wolf, California Department of Fish and Game.
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of migration in king salmon,

Oncorhynchus tshawytscha (Wal-
baum), 189-198

Mekjian, Harry M., and Jack W.
Schott: A simple optic bench for

scale photomicrography, 347-349

Melanophores : distribution in rockfish

larvae, 149-153

Method : attaching Petersen disk tags,

(i
,

.)-79; creel census, 109-115; de-

termining sardine catch, 309-322 ;

photographing fish scales, 347-



i.\i)i:.\ :',<I1

.*!4'.i ; rearing larval Bcombrida in

shipboard aquaria, (i'.l-7!> ; trap

ping channel catfish, 323-335

\fioropteru8 salmoides: see bass, large
mi ni ( li

Migration: channel catfish, 323-335;

deer, 243-308; king salmon, 189

L98; white sturgeon, 23 35
Mill Creek, Tehama County; survival of

king salmon spawn, 37-4!>

.Miller, Daniel J., and John Schmidtke ;

Report on the distribution and

abundance of Pacific herring

(Clupea pallasi) along the coast

of central and southern Califor-

nia. 1(58-187

.Morris, Robert W. : Early larvae of

four species of rockfish, Sebas-

hnhs, l-UM:":;

Mortality: coot and duck nesting. 117-

130; eastern brook trout, 93-108;
king salmon eggs, 37-49; ring-

necked pheasants from insecti-

cide-contaminated diets, 5-14

N
Naylor, A. E., and G. W. Wilson: Un-

usual occurrence of the ring-
tailed cat, 231

Nesting studies : waterfowl, 117-130

Odocoileus hemionus Columbian us: see

deer, black-tailed

Odocoileus hemionus hemionus: see deer,

Rocky Mountain mule
Odocoileus hemionus inyoensis: see deer,

Inyo mule
Odocoileus vvrginianus horealis: see

deer, white-tailed

Oncorhynchus tshawytscha: see salmon,
king

P

Pelvic girdle: characteristics in relation

to sex in black-tailed and white-
tailed deer, 15-21

Perca flauescens: see perch, yellow

Perch, yellow: age and growth, condi-
tion factor, fishery, food habits,

length-weight relationship, spawn-
ing, 219-228

Petersen disk tag: see tag
Phasianus colchicus: see pheasant, ring-

necked

Pheasant, ring-necked: mortality from
insecticide-contaminated diets, ">-

14

Photomicrography: fish scales, 347-349

Physical features: Lower San Gabriel
River, Los Angeles Count \ , 51-61

Planting records: eastern brook troul in

Castle Lake, 93-108
Plastic "spaghetti" tag: see tag

PneumatophoruB diego: see mackerel,
Pacific

Pollution: Lower s.hi Gabriel River,
I ios A ageles ' 'ounty, 5 1 6 1

Population estimation: king Balmon,
L89 198; Pacific herring, L63
1 n7 : white sturgeon, 23-35

Pred.it ion : mi nesting waterfowl. 117

L30

Purshia tridentata: see bitterbrusb

Pycha, Richard L. : Progress report on

white sturgeon studies, 23 35

Randall, John E. : A new method of a(

taching Petersen disk tags with

monofilament nylon, 63 67

Reish, Donald J.: An ecological stud]

of Lower San Gabriel River,

California, with special reference

to pollul ion, 51 61

Retirement: Frances N. Clark, '_!•".".;

\V. L. Scofield, 154

Reviews: Aspects of deep sea biology,

84; The beast that walks like a

man, 1;">7 ;
A bibliography of

references to diseases of wild

mammals and birds, 238; Bird

navigation. 87; California grizzly,

156-1." ; Conserving natural re-

sources: Principles and practice
in a democracy, 83 ; The edge of

the sea, 155; The elements of

chromatography. 1.~>7: Experi-
mental design. 355; Fish saving:
A history of fish processing from

ancient to modern times. •_'.", 5 :

Pishes of Japan, ir>."i-l .">('>
;
Pish

ing with natural insects, 35 1 :

Forest and range policy. 354-355;
Handbook of tropical aquarium
fishes. .".."i7 : Laboratory manual
of mammalogj . 356 : Mammals,
sr>

: A manual of the dragonfiies
of North America ( Anisoptera),
st)

;
The marine and fresh water

fishes of Ceylon. 236; Matching
the batch, 235 236

;
Modern

Spearfishing, 84; North American
birds of prey. 236; Outdoor
hazards real and fancied, 158;
The outdoorsman's cookbook i re-

vised edition t . 158 : Pacific sal-

mons, trouts, and fresh water

tisbes. 85 : Recent studies in

avian biology, 237 238; Resources
and the American dream, 35 I .

The singing wilderness, 355;

Soil, 83 84 : The spirit of the

wild, 353 : Travels and traditions

of waterfowl. 356 •"••"'7 : The an

derwater naturalist,
v

I s ">
: Wild

America. L56
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Rockfish, popeye : description of early

larva.'. 149-153

Rockfish, slim: description of early lar-

vae, l 19 L53

Kudd, Robert L. : see Genelly and Rudd

Sacramento River: king salmon migra-
tion, 1S9-198

Sagebrush : as deer forage, 24.3-308

Salmo gairdneri: see trout, rainbow
Salmo trutta: see trout, brown
Salmon, king: migration, 189-198; sur

vival of spawn, 37-49
Salvelinus fontinalis: see trout, eastern

brook
Salvelinus namaycush: see trout, lake

S.i ii Gabriel River, Lower, Los Angeles
County: ecology, with special

reference to pollution, 51-61

Sardine: catch records, 309-322

Sardinops caerulea: see sardine

Scales, fish: method of photographing,
347-349

Schmidtke, John : see Miller and
Schmidtke

Schott, Jack W. : see Mekjian and
Schott

Scofield, W. I..: retirement, 154
Scomberomorus sierra: see mackerel,

sierra

Scombrids, larva] : growth, rearing in

shipboard aquaria, schooling and

swimming behavior, <'>!)-79

Sebastodes goodei: see chilipepper
Sibastodes jordani: see rockfish, slim

Sebastodes paucispinis: see bocaccio

Hehastodes saxicola: see rockfish, popeye
Seriola dorsails: see yellowtail, Cali-

fornia

Sierra Valley deer herd (Verdi sec-

tion) : see Verdi section deer

herd

Skipjack, oceanic, larvae: growth, rear-

ing in shipboard aquaria, school-

ing and swimming behavior, 69-

79

Spaghetti tag: see tag

Spawning: Pacific herring, 163-1S7 ;

V'How perch. 21K-22S

Spawning areas: Pacific herring, 163-

187

Spawning behavior: Pacific herring,
163-187

Staple tag : see tag

Strap tag: see tag

Stream improvement: see improvement,
stream, 203-217

Sturgeon, white: age and growth, age

composition, fishery in Califor-

nia, length-frequency, manage-
ment, migration, population esti-

mation, tagging, 23-35
Survival : coot and duck nesting, 117-

130; eastern brook trout, 93-108;
king salmon eggs, 37-49

'I'alier. Richard D. : Characteristics of

the pelvic girdle in relation to

sex in black-tailed and white-

tailed deer, 15-21

Tag: diskdangler, 323-335; 337-.". M". :

hydrostatic, 323-335; 337-346;
Petersen disk, 63-07; 337-346;

spaghetti, 337-346; staple, 337-

346; strap, 337-346

Tagging: channel catfish. 323-335;

largemouth bass, 337-346 ; meth-
od of attaching Petersen disk tag,

63-67 ; white sturgeon, 23-35

Teal, blue-winged : new locality record,

81
Tent caterpillar, Great Basin : see

caterpillar, Great Basin tent

Toxaphene : toxicity to ring-necked

pheasants, 5-14

Toxicity: DDT, toxaphene, and dieldrin

to ring-necked pheasants, 5-14

Trap, deer: single-gate, 199-201

Trout, brown: in Castle Lake fishery,

93-108

Trout, eastern brook : age and growth,
catch records, fishery in Castle

Lake, management, mortality,

planting records, survival, 93-108

Trout, lake : in Castle Lake fishery, 93-

108

Trout, rainbow : in Castle Lake fishery,

93-108

Trout, steelhead rainbow: bisexualism,
229-231

V
Verdi section deer herd : food habits,

243 308

W
Wales, J. II., and E. R. German:

Castle Lake investigation
—sec-

ond phase : eastern brook trout,

93-108
Waterfowl: nesting study, 117-130

Wilson, G. E. : see Naylor and Wilson

Yellowtail, California : behavior, 351-

352
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