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The main objective of this investigation was to evaluate rela-

tionships between the production and utilization of forage and deer

browsing of hand-planted Douglas-fir seedlings. A secondary pur-

pose was to study some effects of selected physical and biological

site factors on the survival and growth of fir seedlings.

Field work was undertaken between June, 1961, and February,

1964, in a 340-acre deer-tight enclosure used by known numbers of

deer since 1959. The study area located on steep topography in the

Tillamook Burn of northwest Oregon was subjected to three wild-

fires between 1933 and 1945 destroying all coniferous forest growth.

Since 1945, a large portion of the enclosure area has been highly

disturbed by erosion and salvage logging operations.

Present vegetation consists mainly of seral species which

have been classified into six plant communities. Vegetation studies
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showed that overstory plant cover averaged about l2percentand

under story cover 77 percent in the summer of 1963.

Yields of summer forage averaged 2, 600 pounds per acre, and

forage available for winter use averaged 640 pounds per acre on

September 1. Subsequent weathering losses and deer utilizati9n

greatly reduced the latter value by mid-winter. Growth of winter-

active herbaeous forage was approximately 90 pounds per acre in

March, and by May, normal forage supplies were again available.

From winter browsing trials, utilization studies, and examina-

tions of deer stomachs it was concluded that: Blackberry leaves were

the most highly preferred forage during the winter season. Salal

ranked high but was limited in distribution. Huckleberry and ca.s-

cara were preferred woody plants whereas alder, hazel, and vine

maple were utilized only when herbaceous forage was unavailable.

Planted Douglas-fir occupied a prominent place on the food prefer-

ence list, ranking higher than most common woody plants. Winter-

active herbaceous forage was highly important in winter and early

spring diets.

Leaves of herbaceous and woody plants supplied nearly all the

summer forage and were important in all seasons when available.

Browsing of Douglas-fir seedlings began at lower elevations

when the enclosure was first covered with snow. Later it occurred

at all levels but was concentrated on lower areas.



Chemical analyses of forage samples collected through the year

indicated that blackberry was the most nutritious forage plant com-

monly eaten by deer. Leaf material from other plants was highly

nutritious but twigs of the same species generally provided poor

quality forage. Winter-active grasses and herbs were highly nutri-

tious but an excessive moisture content reduced their unit-intake

value. Douglas-fir was higher in nutrient content than most woody

plants and rated as good feed when herbaceous forage was unavail-

able. Forage preference appeared to be positively related to nutri-

ent content in a majority of the plants which were compared. Nota-

ble exceptions were alder in the winter season and huckleberry

during most of the year.

Artificial rumen analyses revealed that all forages were lower

in digestibility than alfalfa pellets. In general, digestibility seemed

to be related to forage preference. Green leafy feeds were more

highly digested than woody twigs.

The incidence of Douglas-fir browsing was found to be signifi-

cantly related to several physical and biological site variables.

It was concluded that Douglas-fir browsing will continue unless

or until seedlings are completely protected from deer by physical or

physiological (chemical) isolation because fir seedlings are an im-

portant source of forage during certain periods of the winter season.
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FORAGE PRODUCTION AND UTILIZATION IN RELATION
TO DEER BROWSING OF DOUGLAS-FIR SEEDLINGS IN

THE TILLAMOOK BURN3 OREGON

INTRODUCTION

The use .of coniferous trees as food by wild animals has been

recognized as a common activity but until the advent of regulated

hunting and emphasis on forestry, animal browsing was of little con-

sequence. The effects of wildlife browsing- -or as it is now consid-

ered, wildlife damage- -may be described as any activity of animals

which kills trees or retards their potential growth. The economic

losses attributed to browsing have focused attention on an age-old

problem since animals have probably eaten trees wherever the two

occurred together with little apparent harm to either.

In the United States, a reference to rabbit damage of conifers

was published as early as 1911, although the rabbit was recognized

as detrimental to broad-leaved trees and shrubs much earlier

(21, p. 38; 40, p. 24). Intensive studies of conifer damage were

begun in the 1920's and were concerned primarily with browsing by

the snowshoe hare (Lepus americanus)-'1 (15, 54, and others).

Studies of deer (Odocoileus spp.) damage to conifers

1/ The scientific names of animals are taken from Miller and Kellogg
(70). Those of plants were taken from Hitchcock (43); Hitchcock
et al. (44, 45, 46); and Peck (76).
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apparently were started about i930. By this date, deer numbers had

increased greatly compared to the early 1900's and were becoming

detrimental to conifer establishment in some areas.

Work on the effects of deer damage was accelerated after

World War II when game animals were recognized as an additional

problem to the already costly job of forest management. A large

proportion of the papers published during the 1940's and early 1950's

reported the results of work performed in the eastern and Lake

States (1, 2, 3, 5, 24, 33, 49, 55, 56, 75, and others).

The increase in tree seeding and planting activities in the

we stern United States is reflected in the interest that deer damage

problems have attracted since 1955 in this region. Numerous

studies have been made to determine the extent of tree browsing and

to assign dollar values to deer damage (22, 36, 47, 58, 62).

It is clear from these and other studies that deer damage to

conifers is associated with their attempts to obtain needed food.

Nearly all reports of damage indicate that browsing takes place

either during the winter when the supply of forage reaches its low

point, or in the spring at the time of bud-burst of conifers when new

growth on tree species appears to be the most attractive forage that

is available.

In 1958, the Oregon State Game Commission, in cooperation

with the Oregon State Board of Forestry, initiated the Cedar Creek



Deer Study to investigate the effects of black-tailed deer (0.

hemionus columbianus, Richardson) browsing on hand-planted

Douglas-fir (Pseudotsuga menziesii) seedlings in the Tillamook

Burn of northwest Oregon. This study was part of an intensive re-

habilitation program undertaken to replace trees destroyed by a

series of wildfires over a 300, 000-acre portion of Tillamook County

(51, 68, 71, 74). Considerable difficulty was encountered by for-

esters in establishing a new forest because of a number of factors,

one of which was deer browsing on seedlings (53, 57, 6Z, 65).

Field work on this cooperative study was directed by Mr.

W. W. Hines, Research Biologist, Oregon State Game Commission,

and was concentrated in a 340-acre enclosure located near the cen-

ter of the Burn. Douglas-fir seedlings (2_0)!" were planted in the

enclosure in approximately five-acre blocks over a five-year period

beginning in February, 1959, according to a predetermined random

planting plan (Table 1). Within each planting block, one or more

tree-survival plots consisting of 50 trees each were randomly se-

lected as samples for determining the effects of browsing by deer,

mountain beaver (Aplodontia rufa), hares, and rabbits (Sylvilagus

sp.). A total of 110 tree-survival plots were established by Mr.

Hines (Table 1). Each tree in the plot was marked by a four-foot

2/ Grown two years in a nursery without transplanting.



cedar stake and checked for evidences of browsing in April and

August each year after planting.

The number of deer present withii the enclosure was main-

tamed at known levels by Mr. Hines by adding and removing animals

as required (Table 1).

This investigation was one of a series carried out to provide

a better understanding of deer-forestry relationships and to permit

the more productive management of both deer and timber.

The present study, financed by the Game Commission and

directed by the Range Management staff, Oregon State University,

had two primary objectives: (1) To determine the production of for-

age plants utilized by deer and (2) to study utilization by a controlled

population of deer in order to evaluate some of the causes and effects

of browsing on the tree seedlings. A secondary objective was to

determine some of the effects of selected physical and biological site

factors on the survival and growth of seedlings. The work was con-

ducted over a three-year period beginning in June, 1961, and ending

in June, 1964.



Table 1. Numbers, of tree seedlings and black-tailed deer in the Cedar Creek Enclosure--
1958-1963.

1/ Data from Oregon State Board of Forestry, Northwest District.

01

Date of Planting
Acres. 1/Planted

Trees 1/Planted
Survival
Plots

Deer in
Enclosure

February, 1959 58.6 48,000 18 43

December, 1959 61.9 56,000 23 15

December, 1960 81.1 62,000 29 15

December, 1961 47.0 46,000 19 33

December, 1962 62.7 54,000 21 33

Totals 311.3 266,000 110



DESCRIPTION OF THE STUDY AREA

Location and Size

The area under investigation is located in the Coast Range

Mountains of northwestern Oregon within a portion of Tillamook

County commonly called the Tillamook Burn. More specifically, the

study site consists of a tract of about 340 acres (horizontal area

measurement) lying on a generally south-facing macro-slope in the

Cedar Creek drainage of the Wilson River about 15 to 20 miles in-

land from the Pacific Ocean. According to U. S. Geological Survey

maps, the area is located in the adjacent quarters of sections 1,

TiN, R8W; 6, TiN, R7W; 36, TZN, R8W; and 31, TZN, R7W;

Willamette Meridian.

In 1958, the tract was enclosed by an essentially deer-tight,

seven-foot high, woven and barbed-wire fence. The enclosure or

pen, as it will henceforth be called, has a more or less circular

configuration with a perimeter of about 2. 9 miles and ranges in ele-

vation from 800 to 2, 200 feet. The major topographic feature is a

narrow ridge which, along with two sub-ridges divides the enclosure

into three main segments. These are henceforth designated as the

east and west drainages and the front slope (Figure 1). Slopes within

the pen range from nearly level to vertical but most of the area has

slopes greater than 50 percent.





The east and west drainages originate in the enclosure, are

steep-sided, and have surface water available to deer during all

seasons. The east drainage flows in a southeasterly direction and

is composed primarily of slopes with southwest, east, and north-

east exposures. Its western counterpart has a general southwest-

erly direction and is made up of slopes with southwest, west, and

northwest exposures.

The front slope has a steep portion and a relatively level low-

er segment with mainly south, southeast, and southwest exposures.

Climate and Weather

In general, the climate of the Tillamook Burn can be described

as one of wet, cool winters and dry, warm summers. Weather data

shown in Table 2 were recorded at Glenora (now Lee's Camp), about

three miles east of the study area.

Snowfall is common during the winters, but the amount and

duration of snow cover are highly variable. During the course of the

present study, the longest period that snow covered the entire pen

was ten days. Snowfall is greater, usually occurs more often, and

the ground remains covered for longer periods at the higher eleva-

tions. Because of the high rainfall potential during the winter,

warm rains may often melt a considerable accumulation of snow

within a relatively short time.



Table 2. Temperatures and precipitation from U. S. Weather Bureau Station, Glenora,
Oregon, for the period 1892-1918!'

Highest recorded temperature 106.
Lowest recorded temperature 3.

Data from U. S. Weather Bureau (90). Station discontinued in 1918.

Month
AnnualJan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Temperatures °F
Means 37 39 43 48 52 57 63 63 57 51 43 39 49
Maximums 43 46 51 60 65 70 78 80 71 62 51 45 60
Minimums 31 32 33 36 40 43 47 46 43 39 36 32 38

Precipitation (in.
Means 20 16 13 9 6 4 1 1 6 9 25 22 130
High 43 29 30 22 13 9 4 9 11 19 50 53 167
Low 3 5 3 3 2 1 T T 1 T 7 7 97
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Summer days usually begin with morning fogs which move up

the valleys from the ocean. Dew is precipitated nearly every night,

especially below 1,600 feet, leaving the vegetation heavily blanketed

with moisture until nine or ten a. m.

Although annual precipitation is high, drought conditions are

common in the surface soil horizons during the summer, especially

on south-facing slopes (65). Gardens and lawns require frequent

watering during July and August to prevent wilting.

The average length of the frost-free period at Glenora is 140

days, with a maximum of Z08 and minimum of 68 days. Records

show 167 rainy days per year (90).

Geology and Soils

Lowry and Youngberg (65) described the Burn as consisting of:

"Eocene volcanic formations with intercalated sedimentary deposits."

In general, soils of the enclosure are of volcanic origin at

higher elevations and derived from sediments at lower levels, with a

highly variable and irregular mixture between. Bailey (8, p. 22-37)

described five soil series within the enclosure. Of these, the

Hembre I and II and Kilchis have developed from basalt whereas the

Astoria and Trask are derived from sediments. Soil depths are

variable, ranging from a few inches to four feet or more. Detailed

descriptions of soils can be found in Bailey's work.



Fires and Logging

The most significant historical factor of recent times has been

fire and its effects. Fires have periodically occurred in the Coast

Range for thousands of years (39, p. 107). Three fires burned the

study area since 1933 (62). Salvage logging after the most recent fire

(1945) continued until 1958 and resulted in a considerable degree of

disturbance to the land surface.

The effects of tractor-type logging operations were evident on

most of the more level parts of the enclosure where logs were skidded

and yarded. Haul roads leading to highlead settings have resulted in

slides and gulleying on steeper slopes. Even though soils are resist-

ant to erosion, the removal of vegetative cover by fires and logging

have caused and continue to contribute to erosion and surface disturb-

ance s.

Vegetation

The vegetation within the enclosure in 1962 was far different in

appearance from that present before the most recent series of fires.

Judging from the distribution and abundance of stumps and snags, the

area had been covered by a dense stand of timber composed prima-

rily of old-growth Douglas..fir with lesser amounts of red cedar

(Thuja plicata) and western hemlock (Tsuga heterophylla).

11
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The vegetation occupying the enclosure in 1962 was made up of

species which were nearly all present in the pre-burn forest as

minor components of the plant community. These species persist

in favorable locations in the climax or near climax forest community

and rapidly populate an area when the overstory is removed by fire

or logging.

Bailey (8, p. 37-53) described six seral plant communities and

their associated physical environments which were found in the

enclosure. These were: Acer circinatum/Corylus californica

(ACCl/ COCA) Vaccinium parvifolium/Gaulthe na shallon (VAPA!

GASH); Ptenidium aquilinum! Lotus eras sifolius (PTAQ/ LOCR);

Rubus parviflorus /Trientali s latifolia (RTJPA/ TRLA); Acer

macrophyllum/ Symphoricarpos mollis (ACMA/SYMO); and Alnus

rubra/Acer circinatum (ALRU/ACCI). Although individual com-

munities exhibited rather wide variations due to complex combina-

tions of environmental factors, including disturbances, there was

little doubt that a greater degree of homogeneity existed within than

among these communities.

3/ Four-letter plant name abbreviations are formed from the first
two letters of,generic and specific names.



METHODS

Small Pen Studies

13

In order to initate the study of forage production and utilization,

it was first necessary to determine which plants were eaten. Gen-

eral information on the food habits of black-tailed deer are available

in works by Lindzey (63); Cowan (16); Chatelain (13); Rieck (77); and

Brown (12). Lists of possible forage plants were obtained from

these reports, but it was obviously unwise to rely solely on informa-

tion from other areas.

W. W. Hines, the project leader, indicated that trailing black-

berry (Rubus ursinus) leaves seemed to be a preferred forage and

further, that Douglas-fir seedlings were browsed primarily during

the winter season when blackberry leaves were scarce. It seemed

reasonable, therefore, to study the possible relationship between

the availability of blackberry leaves and the browsing of fir

seedlings.

To test this assumed relation between blackberry availability

and Douglas-fir browsing, and to determine an order of preference

of usage among species, three browsing trials were carried out in

two 3-acre sub-enclosures which were located adjacent to the south-

eastern corner of the main pen. This site contained perhaps the

best variety and quantity of winter forage to be found in the study



area and was protected from deer use except during test periods.

Trial Pen I

Fifteen 1 x 4. 8..foot plots were permanently established at 20.-

foot intervals on compass lines extending across Trial Pen I. Black-

berry leaves were counted in each plot and two twigs were marked.

and measured on the two woody browse plants nearest each plot.

On December 19, 1961, a mature buck and doe were placed in the

pen. Blackberry leaves were recounted and twigs remeasured at

approximately ten-day intervals for the next 40 days. On January

13, 1962, one-hundred and fifty 2.-.l Douglas-fir seedlings were

planted six feet apart in two rows adjacent to the lines of blackberry

plots. These trees had been treated with a rodent and rabbit repel-

lent. The deer were removed and the final browsing checks were

made on January 27.

Trial Pen II

Forty, 1 x 4. 8-foot plots were randomly located in a second

3-acre sub-enclosure adjacent to the first. Two branchlets within

reach of deer were marked on the two shrubs or trees nearest each

plot and all twigs with current annual growth of 0. 1 foot or more

were counted. The two deer from the first trial were driven into

the pen on February 2, 1962. and left until March 27. Blackberry

14
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leaves were counted and twigs checked for browsing at one to two-

week intervals during this 53-day trial. In the same pen, Mr. Hines

concurrently planted and checked for browsing about 600 Douglas-fir

seedlings.

The trial was repeated the following winter beginning on January

30, and ending on May 10, for a total of 100 days. Two yearling deer

were used in 1963.

Blackberry leaves were counted within the same plots on Febru..

ary 6, 1964, in order to obtain a measure of the variation among

years in availability of leaves.

Productivity of Individual Browse Plants

It was observed that most shrubs and trees produced little

current twig growth which could be utilized by deer during the winter

season. Quantitative data on the winter productivity of browse p1ants

was obtained by collecting a total of 59 smaller-sized individuals of

alder (Alnus rubra), hazel (Corylus californica), vine maple (Acèr

circinatum), and huckleberry (Vaccinium parvifolium) from a small

area in Trial Pen I having similar soils and site characteristics.

Plants were cut off at ground level and the current growth was

clipped and weighed and compared with the weight of old growth.

In addition, the age of each plant was estimated from counts of

annual rings.



Investigations in the Main Enclosure

Extensive observations were made in the main enclosure be-

tween June, 1961, and June, 196Z, in order to obtain a visual estim-

ate of the kinds and quantities of forage plants that were available at

different seasons. Qualitative records were also kept of observed

utilization of plants during the year.

From trial pen data and observations, a general picture of the

seasonal availability-preference -utilization sequence was obtained

and a plan developed for quantifying this information within the main

enclosure.

Results from preliminary investigations indicated that sam-.

pling for forage availability should be concentrated in the winter

season. This was the only time of year when forage appeared inade-

quate and deer browsed fir seedlings. However, to obtain complete

information on the yearly foraging habits of the deer, it was decided

to sample forage availability and utilization at all seasons.

Measurements Of Temperature Variations

Because of an elevational difference of 1,400 feet within the

enclosure, it was assumed that considerable temperature differ.

ences might exist, particularly since snowfall was noted to vary be-

tween the top and bottom of the pen. To provide a systematic check

16
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on temperatures within the pen, five small instrument shelters were

constructed and placed along the central ridge in exposed locations

at 275-foot contour intervals. Each shelter was equipped with a

maximum-minimum recording thermometer which was read at irreg-

ular intervals between July, 1962, and September, 1963 (Figure 2).

Establishment of Sañplë Plots

As previously stated, the effects of deer browsing on fir seed-

lings had been studied for two years prior to the initiation of the

present investigation and continued during the study. The selection

of tree-survival plots had been made in such a way that these plots

could be utilized by the writer and considered as random locations.

The dimensions of each plot, henceforth called a macroplot, were

30 x 52 feet with 1, 560 square feet of area. In all, 110 production-.

utilization macroplots were superimposed on the established tree-

survival plots.

Five permanently marked microplots were established to

count blackberry leaves through the year within 63 selected macro-.

plots. The macroplot selections for locating permanent microplots

were made on the basis of elevation, year of planting of seedlings,

and tentative plant communities. Each microplot was 3. 1 square

feet in area and randomly located on a line through. the long axis

of the plot. The microplot frame used to form the plot at each



Figure 2. Instrument shelter containing maximum-minimum
thermometer, Cedar Creek Enclosure--January, 1964.

Figure 3. Microplot marker stake with plot frame in place,
Cedar Creek Enclosure--January, 1964.

18
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location was circular with a center hub designed to fit over the steel

tube marker stake (Figure 3). Sixty-three macroplots were suffici-

ent to sample the number of blackberry leaves during the summer

within . 05 of the mean at the . 95 level of probability.

Temporary microplots were established in the same way within

the remaining 47 macroplots at the time of forage production

sampling.

Characterization of Phjsical Site Factors

A number of physical site factors were measured or estimated

at each macroplot location, including elevation, slope percent, and

aspect (exposure). Soil type and depth data were supplied by A. W.

Bailey±' The number and diameters of all stumps and snags were

tallied in each macroplot. Surlace disturbances caused by or related

to logging or animal activities were estimated according to catego..

ries of low, medium, and high depending on the degre.e of disturb-

ance.

Evidences of the presence of deer and mountain beaver were.

classified as none, low, medium, and high.

Color and black and white photographs were taken of each

macroplot at the time of site characterization.

4/ Unpublished data from A. W. Bailey, Oregon State Game
Commission.



Vegetation and Forage Production

In order to determine the kinds and relative amounts of forage

available to deer, the percent of crown coverage of each understory

herbaceous species, plus all Rubus spp. , salal (Gaultheria shallon),

and Oregon grape (Berberis nervosa), was estimated within each

microplot according to the categories shown in Table 3. The mid-

points of each class were then averaged for the five-microplot sam-

ple to give a mean percentage for each species in the macroplot. The

total percentage of herbaceous vegetative cover was also estimated

for each microplot and averaged for the macroplot. In addition, the

mean height of the herbaceous cover and of individual species was

estimated within microplots according to the classes shown in Table

3. Estimates were made also of the percentages of bare ground,

surface stoniness, and litter, according to the coverage classes in

Table 3.

Leaves of blackberry, salal, and Oregon grape were counted

within each microplot and clipped and weighed in all temporary

microplots. Samples of leaves equal in size and numbers to those

counted in permanent plots were clipped and weighed in order to keep

the permanent plots intact. Clipped and weighed samples were later

used to estimate weights of leaves from numbers of leaves.

Microplot samples of leaves and certain other parts of

zo



Table 3. Crown coverage and height classes of understory vegetation sampled in 3. 1-square-
foot microplots in the Cedar Creek Enclosure-- 1963.

TJnderstory Cover Understory Height
Cover
Class

Percent
Cove r

Mid-
Point

Height
Class

Height
(in.)

Mid-
Point

1 0-1 0. 5 1 0-3 1.5
2 1-5 3.0 2 3-6 4. 5

3 5-25 15.0 3 6-9 7. 5

4 25-50 37; 5 4 9-12 10. 5

5 50-7,5 62. 5 5 12-18 15.0
6 75-95 85. 0 6 18-24 21.0
7 9 5-100 97. 5 7 24-3 6 30. 0

8 3 6-48 42.0

9 48-60 54. 0
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understory plants frequently eaten by deer in the summer and fall

were also clipped and weighed (Table 4). Although it was recog-

nized that nearly all species were utilized to some extent during the

growing season, it was also apparent that relatively few contributed

a large part of the total forage and these were the species that were

collected and weighed.

Clip-and-weigh data were adjusted for differences in slope

percent so that forage estimates could be expressed in terms of

pounds per surface or horizontal acre.

The crown coverages and heights of shrubs and trees (except

hand-planted Douglas-fir seedlings) were estimated by individual

plant or clump within the macroplots. Coverage was determined

from crown-diameter estimates and heights were estimated accord-

ing to the categories indicated inTable 5.

Leaf and seasonal twig production of shrubs and trees were

determined during early September. Leaves and twigs growing

within four feet of ground level, and available to deer, were clipped

within a 2 x 48-foot rectangular plot (adjusted for slope differences)

adjacent to the downhill long axis of each macroplot. It was realized

that some deer could browse taller plant growth, but four feet was

considered to be a maximum available height for all ages of deer

including fawns. The September clipping date for leaves and twigs

of woody plants was selected to represent maximum summer browse



Table 4. Species and plant parts of summer forage sampled in
the Cedar Creek Enclosure--1963.

Species Plant Parts Collected and Weighed

RUBUS PARVIFLORUS Leaves

R. SPECTABILIS Leaves

ANAPHALIS MARGARITACEA Upper leaves and immature flowers

EPILOBIUM ANGUSTIFOLIUM Leaves and immature flower stalks

E. WATSONII Entire plant

HIERACIUM ALBIFLORUM Flower stalks

PHACELIA NEMORALIS Flower heads

Table 5. Crown diameter and height classes of shrubs and trees
sami1lpd in macroplots in the Cedar Creek Enclosure--
1963

! Hand-planted Douglas -fir excepted.

Larger plants estimated to the nearest five-feet.
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1 0-3 1.5
2 3-6 4.5
3 6-9 7.5
4 9-12 10.5
5 12-18 15.0
6 18-24 21.0
7 24-36 30.0
8 36-48 42.0
9 48-60 54.0

10 60-72 66.0
11 72-84 78.0
12 84-96 90.0
13 96-120 108.0

Diameter or
Class Height (in.) Mid- point
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production, since at that time plants had ceased stem elongation.and

leaf fall was still negligible.

During March, 1963, the current growth of herbaceous plants

observed to be eaten by deer was clipped and weighed. Samples were

collected from 1. 2-square-foot plots placed four feet downhill from

each permanently marked microplot sampling stake. A total of 315

samples within 63 macroplots was obtained. Species representedin

the clippings included Elymus glaucus, Holcus lanatus, Agrostis

tenuis, Festuca rubra, Luzula campestris, L. parviflora, Rumex

acetosella, and Phacelia nemoralis.

An estimate of the forage provided by planted Douglas-fir

seedlings was obtained by clipping and weighing the twig and needle

growth which was 1/4-inch or less in diameter. Since it had been

observed that older as well as current needles and twigs were eaten

by deer, both classes of growth were included in the sample. Seed-

lings were collected according to age class by walking through plant-

ings of various ages and clipping seedlings as they were encountered.

The number of seedlings collected within each age class was suffi-

cient to sample the weight of forage within . 30 of the mean at the

95 level of probability. A relatively large number of seedlings was

needed because of great variability in foliage production within a

given age class caused by differential growth and browsing his.tories.



Forage Utilization and Seasonal Availability

Forage utilization was studied by determining what species

were eaten and what kinds and how much forage were available at

different seasons.

Quantitative Sampling. - A quantitative measure of utilization

and availability of blackberry, salal, and Oregon grape was obtained

from periodic counts of leaves of these species in permanently

marked microplots. The use of woody plant twigs was determined

by marking and measuring the lengths of two selected twigs of cur-

rent growth on the four browse plants nearest the center microplot

of each permanently designated macroplot. Twigs were selected

within a range of one to four feet above ground level. Leaves were

counted and twigs measured in September and December, 1962, and

March and late April, 1963.

In March, 1963, ocular estimates were made of the use of

green growing herbaceous forage in the 1. 2-square-foot plots used

for herbage production sampling.

Brown (12, p. 38) mentioned that trailing blackberry leaves

will freeze and drop during cold weather and thus be lost from the

forage resource. It was also noted by the writer that considerahle

numbers of blackberry leaves were abscised during the fall months,

especially after periods of heavy rain or snow cover. It was,

25



ble the time when deer browsing of Douglasfir began, a line tran-

sect was established which extended from the highest to the lowest

elevations in the enclosure. The transect followed a succession of

ridge-tops and, therefore, traversed a route which was easily ac

cessible to deer. The route for much of its course followed skid

trails and had a relatively sparse vegetative cover compared to ad

jacent less...heavily disturbed areas. It was believed that when tree

browsing began in the enclosure, those trees growing along the

transect would be among the first to be utilized because of their

accessibility.

Browse plants of several species which grew adjacent to the

26

therefore, necessary to estimate the proportion of leaves which

might be expected to be lost to weathering in order to estimate actual

utilization by deer. For this purpose, five 10 x lO=foot, open

topped exclosures were constructed in which blackberry leaves were

counted periodically during the year (Figure 4), The structures

were placed on different, but unprotected exposures at approxima.

tely 300..foot contour intervals.

Qualitative Sampling. During late August and early

September, 1963, all woody browse plants growing within macro

plots were examined for evidences of utilization by deer and moun

tam beaver.

Browse Transect. In order to determine as nearly as possi..
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Figure 4. Weathering exc1oure, Cedar Cre*k Enclosure--
January, 1964.

transect were marked so that they could also be checked for signs

of browsing.

Seedlings and browse plants were checked biweekly from

November, 1962, through April, 1963, and once each in January and

February, 1964. About 600 Douglas-fir seedlings of various ages

and 44 browse plants were examined at each checking.

Rumen Samples. - A total of 14 rumen samples were obtained

from deer removed from the pen for population control purposes.

The contents were examined to determine only the classes of forage

present although a gross estimate was made of the relative propor-

tions of certain plant species such as blackberry and salal.

27



Forage Quality

Chemical Analyses. Forage quality has long been recog
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nized and demonstrated to be a major controlling factor in the well

being of deer (23, 28, 31, 64, 73, 78).

Preliminary investigations during this study suggested that

enough forage was available during all seasons of the year to quanti

tatively sustain the numbers of deer present within the enclosure ex

cept for those rarely occurring times when deep snow might cover

the entire pen for extended periods. However, little was known of

the qualitative value of the forage except for information reported by

Brown (12) for some of the same species of plants in western

Washington.

Digestion trials are undoubtedly the most accurate method for

determining the nutritive value of forages, but the present study did

not offer time nor facilities to carry on such work. Many authors

agree that chemical analyses of forage plants reflect to a reasonable

degree the nutritional values of plants and, therefore, those methods

were employed to obtain a measure of the nutritional status of the

forage, especially at the time when Doug1as.fir browsing occurred.

Samples of the most abundant or seasonally important forage

plants were collected for analyses during all seasons of the year.

Biweekly collections were made of alder, vine maple, huckleberry,
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hazel, and blackberry from November, 1962, through April, 1963,

and monthly or bimonthly from May through October, 1963. Other

species were sampled at times when they were observed to be im-

portant in the deer diet.

All samples were gathered from a two-acre area on the same

general exposure and soil type. Collections from shrubs and trees

were made between ground level and five feet from at least 15 differ.

ent individuals of each species, while blackberry, salal, and herbs

were collected from at least seven different microsites. Samples

were taken from both sunny and shaded locations and included only

current growth or tissues elaborated during the immediate past

growing season except for Douglas-fir from which the samples in

cluded the entire needled portion of the seedling.

Materials were clipped from the plants and immediately placed

in tightly sealed plastic bags to eliminate moisture losses. They

were then weighed, dried, reweighed, and ground and stored in

moisture-tight containers, in the dark, until analyzed.

Samples were analyzed on a dry matter basis for crude pro-

tein, ether extract, crude fiber, ash, and nitrogen-free extract

according to methods described by the Association of Official Agri-

cultural Chemists (6).

Calcium content was determined according to procedures out-

lined by Hemingway (38) while methods proposed by Rogers (79)
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were used for phosphorus analyses. Samples were collected and

prepared for analyses by the writer and analyzed by personnel of

the Animal Nutrition Laboratory, Department of Animal Science,

Oregon State University.

Artificial Rum en Analyses. - During the course of the study,

an opportunity became available to digest artificially a limited num-

ber of forage samples by means of an artificial rumen which was

being utilized by another worker.

One sample from each month's collection of each species was

digested according to methods described by Smith (85). Analyses

were conducted by Gary E. Smith, Graduate Student in the Depart-

ment of Animal Science, utilizing rumen liquor obtained from fis-

tulated domestic sheep. These analyses were discontinued in June,

1963, when Mr. Smith completed his studies.



RESULTS AND DISCUSSION

Small Pen Studies

Trial Pen I

The first sub-enclosure browsing trial began on December 19,

1961. Deer began eating blackberry and salal leaves and browsing

huckleberry twigs almost immediately which duplicated foraging

patterns observed in an adjacent pen previously occupied by the

same animals.

Intermittent snowfall duringthe trial made ground forage un-

available for several days at a time and forced the deer to utilize

less preferred browse plants. It was noted that many blackberry

leaves tended to become watersoaked and fell from canes after being

covered with snow. This natural deterioration of blackberry herb-

age had to be taken into consideration when determining the actual

utilization of leaves by deer, since absence of leaves did not indicate

necessarily that they had been eaten.

Table 6 shows the results of leaf counts and twig measure-

ments over the 40-day trial. Blackberry and salal leaves were

heavily utilized during the entire period. It should be pointed out

that the numbers of leaves of each species shown in Table 6 do not

reflect the relative availability of these plants in the pen, because
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Table 6. Summary of leaf and twig browsing by two deer in Trial Pen I, Cedar Creek
Enclosure--Winter 1961-62.

V Includes losses due to weathering and trampling.
2/ Planted January 13 and checked for browsing January 28.

ROSA GYMNOCARPA 1 4.06 0.0 0.0 0.0 0.0 0.0 100.0

Douglas-fir, 2-1 2/Thiram-treated-- 150 66.3 33.7

N)

0. 0 0. 0 0. 0 0. 0 100. 0
0. 0 0. 0 0. 0 0. 0 100. 0

19 Deer Days of Use Jan. 28 Un-
browsed16 36 50 80

54.4 69.2 86.6 13.4
7. 5 70. 2 75. 8 95. 0 5. 0

0.0 0.0 7.4 31.8 68.2
7.7 16.8 65.7 71.6 28.4

Cumulative Percent of Leaves and Twigs Browsed by Deer
Twig 1961 1962 Percent

Number Length Dec.
Species of Leaves (ft.) 0

RUBUS URSINUS- 396 0.0
GAULTHERIA SHALLON 161 0. 0

Plants
ALNUSRUBRA 4 18.17 0.0
VACCINIUMPARVL'OLIUM 4 26.47 0.0
ACER CIRCINATUM 3 17, 26 0.0
CORYLUS CALIFORNICA 2 10. 85 0. 0
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the sampling system was purposely arranged to traverse two ridge-

top areas where salal was present. Blackberry was abundant over

most of the pen and at the beginning of the trial constituted the

greater part of the residual ground forage.

Twig measurements indicatedthat huckleberry was the pre-

ferred shrub species among those sampled. Pen I had a relatively

good supply of huckleberry although other browse species were also

available. The data indicate that alder was the only other woody

species used. Alder twigs were available in large numbers but it

is believed that they were eaten only when snow cover precluded

the use of ground forage.

A few days after the introduction of Douglas-fir seedlings on

January 13, 1962, one foot of snow fell in the pen. Plots could not

be checked on January 20 because of snow cover, but it was noted

that the deer had utilized many of the seedlings which were not

covered by snow. The final check on January 28 revealed that 66

percent of the planted trees had been browsed by deer. These seed-

lings have been checked periodically since the trial and the planting

appears to be surviving and growing satisfactorily under protection

from deer browsing but subject to rather intensive rodent and

rabbit usage.

The obvious use of green grasses and forbs by the deer during

this period was noteworthy because grasses are abundant at lower



elevations in the main enclosure. Grass utilization was not mea.

sured quantitatively, but observations indicated that velvet grass

(Holcus lanatus) was the preferred species.

Trial Pen II

The second preference..utilization trial was begun on February

2, 1961, five days after the termination of the first. The deer from

Pen I were introduced into Trial Pen II which had been essentially

free from deer use since the latter part of the previous growing

season. Consequently, Pen II had a good supply of blackberry and

huckleberry which were classified as preferred species on the basis

of the results from Trial Pen I. Salal was of little importance in

the forage resource because it occurred only in isolated patches in

Trial Pen II.

Once again blackberry leaves proved to be the preferred for.

age plant (Table 7). Despite losses to weathering and trampling,

this species provided the best available forage until, covered by

snow. Leaf losses during the period of snow coverage virtually

eliminated blackberry as a source of feed. Salal leaves were used

where available but few of these plants grew in the pen.

Browsing of huckleberry twigs was continuous through the

trial period. After 106 deer days of use, all tagged huckleberry

twigs had been browsed once, and many had received a second or
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Table 7. Summary of leaf and twig browsing by two deer in Trial Pen II, Cedar Creek Enclosure-
Winter, 1961-62.

1/ Includes losses due to weathering and trampling.
2/ Ground surface covered by snow.
3/ Data adapted from Hines (41).

Cumulative Percent of Leaves and Twigs Browsed by Deer

Species
Number

Deer Days of Use Percent
Un.-

106 Browsed
s Feb. 2 1962 Mar. 27

Leaves 0 14 28 42 56 70 80

RUBUS TJRSINUS-
GAULTHERIA SHALLON

1,260
67

Plants Twigs

0.0
0. 0

41.0
10.4

65.3
48. 3

79, 5
88. 1

2/
2/

2/
2/

93.3
94. 0

97.2
94.0

2.8
6. 0

ALNUS RUBRA 38 295 0.0 0.0 0.0 0.0 6.2 9.0 11.1 15.4 84.6
CORYLUS CALIFORNICA 17 78 0.0 0.0 0.0 0,0 0.0 1.3 5. 1 35.8 64. 2
VACCINIUM PARVIFOLIUM 12 104 0.0 15.4 24.1 46.2 81.8 96.2 100.0 100.0 0.0
RHAMNUS PURSHIANA 4 18 0. 0 5. 5 38. 8 88. 9 94. 5 94. 5 94. 5 94. 5 5. 5
ACER CIRCINATUM 3 20 0.0 0.0 0.0 0.0 0.0 0.0. 0.0 0.0 100.0
ROSA GYMNOCARPA 1 7 0.0 0. 0 0. 0 0.0 0. 0 0. 0 0. 0 0.0 100. 0
HOLODISCUS DISCOLOR 1 5 0.0 0. 0 0. 0 0.0 0.0 0.0 0. 0 0,0 100. 0

Douglas.fir, 200 0.0 0.0 0.0 0. 5 2/ 2/ 30.0 72, 5 27. 5



third cropping.

Utilization of cascara (Rhamnus purshiana), a woody plant

which was not sampled in Trial I, began at once and continued until

nearly all available twigs had been browsed. In fact, cascara was

the most highly preferred woody plant available.

Until snow blanketed the pen after 56 deer-days of use, only

blackberry, salal, huckleberry, and cascara were utilized by deer

(Table 7). Snow covered the pen in early March and remained for

about 12 days, thus preventing the counting of leaves in plots.

During this period, the utilization of alder twigs began and use con-

tinued at a low intensity until the trial was terminated.

The deer also began to browse hazel while ground forage was

unavailable. Utilization was minimal at first but increased rapidly

during the final two weeks of the trial.

The data indicate that no browsing occurred on vine maple,

rose (Rosa gymnocarpa) or ocean spray (Holodiscus discolor).

However, the samples of these species were exceedingly smalland

casual observations indicated that, of the three, at least vine maple

was utilized to a minor degree.

Pen II encompassed an area which had an abundant cover of

grasses, including a high proportion of velvet grass. Deer were

observed to consume considerable quantities of green grasses and

winter forbs as long as these plants were available. Winter growth
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is common for a relatively large group of grasses and forbs and the

deer made use of the current production of many species.

Information from a concurrent study of deer browsing of

Douglas-fir seedlings conducted by Hines (41) was adapted for use in

Figure 5. The curves show the relationships between available black-

berry leaves and browsing of a control group of 200 trees inter-

planted with 400 trees protected by chemical and physical deterrents

to browsing. It is clear that deer use of Douglas-fir seedlings in-

creased during the period when snow covered other green forage.

However, the high use rate did not diminish after the snow melted,

This was attributed to a deficiency of more preferred forage such as

blackberry and green herbaceous plants which failed to provide nu-

trients in quantities equal to deer requirements.

This 1962 trial was concluded after 106 deer-days of use be-

cause deer condition was deteriorating rapidly and it was desired to

retain the animals for further studies.

A second utilization trial was begun in Pen II on February 2,

1963, using two yearling deer as experimental animals. Sampling

plots and methods were identical to those used in 1962.

The pre-trial count of blackberry leaves indicated that over

twice as many were available compared to the same data in 1962

(Table 8). The numbers of leaves are equivalent to about 370 pounds

per acre in 1962 and 810 pounds in 1963. These values both
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Table 8. Summary of leaf and twig browsing by two deer in Trial Pen II, Cedar Creek Enclosure,
Winter, 1962-63.

1/ Includes losses due to weathering and trampling.
2/ Includes new spring-grown leaves.

Cumulative Percent of Leaves and Twigs Browsed by Deer

3i Data adapted from Hines (42). '.0

Numbers
Deer Days of Use Percent

Un-
200Browsed

Jan. 30 1963 May 10
Species Leaves 0 20 34 48 62 76 94 120 160

RUBUSURSINtJS!' 2,722 0.0 30.4 64.0 707 77.7 87.5 89.5 93.6 96.9 74.7 25.3
GAULTHERIA SHALLON 18 0. 0 27. 8 55. 6 55. 6 66. 7 66. 7 66. 7 83. 3 83. 3 94. 4 5. 6

Plants Twigs
ALNUS RTJBRA 28 87 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
CORYLUS CALIFORNICA 17 53 0.0 00 0.0 0.0 0.0 0,0 0.0 0.0 0.0 6.0 94.0
VACCINITJMPARVIFOLIUM 13 60 0.0 6,7 36.7 38.3 41.7 41.7 41.7 41.7 53.3 60.0 40.0
RHAMNUS PURSHIANA 11 56 0.0 19.6 41.1 48.2 55.4 64.3 67.9 71.4 76.8 78.6 21.4
ACERCIRCINATUM 3 9 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HOLODISCUS DISCOLOR 1 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SALIXSP, 1 5 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0

Doug1as-fir 3/ 400 0.0 1.6 2.8 4.8 9.0 16.6 30.0 39.0 47.0 47,7 52.3
Douglas-fir, 2-0- 100 0.0 0.0 0.0 2.0 5.0 9.0 11.0 17.0 26.0 26.0 74.0



40

represent residual leaves produced during the previous growing sea-

Sons since blackberry is a winter dormant species. The higher pro-

duction of leaves in 1963 was a result of mild fall and early winter

weather conditions with a lower incidence of leaf weathering.

The pattern of leaf utilization was similar to that observed in

1962 except that the intensity was lower. Percentages of blackberry

leaves remaining after about 100 deer-days of use were comparable

both years even though beginning leaf numbers were more than twice

as great in 1963. While it is clear that blackberry supplies were

greater during the 1963 trial, it is also believed that losses due to

trampling and weathering are proportional to the numbers of leaves

pr e sent.

Browsing of woody plants was considerably lower than in 1962,

although the preference pattern was comparable (Table 8). Utilia-

tion on cascara and huckleberry began the first week and continued

through the entire trial period. The intensity of browsing from week

to week was relatively low, and no twigs were cropped more than

once suggesting perhaps that these specie were the object of mci-

dental browsing after about two weeks. Except for three twigs of

hazel, no other tagged woody plants were utilized and observations

on non-tagged plants supported these sample data.

Reference to a concurrent study of browsing on fir seedlings

by Hines (1963) indicated that the deer began to use taller
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(10, 16, 24, 36-inch) seedlings at once and continued browsing these

plants until the study was terminated (Table 8). Use of 2-0 (4-in. Y

seedlings began after a use period comparable to 1962 when no older

seedlings were available. Figure 6 shows the patterns of leaf reduc-

tion and fir browsing. There is no doubt that the taller classes of

trees were browsed more heavily than the 2-0 planting. No reasqn

is evident for the early initiation of fir browsing since a plentiful

supply of preferred forage was available. However, it is assumed

that the lower incidence of browsing of smaller trees resulted from

their being less conspicuous. A similar conclusion was reached by

Hall et al. (35) in the Willamette Valley.

The sharp increase in rate of fir browsing observed in 1962

did not take place in the 1963 trial probably because snow did not

cover ground forage. Weather conditions during February and

March were especially mild. From February 1 through March 2,

minimum temperatures did not fall below 34 degrees and maximums

reached 70. Grasses and forbs flourished under these conditions and

the supply of green herbage was abundant. However, cooler temper-

atures prevailed during March and April and herbaceous production

diminished accordingly. -

The principal period of Douglas-fir utilization ended about

March 1, although several trees were browsed after that date. Only

three trees were browsed between April 19 and May 10, during a



Deer Days of Use

Figure 6. Blackberry leaf availability and browsing of Douglas-fir seedlings in Trial Pen II,
Cedar Creek Enclosure--Winter, 1962-63.
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period when blackberry leaves increased from a low of three percent

to 25 percent of their original number.

During the 1963 trial, the two deer remained in excellent con-

dition and showed no signs of nutritional deficiencies. It is entirely

possible, with the favorable weather conditions in 1963, that Trial

Pen II could have supported the two deer for the entire year.

Blackberry leaves were counted for the third time on February

6, 1964. Fall and early winter of 1963-64 were marked by very

heavy rainfall and several periods of snow cover of one- or two-

day duration. Totals for each of the three counts were 1,260, 2,722,

and 1, 098. Differences were attributed to differential weathering

losses among the years.

During July, 1963, enough randomly located one-square-foot

plots in Trial Pen II were clipped and weighed in order to determine

the green weight production of understory species (including Rubus

spp.) within . 20 of the mean at the . 95 level of probability. Results

of the clipping indicated that herbage production averaged 9, 500

1,710 pounds per acre green weight. This value represents the sea-

sonal growth of non-woody vegetation on some of the most highly pro-

ductive land in the Cedar Creek enclosure. Figures 7, 8, 9 and 10

illustrate the great difference in forage availability between summer

and winter. The first series shows a general view of Trial Pen II in

March and July. Among the herbaceous vegetation in the foreground
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Figure 7. View of Trial Psn II in March, 1%3,
Creek Enclosure.

Figure . View of Trial Pen I!
Enclosure.
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are velvet grass, pearly-everlasting (Anaphalis rnargaritacea) and

br3cken fern (Pteridium aquilinum). Woody species include alder,

vine maple, hazel and huckleberry. Figures 9 and 10 show views of

the same 1 x 4. 8-foot sampling plot during March and July. Readily

identifiable in the summer scene are blackberry, bracken fern,

pearly-everlasting, and Lotus crassifolius, whereas the March photo

shows only litter from the previous season.

In summary, the Trial Pen studies indicated that blackberry

leaves were the most highly preferred commonly occurring food item

during the winter season. Salal was highly preferred, but limited in

distribution. There was strong evidence also that green herbage

made up the bulk of the deer diet during this season.

The most important woody browse plant cert ainly was huckle-

berry. Cascara was also highly preferred, but its abundance was

low while huckleberry was one of the most widely distributed shrubs.

Douglas-fir seedlings occupied a prominent place on the preference

list, ranking higher than most of the common woody plants.

Productivity- of Individual Bowse Plants

The total production of current growth by browse plants proved

to be rather low for most species. Table 9 includes the weights of

59 individuals of four of the most common woody plants found in the

study area. Up to one-third of the current growth of taller plants



Table 9. Weights and ages of biwse plants by height classes collected in the Cedar Creek Enclosure - Fall, 1962

Species

Denotes ranges of values.

Height Mean
Class Age

1'
(ft.) No. (Years) Total ('

Weight in Grams

Old Current

ALNUS RUBRA 0-2 1 3 35
C - ) 16 ( - ) 19 ( -)

2-4 5 4 101 (57-203) 56 (31-104) 45 (15-99)
4-6 4 5 349 (144-492) 290 (89.418) 59 (50-74)

CORYLUS CALIFORNICA 0-2 6 3 115 (5-406) 96 (3*368) 19 (2-51)
2-4 10 4 151 (17-667) 129 (10-578) 21 (4-89)
4-6 5 5 541 (236-863) 490 (206- 758) 51 (16-105)

VACCINIUM PARVIFOLIUM 0-2 3 4 50 (3 5-70) 36 (8-65) 14 (5-27)
2-4 5 6 464 (95-785) 419 (75- 759) 44 (20-69)
4-6 5 10 2,590 (981-4, 720) 2,410 (793-4, 580) 180 (102-257)

ACER CIRCINATUM 0-2 1 4 182 ( - ) 178 ( - ) 4 (-)
2-4 6 9 1,510 (167-3, 920) 1,467 (165-3, 890) 41 (3-101)
4-6 8 13 5, 170 (1,309-10,600) 5, 056 (1,295-10, 200) 110 (13-394)
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was not available to deer because it grew in the centers of the crowns

and could not be reached. Within height classes, plant weights ap-.

peared to be positively correlated with age, although weights of

individual plants of a given height class were highly variable. It is

evident from these data that a relatively large number of shrubs

would be needed to produce each pound of browse if the sample is

representative of plants throughout the study area.

Crown sprouts up to three feet in length grew from the root-

stocks of vine maple and huckleberry plants which had been collected

for weighing. Sprout growth exceeded several-fold the amount of

material annually produced by the old plants and was wholly within

the reach of deer. The sprouting habits of these and other browse

species indicate that severe disturbances of old plants would result

in greater production of available deer browse.

Investigations in the Main Enclosure

General observations within the study area were conducted

during all seasons. Particular emphasis was placed on field work

in the winter, when browsing of fir seedlings is most likely to occur.

It was noted that deer activity during the colder part of the

winter was concentrated at lower elevations on the front slope and

at lower and middle elevations on south and west-facing slopes in the

east drainage. Inspections indicated that these areas were the least



plots as sampling sites, coverage of the enclosure was obviously
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likely to have snow cover and were relatively free from cold winds.

They also appeared to have the best supply of preferred forage plants.

Observation records of forage preferences generally agreed

with those from the Trial Pens and suggested that a similar method

of utilization sampling would be appropriate in the main enclosure.

Temperature Variations

Variations in microclimate within the study area are obvious

even without data from instruments and these variations undoubtedly

affect the daily and seasonal activity patterns of deer (Figure 11).

Data from the five maximum-minimum thermometers indicate

that there was a general progressive decrease in maximum tempera-

tures with increase in altitude. The lowest station was consistently

warmer than the highest, but occasionally, the maximum reading at

2,050 feet exceeded the value at 1,725 feet by a few degrees.

Minimum temperatures were more variable among stations.

Minimums at 1, 200 feet were consistently lower than at 975 feet and

values recorded at 975 feet were sometimes lower than those at 2, 050

feet during the summer months.

Physical Site Factors

Distribution of Plots. - By utilizing existing tree-survival
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restricted to those areas which could be planted with tree seedlings.

This restriction theoretically eliminated about 10 to 15 percent of the

steepest sites from the sampled population. Most of this area lies

on shallow soils in highly disturbed portions of the pen. Consequent-

ly, the complete accuracy of overall soil and disturbance evaluations

may be somewhat questionable.

The distributions of macroplots according to various physical

site characteristics are shown in Table 10. Percentages of macro-

plots within most categories are assumed to be fairly representative

of the relative acreages of the enclosure in these categories. Strati-

fications within categories were based mainly on observed relation-

ships of the various strata to climatic phenomena and plant and ani-

mal distributions.

Influences on Survival and Growth of Douglas-fir Seedlings. -

The availability of data on site characteristics and Douglas-fir seed-

ling survival and growth provided an opportunity to investigate some

of these interrelationships. The results of such an analysis of data

are shown in Table 11. The analyses include data on seedling sur-

vival from first-year seedlings of all plantings. Survival of the 1960

planting was drastically lower than in other years. It is believed

that pre-planting or time-of-planting conditions were probably re-

sponsible for the poor success of these seedlings.

Results indicate that survival of undamaged trees was strongly



Table 10. Distribution of 110 macroplots according to physical site characteristics,
Cedar Creek Enclosure - 1963

1/ Unpublished data obtained from A. W. Bailey, Oregon State Game Commission
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Characteristic
Nunber

Plots
Per?ent

Plots
Characteristic

Nuniber
Qt

Plots
Percent

OX
Plots

Elevation (ft.) Soil Parent
800-1,099

1/
Material37 34

1, 100-1,499 28 25 Basalt 57 52
1, 500-1, 799 30 27 Sediment 53 48
1, 800-2, 200 15 14

1/Soil Depth (in.) -
Slope Percent 0-20 20 18

0-24 9 8 20-30 30 27
25-49 22 20 30+ 58 53
50-74 46 42 Indeterminate 2 2

75-100 33 30
1/

Soil Type
Aspect Astoria 46 42

Northeast 19 17 Trask 5 4
Southeast 25 23 Hembre I 28 25
Southwest 43 39 Hembre II 14 13

Northwest 23 21 Kilchis 15 14

Indeterminate 2 2

Land Form
Ridgetop 17 15 Surface Disturbances
Slope 88 80 Low 23 21

Flat 5 5 Medium 62 56
High 25 23

Position on Slope
Top 47 43 Location in Pen
Middle 36 33 East drainage 38 35
Bottom 27 24 West drainage 30 27

Front slope 42 38
Slope Form

Convex 33 30
Flat 53 48
Concave 24 22



Table 11. Influences of physical site factors on survival of
unbrowsed Douglas- fir seedlings after one field
growing season in the Cedar Creek Enclosure

* Denotes that means are significantly different at .05 level.
** Denotes that means are significantly different at .01 level.
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Site Factor
Plots
of

50 Trees

Mean
Number

Dead

Test of
Significance

F
Elevation (ft.)

800-1,099 37 9.8
1,100-1,499 28 9.3 0.07
1,500-1,799 30 9.7
1,800-2,200 15 8.4

Slope Percent
0-24 9 9.1

25-49 22 7.3 0.65
50-74 46 9.3
75-100 33 11.3

Aspect
Northeast 19 7.8
Southeast 25 12.4 0.99
Southwest 43 8. 1
Northwest 23 9.9

Slope Form
Convex 33 14.4
Flat 53 7.5 5. 76**
Concave 24 6.8

Soil Depth
0-20 20 13.3

20-30 30 5.6 3.51*
30+ 58 10.2

Soil Type
Astoria 46 8. 9
Hembre I 28 9. 5
Hembre II 14 6. 3 2.63*
Kilchis 15 9.9
Trask 5 23.4

Surface Disturbance
Low 23 7.6
Medium 62 11.5 2.94
High 25 6.0

Planting Date
February, 1959 18 4. 6
December, 1959 21 7.8
December, 1960 29 23.2 46.40**
December, 1961 19 3,3
December, 1962 23 2.5
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influenced by slope form. Survival was better on concave than on

convex slopes. Data suggest that convex slopes may be lower in sum-

mer moisture content and consequently provide relatively unfavorable

sites for seedling survival.

No explanation is evident for the lower survival of trees planted

in soils of intermediate depth. Therefore, it is reasonable to assume

that other physical and biological site factors have combined to mask

the influences of soil depth. The writer made detailed examinations

of 2-0 seedlings planted in the enclosure for another study and found

that all roots were in the zero to 20-inch layer, and thus that soil

depth alone should have had little influence on first-year survival.

Survival of trees was particularly low in Trask soils. It is be-

lieved that the small sample size was a major contributing factor to

the high incidence of mortality here since two of the five macroplots

on this series contributed 80 percent of the mortality. Both of these

were samples from the poorly surviving 1960 planting located on the

same southwestfacing convex slope.

Relative height growth of seedlings appeared to be independent

of the site factors investigated in this study (Table 12). Only "year

planted," which can not be considered as a site factor, affected seed-

ling growth. In all probability, the general poor survival and growth

of the 1960 planting contributed strongly to the observed difference

among means.



Table 12. Influences of physical site factors on relative height
increase of unbrowsed Douglas- fir seedlings after one
field growing season in the Cedar Creek Enclosure

** Denotes that means are significantly different at .01 level.
1/ Calculated as follows: Height at August check minus height at

April check divided by height at April
check.
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Site Factor
Plots Mean

of Relative Height
50 Trees Increase

Test of
Significance

F
Elevation (ft.)

800-1,099 36 0.26
1, 100-1,499 28 0.27 1.58
1,500-1,799 30 0.31
1,800-2,200 15 0.25

Slope Percent
0-24 8 0.21

25-49 22 0.25 2.25
50-74 46 0.28
75-100 33 0.30

Aspect
Northeast 18 0.26
Southeast 25 0.24 2. 67
Southwest 43 0.31
Northwest 23 0.26

Slope Form
Convex 33 0.26
Flat 53 0.28 0. 13
Concave 23 0.28

Soil Depth (in.)
20 0.27

20-30 29 0.27 0. 12
30+ 58 0.28

Soil Type
Astoria 45 0.28
Hembre I 28 0.29
Hembre II 14 0.26 0. 17
Kilchis 15 0.28
Trask 5 0.25

Surface Disturbance
Low 23 0.27
Medium 62 0.27 0.25
High 24 0.28

Planting Date
February, 1959 17 0.27
December, 1959 21 0.33
December, 1960 29 0.22 4. 27**
December, 1961 19 0.27
December, 1962 23 0.31
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Results of simple correlation analyses among a number of

physical site variables and seedling survival are shown in Appendix

A. Significant correlation (p = . 01) was indicated only between sur-

vival and relative height increase which denoted that the relative

height growth of seedlings was poorer during the first growing sea-

son in locations where undamaged seedling mortality was highest.

It must be remembered that physical site factors seldom func-

tion independently from biological factors so that caution must be

exercised when assessing the effects of physical factor influences

without considering their as sociated biological implications.

Biological Site Factors

The dominant biological sIte factor considered in this study

was vegetation. Plant distribution within the enclosure was highly

variable except for certain species. With information supplied by

Bailey (8, p. 37-53), macroplots were classified into six plant com-

munities as shown in Table 13.

Animal Activities. - Secondary biological factors of import-

ance were the activities of deer and smaller animals such as moun-

tain beaver. Distribution of plots according to animal activity cate-

gories is also shown in Table 13.

Certain animal species have noticeable influences on the soil

surface because of their concentrated activities in specific areas.



Table 13. Distribution of 110 macroplots according to biological site characteristics, Cedar
Creek Enclosure--l962-63.

Site Characteristic
Number
of Plots

Percent
of Plots

Plant Community

ACER CIRCINATUM/CORYLUS CALIFORNICA 50 45
VACCINIUM PARVIFOLIUM/GAULTHERIA SHALLON 24 22
PTERIDIUM AQUILINUM/ LOTUS CRASSIFOLIUS 17 15
RTJBUS PARVIFLORUS/TRIENTALIS LATIFOLIA 14 13
ACER MACROPHYLLIJM/SYMPHORICARPOS MOLLIS 3 3

ALNUS RUBRA/ACER CIRCINATUM 2 2

Deer Activity

None 16 14
Low 36 33
Medium 35 32
High 23 21

Mountain Beaver Activity

None 63 57
Low 8 7

Medium 5 5
High 34 31
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The mountain beaver is such an animal, and this creature was rela-

tively abundant in the Cedar Creek enclosure. During the present

study, it was relatively easy to determine which locations were

favored by these animals because of their digging habits. Table 14

shows the distribution of mountain beaver as determined by soil sur-

face disturbances.

It is clear from these data that mountain beaver preferred flat-

ter areas at lower elevations. These sites were mainly in the vine

maple plant community on deeper soils derived from sediments.

Sites with a northwest aspect were favored over others.

No distribution summary for deer activity was compiled be-

cause deer may be found throughout the pen except during part of the

winter season, and except for well-.used trails, evidences of their

consistent use of particular locations were difficult to evaluate from

the data obtained in this study.

Vegetation. - The methods employed for vegetation sampling

are believed to give a reasonably accurate picture of the plant cover

as it existed in the summer of 1963. No attempts were made to re-

late vegetation to environment since Bailey (8) completed this task

during a previous study. The primary purpose of the vegetation work

was to describe the plant resource which was available as food and

cover for deer. The data obtained were also combined with informa-

tion on Douglas-fir seedling performance in an effort to isolate



Table 14. Distribution of mountain beaver activity in the Cedar
Creek Enclosure--Summer, 1963.

Elevation (ft.)

59

800-1, 099 37 68
1,100-1,499 28 54
1,500-1,799 30 20
1, 8OO.2, ZOO 15 7

Slope Percent
0-24 9 67

25-49 22 50
50-74 48 37
75-100 31 38

Aspect
Northeast 19 33
Southeast 25 41
Southwest 43 20
Northwest 23 68

Soil Parent Material
Basalt 57 25
Sediment 53 62

Soil Depth
0-20 20 25

20-30 30 43
30+ 58 50

Plant Community
ACCl/COCA 50 70
VAPA/GASH 24 29
PTAQ/LOCR 17 7

RUPA/TRLA 14 18

ACMA/SYMO 3 0

ALRU/ACCI 2 50

Number of Percent of Plots
Category Macroplots with Animals
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factors which may be used as indicators of favorable or unfavorable

sites for seedling survival. Vegetation data were analyzed by cal-

culating and comparing means and by determining correlation coef-

ficients among a number of variables.

Description. - Table 15 shows various kinds of cover based

upon 110 macroplots distributed over the entire enclosure. Vegeta-

tive ground cover was abundant over most areas except very steep

escarpments and sliding talus slopes, although slides usually had a

sparse to moderate cover of colonizing species and escarpments

often supported a growth of shrubs and trees.

A total of 97 species was encountered during vegetation sam-

pling. Cover and height values for individual understory species are

given in Appendix B. Relatively few species had coverages averag-

ing more than one percent for the entire enclosure. However, cer-

tain species had greater importance in one plant community than

another. Table 16 shows the distribution of species averaging at

least one percent cover in one or more plant communities along with

that of trees and shrubs. Groups of species having greater import-

ance in one community compared with others can be used to charac-

terize communities. Many of the same species are also important

in determining the distribution of animals because of their role in

animal diets or cover requirements. Thus, vegetation classifica-

tions may be used as indices to animal activities provided that



Table 15. Composition of ground cover in the Cedar Creek

animal- vegetation relationships are adequately under stood.

Characteristics and Distribution of Browse Plants. - Woody

plants are important contributors to the deer forage resource at all

seasons. During the summer and fall seasons, the leaves of nearly

all trees and shrubs are browsed. While twigs of some species are

highly preferred, those of others serve as reserve food when more

preferred kinds may be unavailable.

A relatively large number of woody plants was found in the

enclosure but many had grown beyond the reach of deer. Table 17

gives the numbers and characteristics of shrubs growing in the pen

and Table 18 shows the relative distribution of plants among

61

Enclosure--Summer, 1963.

Ground Cover Percent
Confidence
Interval
(p = . 05)

Range

Overstory vegetation 11. 5 4.0 0-98
Under story vegetation 76. 9 2. 8 34-98
Litter 71.8 4.3 7-98
Stones 2. 9 1. 1 0-38
Bare 4.2 1.3 0.32
Standing snags and stumps 0. 8 0. 2 04

Understory vegetation height (in.) 15.9 1. 5 3-38

Basal area of standing snags and
stumps (sq.ft.Iacre) 329 70.7 0-1,528



Table 16. Percent cover and constancy of important plants by plant communities in the Cedar Creek Enclosure - Suxnnaer, 1963

1/ Natural reproduction

Trees and Shrubs

Plant Communities
ACCl/COCA

nSO
VAPA/GASH

n24
PTAQ/LOCR

n17
RUPA/TRLA

n14
ACMA/SYMO

n3
ALRU/ACCI

n2
Cover: Const. Cover: Const. Cover: Const. Cover: Const. Cover: Const. Cover: Const.

ALNUS RUBRA 10,4 : 94 1.7 : 21 0.6 : 35 2.0 : 14 0.0 : 0 90.9 : 100

ACER CIRCINATUM 5.0 : 72 0.4 : 46 0.2 : 23 0.07 : 14 2,5 : 67 9.6 : 100

CORYLUS CALIFORNICA 4.2 : 50 T : 4 T:6 0.0 : 0 3.8 : 33 2.0 : 50
ACER MACROPHYLLUM 0.5 ; 10 T : 4 0.0 : 0 2.0 : 7 11.0 : 33 0.0 : 0

RHAMNUS PURSHIANA 0.3 :20 T :4 0.0 : 0 0.0 : 0 0.0 : 0 0.0: 0

VACCINIUM PARVIFOLIUM 0.3 :42 1.2 :62 0.2 : 35 0.1 :35 1.2 : 67 1.6 : 50

ROSA GYMNOCARPA
1/

PSEUDOTSUGA MENZIESII -

0.2 : 46
0.2 :10

0.06 : 21

0.09: 8

0.02
0.2

: 23
: 12

0.01 : 14

0.2 : 14
0.08
0.0

: 67
: 0

2.8 : 100

0.0: 0

SALIX SF, 0.1 :20 0.04:21 0.1 : 12 0.0 : 0 0.0 : 0 0.0: 0

HOLODISCUS DISCOLOR 0.1 :20 0.1 :29 0.1 : 23 0.07: 7 0.0 : 0 0.0: 0

RIBES SANGUINEUM 0.04: 2 0.01: 4 0.0 : 0 0.0 : 0 0.0 : 0 0.0: 0

CEANOTHUS SANGUINEUS 0.04: 2 0.0 : 0 T:6 0.07: 7 0.0 : 0 0.0: 0

PRUNUS EMARGINATA T: 2 T:4 0.0 : 0 0.08 : 14 0.0 : 0 0.0: 0



Table 16. Concluded

Others

Plant Communities
ACCl/ COCA

n50
Cover: Const

VAPA/GASH
n24

Cover: Const.

PTAQ/LOCR
n17

Cover: Const.

RUPA/TRLA
n14

Cover: Const.

ACMA/SYMO
n3

Cover: Const.

ALRU/ACCI
n2

Cover: Const.

RUBUS PARVIFLORUS 34.3 : 94 19.6 : 83 30.7 : 94 47.3 : 100 11.2 : 100 72.3 : 100
R. URSINUS 21.7 : 88 18.8 : 96 14.5 : 100 10.5 : 64 35.3 : 100 8.9 : 100
PTERIDIUM A9UILINUM 16.7: 82 33.1 : 83 47.3 : 100 11.7 : 57 8.5 : 33 0.1 : 50
LOTUS CRASSIFOLIUS 7.8 : 72 5.7 : 79 18.8 : 100 9.1 : 79 0.0 : 0 3.8 : SO

POLYSTICHUM MIJNITUM 4.5 : 38 0.3 : 29 1.9 : 41 0.9 : 36 4.1 : 100 23.1 : 100
HOLCUS LANATUS 4.2 : 50 0.1 : 4 0.0 : 0 0.01 : 14 0.0 : 0 0.0 : 0
ANAPHALIS MARGARITACEA 3. 6 : 94 3. 8 : 88 7.6 : 94 5.4 : 86 5.0 : 100 0.05 : 50
ELYMUS GLAUCUS 3.2 : 88 1.8 : 92 3.8 : 100 6.0 : 100 4.1 : 100 1.6 : 50
AIRA CARYOPHYLLEA 2.5 : 82 2.8 : 58 1.4 : 35 4.6 : 50 3.5 : 100 0.0 : 0

RUMEX ACETOSELLA 1.9 : 52 1.3 : 37 0.8 : 29 1.7 : 29 0.7 : 67 0.0 : 0
MADIA SATIVA 1. 2 : 42 0. 1 : 12 0.04 : 6 0.2 : 21 0. 1 : 33 0.0 : 0

R. SPECTABILIS 1.2 : 14 0.0 : 0 0.5 : 12 0.0 : 0 0.0 : 0 0.0 : 0

LUZUIA PARVIFLORA 1.2 : 36 0.7 : 16 1.6 : 41 1.0 : 50 0.0 : 0 0.4 : 50
TREENTALIS LATIFOLIA 0.9 : 74 2.1 : 75 1.4 : 100 2.3 86 0,2 : 33 0.05 : 50

L. CAMPESTRIS 0.6 : 58 1.4 : 79 3.4 : 53 2.5 : 64 0.5 : 100 0.03 : 50
PHA CELIA NEMORALIS 0.5 : 26 0.9 : 42 0.08 : 24 0.9 : 79 2.7 : 100 0.0 : 0
EPILOBIUM MINUTUM 0.5:36 0.8:79 0.2k: 53 1.7 : 86 2.7: 100 0.0 : 0

GAULTHERIA SHALLON 0.3 : 4 3.8 : 50 0,0 : 0 0.0 : 0 1.0 : 33 0.0 : 0
CAMPANULA SCOULERI 0.2:48 1.2:79 2.2 : 76 1.0 : 71 0.0: 0 0.4 : 50
BERBERIS NERVOSA 0.2 : 8 1.2 : 54 0.1 : 29 3.4 : 36 0.0 : 0 0.0 : 0

DISPORUM SMITHII T : 2 0.0: 0 0.0 : 0 0.2 : 7 1,0: 3 0.3 : 50
ACHLYS TRIPHYLLA 0.0: 0 0.3: 4 0.0 : 0 1.1 :21 1.0: 33 0.0 : 0



Table 17. Characteristics of shrubs and trees in the Cedar Creek Enclosure - Summer, 1963

Sample too small for confidence interval.

Species
Number

in
Sample

Mean
No. Per

Plot

Mean
Diameter

(in.)

Confidence
Range

Interval
(P. , 05)

(in.)

Mean
Height
(in,)

Confidence
Range

Interval (in.)
(P. =, 05)

Percent of
Total No.
of Shrubs

ROSA GYMNOCARPA 208 1. 9 14 ± 1 1-54 20 1 1-66 23. 1

ALNUSRUBRA 174 1.6 85 10 11-360 132 13 5-480 19.2
ACER CIRCINATUM 157 1.4 58 7 10-240 73 8 5-240 17.4
VACCINIUM PARVIFOLIUM 129 1.2 29 2 5-66 42 4 5-90 14.3
CORYLUS CALIFORNICA 109 0.9 52 11 5-240 68 10 16-240 12. 1

HOLODISCUS DISCOLOR 48 0,4 23 4 5-54 35 6 5-90 5.3
RHAMNUS PURSHIANA 23 0.2 25 16 7-180 43 17 11-144 2.5
SALIXSP. 14 0.1 29 17 7-120 50 24 22-90 1.6
ACER MACROPHYLLUM 13 0. 1 58 49 1-300 86 61 1-300 1.4
PSEUDOTSUGA MENZIESII 10 0.09 72 22 42-120 156 52 78-300 1.1
PRUNUSEMARGINATA 9 0.08 18 6 11-30 28 2 22-30 1.0
RIBESSANGUINEUM 7 0.06 33 12 16-54 41 8 22-54 0.8
CEANOTHUS SANGUINEUS 4 0.04 25 7-54 40 7-90 0.4



-Table 18. Distribution of browse plants by height classes in the Cedar Creek Enclosure-
Summer, 1963.

Percent of Total Number
Height Class (ft. )

Species No. 0-1 1-2 2-4 4-6 6-8 8+

ROSA GYMNOCARPA 208 35 31 27 2 5 0
ALNUSRUBRA 174 2 4 10 12 13 59
ACER CIRCINATUM 157 3 9 31 19 20 18
VACCINITJM PARVIFOLIUM 129 1 20 41 30 8 0
CORYLUS CALIFORNICA 109 1 14 33 12 23 17
HOLODISCIJS DISCOLOR 48 6 38 40 6 10 0
RHAMNUS PURSHIANA 23 4 35 35 4 13 9
SALIX SP. 14 0 14 57 14 7 7

ACER MACROPHYLLUM 1' 13 23 15 23 0 0 39
PSEUDOTSUGA MENZIESII' 10 0 0 0 0 0 80
PRUNUS EMARGINATA 9 0 22 78 0 0 0

RIBES SANGUINEUM 7 0 0 86 14 0 0

CEANOTHUS SANGUINEUS 4 33 0 33 0 33 0

1/ Natural reproduction
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height classes.

These data show that there are relatively few seedlings, or

small plants of sprouting species. The relatively high percentage

of rose bushes in the low height class is due to the spreading, pros-

trate growth form of this species on many sites. Most representa-

tives of other species in smaller height classes were older shrubs

which had been subjected to severe browsing by mountain beaver and

deer. This was especially noticeable for wild cherry (Prunus

emarginata), cascara, huckleberry, and vine maple.

The distribution of shrubs over the enclosure is not uniform.

Occurrence and abundance of most species is greater on those areas

which might be considered aspossessing more favorable site factors.

Table 19 gives the distribution of woody species according to plant

community and Table 20 shows relationships between shrub occur-

rence and selected physical site characteristics. From the stand-

point of browse availability, it is clear that sites on lower elevations

support the greater number and variety of shrubs. It follows then

that plant communities occupying lower elevations are those pro-

ducing the most browse.

The relationship between disturbance and alder distribution

is apparent. The fact that more alders were found on shallow slopes

at lower elevations is probably associated with the use of tractor-

type logging which caused maximum surface disturbances favoring



Table 19. Distribution of available browse plants by plant communities in the Cedar Creek
Enclosure--Summer, 1963.

Number Per Acre
ACCl/

Species COCA
VAPA/
GASH

PTAQ/
LOCR

RUPA/
TRLA

ACMA/
SYMO

ALRU/
ACCI

ALNUS RUBRA 80 16 13 4 0 364
ACER CIRCINATUM 67 26 10 4 65 56
ROSA GYMNOCARPA 61 49 20 2 37 476
CORYLUS CALIFORNICA 58 1 2 0 9 42
VACCINIUM PARVIFOLIUM 27 69 13 8 65 28
RHAMNUS PURSHIANA 12 1 0 0 0 0

HOLODISCtJS DISCOLOR 8 23 21 2 0 0

ACER MACROPHYLLUM 3 1 0 10 19 0

RIBES SANGUINEUM 3 1 0 0 0 0

PSEUDOTSUGA MENZIESII- 2 2 3 4 0 0

SALIX SP. 2 8 8 0 0 0

PRUNUS EMARGINATA 1 1 0 14 0 0

CEANOTHUS SANGUINEUS 1 0 2 2 0 0

1/ Natural reproduction.



Table 20. Distribution of browse plants by physical site tharacteristics in the Cedar Creek Enclosure Summer, 1963

Natural repsoduction

Site Characteristic
Number Per Acre

ROGY ALRU ACCI VAPA COCA HODI RHPU SALIX ACMA PSME PREM RISE CESA Totals

Elevation (ft.)
800-1, 099 100 90 64 34 80 8 16 2 4 2 1 0 1 402

1,100-1,499 20 61 43 33 5 4 0 1 7 2 1 0 0 177

1, 500-1, 799 25 13 20 43 1 26 0 9 0 3 0 2 2 144

1,800-2,200 48 0 22 9 0 4 2 2 2 4 13 8 0 114

Slope Percent
16 34 72 9 53 0 0 0 0 0 0 0 0 1840-24

25-49 107 99 45 22 50 17 18 10 4 1 3 0 1 377

50-74 25 21 33 27 13 20 4 1 4 3 4 1 0 156

75-100

pt
61 56 40 54 27 3 2 4 3 3 1 4 2 260

Northeast 84 47 49 44 31 19 0 9 0 3 0 4 1 291

Southeast 19 26 40 28 29 17 2 0 1 2 0 4 0 168

Southwest 44 33 32 38 27 7 7 3 6 2 5 0 1 205

Northwest 73 105 50 18 35 11 11 5 3 4 1 0 1 307

Soil Type
Astoria 74 95 60 27 62 6 13 2 3 3 1 0 1 347

Hembre I 27 20 18 50 2 25 0 9 1 2 1 0 1 156

Hembre II 18 2 36 34 6 2 0 0 0 0 2 8 0 108

Kilchis 54 9 19 13 0 19 2 6 0 6 11 8 0 147

Trask 90 45 78 56 11 11 0 0 11 0 0 0 0 302

Surface Disturbance
High 66 97 29 20 25 11 8 4 8 1 1 1 0 271

Low 43 21 47 36 29 13 4 4 0 4 3 2 1 207
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the establishment of alder.

Influences on Survival and Growth of Douglas-fir Seedlings.

Non-significant correlation coefficients indicated that seedling sur-

vival and growth during the first field growing season were not close-

ly related to the vegetation characteristics which were employed as

variables (Appendix A). It is highly possible, however, that multi-

pie combinations of these factors and physical site factors would

yield valuable indices which would permit better evaluations of site

potential for planted seedling survival and growth.

Analysis of variance tests of first-year survival and growth

of seedlings among the four most commonly occurring plant commu-

nities showed no significant differences (F = 0. 85 and 2. 00 respec-

tively).

Survival and growth were highly variable among plots within

communities. This, was attributed largely to the variability which

existed within the communities themselves.

It may be possible to relate tree performance with one or a

combination of the same factors by more complete analyses of the

effects of physical and vegetative site factors on survival and

growth after longer periods of establishment.

Forage Production

The term forage as used in this study is defined as plant
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material which is commonly eaten by deer. The quantity and quality

of forage available to deer through the year was believed to be the

dominant natural factor limiting deer numbers, and within limits,

the sizes of individual deer in the Tillamook Burn in 1963.

Phenology. - Forage is produced in the enclosure and also in

much of the coastal mountain area during all seasons of the year.

The greatest production, of course, takes place during the normal

summer growing season when most species complete their annual

cycle. However, some species grow relatively well during the cold-

er seasons and several of these are important in the deer diet.

Weather conditions had a profound influence on cold-season

growth. Many plants produced a few new leaves after fall rains be-

gun, but most of these were killed by heavy frosts in November and

December. A relatively short period of warm weather any month

during the winter was accompanied by a noticeable IgreeningU of the

lower herbaceous plant layer. Conspicuous green plants in December

were those listed on page 24 plus Lupinus sp. , Lotus micranthus,

Senecio jacobea, Hypericum perforatum, Stachys mexicana, Oxalis

oreganus, Viola sempervirens, and Digitalis purpurea.

By February, buds had burst on isolated plants of Indian plum

(Osmaronia cerasiformis) and huckleberry, and a few new blackberry

leaves appeared. Herbaceous plants continued to develop until low

temperatures killed the new growth. The growth-freeze-back
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sequence was observed several times during the two winter study

periods.

Many species began to leaf-out by late March, but in 1963 cold

weather retarded growth, and most plants remained in relatively the

same immature leaf stage for three or four weeks. Green forage

was particularly scarce during this period. Many plants were in full

leaf in May and deer feed was abundant by that time.

The spring phenology of woody plants was highly variable

among species. As stated previously, some huckleberry bushes be-

gan to leaf in February but produced little new forage until April.

Currant (Ribes sanguineum) was in full bloom in April. Alder was

the first tree-sized species to break winter dormancy and cascara

the latest. Alders attained a full crown of leaves earlier in the

spring and retained leaves later inthe fall than other species.

Bud burst of planted Douglas-fir seedlings began in late April,

1963, and was general by the second week in May. A second flush

of growth on most trees was noted in late July.

Winter plant activity was strongly influenced by elevation and

aspect. Southeast-facing slopes at lower elevations appeared to have

the earliest and greatest magnitude of cold-season plant growth and,

thus, were important producers of deer forage.

Summer phenology was not studied because plenty of forage

was available during that season. However, in 1963, measurements
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were made on a small number of new shoots to ascertain when elon-

gation was completed so that sampling could be carried out to deter-

mine the supply of twigs which would be available for the winter food

supply. It was found that alder and huckleberry shoots continued to

grow fairly rapidly until September while those of vine maple, hazel,

and cascara had completed stem elongation by August 1.

Winter. - In order to obtain an estimate of cold and warm sea-

son forage production, sampling was carried out in March and during

the mid- summer.

March forage production was estimated to be 88 29 pounds

per acre green weight. Table 21 shows the distribution of March

forage in the enclosure. Determinations of dry matter contents at

this season indicated that green herbage contained about 80 percent

moisture which drastically lowers the overall value of the material

as a source of nutrients. Species included in the sample are shown

on page 24. It is believed that this estimate also closely approxi-

mated the green forage available from these species during

December.

There was little dOubt that cold-season forage production was

greater on highly disturbed, less-steep, south-facing slopes at

lower elevations. The data merelyquantify occurrences which can

be readilyobserved.

Summer. - Summer forage production was sampled during



Table 21. Distribution of green forage by important physical site
factors in the Cedar Creek Enclosure- -March, 1963.
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Site Factor
Number
of Plots

Pounds
Per Acre

Elevation (ft.)
800-1,099 17 161

1,100-1,499 18 107
1,500-1,799 17 32
1,800-2,200 11 40

Slope Percent
0-24 7 219

25-49 14 136
50-74 28 51

75-100 14 58

Aspect
Northeast 9 23
Southeast 16 106
Southwest 25 129
Northwest 13 32

Surface Disturbance
Low 9 50

Medium 38 74
High 16 156
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late July, August, and early September. Herbaceous leaf growth

was clipped and weighed while vegetative cover and heights were

being determined. Herbaceous forage was classified as available

for use in summer or winter seasons primarily on the basis of

whether the species were deciduous or semi-evergreen. Evergreens

were considered to be available in summer and winter even if they

were primarily winter-used plants. All current woody tissue was

included in the total for summer forage although few twigs were con-

sumed during the growing season.

Blackberry leaf production was estimated in pounds from num-

bers of leaves by utilizing the regression equation Y = -. 54+ . 393X

where Y corresponds to grams of leaves and X represents leaf num-

bers. The relationship of leaf number to leaf weight was established

by counting and weighing leaves in each macroplot. Values for salal

and Oregon grape were determined from mean values per leaf calcu-

lated from data obtained by counting and weighing samples of leaves

in macroplots.

Results of summer forage production sampling are shown in

Table 22. Quantitatively, there is no doubt that the forage supply

was abundant during the summer months. Production of food for

winter was also high, but weathering losses of blackberry leaves

during the fall and early winter could be expected to reduce the

winter total about 80 percent. Preferred forage in the summer total



Table 22. Deer forage available in the Cedar Creek Enclosure on

75

included blackberry, other herbage, and woody plant leaves. Pre-

ferred winter foods were blackberry and salal leaves, twigs of cer-

tain woody plants, and at specific times during the winter, Douglas

fir, Oregon grape leaves and twigs of most woody plants were eaten

only when forage became scarce and these foods must be considered

as survival rations along with sword fern (Polystichum munitum)

which was not included in the sample.

Production of woody plants according to species is shown in

Table 23. Twig production may appear low in relation to the large

numbers of shrubs in the enclosure (Table 17). However, the clip-

ping study reported in Table 9 indicated that the weight of current

twig growth on individual plants was low and a portion of that

September 1, 1963.

Forage
Pounds Per Confidence Total Pounds

Acre (green) Interval (p=. 05) in Pen (green)

Blackberry leaves 496 92 168, 500
Salal leaves 61 45 20, 680
Oregon grape leaves 24 15 8,210
Otherherbage 1,828 336 613,310
Woody plant leaves 130 53 44 200
Woody plant twigs 16 6 5,490
Douglas.fir 38 9 12,750

Total summer 2, 593 299 873, 140
Total winter 635 105 214,880



Table 23. Deer forage available from leaves and twigs of woody
plants in the Cedar Creek Enclosure on September 1,

growth could not be reached by deer.

The important role of Douglas-fir seedlings in the forage sup-

ply is shown in Figure 12. As seedlings grow, more food will be

available from them but other forage will decrease because the

crowns of firs will shade out the more important understory plants

such as blackberry and grasses. In time, perhaps over 15 to 20

years, the herbaceous forage supply can be expected to decline until

it will contribute little to the food supply in areas fully stocked with

Douglas-fir. The growth of leaves and twigs of woody plants will

certainly also decrease as these plants lose dominance and plant

succession progresses more and more rapidly toward a Douglas-fir

76

1963.

Species

Leaves
Pounds

Per
Acre

Confidence
Interval
(p= . 05)

Pounds Confidence
Per Interval

Acre (p= . 05)

ALNUS RUBRA 40. 0 ± 25. 3 5. 8 ± 3. 9
ACER CIRCINATIJM 40. 2 29. 5 2.0 1.3
VACCINIUM PARVIFOLIUM 13. 8 10. 1 4.9 4. 1
CORYLUSCALIFORNICA 11.8 7.3 2.5 1.6
OTHERS 4.8 3.8 0.8 0.7

Preferred 91. 2 37. 7 5. 7 4. 2
Total 129. 6 53.2 16. 1 5.6
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Growing Seasons After Planting

Figure lZ. Forage available from Douglas-fir seedlings planted in
the Cedar Creek Enclosure.
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fore St.

Effects of Physical and Biological Site Factors. - Results of

analysis of variance tests indicate that several factors influence the

amounts of forage which are available to deer (Table 24).

Differences in blackberry yield were significant among cate-

gories within slope, aspect, slope form, soil type, and disturbance.

It can be assumed that relatively large differences in other categories

are not significant mainly because of high within category variability.

Shallow, disturbed slopes produced more blackberry than did steep,

lightly disturbed areas. Slope and disturbances were often associated

in the enclosure because of tractor-type logging. The significant

differences in yield among soil types appears to be due primarily to

the influence of the Trask series. This category contained only five

plots which were all on highly disturbed sites. There seems to be

little doubt that surface disturbance is conducive to blackberry pro-

duction for a considerable number of years after logging or fire.

South-facing slopes produced greater amounts of blackberry

than those with northerly exposures. North-facing slopes generally

had greater overall vegetative cover which shaded the soil surface

and was relatively unfavorable for the growth of blackberry. Also

the vegetative mantle was taller on north-facing slopes which accen-

tuated the effects of shading.

Flat slopes had less blackberry than their convex and concave



Table Forage by physical and biological site24. production
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** Denotes that means are significantly different at .01 level.
1/ March forage production excluded.

factors in the Cedar Creek Enclosure-September, 1963
Pounds Per Acre of Forage

Site Factor RUBTJS URSINUS Summer Total Winter TotalL"
Mean F Mean F Mean F

Elevation (ft.
800-1,099 646 2,498 719

1,100-1,499 511 2.65 2,651 1.71 711 1.89
1,500-1,799 402 2,210 590
1,800-2,200 281 3,310 350

Slope Percent
0-24 992 1,833 1,019

25-49 754 8.66** 2,255 1.27 901 5.04?*
50-74 398 2, 723 544
75-100 324 2,766 468

Aspect
Northeast 305 2,472 457
Southeast 686 5. 10** 2,493 1.59 881 4. 33**
Southwest 594 2, 327 694
Northwest 262 3, 187 388

Slope Form
Convex 611 2,001 782
Flat 346 5.31** 3,053 5.46" 491 3.50*
Concave 667 2,283 736

Soil Depth (in.)
0-20 630 2,828 751

20-30 473 0.84 2,694 0.44 686 0.86
30+ 473 2,476 578

Soil Type
Astoria 565 2,801 631
Hembre I 429 1,989 671
Hembre II 258 2.90* 2,847 2.13 452 1.28
Kilchis 495 3, 142 636
Trask 1,036 1,887 1,095

Surface Disturbance
Low 273 2,905 419
Medium 499 4. 72* 2,503 0.68 658 2.51
High 691 2,423 762

Plant Community
ACCl/COCA 565 2, 836 635
VAPA/GASH 519 2.00 1,775 8,43*' 879 3. 99*
PTAQ/LOCR 330 1,835 441
RUPA/TRLA 296 3,899 355

* Denotes that means are significantly different at . 05 level.



80

counterparts. It is believed that this occurred partly because the

majority of macroplots falling on flat slopes was representative of

plant communities which had a relatively lower productivity of black-

berry. Thus, the value of blackberry on flat slopes may actually

represent an interaction between slope form and plant community.

Correlation analyses of blackberry production indicated that

yield was significant and negatively correlated (p = . 01) with eleva-

tion which denoted that as elevation increased, blackberry decreased

(Appendix A). A significant negative correlation (p = . 001) was also

determined between blackberry production and slope percent. Black-

berry was negatively correlated (p = . 001) with mean height of under-

story vegetation since yield decreased as overall plant height

increased

Analysis of variance tests indicated that summer forage pro-

duction values were different among slope form categories and

among plant communities (Table 24). Production was higher on flat-

shaped slopes primarily because thimbleberry (Rubus parviflorus)

cover was high on these sites andthis species was the leading con-

tributor to the summer forage resource. A similar relationship was

partly responsible for the high value of summer forage in the RUPA/

TRLA and ACCl/COCA plant communities where thimbleberry was

also abundant. The same high values for summer forage were ob-

served within the 1, 800 to 2, 200 foot elevational interval and on
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northwest-facing slopes

Differences in winter forage production were attributed to

variations in blackberry production withing the categories of slope

percent, aspect, and slope form. Salal and Oregon grape production

along with blackberry abundance were responsible for the high value

of winter forage in the VAPA/GASH plant community.

Forage Utilization

Quantitative Measures. - Forage utilization was estimated

quantitatively by making periodic checks of the food supply at suc

ceeding dates after the summer growing season and comparing the

results with previous checks. Differences were, in most cases, at-

tributable to use of forage by.deer. Weathering losses of blackberry

leaves had to be subtracted from total reductions in leaf numbers in

order to obtain a measure of actual utilization by deer. However,

from the standpoint of available forage, it was immaterial whether

leaves were lost to weathering or eaten since their removal resulted

in a reduction of available food.

Leaf utilization and losses through the year are summarized in

Table 25. A progressive decline in numbers of leaves began in

September, 1962, and reached a low point in March, 1963. By late

April, new leaves were being produced and by September, the leaf

supply was essentially restored. Year to year variations in



Table 25. Seasonal availability of leaf-forage in 63 mac roplots in the Cedar Creek Enclosure--
1962-63.

Number of Leaves Per Macroplot Sample

962 218.0 100.0 25. 1 100.0 4. 1 100.0
12-62 76. 1 34. 9 23. 1 92. 2 4. 1 99. 2
3-63 6.4 2. 9 19. 1 76.2 4.0 97.3
4-63 13. 5 6. 1 15. 1 60. 3 4. 1 100.0
9-63 199.8 91.7 31.0 123.1 4.3 104.5

RTJBUS URSINUS GAULTHERIA SHALLON BERBERIS NERVOSA
Mean Percent Mean Percent Mean Percent

Date Number Remaining Number Remaining Number Remaining
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blackberry leaf numbers reflected in the September counts can pro-

bably be expected because of the biennial growth habit of the species

and variations in summer browsing conditions.

Data from weathering exclosures indicated that nearly all leaf

reductions up to December could have resulted from weathering

alone. By March, the remainder in exclosures totaled 14 percent

of the September base number while leaves exposed to deer use

amounted to only three percent of the comparable summer value.

The leaf numbers in exclosures in September, 1963, amounted to

94 percent of the total for that month in 1962. This percentage was

comparable to the 92 percent figure from utilization plots.

Deer use significantly reduced salal leaves since only a few

leaves were lost to weathering. Use of salal appeared to be uniform

through the winter beginning in early fall when the fruits of this plant

ripened. Regrowth of salal did not begin as early as blackberry, but

the ultimate growing season production of salal in 1963 yielded 23

percent more leaves than in 1962.

There was no measurable use of Oregon grape during the 1962-

63 winter season. The minor fluctuation in numbers was due .to

weathering losses.

Utilization of woody plants is summarized in Table 26. The

total use of twigs was low although some species were browsed at

higher rates than others. It is certain, even though sample sizes
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Table 26. Browse utilization by species measured in 63 macroplots in the Cedar Creek Enclosure- -
September, 1962, through April, 1963.

Species
No. of
Plants

Percent
of

Plants
Browsed

No. of
Twigs

Percent
of

Twigs
Browsed

Percent
of

Twig Length
Browsed

SALIX SP. 5 80. 0 10 50. 0 27. 8
RHAMNUS PURSHIANA 4 50. 0 8 50. 0 25.3
PRUNUS EMARGINATA 3 33. 3 6 33. 3 20. 5
VACCINIUM PAR VIFOLIUM 45 44. 5 90 38. 8 13.2
HOLODISCUS DISCOLOR 12 25. 0 24 12. 5 3. 8
CEANOTHUS SANGUINEUS 1 100. 0 2 50. 0 3. 2
CORYLUS CALIFORNICA 22 31.7 44 25.0 3. 1
ROSA GYMNOCARPA 15 20. 0 28 10. 7 3. 0
ALNUS RUBRA 34 8. 8 68 5. 9 2.2
ACER MACROPHYLLUM 4 25. 0 8 12. 5 1.0
RIBES SANGUINEUM 4 0. 0 8 0. 0 0. 0
ACER CIRCINATUM 45 0. 0 90 0. 0 0. 0
PSEUDOTSUGA MENZIESII- 3 0. 0 6 0. 0 0. 0

All species 197 23. 5 392 17.8 6. 1
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were small, that willow (Salix sp.), cascara, and cherry were pre-

ferred species. In all probability, the selective browsing of these

and a few others is a major reason for their relative scarcity in the

enclosure.

Quantitatively, huckleberry was the most heavily browsed spe-

cies and was considered to be the most valuable woody winter food

plant because it was relatively abundant in many parts of the enclo-

sure. Huckleberry was utilized through the fall and winter period.

This species is unique among the browse plants in the pen because it

retains twig succulence for at least two seasons and deer can use old

as well as current growth if necessary.

It is possible that the order of preference, and certain that the

degree of utilization would change under more severe weather condi-

tions than were encountered during the winter of 1962-63.

Utilization of green forage was estimated in March to be about

20 percent of the available supply.. Field work indicated that esti.-

mates of current use on growing plants were highly unreliable unless

plots protected from grazing were available for comparisons.

Qualitative Evaluations. - During early September, 1963, all

woody plants in each macroplot were examined for signs of browsing

by deer and mountain beaver. Results of the investigations are

shown in Table 27 and Figures 13 and 14. The order of preference

for winter browsing by deer is comparable with results from the



Table 27. Summary of woody plants browsed by deer and mountain beaver in the Cedar Creek Enclosure - Winter, 1962-63 and Summer, 1963

Natural reproduction.

Leaves and twigs.

Species

Deer Mountain Beaver

Number
Available

Percent of Number Browsed
Number
Available

Percent of Number Browsed
Winter
(Twigs)

Summer
(Leaves)

Winter
(Twigs)

Summer
(Twigs & Leaves)

VACCINIUM PARVIFOLIUM 129 70.5 2. 31 129 38. 3 19.5
RHAMNUS PURSHIANA 22 68. 2 27. 3 22 18. 2 13. 6
SALIX SP. 15 66.7 0.0 15 6.7 0.0
CEANOTHUS SANGUINEUS 3 66.7 0.0 3 0.0 0.0
HOLODISCUS DISCOLOR 48 54. 2 2.1 48 2.1 2.1
RIBES SANGUINEUM 6 50.0 33. 3 6 6.7 6. 7
PRUNUS EMARGINATA 9 35.6 11,1 9 0.0 0.0
CORYLUS CALIFORNICA 109 33.9 12.8 109 9.2 11.9
ACER MAC ROPHYLLUM 14 21 4 21.4 14 21 4 14. 3
ROSA GYMNOCARPA 193 8. 7 0.5 208 0.0 0.0
ACER CIRCINATUM 157 1.9 34.4 160 43.8 28.1
ALNUS RUBRA 174 1 2 4.0 179 24.0 27.9
PSEUDOTSUGA MENZIESII' 10 0.0 0.0 10 0.0 0.0
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Figure 13. Woody plant browsing by deer in the Cedar Creek Enclosure--1963
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Species
Figure 14. Woody plant browsing by mountain beaver in the Cedar Creek nclosure- -1963.
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Trial Pens and quantitative utilization determinations. These re-

suits probably give the most reliable indication of woody plant pre-

ference by both deer and mountain beaver obtained during the study

because they are based on the largest sample of plants and include

data from all parts of the enclosure.

It is likely that winter utilization of less preferred species is

closely associated with the amount and duration of snow cover in any

given winter. Shrubs not browsed back for several years generally

attain heights which place their crowns beyond the reach of deer so

that a series of mild winters could result in a permanent reduction

in the supply of woody forage.

The most important summer browse plant was vine maple.

A relatively large amount of summer forage is provided by this spe-

cies because plants are numerous and most have leaves within the

reach of deer. Hazel was the only other abundant woody plant which

was important in the summer diet. Deer also exhibited a liking for

cascara and big-leaf maple (Acer macrophyllum), but comparatively

few of these plants grew in the enclosure. A considerable increase

in the use of alder leaves was noted beginning in early September

and continuing until leaf-fall. Fall use of vine maple, hazel, and

huckleberry was also noted.

Mountain beaver fed on a large number of woody species in

winter and summer (Table 27). Their use of individual plants was
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readily discernible because they removed branchlets as large as one-

half inch in diameter. Except for rose, all species appeared to be

utilized wherever mountain beaver colonies were present, and many

vine maple, huckleberry, and alder plants were badly deformed be-.

cause of mountain beaver cuttings.

The impact of mountain beaver use on deer forage plants was

not evaluated but it was obvious that the two animals used many of

the same forage plants.

Browse Transect. - Information from the browse transect was

of particular value in determining the timing of Douglas-fir browsing.

It was observed that intensive browsing of firs began in the Trial

Pens after snow had covered blackberry, salal, and winter-active

herbs. The browse transect permitted verification in the main en-

closure of the results in the Trial Pens.

Approximately 600 seedlings were checked for signs of brows-

ing during each traverse of the transect. No sample seedlings were

browsed by deer until the first check after an extensive snowfall

which covered the pen in late January, 1963 (Table 28 and Figure 15).

Seedling use apparently began at lower elevations while ground forage

was unavailable. The snow blanket remained about three days at

lower levels but fir browsing continued at a relatively high rate until

mid-March. The use of fir was minimal above 1, 600 feet but also

continued at this elevation through the winter season.



Cumulative Percent of Total Number of Seedlings
Browsed by Check Dates

Checks began on November 17, 1962.
2/ Includes browsing by mountain beaver, hares, and rabbits.
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Table 28. Deer browsing of Douglas-fir seedlings observed along a
transect in the Cedar Creek Enclosure--Winter, 1962-63.

Elevation (ft.) 1-25 2-8 .22 3..9 4..8

800-1,070
Deer 2/Other-

0.0
0.0

0.0
0.0

Z1.4
0.7

45.3
0.7

63.5
0.7

68.3
0.7

Total 0. 0 0. 0 22. 1 46. 0 64. 2 69. 0

1,070-1,340
Deer 0.0 0.0 1.5 18.9 44.3 61.6
Other 0.0 0.0 0.0 0.0 0.0 0.0
Total 0.0 0.0 1.5 18.9 44.3 61.6

1,340-1,610
Deer 0.0 0.0 1.9 11.0 17.4 36.6
Other 0.0 0.0 0.0 0.0 0.0 0.0
Total 0.0 0.0 1.9 11.0 17.4 36.6

1,610-1,880
Deer 0. 0 0. 0 0.0 6. 7 7. 5 8. 9
Other 0.0 0.0 0.0 0.6 0.6 0.6
Total 0. 0 0. 0 0. 0 7. 3 8. 1 9. 5

1,880-2,200
Deer 0.0 0.0 0.0 0.6 0.6 4.1
Other 0.0 2.6 5.8 10.6 14.0 14.0
Total 0.0 2.6 5.8 11.2 14.6 18.1

Summary
Deer 0.0 0.0 5.2 15.3 24.6 28.8
Other 0.0 0.8 2.0 3.3 4.2 4.2
Total 0. 0 0. 8 7.2 18. 6 28. 8 33. 0
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Figure 15. Deer browsing of Douglas-fir seedlings growing along a
transect in the Cedar Creek Enclosure--Winter, 1962-63.
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The browse transect was rechecked on January 9, 1964, before

any appreciable snowfall had occurred. Only one tree exhibited evi-

dences of browsing by deer on that date. During the next week, snow

blanketed the pen several times, but ground forage was never covered

for more than 36 consecutive hours. Observations in the lower pen

on January 20 indicated that a considerable number of trees had been

browsed during the previous 11 days. A heavy snowstorm in late

January deposited up to three feet of snow at higher elevations and

nearly one foot in the lowest part of the enclosure. The cover re-

mained only two days before torrential rains washed it away. The

browse transect was rechecked once more on February 9, and it was

found that deer had browsed almost 10 percent of the trees that were

examined.

Utilization of woody plants growing along the browse transect

is shown in Table 29. Huckleberry proved to be the favored browse

plant at all elevations. Other species were also browsed periodical-

ly but sample sizes were too small to assess their importance as

forage plants on a time-interval basis. Values for alder browsing

were higher along the transect than elsewhere in the enclosure and

approximated those of Trial Pen II in the winter of 1962-63. It was

noted that utilization of alder consisted almost entirely of bud crop-

ping. There appeared to be no increase in twig browsing of any spe-

cies after the late January snowfall in 1963 although ground forage



1! Chances for browsing equals number of plants times number of check dates.

Table 29. Deer browsing of woody plants observed along a transect in the Cedar Creek Enclosure - Winter, 1962-63

Elevation (ft.)
Numberand Species

Number Browsed Since Previous Check Times Browsed!
Chances for Browsing1962 Check Dates 1963

11-17 12-1 12-18 12-29 1-12 1-25 2-9 2-22 3-9 4-8
800-1,070

ALRU 4 0 1 0 0 1 2 0 0 0 1 5/40
VAPA 3 1 2 1 2 2 3 3 3 0 3 20/30
COCA 3 0 2 0 0 1 2 2 0 0 0 7/20
ACCI 2 0 0 0 0 0 0 0 0 0 0 0/20

1.070-1,340
ALRU 4 0 0 0 1 0 1 0 2 0 3 7/40
VAPA 2 0 0 1 1 0 0 1 0 0 1 5/20
HODI 1 0 0 1 1 0 0 0 0 0 0 2/10
ACCI 1 0 0 0 0 0 0 0 0 0 0 0/10

1,340-1,610
VAPA 5 0 0 3 0 0 0 0 2 2 2 9/50
ACCI 1 0 0 0 0 0 0 0 0 0 0 0/10
ALRU 1 0 0 0 0 0 0 0 0 0 0 0/10
CESA 1 0 0 0 1 0 0 0 0 0 0 1/10

1,610-1, 880
VAPA 4 0 0 2 0 0 0 1 1 0 0 4/40
ALRU 3 0 0 1 0 0 1 0 1 0 0 3/30
HODI 1 0 0 0 0 0 0 0 0 0 0 0/10

1, 880-2, 200
VAPA 5 0 0 3 0 0 2 2 2 2 2 13/50
RISA 1 0 0 0 0 1 0 0 0 0 0 1/10
SAUXSP. 1 0 0 0 0 0 0 0 1 0 0 1/10
ALRU 1 0 0 0 0 0 0 0 0 0 0 0/10
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was unavailable for a three-day period between the January 25 and

February 9 check dates.

Rumen Samples. - Information obtained from examinations of

rumen contents is shown in Table 30. The relationship between ob-

served forage utilization and rumen contents was remarkably good.

Although identifications to species were not attempted except for cer-

tain plants, the seasonal pattern of use appeared to be similar to that

determined by other means. In general, blackberry was utilized all

year but was especially important during the fall months. It was as-

sumed that collections of stomach samples in November, December,

and January would also have contained relatively large proportions

of blackberry leaves.

Grasses were highly important in the winter samples and were

also found in stomachs collected in October. Observations indicated

that deer began eating green grass when it appeared after late sum-

mer rains. From these data, it is reasonable to assume that grasses

and other green herbage may comprise up to 50 percent of the deer

diet during portions of the winter season.

Salal was relatively abundant in late summer samples and could

be expected to contribute to the food supply through much of the

winter season.

Leaves of herbaceous and woody plants made up nearly all the

contents of summer collections and were highly conspicuous in



Table 30. Contents of runen samples from 14 deer collected in the Cedar Creek Enclosure- -
1963 and 1964!'

Stomach Contents Estimated in Percent

! Samples collected by W. W. Hines, F. L. Miller, and F. Alajoki, Oregon State Game Commission
2/ Yearling
3/ Mature
4/ Fawn

Collection
Date Sex

Age -
Class Blackberry Grass Salal

Other
Leaves Seeds Twigs

Douglas-
fir

1963
March M Y-' T 45 0 50 0 5 0
March M Y3, T 40 0 25 0 10 25
March F M 10 75 0 15 0 T 0
June M Y 10 0 0 90 0 0 0
July M Y 5 0 0 95 T 0 0
July M Y 10 0 0 90 T T 0
July F M T 0 0 95 5 0 0

July M M 5 0 0 95 T 0 0

September F M 70 0 20 10 0 0 0

September F M 40 0 40 20 0 0 0

September F M 50 0 25 25 0 0 0

October UNK, Y 30 20 T 50 0 0 0

October UNK. Y 40 10 T 50 0 0 0

1964 4/February UNK. F 20 75 5 0 0 0 0
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samples obtained in autumn before leaf fall. Leaves of winter-active

forbs were prominent in the late winter stomachs but their relative

importance from year to year might be strongly influenced by grow-

ing conditions. Seeds of herbaceous species were found in summer

season samples and it was assumed that these were eaten incidental-

ly as deer browsed on low growing forage.

Twigs of woody plants were relatively unimportant in the diet

of these deer at the times of collections. It was believed that all

twigs found in the samples were huckleberry, but identifications

were difficult because of partial decomposition of the material.

Douglas-fir was found in only one stomach. It was apparent

from supporting data that the availability of alternative forage had a

strong influence on fir browsing and therefore that prevailing weath-

er conditions and particularly the presence or absence of snow cover

at the time of collection could determine whether or not fir was

found in the rumen. The possibility also exists that certain deer

prefer Douglas-fir to a greater degree which could lead to variabil-

ity in fir content among samples collected at the same time.

Deer Food Requirements and Seasonal Availability of Forage

Feeding trials with deer have been carried out by many

workers. Nichol (73, p. 16) worked with white-tails (0. virginianus)

and concluded that 2. 35 pounds of air dried forage per 100 pounds of
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deer was sufficient. According to Davenport (23), experimental

white-tails ate from 3. 19 to 6. 94 pounds of mixed browse per hun-

dredweight of deer during a winter feeding trial in Michigan. On a

dry basis, these values ranged from 1. 84 to 3. 19 pounds. Forbes

et al. (30) conducted digestion trials with white-tail fawns and deter-

mined that 50-pound animals ate about 1 1/2 pounds of air dried

forage per day.

A long term feeding trial using artificial rations showed that

50-pound white-tails ate one pound of air dried forage per day in

December, two pounds by the end of January, and five pounds per

day during the following summer (Frenchetal. 31, p. 19). These

workers concluded that a 150..pound deer would need 10 to 12 pounds

of good fresh browse per day for maximum growth (p. 46)

Cowan et al. (18) measured forage consumption of black-tailed

deer in British Columbia and estimated that a daily intake of eight to

ten pounds of green summer forage was needed by a 50-pound fawn

during the rapid growth period. This study showed that the daily in-

take of a 200-pound buck was 5. 0 pounds of pelleted ration in the

winter and 5. 6 pounds during the summer. Brown (12, p. 77) fed

monospecific and mixed native forage diets to black-tails during the

winter season and obtained an overall consumption value of 2. 85

pounds of air-dried forage per hundredweight of deer for all ages

and sexes.
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From these studies, it appears reasonable to assume that the

average 100-pound deer might be expected to consume about two or

three pounds of dry forage per day and that consumption would be

somewhat lower during the winter.

By combining forage production and utilization data, it was

possible to formulate a general picture of forage availability by sea-

sons. Table 31 and Figure 16 show the estimated values of forage

available in the enclosure at four dates during the year. The August

values are utilized as the base or growing season resource which

provided residual supplies of leaves and twigs for use through the

winter when production was limited to winter-active plants. Pre-

ferred forage made up the dominant proportion of the totals because

only those plants commonly eaten by deer at one or more seasons

were included in the samples.

Changes in amounts of forage from season to season were cal-

culated from utilization data except for herbage in December and

April which were extrapolated from March sampling results. Oven-

dry forage totals were determined from data to be discussed in the

following section.

On a pounds-per-acre basis, there appeared to be a plentiful

supply of food during the summer and fall months, and in fact during

most of the year. However, field observations indicated that a min-

imum value occurs below which a particular species or class of
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Table 31. Estimated seasonal production of forage available to deer
in the Cedar Creek Enclosure--1962-63.

forage contributed little to the current food supply. This value was

estimated to lie between 25 and 50 pounds per acre for blackberry,

salal, and winter herbage. Totals of these magnitudes can be at-

tained from inconspicuous amounts of vegetation hidden beneath the

residue of bracken fern fronds and thimbleberry leaves.

The seasonal distribution of available forage was markedly

different. Summer supplies were abundant throughout the enclosure,

but winter food was relatively scarce at higher levels. Elevation

was the most important topographic factor influencing seasonal for-

age availability. Differences among other topographic features

Pounds Per Acre (Green Weight)
August December March April

Forage 25 25 15 30

Blackberry 495 174 15 30
Salal 61 56 46 37
Oregon grape 24 24 24 24
Other herbage 1,828 59 88 118
Woody plant leaves 130 0 0 6

Woody plant twigs 16 15 15 14
Douglas-fir 38 38 37 36

Totals 2,592 366 225 265

Oven-dry totals 890 101 65 70
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Figure 16. Total and preferred forage available at different seasons
in the Cedar Creek Enclosure - 1962-63.
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could be equalized by deer by moving to more favorable locations,

but unfavorable weather during the winter at the upper elevations

frequently made the forage there unavailable to deer. Winter active

plants were rare at higher altitudes and spring regtrowth began later

than at lower levels. Leaf losses by blackberry were extreme and

many huckleberry shoots were frozen above 1, 900 feet. During the

winter, deer seldom visited the highest parts of the enclosure and

were most often observed on low grass-covered slopes or in patches

of salal and huckleberry in the East drainage. It is assumed that

deer movement patterns would vary in a given winter, depending on

weather conditions, but would be generally similar from year to

year.

Snow fall was the major physical factor affecting forage avail-

ability on a given date. Figure 17 gives a theoretical approximation

of the food supply with one foot of snow cover. Under these condi-

tions, forage would be drastically reduced because ground vegetation

would be unavailable. Actual totals would be still lower than shown

in the figure because the upper portions of thepencould not be

reached by deer if the lower flats were covered by one foot of snow.

It is clear that snowfall is the most important annual factor

affecting deer in the Cedar Creek area much as it is on many other

ranges. Prolonged periods of deep snow are particularly detrimental

for Tillamook black-tails because of their dependence upon ground
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Figure 17. Forage available with one foot of snow cover in the
Cedar Creek Enclosure--1962-63.
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forage for winter feed.

Forage Quality

Chemical Analyses. - Many investigators have used chemical

analyses of plants as a method of obtaining measures of their value

as deer forage (4, 25, 26, 28, 29, 34, p. 167; 50, 64, p. 67; 84, 89,

p.. 83). Others have combined feeding or digestion trials with chem-

ical analyses in order to establish relationships between forage pre-

ference, nutrient content and food value (7, 10, 20, 30, 66, 69, 82).

Most workers agree that chemical contents of feed may be used

as general indices of forage quality and that crude protein is proba-

bly the most valid single indicator. Evidence has also been pub-

lished which implies that the nutritional status of plants may be

closely associated with forage preference.

There seems to be little doubt that much can be inferred about

the nutritional status of a given section of game range from know-

ledge of the chemical content of its forage resource. For the pres-

ent study, plants were selected for analyses because they were im-

portant in the annual forage supply at one or more seasons. Douglas-

fir was included because it was desired to learn how tree seedlings

compared in nutrient content with alternate foods at times when

browsing of fir might be expected.

Several authors have pointed out that most plant species show

104
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seasonal fluctuations in nutrient content (17, P. 267; 27, p. S6; 29,

32, p. 6; 37, 86, p. 156; 88, p. l65) Certain nutrients are more

abundant during the growing season and gradually decline as dor-

mancy approaches while others are higher during dormancy and

reach their lowest values when plants are rapidly growing.

In this study, seasonal classes were based on the phenology

of plants and climatic sequences rather than strict adherence to

three-month arithmetical divisions of the year. Spring included

the months of April, May, and June. Summer extended from July

through October, and included the period when mature leaves were

available on most species. November and December made up the

fall season while winter was represented by January, February, and

March.

Results of analyses of collections averaged by seasons are

given in Table 32 and average values for monthly periods are shown

in Appendix C. All analyses were carried out on samples dried at

1000 C.

Dry Matter. - Bissel (9, 10) has aptly pointed out that the

percentage of dry material in deer diets has a great influence on the

amounts of nutrients that are available for digestion. Without con-

sidering differential digestibilities, it is clear that excessively high

moisture in a feed leaves little dry matter to be digested even if all

the solids are highly digestible. In addition, animals on high



Not collected
2/ A composite sample of species clipped during forage production sampling.

Table 32. Seasonal chemical contents of forage plants collected in the Cedar Creek Enclosure - 1962-63-64

Species Season

Oven Dry Percent

Dry
Matter

Crude
Protein

Crude
Fat

Crude
Fiber

Ash
Nitrogen-

Free Extract Calcium Phosphorus Ca:P

Spring 35.16 13.45 8.98 22.43 2.64 53.80 0.67 0.25 2.7:1
ALNUS RUBRA Summer 36.39 16.27 7.08 12.39 3.06 61.08 0.61 0.19 3.2:1

Fall 50.00 8. 56 8.98 25. 75 2.01 54. 70 0.48 0.20 2.5:1
Winter 48.15 8.48 9.35 26.91 2.24 53.02 0.53 0.22 2.5:1
Spring 37.88 9.83 4.42 38.30 2.69 46.49 0.82 0. 19 4.3:1

ACER Summer 34.31 12.59 4.05 15.74 6.55 61.33 0.90 0.27 3.3:1
CIRCINATUM Fall 51.97 5.31 4.68 44.82 2.20 43.00 0.73 0.14 5.3:1

Winter 52.11 4.55 5.17 48.29 2.22 39.77 0.81 0.13 6.2:1
Spring 32.61 9.38 2.28 36.80 2.79 50.17 0.76 0.17 4.5:1

VACCINIUM Summer 30.80 p.73 3.57 26.45 3.82 56.55 0.83 0.18 4.6:1
PARVIFOLIUM Fall 44.22 5. 81 1. 75 42. 17 2.45 47.83 0.66 0. 13 5.2:1

Winter 46.76 5.39 1.63 45.18 2.44 45.36 0.80 0.15 5.3:1
Spring 40.75 10.70 1.77 35.47 2.57 52.52 0.67 0.17 4.1:1

CORYLUS Summer 37. 72 13. 14 2.69 14.01 4.27 65.81 0. 75 0.24 3. 1:1
CALIFORNICA Fall 49.62 5.27 136 35.61 2.13 55.63 0.56 0.11 5.2:1

Winter 51.00 4.92 1.37 39.23 2.09 53.40 0.63 0.12 5.3:1
Spring 27.03 15.73 3.54 13.26 4.88 62.82 0.69 0.35 2.0:1

RUBUS Summer 31.81 12.51 4.36 13.87 4.37 65.47 0.73 0.26 2.8:1
URSINUS Fall 35.30 10.85 6.55 12.38 4.17 66.04 0.67 0.22 3.0:1

Winter 41.50 10.70 4.79 13.77 4.63 66.12 0.65 0.25 2.6:1
Spring 30.03 10.53 5.44 31.62 11.65 43.29 0.10 0.40 0.3:1

PSEUDOTUGA Summer
MENZIESII Fall 29.57 8.45 5.87 26.59 8.08 51.03 0.05 0.40 0.2:1

Winter 37.38 .8.82 6.26 25.79 10.19 48.94 0.08 0.44 0.2:1
Spring 18. 14 15. 98 4.02 20.57 7.36 52.07 0.43 0.41 1. 1:1

Herbage Summer - 33.81 10.14
Fall 1/
Winter 15.42 17.97 3.42 19.50 6.84 52.26 0.28 0.40 0.7:1

GAULTHERIA Winter 28.56 7.11 3.16 24.69 3.46 61.58 0.68 0.12 5.6:1
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moisture diets in the winter require much energy to raise large

amounts of cold water to body temperature (60).

Dry matter was generally lower in the spring and summer, and

higher in winter in woody species.(Figure 18). Seasonal differences

corresponded to the growing and dormant seasons of these plants.

Dry matter content fluctuated because seasonal groupings were based

on the presence or absence of canopy leafage on deciduous plants.

Monthly changes in dry matter were generally more gradual but in

some cases exhibited an erratic seasonal progression (Appendix C).

Dry matter variation from month to month within the same sea-

son was partly due to the method of determination of the values.

Plant samples were clipped and immediately placed in sealed plastic

bags to prevent moisture loss. Therefore, surface moisture was

included in green weight determinations and materials collected on

rainy days had somewhat higher moisture contents than those ob-

tained when the weather was dry. This procedure was followed

because it provided samples which most nearly approximated the

actual moisture-to-dry matter ratio which animals ingested.

Crude Protein. - Crude protein has been described as the

most appropriate indicator of feed quality because it is the most

important forage constituent for growth and maintenance(ll, 29, 88,

p. 166).

Protein content of all plants was highest during the growing



Figure 19. Seasonal crude protein content of four forage plants
collected in the Cedar Creek Enclosure- - 1962-63.
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Figure 18. Seasonal dry matter content of four forage plants
collected in the Cedar Creek Enclosure--1962-63.
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season and lowest during dormancy (Figure 19). This was probably

also true for winter active herbs although no samples were collected

during their dormant season. This protein value of 19 percent was

the highest for any forage in the winter but the value on a unit-intake

basis was relatively low because dry matter content was only about

15 percent.

Einarsen (28) reported protein contents for species which he

collected in the Burn during the period between the 1939 and 1945

fires. His data compared with those for 1963 indicate that protein

values for June and December for alder and vine maple were almost

identical.

Crude Fat. - Crude fat content appeared to be the most vari-

able constituent among species among seasons (Figure 20). Alder,

vine maple, and Douglas-fir had higher fat content in the winter while

huckleberry and hazel contained more in the summer season. Black-

berry had a high value in the fall season. According to Atwood (7),

crude fat is the ether extract which includes glycerides of fatty acids

plus sterols, pigments, chiorophylis, and waxes which are not fats

and do not necessarily function as fats. The unusually high values

of crude fat in alder may have been associated with the content of

one or more of these latter ingredients.

Bissel et al. (10) commented that fats in the parts of plants

commonly eaten by deer are generally low and therefore relatively
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Figure 20. Seasonal crude fat content of four forage plants
collected in the Cedar Creek Enclosure-- 1962-63.
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unimportant in ruminant nutrition. However, Dietz et al. (27, p. 51)

concluded that high fat content in Rocky Mountain plants provided

a good source of energy while animals were on summer and fall

ranges.

Crude Fiber. - Crude fiber includes the more resistant woody

material which remains after proteins, fats, and soluble carbo-

hydrates have been removed. Fiber content is highly important in

the utilization of feeds because in general, the higher the crude

fiber content the lower the digestibility of a feed (27, p. 79; 30, 72,

p. 13).

Many authors have pointed out that crude fiber increases as

the growing season progresses (32, p. 6; 34, p. 167; 37 and others).

Results from the Cedar Creek enclosure followed this pattern closely

except for blackberry and Douglas-fir which showed only slight sea-

sonal changes in fiber content (Figure 21 and Appendix C). Uniform

values for blackberry can be explained by the fact that leaves were

the only portion of the plant sampled at all seasons. It is believed

that the relative consistency of fiber in Douglas-fir was associated

with its evergreen growth form as reported by Gordon and Sampson

(32) for broadleaved evergreen plants.

Nitrogen-Free Extract. - Nitrogen-free extract (NFE) and

crude fiber compose the carbohydrate fractions of feeds as deter-

mined by the proximate or Weende method of analysis (67, p. 50).
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Nitrogen-free extract contains the more easily digested portions of

carbohydrates including sugars and starches. Because the percent-

age of NFE is determined by subtracting the values for other proxi-

mate principals from 100 percent, it is clear that the value is dei.

pendent on the content of the other constituents.

Percentages of nitrogen-free extract were higher during the

summer in all deciduous woody species. High values were primarily

the result of the very low crude fiber content during the growing sea-

son. Values for blackberry were uniform for all seasons which re-

flected the uniformity among seasons of other nutrients.

Minerals. - According to Maynard and Loosli (67, p. 125) over

70 percent of the body ash consists of calcium and phosphorus.

Countless physiological processes are dependent on these nutrients

and many nutritional diseases have been linked to deficiencies of one

or both, and to imbalances between the two.

Calcium content was somewhat higher during the summer in

broadleaf species, but did not vary more than about . 25 percent in

species among seasons (Figure 22). Percentages were exceedingly

low in Douglas-fir (Appendix C).

Phosphorus contents were generally higher during the growing

season. Highest values were recorded for Douglas-fir and winter

herbage while huckleberry had the lowest annual percentages of

phosphorus (Figure 23).
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Figure 22. Seasonal calcium content of four forage plants
collected in the Cedar Creek Enclosure--1962-63.
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Figure 23. Seasonal phosphorus content of four forage plants
collected in the Cedar Creek Enclosure-- 1962-63.
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Artificial Rumen Analyses. - No discussion of the merits and

disadvantages of in vitro procedures are presented here. Smith (85)

has reviewed literature in his Master's thesis and provided a com-

prehensive description of the methods he used to obtain data reported

here. In vitro digestibility values for the various forages are used

only to rank species at different seasons, and for certain species to

compare artificial digestibilities with nutrient contents and animal

preferences.

Table 33 shows the results of laboratory digestion trials.

Digestibilities of native forages were well below the value for alfalfa

pellets. Only green herbage approached the comparable value for

the prepared ration. The expected increase in digestibilities were

noted in June when samples contained new leaf growth which was low

in crude fiber.

In all probability, values would have differed if the trials had

been made with rumen liquor obtained from deer rather than sheep.

It is also possible that woody materials might have digested more

completely if the sheep donors had been eating a browse diet rather

than alfalfa pellets.

Rankings of species by seasons according to their dry-matter

digestibilities are as follows:



! Analyses by Gary E. Smith, Department of Animal Science, Oregon State University.
2/ Not analyzed.

Table 33. In vitro dry matter di1gestibility of forage plants collected in the Cedar Creek
Enclosure- - 1962-63'

Species
Percent Digested

Fall Winter April-May June

ALNUS RUBRA 15. 74 15. 77 14.90 27.89
ACER CIRCINATUM 18. 09 16. 82 17. 70 39. 51
VACCINIUMPARVIFOLIUM 16.88 15.99 14.85 38.45
CORYLUS CALIFORNLCA 12.34 13.30 9.05 29. 85
RUBUS URSINUS 29.80 21. 15 21.94 26.93
PSETJDOTSUGA MENZIESII 21. 50 21.24 10. 52 2/
Green herbage 2/ 2/ 46.84 2/
Control alfalfa 50. 58 50. 58 50. 01 47. 98
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Species Comparisons. - The hypothesis that deer select the

most nutritious forage was tested by comparing the results of utiliza-

tion studies and chemical analyses for species which were preferred

at one or more seasons. Nutrients used to index relative values

were crude protein and fiber (Figures 23 and 24).

Alder was utilized mainly during the late summer when it had

the highest protein and lowest fiber content of any species. Protein

remained relatively high and fiber low through the year but alder

received only casual browsing in other seasons. When more highly

preferred species were unavailable or scarce in late winter, deer

used increasing amounts of alder.

Vine maple was a favored plant only during the summer period

when leaves were available. Protein was relatively high and fiber

low at this season. During the fall and winter, protein content was

poorest and fiber highest of any tested species. At these times,

deer did not feed on vine maple except after other species had re-

ceived moderate use.

Huckleberry was the most highly preferred woody forage when

Early Spring Late Spring Fall Winter

Herbaceous plants Vine maple Blackberry Douglas-fir
Blackberry Huckleberry Douglas-fir Blackberry
Vine maple Hazel Vine maple Vine maple
Alder Alder Huckleberry Huckleberry
Huckleberry Blackberry Alder Alder
Douglas-fir Hazel Hazel
Hazel
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Figure 24. Monthly crude protein content of four forage plants collected in the Cedar
Creek Enclosure-- 1962-63.
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Figure 25. Monthly crude fiber content of four forage plants collected in the Cedar Creek
Enclosure--1962-63.



119

leaf material was not available on other plants. General chemical

analyses yielded no explanation for its favored status. Crude protein

ranked low while the fiber fraction was high when huckleberry re-

ceived its greatest use. It was concluded that other nutritive factors

must have been present or absent which were the key to its prefer-

ence as dormant season browse.

Blackberry was the leading forage species in preference, nutri-

tive content, and also in digestibility. Preference was highly related

to protein and fiber content in blackberry. Except during the sum:-

mer period when high quality feeds were abundant, blackberry leaves

were actively sought by deer. When the leaf supplywas exhausted

in the winter, deer turned to other forage, but returned toblack-

berry leaves as they became available in early spring.

Salal played an important part in wintering deer. Although

chemical analyses were limited to samples collected in the winter

season, there was a strong suggestion that preference followed nu-

trient content fairly closely.

Douglas-fir apparently ranks high in preference when herba-

ceous forage is relatively unavailable. From Table 32, it can be seen

that the protein content was comparatively high and fiber low during

the winter season when fir browsing occurred. In vitro digestibility

was high compared to woody browse which was available when snow

covered green plants.
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Herbaceous forage was highly preferred when available and the

nutritive status was generally high. Digestibility was by far the high-

est of any forage tested during the late winter season.

In summary, it appears that deer preference was positively

related to nutrient status in a majority of the plants which were com-

pared. Notable exceptions were alder in the winter season, and

huckleberry during most of the year.

The Plane of Nutrition. - Nutritional standards have not been

well established for deer as they have for domestic animals, but a

few guidelines have been suggested from feeding trials and observa-

tions. Workers have generally based dietary requirements on pro-

tein, calcium, and phosphorus, and to a lesser degree on crude fiber

content.

It has been shown that Pennsylvania white-tail fawns gained

best on an experimental ration containing 13 to 16 percent protein

but survived on four to five percent if other nutrients were adequate

(31, p. 22). Over a three-year period, McEwenetal. (69) working

on the same study, found that deer had their greatest skeletal deve-

lopment and antler growth on a ration containing 17 percent protein,

about 0. 7 percent calcium, and 0. 6 percent phosphorus. His data

indicated that intermediate protein or mineral content produced in-

termediate growth and that deer fed four to five percent protein

were stunted and barely survived. Protein and mineral
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requirements were lower during the winter when seven to nine per-

cent protein and 0. 3 percent calcium and phosphorus appeared to be

sufficient for maintenance.

Cowan and Long (20, p. 54) concluded that critical minimums

of calcium and phosphorus were .09 and . 25 percent respectively

for white-tails.

Einarsen (29) stated that five percent protein in forages was

the critical minimum for black-tails in western Oregon but provided

no data to support this value. Leopold et al. (61, p. 112) reported

that mule deer wintering in California fared well when plants con-

taining seven to eight percent protein were available.

Many animal nutritionists have cited the importance of the

ratio of calcium to phosphorus (Ca:P). Maynard and Loosli (67,

p. 126) defined the optimum ratio as lying between 2:1 and 1:2 but

note that wider ratios may not be detrimental. Morrison (72, p. 96)

records that in a diet with plenty of both minerals, ratios of 6:1 to

0. 6: 1 have been adequate for cattle.

It is obvious that many other major and minor nutrients are

important in the well-being of animals, but information on require-

ments for deer are rare. It can be assumed that areas where deer

are abundant provide relatively good supplies of essential nutrients,

and where deer are scarce, nutritional deficiencies might be limit-

ing factors.
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From all indications, forage quality in the Cedar Creek enclo-

sure appears to rank in the intermediate class described by French

et al (31, p. 19, 22). Weights of yearling bucks from the pen and

adjacent areas of the Cedar Creek drainage averaged about 90 pounds

compared with 100 pounds for yearling white-tails which were fed a

year around diet containing 13 percent protein. There is no doubt

that black-tails have the genetic and physiological potential to attain

much higher weights. Robinson (78), working in British Columbia,

reported that captive deer fed highly nutritious diets reached weights

of 160 to 170 pounds at 16 months and had three to four point antlers.

Einarsen (28) gave the following weights for bucks taken in the

Tillamook Burn during the hunting season of 1943, four years after

the 1939 fire: Two-years, 134; three-years, 174; and four-years,

201 pounds.

Pennsylvania workers found that male white-tails on a high

dietary plane produced forked antlers as yearlings, while those re-

ceiving low quality feeds had spikes. No forked-horn yearlings have

been reported from the enclosure and none were encountered during

the study period in the surrounding Burn.

It is assumed that overall forage quality was higher immediate-

ly after the three Tillamook fires. All reports indicate that deer

were larger than at present.

Summer forage ranked somewhat lower in protein than values
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reported from other game range studies. Crude fiber content of

woody browse plants was generally high during the winter months

and protein was low. Apparent digestibility of twigs was also low.

Blackberry, which is the most nutritious dormant season forage

plant, is virtually unobtainable in the potentially critical winter sea-

son. Winter-active plants contributed high quality forage when it

was most needed, but the dry matter content was low enough to sug-

gest that deer might not be capable of physically obtaining a large

volume per day of green material to satisfy their needs

Calcium content of forage appeared to be adequate but phos-

phorus might have been deficient in utilized plants during part of the

year. The Ca:P ratio was within acceptable limits for nearly all

species at all seasons.

In summary, it appears. that forage supplies in the enclosure

were intermediate with respect to deer requirements. If the food

supply had been of the highest quality, deer in all age classes should

have been larger while high winter mortality, especially of fawns,

should have occurred if the forage had been of poor quality.

Animals apparently were not critically stressed by qualitative

food shortages during the study period because no losses to starva-

tion were noted. However, prolonged periods of snow cover or

conditions unfavorable for the growth of winter-active plants could

lead to physiological starvation.
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Also, periodic snow cover of relatively short duration could

be detrimental to deer by forcing abrupt dietary changes from nutri-

tious, easily digestible herbage to highly fibrous, low quality

browse. It is reasonable to assume that Douglas-fir seedlings are

browsed during such periods because they offer a more nutritiOus

and digestible food than the alternative supply of twigs.

If fir seedlings continue to survive and grow at present rates,

progressive crown closure will reduce growing space for more nu-

tritious forage species and an increase in fir use can be expected if

deer numbers are maintained at present levels. Browsing should be

progressively less important in the survival and growth of estab-.

lished seedlings because larger trees are better able to withstand

foliage removal. The larger trees will produce more forage, but

it is unlikely that a diet composed primarily of Douglas-fir can sus-

tam deer for long periods.

Significant- Factors As s-ociate d with Deer Browsing of

Douglas-fir Seedlings

The preceding sections contain discussions of when and why

fir seedlings were browsed. In this section, an attempt is made to

point out where browsing occurred and to relate intensities of brows-

ing to non-climatic environmental influences. Mean comparisons

and correlation analyses were used to investigate relationships
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between browsing and site factors.

Three main factors negate direct comparisons of browsing

incidence over the five..year planting period. The first and most

important was unequal browsing pressure among years because deer

numbers were not uniform each year. Secondly, weather conditions

were not comparable from year to year, and thirdly, numbers and

sizes of trees available for browsing increased each year. For the

present analyses, the first two complications were accounted for,

but the third is essentially overlooked.

In order to equate the data from all years for comparative

purposes, a Ubrowsing index was derived for each tree-survival

plot which indexes the relative intensity of browsing for the years

since the plot was established. Browsing indices were calculated

by determining the relative percentages of trees browsed per plot at

each April check. The highest scoring plot within each year-class

was given an index of 100 and values for other plots of the year-

class were adjusted by comparing their browsing percentages to the

actual values for the most highly used plot. Thus, each year, for

each planting, one plot received a browsing index of 100 and others

ranked downward depending on relative browsing intensities. Final-

ly, the annual index values were totaled for each plot and divided by

the number of years since its establishment. The resulting values

give weighted numerical indicators which are used to index the
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relative tendency for browsing at each plot location.

Browsing intensities were highly variable among years.

Forty-three deer browsed about 45 percent or 22, 000 of the 48, 000

trees planted the first year. Fifteen deer browsed five and seven

percent of the available trees the following two years. Forty-one

percent or 60, 000 of the 124,000 live trees were browsed by 33 deer

the fourth year, and the same number of animals browsed 23 per-

cent or 38, 000 of the 166, 000 which were available in the fifth

winter. Percentage values were similar for the first and fourth

year but actual consumption of fir per deer was undoubtedly greater

the fourth year. Actual consumption during the winter of 1962-63

(fifth year) was estimated to total about 420 pounds.

Browsing incidence was also variable with respect to individ-

ual plots and their associated site factors. Some plots received

heavy use each year while others showed little use from year to

year compared to others in their age-class. Certain plots ranked

high in relative browsing intensity one year and low in others.

Table 34 shows analysis of variance tests of mean differences

in browse index values for site characteristics. The results indi-

cated that elevation, slope percent, relative disturbance and plant

community strongly influenced the tendency for browsing

As noted by Hines (41) and others, the overall degree of

browsing was greater at lower elevations and on shallower slopes.



* Denotes that means are significantly different at . 05 level.
** Denotes that means are significantly different at . 01 level.
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Table 34. Site factors and browse index values in the Cedar
Creek Enclosure

Site Factor Browse
Index

Test of
Significance (F)

Elevation (ft.)
39
40
25
15

725**
800-1,099

1, 100-1,499
1,500-1.799
1,800-2,200

Slope Percent
510-24

25-49 44 L 90 *'
50-74 26
75-100 27

Aspect
Northeast 32
Southeast 31 1.95
Southwest 37
Northwest 23

Slope Form
Convex 35
Flat 28 2.43
Concave 38

Soil Depth (in.)
260-20

20-30 34 0.83
30s- 32

Soil Type
Astoria 36
Hembre I 33
Hembre II 21 2.22
Kilchis 20
Trask 43

Surface Disturbance
Low 24
Medium 29 10. 96**
High 49

Plant Community
ACCl/COCA 35
VAPA/GASH 37 3. 37*
PTAQ/LOCR 21
RUPA/TRLA 22
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Implications of these findings-are discussed in preceding sections.

Seedlings planted in areas of high surface disturbance were

more likely to be browsed. Highly disturbed areas generally pro-

vided less protection for seedlings from deer access and were as

sociated with high production of preferred winter forage. Also, a

large proportion of the highly disturbed sites were at low elevations

which made them particularly vulnerable to browsing when upper

levels were covered by snow.

Higher browse indices in the ACCl/ COCA and VAPA/GASH

plant communities were also associated with winter food production

and elevation. These communities produced greater amounts of

preferred winter forage andthe former most often occupied sites

at lower elevations, while the latter usually occupied south-facing

ridge-tops where snow accumulations were relatively low even at

higher elevations. An interrelation between the ACCl/ COCA com.

munity, shallow slopes and high disturbance was likely because this

community occupied a large part of the lower enclosure character-

ized by highly disturbed, flat areas.

Results of correlation analyses between browse indices and

site factors are shown in Appendix A and significant correlation

coefficients are given in Table 35. Values for slope and elevation

lead to the same interpretations as those given in Table 34, namely

that browsing on Douglas-fir seedlings tended to decrease
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progressively with increases in both elevation and slope percent.

Significant positive correlation coefficients showed that brows-

ing incidence was higher in areas with high winter forage production.

Blackberry yield and crown coverage were also positively correlated

with fir browsing. Browsing increased with increases in grass

cover but diminished as pearly-everlasting cover became more

abundant. A negative correlation was found between the mean height

of understOry vegetation and browsing incidence.

It is believed that criteria for prediction of browsing could be

assembled from the data presented in this study. Multiple regres-

sion techniques could probably be used to formulate equations from

Table 35. Significant correlations between site factors and a
Douglas-fir browsing index, Cedar Creek Enclosure.

Site Factor
Significant Correlation
Coefficient (p = . 001)

RUBUS PARVIFLORUS crown cover -. 433
Winter forage production . 413
Slope percent -.401
RUBUS URSINUS crown cover . 401
RUBUS URSINUS crown cover . 375
Elevation -. 368

(p = .01)
Grass crown cover . 299
ANAPHALIS MARGARITACEA crown cover -. 292
Height of understory vegetation -. 291
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data on elevation, slope percent, and aspect which might permit ac-

curate browsing predictions to be made. Integrated with knowledge

of deer forage preferences and supporting vegetation data, such

equations could be used to delineate areas where high rates of brows-

ing might be expected so that necessary steps could be taken to avoid

costly losses.

It is apparent from the results of this study and many others,

that only total physical or physiological (chemical) isolation will com-

pletely protect tree seedlings from deer browsing under given condi-

tions. Since complete physical protection is presently too costly,

and adequate chemical repellents have not yet been perfected, it is

equally clear that browsing will continue.

Much information is needed about the actual impact of deer

browsing on seedling.survival and growth. In the Cedar creek enclo-

sure, a total of 27 percent of planted trees died before the end of the

first growing season, but only four percent of the total was attribut-

able to deer browsing. Certain areas can be expected to be more

heavily browsed than others, and deer will probably inflict heavy

losses on specific plantings. However, it is evident from this study

and those of Hines (41, 42) that deer browsing was not the major

cause or even a major factor in seedling survival during the first

field growing season.

According to data adapted from Hines (42), which details
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mortality of seedlings from all causes, a total of 36 percent of

planted trees died over the five-year planting period, while only nine

percent of deer damaged seedlings, perished. The long-term data

confirm that deer browsing was a relatively minor causative factor

contributing to seedling mortality in the Cedar Creek enclosure.

Little is known about the effects of browsing on overall growth

rates and ultimate tree quality., It is certain that repeated browsing

results in slow initial growth. which could increase the time period

before merchantable trees are produced. But, until long-term

studies are made of browsing effects, it can only be assumed that

deer browsing is generally detrimental to forest reproduction and

growth,



SUMMARY

The main objective of this investigation was to evaluate

relationships between the production and utilization of forage and

deer browsing of hand-planted Douglas-fir seedlings in the Tillamook

Burn of northwest Oregon. A secondary objective was to study some

of the effects of selected physical and biological site factors on the

survival and growth of fir seedlings.

Field work was carried out fromJüne, 196L, through

February, 1964, and w.s concentrated in a 340-acre deer-tight en'

closure located on the Cedar Creek tributary of the Wilson River in

Tillamook County. The study area has a more or less circular con-

figuration and is situated on a steep, generally south-facing macro-

slope ranging from 800 to 2, 200 feet in elevation. Three wildfires

have burned this area since 1933 destroying nearly all coniferous

trees. Since 1959, the enclosure has been used to study the effects

of browsing by known numbers of deer on hand-planted Douglas-fir

seedlings.

The Tillamook Burn has wet, cool winters and dry, warm

summers. Mean annual precipitation is about 130 inches but

droughty conditions often occur during the summers. Snowfall is

common during winters but seldom persists for more than a few

days, except at higher elevations.

132
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Five soil series have been described within the enclosure,

The Astoria and Trask series derived from sediments occupy the

lower levels of the enclosure while the Hembre I and II and Kilchis

series which originated from igneous rocks are found at upper

elevations.

Surface disturbances caused by fires and salvage logging

have resulted in significant ch3nges in vegetation. The preburn

coniferous forest has been replaced by seral plant communities.

Three food preference studies each using two deer were

conducted in 3-acre sub-enclosures during the winters of 1961-62

and 1962-63. In these investigations, periodic checks were made of

the availability and use of blackberry leaves, twigs of woody species,

and Douglas-fir seedlings.

Productivity of individual browse plants was studied by

collecting 59 plants of four species and comparing weights of current

and old growth. Ages of plants were determined from counts of

annual rings.

Variations in temperatures with changes in elevation were

determined from five maximum-minimum thermometers installed

at about 275-foot intervals between the top and bottom of the enclo-

sure.

Sampling macroplots were superimposed on 110 tree-

survival plots previously established to measure deer browsing
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intensities ou planted Douglas-fir. Each macroplot measured 32 x 50

feet and had five, 3. 1-square-foot microplots randomly located on a

line transect through its long axis. Microplot locations were per-

manently staked with steel pipes in 63 macroplots.

Physical site factors measured or estimated in sampling

plots included elevation, slope percent, aspect, soil type, and soil

depth. Numbers and diameters of standing snags and stumps were

also tallied. Surface disturbances caused by logging and animals

were evaluated by categories.

The percent cover and height of understory plant species

were estimated in each microplot and mean values were determined

for macroplots. Other categories of ground cover were also esti-

mated. In March and August, 1963, herbaceous plants eaten by deer

were clipped and weighed to determine food production in each

macroplot,

12, The crown coverages and heights of individual shrubs and

trees were estimated in each macroplot. During early September,

1963, leaf and seasonal twig production of woody plants were sam-

pled in 2 x 48-foot plots located adjacent to each macroplot. Deer

forage available from planted Douglas-fir seedlings was estimated

by age classes.

13. Utilization and availability of selected forage plants were

measured in September, December, March, and late April of
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1962-63. At each date, blackberry leaves were counted and twigs

of browse plants were measured in 63 macroplots. Use of green

herbaceous forage was estimated in March, 1963. In addition,

woody browse plants growing in all macroplots were examined for

evidences of browsing by deer and mountain beaver in the summer

of 1963.

Douglas-fir seedlings and woody browse plants were

examined for signs of browsing along a transect extending from the

highest to the lowest elevations in the enclosure. Plants were

checked at biweekly intervals from November, 1962, through April,

1963, and once each in January and February, 1964.

Rumen samples were collected from 14 deer removed

from the enclosure for population control purposes. Contents were

examined to determine the relative proportions of different classes

of forage.

Collections were made of the current growth of selected

forage plants for chemical analyses. Collections were begun in

November, 1962, and continued at biweekly or monthly intervals

through October, 1963. Plant material was also gathered in January

and February of 1964. Selected samples were digested in an

artificial rumen.

Small pen browsing trials revealed that blackberry was

the most highly preferred forage species during the winter season.
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Salal ranked high but was limited in distribution. Huckleberry and

cascara were preferred woody plants while other common species

including alder, hazel, and vine maple were utilized only when her-

baceous forage was unavailable. Douglas-fir occupied a prominent

place on the preference list, ranking higher than most of the common

woody plants. Winter-active herbaceous forage was highly important

in the winter and early spring, food resource. Douglas-fir and woody

plant browsing appeared to be closely related to weather conditions

during the winter seasons.

Productivity of individual browse plants was low. The

ratio of current to old growth.ranged from about one-to-one in young

alders to one-to-fifty in 13-year-old vine maple bushes. Results

indicated that a relatively large number of shrubs would be needed

to produce each pound of deer browse. Rootstocks of plants collect-.

ed for this study sprouted vigorously, producing several times more

browse than the old shrubs.

Maximum temperatures were consistently higher at lower

elevations whereas minimums were more alike at high and low levels

with lower minimums being recorded at 975 than at 2, 075 feet on

several dates.

Survival of unbrowsed Douglas-fir seedlings after one

field growing season was poorest on convex-shaped slopes and on

Trask soils. No significant differences in survival were determined
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among various categories of elevation, slope percent, or aspect.

Relative height growth of unbrowsed seedlings after one field grow-

ing season appeared to be independent of the physical site factOrs

tested in this study.

Evidences of deer activity were found in 86 percent of the

macroplots with 21 percent classified as having a high degree of deer

use. The presence of mountain beaver was detected in 43 percent of

the plots. These animals were more abundant on flatter areas at

lower elevations. They preferred northwest-facing sites on deeper

soils in the vine maple plant community.

A total of 7 plant species were enumerated during vegeta-

tion sampling. Thirteen of these were woody plants. Relatively few

species had coverages averaging more than one percent over the

entire enclosure, but a considerable number had greater importance

in one plant community than another. Over story plant cover aver-

aged 11. 5 percent and understory cover 76.9 percent. Understory

vegetation height averaged 16 inches.

A total of 905 woody plants were counted in 110 macro-

plots. Rose was most abundant followed by alder, vine maple,

huckleberry, hazel, and ocean spray. The seven remaining species

made up only nine percent of the total. Woody plants were more

abundant in the vine maple/hazel and alder/vine maple plant com-

munities. Shrubs were more common at lower elevations, on
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northerly-facing slopes, and on soils derived from sediments.

Survival and growth of unbrowsed Douglas-fir seedlings

after one field growing season were not closely related to the vegeta-

tion characteristics employed as variables in this study.

Forage was produced during all seasons of the year in

the enclosure. The greatest production took place during the sum-

mer growing season and totaled 2, 590 t 300 pounds per acre green

weight. Residual forage available for winter use on September 1,

1963, totaled 640 ± 110 pounds per acre. Thimbleberry leaves

comprised a high proportion of summer forage while blackberry

leaf material was the dominant residual winter forage. Blackberry

production was higher on shallower, south-facing slopes. Summer

forage availability was higher on flat-shaped slopes while winter feed

was more abundant on shallow, south-facing slopes. Blackberry

production decreased with increases in elevation and slope percent.

Blackberry yield also decreased as overall understory vegetation

cover increased. March herbaceous forage production totaled

90 ± 10 pounds per acre with the greatest production occurring on

highly disturbed, south-facing slopes at lower elevations. Douglas-

fir contributed about 40 ± 10 pounds of forage per acre with most

of this total coming from trees planted in 1959.

Periodic checks of leaf and twig use showed the following

results: Available blackberry leaves decreased almost 97 percent
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from September, 1962, to March, 1963. Most of this reduction was

caused by weathering losses although deer use of leaves was also

important. Concurrent use of salal leaves totaled about 25 percent.

Deer used relatively little woody browse during this period. Pre-

ferred woody plants included willow, cascara, wild cherry, and

huckleberry. Use of winter-active herbaceous plants was estimated

to be about 20 percent in March, 1963.

A survey of all woody plants in macroplots indicatedthat

huckleberry was highly preferred by deer during the winter season

while vine maple was favored during the growing season. Mountain

beaver preferred vine maple, huckleberry, and alder during winter

and summer.

Information from the browse transect indicated that

Douglas-fir use began when the enclosure was first covered by snow

in the winter of both 1962-63 and 1963-64. Browsing began first at

lower elevations and was greater there, but later was detected at all

levels. In contrast, the utilization of woody browse plants along the

transect did not appear to be related to elevation or weather condi-

tions.

Examination of rumen samples showed that blackberry was

eaten in all seasons but was most abundant in stomachs collected

during the fall. Grasses were highly important in winter samples

and were also present in stomachs obtained in October. Salal was



140

relatively abundant in late summer and present in a sample collected

in February. Leaves of herbaceous and woody plants made up nearly

all the contents of summerrs:amples and were abundant in those ob-

tained whenever leaves were available. Few twigs were found, and

Douglas-fir was present only in one sample.

Data indicated that the quantity of forage available to deer

was adequate during the entire study period. No prolonged periods

of snow cover occurred although there is little doubt that extensive

snow coverage of ground forage could lead to physiological starvation

of animals.

Chemical analyses of forage samples indicated that black-

berry was the most nutritious forage plant commonly eaten by deer.

Leaf material from other plants was highly nutritious but twigs of

the same species generally provided poor quality forage. Winter-

active grasses and herbs were highly nutritious, but contained exces-

sive moisture which reduced their value on a unit-intake basis.

Douglas-fir rated higher in nutrient content than most woody plants

and appeared to be a good feedwhen herbaceous forage was unavail-

able. Forage preference appeared to be positively related to nutrient

content in a majority of the plants which were compared. Notable

exceptions were alder in the.winter season, and huckleberry during

most of the year.

Artificial rumen analyses revealed that all forages were
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lower in digestibility than alfalfa pellets. In general, digestibility

seemed to be related to forage preference. Green leafy feeds were

more highly digested than woody twigs.

Data suggested that forage supplies in the enclosure were

intermediate with respect to deer requirements. If the feed supply

had been of the highest quality, deer in all age classes should have

been larger, while high winter mortality, especially of fawns, should

have occurred if the forage had been of poor quality.

Comparisons of Douglas-fir browsing by means of

weighted browse indices showed that deer use of tree seedlings was

greater at lower elevations and on shallower slopes. Seedlings

sustained more browsing in areas of high disturbance. Greater

browsing occurred in the vine maple/hazel and huckleberry! salal

plant communities. Significant correlation coefficients indicated that

browsing tended to decrease with increases in elevation and slope

percent. Positive correlations showed that browsing was higher in

areas with high winter forage production. Blackberry yield and

crown cover were positively correlated with fir browsing. Browsing

increased with increases in grass cover but diminished as pearly-

everlasting cover became more abundant. A negative relationship

was found between the mean height of understory vegetation and

browsing incidence.

It was concluded that Doug1asfir browsing will continue
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unless or until seedlings are completely protected from deer by

physical or physiological (chemical) isolation because fir seedlings

are an important source of forage during certain periods of the

winter season.

36. Results of studies indicate that deer browsing from 1959

through 1963 has been a relatively minor cause of seedling mortality

in the enclosure. Because little is known of the effects of deer

browsing on overall growth rates and ultimate tree quality, it can

only be assumed that browsing is generally detrimental to forest

reproduction and growth.
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Appendix A

Simple correlation coefficients of selected variables in the Cedar Creek enclosure, calculated by the Oregon State
University Statistics Computing Laboratory - Continued

* Significant at .01 level.
** Significant at .001 level.

Variable Number 1 2 3 4 5 6 7

Elevation 1

Slope 2 .303*
Understory vegetation cover 3 -. 116 -. 199
Understory vegetation height 4 -. 149 . 135 471**
Number of understory species 5 -.222 -.100 .117 -.115
Number of browse plants 6 -. 459** . 017 .092 . 263* 104
RUBUS PARVIFLORUS cover 7 088 . 325** 473** 575** -. 008 .011
R.. URSINUS cover 8 -.280* -. 509** . 115 -. 374** 146 . 106 -. 482**
PTERIDIUM AQUIUNUM cover 9 258* -. 080 .279* 183 -.223 -. 162 -. 225
LOTUS CRASSIFOLIUS cover 10 .013 -. 160 399** 152 -.103 -. 041 .007
ANAPHAL1SMARGAR1TAEA cover 11 .265* .168 .113 .054 -.069 -.133 .205
ELYMUS GLAUCUS cover 12 -.093 -. 103 156 -.220 . 100 -.023 -.025
AIRACARYOPHYLLEA cover 13 -.018 .135 -.006 -.288* .217 -.034 -.120
Grass cover 14 -.254* -.248 .020 .351** .251 -.002 -.252
Summer forage production 15 .046 .084 . 484** 414** .004 -. 052 . 784**
Winter forage production 16 -.198 -. 377** .079 386** .219 -. 044 -. 469**
RIJBUS URSINUS production 17 -.280* -.503 .078 _.386** .242 .045 .508**
PSEUDOTSUGA MENZIESII forage production 18 .074 -.036 -.006 -.051 -.206 . 034 -.008
PSEUDOTSUGA MENZIESII dead unbiuwsed trees 19 .006 . 120 -. 101 -. 126 -.064 -.042 -. 090
PSEUDOTSUGA MENZIESH height increase 20 .025 .211 -.179 -.001 .032 .050 -.026
PSEUDOTSUGA MENZIESH browse index 21 -. 368** -. 401** -.217 -.291* . 191 .005 -. 433**



* Significant at 01 level.
** Significant at 001 level.

Appendix A - Concluded

Number 8 9 10 11 12 13 14 15 16 17 18 19 20

1

2

3
4
5

6
7
8

9 -.033
10 .057 .421**
11 -.155 .210 .094
12 .214 -.149 .064 -.034
13 .008 -.200 -.180 -.186 .402**
14 .248 -.271* -.183 -. 190 .623** .702**
15 -.106 -.308* .068 .166 .012 .122 -.145
16 737** -.024 -.061 -.177 .122 .103 .269* -.084
17 .908** -.089 -.020 -.225 .176 .072 .332** -.103 .823**
18 -.020 .086 .043 .132 .078 -.003 -.062 .028 .025 -.032
19 .005 -.022 -.072 -.032 .118 .130 .189 -.145 -.035 -.006 -.230
20 -.072 -.100 -.106 -.068 -.165 .032 -.112 .044 -.003 -.042 .098 -.262*
21 375* -.193 -.226 -.292* .117 .155 .299* -.230 .413** .401** .122 -.159 .008



Appendix B

Summary of plant cover and mean height by species from 110 macro-
plots in the Cedar Creek Enclosure--Summer, l963!'__Continued

! Plant names from Hitchcock (43); Hitchcocketal. (44, 45, 46);
and Peck (76).

154

Species
Plots
With

Percent
Cover

Mean
Height
(in.)

Trees and Shrubs
ALNUS RUBRA Bong. 42 6. 9 132
ACER CIRCINATUM Pursh. 56 2. 6 73
CORYLUS CALIFORNICA (A. D. C.) Rose 29 2.0 42
ACER MACROPHYLLTJM Pursh. 8 0. 5 86
VACCINIUM PARVIFOLIUM Smith 49 0. 5 42
PSEUDOTSUGA MENZIESII (Mirb.) Franco 10 0. 3 156
ROSA GYMNOCARPA Nutt. 38 0.2 20
RHAMNUS PURSHIANA D.C. 11 0. 1 43
HOLODISCUS DISCOLOR (Pursh.) Maxim 22 0. 1 35
SALIXSP. (Tourn.,) L. 10 0.1 50
RIBES SANGUINEUM Pursh. 3 0.02 41
CEANOTHUS SANGIJINEUS Pursh. 3 0.01 40
PRUNUS EMARGINATA (Dougi.) ex Hook. 3 T 28

Grasses and Grass-Like Plants
ELYMUS GLAUCUS Bucki. 101 3.3 19
AIRACARYOPHYLLEAL. 70 2.6 8
HOLCUSLANATUSL. 28 1.9 16
LUZULA PARVIFLORA (Ehrh.) Desv. 37 1.1 7
L. CAMPESTRIS (L.) D. C. 68 1.0 6
FESTUCAMYUROSL. 25 0.5 12
AGROSTIS TENUIS (Parnell) Druce 2 0. 4 9
F. RUBRAL. 39 0.3 5
CAREX SPP. (Rupp.) L. 12 0.2 5
C. ROSSII Boott. 24 0. 2 3
MELICA HARFORDII Boland 9 0.05 20
BROMUS VULGARIS (Hook.) Shear 1 0.04 31
DESCHAMPSIA ELONGATA (Hook.) Munro

ex Benth
5 0.01 17

A. EXARATA Trin. 3 T 19
M. GEYERI Munro 1 T 22



Appendix B-. - Continued

155

Species
Plots
With

Percent
Cover

Mean
Height

(in.)

Others

RUBUS PARVIFLORUS Nutt. 102 35.2 15
PTERIDIUM AQUILINUM (L.) Kuhn. 86 23. 5 20
RUBUS URSINUS Cham. and Schlecht 98 18. 7 5

LOTUS CRASSIFOLIUS (Benth.) Greene 84 8. 9 7

ANAPHALIS MARGARITACEA (L.) B. and H. 98 4.8 12
POLYSTICHUM MUNITUM (Kaulf.) Presi. 43 3.0 11
TRIENTALIS LATIFOLIA Hook. 86 1. 6 2
RUMEXACETOSELLAL. 46 1.5 3

GAULTHERIA SHALLON Pursh. 15 1.0 5

CAMPANULA SCOULERI Hook. 67 0.9 2

BERBERIS NERVOSA Pursh. 27 0.8 7

EPILOBIUM MINUTUM Lindi. ex Hook. 61 0.7 T
RUBUS SPECTABILIS Pursh. 9 0. 6 18
MADIA SATIVA Mol. Sagg. 29 0. 6 10
PHACELIA NEMORALIS Greene 41 0. 6 3

CREPIS CAPILLARIS (L.) Wallr. 36 0. 5 6
DIGITALIS PURPUREA L. 24 0. 5 7

HIEBACIUM ALBLFLORUM Hook. 69 0.4 5

SOLIDAGO CANADENSIS L. 17 0.4 12
COLLOMIA HETEROPHYLLA Hook. 77 0.3 3

LUPINUS SP. L. 39 0.3 6
ADIANTUMPEDATUML. 4 0.3 14
STACHYS MEXICANA Benth. 24 0.3 4
HYPERICUM PERFORATUM L. 36 0.3 5

ACHLYS TRYPHYLLA (Smith) D. C. 5 0.2 4
VIOLA SEMPERVIRENS Greene 31 0.2 1

SENECIO SYLVATICUS L. 54 0. 2 4
OXALIS OREGANA Nutt. 17 0. 2 1

LOTUS MICRANTHUS Benth. 31 0.2 5

EPILOBIUM ANGUSTIFOLIUM L. 18 0.2 12
STELLARIA BOREALIS Bigel. 20 0. 1 7

HYPOCHAERIS RADICATA L. 19 0. 1 5
SENECLO JACOBEA L. 9 0. 1 12
CIRSIUM EDULE Nutt. 13 0. 1 9
CASTILLEJA SP. Mutis 2 0. 1 17
EQUISETUM SP. L. 1 0. 1 18
SMILICINA SESSILIFOLIA (Baker) Nutt. 6 0. 1 4



2/ Less than 0. 01 percent cover.

Appendix B- - Concluded

1 56

Species
Plots
With

Percent
Cover

Me an
Height
(in.)

Others- -Continued

GALIUM APARINE L. 20 0. 1 6

EPILOBIUM WATSONII Barbey 19 0.08 7

GALIUM OREGANUM Britt. 12 0.08 3

DISPORUM SMITHII (Hook.) Piper 5 0. 06 5

MARAH OREGANUS (T. and G.) Howell 3 0.06 7

GNAPHALIUM PURPUREUM L. 20 0. 06 3

AGOSERIS GRANDIFLORA (Nutt.) Greene 11 0. 06 12
MAIANTHEMUM BIFOLIUM D. C. 10 0.06 2

STELLARIA CRISPA C. and S. 9 0.05 7
ACHILLEAMILLEFOLItJML. 2 0.04 5

LOTUS SP. (Tourn.) L. 1 0. 03 5

SYMPHORICARPOS MOLLIS Nutt. 2 0.03 8

STRUTHIOPTERIS SPICANT (L.) Weis 1 0.03 21
PLANTAGOLANCEOLATAL. 2 0.03 8

CERASTIUM VISCOSUM L. 8 0.02 6
MONTIA SP. (Mich.) L. 7 0. 02 4
VANCOUVERIA HEXANDRA (Hook.) Morr.

and Dcne
6 0.02 3

CONYZA CANADENSIS (L.) Cronq. 2 0.02 11
MONTIA SIBERICA L. 4 0.01 3

TELLIMA GRANDIFLORA (Pursh.) Dougi. 5 0.01 1

CYSTOPTERIS FRAGILIS (L.) Bernh. 7 TV 1

GALIUM TRIFLORUM Michx. 4 T 7

RANUNCULUS BONGARDII Greene 4 T 5

BOTRYCHIUM VIRGINIANUM (L.) Sw. 3 T 1

ASARUM CAUDATUM Lindl. 1 T 2

DICENTRA FORMOSA (Andr.) D. C. 1 T 1

CIRSIUM VULGARE (Savi) Airy-Shaw 1 T 15
COPTIS LACINIATA Gray. 1 T 11
BOYKINIA ELATA (Nutt.) Greene 1 T 8
ERIGERON ANNUUS (L.) Pers. 1 T 5
IRIS TENAX Dougi. 1 T 9
ANTHOXANTHUM ODORATUM L. 1 T 12



Not determined

Appendix C - Continued

Chemical contents of forage plants collected in the Cedar Creek Enclosure - 1962-63-64

Month
ALNUS RUBRA (Oven Dry Percent)

Dry
Matter

Crude
Protein

Crude
Fat

Crude
Fiber Ash

Nitrogen-
free Extract Calcium Phosphorus Ca:P

1962

November 49. 67 8. 54 8. 52 26. 53 1. 88 54.44 0.44 0. 19 2.3:1
December 50.22 8. 57 9.29 25. 16 2. 11 54. 87 0.51 0.20 2.6:1

1963

January 48. 00 8. 39 8. 60 27. 19 2. 15 53. 68 0. 54 0. 22 2. 5:1
February 48.53 8.42 10.28 26.01 2.36 52.95 0.66 0.21 3.1:1
March 47.91 8.64 9.18 27.54 2.22 52.43 0.40 0.22 1.8:1
April 39.71 10.77 10.40 27.77 2.35 48.72 0.65 0.23 2.8:1
May 32. 19 16. 73 7. 57 23. 16 2. 89 51. 54 0. 78 0. 32 2.4:1
June 32.00 12.24 7.55 11.04 2.95 66.22 0.60 0.22 2.7:1
July 36.03 15.59 6.32 11.59 2.75 63.18 0.52 0.20 2.6:1
August 36.03 16.59 1/ LI LI LI jI LI .1!
September 39.50 16. 71 7.64 12. iS 3.31 60. 19 0.75 0. 19 3.9:1
October 35.37 16.56 7.28 13.44 3.11 59.87 0.58 0.19 3.1:1



Not determined

Appendix C - Continued

ACER CIRCINATUM (Oven Dry Percent)

Month
Dry

Matter
Crude
Protein

Crude
Fat

Crude
Fiber Ash

Nitrogen-
free Extract Calcium Phosphorus Ca:P

1962
November 52.07 5.67 5.03 41.95 2.41 44.94 0.81 0.14 5.8:1
December 51.91 5.06 4.45 46.73 2.06 41.70 0.68 0.14 4.9:1

1963
January 51.97 4.64 5.34 47.40 2.01 40.62 0.86 0.12 7.2:1
February 51.77 4.49 5.28 47.81 2.26 40.17 0.75 0.13 5.8:1
March 52. 59 4. 54 4.89 49.67 2.40 38. 52 0.80 0. 14 5. 7:1
April 47.96 4.65 5.09 49.14 2.05 39.08 0.90 0.13 6.9:1
May 31.55 13.49 5.01 41.45 2.81 40.62 0.84 0.24 3.5:1
June 30.38 12.89 2.50 13.48 3.86 67.17 0.63 0.27 2.3:1
July 32.83 12.86 3.03 16.44 4.98 62.59 0.76 0.24 3.2:1
August 34. 75 12. 03 1/ 1/ 1/ 1/ 1/
September 40.15 12.84 4.30 14.95 6.31 61.60 0.91 0.25 3.6:1
October 32.67 12.47 4.83 15.84 8.36 59.79 1.02 0.32 3.2:1



- Not determined.

Appendix C - Continued

Month

VACCINIUM PARVIFOLIUM Oven D Percent
Dry

Matter
Crude

Protein
Crude
Fat

Crude
Fiber Ash

Nitrogen-
free Extract Calcium Phosphorus CaP

1962

November 43.53 5.53 1.83 43.04 2.46 47.15 0.60 0.12 5.0:1
December 44.68 5.99 1.69 41.60 2.44 48.28 0.69 0.13 5.3:1

1963

January 46. 60 5.45 1.81 42.43 2.44 47. 87 0. 74 0. 13 5. 7:1
February 46.84 5.31 1.42 47.38 2.39 43.51 0.78 0.13 6.0:1
March 46.84 5.41 1.67 45.74 2.50 44.68 0.89 0.15 5.9:1
April 42.55 5.83 1.46 44.24 2.49 46.00 0.72 0.15 4.8:1
May 31.75 11.67 2.34 40.60 2.60 46.61 0.90 0.17 5.3:1
June 24.38 10.92 3.88 18.50 3.60 62.10 0.70 0.21 3.3:1
July 30.00 10.08 3.57 26.51 3.48 56.88 0.90 0.18 5.0:1
August 32. 22 8.42 1/ 1/ 1/ V 1/ V V
September 32.67 9.37 2.93 26.95 3.80 56.95 0.73 0.16 4.6:1
October 29.96 9.98 4.07 25.89 4. 17 55. 83 0.88 0.20 4.4:1



Appendix C - Continued

Month

CORYLUS CALIFORNICA (Oven Dry Percent)
Dry

Matter
Crude
Protein

Crude
Fat

Crude
Fiber Ash

Nitrogen-
free Extract Calcium Phosphorus Ca:P

1962
November 50.04 4.87 1.47 35.31 2.18 56.17 0.58 0.11 5.3:1
December 49.33 5.53 1.29 35.82 2.09 55.27 0.55 0.11 5.0:1

1963
January 51.28 5.11 1.48 38.74 1.91 52.78 0.61 0.12 5.1:1
February 49.51 4.96 1.44 38.27 2.24 53.10 0.75 0.12 6.3:1
March 52.22 4.69 1.21 40.68 2.12 51.32 0.54 0.12 4.5:1
April 45.20 5.24 1.41 42.53 2.14 48.69 0.70 0.13 5.4:1
May 39.20 13.38 1.76 43.85 2.01 46.48 0.46 0.15 3.1:1
June 34.97 14.29 2.49 12.98 4.00 66.24 0.82 0.26 3.2:1
July 39.21 12.30 2.58 15.96 3.80 65.66 0.80 0.20 4.0:1
August 40. 80 11.36 1/ 1/ 1/ ii 1/ 1/
September 41. 16 13. 73 2. 75 12. 85 4.52 66.25 0. 73 0. 24 3.0:1
October 32.96 14.34 2.75 13.22 4.49 65.62 0.72 0,28 2.6:1

1/
Not determined



Appendix C - Continued

Month

RUBUS URSINUS (Oven Dry Percent)
Dry

Matter
Crude

Protein
Crude
Fat

Crude
Fiber Ash

Nitrogen-
free Extract Calcium Phosphorus Ca:P

1962
November 36.92 10.95 7,49 12.27 4.24 65.06 0.64 0.22 2.9:1
December 34.22 10.79 5.93 12.46 4.12 66.96 0.69 0.22 3.1:1

1963

January 46.16 9.53 5.90 13.07 4.29 67.21 0.70 0.23 3.0:1
February 38.41 10. 66 4. 13 14.22 4.68 66.32 0.61 0. 23 2. 7:1
March 39.92 11.90 4.35 14.02 4.92 64.82 0.65 0.28 2.3:1
April 26.11 12.42 4.57 14.24 5.13 63.66 0.73 0.31 2.4:1
May 28.52 18.88 2.82 12.32 4.70 59.03 0.82 0.48 1.7:1
June 25.89 16.04 2.19 12.26 4.58 64.93 0.48 0.31 1.6:1
July 30.29 12.52 2.49 16.04 4.35 65.19 0.75 0.27 2.8:1
August 33. 95 12.49 1/ 1/ 1/ 1/ ii 1/
September 32.36 12.52 4.60 12.50 4.27 66.11 0.74 0.25 3.0:1
October 31.98 12.52 5.70 13.07 4.48 65.11 0.71 0.27 2.6:1

1/ Not determined



Appendix C - Concluded

PSEUDOTSUGA MENZIESII (Oven Dry Percent)
Dry Crude Crude Crude Nitrogen-

Month
Matter Protein Fat Fiber Ash free Extract Calcium Phosphorus Ca:P

1962
December 29.57 8.45 5.87 26.59 8.08 51.02 0.05 0.40 0.1:1

1963
January 37.95 8.06 7.13 23.39 12.50 48.93 0.09 0.34 0.3:1
February 37.85 8.59 5.32 26.63 10.01 49.46 0.08 0.45 0.2:1
March 36. 35 9. 83 6.34 27. 35 8.06 48.43 0.08 0. 55 0.1:1
April 28.80 8.13 5.69 29.75 12.04 44.40 0.11 0.37 0.3:1
May 31.26 12.94 4.95 35.37 10.86 41.06 0.09 0.47 0.2:1

Green Herbage (Oven Dry Percent)
1963

January 12.00 17.91 3.50 21.03 6.21 51.35 0.31 0.34 0.9:1
February 15.58 16.78 3.40 17.48 5.14 57.20 0.32 0.33 1.0:1
March 18.68 19.24 3.35 20.00 9.19 48.22 0,21 0.56 0.4:1
April 15.92 17.39 3.99 20.06 7.23 51.34 0.44 0.44 1.0:1
May 22. 59 13. 15 4. 10 21.59 7.63 53.53 0.42 0.34 1.2:1

GAULTHERIA SHALLON (Oven Dry Percent)

1964
January 25.00 7.12 3.04 25.81 3.44 60.59 0.66 0.12 5.5:1
February 32. 11 7. 10 3.27 23. 57 3.48 62.58 0.70 0.12 5.8:1

.11 Not determined


