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Forage availability, diets, distribution, and productivity were

compared for Roosevelt elk, Cervus elaphus roosevelti, using improved

(i.e. seeded, fertilized, and grazed) and untreated areas of the Oregon

Coast Range. Seasonal forage availability was substantially different

on 1-year-old improved and untreated clearcuts, but the differences

diminished by clearcut age 4 and essentially disappeared by clearcut age

7. Elk diets, as evaluated by fecal analysis, were similar in plant

species composition and DAPA concentrations on both areas. There was no

significant difference in estimated calf birth weights or survival, or

in pregnancy and lactation rates, kidney and metatarsal marrow fat

concentrations, or breeding dates of adult cows using improved and

untreated areas. Summer and winter calf ratios were similar in 7 of 8

seasons sampled. There was no significant difference in home range or

core area size, and distances traveled were similar on both areas in all

seasons except winter. Elk exposed to summer sheep grazing were
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displaced an average of 1211 m (SD = 28 m) for an average of 14 weeks

(SD = 5 weeks). Elk using improved areas stayed closer to forage areas

in spring, but otherwise there was no significant difference in

proximity to forage. Elk from both areas demonstrated preferential use

of meadows, and used other forage areas in proportion to their

availability. The combined results indicated that the forage

improvement practices were ineffective in producing any measurable

benefits for elk.
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THE EFFECTS OF FORAGE IMPROVEMENT PRACTICES ON

ROOSEVELT ELK IN THE OREGON COAST RANGE

INTRODUCTION

In 1968, the Oregon Department of Fish and Wildlife (ODFW)

initiated a habitat improvement program designed to improve winter

forage for Roosevelt elk, Cervus elaphus roosevelti, in the Oregon Coast

Range (ODFW 1986). Early attempts centered around renovation of

decadent, bottomland pastures in Tillamook County through seedings of

grasses and legumes, and annual applications of fertilizer. In 1970,

ODFW in cooperation with the Siuslaw National Forest (SNF) began seeding

and fertilizing new forest clearcuts. From 1970-1990 the Alsea Ranger

District was the principal cooperator in the forage improvement program,

seeding an average of 162 ha of new clearcuts per year (S. Smith,

personal communication 1991). Recent restrictions in timber harvest

levels and burning of slash on clearcuts have reduced opportunities for

forage improvement on the Siuslaw National Forest by about half, and

interest in rehabilitation of forage in pastures and meadows has been

rekindled. The Willamette and Mt. Hood National Forests and private

landowners have also shown interest in this forage improvement program

and ODFW is encouraging cooperative agreements to improve elk forage

areas.

Seed mixtures used to improve elk forage have undergone some

refinement, but presently include annual and perennial ryegrass, Lolium

annuum and L. perrenne, orchardgrass, Dactylis glomerata, white and

subterranean clover, Trifolium repens and T. subterraneum, and big
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trefoil, Lotus uliginosus. Seed is broadcast from a helicopter in fall

to stands clearcut harvested and slash-burned the previous year.

Initial applications of fertilizer are nitrogen free, but high in

phosphorus, sulfur, and boron. Subsequent fall applications of

fertilizer may continue annually for up to 10 years depending upon

canopy closure and degree of elk use, with fertilizer switched to a more

balanced NPK (Nitrogen, Phosphorus, Potassium) ratio in older stands.

An additional practice employed by the Alsea Ranger District is spring

and summer grazing of sheep to remove old, excess growth and promote

nutritious fall regrowth of forage plant species. Bands of 1,200-1,500

sheep, accompanied by a herder and dogs, graze an average of 2 or 3 days

on young, improved clearcuts (T. Ohlson, personal communication 1987).

Most clearcuts are grazed only once each year, but some may be regrazed

if needed.

From a silvicultural perspective these practices have been viewed

with some skepticism. Reduced survival and growth of conifer seedlings

has been documented on grass-seeded sites of the Oregon Coast Range

where shallow, gravelly soils and dry weather patterns create moisture

limiting conditions (Edgren 1979). However, Klinger (1980) reported no

significant difference in conifer seedling survival and growth for

Douglas-fir, Pseudotsuga menziesii grown on grass-seeded sites of the

SNF, where moisture is generally less limiting than in other parts of

Oregon. Conifer plantations seeded with grass may also experience

girdling damage to tree seedlings by voles, Microtus spp., when

surrounding grasses become tall and rank, creating favorable vole

habitat. Heavy girdling losses were reported on seeded plantations on
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the Alsea Ranger District during the winter of 1980-1981 and this helped

justify the implementation of the sheep grazing program. Foresters have

long been concerned about the potential for detrimental effects from

livestock grazing on conifer regeneration. However, Sharrow and

Leninger (1983) reported negligible browsing damage to Douglas-fir

seedlings on the Alsea Ranger District when timing, duration, and sheep

numbers were properly managed.

As a silvicultural option, forage improvement practices can have

beneficial effects on conifer regeneration. Grass seeding and sheep

grazing effectively reduce competition from brush species, such as red

alder, Alnus rubra, and salmonberry, Rubus spectabilis, noxious weeds,

such as tansy, Senecio jacobea, and thistle, Cirsium spp., and from

swordfern, Polystichum munitum, and bracken-fern, Pteridium aquilinium

(Klinger 1980, Rhodes and Sharrow 1983). Deer and elk damage to conifer

seedlings may be reduced by increased availability of the more

preferred, forage seeded species. Damage to conifer seedlings from

mountain beaver, Aplodontia rufa, may be decreased by suppression of

favored food items and creation of unfavorable habitat on seeded

clearcuts. Grass/legume seeding may also improve soil conditions by

reducing soil erosion and promoting nitrification (Klinger 1980).

The effects of these forage improvement practices have generally

been considered beneficial for elk. Improved clearcuts produced three

times as much "useable" forage in winter as untreated clearcuts (Cleary

and Mereszczak 1977). The forage produced on improved clearcuts was

nutritionally superior with 3 times the overall digestibility, 4 times

the digestible energy, and 1.5 times the crude protein (Cleary and
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Mereszczak 1977). The improved forage apparently meets or exceeds elk

maintenance requirements in winter (Nelson and Leege 1982, Cleary and

Mereszczak 1977) while resident forage does not (Rhodes and Sharrow

1983). Observations of elk use of improved clearcuts and concurrent

pellet group transects indicate that elk prefer improved clearcuts 6:1

over untreated clearcuts (Cleary and Mereszczak 1977). However, the

direct effect of these forage improvement practices on elk has never

been documented.

Productivity of coastal Roosevelt elk is considered to be limited

by the poor quality of resident forage (Harper 1971, Trainer 1971).

This apparently results in poor body condition, alternate year breeding,

and delay in age at first breeding for coastal Roosevelt elk cows

(Trainer 1971). Nutrition and body condition of cow elk also affects

calf birth weight and survival (Thorne 1973). Herd composition counts

on the north coast of Oregon indicate that elk having access to

agricultural lands, and presumably better nutrition, had calf:cow ratios

as much as 20% higher than forest-dwelling elk without access to

agricultural lands (Taylor 1986). It was therefore assumed that by

improving elk forage in winter, elk productivity would increase.

Forage improvement practices which enhance habitat quality may

also influence elk movements and home range size, and increase carrying

capacity. Habitats with poor quality forage may require elk to range

widely, attempting to meet their nutritional demands at increased

energetic cost. Habitats with high quality forage may allow elk to

obtain requisite forage intake from a smaller area and with less energy

expense. Home range sizes reported for cow elk on the Siuslaw National
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Forest in 1985 ranged from 2.07-18.91 km2 (ODFW 1985) exhibiting great

variability which may be related to forage improvement practices.

Since winter forage for elk could be improved in a manner

compatible with silvicultural objectives, the forage improvement program

was generally considered a success. However, the question that remained

was whether these forage improvement practices had any measurable effect

on elk. The goal of this study was to evaluate elk response to forage

improvement practices. The objectives were:

1. To compare seasonal forage availability on improved and untreated

clearcuts;

2. To compare diets of elk using improved and untreated areas;

3. To compare productivity of elk using improved and untreated areas;

4. To compare movements and home ranges of elk using improved

and untreated areas.
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STUDY AREA

The study area encompassed approximately 1040 km2 of privately and

federally-owned lands on the Alsea and Waldport Ranger Districts of the

Siuslaw National Forest in the Oregon Coast Range. Topography of the

area was characterized by steep canyons, high ridges, and deep

drainages. Elevation ranged from approximately 50 m along the Alsea

River and inland from the urban portions of the coastline, to about 600

m at the top of Cannibal Mountain, the highest peak. The Pacific Ocean

exerted the dominant climatic influence with moderate, maritime weather

typified by cool, wet winters and warm dry summers. Average annual

precipitation was 265 cm occurring mainly in winter (October-March) as

rain. Snowfall at higher elevations was generally light and transient.

Annual temperatures ranged from -6°C to 38°C.

The study area was typical of much of western Oregon where

intensive timber management has created a mosaic of elk forage and cover

habitats. Commercially harvested since the late 1800s, the dominant

tree species was Douglas-fir, distributed in second growth stands of

varying seral stages. Sitka spruce, Picea sitchensis, occurred in a

narrow band along the coastline, and western hemlock, Tsuga

heterophylla, and western red cedar, Thuja plicata, were other

commercially valuable conifers found on the study area. Prevalent

deciduous tree species included red alder and big-leaf maple, Acer

macrophy77um, which tended to dominate riparian areas and moist sites on

small private holdings. Shrub species dominated the understory of older

forested stands, resprouting quickly after harvest and competing with

developing tree seedlings. Major shrub species included vine maple,



7

Acer cincinatum, salmonberry, thimbleberry, Rubus parviflorus, salal,

Gaultheria shalion, rhododendron, Rhododendron macrophyllum,

huckleberry, Vaccinium spp., and hazelnut, Corylus cornuta. Grasses

were more common in open areas such as clearcuts, pastures, meadows, and

along road sides. Naturally occurring grass species included bentgrass,

Agrostis spp., velvetgrass Holcus lanatus, sweet vernal grass,

Anthoxanthum odoratum, and wildrye, Elymus glaucus. Orchardgrass,

ryegrass, fescue, Festuca spp., and wheatgrass, Agropyron spp., have

been introduced to the area for forage improvement, brush control, and

erosion prevention. Forb and fern species were numerous and diverse.

Since 1970, the southwest portion of the Alsea Ranger District has

been identified as a high emphasis elk management area by the Siuslaw

National Forest. Thirteen percent of this area can be classified as elk

forage sites (Wisdom et al. 1986) and nearly all new clearcuts and 3

permanent meadows have been seeded to grasses and legumes over the past

20 years. Annual applications of fertilizer and sheep grazing have

further enhanced elk forage quality on this improved area. An adjacent

portion of the Waldport Ranger District, similar in important habitat

variables such as forage:cover ratios, roads, topography, and resident

vegetation, but lacking the forage enhancements of the improved area,

was selected as a control area.
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METHODS

Objective I. To compare seasonal forage availability on improved

and untreated clearcuts.

Seasonal forage availability was determined by estimating

phytomass production and species composition on improved and untreated

clearcuts of 3 age classes (1, 4, and 7 years). Twelve clearcuts (2-

improved, 2-untreated each age class) were selected that were similar in

slope, aspect, original plant communities, and post-harvest slash

treatment, and that typified forage conditions found on improved and

untreated areas. All vegetation, with the exception of conifers, on

twenty 0.5 m x 0.5 m plots on each clearcut was clipped at ground level,

separated by species, dried and weighed within each season. Sampling

was confined to a 1 month period in each season with fall sampling

conducted in October 1987, winter sampling in February 1988, spring

sampling in May 1988, and summer sampling in August 1988. Seasonal

phytomass production for each clearcut age and treatment category was

determined by summing the dry weights of all clipped species and

converting to kg/ha. Seasonal vegetative composition was determined from

the proportions of each plant species present in the sample from a given

clearcut age and treatment category. Because plot and clearcut samples

were combined fora given clearcut age, treatment, and season, a measure

of total variation was eliminated and statistical analyses were not

performed.
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Objective 2. To compare diets of elk using improved and untreated

areas.

Elk diets were evaluated by microhistological analysis of elk

fecal samples (Sparks and Malachek 1968) collected year-round on the 2

study areas from clearcuts other than those in which forage availability

was sampled. Three to five pellets from 10-15 pellet groups were

collected fresh monthly from known herd ranges on improved and untreated

areas, and frozen for up to 1 year. Samples were then thawed, oven-

dried at 50°C for 72 hours, and pooled together into monthly, composite

samples for each area.

Fecal analysis was conducted by the Wildlife Habitat Laboratory in

the Natural Resources Department at Washington State University.

Samples were ground in a Wiley Mill through a 20 mm mesh screen, and 25

fields on each of 8 slides per sample were analyzed for major forage

species and forage classes found in the fecal samples. Mean percent

cover by plant species or forage class was reported for each month on

both areas. No attempt was made to determine digestibility coefficients

of individual plant species, and results represent the composition of

elk fecal samples rather than actual diets consumed.

Diets of elk were also evaluated using fecal DAPA analysis.

Diaminopimelic acid (DAPA) is a by-product of rumen fermentation that

passes unabsorbed through the digestive tract and whose relative

abundance reflects changes in the digestible energy of the diet (Davitt

and Nelson 1984). Monthly fecal samples used in the microhistological

analyses were sent to the Wildlife Habitat Laboratory at Washington
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State University, and milligrams of DAPA per gram of fecal dry matter

determined.

Results from the microhistological analyses were not statistically

analyzed because individual samples were pooled and a measure of total

variation was unavailable. DAPA results were compared using the Wilcoxin

paired-sample test (Zar 1984) and significance was accepted at the P <

0.05 level.

Objective 3. To compare productivity of elk using improved and

untreated areas.

Productivity was evaluated from a number of different measures

(calf birth weight and survival rates, cow body condition, pregnancy and

lactation rates, breeding dates, and herd composition counts).

Calf birth weights were estimated from capture weights of calves

caught by hand in spring of 1987 and 1988. Ages of captured calves were

estimated from hoof wear, condition of the navel, degree of incisor

tooth eruption and behavioral characteristics (Appendix 1). A 907 g per

day weight gain (Thorne 1973) was multiplied by calf age (in days) and

subtracted from capture weights to estimate birth weights.

Calf survival rates were assessed using information from radio-

collared elk calves captured in spring 1987 and 1988. Calves were

monitored >2 times per week for up to 2 years. Several of the collars

were equipped with mortality sensors, but mortalities were more often

detected by prolonged lack of movement or cooperation from hunters.

Since the exact day of death was generally unknown, survival rates were

calculated on an annual basis only. The exact cause of death was also
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difficult to determine, but remains were examined when possible, and

circumstantial conditions assessed.

Body condition, pregnancy and lactation rates, and breeding dates

were determined for 96 elk collected in special hunts administered by

ODFW in the winters of 1988 and 1989. Hunters drawing permits were

required to check in at a check station located on the hunt area. They

were given a parts collection kit and instructions, advised where to

locate elk, and offered assistance in retrieving elk with cables where

possible. Upon leaving the hunt area they were required to check out,

and, if successful, to submit lower jaws, kidneys with surrounding fat,

reproductive tracts, and udders, which were most often collected by hunt

personnel at the kill site. Parts were stored in labeled, plastic bags

and frozen for up to 2 months. Laboratory analyses were conducted in

March of 1988 and 1989.

Elk age was estimated by counts of cementum annuli in sections of

incisor teeth (Ii) by Mattson's Laboratory, Milltown, Montana. Elk were

separated into the following age classes for comparison of body

condition and reproductive data: yearlings; 2-year-olds; 3-year-olds;

prime (4-10 year olds); and older (>11 years).

Pregnancy rates were determined by examination of cow elk

reproductive tracts as described by Trainer (1971). Uteri were examined

for presence of fetal tissue, caruncle position was noted, and ovaries

were checked for presence of corpora lutea of pregnancy. Lactation

rates were determined by examination of cow elk udders for presence of

milk. Elk were divided into the following 4 pregnancy-lactation

categories for comparison of body condition: pregnant/lactating;
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pregnant/non-lactating; non-pregnant/lactating; non-pregnant/non-

lactating.

Body condition was evaluated using the total perirenal fat index

described by Trainer (1971). Kidneys and surrounding fat were thawed,

cleaned, separated and weighed, and the ratio of fat to kidney weight

determined. Trainer (personal communication 1988) stated that kidney

fat ratios below 30% may be unreliable as indicators of body condition,

and for this reason we collected lower hind legs for analysis of

metatarsal marrow fat (MMF) concentration. In 1988, percent MMF was

determined using the ether extraction process described by Marquez and

Coblentz (1987). Percent fat and water were found to be highly

correlated (r = 0.99) and the formula for this relationship determined

by linear regression. In 1989, percent MMF was determined by oven-

drying marrow samples to extract the water, and calculating percent MMF

based on the linear relationship between percent water and MMF

determined in 1988 (Figure 1).

Breeding dates were estimated from fetus length using a growth-age

curve for known age embryos of Rocky Mountain elk, C.e. nelson',

(Morrison et al. 1959). For embryos >64 mm the forehead-rump lengths

were measured, and for embryos <64 mm crown-rump lengths were measured.

Fetus lengths were converted to fetus age, which was then subtracted

from the collection date to estimate the breeding date.

Productivity was also evaluated from herd composition counts. In

1982, ODFW began conducting winter herd composition counts in the mid-

coast district from a helicopter (ODFW 1982). Elk were classified as

cow, calf, spike, and branched bull, and the location of each elk
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observation recorded on district road maps. ODFW records from 1982-1989

were reviewed and sorted for observations made on improved and untreated

portions of the study area. In addition, a concerted effort was made to

count and classify elk observed from the ground on the study area in

late July and August 1988 and 1989, after cows and calves had rejoined

the herd. Elk numbers were converted to a ratio of calves, spikes, and

branched bulls per 100 cows or comparison.

Birth weights, %KF, %MMF, and breeding dates of elk from improved

and untreated areas were compared using the Mann Whitney/Rank Sum test

(Hintze 1984). Calf ratios and survival rates and cow pregnancy and

lactation rates were compared using the Chi-square test of independence.

For all tests, significance was accepted at the P < 0.05 level.

Correlation analysis was used to evaluate the relationships between

variables.

Objective 4. To compare movements and home ranges of elk using

improved and untreated areas.

Elk movements and home range size were evaluated using radio

telemetry data from elk calves captured in spring of 1987 and 1988.

Calves less than 1 week of age were captured by hand, examined for sex

and age criteria, weighed, equipped with expandable radio collars as

described by Keister et al. (1988), and left where found. Calves were

monitored 2-4 times per week, during daylight hours for 1 year.

Consecutive locations alternated between morning, mid-day, and evening

time periods. Locations were determined using a Telonics TR-1 radio

receiver and a hand-held 4-element Yagi antenna. Compass bearings were
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determined from monitoring stations typically located on high ridges

where an extensive network of Forest Service roads provided easy access.

A minimum of 4 bearings was collected, generally within a 15 minute

interval, and plotted on 1:24,000 USFS orthophotoquad maps. Locations

were recorded as the center of the polygon formed by intersecting

bearing lines. A total of 15 radio estimated locations was checked with

actual visual observations to assess the average error associated with

telemetry locations, which was estimated at 71 m (SD = 64 m).

Elk locations were converted to Universal Transverse Mercator

(UTM) coordinates using a digitizer pad and supporting software.

Digitizing error was <10 m. Data files of consecutive locations for

individual elk were then analyzed using program HOME RANGE (Ackerman et

al. 1989). Annual home range size was determined using the 100% minimum

convex polygon method based on 105 locations randomly selected from all

locations for each elk that survived 1 year. Core area size was

determined using the 50% harmonic mean method based on all locations for

each elk that survived for 1 year. UTM coordinates of home range and

core area boundaries were produced by HOME RANGE. Distance traveled

(MDT) was assessed from the distance between consecutive points for each

elk alive in the season and time period of interest.

Additional analyses of locational data were conducted using EPPL7,

a raster-based (cell-based) geographic information system (GIS). Forage

area boundaries within the study area were delineated on the same

1:24,000 USFS orthophotoquad maps used in determining elk locations, and

classified according to the type and treatment categories described in

the western Oregon elk habitat effectiveness model (Wisdom et al. 1986).



16

Forage area boundaries were digitized to obtain UTM coordinates, and
a

converted to 25 m x 25 m cells in the GIS. UTM coordinates of home

range boundaries, core area contours, and elk locations were also

converted to 25 m x 25 m cells as separate map layers in the GIS. The

quantity of forage area (percent forage) within each elk home range was

calculated by superimposing forage area and home range boundary map

layers and adding together the proportions of each forage type and

treatment category that fell within the home range boundary. The

quality of forage area (habitat effectiveness of forage Wisdom et al.

1986) within each home range was calculated by multiplying the

proportion of each forage area type and treatment category within the

home range boundary by its rating of effectiveness (Wisdom et al. 1986)

and summing the results. The distance of each elk location to the

nearest forage area (MDF), and that forage area's type and treatment

category were determined by superimposing forage area boundary and elk

location map layers. Relative preference indices (RPI's) were computed

by dividing use (the percent of elk locations within each forage area

type and treatment category) by availability (the percentage of each

category within home ranges).

Home range and core area size, MDT's, MDF's, % forage and HEF's of

elk from improved and untreated areas were compared using the Mann

Whitney/Rank Sum test (Hintze 1984). For all tests significance was

accepted at the P < 0.05 level. Correlation analysis was used to

evaluate the relationships between variables.
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RESULTS

Objective 1. To compare seasonal forage availability on improved

and untreated clearcuts.

One-year old Clearcuts

The phytomass produced in fall on improved 1-year-old clearcuts

(615 kg/ha) was nearly twice that produced on untreated 1-year-old

clearcuts (320 kg/ha) (Appendix 2). Fall samples from 1-year-old

improved clearcuts contained about 5 times more grass than samples from

1-year-old untreated clearcuts (Figure 2). Fall samples from improved 1-

year -old clearcuts were dominated by grasses, primarily ryegrass with

small amounts of orchardgrass and resident grass species were absent.

However, resident bentgrass was the primary grass species in fall

samples from untreated 1-year-old clearcuts. Forbs were a minor

component (<10%) of fall samples from improved and untreated 1-year-old

clearcuts, with a slightly higher proportion of forbs in fall samples

from untreated clearcuts (Figure 28). The majority of forb species

occurred only in neglible amounts and were combined in the OTHER FORB

category. Fall samples from improved 1-year-old clearcuts contained a

small proportion of shrubs (11%), however shrubs dominated (74 %) fall

samples from untreated 1-year-old clearcuts (Figure 2C). The primary

shrub species in fall samples from both improved and untreated, 1-year-

old clearcuts was salal, with smaller amounts of huckleberry and Oregon

grape, Berberis nervosa.

The phytomass produced in winter on improved 1-year-old clearcuts

(728 kg/ha) was again greater than that produced on untreated 1-year-old
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clearcuts (414 kg/ha) (Appendix 2). Winter samples from both improved

and untreated 1-year-old clearcuts were very similar in species

composition to fall samples. Ryegrass, with smaller amounts of

orchardgrass, continued to dominate winter samples from improved 1-year-

old clearcuts while shrubs, primarily salal with smaller amounts of

huckleberry and Oregon grape, dominated winter samples from untreated 1-

year -old clearcuts. Forbs remained a minor component (<10%) of winter

samples from both areas (Figure 2B).

The phytomass produced on improved, 1-year-old clearcuts in spring

(815 kg/ha) continued to be greater than that produced on untreated, 1-

year -old clearcuts (503 kg/ha) (Appendix 2). The grass and shrub

components of spring samples from both improved and untreated 1-year-old

clearcuts were again similar to fall and winter samples (Figures 2A and

2C). Ryegrass dominated spring samples from improved 1-year-old

clearcuts, and salal dominated spring samples from untreated 1-year-old

clearcuts. Salmonberry and huckleberry occurred as a small proportions

of spring samples from untreated 1-year-old clearcuts. Forbs increased

in abundance and species richness in spring samples from both areas,

however, they still remained minor in proportion (Figure 2B,

Appendix 2).

In summer, the phytomass produced on improved, 1-year-old

clearcuts (922 kg/ha) remained greater than that produced on untreated,

1-year-old clearcuts (512 kg/ha) (Appendix 2). Summer samples from both

improved and untreated, 1-year-old clearcuts were dominated by burnweed,

Erichtites minima. Summer samples from improved 1-year-old clearcuts

consisted of 41% burnweed, and summer samples from untreated 1-year-old
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clearcuts consisted of 52% burnweed. Ryegrass was nearly co-dominant to

burnweed in summer samples from improved 1-year-old clearcuts, however

orchardgrass decreased to 5%. Likewise, bentgrass decreased to 6% in

summer samples from untreated 1-year-old clearcuts relative to the large

proportion of burnweed. Forbs, other than burnweed, remained minor in

importance in summer samples from both improved and untreated 1-year-old

clearcuts (Figure 2B). Salal remained the primary shrub species in

summer samples from both improved and untreated 1-year-old clearcuts,

but represented only 6% and 15%, respectively.

Four-year-old Clearcuts

The phytomass produced on both improved and untreated, 4-year-old

clearcuts was greater than that produced on 1-year-old clearcuts

(Appendix2). The phytomass and species composition on improved and

untreated 4-year-old clearcuts was also more similar than on 1-year-old

clearcuts.

In fall, phytomass produced on improved 4-year-old clearcuts (1097

kg/ha) was greater than that on untreated 4-year-old clearcuts (888

kg/ha). Fall samples from improved and untreated 4-year-old clearcuts

contained fairly similar proportions of grasses, forbs, and shrubs

(Figures 2A,2B,and 2C), however grass species composition changed

considerably between years 1 and 4 in fall samples from improved

clearcuts. Ryegrass decreased to <10%, and orchardgrass became the

primary grass species. Bentgrass, sedges, Carex spp., and rushes,

Juncus spp. also occurred in fall samples from improved, 4-year-old

clearcuts. Bentgrass increased and remained the primary grass species
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in fall samples from untreated 4-year-old clearcuts, and grass species

richness increased to include sweet vernal grass and tall fescue,

Festuca arundinacea. Forbs continued to be minor components in fall

samples from both improved and untreated 4-year-old clearcuts (Figure

2B), with the majority of forbs occurring only in negligible amounts.

Fall samples from both improved and untreated 4-year-old clearcuts

contained more shrub species and larger proportions of shrubs than fall

samples from 1-year-old clearcuts. Salal continued to be the primary

shrub species in fall samples from both improved and untreated 4-year-

old clearcuts, with smaller amounts of huckleberry, salmonberry, Oregon

grape, and vine maple. The total proportion of shrubs in fall samples

from improved 4-year-old clearcuts was still 6% lower than in samples

from untreated 4-year-old clearcuts.

The phytomass produced on improved 4-year-old clearcuts in winter

(1132 kg/ha) was higher than that produced on untreated 4-year-old

clearcuts (919 kg/ha). Winter samples from both improved and untreated

4-year-old clearcuts were again similar to fall samples in species

composition. Grasses decreased slightly in winter samples from both

improved and untreated 4-year-old clearcuts (Figure 2A). and forbs

continued to be a negligible component (Figure 2B). Salal and

huckleberry tended to increase in winter samples from both areas, while

other shrub species tended to decline, but total shrub proportions

remained lower in winter samples from improved 4-year-old clearcuts

(Figure 2C).

In spring, the phytomass produced on improved 4-year-old clearcuts

(1182 kg/ha) was less than that produced on untreated 4-year-old
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clearcuts (1258 kg/ha). Proportions of grasses in spring samples from

improved 4-year-old clearcuts were very similar to those in fall and

winter samples (Figure 2A). Orchardgrass remained the primary grass

species and along with ryegrass and bentgrass, contributed to a total

grass proportion of 48% in spring samples from improved 4-year-old

clearcuts. Spring samples from untreated 4-year-old clearcuts also

contained grass proportions similar to those in fall and winter samples,

with bentgrass remaining the primary grass species (Figure 2A);

increasing proportions of sedge and sweet vernal grass contributed to a

total grass proportion of 37%. Forb proportions and forb species

richness increased in spring samples from both improved and untreated

4-year-old clearcuts, however, the total proportion of forbs was still

relatively small (Figure 2B). Total shrub proportions in spring samples

from both improved and untreated 4-year-old clearcuts decreased to

levels similar to fall samples, with smaller proportions of shrubs in

spring samples from improved 4-year-old clearcuts (Figure 2C). Similar

proportions of salal and huckleberry occurred in spring samples from

both areas, however samples from improved clearcuts had more salmonberry

and blackberry, Rubus ursinus, and less thimbleberry, R. parviflorus,

Oregon grape, and vine maple than samples from untreated clearcuts.

The phytomass produced in summer on improved 4-year-old clearcuts

(2007 kg/ha) remained greater than that on untreated 4-year-old

clearcuts (1973 kg/ha). Summer samples from both improved and untreated

4-year-old clearcuts had smaller proportions of grasses than spring

samples (Figure 2A), primarily due to large decreases in orchardgrass

and bentgrass. Forb proportions in summer samples from both improved
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and untreated 4-year-old clearcuts increased (Figure 2B), mainly from

the influence of the large burnweed component. Total shrub proportions

were similar in summer samples from both areas (Figure 2C).

Seven-year-old Clearcuts

Phytomass production continued to increase with clearcut age on

both improved and untreated clearcuts in all seasons, however total

phytomass produced was generally similar on both improved and untreated

clearcuts.

In fall, phytomass produced on improved 7-year-old clearcuts (1812

kg/ha) was similar to that produced on untreated 7-year-old clearcuts

(1796 kg/ha). Fall samples from both improved and untreated 7-year-old

clearcuts contained nearly 30% grasses each (Figure 2A), with the

primary species in fall samples from both areas being bentgrass.

Ryegrass and orchardgrass represented only 2% and 3% respectively in

fall samples from improved 7-year-old clearcuts. Forb proportions in

fall samples from both areas were again minimal (Figure 2B). Shrubs

were dominant with similar proportions in spring samples from both

improved and untreated, 7-year-old clearcuts (Figure 2C). Primary shrub

species in fall samples from both areas were salal, with smaller amounts

of huckleberry, vine maple, and salmonberry.

In winter, phytomass produced on improved 7-year-old clearcuts

(1766 kg/ha) was again similar to that produced on untreated 7-year-old

clearcuts (1768 kg/ha). Grass proportions decreased slightly in winter

samples from both improved and untreated 7-year-old clearcuts, however

total proportions were similar in samples from each area (Figure 2A).
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Bentgrass remained the dominant grass species in winter samples from

both areas and sedges represented 5% of winter samples from each area.

Ryegrass was absent and orchardgrass represented only 4% of winter

samples from improved 7-year-old clearcuts. Winter samples from both

improved and untreated 7-year-old clearcuts again contained only minor

proportions of forbs (Figure 2B). Shrubs dominated winter samples from

improved and untreated 7-year-old clearcuts (Figure 2C). Salal remained

the primary shrub species in winter samples from both areas, but nearly

twice the amount of huckleberry and salmonberry occurred in winter

samples from improved 7-year-old clearcuts. Minor amounts of vine

maple, Oregon grape, and blackberry occurred in winter samples from

untreated 7-year-old clearcuts.

The phytomass produced on improved 7-year-old clearcuts in spring

(2601 kg/ha) was slightly higher than that produced on untreated 7-year-

old clearcuts (2429 kg/ha). Spring samples from improved and untreated

7-year-old clearcuts each contained 26% grasses (Figure 2A), and while

the primary grass species in spring samples from improved 7-year-old

clearcuts was velvet grass, with smaller amounts of bentgrass, the

primary species in spring samples from untreated 7-year-old clearcuts

was bentgrass with smaller amounts of sweet vernal grass. Forbs were a

minor component of spring samples from both areas, although samples from

improved clearcuts contained 5% less forbs (Figure 2B). Shrubs remained

dominant in spring samples from improved clearcuts (Figure 2C). Shrub

species richness was higher in spring samples from both areas than

preceding years and seasons, and although salal remained dominant there
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were also large proportions of huckleberry, salmonberry, thimbleberry,

vine maple, and red alder.

In summer, phytomass produced on improved 7-year-old clearcuts

(2144 kg/ha) was slightly lower than that produced on untreated 7-year-

old clearcuts (2313 kg/ha). Summer samples from improved and untreated

7-year-old clearcuts were similar to spring samples, with slightly less

grass and shrubs, and slightly more forbs (Figures 2A, 2B, and 2C).

Grass proportions in summer samples from improved and untreated, 7-year-

old clearcuts were 28% and 29% respectively, with velvetgrass and

bentgrass being the important species in samples from improved

clearcuts, while bentgrass, sweet vernal grass, and sedge were the

important species in samples from untreated clearcuts. Forbs remained

minor components of summer samples from both improved and untreated 7-

year -old clearcuts, with burnweed contributing only 3% and 1%,

respectively. Shrub proportions decreased to 63% in spring samples from

improved clearcuts and remained constant at 67% in spring samples from

untreated 7-year-old clearcuts. Salal remained dominant in samples from

both areas with nearly twice as much huckleberry, half as much vine

maple, and similar proportions of salmonberry in samples from improved

7-year-old clearcuts. Species richness of shrubs was highest in summer

samples from both improved and untreated 7-year-old clearcuts than in

all previous seasons and years.
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Objective 2. To compare diets of elk using improved and untreated

areas.

Fecal samples collected on improved areas in winter (December,

January, and February) were dominated by shrubs and conifers, primarily

salal, huckleberry, and Douglas fir (Figures 3A and 3B). Small amounts

of grass (<11%) were also present, with orchardgrass occurring as 3% of

January and 5% of February samples (Figure 3C). Winter samples from

untreated areas also contained large amounts of salal and huckleberry,

but smaller amounts of conifers, a western hemlock-Douglas fir mix

(Figures 3A and 3B). Grasses were more abundant in winter samples from

untreated areas ranging 14-22% (Figure 3C). January samples from

untreated areas also contained nearly 15% ferns (Figure 3D).

Fecal samples collected on improved areas in early spring (March

and April) were still dominated by shrubs, mainly salal and huckleberry,

but lacked the large conifer component present in winter samples

(Figures 3A and 3B). Early spring samples also contained more grass

than winter samples, primarily wildrye, sweet vernal grass, and timothy,

Ph7eum spp., as well as increasing amounts of forbs and ferns (Figures

3C, 3D, and 3E). May samples from improved areas were dominated by

grasses, mostly by Poa/Festuca spp., wheatgrass, and sweet vernal grass.

May samples also contained nearly 15% Trifolium spp. Spring samples

from untreated areas were dominated by salal and huckleberry in March

and Douglas fir and western hemlock in April, but these species were

absent in May. Grasses increased in abundance and species richness

throughout the spring season, becoming the dominant forage class in May

(Figure 3C). Grasses in May samples from untreated areas included
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smaller amounts for Poa/Festuca spp., wheatgrass, and sweet vernal grass

than in May samples from improved areas, as well as sedges, Carex spp.,

rushes, Juncus spp., and velvetgrass. May samples from untreated areas

also contained 28% fern (Figure 3D).

Fecal samples collected on improved areas in summer (June, July,

and August) were dominated by grasses and forbs (Figures 3C and 3E).

Grasses present in summer samples included velvetgrass, sweet vernal

grass, wheatgrass, wild rye, and sedge. Forbs present in summer samples

included mexican betony, Stachys mexicana, western springbeauty, Montia

sibirica and horsetail, Equisetum spp. Small amounts (<10%) of Rubus

spp. were also present. Summer samples from untreated areas were very

different than those from improved areas containing much smaller amounts

of grasses and forbs, and larger amounts of Rubus spp. particularly in

August (Figures 3A, 3C, and 3E). Ferns were the dominant forage class

in June samples, and July samples contained sizeable amounts (>15%) of

two unusual categories identified only as seed/nut and flower parts

(Appendix 3). August samples contained 11% fern rhizome.

Fecal samples collected on improved areas in fall (September,

October, and November) were dominated by shrubs, primarily Rubus spp. in

September and November, and salal in October (Figure 3A). November

samples also contained 35% Douglas fir (Figure 3B). Grasses and forbs

were still prevalent in early fall samples (September and October), from

improved areas, but decreased substantially in November. Fall samples

from untreated areas contained a complex mix of grasses, forbs, shrubs,

and ferns (Figures 3A, 3C, 3D, and 3E). September samples contained 30%
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Rubus spp., October samples contained 45% horsetail and 32% fern, and

November samples contained 40% salal and 15% fern.

Monthly DAPA values in fecal samples from improved and untreated

areas were not significantly different (0.10 > P > 0.05). DAPA values

in fecal samples from both areas followed the generally expected trend

(i.e. high in spring and summer when forage values are high and low in

winter when forage values are low) (Figure 4). DAPA values in fecal

samples from improved areas ranged from a high of 0.912 mg DAPA/g fecal

dry matter in June to a low of 0.401 mg DAPA/g fecal dry matter in

December. DAPA values in fecal samples from untreated areas ranged from

a high of 0.874 mg DAPA/g dry fecal matter in May to a low of 0.355 mg

DAPA/g dry fecal matter in February.

Objective 3. To compare productivity of elk using improved and

untreated areas.

Estimated birth weights of elk calves from improved and untreated

areas were not significantly different (P = 0.36). Variation in

individual birth weights was high on both areas, with birth weights

ranging 14.5-25.2 kg (Table 1). In 1987, the mean estimated birth

weight of 6 elk calves from improved areas and 4 elk calves from

untreated areas was 21.4 kg (SD = 2.5 kg) and 21.8 kg (SD = 2.2 kg)

respectively. In 1988, the mean estimated birth weight of 13 elk calves

from improved areas and 8 elk calves from untreated areas were 18.2 kg

(SD = 1.5 kg) and 19.4 kg (SD = 3.4 kg) respectively. There was no

difference in estimated birth weights of male and female elk calves
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Table 1. Estimated birth weights of Roosevelt elk calves.

Area
Year

Calf
Sex

Estimated
birth
date

Estimated
birth wt.

(kg)

Improved

1987 267A F 05/26 17.9
050A 11 05/23 25.2
569A F 06/02 19.7
441A F 06/06 21.8
296A M 06/07 21.8
350A F 06/06 21.8
110A F 06/15 (8.6)*

1988 429B M 05/18 18.2
579B M 05/21 15.9
551B F 05/22 15.9
121B F 05/26 16.8
080B F 05/26 18.2
309B M 05/29 18.2
230B M 05/26 18.6
071B M 06/01 20.0
629B F 06/03 19.1
700B F 06/01 18.2
011B M 06/06 20.0
270B M 06/02 16.8
1108 M 06/08 20.4

Untreated

1987 011A M 05/21
471A M 05/30 20.4
020A M 06/03 24.4
479A F 06/01 - - --

700A M 06/08 19.5
261A M 06/10 22.7
629A M 06/18 (21.3)*

1988 100B F 05/22 22.2
561B M 05/23 17.3
0608 F 05/26 14.5
091B M 05/28 21.8
359B M 05/30 (25.4)*
148B F 06/01 16.8
341B F 05/30 17.7
374B F 05/29 19.5
569B M 06/06 25.0

*Excluded from birth weight analysis
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(P > 0.05), but mean birth weight on improved areas in 1988 was

significantly lower than in 1987 (P = 0.02).

Survival rates of elk calves were not significantly different on

improved and untreated areas in either year (X287_88 = 2.12, 1 df, 0.75 >

P > 0.50, X288_89 = 0.798, 1 df, 0.90 > P > 0.75). In 1987, 4 of 6 elk

calves (67%) from improved areas and 4 of 7 calves (57%) from untreated

areas survived their first year of life. In 1988, 10 of 12 elk calves

(83%) from improved areas and 7 of 9 elk calves (78%) from untreated

areas survived their first year of life.

Time and cause of death were determined for a total of 8 elk

calves. Two elk calves from each area died within 3 weeks of birth.

One from the improved areas was extremely small (8.6 kg) and died soon

after birth. A second from the improved area was most likely abandoned

or killed by sheep dogs, when sheep were moved onto the clearcut 3 days

after birth. A 2-week-old elk calf from untreated areas died 7 days

after its mother was found dead of unknown causes, and a second elk calf

from untreated areas was most likely killed by a black bear, Ursus

americanus. Two 6-month-old female elk calves were killed by bow

hunters in the late archery season. One was left unsalvaged. Two 8-

month -old female elk calves from untreated areas died during the record

cold weather in February and March 1989.

Age-specific pregnancy and lactation rates of elk collected in the

special hunts are shown in Appendix 4. As expected, none of the female

elk calves examined were reproductively active (i.e. pregnant or

lactating). Five yearling females collected from improved areas were

neither pregnant nor lactating, but none were collected from untreated
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areas for comparison. One of 3 (33%) 2.5-year-old cows collected from

improved areas was pregnant, none were lactating, and none were

collected on untreated areas for comparison. However, 1 of 5 (20%) 3.5-

year -old cows from improved areas, and 1 of 8 (12.5%) from untreated

areas were lactating indicating pregnancy at the age of 2.5 years. This

would suggest that approximately 25% of cows from improved areas and

12.5% from untreated areas first conceived at 2.5 years of age, however

this difference was not statistically significant (X2 = 5.128, 1 df,

0.25 > P > 0.10). Three of 5 (60%) 3.5-year-old cows from improved

areas and 5 of 8 (62.5%) from untreated areas were either pregnant or

lactating, but the difference between areas was not significant (X2 =

0.32, 1 df, 0.99 > P > 0.975. Twenty-four of 29 (83%) prime-aged cows

(4-10 years of age) from improved areas and 16 of 18 (89%) from

untreated areas were either pregnant or lactating, but the difference

between areas was not significant (X2 = 1.496, 1 df, 0.75 > P > 0.50.

Six of 29 (21 %) prime-aged cows from improved areas, and 3 of 18 (17%)

from untreated areas were both pregnant and lactating at the same time,

but the difference between areas was not significant (X2 = 0.5198, 1 df,

0.95 > P > 0.90. All of the older-aged cows on both areas (null, = 9,

AUNT = 6) were either pregnant or lactating.

Body condition of elk collected in the special hunts, as evaluated

by percent kidney fat (%) and percent metatarsal marrow fat (%MMF) was

generally poor (i.e. low fat reserves) on both improved and untreated

areas (Appendix 4). Percent KF ranged 10-149%, but 60% of the elk from

each area had <30% KF. Percent MMF ranged 7-99%, but 45% of the elk

from improved areas and 74% from untreated areas had <50% MMF. Percent
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KF and % MMF were only moderately correlated (r=+0.54). There was no

significant difference in % KF or % MMF of elk from improved and

untreated areas in any age and pregnancy lactation category (P > 0.05).

Calves from both areas had little to no fat reserves (i.e. <34% KF and

<28% MMF). Pre-reproductive cows 1-4 years of age from both areas also

had generally low % KF (<44%), however, % MMF ranged 34-93% and was

significantly higher in these animals than in calves (P > 0.05). Three

adult cows , 6-10 years of age, were collected on improved areas that

were neither pregnant nor lactating, and had either low % KF (24%) or

low % MMF (10% and 50%). All other adult cows from both areas were

reproductively active (i.e. pregnant and/or lactating) and fell within

3 age groups (3, 4-10, 11+ years), however tests revealed there was no

significant difference in % KF or % MMF between age groups (P > 0.05) so

they were combined for analysis and discussion. Lactating adult cows

from both areas had significantly less % KF (zKF = 19 SD = 10) and % MMF

(ipew = 28 SD = 25) than those that were not lactating (Rua = 48 SD = 31,

Row = 71 SD = 29), and pregnant adult cows from both areas had

significantly more % KF (KF = 49 SD = 31) and % MMF (ipow = 69 SD = 28)

than those that were not pregnant (A:F = 22 SD = 17, Tcwo = 34 SD = 31)

(P > 0.05). Adult cows that were both pregnant and lactating had KF's

ranging 12-55% and MMF ranging 17-86%.

Breeding dates of cow elk were not significantly different on

improved and untreated areas in either year (P > 0.05) (Appendix 4). In

1987, breeding dates on improved areas occurred 21 August-9 October

(median = 14 September) and on untreated areas from 12 September-11

December (median = 22 September). Median breeding dates in 1987 were 8
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days earlier on improved areas. In 1988, breeding dates on improved

areas occurred 22 September-8 November (median = 3 October) and on

untreated areas 10 September-2 November (median = 17 October). Median

breeding dates in 1988 were 16 days earlier on untreated areas.

Breeding dates were not correlated with cow age (r = 0.11) or body

condition (rKF = +0.05, riou = +0.07).

Calf ratios were significantly higher on improved versus untreated

areas in the winter census of 1987 (X2 = 10.2, 1 df, 0.025 > P > 0.01),

but were similar in the other 7 censuses taken (P > 0.05). Calf ratios

varied from 23-42% on improved areas, and from 20-35% on untreated

areas, with sample sizes ranging (22-147) within any given season

(Table 2).

Objective 4. To compare movements and home ranges of elk using

improved and untreated areas.

Annual home range size of calf elk on improved areas ranged from

2.9-21.0 km2, and 4.1-18.2 km2 on untreated areas (Table 3). Mean home

range size of calf elk from improved areas (R = 8.8 km2, SD = 6.2 km2)

was not significantly different (P = 0.36) than on untreated areas (7 =

7.6 km2, SD = 4.2 km2). Home range size was not related to the quantity

of forage (% forage) (r = +0.27) or the quality of forage (HEF) (r =

+0.19) within home ranges. The quantity of forage (% forage) within

home ranges on improved areas ranged 7.5-21.8%, and for home ranges on

untreated areas 1.2-27.9%, and there were no significant differences in

forage quantity (% forage) between areas (P = 0.85). However, forage

quality (HEF) was significantly different between areas (P = 0.01), with



Table 2. Age and sex composition of Roosevelt elk herds.

Area Season-year Calves Cows
Branched

Spikes bulls Total
Calves/
100 cows

Spikes/
100 cows

Branched
bulls/

100 cows

Improved Winter-1984 22 54 3 2 81 41 6 4
Winter-1985 24 91 6 121 26 7
Winter-1986 9 30 2 41 30 7
Winter-1987 42 100 1 4 147 42* 1 4
Summer-1987 30 79 15 5 129 38 19 6
Winter-1988 10 31 4 - 45 32 13 -

Summer -1988 28 71 11 6 126 40 16 9
Winter-1989 19 83 7 1 110 23 8 1

Untreated Winter-1984 8 23 1 32 35 4
Winter-1985 21 69 4 1 95 30 6 1

Winter-1986 25 69 7 4 105 36 10 6
Winter-1987 4 19 3 26 21* 16 -

Summer -1987 17 65 10 7 99 26 15 11
Winter-1988 5 17 - 22 29 - -

Summer -1988 19 58 14 5 96 32 24 9

Winter-1989 10 50 1 2 63 20 2 4

*Significantly different (P < 0.05).
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Table 3. Home range and core area of Roosevelt elk calves.

Area Calf Total # Home range
Year # locations size (km')

Improved

Core areg
% Forage HEF* size (km')

87-88 267A 144 6.6 10.3 0.98 2.3

050A 140 3.1 9.1 0.95 1.9

569A 88
441A 128 20.0 11.1 0.98 4.5

296A 154 8.8 10.1 0.98 3.0

350A 74

110A 4

88-89 429B 114 4.9 11.7 0.95 2.5

579B 5

551B 112 3.3 18.2 0.99 1.1

121B 108 2.9 21.8 0.85 1.2

0808 110 6.9 10.6 0.95 2.4

3098 67

2308 105 21.0 13.1 0.88 6.8

0718 106 15.5 11.4 0.98 3.8

629B 109 6.1 18.1 0.71 2.0

700B 58

0118 108 9.4 7.5 0.88 3.0

270B 107 5.4 13.1 0.96 2.5

1108 13

Untreated

87-88 011A 103

471A 142 18.2 3.5 0.63 7.6

020A 146 10.7 16.2 0.69 3.8

479A 126 5.0 1.2 0.57 1.9

700A 10

261A 140 6.2 12.7 0.65 2.8

629A 10

88-89 1008 119 4.1 14.1 0.58 1.3

561B 116 6.2 7.6 0.51 2.3

0608 123 7.2 9.1 0.56 2.4

091B 109 8.1 14.1 0.70 2.6

359B 43

1488 119 5.0 22.9 0.43 1.9

3418 93
374B 67

569B 114 5.2 12.8 0.55 1.6

*Habitat Effectiveness of Forage (Wisdom et al. 1986).
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HEF values higher on improved areas (0.71-0.99) than on untreated areas
4

(0.43-0.70).

The size of core areas used by calf elk ranged 1.1-6.8 km2 on

improved areas and 1.3-7.6 km2 on untreated areas (Table 3). Mean core

area size on improved (i = 2.8 km2, SD = 1.5 km2) and untreated areas (R

= 2.8 km2 ,SD = 1.5 km2) was similar, but core area sizes were not

significantly different (P = 0.69). Core area size was not related to

the quantity of forage (% forage) (r =+0.34) or the quality of forage

(HEF) (r = +0.10).

As evaluated by the mean distances between consecutive points

(MDT's), there was no significant difference in the distances traveled

by calves from improved and untreated areas during the summer (P =

0.15), fall (P = 0.36) and spring (P = 0.76) seasons. However, calves

from improved areas traveled significantly farther between consecutive

locations in winter than calves from untreated areas (P = 0.05). Calves

from improved areas traveled an average of 665 m (SD = 192 m) between

consecutive locations in summer, 590 m (SD = 195 m) in fall, 663 m (SD =

306 m) in winter, and 633 m (SD = 249 m) in spring, while calves from

untreated areas traveled an average of 580 m (SD = 154 m) between

consecutive locations in summer, 535 m (SD = 123 m) in fall, 502 m (SD =

82 m) in winter, and 552 m (SD = 74 m) in spring. Mean distances

traveled by individual calves between consecutive locations was highly

variable in all seasons and ranged from 276-1328 m for calves from

improved areas, and 268-793 m for calves from untreated areas (Table 4).

Mean distances traveled (MDT's) were not correlated to forage quantity

(% forage) (rs = -0.06, rfatt = -0.13, rwinter = +0.02, rspring = -0.13)
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Table 4. Mean distances traveled between consecutive locations by Roosevelt elk calves.

Summer Fall Winter Spring
Area Calf 7/1-9/15 9/16-11/30 12/1-2/29 3/1-6/30
Year I (m) (m) (m) (m)

Improved

87-88 267A 312 369 320 331
050A 660 886 581 602
569A 916 684
441A 793 477 537 501

296A 587 620 652 620
350A 755 547

110A

88-89 4298 633 629 694 653
579B

5518 723 735 563 493
121B 504 501 641 424
0808 640 656 716 618
309B 835 469

2308 784 919 1.328 1,176
071B 889 928 1.309 936
629B 549 360 579 528
700B 304 279 276

0118 485 491 643 964
2708 929 474 444 387
110B

Untreated

87-88 011A 553 382 364
471A 793 595 641 617
020A 586 544 533 556
479A 268 388 486 508
700A

261A 748 718 408 701
629A

88-89 100B 474 432 452 438
5618 601 608 446 537

0608 774 746 476 547

0916 518 568 588 502
3596 555
148B 431 471 552 609
341B 802 424 484
374B 513 436 627
5698 499 649 474 507
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or forage quality (HEF) (r = +0.35, rfatt = +0.19, rwinter = +0.35,

rspring = +0.16) within home ranges.

Calves from improved areas traveled an average of 1211 m (SD = 128

m) in response to sheep grazing, and were displaced an average of 14

weeks (SD = 5 weeks). Mean distance traveled in response to sheep

grazing was significantly farther than the mean distances traveled by

calves on both areas in the absence of sheep (P > 0.05).

There were no significant differences in the mean distances to

forage (MDF) for elk calves from improved and untreated areas during the

summer (P = 0.38), fall (P = 0.31) and winter (P = 0.34) seasons.

During the spring season, however, calves from improved areas stayed

significantly closer to forage than calves from untreated areas (P =

0.03). Calves from improved areas were, on the average, within 228 m

(SD = 45 m) of forage in summer, 236 m (SD = 109 m) in fall, 179 m (SD =

55 m) in winter, and 154 m (SD = 72 m) in spring, while calves from

untreated areas were within 288 m (SD = 157 m) of forage in summer, 305

m (SD = 11 m) in fall, 228 m (SD = 115 m) in winter, and 246 m (SD =

113 m) in spring. Mean distances to forage (MDF) for individual calf

elk was highly variable in all seasons and ranged 43-485 m from forage

for calves from improved areas, and 70-719 m from forage for calves from

untreated areas (Table 5). Mean distance to forage was only moderately

correlated with forage quantity (Y. forage) (rs = - 0.47, rfatt =

+0.61, neater = -0.66, rsprtag = -0.62) and not correlated with forage

quality (HEF) (rs = -0.26, rfatt = +0.30, ratater = -0.33, rsprtag =

-0.44).
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Table 5. Mean distance to forage for Roosevelt elk calves.

Summer Fall Winter Spring
Area Calf 7/1-9/15 9/16-11/30 12/1-2/29 3/1-6/30
Year # (m) (m) (m) (m)

Improved

87-88 267A 215 251 148 128
050A 180 298 263 216
569A 246 258
441A 237 205 198 187
296A 228 143 188 123
350A 300 392
110A

88-89 4298 197 142 128 145
5798
551B 239 305 115 79

121B 140 155 132 113
0808 174 151 184 147
3098 210 140

2308 267 259 151 198
071B 225 485 157 216
629B 197 91 224 43
7008 310 352
0118 223 286 296 318
270B 283 107 140 92
1108

Untreated
87-88 011A 157 195 150

471A 529 719 322 223
020A 259 244 285 243
479A 193 469 479 440
700A
261A 259 322 86 202
629A

88-89 1008 108 192 294 148
5618 626 501 361 352
0608 405 345 200 317
091B 413 200 177 74
359B 317
148B 70 145 90 134
341B 195 218 172

3748 262 110 126
5698 236 303 218 326
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Calves from improved areas were most often located near improved

clearcuts (burned, seeded, fertilized, and grazed clearcuts) (Table 6),

but generally used these areas less than would be predicted by

availability (RPT = 0.68, n = 13) (Table 7). They tended to prefer

(i.e. use > availability) to use areas near ungrazed meadows (RPT =

5.58, n = 10) or near seeded and fertilized meadows (RPT = 3.78, n = 5).

Calves from untreated areas were most often located near untreated

clearcuts (burned clearcuts) (Table 6), and demonstrated no particular

trend in preference or avoidance of these areas (Table 7). They did,

however, generally tend to prefer to use areas near ungrazed meadows

(RPT = 3.84, n = 7).



Table 6. Roosevelt elk use of different forage area types and treatments.

Area Calf Total #
Forage Type and treatment category (f locs)

Temp. Temp.
Year locations 1 2 3 4 5 6 7 8 9 10

Improved

87-88 267A 144 59 85
050A 140 35 58 46 1

569A 88 37 24 4 23
441A 128 1 60 27 6 9 25
296A 154 66 50 38
350A 74 14 20 39 1

110A 4 4

88-89 4298 114 59 53 2
579B 5 5
551B 112 1 68 28 15
1218 108 59 5 25 19
0808 110 3 55 50 2
309B 67 39 4 21 1 1 1

230B 105 5 39 24 4 19 14
071B 106 59 24 2 21
6298 109 20 23 46 2 17 1

7008 58 14 41 3
0118 108 6 16 22 38 26
2708 107 31 26 5 42 3
110B 13 10 3

1,854 6 60 785 485 178 13 96 45 149 37



Table 6. (continued).

Area Calf Total #
Forage Type and treatment category (# locs)

Temp. Temp.
Year # locations 1 2 3 4 5 6 7 8 9 10

Untreated
87-88 011A 103 95 8

471A 142 48 45 16 31 2
020A 146 87 24 25 9 1
479A 126 13 55 19 33 6
700A 10 10
261A 140 63 2 10 65
629A 10 10

88-89 1008 119 77 4 1 36 1

561B 116 58 58
0606 123 58 8 35 15 7
0916 109 38 4 49 2 14 2
359B 43 8 6 11 2 15 1
1486 119 106 13
3418 93 83 10
3748 67 13 4 40 10
569B 114 62 1 36 11 4

903 503 23 134 162 15 29 37

1 = C = Clearcut
2 = C-B = Clearcut-burned

3 = C-BSFG = Clearcut-burned, seeded, fertilized, and grazed
4 = M-U = Meadow-untreated
5 = M-SF = Meadow-seeded and fertilized
6 = P-U = Pasture-ungrazed
7 = P-GH = Pasture-grazed or mowed

8 = P-SFGM = Pasture-seeded, fertilized, and grazed or mowed
9 = Temp. C-BSFGH Newly clearcut-burned, seeded fertilized and grazed
10 = Temp. C = Newly clearcut



Table 7. Relative preference indices (RPI) for Roosevelt elk use of different forage area types and treatments.

Area
Year

Calf
0 1 2

Forage type and treatment categories
3 4 5 6 7 8 9 10

Improved
87/88

88/89

Untreated
87/88

88/89

267A
050A
441A
296A

4298
5518

121B
080b

2308
0718
6298
0118
270b

471B
020A
479A
261A

1008
5618
0608
090B

148B
569B

1.00

1.00

1.15

0.74

1.40
0.14

1.05

0.93

0.54

0.52

1.67

1.24

0.69

0.45
0.38
0.85
0.49

0.65
0.67
0.96
0.63

1.09

1.10
0.82
0.26
0.48

0.22

6.56

1.86
10.50
3.56

3.54

3.85

1.77

5.50
1.11

17.50

8.00
3.20
2.32

0.64

7.14

2.64

2.91

2.54

6.25

4.17

2.50

3.43 0.50

1.10

2.50

1.00

0.29

0.29

0.57

0.67

2.33

24.00

0.58

0.47
5.00
1.04

1.00

0.92
2.14

0.91

3.55

0.38

0.56

4.33
1.10

0.50
0.48
0.73

0.30

0.57

0.85

2.60

0.06

0.50

0.11

0.39

1 - clearcut
2 = clearcut-burned
3 = clearcut-burned, seeded, fertilized, and grazed
4 = meadow-untreated
5 = meadow-seeded and fertilized
6 = pasture-ungrazed
7 = pasture-grazed or mowed
8 = pasture-seeded, fertilized, and grazed or mowed
9 = temporary clearcut-burned, seeded, fertilized, and grazed
10 = temporary clearcut.
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DISCUSSION

The results of this study suggests that the practices used by ODFW

and the SNF to improve winter forage for Roosevelt elk in the Oregon

Coast Range (i.e. seeding, fertilizing, and sheep grazing) are of no

measurable benefit to elk. Although these practices produce temporary

changes in phytomass production and species composition of young

clearcuts, these changes are not reflected in the elk diet.

Furthermore, improvements in winter forage did not appear to stimulate

elk productivity or affect elk distribution. These study results should

be considered in any future forage improvement plans.

Seeding, fertilizing, and sheep grazing have a dramatic impact on

phytomass production and species composition of 1-year-old clearcuts.

Phytomass produced on improved clearcuts was nearly twice that produced

on untreated clearcuts in all 4 seasons of year 1. In the fall,

following initial seeding and fertilization of newly burned clearcuts,

ryegrass germinated quickly and established dominance. Other seeded

plant species were minor in abundance and most of the resident browse

and forb species were suppressed. A relatively homogenous stand of tall

ryegrass matured in mid-summer and became co-dominant with burnweed in

late summer/early fall when forage conditions may already be

deteriorating. Burnweed is a tall, aggressive, perennial weed that is

generally unpalatable to elk. Succulent, palatable forage may further be

made scarce at this time by the introduction of sheep to control the

old, unutilized ryegrass.

By the fourth fall following the initial seeding and subsequent

fertilizations the effects of the forage improvement practices were
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diminishing. Phytomass production increased at a greater rate on

untreated clearcuts and approached that on improved clearcuts. Ryegrass

decreased on improved clearcuts and the seeded orchardgrass became

better established. Resident grasses, shrubs, and forbs also

contributed to the available forage on improved 4-year-old clearcuts

however, plant species richness was probably greater on untreated

4-year-old clearcuts.

By clearcut age 7, the forage available on improved and untreated

clearcuts was essentially the same in terms of phytomass production and

species composition. The amount of forage seeded species was negligible

except for a small amount of orchardgrass. Resident plant species were

abundant, although most of them also matured in late summer/early fall

and lost nutritive quality. Because the effects of these forage

improvement practices on forage availability were so short-lived it was

unlikely they would be of great benefit to elk.

Diets of elk are generally dictated by forage availability.

However, diets of elk from improved and untreated areas, as evaluated by

fecal analysis were, overall, very much alike in plant species

composition, as well as DAPA concentrations. Fecal samples from both

areas contained large proportions of shrubs from September to March,

primarily salal, huckleberry, and Rubus spp. Douglas fir was also an

important component of samples from improved areas November through

February. Since fecal analysis results were not corrected for the

differential digestibility of plant species, it is not surprising these

species represent major components since their relative digestibilities

are low. However, many studies of Roosevelt elk diets report these
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species as major food items (Harper 1987, Hines 1970, Jenkins and

Starkey 1991, Schwartz and Mitchell 1945, Skinner 1936) and Nelson and

Leege (1982) even rank the relative values of these species as

"valuable" and "highly valuable" during the fall and winter seasons.

Furthermore, the practice of fertilizing may have made these species

even more palatable to elk using improved areas. Resident grasses and

forbs were important components of elk fecal samples from both areas

April-August, and could, in general, be expected to be equally as

digestible as the seeded grasses and forbs, particularly on fertilized

sites. The forage seeded plant species were conspicuously absent or

negligible components of all monthly samples from improved areas,

suggesting that perhaps these species are not consumed in great amounts.

Although the relatively high digestibility of these species would

undoubtedly lead to underestimated proportions through the fecal

analysis technique, higher proportions could still be expected if they

were consumed in any significant amounts. If these species were heavily

utilized, but remained undetected in fecal samples because of their high

digestibility, we would still expect to see their influence in the DAPA

profile from the improved area. Although DAPA values were slightly

higher in samples from improved areas, the differences were not

remarkable. Because DAPA values and plant species composition were so

similar in monthly samples from both improved and untreated areas;

because the forage-seeded species were essentially absent, and because

sheep were necessary to control all the unutilized forage, it can be

concluded that elk using the improved areas were not consuming

significant quantities of the improved forage provided for them.
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As previously discussed, elk productivity may be stimulated by

improvements in diet quality. However, cow elk from both improved and

untreated areas had some of the lowest reproductive rates (i.e.

pregnancy and/or lactation rates) and fat reserves (i.e. % KF and % MMF)

reported for Roosevelt elk throughout their geographic range (Merril et

al. 1987, Smith 1980, Trainer and Golly 1990, Trainer and Walters 1988;

Trainer 1987, 1986, 1971). Although a few cows from both areas

apparently first conceived as 2-year-olds, the majority were 3 years or

older before first becoming pregnant. Breeding dates occurred within a

similar time frame in both years on both improved and untreated areas,

although some of the later breeding dates probably involved recurrent

estrus periods. Calf elk from improved areas were not heavier at birth,

nor did they have any better chance of survival to 1 year than calf elk

from untreated areas. Calf ratios on both areas were similarly low

compared to other populations of Roosevelt elk (ODFW 1981-1987).

Because elk productivity was similar on both areas it would seem that

the forage improvement practices failed to provide sufficient

nutritional benefits to improve elk productivity. Low productivity has

been associated with a number of factors that may or may not be relevant

to this study.

The availability of breeding bulls has long been of concern to elk

managers promoting a male-only harvest. The question of how many bulls

are required for maximum productivity in Roosevelt elk was addressed by

Hines et al. (1985) and Hines and Lemos (1979) on the Millicoma Tree

Farm enclosure in southwestern Oregon. These authors found that

although yearling bulls were generally capable of breeding, calving
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success of adult cows was better with 2 to 3-year-old bulls. They also

recommended that a ratio of 3-10 mature bulls per 100 cows would produce

maximum conception rates. Herd composition counts on the study area

indicated an average of 5-6 mature branched bulls per 100 cows and 10-11

spike bulls per 100 cows, indicating that bull availability was

sufficient on both improved and untreated portions of the study area.

High population density is another factor that has been associated

with low productivity in elk (Mohler and Toweill 1982). When population

density approaches the carrying capacity, habitat resources become

limited and productivity declines. District wildlife biologist

H. Sturgis (personal communication 1987) felt that the population

density of elk in the mid-coast range was probably higher than anywhere

else in the state. He estimated that 1,500-2,000 elk inhabited the 1040

km2 study area or 1-2 elk/km2. Whether this density of elk is

approaching the carrying capacity of the area is unknown; however, some

indirect evidence suggests this may be the case. Preferred forage

species such as salmonberry, huckleberry, elderberry, Sambucus spp. and

bitter cherry, Prunus spp., show signs of over-utilization by elk, and

other less palatable, low quality species such as salal and Douglas fir,

are apparently common food items. Elk damage complaints are increasing

in the surrounding area (ODFW 1981-1989) and trampling damage is evident

in some places. Although not determined with certainty in this study,

these observations would at least infer that density dependent phenomena

may be involved in the low productivity of these elk.

The last and most likely cause of low productivity in the

Roosevelt elk on the study area is the quality of summer rather than
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winter forage. For decades big game managers have assumed that winter

forage was of utmost importance because of weather severity and

decreased nutritional values of many forage species. Since big game

animals typically lost weight in winter, it was logical to assume that

improvements in winter forage would increase productivity. However, it

is also well known that elk tend to minimize activity and food

consumption during winter, and increase their activity and food intake

from spring-fall when forage is generally more available and nutritious

(Bubenik 1982, Nelson and Leege 1982). Heavy consumption of high

quality foods spring-fall allows elk to build energy reserves in the

form of body fat to help support them through the winter. Elk

inhabiting coastal areas where winters are generally mild and snow cover

minimal are generally geared less towards this annual cycle of fat

deposition and loss than migratory elk from areas where winters are

severe. Trainer (1971) compared kidney fat deposits in Roosevelt and

Rocky Mountain elk collected November-January and found that Rocky

Mountain elk had significantly larger fat deposits than Roosevelt elk.

Since kidney and marrow fat concentrations determined in this study were

similar on both areas, but lower than for most other populations of

Roosevelt elk, it would seem that in spite of improvements in the

quality of winter forage there was no substantial effect on elk body

condition.

It would seem reasonable then to conclude that forage quality or

quantity was lacking at some other time of year than winter. Since

Roosevelt elk in poor condition (i.e.low fat reserves) are apparently

unable to achieve estrus in fall following the heavy physiological
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demands of gestation and lactation in late spring and summer it seems
4

probable that the quality of late spring and summer forage may be

responsible for the low productivity of elk on the study area. Verme

(1967) felt that the quality of spring, summer, and fall forage was

crucial to reproduction in white-tailed deer, Odocoileus virginianus,

and Robbinette et al. (1955) and Wegge (1983) both determined that

spring and summer range conditions were related to the age at which mule

deer, 0. hemionus, and red deer, Cervus elaphus, achieve sexual

maturity. Longhurst (1951) stated that poor forage conditions just

prior to ovulation could be detrimental to the rate of ovulation, and

Knight (1970) concluded that summer range conditions on the Sun River

Game Preserve was responsible for the low productivity in resident elk

herds.

Summer and early fall range conditions on both the improved and

untreated portions of the study area were probably poorer than in spring

and late fall when moisture is less limiting and new growth occurs.

Grasses and forbs are reaching maturity and the annual growth on shrub

species is beginning to harden. Rhodes and Sharrow (1983) collected

seasonal samples of 15 major forage species on improved portions of the

study area and analyzed seasonal levels of crude protein (CP), in vitro

dry matter digestibility (IVDMD), and minerals. Although CP and IVDMD

appeared sufficient to meet the demands of elk maintenance and gestation

in spring, CP and IVDMD decreased to elk maintenance levels by fall and

were inadequate to support lactation, growth and reproduction. Mineral

levels were judged adequate for sheep, but requirements for elk are

poorly understood. Selenium levels, however, were consistently low in
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all seasons (>0.08 ppm), and selenium deficiency has been associated

with low reproductive rates in cattle in the nearby Willamette Valley.

Dietary requirements and metabolic expenditures have generally been

determined using captive Rocky Mountain elk (Nelson and Leege 1982).

Requirements and expenditures of free-roaming Roosevelt elk could

generally be expected to be somewhat greater based on their larger body

size, therefore seasonal gaps between dietary demands and forage

supplies may be even broader for this subspecies.

Because seeding, fertilizing, and sheep grazing had no apparent

effect on elk diets or productivity, it was not surprising that elk

movements and distribution were similar on both improved and untreated

areas. Elk from improved areas did not use smaller home ranges or core

areas than elk from untreated areas or from other coastal areas of

Oregon (Witmer 1982, Graf 1943), Washington (Graf 1955, Jenkins 1980),

and California (Franklin et al. 1975). They generally did not travel

any less than other sedentary populations of Roosevelt elk (Harper 1971,

Bowyer 1981). Elk from improved areas generally used forage areas in

proportion to their availability, however they apparently preferred the

bottomland meadows whether improved or not suggesting factors other than

forage quality may influence selection of forage areas.

Elk from improved areas demonstrated a negative and prolonged

response to sheep grazing by moving an average of 1.2 km (SD = 0.2 km)

away from sheep for an average of 14 weeks (SD = 5 weeks) at a time.

Nelson (1982) reported the elk will not remain in areas occupied by a

band of sheep, a herder, and dogs. Elk using improved areas were

displaced by sheep beginning just before the late spring calving season,
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through the dry summer months, and continuing through the fall rut. The

effects of this displacement on elk diets, as well as calving and

breeding success are unknown, but could hardly be expected to be

beneficial. There is also great potential for dietary overlap and

competition for forage between elk and sheep. Roosevelt elk are known

to be sedentary animals occupying small home ranges with concentrated

food sources (Harper 1987, Witmer 1982, Jenkins 1980, Franklin et al.

1975, Graf 1943 and 1955). Pickford and Reid (1943) felt that common

use of range by elk and sheep constituted "double use", and Nelson

(1982) concluded that this concern could be significant, especially in

summer.

In conclusion, the practices designed to improve winter forage for

coastal Roosevelt elk apparently had no effect on elk diets,

productivity, or distribution. Because seeding, fertilizing, and sheep

grazing costs money - 1987 costs = $35/ha to seed and fertilize the

first year, and $11/ha to fertilize each year thereafter (D. Cleary,

personal communication 1987) - and because it appears that seeding,

fertilizing, and sheep grazing are of no benefit to elk, the

justification to continue these practices should be questioned.
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MANAGEMENT RECOMMENDATIONS

When habitat improvement projects are designed, the plan should

include periodic evaluation to monitor the success of the project in

achieving its goals. The original goal of the ODFW-SNF cooperative

forage improvement program was to improve winter forage for Roosevelt

elk. By seeding, fertilizing, and grazing sheep on elk forage areas,

and replacing presumably poor quality resident forage with apparently

superior introduced forage species, it was assumed the nutritional

benefits would justify the means. Initially, project evaluation

consisted of measuring forage production and determining nutrient

levels, and it was concluded that the project was successful in

improving winter forage for Roosevelt elk. Unfortunately, project

evaluations stopped here, and no attempt was made to validate the

assumption that the improved forage was consumed in sufficient quantity

and quality to be of actual benefit to elk. It was not until 20 years

after the inception and expansion of the forage improvement program that

the direct effects of these practices on elk were evaluated. Although

the silvicultural advantages of seeding, fertilizing, and grazing sheep

may well justify the limited use of these practices, the results of this

study provide no support to continue these practices for the benefit of

elk.

Furthermore, elk managers should consider the appropriateness of

assuming that higher elk populations are a better management objective.

In areas where elk density may already be approaching carrying capacity,

is it really advisable to attempt to produce more elk? The concept of

carrying capacity implies certain stabilizing effects that include
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decreased reproductive rates and/or increased mortality rates to stop

population growth. The density dependent nature of elk would indicate

that increased productivity is most easily obtained by increasing

mortality rates, in this case higher female harvest. Managing stable

populations for both high harvest (and thereby lower environmental

effects) and non-consumptive use (primarily wildlife viewing) may be a

more desirable management objective.
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Appendix 1. Age estimation criteria for captured elk calves.

Calf it Sex

Capture
weight
(kg)

Estim.

age

(days)

Cond.

of

navel

1218 F 16.8 41 bloody
3098 M 18.2 <1 bloody
551B F 17.3 <1 bloody
5798 M 15.9 41 bloody
148B F 16.8 41 bloody
629B F 19.1 <1 bloody
110A F 8.6 41 bloody
267A F 17.9 <1 bloody
3596 M 26.3 1 bloody
569A F 20.7 1 bloody
261A M 23.6 1 bloody
011B M 20.8 1 bloody
0718 M 20.8 1 bloody
629A M 22.2 1 bloody
0916 M 22.7 1 bloody
0606 F 16.3 2 dry
341B F 19.5 2 dry
700B F 20.0 2 dry
021A M 26.2 2 dry
1108 M 22.2 2 dry
470A M 23.4 3 dry
429A M 20.9 3 dry

080B F 20.9 3 dry
700A M 22.2 3 dry
050A M 28.8 4 dry
0441A F 25.4 4 dry
5618 M 20.9 4 dry
2306 M 22.2 4 dry
1008 F 25.9 4 dry
297A M 25.4 4 dry
350A F 26.3 5 dry
5698 M 29.5 5 dry

2708 M 21.3 5 dry
3748 F 24.1 5 dry
480A F 31.1 5+ dry
011A M 28.1 7+ dry

Cond.

of

hooves*

so, sm, 11

so, sm, li
so, sm, li

so, sm, 11
so, sm, li
so, sm, li

so, sm, 11

so, sm, 11

so, sm, 11

so, sm, 11

so, sm, li
so, sm, 11

so, sm, 11

so, sm, li
so, sm, li
hd, wo, dk
hd, wo, dk

hd, wo, dk
hd, wo, dk
hd, wo, dk
hd, wo, dk
hd, wo, dk

hd, wo, dk
hd, wo, dk

hd, wo, dk
hd, wo, dk

hd, wo, dk
hd, wo, dk

hd, wo, dk
hd, wo, dk
hd, wo, dk
hd, wo, dk

hd, wo, dk

hd, wo, dk
hd, wo, dk
hd, wo, dk

Incisors
(m)

Tried to
run when

approached

Struggled
after

capture Vocalized

Stayed
where

left Comments

1 no no no yes Obs. birth 4% hrs. before capture
2 no no no yes Obs.birth 3 hrs.before capture
1 no no no yes Stood wobbly, humped
2 no no no yes Stood wobbly, humped
1 no no faintly yes
0 no no no yes
0 no no no yes Ears wet inside
1 no no no yes Obs.lone cow 1 day prior
2 no yes no yes Obs.calf nurse-unsteady
2 no no no yes
2 no no no yes
3 no no no no Obs.calf 1 day prior
1 no yes yes no Obs.calf nurse-unsteady
1 no yes yes yes
0 yes no yes no
1 no no yes yes
8 no no yes yes
3 no no no yes
5 no no no yes Canine tips 1 mm.
5 yes no no yes Obs.calf nurse-unsteady
3 no no no no Obs.calf 1 day prior moving with herd

10 no yes yes yes Calf alert, head up, obs.lone cow 1
day prior

6 no yes yes no
10 no no no no
3 no yes yes yes

10 yes yes yes yes
5 no yes yes no Obs.nursing & walking steady

10 no yes yes no
10 no yes yes no
6 no yes yes no Canine tips 1 mm.
6 yes yes yes no
6 no yes yes no Obs.calf 3 days earlier,caught

unaware
13 yes yes yes no Very agile & active
8 yes yes yes no Very agile & active
6 yes yes yes no Canine tips 1 mm.

10 no yes yes no All teeth erupted
*ABBREVIATIONS: so = soft; sm smooth; 11 light; hd hard; wo worn; dk dark.
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Appendix 2. Seasonal phytomass production (kg dry wt/ha) and species
composition (mean % dry wt) of 1, 4, and 7-year-old
clearcuts.

Plant Species

1 year old
Fall Winter Spring Summer

Imp Unt Imp Unt Imp Unt Imp Unt

Agrostis tenuis
Anthoxanthum
Carex spp.
Dactylis glomerata
Festuca arundinacea
Holus lanatus
Juncus spp.
Lolium spp.
Other grasses

3
10

73

15

3 1

9

74

10

2

1

2
9

71

14

1

1

1

5

38

6

1

1

TOTAL GRASS/SEDGE/RUSH 86 18 84 12 83 16 44 8

Anaphalis margaritacea
Chrysanthemum leucanthemum
Cirsium spp.
Digitalis purpurea
Epilobium angustifolium
E. minutum
Erichtites minima 41 52

Hypochaeris radicata
Iris tenax 1 1

Plantago lanceolata
Senecio spp. 2 3 2 2

Viola sempervirens 1 1 1

Polystichum munitum 1 2 1 1 2 1 1

Pteridium aquilinium 1 1 1

Other forbs/ferns 2 5 1 5 2 4 3 5

TOTAL FORB/FERN 3 8 1 8 6 12 47 61

Acer circinatum 4 2

Alnus rubra 1

Berberis nervosa 1 21 3 15 1 7 1 4

Cytisus scoparius
Gaultheria shallon 8 42 10 47 5 36 6 15

Holodiscus discolor
Oemleria cerasiformes
Prunus spp.
Rhamnus purshiana
Rubus parviflorus 2 2

R. spectabilis 2 10 1 3

R. ursinus
Salix spp.
Sambucus spp.
Vaccinium spp. 2 11 2 18 1 12 1 5

Other shrub

TOTAL SHRUB/TREE 11 74 15 80 11 72 9 31

TOTAL BIOMASS 615 320 728 414 815 503 922 512
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Appendix 2. (continued)

Plant Species
Fall

4- year -old
Winter Spring Summer

Imp Unt Imp Unt Imp Unt Imp Unt

Agrostis tenuis
Anthoxanthum odoratum
Carex spp.
Dactylis glomerata
Festuca arundinacea
Haus lanatus
Juncus spp.
Lolium spp.
Other grasses

9

2

26

1

9
1

20
8
6

2

2

9

1

25
0

1

9

17
6
6

1

1

1

9

2

24

3

1

8
1

19
8
5

2

2
1

3

1

12

3
1

4
1

12
3
3

2
1

TOTAL GRASS/SEDGE/RUSH 48 38 45 31 48 37 25 21

Anaphalis margaritacea 1

Chrysanthemum leucanthemum 1

Cirsium spp. 1 1

Digitalis purpurea 1

Epilobium angustifolium 1

E. minutum 3
Erichtites minima 12 10
Hypochaeris radicata 1

Iris tenax 1

Plantago lanceolata 1

Senecio spp. 1 2 1 2

Viola sempervirens
Polystichum munitum 1 1 1 2 1 1 1 1

Pteridium aquilinium 1 1

Other forbs/ferns 3 4 2 3 3 5 4 6

TOTAL FORB/FERN 4 8 3 8 6 10 18 24

Acer circinatum 3 4 3 2 1 4 2 3
Alnus rubra 1 1 1 2
Berberis nervosa 8 8 3 7 1 4 6 7
Cytisus scoparius 1

Gaultheria shallon 20 26 29 36 20 22 19 24
Holodiscus discolor 1 1

Oemleria cerasiformes
Prunus spp.
Rhamnus purshiana 1

Rubus parviflorus 2 4 6 4 4
R. spectabilis 4 4 1 9 6 8 6
R. ursinus 6 4 3 6 3
Salix spp. 2 2 1

Sambucus spp.
Vaccinium spp. 7 6 13 11 8 7 9 6
Other shrubs 2

TOTAL SHRUB/TREE 48 54 5 61 46 53 57 55

TOTAL BIOMASS 1097 888 1132 919 1182 1258 2007 1973
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Appendix 2. (continued)

Plant Species
Fall

7year old
Winter Spring Summer

Imp Unt Imp Unt Imp Unt Imp Unt

Agrostis tenuis
Anthoxanthum odoratum
Carex spp.
Dactylis glomerata
Festuca arundinacea
Holus lanatus
Juncus spp.
Lolium spp.
Other grasses

12

3
3

4
1

2
5

15
7

5

1

2

11

5

4

2

10
6
5

1

2

1

7

1

2

12

1

3

12
8
3

1

2

8

2

3

11

4

12
5
6

2

3
1

TOTAL GRASS/SEDGE/RUSH 30 30 22 24 26 26 28 29

Anaphalis margaritacea 1

Chrysanthemum 7eucanthemum
Cirsium spp. 1

Digitalis purpurea
Epilobium angustifolium 1 1

E. minutum
Erichtites minima 1 3 1

Hypochaeris radicata
Iris tenax
Plantago lanceolata
Senecio spp. 1 1

Viola sempervirens 1

Polystichum munitum 1 2 2 1 1 1 1

Pteridium aquilinium 1

Other forbs/ferns 4 4 4 2 1 4 2 1

TOTAL FORB/FERN 5 8 7 4 2 7 8 4

Acer circinatum 6 8 4 6 6 10 4 9

Alnus rubra 1 3 6 5 5 7
Berberis nervosa 8 7 4 5

Cytisus scoparius 2

Gaultheria shallon 27 17 28 25 20 15 19 15
Holodiscus discolor 2 3 1

Demleria cerasiformes 1

Prunus spp. 1 1

Rhamnus purshiana 1 1 1 1

Rubus parviflorus 6 1 2 3 1 2

R. spectabilis 4 6 1 3 9 8 8 7

R. ursinus 6 2 12 7 9 5 3 5

Salix spp. 4 6 4
Sambucus spp. 1 1

Vaccinium spp. 16 8 23 14 12 11 13 7

Other shrubs 6 1 3 5 2 7 1

TOTAL SHRUB/TREE 65 67 71 72 72 67 64 67

TOTAL BIOMASS 1812 1796 1766 1768 2601 2429 2144 2313



Appendix 3. Monthly vegetative composition of Roosevelt elk fecal samples (mean % cover) from improved and
untreated areas.

Jan Feb Mar Apr May June

Plant species Imp Unt Imp Unt Imp Unt Imp Unt Imp Unt Imp Unt

Anthoxanthum odoratum 6.32 5.39 12.04 7.09 5.49
Agropyron spp. 2.11 14.66 2.36 4.11
Agrostis spp. 5.24 3.20
Bromus spp. 3.23 4.56
Carex spp. 1.21 8.28 2.62 7.88 6.87 1.56
Dactylis glomerata 2.61 4.86 3.15
Elymus glaucus 7.72 4.50 4.58
Juncus spp. 1.05 3.94
Holcus lanatus 6.69 16.48
Phalaris aquatica 3.66
Ph7eum spp. 5.61 3.15 2.76
Poa/Festuca spp. 2.25 15.71 11.02 3.20
Other grasses 5.08 14.46 4.17 20.69 5.96 8.47 5.38 15.53 7.85 10.24 13.28 4.36

TOTAL GRASS/SEDGE/RUSH 10.92 14.46 9.03 21.90 33.33 8.47 20.67 23.81 58.12 55.13 60.87 5.92

Anaphalis margaritacea 2.11
Composite family
Equisetum arvense 1.87
Legume 2.69
Montia sibirica 1.83
Stachys mexlcana 0.67 3.11 2.36 5.26
Trifolium spp. 14.66 2.75
Other forbs 1.53 1.42 3.16 1.99 9.44 5.18 10.21 8.66 6.41 5.92

TOTAL FORB 1.53 1.42 5.27 1.99 10.11 10.98 27.23 8.66 16.25 7.79



Appendix 3. (continued)

Plant species

Jan Feb Mar Apr May June

Imp Unt Imp Unt Imp Unt Imp Unt Imp Unt Imp Unt

Berberis nervosa (leaf) 1.39 2.46 8.54 0.41
Gaultheria shallon (leaf) 42.38 26.83 37.03 32.86 27.37 53.05 27.41 9.73 0.40
Arctostaphylos uva -ursi 8.42 1.35
Opplopanax horridis (leaf) 0.31 1.16 1.80 0.94
Rhododendron macrophyllum 1.75
Rosa spp. 7.78
Rubus spp. (leaf) 0.70 1.04 3.54 5.03 9.97
Rubus spp. (stem)
Sambucus spp. (leaf) 0.61
Vaccinium spp. (leaf) 13.62 12.27 18.26 14.81 13.33 14.69 24.27 3.52 3.20
Vaccinium spp. (stem) 2.61 18.62 5.35 6.29 3.74 1.57 6.85
Other shrubs 0.31. 1.10 0.92 0.35 1.04 4.67

TOTAL SHRUB 59.84 58.82 64.11 53.96 54.38 71.48 63.37 13.66 2.08 5.51 16.20 22.43

Pseudotsuga menziesii 25.08 3.07 22.69 12.17 1.40 4.98 3.60 24.22
Tsuga heterophylla 4.82 5.68 12.83 16.56 3.74
Conifer bark 2.84 6.63
Other conifers (Thuja) 1.54 0.92 1.42 1.66 1.18

TOTAL CONIFER 26.62 10.73 23.61 19.27 1.40 17.81 3.60 49.07 1.18 3.74
Fern frond 12.57 27.95 5.95 59.50
Fern rhizome

TOTAL FERN 1.08 14.46 2.09 3.45 5.62 2.25 12.57 27.95 5.95 59.50
Lichen 1.23 1.24
Mosses 0.31 0.25 1.24 0.62
Seed/nut 1.16
Flower parts 1.57 0.92



Appendix 3. (continued)

Plant species

July Aug Sept Oct Nov Dec

Imp Unt Imp Unt Imp Unt Imp Unt Imp Unt Imp Unt

Anthoxanthum odoratum 9.32 19.04 7.34 5.88 12.31

Agropyron spp. 5.91 2.51

Agrostis spp. 4.97 2.35

Bromus spp. 4.07 4.15

Carex spp. 1.48 0.77 0.92 7.45 7.08 0.34 1.61

Dactylis glomerata
Elymus glaucus
Juncus spp.
Holcus lanatus 7.45
Phalaris aquatica 3.67
Phleum spp. 5.96 3.45
Poa/Festuca spp. 4.81 9.02 2.45

Other grasses 15.22 13.25 12.75 5.35 5.05 12.55 10.20 11.04 15.30 7.87 20.91

TOTAL GRASS/SEDGE/RUSH 36.96 13.25 48.06 6.12 22.94 34.90 34.30 10.20 11.38 15.30 7.87 22.52

Anaphalis margarftacea 2.75 1.57 1.09

Composite family 0.92 1.76 0.73

Equisetum arvense 12.11 0.50 0.92 0.39 0.73 34.06

Legume 0.99 0.59
Montia sibirica 20.86 21.81 4.31

Stachys mexicana 19.88 0.74 4.40 5.28 6.47 3.26

Trifolium spp. 1.46

Other forbs 18.22 9.11 15.34 13.58 6.41 4.12 5.08 2.04

TOTAL FORB 50.21 31.46 37.89 17.98 16.28 19.21 9.80 36.61 2.04 0.97



Appendix 3. (continued)

July Aug Sept Oct Nov Dec

Plant species Imp Unt Imp Unt Imp Unt Imp Unt Imp Unt Imp Unt

Berberis nervosa (leaf)
Gaultheria shallon (leaf) 2.29 28.68 1.46 4.07 39.94 57.87 50.13
Arctostaphylos uva -ursi
Opplopanax horridis (leaf) 1.14
Rhododendron macrophyllum
Rosa spp. 1.66 2.75 0.73
Rubus spp. (leaf) 7.24 9.27 7.76 36.90 38.30 30.20 6.53 2.19 28.01 4.51 0.27
Rubus spp. (stem) 6.88
Sambucus spp. (leaf) 3.22
Vaccfnfum spp. (leaf) 2.72 15.78 14.43 17.70
Vaccfnfum spp. (stem) 1.32 6.12 3.67 1.57 7.44 8.74 10.19 3.86 1.84 0.80
Other shrubs 1.24 4.63 2.22 1.56 5.97 2.65 2.18 3.64 0.68 0.53 2.15

TOTAL SHRUB 8.48 15.89 9.98 54.11 50.69 34.52 48.28 16.03 42.95 67.31 74.67 71.05

Pseudotuga menzfesif 0.99 1.45 35.48 0.64 13.65 1.61
Tsuga heterophylla 0.92 4.37 1.61
Conifer bark
Other conifers (Thuja) 2.29 6.11 2.89

TOTAL CONIFER 0.99 2.29 0.92 1.45 4.37 41.59 0.64 16.54 3.22

Fern frond 0.62 3.82 5.05 5.88 2.90 32.06
Fern rhizome 1.66 11.47

TOTAL FERN 0.62 1.66 15.29 5.05 5.88 2.90 32.06 2.04 14.49 0.53 2.94

Lichen
Mosses 0.62 1.32 2.68 1.83 0.79 1.09 0.73 1.29 0.39 0.27
Seed/nut 0.62 20.86 4.07 1.53 1.37 4.31 2.18
Flower parts 2.49 14.57 0.92 0.39



Appendix 4. Productivity of Roosevelt elk collected in special hunts (1988 and 1989).

Area
Collection
date Sex

Age
(years)

P-L*
category

Fetus
length
(mm)

Fetus
age

(days)

Fetus
sex

Conception
date KF* MMF*

Improved

02/11/88 F calf NR 15

02/06/88 - calf --

01/09/88 F 1 NR 78

02/13/88 F 1 NR 19 34

02/06/88 F 1 NR 28 87

03/19/88 F 1 NR -- 93

02/07/88 F 3 P 300 123 F 09/06/87 15 32

01/16/88 F 3 NR 21 --

02/26/88 F 3 NR 28 90

01/10/88 F 4 P 178 93 F 10/09/87 78

01/26/88 F 4 P 276 117 M 10/01/87 20

02/20/88 F 4 NR 29 90

01/17/88 F 5 P 286 119 F 09/20/87 20 --

02/08/88 F 5 P 342 134 M 08/27/87 29 94

02/07/88 F 5 P 360 138 F 08/22/87 29 91

01/10/88 F 5 L 27* --

02/06/88 F 5 L 13 22

01/09/88 F 5 P+L 222 105 M 09/26/87 20

01/09/88 F 5 P+L 271 116 M 09/15/87 --

02/20/88 F 6 NR 24 90

03/19/88 F 7 NR 10

03/19/88 F 7 L

02/14/88 F 8 P 345 135 M 09/01/87 70 92

01/10/88 F 8 NR 86

01/10/88 F 8 L 10

02/13/88 F 9 L 15 17

01/09/88 F 10 P 279 117 M 09/13/87 78



Appendix 4. (continued)

Area
Collection
date Sex

Age
(Years)

P-L*
category

Fetus
length
(mm)

Fetus
age

(days)

Fetus
sex

Conception
date KF MMF

03/14/88 F 11 P 513 174 F 09/26/87
01/10/88 F 13 L 48
02/07/88 F 14 P 362 139 F 08/21/87 28 83

Improved

01/12/89 calf
01/07/89 calf 33
01/08/89 F calf NR 20 10

02/12/89 - calf 10 16

01/12/89 F 1 -- --

01/21/89 F 2 NR 10 94

01/07/89 F 2 P 170 92 M 10/07/88 -- --

01/21/89 F 2 NR 19 82
02/12/89 F 3 -- 10 --

01/23/89 F 3 P 282 119 M 09/26/88 45 87
01/23/89 F 3 L 18 20

01/26/89 F 4 P 313 125 F 09/23/88 100 98
01/08/89 F 4 P 191 96 F 10/04/88 39 69
02/12/89 F 4 P -- --

01/08/89 F 5 P+L 212 102 F 09/28/88 34 86
02/11/89 F 5 L 17 23

01/21/89 F 5 P+L 290 121 F 09/22/88 35 52

01/21/89 F 6 P+L 190 97 M 10/16/88 19 17

01/26/89 F 6 P 126 79 F 11/08/88 107 80
01/22/89 F 9 P+L 249 111 F 10/03/88 20 76
01/22/89 F 9 NR 279 118 F 09/26/88 51 92
01/07/89 F 10 NR 62 50



Appendix 4. (continued)

Area
Collection
date Sex

Age
(years)

P-L*
category

Fetus
length
(mm)

Fetus
age

(days)
Fetus
sex

Conception
date KF MMF

01/08/89 F 12 L 13 28

01/21/89 F 13 L 25 24

01/10/89 F 15 L 19 10

01/07/89 F 17 L 10 10

01/07/89 F 17 P 90 68 F 10/31/88 55 23

01/24/89 F 22 P 40 56

Untreated

01/23/88 M calf 12

02/21/88 F 3 P 405 148 F 09/26/87 54 91

02/27/88 F 3 NR 44 89
01/29/88 F 3 L 22
01/24/88 F 4 L 10

01/24/88 F 5 P+L 224 106 F 10/10/87 12

01/23/88 F 5 L 10
01/28/88 F 5 L 17
02/23/88 F 5 L 437 154 M 09/22/87 12* 92

02/21/88 F 5 NR 12 7

02/23/88 F 6 P1 469 164 M 09/12/87 87
01/24/88 F 6 P 25 44 12/11/87 41

02/26/88 F 6 P 451 158 F 09/21/87 30
02/26/88 F 6 L 10 12

01/24/88 F 9 P 304 124 M 09/22/87 36
02/26/88 F 9 L 10 19
01/24/88 F 11 L 29
01/24/88 F 14 L 13



Appendix 4. (continued)

Area Fetus Fetus
Collection Age P-L* length age Fetus Conception
date Sex (years) category (mm) (days) sex date KF MMF

Untreated

01/18/89 calf
12/31/88 F calf NR 34 12
01/15/89 calf 32 28
01/17/89 calf 10 9
01/14/89 calf 12 13
12/31/88 F 3 P 180 94 M 09/28/88 149 82
01/01/89 F 3 P 162 89 F 10/04/88 38 76
12/31/88 F 3 NR 33 --
01/02/89 F 2 P 232 107 F 09/17/88 66 92
12/31/88 F 3 NR 17 23
12/31/88 F 4 NR 19 61
01/16/89 F 6 P+L 110 75 F 11/02/88 24 17
01/20/89 F 7

pi
336 131 F 09/11/88 72 --

01/02/89 F 8 L 12 16
12/31/88 F 9 P+L 253 112 F 09/10/88 42 23
01/14/89 F 9 P 281 119 M 09/17/88 80 99
12/31/88 F 11 L 28 10
01/01/89 F 12 L 24 14
01/05/89 F 13 L 10 8
12/31/89 F 14 L 10 22

*ABBREVIATIONS: P-L: L Lactating; NR Non-reproductive; P - Pregnant; P1- Lactation status unknown.
KF - Kidney fat
MMF Metatarsal marrow fat




