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The objective of this study was to determine the

feeding habits of the Mazama pocket gopher (Thomomys

mazama Merriam) in the pine region of south-central

Oregon. Damage caused by pocket gophers to conifer

regeneration was a major incentive for this research.

A permanent reference collection, consisting of

epithelial tissue from leaves, stems, and roots of local

plants mounted on microscope slides, was prepared. Pocket

gophers were collected on alternate months from July 1973

through September l97Li.. Species of plants eaten were

identified by comparing fragments of epithelial tissue in

the stomach contents to the reference collection. Shrubs,

common mullein (Verbascum thapsus L.), and ponderosa pine

seedlings (Pinus ponderosa Dougl.) also were examined in

the field monthly from December 1973 through September 19Th

for evidence of above-ground feeding by gophers.



The relative abundance of plants on the study area

was estimated by frequency of occurrence and percentage

cover. Preference indexes for frequently eaten foods

were obtained by dividing the precentage composition in

the diet by the plant cover on the study area.

Stomach content analysis revealed that 31 of the 45

plant species identified on the study area were used as

food by gophers. Plant materials eaten included foliage,

stems, and roots.

Forbs comprised 55 percent of the vegetative cover in

July 1973, and 61 percent in July 1974. They constituted

40 percentof the annual diet, and were eaten mostheavily

during the growing season. The most frequently eaten

forbs were spreading groundsmoke (Gayophytum diffusum

Mutt.), matted nama (Nama densurn Lemmon), knotweed

(Polygonum douglasii Greene), common thistle (Cirsium

vulgare(Savi) Tenore), goosefoot violet (Viola purpurea

Kell.), and velvet lupine (Lupinus leucophyilus Dougl.).

Grasses comprised 41 percent of the vegetative cover

in July 1973, and 30 percent in July 1974. They consti-

tuted 32 percent of the annual diet, and were eaten exten-

sively during the dormant season. Cheatgrass (Bromus

tectorum L.) was eaten only in Nay. Western needlegrass

(Stipa occidentalis Thurb.) was eaten most heavily in

summer and autumn, and mountain brome (Bromus carinatus



H. & A.) was consumed most. heavily during the dormant

season.

Stomach content analysis indicated that woody plants

were eaten during the dormant season, but they constituted

only a small part of the annual diet. Ponderosa pine was

the most heavily eaten woody plant. Field observations

supported these results. Evidence of gophers feeding above

ground onwoody plants was found only from December through

April.

In general, the diets of gophers collected during

the growing season, July and September, werenot signi-

ficantly different. The diets of gophers collected

during other sampling periods were significantly different

(p<O.O5). Availability and relative abundance of foods

were identified as important dietary determinants. In July,

when all foods were abundant, vegetative components ranked

by preference were perennial forbs, grasses, annual forbs,

and woody plants.

Perennial forbs were the preferred food, but grasses

were the most important food in winter, Results indicated

that vegetative a1teration as an indirect method of con-

trolling pocket gopher damage to conifers, should be directed

at controlilig grasses without stimulating the establishment

of perennial herbs.
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THE FEEDING HABITS OF THE MAZAMA POCKET GOPHER IN THE
PINE REGION OF SOUTH-CENTRAL OREGON

INTRODUCTION

Feeding by pocket gophers on conifer seedlings

hindered and in some instances prevented reforesta-

tion in many regions of the Pacific Northwest (Dingle

1956, Hermann and Thomas 1963 Black et al. 1969, Barnes

et al. 1970, Hooven 1971). Barnes (1973) reviewed

methods of reducing damage caused by gophers to seedlings

in pine plantations and concluded that vegetative alter-

ation had the greatest potential of all methods examined

for achieving effective, long-lasting control. Vege-

tation is important to these fossorial rodents as forage

and is probably a major factor influencing population

levels (Walker 1949, Miller 1964, Turner etal. 1973).

Working in mountain meadows in Colorado, Keith et al.

(1959) and Tietjen et al. (1967) reported significant

reductions in gopher populations after the abundance of

forbs was reduced by applications of 2,4-D herbicide.

Forest-management practices alter vegetation, which

in turn affect wildlife habitats. To predict and assess

more accurately the effects of vegetative alteration on

gopher populations, foresters require information about

the feeding habits of pocket gophers on forest lands

(Barnes, 1973).



OBJECTIVES

The purpose. of this study was to determine the

feeding habits of a population of Mazarna pocket gophers

in the pine region of south-central Oregon. Specific

objectives were to identify species of plants consumed,

to estimate th relative quantities of plants ingested,

and to determine the seasonal variation in feeding

habits.
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REVIEW OF LITERATURE

Feeding Habits of Pocket Gophers

Wight (1918) found that only a few of a large sample

of plant species were refused when offered to caged Camas

pocket gophers (Thomomys bulbivorous Richardson). He

observed that they preferred foods to which they were

accustomed.

Wight (1918) reported that false dandelion

(Hypochaeris radicata L.) was the plant most commonly

collected and stored by Camas pocket gophers. Garden

vegetables such as carrots and potatoes as well as apple,

peach, and walnut roots also were stored. Aldous (1945)

found that the northern pocket gopher (Thomomys talpoides

Richardson), in mountain meadows in Utah, most often

cached dandelion roots and bulbs and tubers of other

forbs. Aldous (1951) stated that most of the under-

ground food consumed by the northern pocket gopher con-

sisted of fleshy taproots, tubers, and corms.

Ward (1960) and Vaughan (1974) found that stomach

contents of northern pocket gophers collected in mountain

meadows in Colorado during the growing season consisted

predominately of above-ground portions of plants.

Working in the same region in Colorado, Ward and Keith

(1962) found that forb roots comprised over three-

3
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quarters of the winter diet of a small sample of gophers.

Ingles (1952) found that most of the summer diet of

the mountain pocket gopher (Thomomys monticola J. A.

Allen) in California consisted of roots,, but that the

greater portion of the winter diet was the green stems of

grasses and sedges. Also in winter, leaves of Ceanothus

cordula-tus were cached in the snow and the bark of wil-

lows (Salix sp.) was eaten, Ward (1960), Ward and Keith

(1962), and Vaughan (l97Li.) found that forbs were the pre-

ferred food of the northern pocket gopher ii COlorado,

but that grasses were consumed heavily in spring and fall,

before and after the main period of forb growth. Myers

and Vaughan (l96Li.) reported that most of the annual diet

of the plains pocket gopher (Geomys bursarius Richardson)

in eastern Colorado was grass, although forbs were pre-

ferred when they were succulent in spring and summer.

Moore and Reid (1951) concluded that the northern pocket

gopher, in mountain meadows in central Oregon, ate most

of the succulent plants that grew within its range..

Methods of Studying Feeding Habits.

The purpose of the following discussion is to

describe methods of investigating the feeding habits of

mammalian herbivores so that individuals unfamiliar with

studies of feeding habits may better understand their.



limitations

Voth (1968) believed that studies of feeding habits

should include observations of the animal's activity

related to satisfying its metabolic demands (including

food detection, selection, collection, ingestion, diges-

tion, and eges-tion) and tabulation of the food units con-

sumed (including source, quantity, energy content, and

nutrition). No study of feeding habits has met all of

these requirements. As Voth (1968) stated, "The ideal has

not been realized."

Wildlife biologists and other resource managers have

been less concerned with the foraging behavior of animals

than with identifying and quantifying foods consumed.

Examining the food resource and examining the contents of

the digestive tract are the two principal approaches that

havebeen followed for describing and quantifying animal

diets.

In the first approach, the potential food resource is

measured before and after a period of grazing to deter-

mine what has been consumed. An exclosure is maintained

as a control for determining the productivity of the food.

source. This procedure was followed by Crouch (1966) to

study forage utilization by black-tailed deer (Odocoileus

hemionus columbianus), by Brenner (1962) to study forage

preference of beavers (Castor canadensis), and by Galley

(1960) to study the energy flow from field vegetation
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through meadow mice (Microtus pennsylvanicus .) to the

least weasel (Mustela rixosa allegheniensis). Disadvan-

tages of this approach are that it is difficult to exclude

grazers other than the target species. A major advantage

is that the animals under study are not disturbed by the

researcher

In the second approach, contents of the digestive

tract are examined either before or after digestion. For

herbivores, these two procedures are referred to as

stomach content analysis (SCA) and fecal pellet analysis

(FPA). An advantage of examining contents of the digestive

tract is that there is no doubt that the food was consumed

by the animals under study.

SCA and FPA both rely on the presenceof "recognition

items" within the contents of the digestive tract. Adams

(1957) defined a recognition item as a small anatomical

structure of a consumed food that resists digestion and

is readily identifiable. A reference collection of recog-

nition items of all important, potential foods is pre-

pared for comparison with the stomach or fecal material to

determine foods consumed. For FPA of all herbivores and

for SCA of small herbivores, which finely masticate their

food material, researchers utilize plant histology and

microtechniques, with fragments of plant epidermis as the

recognition items,



Relating epidermal fragments to the relative quanti-

ties of foods ingested is a problem common to both SCA

and FPA. Stewart (1967) examined fecal pellets of

African grazers and determined that different grasses

separated into different sized fragments upon digestion.

He concluded that determining relative frequency of all

epidermal fragments was not a valid method for estimating

the relative quantities of foods ingested. Hercus (1960)

examined fecal material of grazers in New Zealand and

found variation in the total count of epidermal fragments

per unit volume on duplicate samples, because the frag-

ments were not of uniform size or shape. She proposed

that a method of estimating the surface area of epidermal

fragments would allow for different fragment sizes.

Stewart (1967) fed known quantities of eight dif-

ferent grasses to seven species of semitame grazers and

obtained evidence of differential digestibility among the

grasses. Diets were quantified by determining surface

area of epidermal fragments in fecal material. For many

of the grasses, the relative proportion of epidermis in

the feces underestimated the relative proportion ingested,

indicating that these species were digested to a greater

degree than others.

To overcome problems of differential digestibility,

Adams (1957) fed hares (Lepus americanus Bairdii) two

species of forage plants and derived conversion factors



calibrating recognition items to quantity of food inges-

ted. Adams et al. (1962), in a continuation of the

earlier work, reported that for one forage species there

was no significant correlation between the number of

recognition items to the quantity of food consumed.

Storr, (1961) studied the feeding habits of kangaroos

and wallabies and stated that the chief disadvantage of

FPA was that annual plants could not be identified in

fecal material, Only the clear cuticle of annual plants

survived digestion and this material had to be 1sted as

"annual herb." In contrast, epidermis of perennial plants

survived digestion and could be identified to species.

He obtained evidence that there were no differences in the

digestibility of the epidermis among perennial plants.

SCA has a major advantage over FPA in that thecon-

tents of the stomach are mostly undigested and more accu-

rately reflect quantities of food material ingested.

Voth (1968) criticized SCA because most of the contents

of stomachs were composed of small unidentifiable frag-

ments such as parenchyma cells. Heclaimed that from 50

to 80 percent of the stomach contents was absorbed during

digestion and did not have to be handled when using FPA.

To eliminate small unidentifiable fragments, most resear-

chers conducting SCA strain the stomach contents. This

procedure not only washes away small unidentifiable

material, but also fat and gastric juices (Williams, 1962).

8
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Dirschl (1962) used sieves of three different mesh sizes

for straining rumen contents of antelope (Antilocapra

americana), and ascertained no differences in the mean food

compositions as computed following the aggregate percen-

tage method.

Because of the many uncontrollable variables described

above, I concluded that studies of food habits are at best

approximations. Dietary findings are probably applicable

only under the conditions existing when samples were

collected (Medin, 1970). Gullion (1966) believed that

studies of even 2 to 3 years duration were inadequate.

Investigators must specify the status of the population

(stable, rising, falling) and compare the condition of

the animals and the food resource to average conditions,.

A complete understanding of the feeding habits of a

species may require study throughout a wide range of

habitat and population conditions.



STUDY AREA

This study was conducted in the Chiloquin District

of the Winerna National Forest, 7 miles northeastof

Chiloquin, Kiamath County, Oregon (Sec. 12, T3'4S, R7E).

The climate is characterized by hot, dry summers, and

rain and snow during the winter. The mean annual preci-

pitation, based on 20 years of data, is 18 inches (7 cm)

(NOAA, 195L1._l973).

The study area lies within th? 15,000-acre (6,000-

hectare) Cave Mountain burn of 1959. The preburn vege-

tation was representative of the ponderosa pine/bitterbrush

(Purshia tridentata (Pursh) DC.)/needlegrass community on

pumice soil (Volland, 19Th), The area in which the study

site lies was salvage-logged and planted by the U.S.

Forest Service in 1962 and 1963 with 2-0 ponderosa pine

seedlings that were treated with TMTD (Tetramethylthiuram-

disulfide, an animal repellent). In 1965, this plantation

was declared a failure. Major causes of seedling mortality

were pocket gophers, frost heaving, and drought.

The postburn vegetation remained in an early seral

stage dominated by annual and perennial grasses and annual

forbs (Fig. 1). Shrubs were sparsely scattered throughout

the site. Common herbs included western needle grass,

mountain brome, cheat grass, spreading groundsmoke,

10
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Figure 1. The study area at Chiloquin, Kiamath
County, Oregon, viewed from the western
boundary of the north plot, July 1973.
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tall annual willow-weed, and knotweed. The most abundant

shrubs were bitterbrush, squaw currant, (Ribes cereum

Dougi.), and rabbitbrush goldenweed (Haplopappus bloomeri'

(Hook.) Gray). Other plants identified on the study

area are listed in Appendix I, Table A.

Small mammals on the area were Mazama pocket gophers,

deer mice (Peromyscus maniculatus), Great Basin pocket mice

(Perognathus parvus), montane voles (Microtus montanus),

Heermann's kangaroo rats (Dipodomys heermanni), yellow pine

chipmunks (Eutamias amoenus), and mountain cottontails

(Sylvilagus nuttallii).

Many factors were considered in the selection of this

area for study. The area had a large population of'pocket

gophers with a welldocumented history of gopher damage to

a pine' plantation (Barnes, U.S. Fish and Wildlife Service,

Bend, Personal communication). The area was homogenous

with respect to vegetation, in that' the site was entirely.

within a grass-forb community. Lastly, the area was

representative of the widely distributed ponderosa

pine/bitterbrush type on pumice soil (Volland, l9711.).

The study area included two 5-acre (2-hectare) plots,

each 5 x 10 chains (101 x 201 rn). Henceforth, the two

plots will be referred to as the north' and south plots.

They were at an elevation of Li,20O feet (1,280 rn) and had

a gentle, west-facing slope. The pumice soil was derived
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from volcanic ash deposited by the eruption of Mt. Mazama,

now Crater Lake (Volland, 1963).



MATERIALS AND METHODS

Trapping Pocket Gophers

I attempted to trap 14 gophers every other month from

July 1973 through September 1974. The study area was

divided into 14 equal-sized trapping units and one animal

was trapped from each unit during each sampling period.

Distributing the capture locations evenly throughout the

study area was desired to minimize variation between

bimonthly samples that might have been caused by local

differences in vegetation. To facilitate sampling each

trapping unit uniformly, the units were divided into 10

subunits. The location of the trapping units and the site

of collection for each gopher are illustrated in Fig 2

Gopher burrows were located by probing the ground with

the handle of a long-handled shovel. Burrows were opened

with the shovel and two Macabee gopher traps were set, one

in each direction.

Collected gophers were labeled with the date and loca-

tion of capture, and frozen. In the laboratory, cheek

pouches were examined for contents. Plants materials found

in the cheek pouches were identified and weighed to the

nearest 0.01 gram.

Males with sperm in the epididymides or with ossa

bacula longer than 20 mm and females with large, well-

14
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Figure 2. Diagram of the location of trapping units and
the distribution of sites at which gophers were
collected on the study area at Chiloquin,
Kiamath County, Oregon. Distances are in feet.



developed uteri were classified as adults. All other

animals were classified as subadults. The stomach was

removed f2om each animal and refrozen. Medin (1970)

described freezing as the best method for preserving

color and texture of plant tissues.

Sampling Vegetative Cover

The availability of foods was determined by estimating

vegetative cover following the procedure of Daubenmire

(1959). A 0.1 m2 plot was used to estimate cover of

green vegetation. Frequency of occurrence and percentage

cover were calculated forall plant species sampled.

Species with less than 0.1 percent cover were listed as

traces (Tr).

One sampling procedurewas designed to describe the

plant community, as well asstages of community development.

Fourteen transects traversed the study area. A transect

was located at each endofeach plot and the remaining 10

were stratified in such a manner that insured that each

transect would be greater than 50 feet (15 m) apart. Six

sampling plots, 66 feet (20 m)apart, were located on each

transect. Thus, 814 permanent sampling plots were located

on the study area (Fig. 3). Vegetational analyses were

conducted in July 1973 and in June, July, August, and

September 19714.

16
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A second sampling procedure was designed to analyze

vegetation in the vicinity of thesites where gophers

were trapped. This procedure provided a better statistic

for determining food preferences, because only vegetation

in the vicinity of collected gophers was sampled.

Sampling plots were located in the four cardinal

directions, 3 and 6 feet (Q.9and 1.8 m) from the capture

locations. Thus, eight plots were located about each

capture location, or 112 plots for a sample of l gophers.

Vegetational analyses were conducted in July, September,

and November 1973, and in July and September l97.

Analysis of Stomach Contents

Representative samples of the contents of each gopher

stomach were mounted on microscope slides and examined at

80X magnification. Foods were identified by comparing their

histological characteristics with tissue from known plants.

A reference collection of microscope slides of epithelial

tissue from foliage, stems,and roots of all species of

plants on the study area was prepared to facilitate these

comparisons. This method of examining the feeding habits

of herbivores was developed by Baumgartner and Martin (1939)

and later refined by Dusi <l9Li9). The microtechnique pro-

cedure followed in this study was adapted from Williams

(1962) andWard (1970), as described by Lavoie (Personal
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communication).

All plants used in preparation of the reference

collection were sealed in plastic bags and transported to

the laboratory on the day of collection. These plants

were refrigerated (stored at 5°C) until processed. Storage

time did not exceed 6days.

Different-aged tissues from several plants of the same

species were masticated simultaneously in a high-speed

homogenizer. The homogenized solutions were poured through

fine metal sieves, which were made fromstainless steel

gauze of 200 mesh (0.08mm), allowing mesophyll cells and

other small unidentifiable fragments to be separated from

the desired epidermal fragments. The epidermal fragments

were cleared in. sodium hypochlorite, stained with Hema-

toxylin, and mounted in Apathy's gum syrup (Richards 1943)

on microscope slides. Thetechnique followed in the pre-

paration of the reference slides is described in

Appendix II.

Photomicrographs were made from the reference slides.

These were much easier to handle than slides and expedited

the process of identifying plants consumed. A Zeiss WL

microscope was used to scan the slides at 80X magnification.

The microscope was equipped with a Pentax Spotmatic II,

35 mm camera loaded with Panatomic X film, ASA 32, 16 DIN.

Typical epidermal fragments were photographed. Exposures

were made at 80X and 200X magnification, and exposure times
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ranged from 1/10 to 30 seconds0 A single 3.5- by 5-inch

(8- x 13-cm) black and white print was made from each

developed negative.

The stomach contents of each animal were mixed in

500 ml of water with a magnetic stirrer for about, 5 minutes.

This suspension was then poured through four layers of

cheese cloth, placed in a microsieve, and cleared, fixed,

and stained in the same manner as described for the

reference plant material.

A single slide from each stomach was carefully scanned

at 80X magnification and each plant species identified was

recorded. Surface area of epidermal, fragments was esti-

mated to the nearest 0.01mm2 in 10 fields of view. The

procedure followed for locating the stops on the microscope

slide was described by Nozejko (1972).

Epidermal tissue of foliage and stems was identified

to species, Stem material of forbs that could not be

identified to species was classified as "forb stem." Root

material was not identified to species.

Cellular structure could not be determined for frg-

ments that were many cells thick and opaque. These frag-

ments were classified as nonepithelial tissue. Fragments

that could be identified as epithelial tissue, but could

not be identified to species, were classified as unidenti-

fied epithelial tissue.
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For each stomach sampled, percentage composition was

calculated for each food identified in the 10 fields of

view by dividing the surface area covered by a food item

by the total area covered by all food items, In alL

instances, the diet component labeled nonepithelial tissue

was subtracted from the total before the percentage compo-

sition was calculated. Plants identified in the stomach

contents, but not sampled in the 10 fields of view, were

listed as traces (Tr).

Frequency of occurrence and percentage composition of

food items were calculatedfor the bimonthly, composite

diets. Frequency of occurrence is the proportion of

stomachs sampled in which a food item was identified. The

percentage composition is the average composition calcu-

lated from all the animals sampled. Variation among diets

of gophers sampled within each sampling period and dif-

ferences among the bimonthly composite diets were examined

by following an analysis program (AIDN) developed by

Overton (1971).

Food-preference indexes for the composite diets in

July, September,and November 1973, and July and September

l97L1 were calculated by dividing the percentage composi-

tion of a. food, in the diet by the percentage cover of the

plant on the. study area. A higher index indicated a

greater preference than a lower index.



Examining Food Resources

Representative samples of shrubs, common mullein,

and ponderosa pine seedlings were examined monthly from

December 1973 through September 19Th for stems clipped

and barked by gophers. Each plant examined was marked

by placing a numbered, metal pin exactly 1 foot (0.3 m) to

the north of the plant.

The following shrubs and number of plants of each

species were sampled: green leaf rnanzanita (Arctostaphylos

patula Greene), Li.; rabbitbrush goldenweed, 10; snowbrush

(Ceanothus velutinus Dougl.), 6; bitterbrush, 10; and

squaw currant, 10. The only forb sampled was common

mullein, a biennial, Ten plants were examined.

In November 1973, the study area was hand-planted

with TMTD-treated, 2-0 ponderosa pine seedlings ma 10- x

10-foot (3- x 3-rn) spacing. The observed sample consisted

of two adjacent rows of 50 seedlingseach, centrally

located in each of the twoplots. Because gophers are

known to burrow under seedlings and pull them from below,

the seedlings weremeasured to the nearest 0.5 inches (1 cm)

during each examination.

The most common form of animal-caused mortality was

the complete removal of the seedlings. In these instances,

mortality was attributed to gophers if burrows were located

under the sites where the seedlings had been planted.
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Mortality caused by frost, heaving and other factors also

was recorded Before. assigning the cause of mortality,

dead seedlings were pulled from the ground and their roots

were examined for possible damage by gophers..



RESULTS AND DISCUSSION

Vegetation

Ground cover was at a maximum in July, 28 percent

in July 1973 and 34 percent in July 1974 (Table 1).

Grasses comprised L1.l percent of the cover in July 1973

and 30 percent in July 1974. For these same months,

forbs comprised 55 and 61 percent of the cover, respec-

tively. The increase in cover and the greater proportion

of forbs in 1974 were causedmainly by an increase in

spreading groundsmoke, from 7 percent cover in 1973 to

14 percent cover in 1974.

Grasses were the most abundant vegetative component

in spring, late summer, and fall. Cheat grass was the first

plant to germinate in spring, and it matured in June.

Western needlegrass and mountain brome were green from

spring to late summer. A few shoots of grass were green

throughout the winter.

Forbs were more abundant than grasses in June, July,

and August, and annual forbs comprised 90 percent of the

forb cover in both years, Pink microsteris (Microsteris

gracilis (Hook) Greene),biue-eyed Mary (Collinsia

parviflora Lindl,), and miner's lettuce (Montia perfoliata

(Donn) Howell) matured in late spring and early summer.

Mid- to late-summer annuals were annual agoseris (Agoseris

24



Table 1. Frequency of occurrence and percentage cover of vegetation on the study area at Chiloquin,
Klamath County, Oregon, estimated in July 1973 and June, July, August, and September 1974.

1
Plants with less than 0.1 percent cover are listed as traces (trL

Plants

1973 1974
July June July August September

Freq-
1

uency Cover
Freq-
uency Cover

Freq-
uency Cover

Freq-
uency Cover

Freq-
uency Cover

% % % % % %

Grasses
Cheat grass 1 tr 25 5.3 2 0.2 0 0 0 0

Mountain brome 10 1.1 12 2.7 10 2.4 7 1.8 6 2.0
Western needlegrass 74 10.4 56 7.4 49 7.9 55 7.2 33 4.2
All grasses 11.5 15.4 10.5 9.0 6.2

Forbs
Annual forbs

Annual agoseris 2 0.2 0 0 6 0.4 5 0.3 0 0

Blue-eyed Mary 0 0 37 5.1 4 0.1 0 0 0 0

Common clarkia 2 tr 0 0 1 tr 0 0 0 0

Dwarf purple mimulus 0 0 0 0 2 0.1 0 0 0 0

Knotweed 36 3.6 27 1.4 37 1.5 34 3.5 11 0.6
Large-flowered collomia 2 tr 0 0 0 0 5 0.1 0 0

Matted nama 10 0.5 0 0 8 0.2 1 tr 0 0

Miner's lettuce 0 0 7 0.3 0 0 0 0 0 0

Mountain tarweed 2 tr 0 0 2 tr 2 0.2 0 0

Pink microsteris 0 0 40 3.9 6 0.3 0 0 0 0
Spreading groundsmoke 67 7.4 0 0 74 13.7 79 9.9 0 0
Spanish-clover 0 0 0 0 0 0 1 0.4 0 0

Tall annual willow-herb 21 1.5 18 1.5 23 2.2 32 4.8 0 0

Torrey's cryptantha 6 0,2 18 .06 4 0.2 5 0.3 0 0

Yellow-staining collomia 4 tr 0 0 7 tr 1 tr 0 0

All annual forbs - 13.8 - 12.8 - 18.7 - 19.5 - 0.6



Table 1 cont.

2Perennial forbs inqlude biennial forbs.

Plants

1973 1974
July June July August September

Freq-
uency Cover

Freq-
uency Cover

Freq-
uency Cover

Freq-
uency Cover

Freq-

uenc

Perennial forbs2

% %

Common thistle 5 0.3 4 0.7 1 0.2 1 tr 5 0.3
Dwarf skullcap 2 tr 0 0 0 0 0 0 0 0

Goosefoot violet 16 O.9 21 1.0 23 1.0 20 0.7 1 tr
Rcyal penstemon 0 0 0 0 1 tr 0 0 0 0

Varileaf phacelia 2 0.2 2 0.2 4 0.2 5 0.4 2 0.1
Velvet lupine 4 0,2 5 0.3 7 0.6 4 0.5 2 0.2
White-stemmed mentzelia 0 0 0 0 11 0.2 0 0 0 0

Yellow salsify 0 0 1 0.2 1 0.2 1 0.4 0 0

All perennial forbs - 1.5 - 2.4 - 2.4 - 2.0 - 0.6

All forbs - 15.4 - 15.2 - 21.1 - 21.0 - 1.2

Woody plants
Bitterbrush 0 0 1 tr 1 0.2 2 0.1 1 0.2
Ponderosa pine 0 0 1 0.2 1 0.2 1 tr 1 0.2
Rabbitbrush goldenweed 2 tr 1 1.0 1 1.2 1 1.1 1 1.2
Squaw currant 2 1.2 2 1.2 1 1.2 1 1.2 1 1.2
All woody plants - 1.2 - 2.4 - 2.8 - 2.4 - 2.8

All plants - 28.1 - 33.0 - 34.3 - 32.9 - 10.2
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heterophylla (Mutt.) Greene), spreading ground: smoke, tall

annual willow-weed, and matted nama. Knotweed was the only

annual forb that was green throughout the spring and

summer. The above-ground portions of velvet lupine and

goosefoot violet, both perennials, were succulent from

spring to fall0

Diet

One hundred and ten pocket gophers were collected

during this study. Thirty-one species of plants, 67 per-

cent of the plants known to occur on the study area, were

identified in th&stomach contents. Plant materials used

as food included foliage, sterns, and roots.

Plant roots comprised 2L percent of the annual diet,

although consumption of roots in March (4 percent) was

nearly twice that of anyother sampling period (Fig. '-).

Above-ground forb material constituted O percent of

the annual diet, and was consumed most heavily duringthe

growing season (Fig. 5). Annual agoseris, pink microsteris,

and blue-eyed Mary were eaten in March and May (Appendix I,

Table B). Annual forbs frequently identified in the diet

in July and September were knotweed, matted nama, spreading

groundsmoke, and tall annualwillow-weed. Knotweed also

was eaten in November. Perennial forbs frequently eaten in

summer were common thistle, goosefoot violet, and velvet
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lupine. Velvet lupine andcommon mullein, a biennial,

were consumed in winter.

Grasses comprised 32 percent of the annual diet, and

were eaten most heavily duringthe dormant season. Cheat

grass, an annual, was eaten only in May. Western needle-

grass was consumed heavily during the growing season and

early winter, and mountain bromewas eaten heavily through-

out the dormant season. Western needlegrass probably pro-

vided an adequate dietary component during the growing

season, when succulent forbsaiso were consumed, but was

less favorable in winter, when succulent forbs were scarce.

Demand for water may have influenced the pattern of

grass consumption. In feeding experiments with captive

gophers, Tietjen et al. (1967) found that grasses with

high-moisture content provided marginal diets. Mountain

brome, a succulent grass, provided an adequate diet for

gopher survival. Diets of only nonsucculent grasses, such

as Letterman needlegrass (Stipa lettermani), resulted in

high rates of gopher mortality

Woody plants were eaten in winter, but constituted

only a minor part of the diet, Ponderosa pine was eaten

in November, January, March, and May and was the most

heavily consumed woody plant.

The diets of gophers collected in July 1973 and July

197L1., September 1973 and September 19Th, July 1973 and.

September 1973, and July 1973 and September 19Th were
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not significantly different. The diets of gophers col-

lected in most of the other sampling periods were signifi-

cantly different (p<O.D5) This indicated that during

the growing season, when food was most abundant, the

feeding habits of gopherswere not responsive to small

changes in vegetation. Duringother periods of the year,

the diets of gophers reflected a significant response in

feeding habits to changes in the condition or availability

of foods. The number ofplantspecies consumed per sampling

period reflected food availability. The maximum number of

species were. consumed in July and the least were consumed

in January (Fig. 6).

Composite diets of gophers collectedin July and

September of 1973 and l97Li. were all very similar (SI>.90),

as ere the composite diets of gophers collected in

November 1973 and January, March, and May l97 (Table 2).

The diets of gophers collected during these two periods

corresponded well to a growing season diet and a dormant

season diet0 Primary differences between the two diets

were that forbs were consumed more during the growing

season and grasses and woody plants were consumed more

during the dormant season.

In July, the sampling period when all foods were most

abundant, forbs were. preferred to all other types of vege-

tation (Table 3) Also in July, perennial forbs were pre-

ferred to grasses, and grasses were preferred to annual
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Table 2. Similarity indexes1 (Overton, 1971) of composite diets,
based on the relative proportions of foliage of grasses,
forbs or woody plants, roots, and unidentified plant
materials in the stomach contents of Mazama pocket
gophers collected at Chiloquin, Klamath County, Oregon,

33

1Similarity index is analogous to correlation. Perfect similarity
equals 1.00 and no similarity equals 0.00.

*

Diets of gophers collected during the corresponding sampling periods
were significantly different (p<0.05).
**
Diets of gophers collected during the corresponding sampling periods
were significantly different (p<0.Ol).

1973-74.

Month Jul Sep Nov Jan Mar May Jul Sep

Jul 1.00

Sep .95 1.00

Nov .71** .86** 1.00

Jan .53** 74** .95 1.00

Mar .62** .72** .90* .80** 1.00

May .76** .90 .99 .93 .90* 1.00

Jul .96 .89* .56** .4l** 39** .62** 1.00

Sep .98 .98 .82** .68** .70** .86* .92* 1.00



Table 3. Preference indexes of Mazama pocket gophers (collected at
Chiloquin, Kiamath county, Oregon, 1973-74) for grasses,
forbs, and woody plants.

'Perennial forbs include biennial forbs.

forbs. Woody plants werethe least preferred food.

September and Novembr, the preference indexes of all foods

increased, reflecting the decreasing aVailability of green

herbage. The preference index for woody plants greatly

increased in November, primarily reflecting feeding on the

recently planted ponderosa pine seedlings.

The basic assumption of the SCA method was that the

relative proportions of identifiable material in each

stomach was the same as the relative proportions of plant

species ineach stomach. This assumption was valid if:

There was no differential igestion of the epidermal

tissue of the different species ingested.

The ratio of epidermal tissue to other kinds of tissues

was the same for each species ingested.

34

Plants

Preference Index
1973 1974

Jul Sep Nov Jul Sep

Grasses 1.77 4.72 6.79 1.95 4.33
Mountain brome 2.97 13.54 10.19 3.67 43.63
Western needlegrass 1.63 3.12 5.82 1.79 2.26

Forbs 3.17 15.18 2.63 49.08
Annual forbs 1.43 11.21 1.38 15.43
Perennial forbs1 8.77 16.50 5.92 116,40

Woody plants - 14.10 0.22 1.56
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3) The e-pidermal tissue of each species ingested was

equally identifiable0

Probably none of the above: conditions was ever satisfied

entirely0 The close similarity between. the composite diets

and preference indexes of gophers sampled in. July 1973 and

19Th and between the composite diets and preference indexes

of gophers sampledin September 1973 and 19Th suggests that

the method of SCA produced consistent results0

Feeding on Shrubs, Mullein, and Pine Seedlings

Evidence that gophers fed on shrubs was observed only

during the dormant season, from December through March

(Table ). In general, those species of shrubs that

included young plants (based on size) in the sample were

the most heavily used species0

All of the rabbitbrush goldenweed shrubs that were

examined were young, and it was the most heavily used

species. Shoots were clipped in December, January,

February, and March. All 37 of the shoots were clipped

from a single plant0

Shoots were clipped 18 inches (6 cm) above ground on

snowbrush, indicating that gophers burrowed in snow to this

height or that snow bent the shoots close to the ground.

Snow casts, which are formed by gophers burrowing under

snow, commonly were found during the winter0
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Table 4. Summary of above-ground feeding observed on shrubs and
mullein, from December 1973 through September 1974, by
Mazama pocket gophers at Chiloquin, Klamath County, Oregon.

1Evidence of gopher feeding on shrubs and mullein was not observed from
April through September.

No evidence was found of above-ground feeding on

bitterbrush, but small quantities of bitterbrush were

identified in the stomach contents of gophers collected

in November 1973 and September l97.

The large tap roots and stems were girdled on 8 of the

10 mullein plants examined. In all instances, it appeared

that the gophers burrowed to the plants and emerged above

ground as they fed on the tap roots. Often large segments

of basal leaves and stem epidermis were mixed within the

disturbed soil and scattered throughout the adjacent bur-

rows. This indicated that the foliage of mullein, which is

densely matted with large, branching trichomes was not

preferred food. material. Rather, the gophers seemed to

prefer the roots. and the stem tissue underlying the epi-

dermis.

Bitterbrush 10 0 0 0 0 0

Common mullein 10 40 0 40 0 80

Green-leaf manzanita 4 0 0 25 25 25

Rabbitbrush goldenweed 10 50 30 60 50 90
Snowbrush 6 0 0 50 33 50
Squaw currant 10 0 0 0 10 10

Number of
Plants Number of Plants Used' Total

Species Observed Dec Jan Feb Mar Used
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Eighty-one percent of the pine seedlings that were

planted in November 1973 were dead by September l97

(Table 5). Gophers killed 17.5 percent of the seedlings

from November through April. Gopher damage took. the form

of complete removal, of seedlings.

Table 5. Summary of the mortality of ponderosa pine seedlings,.
based on a sample of 200 seedlings, from December 1973
through September 1974.

Frost heaving killed L1.0 percent of the seedlings,

22.5 percent in January and 18,5 percent in February and

March. The incidence offrost heaving in January was con-

current with a sharp reduction in the rate of gopher-caused

mortality. Field observations gave no indication that the

two mortality agents were compensatory. Frost heaved

seedlingswere simply lifted out and were found lying on

the surface of the ground. These dormant seedlings remained

Observation Period

Monthly Mortality Cummulative Mortality
Frost

Gopher Heaving Other
Frost

Gopher Heaving Other

Dec
Jan

7.0
6.0

%

7.0
13.0

Feb 1.5 22.5 14.5 22.5
Mar 1.0 18.5 1.0 15.5 41.0 1.0
Apr 2.0 17.5
May 6.0 7.0
Jun
Jul 7.0 14.0
Aug 3.0 17.0
Sep 5.5 22.5
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in good condition during the cold weather and did not

deteriorate noticably until the onset of warm weather in

the spring. These seedlings apparently remained available

as potential food during the cold weather, but none were

observed to have been fed upon by gophers.

Mortality caused by other factors, 225 percent,

occurred mostly during the hot dry summer of 197'4. Drought

was the probable cause of death0

The examination of woody plants for above-ground

feeding by gophers was a valuable supplement to the SCA.

Feeding on shrubs and pine seedlings occurred during the

same time of year that woody plants were identified in the

stomach contents (Fig. 7). The close agreement between

these two observations indicates that the SCA accurately

reflected the timing of consumption of woody plants by

gophers.

Cheek Pouch Material

Twenty-five gophers, 23 percent of those trapped, had

plantmaterials in their cheek pouches. The most common

materials found were the blades and culms of grasses and

the roots of perennial forbs (Table 6). These roots,

resembled those of goosefoot violet, but could have been

confused easily with roots of varileaf phacelia (Phacelia

heterophylla Pursh.) or common thistle. Other materials
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Figure 7. Consumption of woody plants by Mazama pocket
gophers at Chiloquin, Kiamath County, Oregon,
l973_7Ll. Top: bimonthly composition of woody
plants in the stomach contents. Middle: number
of shrubs clipped each month. Bottom: number
of seedlings removed each month by gophers.



*
Less than 0.01 grams.

Sample Period Plant Material Weight
g

Jul 73 Succulent forb roots .05

Succulent forb roots .18

Hair roots *

Sep 73 One grass seed *

Grass blades, green .03

Grass culms .23

Succulent forb roots .37

Hair roots *

Nov 73 Grass blades, dry .01

Grass blades, green .02

Leaf of varileaf phacelia, dry .07

Jan 74 Grass culms *

Mar 74 Stems of knotweed, dry *

Grass blades, dry *

Grass blades, green .11

Leaves of goosefoot violet, green .01

Leaf of bitterbrush, dry *

May 74 Root of velvet lupine .09

Grass blades and culms .03

Sep 74 One grass seed *

Hair roots *

Woody roots .11

Succulent forb roots .06
Succulentforb roots .16
Succulent forb roots .23

Table 6. Plant materials identified in the cheek pouches of 25 Mazama
pocket gophers collected at Chiloquin, Kiamath County, Oregon,
1973-74.
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identified included roots of velvet lupine, grass seeds,

stems of knotweed, and foliage of goosefoot violet, van-

leaf phacelia, and b±tterbrush.

Only roots were found in cheek pouches of 11 of the

16 animals trapped during the growing season thathad

plant materials in their cheek pouches. Allnine of the

animals trapped during the dormant season, with plant

materials in their pouches, had only above-ground materials

in their pouches. Five of the latter animals had grasses

in their pouches.

The high frequency of grass materials in the pouches

of gophers trapped during the dormant season supports the

conclusion that grasses were consumed heavily in winter.

The importance of cheek pouch material in regard to

feeding habits is difficult to evaluate, however, These

plant materials are used in the construction of nests,

consumed, or stored in food caches (Howard and Childs,

1959). Some. cached material probably molds and is not

consumed,



CONCLUSIONS

The Mazama pocket gopher preferred perennial forbs

during the summer, but food preferences changed with

seasonal fluctuations in food availability. Throughout

the year, the most succulent foods available appeared to

have been selected.

Other studies of feeding habits of pocket gophers,

particularly those conducted on northern pocket gophers

inhabiting mountain rangelands in Colorado, indicated

that forbs are preferred to grasses, gophers are forb

dependent, woody plants are consumed when preferred foods

are unavailable, above-ground plant materials are consumed

most during the growing season, and roots are eaten with

the greatest frequency in winter (Barnes, 1973). Ward and

Keith (1962) stated "a.. pocket gophers prefer above

ground parts of forbs and take this material whenever it is

available. The roots of forbs, however, are their most

dependable foods and are eaten when succulent foliage is

lacking."

These generalizations seem to apply only to gophers

inhabiting areas where perennial forbs are abundant. Ward

and Keith (1960) reported that the plant community in

Colorado was 50 percent grass and 2 percent forb; peren-

nial forbs comprised 90 percent of the forb component. On

my study area in Oregon, 36 percent of the vegetative cover

42
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was grass and 57 percent was forb. However, annual forbs

comprised 90 percent of the total forb cover, Perennial

forbs were not abundant enough in Oregon to provide a

dependable food resource, Thus, when the above-ground

portions of annual forbs were not available, the Nazama

pocket gopher depended upon perennial grasses. Roots were

not eaten more frequently in winter than in summer0

Important similarities exist between the feeding

habits of the northern pocket gopher in Colorado and

the Mazama pocket gopher in Oregon, however. Results

of both studies show that pocket gophers are adaptable

in feeding habits and that feeding preferences are

responsive to changes in availability of foods. Also,

of all available foods, the most succulent foods were

preferred. These conclusions may apply to gophers

throughout their range.



MANAGEMENT IMPLICATIONS

Thc results presented in this thesis not only describe

the feeding habits of the Mazama pocket gopher in south-

central Oregon but also provide information useful to land.

managers who alter the habitats of gophers through forestry

practices. Management practices that stimulate the produc-

tion of succulent forbs and grasses are likely to improve

the overall habitat of gophers. In contrast, techniques

that reduce these foods to the extent that gophers are

forced to eat marginal diets will reduce the ability of

gophers to survive, and reduced populations, are likely

to resul-t0

In habitats where the availability of forbs and

grasses is low and gophers are absent or not abundant,

management practices that favor competing vegetation such

as shrubs and trees are justified. In habitats similar to

the one at Chiloquin, vegetative alteration designed to

reduce gopher populations should control grasses During

winter, succulent forbs are not available and grasses pro-

vide an important food supply to gophers The reduction

of this food resource is likely to have an adverse impact

on the quality of the gopher's diet0 After vegetative

alteration, it may be best to allow gopher populations to

decline before forest regeneration is attempted, because

LfL



gophers are likely to increase their feeding on planted

conifers if other foods are unavailable0

Ll.5
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APPENDIX I



Pinaceae

Pinus ponderosa Dougl. Ponderosa pine

Polygonaceae
Erigonum nudum Dougl. Barestem buckwheat
Polygonum douglasii Greene Knotweed

Portulacaceae
Montia perfoliata (Donn) Howell Miner's lettuce

Paeoniaceae
Peaonia brownii Dougi. Brown's peony

Cruciferae

Descuraninia sophia (L.) Webb
Sisymbrium altissimum L.
Thlaspi arvense L.

Grossulariaceae
Ribes cereum Dougl.

Rosaceae

Purshia tridentata (Pursh) DC.

Leguminosae

Lotus purshiana (Benth.) Clements &
Clernents

Lupinus leucophyllus Dougi.

Rhamnaceae

Ceanothus velutinus Dougi.

Violaceae

Viola purpurea Kell.

Loasaceae

Mentzelia albicaulis Dougi..

Onagraceae

Clarkis rhomboidea Dougl.
Epilobium paniculatum Nutt.
Gayophytum diffusum T. & G.

Fixweed
Tuinblemustard

Field pennycress

Squaw currant

Bitterbrush

Spanish-clover
Velvet lupine
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Table A. Vascular plants identified on the 10-acre (4-hactare) study
area at Chiloquin, Klamath County, Oregon. Nomenclature
follows Hitchcock and Cronquist (1973), systematic by
families.

Snowbrush

Goosefoot violet

White-stemmed mentzeiia

Common clarkia
Tall annual willow-weed
Spreading groundsmoke

Scientific Common
Family Name Name



Table A. continued

Ericaceae
Artostaphylos patula Greene

Polemoniaceae

Collomia grandiflora Dougl.
Collomia linearis Nutt.
Collomia tinctoria Kell.
Gilia aggregata (Pursh) Spreng
Microsteris gracilis (Hook.) greene

Hydrophyllaceae
Nama densum Lemmon
Phacelia heterophylla Pursh.

Boraginaceae

Cryptantha torreyana (Gray) Greene

Lab iatae

Scutellaria nana Gray

Scrophulariaceae

Collinsia parviflora Lindl.
Mimulus nanus H. & A.
Penstemon specious Dougi.
Verbascurn thapsus L.

Compositae

Agoseris heterophylla (Nutt.) Greene
Chrysothamnus viscidiflorus (Hook.)

Nutt.

Cirsium vulgare (Savi) Tenore
Eriophyllum lanatum (Pursh) Forbes
Haplopappus bloomeri Gray
Lactuca serriola L.
Madia gracilis (J. E. Smith) Keck
Scenecio integerrinius Nutt.
Tragopogon dubius Scop.

Gramineae

Bromus carinatus H. & A.
Bromus tectorum L.
Sitanion hystrix (Nutt.) Smith
Stipa occidentalis Thurb.

Green-leaf manzanita

Large-flowered collomia
Narrow-leaved collomia
Yellow-staining collomia
Scarlet gilia
Pink microsteris

Matted nama
Varileaf phacelia

Torrey' S cryptantha

Dwarf skullcap

Blue-eyed Mary
Dwarf purple mimulus
Royal penstemon
Common mullein

Annual agoseris

Green rabbit-brush
Common thistle
Wooly sunflower
Rabbitbrush goldenweed
Prickley lettuce
Mountain tarweed
Western groundsel
Yellow salsify
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Mountain brome
Cheat grass
Bottlebrush squirrel tail
Western needlegrass

Scientific Common
Family Name Name



1

2Preference indexes were not calculated for plants with less than
0.1 percent cover or for plants that comprised less than 0.1

3percent diet.

Based on a sample of 14 gophers; 8 male (4 adult, 4 subadult) and
6 female (2 adult, 4 subadult).
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Table B. Frequency of occurrence and percentage cover of plants
sampled about capture locations of gophers collected in July,
September, and November 1973, and July and September 1974;
frequency of occurrence and percentage composition for plants
identified in the stomach contents of gophers collected in
all sampling periods; and preference indexes for abundant
plants identified in the stomach contents of gophers col-
lected inJuly, September, and November 1973, and July and
September 1974.

Plants with less than 0.1 percent cover are listed as traces (Pr).

Plants

VEGETATION DIET
Pro-

portion
Freq- of
uency Cover1 Cover

Freq
uency

Compo-
sition

Pref-
erence
Index2

%

Sample One, July l973

% %

Grasses

Bottlebrush squirrel-
tail 3 0.2 7 Tr -
Cheat grass 3 0.2 0 0 -
Mountain brome 4 1.1 36 3.86 2.97
Western needlegrass 72 8.3 71 13.52 1.63
All grasses - 9.8 .41 - 17.38 1.77

Forbs
Annual forbs
Annual agoseris 4 0.2 7 0.04
Blue-eyed Mary 0 0 7 Tr
Common clarkia 0 0 7 Tr
Dwarf purple mimulus 1 0.1 7 Tr -
Knotweed 34 2.9 64 3.13 1.08
Large-flowered collomia 0 0 7 0.92 -
Matted naina 25 1 6 43 4.00 2.50
Pink microsteris 3 0.2 7 Tr
Spreading groundsmoke 64 6.0 86 6.73 1.12
Tall annual willow-herb 20 0.7 43 3.05 4.36
Torrey's cryptantha 12 0.5 0 0
Tumblemustard 3 0.2 0 0
Yellow-staining collomia 3 0.1 0 0
All annual forbs 12.5 .52 17.87 1.43



Table B. continued

Plants

Perennial forbs4
Common mullein 1 Tr 14 2.06
Common thistle 1 Tr 50 5.08 -

Dwarf skullcap 1 Tr 14 1.14
Goosefoot violet 29 1.3 64 5.18 3.98
Varileaf phacelia 0 0 7 Tr
Velvet lupine 4 0.5 29 0.78 1.56
White-stemmed mentzelia 2 Tr 7 1.55
Wooly sunflower 0 0 7 Tr -

Yellow salsify 0 0 7 Tr
All perennial forbs - 1.8 .07 - 15.79 8.77

Forb stems 11.70

All forbs - 14.3 .59 - 45.36 3.17

Woody plants
Rabbitbrush goldenweed 0 0 7 1.56
All woody plants 0 7 1.56

Roots
All plants 100 23.07

Unidentified materials

Epithelial tissue 12.29
Nonepithelial tissue 13.64

4
Perennial forbs include biennial forbs.
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VEGETATION DIET
Pro-

portion Pref-
Freq- of Freq- Compo- erence
uency Cover Cover uency sition Index

.1 .



Table B. continued

Plants

VEGETATION DTWP
Pro-
portion Pref-

Freq- of Freq- Compo erence
uency Cover Cover uency sition Index

Sample Two, September I973

and 7 females (3 adults, 4 subadults).

54

Grasses
Mountain brome 5 1.2 43 15.71 13.54
Western needlegrass 35 5.6 71 16.24 3.12
All grasses - 6.8 .67 - 31.95 4.72

Forbs
Annual forbs

Dwarf purple mimulus 0 0 7 0.63 -

Knotweed 22 1.1 92 19.39 17.63
Matted nama 4 0.2 21 0.19 0.95
Pink microsteris 0 0 7 Tr -

Spreading groundsmoke 8 0.9 35 4.46 4.96
Tuxnblemustard 0 0 7 Tr -

All annual forbs - 2.2 .22 24.67 11.21

Perennial forbs
Common mullein 2 0.2 7 0.21 1.05
Common thistle 1 0.1 0 0 -

Dwarf skullcap 2 Tr 0 0. -

Goosefoot violet 11 0.1 28 0.84 8.40
Velvet lupine 2 Tr 42 2.47 -

White-stemmed mentzelia 0 0 7 1.28 -

Wooly sunflower 1 Tr 7 1.80 -

All perennial forbs - 0.4 .04 - 6.60 16.50

Forb stems - 8.21

All forbs - 2.6 .26 - 39.48 15.18

Woody plants
Bitterbrush 1 0.8 0 0

Rabbitbrush goldenweed 0 D 7 Tr
All woody plants - 0.8 .08 - Tr

5Based on a sample of 14 gophers; 7 male (1 adult, 6 subadult)



Table B. continued

Plants

VEGETATION DIET
Pro-

portion Pref-
Freq- of Freq- Compo- erence
uency Cover Cover uency sition Index

100 21.42

Epithelia]. tissue 7.26
Nonepithelial tissue 6.49
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Roots
All plants

Unidentified material



Table B. continued

Plants
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VEGETATION DIET
Pro-

portion Pref-
Freq- of Freq- Compo- erence
uency Cover Cover uency sition Index

9 female (3 adult, 6 subadult).

Sample Three, November 1973

Grasses

6

Mountain brome 19 1.5 64 15.28 10.19
Western needlegrass 54 5.2 64 30.24 5.82
All grasses - 6.7 .96 - 45.52 6.79

Forbs
Annual forbs
Knotweed 0 0 28 2.10
Matted naina 0 0 7 0.17
All annual forbs - - 0 - 2.27

Perennial forbs
Common mullein 1 Tr 50 4.01
Common thistle 1 Tr 0 0

Goosefoot violet 1 Tr 0 0

Velvet lupine 1 Tr 14 0.05
Wooly sunflower 0 0 28 2.98
All perennial forbs - Tr Pr 7.04

Forb stems 5.23

All forbs - Tr Tr 14.54

Woody plants
Bitterbrush 0 0 13 0.21
Ponderosa pine 4 0.3 35 3.97 13.23
Squaw currant 0 0 7 0.05
All woody plants - 0.3 .04 - 4.23 14.10

Roots
All plants 100 26.41

Unidentified material

Epithelial material 9.22
Nonepithelial material

6Based on a sample of 14 gophers; 5 males (1 adult, 4 subadult) and



Table B. continued

Plants

VEGETATION DIET
Pro-

portion Pref-
Freq- or Freq- Compo- erence
uency Cover Cover uency sition Index

7Based on a sample of 7 gophers; 4 male (all adult) and 3 female
(2 adult, 1 subadult).
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Sample Four, January l974

Grasses
Mountain brome 57 35.67
Western needlegrass 57 24.83
All grasses 60.50

Forbs
Annual forbs

Tall annual willow-herb 14 Tr
All annual forbs - Tr

Perennial forbs
Common mullein 42 2.60
Velvet lupine 42 3.22
All perennial forbs - 5.82

Forb stems - 1.28

All forbs - 7.10

Woody plants
Ponderosa pine 42 6.25
All woody plants - 6.25

Roots
All plants 100 16.38

Unidentified material

Epithelial tissue 9.75
Nonepithelial tissue 4.02



Table B. continued

Plants

VEGETATION DIET
Pro-

portion Pref-
Freq- of Freq- Compo- erence

uency Cover Cover uency sition Index
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8Based on a sample of 16 gophers; 8 male and 8 female (all adults).

Sample Five, March 19748

Grasses
Mountain brome 63 26.03
Western needlegrass 31 7.85

All grasses - 33.88

Forbs
Annual forbs
Annual agoseris 6 0.21
Knotweed 13 Tr
Miner's lettuce 13 Tr
Pink microsteris 6 0.41
All annual forbs - 0.62

Perennial forbs
Common mullein 19 0.48
Velvet lupine 13 Tr
Wooly sunflower 13 0.71
All perennial forbs - 1.19

Forb stems - 2.33

All forbs 6 4.14

Woody plants
Ponderosa pine 31 3.73
Snowbrush 6 Tr
All woody plants - 3.73

Roots
All plants 100 44.21

Unidentified material

Epithelial tissue 13.88
Nonepithelial tissue 6.18



Table B, continued

Plants

VEGETATION DIET
Pro-
portion Pref-

Freq- of Freq- Compo- erence
uency Cover Cover uency sition Index

9Based on a sample of 15 gophers; nine male and six female (all
adults).

59

Sample Six, May l974

Grasses
Bromus sp. 86 37.82
Western needlegrass 36 5.09
All grasses - 42.91

Forbs
Annual forbs
Annual agoseris 29 3.66
Blue-eyed Mary 36 3.01
Knotweed 7 1.06
Miner's lettuce 29 0.51
Pink microsteris 64 1.81
All annual forbs - 10.05

Perennial forbs
Common mullein 14 Tr
Common thistle 14 0.34
Goosefoot violet 14 0.51
All perennial forbs - 0.85

Forb stems - 6.99

All forbs - 17.89

Woody plants
Ponderosa pine 21 1.46
Rabbitbrush goldenweed 21 1.24
All woody plants - 2.70

Roots

All plants 100 25.30

Unidentified material

Epithelial tissue 10.83
Nonepithelial tissue 6.55



Table B. continued

Plants
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VEGETATION DIET
Pro-

portion Pref-

Freg- of Freq- Compo- erence

uency Cover Cover uency sition Index

10Based on a sample of 14 gophers; 6 male (2 adult, 4 subadult) and
8 female (6 adult, 2 subadult).

%

Sample Seven, July 197410

% %

Grasses
Mountain brome 3 0.7 14 2.57 3.67

Western needlegrass 52 7.8 86 13.97 1.79
All grasses - 8.5 .26 - 16.54 1.95

Forbs
Annual forbs
Annual agoseris 16 0.9 36 1.57 1.74
Blue-eyed Mary 2 Tr 36 1.66 -

Dwarf purple mimulus 2 Tr 14 0.81 -

Knotweed 44 5.1 36 3.83 0.75
Matted nama 5 0.1 14 0.32 3.20
Miner's lettuce 0 0 7 0.07
Mountain tarweed 1 Tr 0 0

Narrow leaved collomia 4 0.3 0 0

Pink microsteris 2 Tr 29 0.48
Spreading groundsmoke 73 11.6 93 18.?7 1.64
Tall annual willow-herb 17 1.6 0 0

Torrey's cryptantha 1 Tr 0 0
Tumble mustard 1 Tr 0 0

Yellow-staining collomia 7 0.2 0 0
All annual forbs - 20.1 .62 - 27.71 1.38

Perennial forbs
Common mullein 1 0.6 0 0 -
Common thistle 0 0 36 3.89 -
Dwarf skullcap 5 0.1 0 0 -
Goosefoot violet 28 0.9 50 9.61 10.68
Velvet lupine 11 1.1 64 3.66 3.33
Yellow salsify 1 0.1 0 0 -

White-stemmed mentzelia 6 0.1 0 0 -

All perennial forbs - 2.9 - 17.16 5.92

Forb stems - 15.57

All forbs - 23.0 .71 - 60.44 2.63



Table B. continued
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VEGETATION DIET
Pro-

portion Pref-

Freq- of Freq- Compo- erence
Plants uency Cover Cover uency sition Index

Woody plants
Bitterbrush
Rabbitbrush goldenweed
Snowbrush
Squaw currant
All woody plants

Roots
All plants

2

1

0

1

-

0.4

0.1
0

0.6
1.1 .03

0

21

7

0

-

93

0

Tr
0.24
0

0.24

11.21

11.50
8.46

-

-

-

0.22

Unidentified material

Epithelial tissue
Nonepithelial tissue



Table B. continued

Plants

Unidentified material
Epithelial tissue
Nonepithelial tissue

VEGETATION DIET

62

Pro-
portion Pref-

Freq- of Freq- Compo- erence

uency Cover Cover uency sition Index

Sample Eight, September 197411

Grasses
Mountain brome 5 0.3 44 13.09 43.63
Western needlegrass 37 5.7 81 12.87 2.26
All grasses - 6.0 .82 - 25.96 4.33

Forbs
Annual forbs

Knotweed 9 0.4 81 6.84
Matted nama 0 0 31 2.99
Spreading groundsmoke 1 Tr 0 0

Tall annual willow-herb 2 0.3 25 0.97
Yellow-staining collomia 0 0 6 Tr
All annual forbs - 0.7 .10 - 10.80

17.10

3.23

15.43

Perennial forbs
Common mullein 0 0 6 0.07 -

Common thistle 2 0.1 13 1.35 13.50
Dwarf skullcap 0 0 6 Tr -

Goosefoot violet 2 Tr 50 3.71 -

Velvet lupine 1 Tr 44 6.51 -

All perennial forbs - 0.1 .01 - 11.64 116.40

Forb stems - 16.82

All forbs - 0.8 .11 - 39.26 49.08

Woody plants
Bitterbrush 0 0 13 0.52 0

Rabbitbrush goldenweed 0 0 6 Tr -

Squaw currant 1 0.5 13 0.26 0.52
All woody plants - 0.5 .07 - 0.78 1.56

Roots
All plants 100 20.86

13.04
9.13

11
Based on a sample of 16 gophers; 9 male (all subadult) and
7 female (1 adult, 6 subadult).
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The following microtechnique procedures were followed forpreparing
the reference collection of epithelial tissues of plants known to
occur on the study area. The procedures were adapted from Williams
(1962) and Ward (1970), as described by Lavoie (Personal Communication).

Preparing Tissues for Clearing and Staining

Plants were washed in tap water.

Sections were removed from leaves, stems,
and roots from several plants of each species.

Plant sections were homogenized from 1 to 3
minutes in distilled water.

Homogenized material was poured through the
sieve.

Clearing and Staining Tissues

1) Tissues were soaked in the clearing agent,
a 1-percent solution of sodium hypochlorite,
and placed in a warming oven at 35°C for 30
minutes.

An equal portion of dilute acetic acid was
added to neutralize the base.

Tissues were soaked in the mordant solution
(Described below) for 15 minutes.

Tissues were washed in distilled water and
soaked in the Hematoxylin staining solution
(Described below) for 1 minute.

Tissues were washed in tap water.

Mordant Solution Hematoxylin Stain Solution

6 g ferric ammonium sulfate 1 g hematoxin
2 cc glacial acetic acid 2 cc absolute EtOH

0.2 cc sulfuric acid 100 cc distilled water
200 cc distilled water 100 cc tap water



microtechnique, continued

Mounting Tissues on Microscope Slides

A drop of Apathy's mounting medium (Richards, 1943)
was placed on the microscope slides.

Tissues were mixed evenly with the mounting
medium with a camel's hair brush.

Tissues were fastened to the slides by allowing
the slides to dry at room termperature overnight.

Four or five drops of the mounting medium were
placed in the middle of the plant materials and
covered with 22 x 40 mm cover slips.

6L1.


