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A food habits study of the snowshoe hare, Lepus_ americanus

washingtonii Baird, was conducted in_the western Cascades of Oregon

during the period 1962-1965. Recognition of the damage caused by

this hare to coniferous forest reproduction in Oregon and Washington

was a factor substantiating the study. Major objective of the study

was to complete a histological-microtechnique analysis of a fecal

pellet collection to determine the annual food habits of this mammal

in the area studied.

The study area, located on cut-over forest land, was divided

arbitrarily into three zones. This was to facilitate selection of

pellets for final analysis and to determine if hares used the zones,

each different, interchangeably during feeding activities.

Fecal pellets were collected from hares live-trapped at



monthly intervals. Observations upon numerous trap-released hares

verified use of 15 different plant species as food items.

Adult hares were individually caged and, in a predetermined

manner, test fed plants from the study area. Hares ate some of

each of 34 plant species offered and showed decided preferences

based on consumption weights and percentages.

An herbarium-type reference collection was prepared of 54

plant species from the study area.

A permanent microscope slide reference collection representing

40 plant species was prepared. Slides of epidermal tissues from

stems and adaxial and abaxial surfaces of leaves were stained with

Bismarck brown Y.

Selected slides were photographed at 160X and 400X. Photo-

graphic enlargements were made from both negative types. Contact

prints were made from 400X negatives. All photographs were dry-

mounted and labeled.

A total of 140 fecal pellets was analyzed. Four pellets came

from each zone, per month, excepting March in Zone I. A strew

prepared from a fecal pellet fraction mixed with glycerin and chloral

hydrate solution was spread on a microscope slide; ten field stops on

the slide were examined at 160X. Four such slides (40 fields) per

zone constituted the monthly sample for analysis. Epidermal tissue

fragments of a given size and larger were identified to plant species



by referring to the microscope slide and photograph collections.

Analytical data revealed that 28 of the 54 identified plant species

occurring on the study area were used as food by hares. Species

utilized were graphically categorized and referred to in terms of

mean monthly consumption percentages.

The hares' diet was comprised mainly of herbaceous plants

during warm seasons of the year, although such plants were used

also at other times. Woody plants, including buds, twigs, and bark

of trees and shrubs, were utilized heavily during colder seasons,

especially when snow covered herbaceous foods.

Grasses, sedges, and rushes were least eaten. Bracken-fern,

Pteridium aquilinum, was used extensively from summer through

winter. The most heavily browsed forbs were broad-leaved lupine,

Lupinus latifolius false dandelion, Hypochaeris radicata white-

flowered hawkweed, Hieracium albiflorum, and bear-grass,

Xerophyllum tenax. Red huckleberry, Vaccinium parvifolium,

was heavily used during winter. Coulter's willow, Salix coulteri

was extensively utilized during summer in a zone of open area

where it was most concentrated. Douglas-fir, Pseudotsuga menziesii,

and western hemlock, Tsuga heterophylla, incurred greatest usage

during winter, with the former being consumed more.

Additional study was felt necessary for conclusive determination

regarding interchangeable use of the three zones by feeding hares.



A Food Habits Study of the Snowshoe Hare, Lepus americanus
washingtonii Baird, in Western Oregon

by

Albert Mozejko

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Doctor of Philosophy

June 1972



APPROVED:

Redacted for Privacy
Professor of Zoology

in charge of major

Redacted for Privacy

Chairman of Department of Zoology

Redacted for Privacy

Dean of Graduate School

Date thesis is presented

Typed by Opal Grossnicklaus for Albert Mozejko



ACKNOWLEDGEMENTS

Many individuals and three organizations assisted in making

this study possible.

The Bureau of Land Management, of the U.S. Department of

the Interior, provided a research fellowship. The Forest Research

Laboratory, at Oregon State University, provided personnel, equip-

ment, and facilities. The Willamette Valley Lumber Company per-

mitted use of the study site located on its property. To each of these

organizations I offer sincere thanks.

Special appreciation is due a number of persons presently and

formerly at the Forest Research Laboratory, and I gratefully acknowl-

edge the help given by the following:

Mr. Dale Bever, presently Assistant Dean of the School of

Forestry, for his administrative understanding and cooperation in

providing equipment and facilities at my disposal.

Mr. Edward F. Hooven, Associate Professor of Forest Wildlife

Ecology, for helpful advice, a personal interest in my work, and help

in the field.

Dr. Hugh Black, Associate Professor of Forest Wildlife Ecology,

for useful suggestions and continued interest and encouragement in my

work.

Mr. Richard Newman, presently of the Forest Range Experiment



Station, Bend, Oregon, for his varied assistance in the field.

Mr. Ivan Cutsforth, forest technician, for his assistance in

live-trapping of hares.

Mr. David O'Dell, for his assistance in live-trapping of hares.

I wish to acknowledge special thanks to Dr. Melvin Schamberger,

presently of Centralia College, Washington, and Mr. Chris Maser for

the many long hours and bone-weary days spent in the field with me,

assisting in the live-trapping of hares and with other tasks.

Mrs. La Rea Johnston, Assistant Curator of the Herbarium at

Oregon State University, gave of her time in identification of plant

specimens.

Gratitude is acknowledged to Mr. Ronald W. Zahler, of

Scientific Supplies Company, Portland, Oregon, for his kind help

in providing a Zeiss RA research microscope for my use in photo-

graphing microscope slides.

Sincere thanks are extended to Dr. Elver Voth, of George Fox

College, Oregon, for his kind donation of time in answering innumer-

able questions and offering helpful suggestions regarding micro-

technique analysis.

I express most sincere appreciation to Dr. Robert M. Storm,

my major professor, for his great patience and the many, many

hours spent answering questions and reviewing manuscript pertaining

to this thesis.



To my wife, Joyce E. Mozejko, I offer my heartfelt thanks

for her continued encouragement and unflagging faith in my ability

to complete this work. My deepest gratitude is expressed to her,

especially for her willingness to work so many, long, hard years

as an R. N. to facilitate my graduate studies.

To my sons, Kim and Keith Mozejko, I give special, loving

thanks for the countless times they traveled to my research area

with me, helped with the tasks at hand, and made the day's work

pass quickly and enjoyably.

By way of many possibly unexpressed thanks in the past, I

would dedicate this thesis to the memory of my late Mother and

Father, Albina and Adam Mozejko.



TABLE OF CONTENTS

INTRODUCTION

MATERIALS AND METHODS

1

14

Study Area Location 14
Study Area Vegetation 14

Live Trapping of Hares 17

Collecting of Fecal Pellets 23

Feeding of Caged Hares 25

Collecting of Reference Plants 28

Collecting of Plant Materials for Microscope Slides 29

Constructing of Microscope Slide Reference Collection 29

Photographing of Microscope Slide Reference Collection 33
Printing of Reference Microscope Slide Negatives 33
Analyzing of Fecal Pellets 34

RESULTS 39

Introductory Remarks 39

Zone I 44
Zone II 45
Zone III 46
Category UNIDENTIFIED 51

Caged Hare Feedings 51

Feeding Observations of Trap-released Hares 52

DISCUSSION 55

Factors and Behavior Related to Feeding 55
Interchangeable Use of Zones During Feeding 67
Reflections on Feeding of Caged Hares 70
Observations Concerning the Histological-

Microtechnique Method of Pellet Analysis 71

SUMMARY 77

b 113LIOGRAPHY 82

APPENDIX I 88

APPENDIX II 96

APPENDIX III 105



LIST OF FIGURES

Figure Page

1. The study area viewed from a position near trap
location D-3 on June 24, 1965. 15

2. The study area (live-trap area) divided into three
zones. 18

3. A welded wire live-trap with a fecal pellet mat
beside it 24

4. The hutch used in feeding caged hares. 26

5. Sweeping pattern employed in slide examination. 37

6. Scanning pattern employed by Hall. 37

7. Zone I mean monthly percentages of occurrence of
the eight categories of most heavily browsed plants
and the category UNIDENTIFIED in fecal pellets, as 41

determined by pellet analyses.

8. Zone II mean monthly percentages of occurrence of
the eight categories of most heavily browsed plants
and the category UNIDENTIFIED in fecal pellets, as 42
determined by pellet analyses.

9. Zone III mean monthly percentages of occurrence of
the eight categories of most heavily browsed plants
and the category UNIDENTIFIED in fecal pellets, as
determined by pellet analyses. 43

10. A red huckleberry shrub clipped by a snowshoe hare. 48

11. Douglas-fir boughs low-bent and pinned by snow into
positions accessible to hares. 63

12. A "barked" western hemlock tree. 65

13. Evidence of hares' feeding on western hemlock trees. 66



LIST OF TABLES

Table Page

1. Relative abundance of identified plants on study area
by zones. 19

2. Summary of feeding observations of trap-released
hares.

3. Plant species utilized by hates as food items.
Determined by pellet analysis.

4. Summary of seasonal and peak use by hares of the
eight plant categories occurring in Zones I, II, and
III.

5. Average weights and percentages of consumed plants
fed to caged adult hares.

6. Plants identified on the study area.

7. Number of microscope fields and average monthly
percentages for appearance of identified plant
fragments.

21

40

49

53

89

97



A FOOD HABITS STUDY OF THE SNOWSHOE HARE,
Lepus americanus washingtonii BAIRD,

IN WESTERN OREGON

INTRODUCTION

The food habits of most small mammals are poorly understood.

Greater knowledge in this area in recent years is due largely to

increased awareness of the impact of many species of mammals on

various crops raised by man. One such crop is forest trees, whether

intended for early harvest as Christmas trees or for prolonged grow-

ing as an eventual timber source.

Aldous and Aldous (1944) stated that with the undertaking of

large-scale forest planting by the U.S. Forest Service after 1915 and

continued snowshoe hare damage to forest regeneration, increased

concern developed regarding the food habits of Lepus americanus

Erxleben. To understand better the feeding activities of this species

in western Oregon, the present investigation was undertaken.

Early naturalists and writers such as Audubon and Bachman

(1849), Soper (1921), Klugh (1926), Seton (1929), and Bailey (1936)

referred briefly to some of the foods eaten by hares, but their

references were quite general. More recent writers as Cahalane

(1947), Walker et al. (1964), and Ingles (1965) have also referred

only in general terms to the food habits of the snowshoe hare.

Examination of the literature reveals that the most consistent
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and numerous references to snowshoe hare food habits have con-

cerned this animal's damage to forest reproduction and reforestation,

especially to coniferous seedlings and saplings (Nelson, 1909; Baker,

Korstian, and Fetherolf, 1921; Corson and Cheyney, 1928; Kittredge,

1929; Moore, 1940; Aldous and Aldous, 1944; Cook and Robeson,

1945; Aldous, 1947; Hough, 1949; Mitchell, 1950; Krefting and

Stoeckler, 1953; Staebler, Lauterback, and Moore, 1954; Lawrence,

Kverno, and Hartwell, 1961; Black et al., 1969; Dimock, 1970).

Assessment of damage included, in varying degree, some indica-

tions of plant species utilized by hares.

Grange (1932) listed several species of trees fed upon by hares

in the Lake States, but claimed that these animals caused no seriously

detrimental effect upon natural growth of forest trees. He also re-

ferred to hares as "thinning agents", as did Cox (1938) who attributed

to the hare the role of a "silvicultural agent", useful in thinning dense

forests.

Much information on food habits of snowshoe hares has been

derived from various hare studies in the past that were not concerned

exclusively with the subject.

In a life history study of the snowshoe hare in Wisconsin,

Grange (1932) referred to observed "evidence" of a number of differ-

ent plant species eaten by wild hares. Additionally, a wide variety

of foods was fed to captive hares and its acceptance or rejection
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noted. The common dandelion, Leontodon taraxacum, was preferred

above all other foods.

In Maine Severaid (1941) found, in his life history study of the

snowshoe hare, that the summer diet consisted of herbaceous plants

such as grass, clover, various weeds, and the succulent parts of

woody plants. The winter diet consisted of dead grasses, buds,

twigs, and the bark of various hardwood and coniferous trees.

Brooks (1955), in West Virginia, summarized results of a 27-

year span of observations on the Virginia varying hare, Lepus

americanus virginianus Harlan. Mountain high bush cranberry,

Vaccinium erythrocarpum (Michx. ), was observed repeatedly to

be eaten in winter by ". . . hares going from plant to plant standing

on their hind legs to reach every possible cranberry shoot." Mention

was made of collection and examination of a few hare stomachs (not

by Brooks), but no indication was given as to their contents. Also

indicated were ten plants preferred by hares on the basis of informa-

tion received from a Mr. Worth S. Randle who made daily observa-

tions on the hares over a prolonged period. Brooks made the unusual

observation of "two hares nibbling on the carcass of a dead deer."

An ecological study of the snowshoe hare in Montana by Adams

(1959) showed that Douglas-fir, Pseudotsuga menziesii, was eaten

over a long period of time extending from fall to spring. Field glasses

were used to observe hares eating various plants. Adams' main
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objective, however, centered on the causes of population fluctuations.

In Quebec Bider (1961) completed an ecological study on snow-

shoe hares with his major objective being the study of home range

and its ecological significance. Field observations were made on

feeding habits of hares. Bider stated that no systematic approach

was employed in the food study aspect of his work. Nevertheless,

he presented, with an accompanying and rather detailed explanation,

a graphic figure depicting 11 plants most utilized by the hares with

an indication of how they were approached seasonally by these ani-

mals--through clipping or "barking".

A lengthy ecological study on the snowshoe hare, Lepus,

americanus washingtonii Baird, was completed by Black (1965) in

western Oregon. Indirect observations were made on feeding habits

of this hare. Availability and distribution of plants in the study area

and indication of the extent to which many individual species were

browsed by hares was given. Some direct observations were made

on handled and trap-released hares feeding on various plants.

Few studies have been completed dealing directly and primarily

with food habits of hares, and, of these, fewer have dealt with

unconfined hares in their natural habitat. One such study by Aldous

(1936) in Minnesota involved the snowshoe hare, Lepus americanus

phaeonotus Allen. Fifty-four stomachs were collected, their con-

tents analyzed, and a spring, summer, and winter breakdown of
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the foods contained indicated. One stomach held the following

unusual contents: two adult and one larval Lepidoptera; one black

ant, Lasius; seven myrmicine ants, Myrmica rubra; six tobacco

beetles, Lasio derma serricorne; and a leg fragment and egg case

of an undetermined insect.

In another study, Adams (1957) worked with the snowshoe hare,

Lepus americanus bairdii Hayden. Penned hares were fed known

weights of known plant material. A dissecting microscope was used

to examine fecal pellets for the presence of "recognition items"

(undigested, fairly consistent plant fragments as leaf marginal

spines, etc. ). Recognition items were tallied and calibrated

against the known quantities of food intake to obtain a conversion

factor. This factor, in conjunction with analysis of naturally occur-

ring field pellets, could then be used to determine the weight quantity

eaten of the same plant species. This was an indirect food habits

type study since it was not undertaken to identify unknown plant foods

consumed by hares but, rather, to develop and test an analytical tech-

nique similar to that of Scott (1941), who worked with the red fox.

This study, however, applied to herbivores.

In Newfoundland Dodds (1960) studied snowshoe hare and moose

food habits to determine extent of food competition between these

animals. Plots were established and woody plants on them examined

and recorded as to species, size, and browsing intensities exerted
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by hares and moose. Twenty thousand stems were examined in a

total sampling area of approximately three acres. Of the 30 woody

plant species eaten by moose, 27 also were eaten by hares. New-

foundland hares also ate clover, sedges, and ferns.

On Manitoulin Island, Ontario deVos (1964) undertook a snow-

shoe hare food habits study similar to that of Dodds. His twofold

purpose was to determine whether hare feeding affected distribution

and abundance of different plant species and whether food limits hare

populations. To note availability and use of woody vegetation, random

cruises were made through areas occupied by hares. On established

plots, woody stems were measured and their utilization by hares

assessed. Forty-four species of trees and shrubs were browsed.

They were potentially available to a distance of five and one-half

feet from the ground, depending on snow depth as a facilitation to

feeding hares.

Matuszewski in Poland (1966) conducted a food preference study

of the hare, Lepus europaeus Pallus. Branches of 12 species of

trees were laid on the ground in a predetermined pattern. After a

given interval, they were examined to determine the extent to which

hares had fed upon them. The obtained information was related to

a prepared scale for establishment of a preference order.

Radwan and Campbell (1967) worked with Lepus americanus

washingtonii in Washington. Catsear, Hypochoeris [sic] radicata,
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plants were exposed to penned hares. The plants were of three

types--with leaves only; with leaves and buds; with leaves, buds, and

open flowers. In a series of tests, hares showed definite preference

for the following parts of cats ear: open flowers, first; buds, second;

leaves, third.

One of the first food habits studies on hares, utilizing histolog-

ical-microtechnique analytical procedure, was completed by Walker

and Fair ley (1968) in Ireland. Stomachs of the Irish hare, Lepus

timidus hibernicus, were collected and their contents examined by

microscope at 400X. Consumed plants were identified by comparing

size and shape of epidermal and mesophyl cells, epidermal hairs,

and guard cells with a reference collection of plants from the hares!

habitat. Heathers, grasses, and sedges were identified as compri-

sing the bulk of the diet.

A fine study on seasonal diet of black-tailed jackrabbits was

made by Sparks (1968). He also used histological-microtechnique

analysis. Numerous stomachs were collected and their contents

washed, dried, ground, and mixed. One microscope slide of this

material was prepared for each stomach. With a compound micro-

scope at 125X, plants consumed were identified by comparison of

epidermal tissues in the samples with those on previously prepared

slides made from tissues of known plants collected in the study area.

A definite seasonal trend in the jackrabbits! diet was shown, involving
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grasses, forbs, and shrubs.

Several examples of food habits studies have been presented

briefly, and one characteristic is common to all--they are limited

in size and scope. Perhaps they even could be considered incomplete

since they treat only one or two of several facets which, collectively,

could constitute the ideal or complete food habits study.

In his food habits study of the mountain beaver, Aplodontia

rufa pacifica Merriam, Voth (1968) presents an extensive explanation

of the requisite facets constituting a complete or ideal food habits

study. He refers to two major areas of research in such a study.

One could include "observations of an animal's activity related to

meeting metabolic intake needs, extending to its food detection,

selection, collection, ingestion, digestion, and egestion . .

The second area could include "a tabultation and summation of food

units consumed versus those required, extending to identification,

quantity, energy content, source, . . . ." He further states that

perhaps the major reason for limited food habits studies is because

of the great labor involved. This thought may have little meaning to

anyone who has never undertaken such a study. Those who have,

readily attest to the staggering amount of time required for careful

analysis.

The type of food habits study undertaken by any investigator is

determined by the objective(s) or goal(s) to be met. Many such studies,
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especially those dealing with wild animals, are concerned mainly

with identification of plant or animal species comprising the diet

and the percentage of total diet these species represent during a

definite time period. Relating these identified species to those

potentially available as food for the animal studied is usually an

integral part of the study.

The food habits of many unconfined, wild mammals have been

studied. One basic approach measures available food in the habitat

at a given time with subsequent repeated measurements, during

which time the mammals have been feeding. The studies of Dodds

and of deVos, mentioned earlier, typify this type of approach. It

can apply to carnivores or herbivores. Conceivably, the mammals

involved in this kind of approach may never be seen.

A second basic approach utilizes ingested food of the mammals

studied. It is obtained through stomach collection, necessitating

sacrifice of the mammal, or through collection of fecal pellets

containing food remnants. This approach has been used widely.

Stomach contents analysis (SCA) has been undertaken on

Odocoileus by Aldous and Smith (1938), Korschgen (1954); on

Antilocapra by Cole and Wilkins (1958); on Oreamnos by Hibbs

(1967); on Canis latrans by Murie (1935), Korschgen (1957); on

Sciurus carolinensis by Stienecker and Browning (1970).

Fecal pellet analysis or scat analysis (FPA) has been
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undertaken on Lutra by Greer (1955); on Procyon by Tester (1953);

on Sylvilagus by Dusi (1949, 1952); on Aplodontia by Voth (1968).

Both basic approaches to food habits studies have advantages

and disadvantages. Stomach contents include food fragments of a

size usually larger than the fragments in fecal pellets. Fragments

in pellets have been comminuted to microscopic size, making them

difficult to identify. Pellets, compared to stomachs, are readily

obtainable without necessitating sacrifice of the mammal. According

to Bourlire (1960), one disadvantage of the FPA method is that

some foods eaten by some animals leave no trace of having passed

through the digestive system. He also states that FPA and SCA

methods give indications only of what was eaten, not what was

avoided. This writer feels, however, that what the animal avoided

eating can be inferred, to some extent, by knowing the potential food

availability in the habitat of the animal studied and what species wer e

consumed as evidenced by FPA or SCA methods. Unfortunately,

this assumption makes no provision for seasonal avoidance of some

food items, since some items avoided at one season may be eaten

during another.

Despite disadvantages, including the great work involved, the

FPA method continues in use. Continual refinement will increase

its importance and use as an analytical procedure.

Analysis of herbivore fecal pellets is based on two requisities.
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First, is occurrence in the pellet of food fragments or "recognition

items" as they are called. Adams (1957) defines the recognition

item as "an anatomical element of the food plant which resists diges-

tion, appears commonly in the feces, and is readily recognizable at

low power magnification." Second, is a collection or library of

reference items for use in comparing and matching with the recogni-

tion items present in the fecal pellet sample. Additional reference

to these requisites will be made in the Materials and Methods section

of this paper.

A special histological-microtechnique method has evolved

regarding the identification of recognition items of microscopic size.

Pioneers in the use of this method in wild animal food habits studies

were Baumgartner and Martin (1939), who analyzed stomach samples

of Eutamias.

Voth's fine study on food habits of the mountain beaver,

Aplodontia, involved histological microtechnique in the analysis

of fecal pellets from this animal. Hall (1969) used this technique

in his SCA method on Eutamiaq, as did Williams (1962) working on

microtines. SCA and FPA methods employing histological micro-

technique were used by Dusi (1949, 1952) in his work on food habits

of Sylvilagus floridanus mearnsi Allen in Ohio. Other workers

utilizing this type of microtechnique analysis have been mentioned

earlier in this paper.
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This study was undertaken to obtain specific and detailed

knowledge on food habits of the snowshoe hare, Lepus americanus

washingtonii, in western Oregon. With greater current emphasis on

maximal forest production in ever-decreasingly available forests,

more attention must be focused on the snowshoe hare in order to

exercise greater control over the extent of his damage to reforesta-

tion. This is especially necessary in Oregon and Washington where

lumbering is a major industry.

It was felt that the knowledge gained from this study, in addition

to that available from Black's study on the same mammal, would

provide an expanded and clearer ecological appraisal of this specific

hare. In turn, this might better facilitate its control.

The major objective of this study was to complete a histological-

microtechnique analysis of fecal pellets collected periodically over

a prolonged period from hares temporarily live-trapped. This

analysis would provide qualitative information concerning plant

species used preferentially and seasonally as food items by these

hares. Quantitative information would be derived regarding the

percentage of diet comprised by the consumed and identified plant

species.

Additional information would be obtained by feeding caged hares

plants indigenous to the study area and by direct observations of hares

feeding following their release from traps.
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The histological-microtechnique analytical method in this study

involves modifications of the techniques of Dusi (1952) and Voth (1968).

To the knowledge of this writer, an analysis of fecal pellets of the

hare, Lepus americanus washingtonii, through such a technique, has

never been performed.
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MATERIALS AND METHODS

Study Area Location

The site utilized in this study was the same as that used by

Black (1965). Its location is at an elevation of 2800-2900 feet on the

West Slope of the Cascade Mountains in the SW 1/4 of Section 19 and

the NW 1/4 of Section 30 (T 12 S, R 2 E) of Linn County, Oregon

(Figure 1). This site is gently sloping and has a western exposure.

The site for feeding of caged hares is located approximately

fourtenths of a mile, by road, directly northwest of the above site.

It is in the extreme southwest corner of Section 20 (T 12 S, R 2 E).

Study Area Vegetation

The live-trap area (called thus from now on as opposed to the

cage area where hares were fed), according to Black (1965), previ-

ously had been logged and was now undergoing successional regrowth.

It was divided into an "open area" and a second-growth area.

The open area had been clearcut, had experienced a slash fire

in 1952, and had been planted with Douglas-fir seedlings in the winter

of 1957-1958. At the time of this study, these conifers were widely

scattered, relatively young, and many were clumped. Among them

were a few naturally occurring western hemlock, Tsuga heterophylla,
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Figure 1. The study area viewed from a position near trap location
D-3 on June 24, 1965. Part of the open area fills most
of the photograph. Edge of the second growth, marked
by conifers, is in the upper right.
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seedlings and some widely dispersed willows, Salix coulteri. Ground

cover here consisted of perennial forbs, grasses, sedges, and scat-

tered shrubs. Herbaceous plants comprised most of this cover.

Four of the more abundant and widely distributed species were false

dandelion, Hypochaeris radicata, short sedge, Carex brevipes,

broad-leaved lupine, Lupinus latifolius, and bracken-fern, Pteridium

aquilinum. Shrubs were quite common and were represented mostly

by two species--red huckleberry, Vaccinium parvifolium, and oval-

leaved huckleberry, Vaccinium ovalifolium. Of these two, red

huckleberry was the more abundant.

The second-growth area was characterized by a predominance

of intermingled conifers, mostly western hemlock and some Douglas-

fir. The hemlock varied in age but averaged 10 to 11 years old.

An occasional willow was present. Some of the more abundant

understory plants included bear-grass, Xerophyllum tenax, salal,

Gaultheria shallon both species of huckleberry, and bracken-fern.

The bear-grass and fern occurred densely in openings, and both

huckleberry species were at least as abundant as in the open area.

In the cage area the conifers and understory vegetation were

comparable to that occurring in the second-growth part of the live-

trap area.

Fifty-four species of plants were identified on the study area.
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They are grouped and listed in Table 6 of Appendix I. Relative

abundance of the species is indicated in Table 1.

Live Trapping of Hares

Snowshoe hares were live-trapped periodically from April,

1962 through May, 1965 as part of a continuing project conducted

by the Forest Research Laboratory at Oregon State University. A

square trapping grid was employed in the live-trap area and consisted

of 64 live traps arranged in eight rows of eight traps, each spaced

approximately 200 feet apart. Half of the grid was in the open area

and half in the second growth (Figure 2). Traps were of heavy gauge,

welded wire with an entrance only at one end. Each trap location

was marked by a stake to which was attached a numbered metal tag.

The traps normally were set for three successive days at monthly

intervals. Trapped hares, following obtainment of various data

regarding them, were released in the immediate vicinity. Some

trapping periods were unavoidably delayed, or eliminated entirely

because of deep snows which made accessibility to the study area

impossible. Trap-released hares often stopped a short distance

away and fed. Observations and notations were made of the plants

fed upon (Table 2).
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Figure 2. The study area (live-trap area) divided into three zones. Zone I is completely
in the open area; Zone II, the "ecotone zone", is half in the open area and half
in the second growth; Zone III is completely in the second growth. The wavy
broken line denotes edge of the second growth. Circles indicate analyzed
fecal pellets collected at the trap locations shown.



Table 1. Relative abundance of identified plants on study area by zones

Plants Zone I Zone I I Zone III

TREES
Douglas-fir S A A

Western hemlock S A A

Coulter's willow M S S

Oregon alder (Red alder) S S Ab.
Chinquapin S Ab. Ab.

SHRUBS
Long-leaved Oregon grape A S S

Western rhododendron S S S

Salal M S S

Kinnikinnick S Ab. Ab.
Bristly manzanita S Ab. S

Oval-leaved huckleberry A A A

Red huckleberry A A A

Ocean-spray S Ab. Ab.
Western blackap S S Ab.

Western dewberry M M S

Evergreen blackberry M M S

American twin-flower Ab. S M

FORBS

Bear-grass A A A

Oregon iris S Ab. Ab.

Red sorrel M S Ab.

Vanilla-leaf S Ab. Ab.
Slender thermopsis (Yellow lupine) S S S

Slender boykinia M S Ab.

Broad-leaved lupine A A M

Thick-leaved lotus S Ab. Ab.
Oregon oxalis (Wood sorrel) Ab. S S

Common St. John's-wort S S Ab.
Fire-weed S S S

Common western willow-herb S S S

Dwarf dogwood (Bunch-berry) S S S

Thyme-leaved speedwell A A S

Pearly everlasting M M S

Wood groundsel S S S

Tansy ragwort S Ab. Ab.
Common thistle S S Ab.
Hairy cat's-ears (False dandelion) A A A

White-flowered hawkweed M M S

19
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Table 1. Continued

Plants Zone I Zone II Zone III

GRASSES
Western six-weeks fescue S S S

Red fescue M S S

Western rye-grass S S S

Tufted hair-grass S S S

Slender hair-grass M S S

Silvery hair-grass S Ab. Ab.

Velvet grass M M S

Western bent-grass S S S

SEDGES

Rusty sedge Ab. S S

Short sedge A A M

Mertens' sedge S Ab. Ab.

RUSHES
Common rush S S S

Common wood-rush S S S

Forked wood-rush S S Ab.

FERNS

Western sword-fern S M M

Deer-fern S S S

Western brake-fern ( Bracken-fern) A A A

A = abundant, M = moderate, S = sparse, Ab. = absent.
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Table 2. Summary of feeding observations of trap-released hares*

Year Day Sex Age Trap Plants fed upon

1962 4-9 A F-1 Salal

5-7 Y A F-7 Red huckleberry

6-4 A A-5 False dandelion

6-4 cr J C-7 False dandelion

6-30 J H-6 Bracken-fern, Red huckleberry

7-1 Y J F-1 Oval-leaved huckleberry

7-2 Y J F-1 Red huckleberry

7-2 cf A H-6 Bracken-fern

7-31 Y A F-1 Bracken-fern

7-31 Y J H-S Dwarf dogwood

8-26 Y A G-7 Red huckleberry

8-28 Y J F-8 Oval-leaved huckleberry

8-28 J F-2 Bracken-fern

8-28 cf J G-6 S lender thermopsis

9-22 A G-7 Pearly everlasting

1963 3-8 G-3 Western hemlock

3-10 H-3 Western hemlock

5-6 d A D -6 Long-leaved Oregon grape

5-6 A D-S False dandelion

6-6 Y A F-7 False dandelion, Bracken-fern,
Bear-grass, Oval-leaved huckleberry

6-6 Y A G-S False dandelion

7-2 Y A F-2 Bracken-fern

7-3 Y A F-3 Bracken-fern

7-3 A G-2 Bracken-fern

7-4 dr J F-2 Bracken-fern

7-4 Y A G-.2 Bracken-fern

7-27 A F-1 False dandelion

8-28 A F-7 False dandelion, Bracken-fern

8-28 cf J H-4 Bracken-fern



22

Table 2. Continued

Year Day Sex Age Trap Plants fed upon

1963 8-29 J F-1 False dandelion, Evergreen blackberry

8-29 o'' J F-2 Bracken-fern

9-22 Y J H-8 Bracken-fern

1964 1-13 Y A G-2 Western hemlock

1-13 Y J H-6 Oval-leaved huckleberry, Bear-grass

3-21 d A F-1 Red huckleberry

4-4 d A D-7 Oval-leaved huckleberry

4-6 ct' A B-2 Oval-leaved huckleberry, Douglas-fir,
Western hemlock

6-29 o'' A C-3 Red huckleberry

7-29 A E-6 Bracken-fern

7-30 A E-1 False dandelion, Pearly everlasting

7-31 A D -1 Red huckleberry, Broad-leaved lupine,
False dandelion, Coulter's willow

9-28 Y J B-2 Oval-leaved huckleberry

9-28 A D-2 Broad-leaved lupine

9-28 o'' J F-S Bear-grass

1965 2-7 A G-2 Dwarf dogwood

4-15 A G-1 Western hemlock

*A =Adult

J = Juvenile
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Collecting of Fecal Pellets

Fecal pellets, for later analysis, were collected simultaneously

with the live-trapping of hares. Pliable nylon mats of 2 mm2 mesh,

extending beyond the perimeter of the trap, were placed under half

the traps in each row of the trap grid. Those traps most consistently

yielding catches were selected. The mats were intended to keep

clean the newly deposited moist fecal pellets as they fell through

the openings of the trap floor (Figure 3).

Deposited pellets were collected by moving the trap to one side

of the mat and then gathering two dozen or so pellets into a pint-sized

plastic sack. An identification tag bearing trap number and collection

date was added to the sack. Extra pellets were discarded and the

trap returned to its original position. Pellets from hares caught

more than once during the same trapping period were collected only

the first time. This was to avoid obtaining pellets containing more

bait apple residue then might be present in the first collection.

In the laboratory, collected pellets were distributed over paper

toweling to air dry for 24 hours or more, then stored in capped,

glass vials. The final collection, begun in 1962 and completed in

April, 1965, consisted of 175 vials of pellets.



Figure 3. A welded wire live-trap with a fecal pellet mat beside it.
The nylon mat of 2 mm2 mesh was placed under the
trap to collect and help keep clean newly deposited,
moist fecal pellets as they fell through the trap floor.
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Feeding of Caged Hares

This segment of the study was begun in August of 1962 with

only limited accomplishment before its temporary cessation in

September. It was resumed in July, 1964 and concluded that

September. Its purpose was to determine which plants, indigenous

to the study area, caged hares would feed upon.

Within the general cage site a small area was selected for the

installation of six hutches. Located under overhanging branches of

conifers, the area provided maximum protection to caged hares against

sun, wind, and rain. Six identical hutches were positioned in a row

with sufficient space between them for the writer to move about.

Each hutch was 198.1 2 cm long X 96.52 cm wide X 121. 9 2 cm

high, consisting of a feed bin at the front, a cage of heavy gauge (#12)

welded wire in the middle, and a nest box at the rear. All sections

had hinged top doors, but the cage door was of 2. 54 cm mesh chicken

wire instead of plywood, and the cage floor was the same as its sides.

Two 1 -quart milk bottles fitted with drinking tubes were attached to

the cage sides. A "vegetation basket" of fine wire mesh, 3 mm2,

measuring 111.76 cm long X 81. 28 cm wide X 7.62 cm high was

affixed beneath the cage to collect vegetation remnants that might

fall through the floor during a hare's feeding (Figure 4).

Adult hares for stocking the hutches were trapped in the cage
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Figure 4. The hutch used in feeding caged hares. Vegetation test
bundles were hung against the inside wall of the cage
section. A vegetation basket of 3 mm2 wire mesh
positioned beneath the cage collected vegetation rem-
nants that fell through the floor during a hare's feeding.
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area, and each hutch received one.

A uniform procedure was followed during preparation and place-

ment into the cages of the vegetation test bundles. Plants of three to

five different species were gathered in sufficient quantities to prepare

five bundles of each species--one for each hutch and a control bundle.

Generally, the plants were collected in the live-trap area and brought

to the cage area for preparation, but some were collected in the

cage area. The total collected quantity of each plant species was

separated into five approximately equal piles. Preparation of the

first test bundle was begun, using any pile and taking care to equally

mix old and young plant parts. This mixed quantity was then weighed,

gathered into a "bouquet" form, and the stem end of the bouquet

tightly wired to complete the bundle and hold it together. Each

bundle for a given species weighed the same, although weights between

species differed.

Following preparation of five similar bundles, one was intro-

duced to each of the four hutches. The bundle was inverted and hung

by wire against the inside wall of the cage (Figure 4). Each bundle

was close enough to the cage floor to allow complete accessibility

to the hare. A bowl of commercial food pellets was placed into each

cage, and water was continually available. The control bundle was

suspended from a nearby horizontal stick, to be weighed later for

determination of its weight loss by evaporation. The date and time
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of each test bundle's placement into the cages and suspension of the

control bundle were recorded.

Following a three-day exposure of the vegetation bundles to

the hares, all vegetation in each cage was collected into the vegeta-

tion basket. Much of it had already fallen through the cage floor into

the basket during feeding activities of the hare. By now, the bundles

had been disrupted and most of the vegetation reduced to miscellane-

ous-sized pieces that readily could be pushed through the floor into

the basket. All fecal pellets and scattered food pellets were removed

and discarded. The cage was now clean and ready to receive a new

series of test bundles. At this point, the control bundles were

weighed to show their weight loss. These weights would be used

later in determining the amount of each test plant eaten by the hares.

Contents of each vegetation basket were sorted to species, weighed,

and the weights recorded.

Collecting of Reference Plants

During summer months a permanent, herbarium-type reference

collection of plants was prepared. Individual plants were mounted on

herbarium sheets and labeled. Gilkey (1951) and Peck (1961) were

the authorities referred to for identification and classification of

species. The completed collection contained 54 species of plants

indigenous to the study area and represented all of the major plant



29

types felt to constitute possible food items for the hares.

Collecting of Plant Materials for Microscope Slides

Plant materials also were collected from the study area for use

in preparation of a permanent microscope slide reference collection

of epidermal tissues. Leaves, stems, and some blossoms and fruits

of all the major plants were selected and placed into vials of F. A. A.

Entire leaves and stem pieces as well as sectioned leaves and stems

of each plant were preserved.

Constructing of Microscope Slide Reference Collection

A reference collection of permanent microscope slides was pre-

pared. These slides showed epidermal tissue removed from the

abaxial and adaxial surfaces of leaves and from stems of known

major plants constituting possible hare food items. Storr (1961)

said, "The first requirement in a diet study using microscope analy-

sis is a reference collection of epidermis from food plants in the

study area." These epidermal tissues (tissue entities, reference

items) would constitute the basis for identification of plant species

consumed by hares through matching similar entities called recogni-

tion items (mentioned in the Introduction) observed in the fecal pellet

samples being analyzed. Basic procedural references in preparing

slides were obtained from Blaydes (1939), Johansen (1940), and
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Dusi (1949, 1952).

Two types of tissue preparations were undertaken in processing

plant materials into finished slides. The first provided leaf or stem

epidermis. The second provided macerated and teased material of

pieces of leaves and stems. In preparing epidermal slides, both

preserved and fresh plant materials were used. Preserved materials

from the vials of F. A. A. were tried for all plant species for which

slides were made, but fresh plant materials proved to be more satis-

factory. Several closely related steps were involved in the making

of epidermal slides. An entire leaf, leaf piece, or stem piece was

placed into a petri dish with sufficient water to cover it and with the

epidermis desired placed against the dish bottom. Using a scalpel,

underlying tissues were scraped away until only a bottom layer, the

epidermis, remained. After trimming away excess material, the

remaining piece with exposed epidermis was processed through a

series of watch glasses containing the necessary reagents. All

tissue scraping and trimming was done while peering through a

dissecting microscope. Although extremely painstaking, this method

proved more satisfactory than stripping epidermis with forceps as

recommended by Williams (1962). Stripping produced long, narrow

pieces of epidermis that tended to curl.

Occasionally, both preserved and fresh plant material pre-

sented such difficulty in scraping that only three or four epidermal
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cells could be exposed before fracturing occurred. Presoaking

such material in a gently heated 50-50 solution of 10% nitric and

10% chromic acid caused it to soften enough for scraping with less

resistance. Storr (1961) recommends boiling all plant material in

the above acid solution to separate epidermis from the subdermal

tissues. This writer found that material soaking needed periodic

removal and test scraping, since oversoaking caused a complete

dissolution. Adequate presoaking time varied with material from

different plants; thus, no criteria could be established for exact

presoaking time.

Steps for the preparation of epidermal slides were as follows:

1. Scrape plant material (preserved or fresh) under water.

2. Fix (fresh material), 100% ethanol, 10 min.

3. Return to distilled water via 95, 70, 50, 30, 10% ethanol, 3 min.

each.

4. Stain, phenolic Bismarck brown Y, 10-20 min.

5. Rinse, distilled water.

6. Dehydrate via 10, 30, 50, 70, 95, 100% ethanol, 3 min. each.

7. Immerse, oil of wintergreen, 10 min.

8. Cut and trim to desired size.

9. Mount in Canada balsam, surface up.

10. Apply cover slip.
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Procedure for the preparation of maceration-tease type slides

included maceration, staining, and teasing of leaf and stem materials.

The procedure was necessary to separate subdermal tissue layers

and detach pieces of epidermis which, in some instances, was impos-

sible to do by scraping.

Steps for the preparation of maceration-tease type slides were

as follows:

1. Cut material into pieces.

2. Kill and fix, F. A. A., 18 hrs. or more.

3. Wash 50% alcohol.

4. Repeat 3.

5. Macerate in fresh 50-50 mixture of 10% nitric and 10% chromic

acid for variable time, as needed.

6. Wash, tap water.

7. Stain, phenolic Bismarck brown Y, minutes to hrs., as needed.

8. Rinse, tap water, to remove surplus stain.

9. Dehydrate via 10, 30, 50, 70, 95, 100%, ethanol, 3 min. each.

10. Immerse, oil of wintergreen, 10 min.

11. Tease; spread on slide; mount in Canada balsam.

12. Apply cover slip.

Standard 25 X 75 mm glass slides were used for all slides pre-

pared. Covers lips were mostly 22 X 22 mm, 1 gauge thickness,

although some were 24 X 50 mm. A total of 376 slides was prepared,
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of which 322 were accepted for use, representing 40 plant species.

Tissues processed and the slide numbers assigned them appear in

Table 6 of Appendix I.

Photographing of Microscope Slide Reference Collection

The reference microscope slides were photographed on 35 mm

Panatomic X film, using a Zeiss Standard RA research microscope

equipped with an automatic, electronically operated, photomicrographic

camera. All slides were thoroughly examined and areas selected to

show groups of "typical" epidermal cells or special structures and

features (trichomes, stomates). Selected areas were photographed

at 160X and 400X. Twenty-six rolls (20 exp. ) of film were exposed

to produce 490 acceptable negatives of both magnifications. Negatives

were cut into strips of six frames each, coded in the margin with

India ink, and filed in glassine envelopes.

Printing of Reference Microscope Slide Negatives

Three different magnifications of photographic prints were pre-

pared. Two pertained to enlargements and one to contact prints.

The 160X negatives were enlarged 4X, as were the 400X negatives.

This provided prints of 640 and 1600 magnifications. Medalist F-3,

single-weight, glossy paper was used for the enlargements, all

measuring 11.5 cm X 8 cm. Approximately 600 enlargements were
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made from which were selected a usable total of 200 prepared from

the 160X negatives and 186 from the 400X negatives. All enlargements

were made using a Simmon Automega D 3 enlarger. Contact prints

were made only from 400X negatives on Velox F-3, single-weight,

glossy paper. They measured 2.3 X 3.5 cm and totaled 186. Refer-

ences to plant species shown in the prints are indicated in Table 6 of

Appendix I. All prints were dry-mounted on marble board plates

and labeled for use in identifications. Each plate held four prints,

at the two larger magnifications, showing adaxial and abaxial views

of leaf epidermis. Under the lower right corner of prints on the

right side of the plate were contact prints from the same negative

(400X) used to make those enlargements. Stem and special structure

prints usually were mounted on separate plates. Examples of prints

are shown in Appendix III.

Analyzing of Fecal Pellets

Preparatory to pellet analysis, the li ve-trap area was divided

arbitrarily into three zones to aid in the final selection of pellets.

A second purpose for the triple zone formation was to determine,

through pellet analysis, whether or not hares in their feeding activi-

ties utilized two or more zones. It was felt this information might

be of some use later in a possible control measure against hares.

Zone II, the middle or "ecotone" zone, was formed first to include
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pellet-yielding traps located no farther away than 200 feet to either

side of the edge of second growth, which was the natural midline

separating the live-trap area into open and second-growth halves.

Zone I was everything to the left of Zone II; Zone III everything to

the right (Figure 2).

Since pellet collecting coincided with monthly trapping periods,

the overall collection occurred within the period of April, 1962 through

May, 1965, and from it were made the final selections of pellets for

analysis. Each zone would have attributed to it a monthly collection

of four pellets making a total of 12 for the three zones per month and

a total of 144 for the year. Whenever possible, these monthly pellets

were from four different trap locations in each zone, to provide

greater potential variety of plant species consumed by hares. Un-

availability of four locations, depending upon trapping success, meant

pellets were selected from three or two traps, or even all from one

trap. Determination of four pellets for a monthly collection was

based on "species-area curves" developed on the basis of analyzing

five pellets for the months of January and February for each zone.

The plotted curves showed that five pellets almost never contained

more plant species than were found in four pellets.

In Zones I and III selection of pellets was from trap locations

as far away as possible from the Zone II boundaries. In Zone II no

pellets were selected farther away from either side of the zone's
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center (edge of the second growth) than 200 feet. In all zones, no

pellets were selected from locations closer than 200 feet from a

collection site (trap location) within another zone (Figure 2).

The sample determined for use in this study consisted of a

collection of observations from ten 160X .96 mm diameter microscope

fields from a single pellet prepared and examined in a predetermined

manner. The monthly pellet collection, then, yielded 4 such

samples for a total of 40 microscope fields. Other workers, in

similar studies, had decided upon ten fields as sufficient for a

sample (Williams, 1962; Bear and Hansen, 1967; Hall, 1969). Dusi

(1949, 1952) considered everything under the coverslip on a micro-

scope slide as his sample. Storr (1961) and Stewart and Stewart

(1970) used as their samples zones traversed across the microscope

slide which were slightly less wide than the field of view. Exami-

nation of these ten fields (the sample) was to identify fragments

(recognition items) of plant epidermis found in the fecal pellets of

field-trapped hares by comparing cell patterns of these fragments

with those of known plant species through reference slides and

photomicrographs.

Pellets to be analyzed were first soaked in chloral hydrate

solution, after the formula of Dusi (1949), for a minimum of six to

eight days. Preliminary soaking of the pellet cleared tissues to a

more desired state and facilitated quick, easy teasing by gentle
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tamping with the end of a small, 2 mm diameter, glass rod. No

use of needles was necessary. After soaking, the pellet was sec-

tioned to produce a piece approximately one-eighth the original size.

This was placed onto a microscope slide containing a medium of

six drops of glycerin and six drops of chloral hydrate solution,

teased, spread evenly, and covered with a 22 X 40 mm, 1 gauge

coverslip.

Adequate coverage of the examined strew was achieved by mak-

ing five horizontal sweeps across the slide and two field stops within

each sweep (Figure 5).

Figure 5. Sweeping pattern employed in slide examination.

Hall (1969) examined ten fields as shown in Figure 6, but the pattern

there seems less advantageous than the one already described.

°00°0(al
Figure 6. Scanning pattern employed by Hall.
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The microscope stage micrometer assured consistent location of

the stops in each sweep. Additional stops were made if predetermined

ones contained no fragments. Only fragments one-fifth the diameter

of the field or larger, as determined by an ocular micrometer, were

identified. Although most identifications could be made at 1 60X,

occasionally 400X was used for greater detail. Specially prepared

data sheets provided room for recording of identified species present

in the field stops examined, as well as other miscellaneous but rele-

vant information.
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RESULTS

Introductory Remarks

Fecal pellets from the live-trap area, selected from a collec-

tion made during the period of April, 1962 through May, 1965, were

analyzed by a histological-microtechnique method. Reference to the

study area is on the basis of three zones into which it was previously

divided (Figure 2). From Zone I, since no March pellets were avail-

able, only 44 pellets were analyzed--four short of a predetermined

total. From Zones II and III each, 48 pellets were analyzed, giving

a total of 140 for the three zones.

Of 54 plant species identified as occurring on the study area

(Table 6 of Appendix I), the analyses revealed that hares utilized

28 species (Table 3) or 52% of this total as food items. Figures 7,

8, and 9 show data for the three zones presented graphically by

mean percentages. The category FORBS in these figures is a com-

bined representation of the three most-browsed forbs--broad-leaved

lupine, false dandelion, and white-flowered hawkweed, Hieracium

albiflorum. The category OTHER represents a combination of all

other identified plant species, including shrubs, forbs, grasses,

sedges, rushes, and ferns, used as food by the hares but not indi-

cated individually in the figures (Table 3). The graphs illustrate



40

Table 3. Plant species utilized by hares as food items. Determined by pellet analysis.

TREES

Douglas-fir, Pseudotsuga menziesii
Western hemlock, Tsuga heterophylla
Coulter's willow, Salix coulteri

SHRUBS

*Long-leaved Oregon grape, Berberis nervosa
*Salal, Gaultheria shallon
*Oval-leaved huckleberry, Vaccinium ovalifolium
Red huckleberry, Vaccinium parvifolium

*Western dewberry, Rubus vitifolius
*Evergreen blackberry, Rubus laciniatus

FORBS

Bear-grass, Xerophyllum tenax
*Slender thermopsis, Thermopsis gracilis

**Broad-leaved lupine, Lupinus latifolius
*Oregon oxalis, Oxalis oregona
*Common western willow-herb, Epilobium adenocaulon
*Dwarf dogwood, Cornus canadensis
*Thyme-leaved speedwell, Veronica serpyllifolia
*Pearly everlasting, Anaphalis margaritacea

**Hairy cat's-ears (False dandelion), Hypochaeris radicata
**White-flowered hawkweed, Hieracium albiflorurn

GRA SSES

*Red fescue, Festuca. rubra
*Western rye-grass, Elymus glaucus
*Velvet grass, Holcus lanatus

SEDGES

*Rusty sedge, Carex subfuscs
*Short sedge, Carex brevipes
*Mertens' sedge, Carex rnertensii

RUSHES

*Forked wood-rush, Lurale. divaricata

FERNS

*Western sword -fern, Polysticharn munitwn
Western brake-fern (Bracken-fern), Pterldizun aquilinum

*

**

Plants in category OTHER.

Plants in category FORBS.



Figure 7. Zone I mean monthly percentages of occurrence of the
eight categories of most heavily browsed plants and the
category UNIDENTIFIED in fecal pellets, as determined
by pellet analyses.
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Figure 8. Zone II mean monthly percentages of occurrence of the
eight categories of most heavily browsed plants and the
category UNIDENTIFIED in fecal pellets, as determined
by pellet analyses.
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Figure 9. Zone III mean monthly percentages of occurrence of
the eight categories of most heavily browsed plants
and the category UNIDENTIFIED in fecal pellets, as
determined by pellet analyses.
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the fluctuations in utilization of the most heavily browsed plants

throughout the year.

Zone I

In Zone I the FORBS category is one of the largest and shows

extensive use for all seasons 1 of the year. Since the three plants

comprising this category occur most abundantly in this zone of open

area, this partly explains their heavy use. Peak usage occurred

during July, August, and September. The category OTHER also is

utilized at all seasons with greatest usage occurring in winter.

Bear-grass, an abundant plant in this zone, was utilized to

some extent throughout the year. Its greatest consumption, however,

occurred during the spring and early summer when shoots were

young and tender. Bracken-fern, also abundant, was used most from

summer through fall and, to a minor degree, in winter. New, tender

shoots and fronds, continually appearing during summer, influenced

its highest utilization at that time. Red huckleberry consumption

occurred significantly only from late fall into winter, with greatest

usage in winter.

Douglas-fir and western hemlock occurred only in scattered

and limited amount in this zone and represented a smaller percentage

'In this study seasons and their months are spring (March,
April, May); summer (June, July, Aug, ); fall (Sept., Oct., Nov. );
winter (Dec., Jan., Feb. ).
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of the hares' diet. Foraging on these two species began in mid-fall

and increased through the winter and spring seasons, reaching its

peak in winter and spring for both plants. Coulter's willow occurred

most abundantly in this zone, compared to the other two, and was

fed upon from mid-spring through the summer and fall seasons.

Greatest utilization occurred, however, during the spring and

summer -- especially in the months of May and June. This coincided

with a seemingly endless supply of newly developing, tender leaves

on these trees.

Zone II

Zone II, the "ecotone zone, is partly in the open area and

partly in the second growth. Here, as in Zone I, the categories

FORBS and OTHER are two of the largest, and the plants within

them are used by the hares throughout most of the year. FORBS,

however, showed greatest use from summer through fall and only

slight use during winter. The category OTHER showed maximum

use during summer.

Bear-grass was eaten throughout the year but least of all from

mid-summer through mid-fall. Its use increased in late fall, but

maximum consumption occurred during winter aald spring. Bracken-

fern was consumed from summer through early spring, and its peak

use was during most of the summer and fall. Increased concentration
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of this plant in this zone reflected its greater consumption here in

winter than in Zone I. Red huckleberry was utilized part of the

summer, but its use increased from fall to its peak in early winter.

It was eaten to a lesser extent through spring. This plant, also, was

more concentrated in this zone.

Western hemlock and Douglas -fir were utilized much more

e--;tensively here than in Zone I. Beginning in late summer and in-

creasing through fall, winter, and into spring, hemlock experienced

maximum usage in March. More of it was consumed than Douglas-fir.

From a seasonal standpoint, Douglas-fir consumption paralleled

closely that of hemlock, but peak use was in April. Coulter's willow

presented almost the same seasonal pattern of use by hares as in

Zone I. Greatest usage occurred in May, June, and July, but less

of this plant was consumed, overall.

Zone III

Zone III is entirely in the second growth. Nonetheless, the

category FORBS shows fairly extesnive use throughout most of the

year. Plants of this category appeared mainly in the scattered,

patch-like, open areas of the zone and were limited, depending upon

species, in abundance and occurrence. Overall usage was not as

great as in the other zones but occurred maximally at the same

time, summer and early fall.. For this zone, as in Zone II, greatest
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use of the category OTHER was during summer.

Bear-grass consumption followed a pattern almost identical

with that in the other two zones. The bracken-fern pattern, also,

resembled closely that in the other zones, but more extensive use

of this plant occurred here. Concerning these two plants, their

peak usage was as in the other zoneswinter and spring for bear-

grass, and summer and fall for bracken-fern. Seasonal and quanti-

tative pattern of red huckleberry use was similar to the other zones,

with only minor variations. Greatest use was during winter as

evidenced by numerous, newly clipped shrubs (Figure 10) and exces-

sive twig clippings at the base of many shrubs.

In this zone Douglas-fir incurred its maximum utilization.

It was used here almost throughout the entire year, but, as in Zone

II, greatest usage was in spring. Western hemlock, to a much lesser

extent, was used in this zone in the same manner as the Douglas-fir

and during the same seasons. Additional, detailed reference to these

two plants will be given in the Discussion section of this report.

Coulter's willow represented only a very small percentage of the

hares' diet in this zone. This was due to its almost complete

abs ence.

A summary of the seasonal and peak use by hares of the eight

plant categories referred to thus far is presented in Table 4.
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Figure 10. A red huckleberry shrub clipped by a snowshoe hare.
Snows often weighted and bent into positions more
readily accessible to hares the branches of this and
the oval-leaved huckleberry shrub.
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Table 4. Summary of seasonal and peak use by hares of the ei ght plant categories occurring in
Zones I, II, and III.*

Zone Category Seasonal Use Peak Use

I FORBS Throughout year Mid-summer through early fall

OTHER Throughout year Winter

BEAR-GRASS Throughout year Spring

BRACKEN-FERN Mid-summer though Late summer though mid-fall
fall and winter

RED HUCKLEBERRY Late summer through Winter
winter and spring

DOUGLAS -FIR Mid-fall through Winter and spring
winter and spring

WESTERN HEMLOCK Mid-fall through Winter and spring
winter and spring

COULTER'S WILLOW Mid-spring through Late spring and
summer and fall early summer

II FORBS Throughout most of year Late summer through mid-fall

OTHER Throughout year Summer

BEAR-GRASS Throughout year Winter and spring

BRACKEN-FERN Summer through Late summer through mid-fall
early spring

RED HUCKLEBERRY Mid-summer through Late fall and early winter
winter and spring

DOUGLAS-FIR Throughout most of year Mid-spring

WESTERN HEMLOCK Throughout most of year Mid-winter through early spring

COULTER' S WILLOW Spring though summer Late spring and early summer
and fall
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Table 4. Continued

Zone Category Seasonal Use Peak Use

III FORBS Throughout year Summer and early fall

OTHER Throughout year Early summer

BEAR-GRASS Throughout year Winter and spring

BRACKEN-FERN Summer through Mid-summer though mid-fall
mid-spring

RED HUCKLEBERRY Mid-summer through Winter
winter and spring

DOUGLAS-FIR Throughout most of year Mid-spring

WESTERN HEMLOCK Throughout most of year Late winter

COULTER'S WILLOW Spring through early Mid-fall
summer and fall

Spring (March, April, May); summer (June, July, Aug. ); fall (Sept., Oct., Nov. ); winter (Dec.,
Jan., Feb, ).
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Category UNIDENTIFIED

The category UNIDENTIFIED, occurring in the figures repre-

sentative of the three zones, was probably comprised greatly of

woody tissues. The analytical procedure employed in this study did

not lend itself to positive identification of such tissues. Further-

more, since in any given microscope field attempts were made to

identify all plant fragments of a certain size and larger, this neces-

sitated classifying many opaque fragments into this category. The

writer recalls that probably 50% or more of the unidentified frag-

ments were opaque.

Caged Hare Feedings

Feeding caged adult hares plants indigenous to the study area

resulted in 34 different species being tested. They represented the

plant categories of trees, shrubs, forbs, grasses, sedges, and

rushes. The purpose was to determine preferences and dislikes of

the hares for the plants. Each cage contained a minimum of three to

a maximum of five different plant species during each test period, and

no fewer than three, nor more than four cages were used at a time.

Original weights of plants varied widely between species. A test

period involved exposure of plant material to the hares for a three-

day period. Table 5 presents data on the results obtained in terms
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of grams and percentages of each plant species consumed during

the tests. It was found that hares ate some of each plant species

offered. Nonetheless, weight and percentage of plant consumption

varied considerably. Percentages, for example, ranged from a low

of 2% for common St. John's-wort, Hypericum perforatum, to a high

of 45% for white-flowered hawkweed. Interestingly, some plants

were utilized for which no fragments ever appeared in the fecal pellet

strews during microscopic analysis. Included were the two plants

of lowest consumption percentages--common St. John's-wort (2%)

and western rhododendron, Rhododendron macrophyllum (3%). Field

notes reveal that two of the four hares fed rhododendron ate none of

the plant. They simply clipped all leaves from the branches and

let them lay. The plant most highly consumed, white-flowered

hawkweed, is one of the three most heavily browsed plants included

in the category FORBS, referred to earlier. Generally, those

plants of high consumption percentages also were the ones whose

fragments were identified most often during microscopic analysis.

Feeding Observations of Trap-released Hares

Several live-trapped hares, upon release, moved a short dis-

tance away from the trap and immediately began to feed. Distance

from the trap varied but usually was under 15 feet. If the hare were

undisturbed, feeding continued for several minutes. Such
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Table 5. Average weights and percentages of consumed plants fed to caged adult hares

Year Days Plants fed

Average g
consumed in
3 days by an
adult hare

Percentage *
consumed
of original

weight

1962

1964

8/ 17-8/ 20

8/21-8/24

8/24-8/27

9/7-9/10

7/ 23-7/ 26

8/7-8/10

8/11-8/14

8/15-8/ 18

8/ 21 -8/24

Wettern rhododendron
Oval-leaved huckleberry
Bear-grass
Slender thermopsis
Bracken-fern

Western hemlock
Red huckleberry
Broad-leaved lupine
Pearly everlasting

Coulter's willow
Red alder
Salal

Douglas-fir
Fire-weed
Rusty sedge
Western sword-fern

Long-leaved Oregon grape
Common St. John's-wort
Dwarf dogwood

Western dewberry
False dandelion
Western bent-grass
Deer-fern

Evergreen blackberry
Thyme-leaved speedwell
White-flowered hawkweed
Velvet grass

American twin-flower
Oregon oxalis
Common western willow-herb

Red sorrel
Slender hair-grass
Short sedge
Common wood-rush

21.3
241.0
70.9
63.8
85.1

79.2
159.1
35.8
29.1

83.2
72.3
93.3

167.1
43.7
61.1
70.3

46.3
12.9
31.1

30.6
74.9
8.6

40.4

38.0
29.5
37.9
16.1

9.0
20.9
15.9

13.0
4.3
4.1
5.5

3

35
10

14

13

11

21

9

15

13

8

14

19
6

16
13

15

2

31

25

29

8

18

39

25
45
18

11

30
24

27

8

7

14

*
Allowing for loss by drying.
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observations totaled 46 in the vicinity of 26 different trap locations,

and 15 different species of plants were fed upon (Table 2) including

trees, shrubs, forbs, and ferns. Bracken-fern, false dandelion, and

red huckleberry were most commonly eaten.
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DISCUSSION

Factors and Behavior Related to Feeding_

Food habits of the snowshoe hare in this study are not greatly

unlike those of snowshoe hares elsewhere. During the warmer

seasons of the year hares generally prefer to feed on tender, succu-

lent, herbaceous plants including types such as forbs, grasses,

sedges, and ferns. At this time these plants are most abundant

and phenologically optimally acceptable. As Bider (1961) stated in

reference to hare foods, "The summer is a time of plenty." Cook

and Robeson (1945) commented, "It is generally agreed that the

summer diet consists of succulent plant materials--clovers, grasses,

and forbs . . . ." Other workers also have attested to the summer

or warm-weather diet of snowshoe hares being comprised of the

aforementioned various plant types (Grange, 1932; Severaid, 1941;

Adams, 1959; Dodds, 1960; Bider, 1961; deVos, 1964). In the colder

seasons of the year the diet of snowshoe hares changes markedly to

a concentration upon buds and woody plant materials such as twigs

and bark of various trees and shrubs. Any "green" vegetation

available is often utilized to some degree. Comments deVos (1964),

"During the winter hares subsist largely on twigs, buds, bark, and

the foliage of certain evergreens."
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It is apparent that the food of snowshoe hares anywhere depends

greatly on what is available at a given season and on the total quantity

of all foods available. These two ideas constitute a simple but valid

general indication of what snowshoe hares eat (availability) and of

one of the factors influencing their feeding habits (total quantity).

Since dependence for their yearly food is based on plants within the

two general categories, herbaceous and woody, the exact diet of the

snowshoe hare involves the plant species, within these categories,

occurring in a given area.

In this study, plants of the categories FORBS (three species),

OTHER (five shrubs, six additional forbs, three grasses, three

sedges, one rush, one fern), BEAR-GRASS, and BRACKEN-FERN

constituted most of the herbaceous diet for the warm seasons of the

year. That hares readily feed on a considerable variety of plants

"in season", or when they are tender and palatably more acceptable,

is reflected by the following observation. On July 21, 1965 a male

juvenile hare, removed from a trap, was held by an assistant while

the writer hand fed it freshly obtained pieces of the following plants:

salal (with blossoms), oval-leaved huckleberry, white-flowered

hawkweed, false dandelion (with blossoms), pearly everlasting,

Anaphalis margaritacea, red huckleberry, western hemlock,

Coulter's willow, western sword-fern, Polystichum munitum,

common western willow-herb, Epilobium angustifolium, evergreen
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blackberry, Rubus laciniatus, thyme-leaved speedwell, Veronica

serpyllifolia, Douglas-fir, and western dewberry, Rubus vitifolius.

The offerings were repeated with the plants fed in mixed order. In

both instances all plant materials were unhesitatingly and completely

consumed by the hare. Several such observations were made during

the course of the study with the hares either hand fed or held up to

various plants and allowed to feed. Many of the plants offered were

often refused, suggesting choice or preference on the hare's part.

Rhododendron was consistently rejected. Brooks (1955), however,

commented on the Virginia varying hare's eating rhododendron,

Rhododendron maximum, during winter in a peculiar manner, i. e.

by severing leaves from stems and then eating only the petioles,

with the remainder of the leaf left standing upright, stuck in the

snow.

Of the herbaceous plants eaten, the grasses, sedges, and one

rush were the least utilized as food by the hares. The grasses, used

lightly and mostly in the spring and summer, and the sedges, lightly

in the summer and fall, experienced more use than the rush. The

latter was eaten only sporadically but during all seasons.

The four plant categories referred to thus far were represented

in the diet of the snowshoe hare also during the cold seasons of the

year. Their use throughout the year was not surprising. Climate

of the study area is relatively mild, and snow depths, with some
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exceptions, were not overly great. Nonetheless, many plants in

these categories were snow-covered from time to time. They

reappeared and, despite deteriorating changes, were eaten often,

being available to the hares much of the year. Feeding on some of

the plants in these categories in all zones throughout the year would

indicate definite preference for herbaceous plants compared to

woody types.

Close examination of the category OTHER, from the standpoint

of its utilization, presents some interesting observations. Overall,

its use was greater in Zone III than in either of the other two zones

and was maximum in summer. By contrast, its use was maximum

in Zone I during winter -- contrary to expectation since plants of this

category were most abundant in Zone I, suggesting heaviest use in

summer. An explanation for this suggested paradox relates, again,

to preference and availability of plants. For example, although

Douglas-fir and western hemlock were available on a year-round

basis in the second-growth part of Zone II and everywhere in Zone

III, the hares did not prefer these woody types and ate little of them

during summer. Instead, they relied heavily on herbaceous plants

of the categories OTHER and FORBS. Later, when snows covered

the herbaceous plants from time to time, hares resorted more to

such woody types as Douglas-fir, western hemlock, red huckleberry,

and oval-leaved huckleberry.
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Nonetheless, even in winter in Zone III herbaceous plants

were desired and sought as indicated by the following. Several

times during some of the heavier snows--heaviest in this zone due

to coniferous canopy shading--when most plants were covered,

snowshoe hare tracks were observed leading into "snow wells"

(funnel or circular-shaped depressions surrounding isolated,

smaller shrubs, trees, and clumps of ferns, at the bottom of

which bare ground and smaller plants were sometimes exposed);

careful examination disclosed that hares had fed on different plants

found at the bottoms of these wells.

The greatest number of plant species occurred in Zone I,

located in the open. Most of these species were in the category

OTHER and, collectively, presented maximum variety of palatability

to the hares throughout the year. Indeed, this variety is a possible

explanation for the wide usage of this category in all zones. It in-

cluded such plants as oval-leaved huckleberry, slender thermopsis,

Thermopsis gracilis, dwarf dogwood, Cornus canadensis, pearly

everlasting, red fescue, Festuca rubra, velvet grass, Holcus lanatus,

rusty sedge, Carex subfusca, short sedge, and forked wood-rush,

Luzula divaricata, to mention some. Abundant in this zone also

were plants of the categories FORBS, BEAR-GRASS, BRACKEN-

FERN, and COULTER'S WILLOW. Here, then, no scarcity of

foods or choice existed during warm seasons of the year.
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Availability and variety were practically unlimited and optimal.

Coulter's willow, most abundant in this zone and relatively non-

existent in Zone III, was heavily utilized. Mainly the leaves of this

plant were eaten, as indicated by their numerous and peculiar tri-

chomes observed during microscopic pellet analysis. Plants in the

FORBS category, also most abundant here, underwent maximum

consumption during summer.

Thus, in view of what has been said, less demand, overall,

was placed on the category OTHER in Zone I. In winter, however,

this category experienced peak usage here. This was due largely

to the relative scarcity of Douglas-fir and western hemlock. Other

woody plants, such as oval-leaved huckleberry and red huckleberry,

were plentiful and were depended upon. Since snows in this zone

usually were less deep than in the second growth, often drifted to

expose patches of vegetation, and melted sooner than in Zone III

of the second growth, these conditions, combined, facilitated peak

use of the category OTHER in winter.

Some of the woody plants as Douglas-fir, western hemlock,

and red huckleberry were used throughout a good part of the year

in one or more zones. Others such as salal and evergreen black-

berry were used to lesser extent. The first three were eaten most

during winter and spring when many other plants were less available

or temporarily absent due to snow coverage. Adams (1959),
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referring to foods of snowshoe hares in Montana, said, "The season

of use varies in duration. Douglas-fir is eaten over a long period

extending from fall to spring." In Zone I although Douglas-fir and

western hemlock were limited in occurrence, their seedlings, espe-

cially Douglas-fir, showed evidence of heavy and constant browsing.

Contorted and misshapen trees were numerous. Hardly a young

Douglas-fir tree in this zone was undamaged by hares. According

to Mitchell (1950), repeated browsing of seedling terminal shoots

results in a tree of bushy appearance. Dimock (1970) indicated

reduced seedling height as a likely result of damage to terminal

shoots. deVos felt that, aside from the possibility of becoming

permanently misshapen, the browsing and barking of shrubs and

trees by hares reduces vigor of the plants and may even kill them

by excessive removal of or damage to growing parts. Moore (1940)

referred to damage of Douglas-fir seedlings, caused by the Washing-

ton varying hare (same hare as in this study), in Washington. It was

found that on test areas, 38% of the trees were cropped by the hare

within one month and 94. 4% within one year. Of the injured trees,

35% were heavily and usually fatally damaged.

The writer had occasion, one spring, to participate in a

Douglas-fir planting session of three to four days on the study site

in the Zone I area. Planted seedlings were individually marked by

colored wooden stakes. It was discovered that, overnight, several
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seedlings planted the day before had been browsed upon or completely

clipped off at ground level. Adams (1959) apparently was aware of

such damage by hares when he indicated seedling consumption could

leave no trace if the entire plant were cut off near ground level.

Heavy use of Douglas-fir in Zone III was influenced mostly by

unavailability of other forage plants due to coverage by deep and slow-

melting snows. At this time hares fed extensively on the buds, twigs,

and needles of this fir. Grange (1932) stated, "Snowshoe hares in

the wild state live largely upon buds, twigs, and bark during the

winter. They browse about coniferous trees a good deal, eating

the ends of low hanging branches, or nipping seedling trees."

Snow-weighted boughs of Douglas-fir hung lower than usual and

were everywhere accessible to foraging hares. In some instances,

additionally falling snow would pin already heavy, snow-laden, and

low-bent boughs against the surface of previously accumulated snow

into positions accessible to hares for days at a time (Figure 11).

Abundant clippings of branches and twigs, mixed with fecal pellets,

adjacent to the lower boughs of trees attested positively to the heavy

use of Douglas-fir as a winter food. Bider (1961) discovered that

hares in Quebec, while standing on snow, could browse the branches

of shrubs and trees normally four and one-half feet above bare ground

and even browsed from branches of a spruce which, in summer, were

seven feet from the ground. Barking of both Douglas-fir and western
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440-

Figure 11. Douglas-fir boughs low-bent and pinned by snow into
positions accessible to hares.
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hemlock occurred in winter mainly during deep snow periods. The

barked trees, characterized by bark removed several inches back

from the end of the terminal leader, usually were those bent over

over or broken and fallen from snow weight (Figure 1 2).

Western hemlock was eaten by the hares in the same manner

(Figure 13) as Douglas-fir and during the same seasons but, gener-

ally, to a considerably less extent. On March 10, 1963 two separate

hares were observed standing upright on hind legs to reach lower

branches of a hemlock tree from which they clipped sprigs that they

proceeded to eat. One of the hares was on a log while feeding in this

manner.

Red huckleberry, like Douglas-fir, was utilized most during

winter but in all three zones. During snow periods, the taller tops

of this shrub, and also of oval-leaved huckleberry, were easily

accessible to hares approaching them on the snow surface. Addi-

tional accessibility to these shrubs and to higher tree branches was

gained by hares traversing log bridges and stopping to browse where

adjacent vegetation reached to or extended over the log. Occasionally,

even stumps five feet tall were used as feeding platforms with huckle-

berry clippings from nearby shrubs found laying on top of them.

Tree and shrub clipping by hares was positively recognized by the

clean, slanting cuts made in the twigs and branches. Hough (1949)

made mention of this and indicated for comparison the broken and
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411011110

Figure 12. A "barked" western hemlock tree. This tree, photo-
graphed in March, had fallen over from snow weight.
In May, following snow disappearance, the distance
was measured from the tip of the tree's leader to the
ground and found to be 49".
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Figure 13. Evidence of hares' feeding on western hemlock trees.
Clipped branch tips plus an abundance of twigs and
fecal pellets were definite evidence that hares fed
upon this tree. Such evidence was common and
typical for both western hemlock and Douglas-fir
trees.
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torn tissues left when deer browsed.

Of the known plants used for food by hares in this study, certain

ones could be referred to as "stable" or basic food items. These

were plaints relatively abundant, quite widely distributed, and greatly

depended upon for food during given seasons or throughout most of

the year. They included the following: Douglas-fir, western hemlock,

Coulter's willow, red huckleberry, oval-leaved huckleberry, bear-

grass, broad-leaved lupine, false dandelion, and bracken-fern. All

of them were among the most heavily browsed plants in the area and

therefore were preferred species. "Snowshoe hares show a decided

preference for certain trees and shrubs, " stated Criddle (1938).

Interchangeable Use of, Zones During Feeding

On the basis of fecal pellet analyses, it is impossible to say

with complete certainty whether or not hares used two or more zones

interchangeably during feeding activities. At least, without additional

study, only certain inferences or suggestions can be presented. A

difficult hindrance to absolute determination was the presence, to

varying extent, of the most heavily browsed plants in all three zones.

Had one or more been absent from a zone, then a more valid conclu-

sion might have been drawn. Referring to the graphs of Figure 7

and 9, it is evident that overall consumption of Douglas-fir and

western hemlock in Zone I was far less than in Zone III. As
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indicated earlier, more of these two plants occurred in Zone III, so

the explanation for their low consumption in Zone I seems logical.

On the other hand, had hares from Zone I gone to Zone III, fed on

Douglas-fir and hemlock there, and returned to Zone I where fecal

pellets might have been deposited, then examination of these pellets

would have revealed a high content of tissue fragments from the two

plants in question. A possible assumption, therefore, is that hares

from Zone I, generally, did not frequent Zone III to feed. A similar

example involves Coulter's willow and the same two zones, Greatest

occurrence and maximum consumption of this plant was in Zone I,

and exactly the converse was true in Zone III. Had hares of Zone III

gone to Zone I to feed on this plant, then a higher concentration of

its fragments would have appeared in pellets collected from Zone III

and analyzed. Again, the possible assumption is that hares from

Zone III, generally, did not frequent Zone I to feed. Another example

involves Zone II. Here, Figure 8 reveals that a large consumption

occurred of the three plants mentioned--fir, hemlock, and willow.

Since this was the ecotone zone, with part of it in the second growth

and part in the open area, and since the three plants concerned were

readily available, then, logically, this would explain their high

utilization. Interestingly, the highest percentage, 33%, of hemlock

usage occurred here rather than in either of the other zones. Un-

doubtedly, ready access to this plant was an influencing factor. Once
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more, an assumption can be made similar to the previous two- -hares

of Zone II did not frequent either of the other zones to feed.

Despite the seeming logic of the explanations offered for the

assumption that hares fed in their own zones, it seems illogical to

presuppose that hares in the overall area were so permanently

spatially dispersed and oriented within man-made zones of imaginary

boundaries, that they would not cross over into one, or the other,

or both zones to feed. Indeed, Black (1965) gave several examples,

based on his trapping records, of hares having traveled considerable

distances. One such example involved a female adult trapped at sta-

tion H-8 and later at A-2, a distance of 21 chains apart. Black

indicated, however, that the average radius of movement for adult

hares was approximately five chains--a distance well within the

boundaries of any of the three established zones in this study. It

was pointed out, also, that hares remained in the second growth

(Zone III and part of Zone II) during daytime and were captured only

now and then in the open area (Zone I and part of Zone II). Probably,

the most valid conclusion possible regarding the questionable move-

ment of hares from one zone to another while feeding is that such

movements occurred, but only sporadically and infrequently.
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Reflections on Feeding of Caged Hares

Feeding caged or penned hares different plants to determine

which species will be accepted or rejected as food items is not a new

procedure in food habits studies. Some workers who have done this

include Grange (1932), Severaid (1941), Adams (1957), Dodds (1960),

Matuszewski (1966), and Radwa-n. and Campbell (1967). According to

Hansen and Flinders (1969), two definite advantages of such feeding

trials are ability to control the exact amount of each plant species

fed and determination of the amount of each species eaten. A distinct

disadvantage of this method is the difficulty of equating all factors

of the artificial situation with those occurring in the wild.

Stress of confinement, not always overtly evident, undoubtedly

is one of the most difficult factors to contend with. Who can really

say to what extent this single factor influences how much or how

little of the offered plants a wild, caged hare will eat? Fortunately,

during cage feedings in this study hares ate some of all plants, 34

species, offered. Thus, some data were obtained. Even so, the

writer reflects and wonders how different the results might have

been had:

1. Only one plant at a time been fed instead of three or more.

2. Commercial food pellets been withheld instead of offered

simultaneously with the plants.
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3. The plants offered been exposed to the hares for less than or

more than three days.

4. The plants offered been selected from the standpoint of optimal

phenologic desirability by hares.

Obtained data showed that 17 of the 34 plant species tested, or 50%,

were consumed to the extent of 15% (arbitrarily chosen) of the original

weight offered. Of these 17 species, only 2 were not included

in any of the 8 categories of most heavily browsed plants depicted

in Figures 7, 8, and 9. Certainly, a preference for given species

was demonstrated. Cook and Robeson (1945), referring to the snow-

shoe hare, indicated, "Considerable preference is exhibited, certain

plants being definitely passed by." Severaid (1941) referred to

peculiarities of feeding hares penned outdoors. Although they fed

first on grasses and then predominatnly on one species, alder, they

all were observed frequently feeding, to a lesser extent, on birch

bark, dried leaves, and green fir needles, even in the presence of

abundant grass.

Observations Concerning the Histological-Microtechnique
Method of Pellet Analysis

The histological-microtechnique method for identifying plant

materials found in the stomachs or pellets of herbivores is the most

accurate known. It is time-consuming and involved, but the high
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degree of accurate obtainable results make it well worth all efforts.

Success in identifying individual plant species rests, basically, on

ability to match epidermal tissue characteristics from fragments

in the pellet or stomach with known, and positively identified refer-

ence tissues. Trichomes, associated so closely with epidermis, also

facilitate identification. Esau (1960) states, "Trichomes are . .

-remarkably uniform and may be used for taxonomic purposes."

The writer found that trichomes encountered in the microscopic

analysis were remarkably uniform for a given species and highly

dependable in identifications.

Since identification is based on epidermal tissues, then woody

tissue identification by this method is precluded. Woody tissues,

undoubtedly, comprised a significant part of the category UNIDENTI-

FIED in the analysis in this study. Dusi (1952) stated that woody

tissues are probably mostly conductive and supportive types. More

significantly, however, he was of the opinion that unidentifiable

woody tissues are parts of plants in the sample whose epidermis

was earlier identified. The writer agrees. If this is so, then the

percentage representative of the category UNIDENTIFIED in Figures

7, 8, and 9 should be less than indicated. Another source of contri-

bution to the category UNIDENTIFIED is that some of the plants

possibly eaten by hares occurred so sparsely in the study area that

epidermal tissue reference slides pertaining to them were not made.
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During slide preparation, it was deemed unfeasible to make slides

representing all the plants--especially those observed to be present

in such small numbers as the following: chinquapin, Castanopsis

chrysophylla (two); kinnikinnick, Arctostaphylos uva-ursi (two);

bristly manzanita, Arctostaphylos columbiana (two); ocean-spray,

Holodiscus discolor (five); Oregon iris, Iris tenax (one); thick-leaved

lotus, Lotus crassifolius (one). Only some of the sparsely occurring

plants are mentioned.

Certain ideas evolved during the preparation of reference

materials (microscope slides and photomicrographs) and the actual

analytical procedure in this study. The writer mentions them in the

hope that others, doing similar work, might find them helpful.

1. All microscope reference slides should be prepared in sets of

two, at least; more would be better.

a. During analysis, reference to each slide may show some-

thing slightly different from another and facilitate identi-

fication. Accidental dropping and breaking of a slide will

not delay analysis since the reserve slide(s) may be used.

2. Tissues may be code notched, during slide preparation, to

assure correct, upward positioning (toward the viewer) of the

unscraped epidermal surface for final mounting on the slide.

a. Scraped adaxial tissue may be notched as shown prepara-

tory to passing through reagents and stain(s) during which,
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more than likely, it may be flipped over.v
Flipping to wrong side up places notches in

A--
opposite corners.

b. Abaxial tissue may be notched as shown.

Flipping to wrong side up places single

notch in upper left or lower right corner.

c. Trimming the tissues and removing code notches may be

done immediately prior to placing tissues into mounting

medium on slides. Stem tissue also may be notched for

proper positioning. (The above diagrams appeared in the

work of Hall (1969), but he learned of the coding pro-

cedure when visiting the writer to obtain microtechnique

information. )

3. In addition to regular slides of sheets or layers of epidermis,

maceration-tease type slides should be made of all epidermal

tissues.

a. Individual cells, and especially trichomes, will be iso-

lated. This will facilitate their identification, since often

this is the way they appear in the "raw material" being

microscopically examined. Trichomes, thus, can be

seen in their entirety, revealing their length, width,

general shape, and especially basal or attachment end
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4. Microscope slides, when possible, should be made of floral

epidermal tissues such as petals, sepals, and bracts.

a. Since hares eat the flowers of many plants, fragments

of these structures may be encountered during analysis.

5. Preserved materials (leaves, stems, flowers, fruits) of plants

from the study area should be available during analysis.

a. Frequently, microscopic examination (wet-mount) of a

scraped tissue from one of these parts, or even an entire

small structure, will aid identification. The tissue or

structure contained in water in a shallow watch-glass or

petri dish and examined under the research microscope,

not a dissecting microscope, may reveal cells that were

observed often but could not be associated with a specific

plant. This little technique is of special value when

permanent reference slides are lacking for some of the

plants.

6. The edges of tissue fragments of doubtful identity, semi-opaque

or nearly completely opaque, should be viewed carefully through

the microscope for identity clues.

a. Light at the edges of such fragments is stronger and the

opaqueness, often, less. Trichomes, attached to and
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part of the opaque fragment, sometimes extend beyond

these edges into stronger light where they, and subse-

quently the tissue, can be identified.

7. During analysis, pencil sketches and notes should be made

pertaining to different epidermal structures, cell arrangements,

and peculiarities.

a. Sometimes, doing this evolves a pattern of similarities

or associations which may serve as a clue to identity.

8. Numerous photomicrographs should be made to show overall

or small group cell arrangements, individual cell closeups,

trichomes and related structures, and peculiarities.

a. Excess photomicrographs may be discarded. Insufficient

photomicrographs, in terms of numbers and types, may

hinder adequate analysis.
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SUMMAR Y

A food habits study of the snowshoe hare, Lepus americanus

washingtonii Baird, was undertaken in Linn County in western Oregon.

The major objective was to complete a histological-microtechnique

analysis of fecal pellets for determination of the annual food habits

of this hare in the area studied. The study area was divided arbi-

trarily into three different zones to facilitate pellet selection and to

determine if hares used the zones interchangeably during feeding

activities. Additional information was obtained by feeding caged

adult hares plants indigenous to the study area and by direct observa-

tions of hares feeding following trap release.

Hares were live-trapped at monthly intervals from April, 1962

through May, 1965, and fecal pellets, for later analysis, were

simultaneously collected from depositions in the traps.

Forty-six live-trapped hares were observed, upon release at

26 different trap locations, to have fed upon 15 different plant species.

These included trees, shrubs, forbs, and ferns. Bracken-fern,

false dandelion, and red huckleberry were most commonly eaten.

Individually caged adult hares were test fed plants from the

study area to determine preferences and dislikes. Three to five

species of plants were offered for three-day test periods. Hares

ate some of each of 34 plant species offered. Consumption
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percentages ranged from 2%, for common St. John's-wort, to 45%,

for white-flowered hawkweed. Two of four hares fed western rhodo-

dendron ate none of the plant. Plants consumed most were those

whose fragments later appeared most often in fecal pellet analyses.

A permanent, herbarium-type reference collection of 54 plant

species from the study area was prepared.

A reference collection was prepared of 322 permanent micro-

scope slides representing 40 plant species. Epidermal tissues from

stems and the adaxial and abaxial surfaces of leaves, obtained by

scraping from fresh and preserved plant materials, were stained

with Bismarck brown Y and mounted on standard glass slides.

Maceration-tease type slides also were made from some of the

epidermis.

Selected slides were photographed on 35 mm Panatomic X

film at both 160X and 400X, using a Zeiss Standard RA research

microscope. Photographic enlargements of 4X were made from

both negative types, giving 640 and 1600 magnifications. Contact

prints were made from the 400X negative. All photographs were

drymounted and labeled.

Analyses were made of 140 fecal pellets. They represented

four pellets per month, from four different trap locations when

possible, per zone, with the exception of March in Zone I. A strew

was prepared from approximately one-eighth of a fecal pellet mixed
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with glycerin and chloral hydrate solution, spread evenly on a micro-

scope slide, and covered with a 22 X 40 mm, 1 gauge cover slip. Ten

field stops were examined at 160X. Epidermal tissue fragments

(recognition items) of a size one-fifth the diameter (.96 mm) of the

field or larger were identified to plant species by referring to the

microscope slide and photograph collections. Thus, 40 fields, 10

for each of 4 pellets, represented the monthly sample analyzed per

zone.

Data from the analyses showed that 28 species, or 52%, of the

54 plant species identified on the study area were used as food items

by the hares. Species utilized were graphically categorized for the

three zones and referred to in terms of mean monthly percentages

of consumption.

Herbaceous plants comprised the major part of the hares' diet,

especially during warmer seasons of the year. Woody plants, includ-

ing buds, twigs, and bark of trees and shrubs, were utilized heavily

during colder seasons of the year when snow often covered herba-

ceous foods for varying periods. Due to relatively mild winters,

some herbaceous materials were available throughout most of the

year.

Grasses, sedges, and rushes were least eaten of all plants.

Bracken-fern was used extensively from summer through winter.

The most heavily browsed forbs were broad-leaved lupine, false



80

dandelion, white-flowered hawkweed, and bear-grass--used through-

out the year. Red huckleberry was utilized heavily during winter.

Coulter's willow was fed upon extensively during summer. Douglas-

fir and western hemlock were depended upon mainly during winter.

Interchangeable use of the three zones by feeding hares was not

definitely determined. Additional study was felt necessary to reach

a definite conclusion.

Preparation of reference microscope slides and photomicro-

graphs and the analytical procedure, itslef, evolved certain ideas of

possible use to tohers undertaking similar work. They are as

follows:

1. Microscope reference slides should be prepared in sets of two.

2. Epidermal tissues could be code notched to assure correct,

upward positioning in final slide mounting.

3. Maceration-tease type slides of epidermal tissues should be

made in addition to regular slides.

4. Microscope reference slides should be made also of floral

epidermal tissues.

5. Preserved plant materials should be available during analysis.

6. Edges of tissue fragments of doubtful identity (opaque) should

be studied carefully for identification clues.

7. Pencil sketches and notes should be made during analysis.
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8. Numerous photographs should be taken pertaining to different

categories of epidermal tissues.
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APPENDIX I



Table 6. Plants identified on the study area*

Scientific
Name

TREES
Pinaceae, Pine Family

Common
Name

Specimen
Number

Slide
Number

Photograph
Number

Psendotsuga menziesii (Mirb ) Franco Douglas-fir 34 Ab. 59, 158 (2) 15-4, 5, 6, 7, 9, 10
Ad. 159 11, 12, 13, 14, 15,
S. 176 (2), 178, 180 (2), 183 (2) 16, 17, 18, 19, 20,
L. M. 162 21; 24-8, 10, 11, 14,
S. M. 177, 179, 184 (2) 15, 17, 18

Tsuga heterophylla (Raf. ) Sarg Western hemlock 54 Ab. 54 (2), 57 (2) 14-5, 9, 11, 12, 13,
Ad. 55, 56 (2) 14, 15, 16, 18, 19,
S. 186 (2) 20; 15-1, 2, 3; 24-6
S. M. 185 (2), 187 (24)

Salicaceae Willow Family
Coulter's willow 22 Ad. 80 (2) 19-15, 16, 17, 18, 20;Salix coulteri Anders.

S.98 (3) 25-17, 18
L M. 81, 165
S. M.99

Betulaceae, Birch Family
Alnus oregona Nutt. Oregon alder (Red alder) 51 Ad. 69 17-13, 14, 16;18-2;

L. M. 71 25-4, 5, 6

Fagaceae, Beech Family
Chinquapin 23Castanops is chrysophylla (Dougl. ) A. DC.

SHRUBS

Berberidaceae, Barberry Family
Long-leaved Oregon 29 Ab. 58 (2) 13-16, 18, 19, 20;Berberis nervosa Push
grape Ad. 60 (3) 14-1, 2, 3, 4; 24-5

S. 123 (2), 151 (2)
S. M. 124 (2), 133



Table 6. Continued

Scientific
Name

Common
Name

Specimen
Number

Slide
Number

Photograph
Number

SHRUBS

Ericacea% Heath Family
Western rhododendron 7 Ab.153(2) 21-15, 16, 17,18, 19;Rhododendron ma.crophyllum G. Don

Ad.118(2) 26-15, 16
S. 119 (2)
L M. 1S4

Gaultheria shallon Pursh Salal 47 Ab. 49 (2) 12-12, 13, 14, 15, 16,
Ad. 50 (2) 17, 18, 19, 20; 13-1,
5.127, 136, 147 (2), 148 2, 3; 23-18, 20
S. M. 128, 137, 146

Arctostaphylos uva-ursi (L. ) Spreng. Kinnikinnick 46

Arctostaphylos columbiana Piper Bristly manzanita 48

Vaccinium ovalifolium J. E. Sm. Oval-leaved 4 Ab. 1, 142 (2) 1-2, 3, 4, 6; 3-1,
huckleberry Ad. 2 (3), 141 (2) 2,4, 5, 6

S.100, 104 (3), 125

Vaccinium parvifolium J. E. Sm. Red huckleberry 3 Ab. 72, 89 (2), 130, 131 18-3, 4, 5, 6, 7, 8,
Ad.84 (3), 129 (2) 9, 10, 11, 12, 13, 14,
S.113, 122 (2) 15, 16, 17, 18, 19, 20,
L. M. 73 (2) 21

Rosaceae, Rose Family
Holodiscus discolor (Pursh) Maxim. Ocean-spray 32

Rubus leucodermis Doug!. Western blackcap 37

Rubus vitifolius C. & S. Western dewberry 30 Ab.47 (3) 12-5, 6, 7, 8, 9, 10,
Ad. 77 (2) 11

S.120
L. M. 78



Table 6. Continued

Scientific
Name

Common
Name

Specimen
Number

Slide
Number

Photograph
Number

Rubus laciniatus Willd. Evergreen blackberry 8 Ab. 85
Ad. 82 (2)

19-1, 2, 3, 4, 5, 6,
7, 10; 25-9, 10, 11,

5.116 (2) 12
L. M. 74 (2)

Caprifoliaceae, Honeysuckle Family
Linnaea borealis L. var. americana

American twin-flower 20 Ab.43 (3) 5-2, 4, 6, 9, 10, 11,(Forbes) Rehd.
Ad. 44, 48 12, 13
S. 111 (2)

FORBS
Liliaceae, Lily Family

Xerophyllum tenax (Plush) Nutt. Bear-grass 36 Ab.90, 173 (2), 174 20-10, 11, 12, 13, 15,
Ad. 121, 168 (3) 18, 19, 20; 21-4, 5,
L. M. 132 (4), 175 6, 7, 8, 9; 26-3, 6,

7, 8

Iridaceae Iris Family
Oregon iris 10 Ab. 9 4-5, 6, 7, 8, 9, 10Iris tenax Dougl.

Ad. 6 (2)

Polygonaceae , Knotweed Family
Red sorrel 9 Ab. 64 (2) 16-8, 9, 10, 11, 13,Rumex acetosella L.

Ad. 63 (2) 14, 15, 16, 17, 18, 19
S. 107 (2)

Berberidaceae, Barberry Family
Vanilla-leaf 35 Ab. 53 (3) 6-6, 7, 8, 9, 10, 11,Achlys triphylla (J. E. Sm. ) DC.

Ad. 17 (4) 12, 13, 14, 16, 17, 18
S. 114

.1D
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Scientific
Name

Common Specimen
Name Number

Slide
Number

Photograph
Number

Saxifragaceae, Saxifrage Family
Slender boykinia 52Boykinia. elata (Nutt. ) Greene

Leguminosae, Pea Family
Thermopsis gracilis How. Slender thermopsis 11 Ab. 75 (2) 4-15, 16, 17, 18, 19,

(Yellow lupine) Ad. 12 (2) 20
S.95, 110 (2)

Lupinus latifolius Ag. L. M. 76

var. columbianus (Hel. ) C. P. Sm. Broad-leaved lupine 2 Ab.8, 86 (3) 1-11, 12, 14, 15, 16,
Ad. 3 (3), 13 (2) 19; 2-2, 4, 5, 6;
S. 102, 106 3-8;22-1, 2, 3,4

Lotus crassifolius (Benth. ) Greene Thick-leaved lotus 33

Oxalidaceae. Wood Sorrel Family
Oxalis oregona Nutt. Oregon oxalis 27 Ab. 163 (2) 7-3, 4, 5, 6, 7, 8

(Wood sorrel) Ad. 19 (2)
S. 105 (2)

Hypericaceae, St. John's-Wort Family
Hypericurn perforatum L. Common St. John's-wort 15

Onagraceae, Evening Primrose Family
Epilobium angustifolium L. Fire-weed 28 Ab. 88 (2) 20-1, 2, 3, 4, 5, 6,

Ad.87 (2) 9; 25-19, 20
S.115 (2)

Epilobium adenocaulon Haussk. Common western 38 Ab. 38 (2) 10-2, 3, 4, 5, 6, 7,
willow-herb Ad.37 (2) 8, 9

S. 103 (3)



Table 6. Continued

Scientific Common Specimen Slide Photograph
Name Name Number Number Number

Cornaceae Dogwood Family
Dwarf dogwood 12 Ab. 61 (2) 16-1, 2, 3, 4, S, 6Cornus canadensis L.
(Bunch-berry) Ad. 62 (2)

S. 97(2)
Scrophularlaceae, Figwort Family L. M. 96

Veronica serpyllifolia L. Thyme-leaved 6 Ab.40 (2) 10-16, 17, 18, 19, 20,
speedwell Ad. 41 21; 11-5, 6, 8; 23-10,

S.156 (2), 157 (2) 11, 12, 13

Compositae, Composite Family
Pearly everlasting 21 Ab. 15 (2) 2-7, 8, 9, 12, 13, 14;Anaphalis margaritacea (L. ) B. & H.

Ad. 10 (2), 11
S. 117 3-10, 12, 13, 14, 15

Senecio sylvaticus L. Wood groundsel 14

Senecio jacobaea L. Tansy ragwort 19

Cirsium vulgare (Savi) Airy-Shaw Common thistle 24

Hypochaeris radicata L. Hairy cat's-ears 5 Ab. 65 (2), 68, 83 16-20, 21; 17-4, 5, 6,
(False dandelion) Ad. 67 (2), 70 7, 8, 9, 10, 11; 25-2

S.93 (2), 101 (3), 108 (2)
L. M. 66 (2)

Hieracium albiflorum Hook. White-flowered 1 Ab. 35 (3) 9-13, 14, 15, 18, 19,
hawkweed Ad. 36 (2) 20, 21; 23-4, 5

S. 112 (2)

GRASSES
Gramineae, Grass Family

Western six-weeks
fescue

45Festuca megalura Nutt.

Festuca E-Ans. L. Red fescue 43 Ab. 94 21-12; 26-17, 18



Table 6. Continued

Scientific
Name

Common
Name

Specimen
Number

Slide
Number

Photograph
Number

Elyrnus glaucus Western rye-grass 53 Ab. 5 (3)
Ad. 4 (3)

2-15; 3-16, 17, 18, 19,
20; 4-1, 2, 3, 4

Deschampsia. caespitosa. (L. ) Beauv. Tufted hair-grass 50 Ab. 14 4-11, 12, 13, 14
Ad. 7

Deschampsia. elongate. (Hook.) Munro ex Benth. Slender hair-grass 42

Aim caryophyllea L. Silvery hair-grass 40

Ho leas lanatus L. Velvet grass 41 Ab. 30 (4), 33 9-5, 6, 7, 8,9, 11,
Ad. 31 (2), 34 12; 23-2

Agrostis exarata Trin. Western bent-grass 44 Ab. 29 (3) 8-18, 19, 20, 21;
Ad. 32 9-2, 3

S EDGES

Cyperacea, Sedge Family
Carex subfusca W. Boost Rusty sedge 13 Ab. 26 (2), 27 8-12, 13, 15, 16, 17;

Ad. 164 22-14, 16, 19, 21
S.138 (3), 155 (2)

Carex brevipes W. Boost Short sedge 31 Ab. 79 19-11, 12, 13; 2S-16
Ad. 91

Carex merten.sii Presc. Mertens' sedge 18 Ab.22, 139 (2), 145 8-7, 8, 10, 11
Ad. 23 (2), 140 (2)

RUSHES

funcaces.e, Rush Family
Juncus effusus L. var. aasificus Common rush 17 S.92 (2), 109 (2) 21-10, 11

Fern. & Wieg.

Walla multiflora (Retz. ) Lei. Common wood-rush 49 Ab . 39 10-10, 11, 14, 15;
Ad. 42 25-6, 7
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Scientific
Name

Common
Name

Specimen
Number

Slide
Number

Photograph
Number

Linda divaricata Wats. Forked wood-rush 39 Ab. 21 (4), 24 (2)
Ad. 166 (3), 170 (2)
S. 169, 171 (2)
S. M. 172

7-13, 14, 15, 16, 18,
19, 20, 21; 8-2, 3, 5,
6; 22-10, 11

FERNS
Polypodiaceae, Fern Family

Polystichum munitum (Kaulf. ) Pres1 Western sword-fern 25 Ab.45 (2) 11-11, 12, 13, 14, 15,
Ad.46 (2) 16, 18, 19, 21; 12-2,
S. 160 (2), 161(2), 181 (3) 3, 4; 23-14, 15
L. M.182 (2)

Struthiopteris spicant (L. ) Weis Deer-fern 16 Ab. 51 (3) 13-4, 5, 6, 7, 8, 9,
Ad. 52 (3) 10, 11, 12, 13, 14, 15
S. 143 (3), 144 (2), 149 (2),
150 (2)

Pteridium aquilinum (L. ) Kuhn. Western brake-fern
var. pubescens Underw. (Bracken-fern) 26 Ab. 25 (2) 5-14, 15, 17, 18, 19,

Ad. 16 (2), 167 (2) 20; 6-2, 3, 4; 22-6,
S. 126 (2), 134 (3) 8

S. M. 135 (2)

*Systematic by families and species, following Peck (1961).
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Table 7. Number of microscope fields and average monthly percentages for appearance of identified plant fragments*

Plants M A Ma Ju Tl Au S 0 N D

Total
Fields

Average
Monthly
Percentage

Douglas -fir 11 4 X 25 11 0 2 0 0 1 23 20 97 Zone I
(28) (10) (63) (28) (0) (5) (0) (0) (3) (58) (50) 22.3

2 10 9 23 12 0 0 1 0 2 15 13 87 Zone II

(5) (25) (23) (58) (30) (0) (0) (3) (0) (5) (38) (33) 18.3
5 11 23 32 9 4 0 0 1 4 8 13 110 Zone III

(13) (28) (S8) {80) (23) (10) (0) (0) (3) (10) (20) (33) 23.2

Western hemlock 2 4 X 11 0 0 0 0 0 3 6 10 36 Zone I

{5) (10) (28) (0) (0) (0) (0) (0) (8) (15) (25) 8.3
24 30 35 6 7 0 2 0 7 4 18 24 157 Zone II

(60) (75) (88) (15) (18) (0) (5) (0) (18) (10) (45) (60) 32.8
5 29 10 7 0 2 0 1 0 0 15 23 92 Zone III

(13) (73) (25) (18) (0) (5) (0) (3) (0) (0) (38) (58) 19.4

Coulter's willow 0 0 X 0 29 36 22 6 9 28 12 0 142 Zone I

(0) (0) (0) (73) (90) (SS) (15) (23) (70) (30) (0) 32.4
0 0 0 8 14 39 13 3 6 14 0 0 97 Zone II

(0) (0) (0) (20) (35) (98) (33) (8) (15) (35) (0) (0) 20. 3

0 0 0 2 8 0 0 0 0 10 0 0 20 Zone III

(0) (0) (0) (5) (20) (0) (0) (0) (0) (2S) (0) (0) 4.2

Sa.lal 0 0 X 0 5 0 1 2 0 6 2 0 16 Zone I

(0) (0) (0) (13) (0) (3) (5) (0) (15) (S) (0) 3.7
0 0 0 3 5 0 1 0 2 2 0 0 13 Zone II

(0) (0) (0) (8) (13) (0) (3) (0) (5) (5) (0) (0) 2.8
7 0 0 10 4 1 .1 1 3 5 0 0 32 Zone III

(18) (0) (0) (25) (10) (3) (3) (3) (8) (13) (0) (0) 6.9



Table 7. Continued

Plants J F M A Ma Ju Ji Au S 0 N D

Total
Fields

Average
Monthly
Percentage

Long-leaved Oregon grape 2 0 X 0 0 0 0 0 0 0 0 0 2 Zone I

(5) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) .5
0 0 0 0 0 0 0 0 0 0 1 0 1 Zone II

{0) (0) (0) ( 0) (0) (0) (0) (0) (0) (0) (3) (0) .3
0 0 0 0 0 0 0 0 0 0 3 1 4 Zone III

(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (8) (3) .9

Oval-leaved huckleberry 4 6 X 0 0 0 0 0 0 0 0 14 24 Zone I
(10) (15) (0) (0) (0) (0) (0) (0) (0) {0) (35) 5.5

1 8 0 2 0 0 0 0 0 0 5 16 32 Zone II

(3) (20) (0) (5) (0) (0) (0) (0) (0) (0) (13) (40) 6.8
1 0 0 0 0 0 0 0 0 0 4 27 32 Zone III

(3) (0) (0) (0) (0) (0) (0) (0) (0) (0) (10) (68) 6.8

Red huckleberry 5 3 X 21 0 0 0 0 2 2 16 32 81 Zone I

(13) (8) (53) (0) (0) (0) (0) (5) (5) (40) (80) 18.5
10 4 12 10 0 0 0 13 0 4 23 34 110 Zone II

(25) (10) (30) (25) (0) (0) (0) (33) (0) (10) (58) (85) 23.0
15 11 13 1 0 0 1 13 2 7 21 31 115 Zone III

(38) (28) (33) (3) (0) (0) (3) (33) (5) (18) (53) (78) 24.3

Western dewberry 0 0 X 0 0 4 1 3 0 0 2 0 10 Zone I

(0) (0) (0) (0) (10) (3) (8) (0) (0) (5) (0) 2.4
0 1 0 0 0 1 0 1 3 0 0 0 6 Zone II

(0) (3) (0) (0) (0) (3) (0) (3) (8) ( 0) (0) (0) 1.4
0 0 0 0 2 5 7 0 0 0 0 0 14 Zone III

(0) (0) (0) (0) (5) (13) (18) (0) (0) (0) (0) (0) 3.0
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Plants J F M A Ma Ju Ti Au S 0 N D
Total

Fields

Average

Monthly

Percentage

Evergreen blackberry 3 12 X 0 0 2 0 0 0 1 6 8 32 Zone I
(8) (30) (0) (0) (5) (0) (0) (0) (3) (15) (20) 7.4
0 1 0 0 6 2 0 0 0 3 9 3 24 Zone H
(0) (3) (0) (0) (15) (5) (0) (0) (0) (8) (23) (8) 5.2
0 3 0 0 23 0 0 0 4 1 5 5 41 Zone HI
(0) (8) (0) (0) (58) (0) (0) (0) (10) (3) (13) (13) 8.8

Bear-grass 4 32 X 40 35 20 19 1 5 7 21 5 189 Zone I
(10) (80) (100) (88) (50) (48) (3) (13) (18) (53) (13) 43.3
28 27 33 24 34 17 5 2 4 8 32 7 221 Zone H
(70) (68) (83) (60) (85) (43) (13) (5) (10) (20) (80) (18) 46.3
25 31 31 36 34 21 3 3 5 12 32 5 238 Zone III

(63) (78) (78) (90) (85) (53) (8) (8) (13) (30) (80) (13) 49.9

Slender thermposis 0 0 X 0 0 0 3 0 0 2 0 0 5 Zone I

(0) (0) (0) (0) (0) (8) (0) (0) (5) (0) (0) 1.2

0 0 0 0 0 0 0 1 0 2 0 0 3 Zone H

(0) (0) (0) (0) (0) (0) (0) (3) (0) (5) (0) (0) .7

0 0 0 0 0 9 2 7 23 7 0 0 48 Zone III

(0) (0) (0) (0) (0) (23) (5) (18) (58) (18) (0) (0) 10.2

Broad-leaved lupine 0 0 X 0 7 0 34 31 29 20 3 0 124 Zone I

(0) (0) (0) (18) (0) (85) (78) (73) (50) (8) (0) 28.4

0 0 0 6 0 0 10 17 24 5 6 0 68 Zone II

(0) (0) (0) (15) (0) (0) (25) (43) (60) (13) (15) (0) 14.3

0 0 0 0 2 23 0 7 17 8 1 0 58 Zone III

(0) (0) (0) (0) (5) (58) (0) (18) (43) (20) (13) (0) 13.1



Table 7. Continued

Plants J F M A Ma Ju Jl Au S 0 N D

Total
Fields

Average
Monthly
Percentage

Oregon oxalis 0 0 X 0 0 0 0 5 0 0 0 0 5 Zone I
(0) (0) (0) (0) (0) (0) (13) (0) (0) (0) (0) 1.2
0 0 0 0 0 0 0 0 0 0 0 0 0 Zone II

(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) 0
0 0 0 0 0 0 0 0 0 0 0 0 0 Zone III

(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) 0

Common western 0 0 X 0 0 0 0 2 1 0 0 0 3 Zone I
willow-herb (0) (0) (0) (0) (0) (0) (5) (3) (0) (0) (0) .7

0 0 0 0 0 0 0 2 1 2 2 0 7 Zone II
(0) (0) (0) (0) (0) (0) (0) (5) (3) (5) (5) (0) 1.5
0 0 0 0 0 0 0 2 4 1 1 0 8 Zone III

(0) (0) (0) (0) (0) (0) (0) (5) (10) (3) (3) (0) 1.8

Dwarf dogwood 0 0 X 0 0 1 0 2 0 0 0 0 3 Zone I
(0) (0) (0) (0) (3) (0) (5) (0) (0) (0) (0) .7
0 0 0 0 0 0 0 1 0 0 0 0 1 Zone II

(0) (0) (0) (0) (0) (0) (0) (3) (0) (0) (0) (0) .25
0 1 0 0 1 5 2 0 2 0 0 1 12 Zone III

(0) (3) (0) (0) (3) (13) (5) (0) (5) (0) (0) (0) (3) 2.7

Thyme-leaved speedwell 1 3 X 0 0 0 0 0 0 0 7 2 13 Zone I
(3) (8) (0) (0) (0) (0) (0) (0) (0) (18) (5) 3.1
0 0 0 0 0 0 0 0 0 0 3 0 3 Zone II

(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (8) (0) .7
0 0 0 0 0 0 0 0 0 0 0 0 0 Zone III

(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) 0
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Plants J F M A Ma lu J1 Au S 0 N D

Total
Fields

Average
Monthly
P ercentage

Pearly everlasting 0 0 X 0 0 0 12 0 0 1 0 0 13 Zone I
(0) (0) (0) (0) (0) (30) (0) (0) (3) (0) (0) 3.0
0 0 0 0 0 0 0 0 0 0 0 0 0 Zone II

(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) 0
0 0 0 0 0 23 0 3 0 0 0 0 26 Zone III

(0) (0) (0) (0) (0) (58) (0) (8) (0) (0) (0) (0) 5.5

False dandelion 2 4 X 0 10 11 11 17 10 10 10 11 96 Zone I
(5) (10) (0) (25) (28) (28) (43) (25) (25) (25) (28) 22.0
0 0 1 2 6 7 6 11 11 16 9 2 71 Zone II

(0) (0) (3) (5) (15) (18) (15) (28) (28) (40) (23) (5) 15.0
0 2 4 2 11 7 8 17 7 10 6 5 79 Zone III

(0) (5) (10) (5) (28) (18) (20) (43) (18) (25) (15) (13) 16.7

White-flowered hawkweed 1 2 X 0 5 3 7 18 18 16 13 5 88 Zone I
(3) (5) (0) (13) (8) (18) (45) (45) (40) (33) (13) 20.3
0 0 0 0 () 4 13 19 14 14 3 2 69 Zone II

(0) (0) (0) (0) (0) (10) (33) (48) (35 (35) (8) (5) 14.5
0 3 10 0 0 8 5 18 6 6 6 0 62 Zone III

(0\ (8) (25) (0) (0) (20) (13) (45) (15) (15) (15) (0) 13.0

Red fescue 0 0 X 0 0 0 1 0 11 0 0 0 12 Zone I
(0) (0) (0) (0) (0) (3) (0) (28) (0) (0) (0) 2.8
0 1 0 8 1 12 1 0 0 0 4 0 27 Zone II

(0) (3) (0) (20) (3) (30) (34) (0) (0) (0) (10) (0) 5.8
0 0 0 0 0 11 2 1 1 0 1 0 16 Zone III

(0) (0) (0) (0) (0) (28) (5) (3) (3) (0) (3) (0) 3.5
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Plants Au S O N D

Total
Fields

Average
Monthly
Percenta e

Western rye-grass X 0 0 0 1 1 0 0 0 0 2 Zone I
(0) (0) (0) (0) (0) (3) (3) (0) (0) (0) (0) (0) .5
0 0 0 0 0 0 1 0 0 0 0 0 1 Zone II

(0) (0) (0) (0) (0) (0) (3) (0) (0) (0) (0) (0) .25
0 0 0 0 0 0 1 0 0 0 0 0 1 Zone III

(0) (0) (0) (0) (0) (0) (3) (0) (0) (0) (0) (0) .25

Velvet grass 4 7 X 0 0 2 0 0 7 0 0 0 20 Zone I
(10) (18) (0) (0) (5) (0) (0) (18) (0) (0) (0) 4.6

0 0 0 0 0 0 0 0 0 0 0 0 0 Zone II
(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) 0
0 0 0 0 9 0 0 0 0 1 0 0 10 Zone III

(0) (0) (0) (0) (23) (0) (0) (0) (0) (3) (0) (0) 2.2

Rusty sedge 0 0 X 0 0 0 4 1 0 0 0 0 5 Zone I
(0) (0) (0) (0) (0) (10) (3) (0) (0) (0) (0) 1.2
0 1 0 0 0 13 1 2 0 2 0 0 19 Zone II

(0) (3) (0) (0) (0) (33) (3) (5) (0) {5) (0) (0) 4.1
0 0 0 0 1 1 1 2 0 0 0 0 5 Zone III

(0) (0) (0) (0) (3) (3) (3) (5) (0) (0) (0) (0) 1.2

Short sedge 0 0 X 0 0 0 1 1 1 0 1 0 4 Zone I
(0) (0) (0) (0) (0) (3) (3) (3) (0) (3) (0) 1.1
0 0 0 0 0 1 1 0 0 0 3 0 5 Zone 11

(0) (0) (0) (0) (0) (3) (3) (0) (0) (0) (8) (0) 1.2
0 1 0 0 2 2 4 1 2 5 3 0 20 Zone III

(0) (3) (0) (0) (5) (5) (10) (3) (5) (13) (8) (0) 4.3
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Plants J F M A Ma Ju Jl Au S 0 N D

Total
Fields

Average
Monthly
Percentage

Mertens' sedge 0 0 X 0 0 0 0 0 0 0 0 0 0 Zone I
(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) 0
0 0 0 0 0 2 0 0 0 0 0 0 2 Zone II

(0) (0) (0) (0) (0) (5) (0) (0) (3) (0) (0) (0) .4
0 0 0 0 0 0 0 0 0 0 0 0 0 Zone III

(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) 0

Forked wood-rush 0 1 X 0 0 0 2 0 0 0 1 1 5 Zone I
(0) (3) (0) (0) (0) (5) (0) (0) (0) (3) (3) 1.3
0 0 2 0 0 9 0 2 0 0 1 0 14 Zone II

(0) (0) (5) (0) (0) (23) (0) (5) (0) (0) (3) (0) 3.0
0 1 0 0 0 1 0 0 0 1 1 0 4 Zone III

(0) p) (0) (0) (0) (3) (0) (0) (0) (3) (3) (0) 1.0

Western sword-fern 0 0 0 0 0 0 0 0 15 Zone I
(0) (38) (0) (0) (0) (0) (0) (0) (0) (0) (0) 3.5
10 0 0 1 0 0 0 0 0 0 0 2 13 Zone II

(25) (0) (0) (3) (0) (0) (0) (0) (0) (0) (0) (5) 2.8
0 2 0 3 0 0 0 0 0 0 0 7 12 Zone III

(0) (5) (0) (8) (0) (0) (0) (0) (0) (0) (0) (18) 2.6

Bracken-fern 0 2 X 0 0 0 0 38 24 37 6 0 107 Zone I
(0) (5) (0) (0) (0) (0) (95) (60) (93) (15) (0) 24.4
12 11 0 0 0 0 28 40 35 38 0 1 165 Zone II

(30) (28) (0) (0) (0) (0) (70) (100) (88) (95) (0) (3) 34.5
28 6 2 0 0 0 37 40 40 39 15 3 210 Zone III

(70) (15) (5) (0) (0) (0) (93) (100) (100) (98) (38) (8) 43.9
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Plants J F M A Ma Ju J1 Au S 0 N D

Total
Fields

Average
Monthly
Percentage

Unidentified 11 26 X 8 28 17 29 32 25 24 16 16 232 Zone I
(28) (65) (20) (70) (43) (73) (80) (63) (60) (40) (40) 52.9
10 17 11 18 29 12 23 29 23 26 15 6 219 Zone II

(25) (43) (28) (45) (73) (30) (58) (73) (58) (65) (38) (15) 45.9
11 18 21 9 26 34 25 20 18 17 13 12 224 Zone III

(28) (45) (53) (23) (65) (85) (63) (50) (45) (43) (33) (30) 46.9

*Figures in parentheses are monthly percentages.

X = no pellets available for March in Zone I
440 microscope fields/year for Zone I
480 microscope fields/year for Zones II and III
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Legend for Plate I

Figure 1. Luau la divaricata, forked wood-rush, Figure 2. Struthiopteris spicant, deer-fern,
stem epidermis enlarged from 400X stem epidermis enlarged from 400X
negative. negative

Figure 3. Hieracium albiflorum, whiteuflowered Figure 4. Vacninium ovalifolium, oval-
hawkweed, trichome from abaxial leaved huckleberry, stem
epidermis enlarged from 400X negative, epidermis enlarged from 400X

negative.




