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Abstract:
A study was established in 1978, and carried out largely during the summer and early fall of 1979, to
evaluate forage characteristics as a possible influence on elk distribution and use of logged and uncut
sites in Long Tom Creek of southwestern Montana. Composite samples from forbs and graminoids
were selectively harvested in both uncut and cut-through wet meadows, dry parks and forested sites.
Nutritional quality of forage was at a seasonal high during early summer on all sites. This was evident
in the high percentages of both crude protein and cell-soluble material as well as a low degree of
cell-wall ligni-fication. Overall, through summer, forbs demonstrated higher quality than grasses and
sedges. During September, forb cell-soluble values averaged 65.3 percent, while grasses and sedges
averaged only 38.3 percent. Since forage quality was similarly high on all sites examined, forage
availability was probably more important than quality in early-summer elk habitat selection. Both
uncut and cut-through dry parks and wet meadows, which represented the most productive and species
diverse types available during early summer, also received the greatest elk use. The higher nutritive
value of forage species on phenologically delayed sites was reflected in the comparatively high
cell-soluble content values for forage species on both forested and wet meadow sites. At this time,
despite higher protein and cell-soluble values for forbs on forested sites, elk displayed a strong affinity
for wet meadows. Therefore, good nutritional quality, high forage production, high security and
thermal cover and a diverse species composition all contributed to the overall importance of wet
meadows to summering elk. Opening up the forest canopy by clear-cutting increased forage production
and species diversity. Cattle utilization, concentrated on uncut and cut-through dry parks and wet
meadows, removed from 64 percent to 88 percent of the available herbage on these types by October.
Clearcutting did not appear to increase the amount of dry park habitat on the study area. Dry park and
forested site herbage composition and homogeneity apparently also were altered by this practice.
Forages on cut-through dry parks and cut-through forest sites were slightly lower in nutritional quality
than their uncut counterparts, at least after early summer. The highly nutritious but limited quantity of
forage on forested sites coupled with high energy provided by dry site grasses and sedges enabled elk
to maintain a high quality diet into early fall. 
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ABSTRACT

A study was established in 1978, and carried out largely during 
the summer and early fall of 1979, to evaluate forage characteristics 
as a possible influence on elk distribution and use of logged and un
cut sites in Long Tom Creek of southwestern Montana. Composite samples 
from forbs and graminoids were selectively harvested in both uncut 
and cut-through wet meadows, dry parks and forested sites. Nutritional 
quality of forage was at a seasonal high during early summer on all 
sites. This was evident in the high percentages of both crude protein 
and cell-soluble material as well as a low degree of cell-wall ligni- 
fication. Overall, through summer, forbs demonstrated higher quality 
than grasses and sedges. During September, forb cell-soluble values 
averaged 65.3 percent, while grasses and sedges averaged only 38.3 
percent. Since forage quality was similarly high on all sites 
examined, forage availability was probably more important than quality 
in early-summer elk habitat selection. Both uncut and cut-through 
dry parks and wet meadows, which represented the most productive and 
species diverse types available during early summer, also received 
the greatest elk use. The higher nutritive value of forage species 
on phenologiesIIy delayed sites was reflected in the compara
tively high cell-soluble content values for forage species on both 
forested and wet meadow sites. At this time, despite higher protein 
and cell-soluble values for forbs on forested sites, elk displayed a 
strong affinity for wet meadows. Therefore, good nutritional quality, 
high forage production, high security and thermal cover and a diverse 
species composition all contributed to the overall importance of wet 
meadows to summering elk. Opening up the forest canopy by clear- 
cutting increased forage production and species diversity. Cattle 
utilization, concentrated on uncut and cut-through dry parks and wet 
meadows, removed from 64 percent to 88 percent of the available 
herbage on these types by October. Clearcutting did not appear to in
crease the amount of dry park habitat on the study area. Dry park and 
forested site herbage composition and homogeneity apparently also were 
altered by this practice. Forages on cut-through dry parks and cut- 
through forest sites were slightly lower in nutritional quality than 
their uncut counterparts, at least after early summer. The highly 
nutritious but limited quantity of forage on forested sites coupled 
with high energy provided by dry site grasses and sedges enabled elk 
to maintain a high quality diet into early fall.



INTRODUCTION

In 1970, the Montana Cooperative Elk-Logging Study was initiated 

to evaluate the ecological impacts of roads and/or logging on elk 

occupying mountain rangeland in western Montana. One segment of 

this investigation, the Long Tom Cteek Study, was initiated in 1971 

to obtain baseline data on the environmental requirements of elk and 

their behavior prior to, during and following clearcut logging on 

summer-fall range. Lonner's (1979) findings to date indicated that 

27 biotic and abiotic factors can influence habitat selection and use 

by elk on the Long Tom Creek area. These include the quantity and qual

ity of forage produced and available in various vegetation types.

The study described herein was established during the summer of 

1978 to evaluate forage characteristics as a possible influence on 

elk distribution and use of logged and uncut sites within the Long Tom 

Creek Study Area. Specific objectives were: I) to measure and

describe seasonal changes in composition, frequency and canopy cover-? 

age of plant species and net primary production and nutritional 

values of herbage in various "habitat" types available to elk and 2) 

to compare clearcut and - uncut sites with respect to forage production 

and quality.

Field studies were conducted largely during the summer and fall

of 1979.



DESCRIPTION OF THE STUDY AREA

Location and Physiography

The study area (Fig. I) was located in Silver Bow County 

approximately 40 km southwest of Butte, Montana. General boundaries 

were Dickie Peak on the west, the Big Hole River on the south, Hog

back Ridge on the east, and the Continental Divide on the north. Two 

major stream drainages. Long Tom Creek and Jerry Creek, were included 

with the former being a tributary of the latter. Jerry Creek descends 

at a slight to moderate gradient in a southerly direction and flows 

into the Big Hole River between the small communities of Dewey and 

Wise River. Hungry Hill, a heavily timbered ridge, bisected the 

area in a north-south direction. Similarly timbered ridges bounded 

the area to the north, west, and east.

Slope gradients within the study area were generally moderate, 

except for areas adjacent to lower Long Tom Creek and south and west 

of Fish Lake which consisted of numerous severe slopes and talus 

fields. The most prominent peaks in the region include Granulated 

Mountain (2792 m) , Dickie Peak (2779 m) and Hungry Hill (2662 m), .all. 

of which were located in the western 1/3 of the study area. Eleva

tions within the study area ranged downward from these maxima to 

approximately 2098 m along lower Jerry Creek at the southeastern 

margin.

Geologically, Moore (1956) considered the Long Tom area to be 

a northward extension of the Pioneer Mountains. Numerous strongly-
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Figure I. Map of Long Tom Creek study area showing ma^or features
and locations of 10 study sites.
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scoured cirque basins as well as lateral, ground and recessional 

moraines provide evidence of geologically recent glaciation in the 

valleys of both Long Tom Creek and Jerry Creek. A zone of impure 

limestone occurred on Hungry Hill and was exposed near the Patsy Ann 

Mine, located on a southward extension of lower Hungry Hill. The 

Boulder Batholith formation also occurred on Hungry Hill, with the 

Libby Creek area portraying this formation most vividly.

Land Use

The majority of the study area consisted of public land 

administered by the Beaverhead National Forest; though a small area, 

located immediately north of Fish Lake, was in the Deerlodge National 

Forest. The Jerry Creek unit included 5 cattle allotments, grazed 

under a rest rotation system from July I through October I. A total 

of 3,623 Animal Unit Months were permitted in 1979. Clearcut logging 

was conducted from 1964 to 1971 in Jerry Creek and from 1974 to 1977 

in Long Tom Creek (Pers. Comm. T. Griffith, U.S. For. Ser., Wise River 

Ranger District). Thirteen Blocks, totaling 823 ha have been logged 

in Jerry Creek, while 14 blocks totaling 251 ha were cut in Long Tom 

Creek. Public access was limited to one "jeep road" which entered the 

area from the east.

Climate

The climate at the Long Tom Creek area was characterized by wide

fluctuations in daily and seasonal temperatures. Average yearly



maximum and minimum temperatures for the most recent 10-year period, 

measured at the Divide recording station, ranged from 32° to -29°C, 

respectively. Mean annual precipitation was 31.75 cm.

Below average precipitation occurred in May, June, July and 

September 1979, and above normal precipitation fell in August.■ 

Precipitation during May-September, 1979, totaled 10.3 cm compared 

with a 10-year average of 19 cm for this period.

Mean temperatures for all months. May - September, 1979, were 

slightly warmer than the 10-year average. The overall May - September 

mean was 14.2°C while the long-term mean for this period was 13.6°C 

(U.S. Dept, of Commerce 1979).

Vegetation

Typically, lodgepole pine {,Finns oontovta Dougl.), Ehgelmann 

spruce {Fiaea engelmannii Parry), subalpine fir {Abies lasioearpa 

(Hook.) Nutt), and whitebark pine {Finns aVbioauUs Engelm.)' were 

dominant overstory species. Limber pine {Finns flexilis James) was 

found primarily on limestone outcroppings, while some alpine larch 

{Larix tyailii Pari) was found near timberline on Granulated Mountain. 

Douglas fir {Pseudotsuga mensiesii (Mirbel) Franco.) occurred only as 

scattered individuals on xeric sites on the southeast margin of Hungry 

Hill.

Numerous dry parks and wet sedge meadows and bogs occurred 

throughout the area. Idaho fescue {Festuca iddhoensis Elmer) and other
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dry site graminoids together with a variety of forbs commonly 

dominated natural dry parks. Various'sedges (Carex spp.), wet site 

graminoids, forbs and several shrubs, including Labrador tea {Ledum, 

glandutosim Nutt.), characterized wet sedge meadows.

The Abies lasiooarpa and Abies . Iasioaarya-Pinus abiicaulis. 

series were the most ubiquitous on the study area, with the Abies 

lasiooavpa/Vaecinium seopavium (ABLA/VASC) habitat type (h.t.), 

Vaeeinium seopaviim phase, and the Abies lasioeayrpa-Pinus albieaulis/ 

Vaeeinivan seopariton (ABLA-PIAL/VASC) h.t. representing the most wide

spread habitat types (h.t.s) within these series (Pfister et'al. 1977).

The ABLA/VASC h.t., VASC phase, generally occupied dry slopes of 

slight relief at elevations below 2440 m. The ABLA/VASC h.t., 

Thdlietvwn oecidentdle (THOC) phase was generally found on somewhat 

cooler and more mesic sites than the ABLA/VASC h.t., VASC phase. • The 

Abies lasioearpa/Alnus sinuata (ABLA/ALSI) h.t. occurred on cool, 

sheltered northerly slopes of intermediate elevation up to approximate

ly 2550 m, where it was replaced by the Abies lasiocarpa/Menziesi'a 

Fewuginea (ABLA/MEFE) h.t. Abies lasiocavpa/Linnaea borealis (ABLA/ 

LIBO) h.t.s commonly occured in close association with the ABLA/ALSI ' 

h.t., though often on somewhat warmer and lower sites (Pfister et al. 

1977). The ABLA/MEFE and ABLA/LIBO h.t.s occurred only as minor compo

nents of the vegetation within the study area. The Abies lasiocavpa/ , 

Xevophyllum tenax (ABLA/XETE)1 h.t., VASC phase, was common on drier
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exposures at elevations up to about 2290 m. Abies lasiooavya/ 

Calamogvostis canadensis (ABLA/CACA) h.t., Calamagvostis canadensis 

phase, occurred on wet, poorly drained sites, commonly in association 

with wet meadows dominated by Cavex spp. Engelmann spruce occurred 

as a dominant species on these wet sites. Numerous broad, high 

elevation ridges with overstories composed of whitebark pine, sub- 

alpine fir, Engelmann spruce, and lodgepole pine occurred throughout 

the study area. Though these were basically ABLA-PIAL/VASC h.t.s, 

PIAL h.t.s were found on dry, higher elevation sites.



METHODS

From mid-June through early October 1979, vegetation of cut^ 

through and uncut sites was characterized with respect to species com

position, frequency and canopy coverage, net primary production and 

nutritional quality at approximately 3 week intervals. Sampling- 

periods were: (I) June 22 — July 3 (early summer); (2) July 16 - July

26 (mid s u m m e r ) (3) August 15 - August 25 (late summer); (4) Septem

ber 6 - September 16 (early fall). Uncut sites selected for study. . 

were located in natural wet meadows, natural dry parks and undisturbed 

forest. In cut-through areas, sampling was conducted in wet meadows, 

dry parks and cut-through forest. Sampling was conducted at a total 

of 10 locations; one each in the cut-through open park and wet meadow 

sites, and two in each of the remaining sites.

All study sites were located along a transect system previously 

established to determine elk distribution and habitat use on the 

study area. This system, described in detail by Ldnner (1976), was 

essentially an extended belt transect having a width of approximately 

2 m and a variable length. The transects were partitioned into seg

ments on the basis of different cover types encountered. Eleven 

transects, comprising a total of 99 km, were located on the study area 

and were walked 4 times between late June and early October. Any elk 

sign observed (i.e., pellet groups, tracks, beds, wallows, rub trees, 

etc.) was recorded.
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Study sites were selected through ground, reconnaissance during 

the 1978 field season. Elk use during some portion of the summer-fall 

season was the primary critereon for site selection, though accessi

bility was also considered.

A nutritional profile of the study area was obtained by collect

ing a composite forb, and composite grass and sedge sample from each 

study site. In addition, I collected separate composite samples of 

grasses and sedges from a cut-through wet meadow site to compare nutri

tional characteristics of these two forage classes. Sampling attempted 

to simulate grazing by elk. Clipped material from forbs included 

leaves, flower heads, and the upper one-third of stems. The upper 

one-third of each plant was collected from sedges. Seed heads and the . 

upper one-half layer of basal leaves were collected from grasses.

Each sample consisted of a minimum wet weight of 200 g.■ Samples were 

placed in paper bags and frozen.

To determine plant species composition, frequency, and canopy 

coverage, 40 2 dm x 5 dm plots were examined within a 20 m x 30m 

macroplot at each site using a modification of the method described 

by Daubenmire (1959). A class I category (tr-1%) was added to allow 

recognition of infrequently occurring plant species. Canopy coverage 

estimates were: class I = tr-1%; class 2 = 2-5%; class 3 = 6-25%;

class 4 = 26-50%; class 5 = 51-75%; class 6 = 76-95%; class 7 = 96- 

100%. All macroplots were fenced to prevent disturbance by cattle.
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Circular plots with a diameter of 48.3 cm were utilized to

determine net primary production. Depending upon the homogeneity of

the vegetation within the macroplot, from 20 to 70 plots per site

were clipped each sampling period. Sample size and accuracy were

determined by calculation of a cumulative mean (Greig-Smith 1964).

Herbage weight was recorded for individual plots and a cumulative mean

was calculated every 5 plots. The cumulative means were successively.

compared with a maximum allowable error of 15 percent. All samples

were oven-dried for 7 days at 49°C. Sample dry weights were recorded 
2in g/.19m and converted to kg/ha for final production estimates.

Nutritional analysis was conducted by the Chemistry Station ' 

Analytical Laboratory at Montana State University.. Variables 

measured were: Crude protein, cell soluble contents and cell wall

constituents. Forage quality was determined, primarily, by the method 

described by VanSoest (1963) and VanSoest and Wine (1967). This 

method breaks up forage dry matter into two constituents (cell con- ■ ■

tents and cell wall constituents) on the basis of nutritional avail

ability. It incorporates the use of detergents in the determination 

of these constituents. Cell walls composed the partially digestible 

total fiber fraction, including cellulose, hemicellulose and lignin. 

Cell contents are composed of largely available fractions of lipids, 

soluble carbohydrates, protein, and other water soluble materials'- 

(VanSoest 1967). The difference between acid detergent fiber and acid
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detergent lignin determined cellulose content; while hemicellulose 

was calculated as the difference between cell wall constituents and 

acid detergent fiber.

Digestible energy values were calculated using the equation- 

detailed by VanSoest. and Moore (1965).



RESULTS

Vegetational Composition

Locations of sites selected for analysis and. sampling are 

shown in Figure I. General physiographic and soil characteristics' of 

these sites are described in Table I. Species richness and vegetational 

coverage data are summarized in Tables 2 and 3, respectively. These 

data provided the basis for general characterization of vegetation or 

cover types used by elk on the study area. They also facilitated 

comparison of the occurrence and diversity of plant species among 

these types.

Uncut Sites

Uncut dry park sites I and 5 - Site I (Fig. 2A) was representa

tive of the subalpine park cover type. The principal grass species 

was Idaho fescue (Festuea idahoensi-s Elmer.). Other important grasses 

were California brome (Bromus oarinatus H.1 & A.), spike trisetum 

(Trisetum spiodtum (L.) Richter), and alpine timothy (Phleum alpinum 

L.). Elk sedge (Carex geyeri Booth), and Carex eonoi-nnoides (Mack.) 

were the dominant sedges. . Principal forbs included varileaf cinque

foil (JPotentiUa di-versdfot'ia Lehm.), silky lupine (Lup-tnus sericeus 

Pursh.), common yarrow (Aohi-llea Tniltefoli-Im L.), Virginia strawberry 

(Fragaria virginiana Duchesne), smooth dandelion (Taraxacum laevigatim 

(Willd.)■ D.C.) and rose pussytoes (Antennaria rosea (Eat.) Greene). 

Tree cover consisted of scattered lodgepole pine. Subalpine fir



Table I. Physiographic characteristics of ten sites sampled for forage quality and 
quantity at 3 week intervals from June 26 to October 2, 1979.

Site 
No. Description1 Dominant Soils Bedrock Elevation Aspect

Estimated
Slope

I UDP well-drained loams & clay 
loams of shallow to 
moderate depth2

limestone and 
other
sedimentaries2

7800 ft 
(2378 m)

S 5%

2 CTDP rocky and shallow sandy 
loams and loams

conglomerate, 
sandstone, 
shale. and 
quartzite

7750 ft 
(2363 m)

E 10%

■3 ' CTF well drained clay loams, 
loams, and sandy loams 
of moderate depth

same as 
site #2

7700 ft 
(2348 m)

SE 5%

4 CTF same as site #2 same as 
site #2

7800 ft 
(2378 m) .

SW 10%

5 . UDP well drained clay and 
dark colored loams of 
moderate depth

metamorphic 
materials, 
mainly granitics

8300 ft 
(2530 m)

W 5%

6 UF well drained channery 
and flaggy sandy loams 
and loams of shallow to 
moderate depth

mixed but 
mainly quartz
ites and fine 
granitics

8350 ft 
(2546 in)

SW 5%

7 UF well drained loams and 
sandy loams of moderate 
depth

granitics and 
belts composed 
of quartzites 
primarily

8100 ft 
(2470 m)

SE 5%

8 UWM - thin to moderately. 
thick, poorly drained 
loams

metamorphic mater- 8000 ft 
ials with coarse (2439 m) 
granitics contain
ing granodiorite 
and quartz monzdnite

N 5%



Table I. (continued)

Site Estimated
No. Description Dominant Soils Bedrock Elevation Aspect Slope

9 UWM same as site #8 same as site #8 7900 ft 
(2409 m)

E 5%

10 CTWM same as site #8 same as site #8 7800 ft 
(2378 m)

E 5%

■*"UDP = uncut dry park 
CTDP= cut-through dry park 
UF = uncut forest 
CTF = cut-through forest 
U1WM = uncut wet meadow 
CTWM= cut-through wet meadow
^Unpublished data from Roger Poff, U . S. Forest Service, Beaverhead National Forest.



Table 2. Number of plant species in uncut and adjacent cut-through sites on the Long Tom 
__________Creek study area.____________________________________________________________

Uncut Dry Cut-through Uncut Cut-through Uncut--wet Cut-through
Park Dry Park Forest Forest Meadow Wet Meadow

Site # I 5 2 6 7 3 4 8 9 10
Sampling 
Period #1

Grasses and 
Sedges 8 10 5 4 I 9 7 8 9 10

(late June- Forbs 19 21 16 12 7 15 17 18 14 12
early July) Total 27 31 21 16 8 24 24 26 23 22

Sampling Grasses and 10 9 5 6 I 9 10 8 10 9Period #2 Sedges
(mid-late Forbs 19 .17 14 12 11 10 20 18 16 16
July) Total 29 26 19 18 12 19 30 26 26 25

Sampling Grasses and 12 12 9 5 I 10 11 8 10 8Period #3 Sedges
(mid-late Forbs 18 16 11 13 9 12 14 19 16 17
August) Total 30 28 20 18 10 22 25 27 26 25

Sampling Grasses and 9 10 8 4 I 10 11 . 9 9 8Period #4 Sedges
(early-mid Fprbs 16 14 12 11 8 13 11 16 15 15
September) Total 25 24 20 15 9 23 22 25 24 23



Table 3. Vegetational coverages by sampling period on study sites on the Long Tom' Creek 
study area.

Uncut Dry 
Park

Cut-through Uncut 
Dry Park Forest

Cut-through
Forest

Uncut-Wet
Meadow

Cut-through 
Wet Meadow

Site # I 5 2 6 7 3 4 8 9 10

Sampling 
Period #1. 
(late June- 
early July)

74 81 68 39 19 46 49 92 90 90

Sampling 
Period #2 
(mid-late 
July)

78 90 78 43 ■ 29 58 49 89 96 98

Sampling 
Period #3 
(mid-late 
August)

77 87 77 57 20 70 58 88 97 97

Sampling 
Period #4 
(early-mid 
September)

79 88 76 47 15 57 52 85 90 93
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Figure 2. The dry park type (A) uncut and (B) cut-through on the
Long Tom Creek study area.
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occurred adjacent to the plot on shadier, more protected areas.

Site 5 was similar in vegetational composition to site I. Of 

the total 32 plant species recorded, 17 (53%) occurred on both sites. 

Vegetation on site I was slightly more homogenous than on site 5, as 

15 of 25 and .11 of 24 total species, respectively, were found in at 

least 25% of the sample plots examined. The grass segment on site 5 

was dominated by Idaho fescue. One-spike oatgrass {Danthonta parryi 

Scribn.) and Cavex oonotnnoides Were other common grass and sedge 

species, respectively. Elk thistle tCivsi-um folio sum (Hook.) D.C.) and 

spotted frasera {Fvaseva speaiosa Dougl.) occurred in addition to the 

forbs recorded on site I.

Forested sites 6 and 7 - Site 6 (Fig. 3A) was representative of 

the ABLA-P!AL/VASC h.t. Overstory species consisted of subalpine fir, 

whitebark pine, and lodgepole pine. A sparse herbaceous understory 

was characterized by slender hawkweed (Hievaaium gvaaile Hook.), with 

Potentilla sjd. and silky lupine frequently occurring. Grouse whorte- 

berry (Vaccinium seopavium Leiberg.) was a dominant shrub with a mean 

canopy coverage of approximately 10 percent on the macroplot. Elk 

sedge was the only. Cavex sp. noted on the macroplot, while pinegrass 

{Calamagvostis vitbeseens Buckl.) was the most frequently occurring 

grass species.

Site 7, representing the ABLA/VASC h.t., Thoc, phase, had an 

overstory which was similar in species composition, but more dense than
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Figure 3. The forested type (A) uncut and (B) cut-through on the
Long Tom Creek study area.
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site 6. It also contained a considerable density of Engelmann spruce. 

In spite of the depauperate nature of the herbaceous understory, 7 of 

21 total species (33%) occurred in common with site 6. However, only 

2 of 9 total species, as compared to 6 of 15 total species for site 6, 

were observed on more than 25 percent of the sample plots by September

Notable forb species included heartleaf arnica (Arnica covdifoia 

Hook.)j western meadow rue (Thalictrum occidentale Gray), Sitka 

valeriana (Valeriana sitchensis Bong.), wintergreen (Pyrola securida 

L.), western round-leaved violet (Viola orbiculata Geyer), and moun

tain sweetroot (Osmorniza chilensis Hook & A.). Grouse whortleberry 

occurred with a mean canopy coverage of about 3 percent. Pinegrass 

was the only grass species noted.

Wet meadow sites 8 and 9 - Sites 8 (Fig. 4A) and 9 character

istically occurred within the ABLA/CACA h.t., CACA phase, and were 

commonly associated with poorly drained swales in close proximity to 

springs and small streams. Hummocks originating from fallen trees 

or around the bases of standing trees, usually occurred throughout 

these sites; and, being drier, provided suitable habitats for many 

additional species, especially forbs.

Both sites were similar in species composition, with 16 (53%) 

of 30 total species occurring on both sites. Eleven species of 25, 

and 24 total species for sites 8 and 9, respectively, were observed on 

at least 25 percent of the sample plots on each site. Engelmann 

spruce, .subalpine fir, lodgepole pine and whitebark pine were common
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Figure 4. The wet meadow type (A) uncut and (B) cut-through n
the Long Tom Creek study area.
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overstory species. Principal shrubs included Labrador tea {Ledum ' 

glanduloswn Nutt.), scrub birch (,BetuZa glandulosa Michx.) and green- 

backed willow (SaZisa oommutata Bebb.). The forb component was varied. 

Predominant species included arrowleaf groundsel (Seneoio trianguZaris 

Hook.), hairy arnica (Amtca moZZis Hook.), bog saxifrage (Saxifrage 

oregana Howell), brook saxifrage (Saxifrage arguta D. Don.), common 

monkeyflower (MimuZus guttatus D.C.), longstalk clover (TrifoZium 

Zongipes Nutt.), ligusticum (Ligustiaum tenuifoZium Wats.), Peregrine 

fleabane (Erigeron peregrinus (Pursh.) Greene) and American alpine 

speedwell (Veronica wormskagoZdski R. & S.). The dominant grass was 

bluejoint reedgrass (Cdtamagrostis canadensis (Michx.) Beauv.).

Cut-through Sites

Cut-through dry park site 2 - Site 2 (Fig. 2B) was generally 

similar to uncut sites I and 5 except that surrounding forest cover 

had been removed by clearcutting. However, Idaho fescue, which com

prised much of the vegetal cover on site I, was not noted on site 2. 

Also, California brome was considerably more abundant than on site I. . 

Some differences in the forb component also occurred. Oregon fleabane 

(Erigeron speciosus (Lindl.) D.C.), lambstongue groundsel.(Senecio 

integeririmus Nutt.), and goldenrod (SofZidago muZtiradiata Ait.) were 

dominant forbson site 2, but were not observed on site I. Also, 

considerhbly more rose pussyt'oes occurred on this site as compared to
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uncut dry park sites I and 5. Of the 33 total plant species ob- . 

served on sites 2 and 5, only 12 (36%) were found on both sites. 

Similarly, only 11 of 33 species (33%) occurred simultaneously on 

sites I and 2. The vegetation of sites I and 5. apparently was more 

homogeneously distributed than that on site 2, as only 9 of 20 total 

species on the latter site occurred on more than 25 percent of the 

plots examined.

Cut-through forest sites 3 and 4 - Site 3 (Fig. 3B) was similar 

to forested sites 6 and 7, but the timber overstory had been clearcut. 

As a result, the grass-forb-shrub complex was apparently altered from 

that which occurred previously under a forest canopy. Only 8 of 31 

(26%), and 2 of 30 total species (7%) occurred simultaneously on site 

3 and forested sites 6 and 7, respectively. Also, the homogeniety 

of herbage appeared to be increased by clearcutting, as 12 of 23 total 

species were found on more than 25 percent of sample plots on this, 

site. Plant species composition on this site also differed from that 

of dry park sites. Only 31 percent of all species occurred con- . 

currently on site 3, and sites I and 5.

Lodgepole pine and Engelmann spruce had become re-established 

on this site, with many of the plants approximately 0.5 m in height. 

Silky lupine was the dominant forb, though common yarrow, smooth 

dandelion, Oregon fleabane and goldenrod were also common. Spike, 

trisetum, junegrass (Koelevia maovantha Ledid.) and mountain timothy
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were the principal grasses. Important sedges included elk sedge 

and Ross sedge (Cdrex rossti Booth.).

Species composition on site 4 differed somewhat from that of 

site 3. Of the total 32 species noted, only 13 (41%) occurred on 

both sites 3 and 4. Site 4 was. located within a somewhat moister 

area than site 3. This was demonstrated by the presence of several 

moist site species, including Sitka valerians and mountain sweetroot. 

Silky lupine was not noted on this site. Important graminoids, in 

addition to those found on site 3, included squirreltail (Sitanion 

hystvix (Nutt.) Smith) and Columbia needlegrass (Stipa colwnbi-ana 

Macoun.).

Cut-through wet meadow site 10 - Site 10. (Fig. 4B) was similar, 

vegetatively, to uncut wet meadow sites 8 and 9. Eleven species were 

individually identified in at least 25 percent of the sample plots on. 

each of these sites. Eighteen (78%) of the 23 total species found on 

both uncut wet meadow site 9 and cut-through wet meadow site 10 occur

red in both. This was the greatest similarity noted between any 2 

sites. Several Engelmann spruce and whitebark pine trees remained 

standing, on the site after clearcut logging.

Species Richness and Vegetational Cover

Diversity (species richness) and canopy coverage of herbaceous, 

and shrub species was highest in the uncut and cut-through wet meadow 

and the uncut dry park types (Tables 2 and 3, respectively). Forested



25

types produced the fewest species and displayed the least vegetational 

cover. By mid-September, 23 to 25 species, comprising 85 to 93 percent 

total canopy coverage, were found on wet meadow sites. Simultaneously, 24 

and 25 herbaceous species, accounting for 79 and .88. percent canopy 

coverage, respectively, were recorded on uncut dry park sites I and 

5, respectively. Forested sites 6 and 7 had only 15 and 9 species and 

total canopy coverage values of 47 and 15 percent, respectively.

Comparisons of basically similar clearcut and uncut sites in

dicated that, logging had contrasting effects in the different types. 

The cut-through forest sites examined produced more species and had 

greater total canopy.cover than the uncut forest sites. In mid- 

September understory coverage on forested site 7 (15%) was less than 

one-third that on cut-through sites 3 and 4 (57% and 52%, respective

ly). Only 9 species were noted on the former, while 23 and 22, 

respectively, were noted on the latter two sites. Conversely, species 

diversity and vegetative cover were greater in the uncut dry park type 

as compared to the cut-through dry park site, although the differences 

in canopy coverage values were small. There were no notable differ

ences in species diversity or total coverage between uncut and cut- 

through wet meadow sites. Species diversity on all wet meadow sites 

was underestimated due to difficulty in distinguishing between the 

numerous carices which flowered variously from late June through mid- 

September.

I
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Forage Production

Estimates of standing crops of forbs, graminoids and shrubs, 

and total understory production at each of the study sites during 

the four sampling periods are presented in Table 4.

Initially, during early summer, grasses and sedges were more 

abundant than forbs and dominated the estimates at 7 of the 10 sites. 

However, by late July, forbs became much more abundant and produced 

greater standing crops than grasses and sedges at 6 sites. Both forbs 

and graminoids were generally most abundant in terms of standing 

crop during the late August sampling period. After the end of August, 

standing crops of forbs had declined at most sites and grasses and 

sedges again became more abundant overall. Shrubs occurred on half of 

the sites, but comprised an important part of total production at only 

two of these. Shrub production increased from late June to late 

August, with standing crops in early September about the same as those 

of August.

Wet meadows were the most productive sites in terms of standing 

crops of grasses and sedges and total production. In September, the 

uncut wet meadows (sites 8 and 9) had total.standing crops of 327 and 

559 kg/ha, while the cut-through wet meadow (site 10) produced 721 

kg/ha. Uncut forested sites 6 and 7 were the least productive, having 

total standing crops of only 117 and 21 kg/ha, respectively, in 

September. At the same time, cut-througn forest sites 3 and 4 pro-
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Table 4. Standing crop estimates (kilogram/hectare) of forbs, 
graminoids and shrubs, and total production for study 
sites on the Long Tom Creek study area.

Site
#

Study
Site
Desc.1

No.
Clipped
Plots Forbs

Grasses
and
Sedges Shrubs

Total
Production

S am pling  P e r io d  #1 (Ju n e  2 2 - J u ly  3 )
I UDB 20 49 69 - 118
2 CTDP 20 150 H O - 260
3 CTF 25 99 11 - H O
4 CTF 30 46 52 — . 98
5 UDP 20 128 156 — 284
6 UF 40 16 31 14 61
7 UF . 70 4 Tr 2 Tr 7
8 . UWM 20 69 101 Tr 171
9 UWM 20 135 240 Tr 375
10 . CTWM 20 82 360 Tr 442
S am pling  P e r io d  #2 ( J u ly  1 6 - J u ly  2 6 )
I UDP 20 108 97 - 204
2 CTDP 20 157 119 -  . 276
3 CTF 25 124 31 - 155
4 CTF 30 109 143 - 252
5 UDP 20 147 197 - 355 .
6 UF 40 24 14 ' 25 63
7 UF 50 7 Tr Tr 10
8 UWM 20 245 113 Tr 359
9 UWM 20 138 280 Tr 417
10 CTWM 20 119 588 Tr 707 ,
S am pling  P e r io d  #3  (A u g u s t 1 5 -A u g u s t 2 5 )
I UDP 20 123 172 - 295 ' .
2 CTDP 20 251 148 — 357
3 CTF 25 . 224 36 - 260. .
4 CTF 30. 118 119 - 237
5 UDP 20 119 219 - 338
6 UF 40 39 34 49 . 123
7 UF 50 9 Tr 8 19
8 UWM 20 175 197 Tr 322
9 UWM 20 222 399 6 628
10 CTWM. 20 60 .627 Tr 687
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Table 4. (continued).

Site
#

Study 
Site 
Desc.

No.
Clipped
Plots Forbs

Grasses
and
Sedges Shrubs

Total
Production

S am pling  P e r io d  #4  (S e p te m b er 6 -S e p te m b e r 1 6 )
I UDP 20 ' 120 152 - 271
2 CTDP 20 204 136 - 340 .
3 CTF 25 173 34 - 207
4 CTF 30 90 135 - 226
5 UDP 20 93 267 - 361
6 UF 40 34 31 51 . 117
7 UF 50 11 Tr 9 21
8 UWM 20 126 200 Tr 327
9 UWM 20 H O 444 5 559
10 CTWM 20 68 650 Tr 721

1UDP 
CTDP = 
UF 
CTF 
UWH
CTWM =

Uncut dry park 
Cut-through dry.park 
Uncut forest 
Cut-through forest 
Uncut wet meadow 
Cut-through wet meadow

2Tr = comprising less than 3 kg/ha.

duced 207 and 226 kg/ha, respectively. Relatively low production of
■ .

understory vegetation in dense forest types has been reported by 

numerous investigators including Young et al. (1957), Jameson (1967) 

and McConnel and Smith (1970). Total production of uncut and cut- 

through dry park sites was comparable.

Forb production was consistently greater on cut-through sites 

compared to uncut sites of a similar nature for both the dry park 

and forested types (Fig. 5). In September, the cut-through dry park 

(site 2) produced forbs totaling 204 kg/ha, or about twice the amount
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on uncut sites I and 5, which produced 120 kg/ha, and 93 kg/ha, 

respectively (Fig. 5, Table 4). Forb production on the cut-through, 

forest sites 3 and 4 (173';kg/ha and 90 kg/ha, respectively) was 

considerably greater than that of uncut sites 6 and 7, which averaged 

only 34 kg/ha and M  kg/ha, respectively, during this period. Con

versely, in V/et meadows, forb production was higher on uncut sites. 

The latter, sites 8 and 9, produced standing crops of 126 and H O  kg/ 

ha in September as compared with 68 kg/ha on the cut-through meadow 

site 10. The higher production on uncut wet meadows was consistent 

through the four sampling periods (Table 4).

Total production figures recorded for sites in this study were 

less than the 900-1100 kg/ha obtained by Basile (1975) 11 years after
i

clearcutting in the Lodgepole Pine type in Montana. In another 

similar study, Basile and Jensen (1971) reported understory yields 

ranging from 100 to 1300 kg/ha for the subalpine wet sedge meadow 

type in British Columbia. This was also greater than the 400-800 

kg/ha I recorded for wet meadows. . .

Standing crops at the end of the cattle grazing season on 

adjacent grazed and ungrazed areas at each of the study sites and 

percent utilization for each site based on these data is shown in 

Figure 6. Average utilization of herbage for all study sites was 61 

percent. Individually., dry park sites received the heaviest

Utilization was 77 and 88 percent on uncut dry parkutilization.
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grazing season on the Long Tom Creek study area.
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sites I and 5 respectively, and 71 percent on cut-through dry park 

site 2. Lightest utilization (31%) occurred on the uncut forest 

site 6. Only 51 percent of the total available herbage was utilized 

on uncut wet meadow site 8; probably because of the remoteness of. 

this site and resulting light cattle use. By contrast, uncut and cut- 

through wet meadow sites 9 and 10 received 64 and 65 percent utiliza

tion, respectively. Wet meadows were especially vulnerable to 

structural damage, as large numbers of cattle concentrated there. By 

late summer the remaining sedges in wet meadows were very rank and 

unpalatable, which probably precluded greater utilization.

Most of the utilization at the study sites appeared to result 

from use by cattle. Lonner (1976) noted maximum utilization of 25 

percent for habitat and cover types used exclusively be elk in the 

Long Tom Creek area.

Nutritional Characteristics

Plant Moisture Content

Percentages of moisture in plant tissues varied considerably 

among sites and sampling periods (Figs. 7 and 8). Moisture contents 

were generally highest and most variable among sites during the 

early and mid summer (June-July) sampling periods.

Sites 6 and 7, representing uncut forest, and 8 and 9, in uncut

wet meadows, had the highest avarage plant moisture content through
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Figure 7. Percent plant moisture content from June to September for uncut and cut-through 
sites on the Long Tom Creek study area.
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late August. Plants from site 7, under a heavy forest canopy, had 

extremely high moisture content in June and July. Much lower moisture 

content was characteristic of vegetation on the cut-through counter

parts of these types, sites 3, .4 and 10. Plant moisture declined 

sharply on nearly all sites from July to August. This decrease con

tinued into September on uncut forest sites 6 and 7 and wet meadow 

sites 8, 9 and 10. In contrast, moisture levels either were main

tained or increased on cut-through and uncut dry parks (sites 1-5) 

from August to September. By early fall the variability among sites 

was greatly reduced and no clear patterns were evident in the 

differences which occurred. -

Cook and Harris (1950) noted that soil moisture levels in

fluenced plant nutrient contents ̂ especially protein and phosphorus 

levels, and stated that decreases in soil moisture can accelerate, 

plant maturation. Conversely, adequate soil moisture tends to retard 

maturation and maintain forage quality. This relationship may have ' 

been exemplified in this study by the vegetation of wet meadows and 

forested sites, which maintained high moisture content into late ' 

summer. With the exception of sites 6 and 7, which had forest oyer- 

stories, the vegetation of all dry sites declined in moisture content 

through late, summer or until fall rain provided stimulus for greenup. ■ 

Late summer-early fall greenup provides forage that is more nutritious 

to animals than dry herbage (Atkeson et al. 1937, Mellin et al. 1962,
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Skovlin 1967).

Cell Soluble Material (CSM)

A high percentage of cell Soluble material is a good indicator 

of high nutritive value .(Crampton and Harris 1969), since the avail

ability of plant cell contents is nearly complete (approximately 98%).

During summer, forbs generally had considerably larger CSM 

values than grasses and sedges. During Iate-June and earIy-July, 

percentages of CSM in forbs ranged upward from a low of 52 percent 

for cut-through forest site 3 to a maximum of 77.3 percent for heavily 

timbered site 7. The average was 67.6 percent. At the same time, 

grasses and sedges averaged 47.2 percent CSM and ranged from 44.2 

to 54.2 percent for; uncut dry park sites I and 5, respectively. - By 

mid September, forb CSM values ranged from 62 percent for cut-through 

site 3 to 67.2 percent for cut-through and uncut dry park sites 2 

and 5 respectively, and averaged 65.3 percent; while CSM values for 

grasses and sedges ranged upward from 32 percent for site 2 to a 

maximum of 43.1 percent for site 8 and averaged 38.3 percent.

Among individual sites, CSM values for forbs generally were 

higher on uncut forest sites 6 and 7 than other sites (Fig. 9).

Ranges in forb cell soluble contents for uncut and cut-through sites 

are shown in Figure 10. Forbs from wet meadow sites 8, 9 and 10 

showed CSM values intermediate between.those of forested sites and
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cut-through sites on the Long Tom Creek study area.
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uncut and cut-through dry park and cut-through forest sites through

late August. Cut-through site 3, which was dominated by silky

lupine, generally had the lowest CSM value recorded. In early sum- 
!

mer, CSM values for forbs were highest on site 7 (77.3%, respective

ly); while sites 8 (67.7%), 9 (71.5%) and 10 (71%) had intermediate 

CSM values, somewhat higher than sites I (65.3%) and 5 (58.7%).

CSM values were similar for grasses and sedges among sites 

producing appreciable amounts of these plants. Comparisons between
I

grasses and sedges from a wet meadow indicated sedges were relatively 

high in CSM through late August while grasses were higher in September' 

(Appendix Table 5).

Cell Wall Constituents

Cell wall components can be nutritionally defined as the total 

fiber fraction (VanSoest 1967). The availability of nutrients in . 

the cell wall is controlled by structural features that link cellu

lose, hemicellulose and lignin together. The extent to which 

cellulose and hemicellulose are utilized depends on their degree of 

lignification (VanSoest and Moore 1965, Crampton 1957., Quicke and 

Bentley 1959).

With few exceptions, forb samples contained more lignin than 

grass and sedge samples (Figs. 11 and 12). In late June and early 

July, the average lignin content of ..forbs was 5.6 percent as compared
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with a mean 2.5 percent for grasses and sedges. By early fall, 

average lignin content of forbs averaged 8.7 percent and grasses and 

sedges 2.2 percent. During early summer and continuing through late 

July, forbs from wet meadows were highest in percent lignin. By 

September, forbs collected from cut-through sites 2, 3, 4 and 10 

generally had the highest lignin concentrations. Conversely, forbs , . 

ori uncut dry parks, sites I and 5, had the lowest lignin concentra

tions from mid July through September. In late July, lignin values 

for wet meadow forbs varied from 7 percent for cut-through wet meadow 

site 10, to 10.2 percent for uncut wet meadow site 9. Concurrently, 

uncut dry park sites I and 5 had lignin percentages of 1.5 and 1.0, 

respectively. Fall lignin values of 13.3 and 12.9 percent, respec

tively, occurred on sites 3 (cut-through forest) and 2 (cut-through dry 

park), while sites I and 5 had 7.3 and 9.2 percent' lignin, respectively 

Presumably, differences in fall lignin content may be attributable 

to factors associated with dissimilarities in plant species composition 

between cut-through and uricut sites.

Among sites producing appreciable amounts of grasses and sedges, 

uncut dry park sites I and 5 had the lowest lignin values, season 

long.

Grasses and sedges generally had greater percentages of cellu

lose and hemicellulose than forbs. This observation is consistent 

with findings by Cook (1972) and Cook and Harris (1968).

I
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Average cellulose content of grasses and sedges was similar. 

Maximum (34.4%) and minimum (26.5%) values were observed on forest, 

site 4 and uncut wet meadow site 8, respectively.

Wet meadow sedges had higher cell wall content through mid- '• 

summer than wet meadow grasses. However, grasses were higher by 

September.

Average cellulose content of forbs was similar on all but uncut 

dry park site 5 and uncut forest site 7. Cellulose values on these 

sites were 31.3 and 18.3 percent, respectively, while remaining sites 

ranged from 21.2 to 24.1 percent and averaged 22.6 percent. Hemi- 

cellulose content varied widely for herbaceous species and no discern-; 

able pattern among sites was observed (Appendix Table 5).

Crude Protein

The importance of assessing protein values of forages has been 

reviewed by Cowan et al. (1970) who believed that diets which contain 

adequate protein levels probably would meet other nutritional require

ments as well.

Average protein levels of forbs and graminoids, collectively, in 

the different sites sampled and trends from late June through July and 

August to early September are shown in Figures 13, 14 and 15.

Considerably higher protein levels occurred among forbs than

grasses and sedges. During late June and early July, percent protein



SITES 1,5-UNCUT DRYRARK
SITES 6 ,7 - UNCUT FOREST

SITES 8 ,9 - UNCUT WET MEADOW
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Figure 13. Percent crude protein by sampling period of forbs on uncut and cut-turu^gh
sites on the Long Tom Creek study area.
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Figure 14. Range in crude protein by sampling period of forbs on study sites, and high
protein values for site 3, on the Long Tom Creek study area.
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Figure 15. Percent crude protein by sampling period of grasses and sedges on uncut and
cut-through sites on the Long Tom Creek study area.



in forbs ranged from 17.2 to 21.9 percent to 17.3 percent with an 

average 15.1 percent. By mid September, average protein was 12,4 

percent for forbs and 7.1 percent for grasses and sedges. Differences 

between protein levels in forbs and grass-grasslike plants have been 

reported by numerous authors, including Cook (1968), Cook (1972), and 

Robertson and Torell (1958).

Forbs on forested sites 6 and 7 maintained relatively high pro-■ ' 

tein values throughout the summer period (Fig. 13). ;

Generally, the lowest forb protein values noted occurred on 

cut-through sites 2, 4 and 10. Forbs on uncut wet meadows, sites 8 and 

9, were somewhat higher in protein than forbs on cut-through sites, 

but remained comparatively low during most of the summer. During 

early summer, however, the cut-through wet meadow, site 10, had higher 

forb protein values than the uncut wet meadow sites. Average forb 

protein values for cut-through sites 2, 4 and 10 were 13.5, 13.1 and 

13.9 percent, respectively, in late July. At the same time, somewhat 

higher protein values were found for uncut wet meadow sites 8 (14.9%) 

and 9 (15.1%); and even higher protein contents occurred in dry park 

sites I and 5 (16.4% and 16.7%, respectively). The highest forb. 

protein values during this period occurred on cut-through forest site 

3 and uncut forest sites 6 and 7 (23.1%, 18.7% and 20.2%, respectively). 

By mid September, uncut wet meadows, sites 8 and 9, showed the lowest 

forb protein levels.
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The high protein values of forbs on cut-through forest site I, 

and to a lesser extent on forested site 6, may reflect dominance of 

silky lupine in the vegetation of those sites (Appendix Table 5). 

Doughty (1966) found early-summer protein values of 24.6 and 25.1 

percent for Lupinus sp., while Robertson and Torell (1958) noted peak 

protein values of 23.5 percent for Lupinus. These were similar to 

the 23.1 percent protein found for all forbs on site 3. ,

During late June and early July, grasses and sedges on uncut 

dry parks, sites I and 5, had higher average protein content than those:. 

on uncut wet meadow sites 8 and 9, cut-through dry park site 2 and 

cut-through forest site 4 (Fig. 15). These were the only sites that 

produced sufficient amounts of grasses and sedges to justify analysis. 

Sites I and 5 had total grass-sedge protein values averaging 17.3 and 

15.4 percent, respectively. These values for sites 8 and 9 were 14.3 

and 12.8 percent; while for sites 2 and 4 they were 14 and 11.8 per- . 

cent, respectively.

From mid July through late August, grasses and sedges retained ' 

higher protein levels on wet meadows than on drier sites. However, 

protein levels declined rapidly after late August on both wet meadows 

(sites 8 and 9) and cut-through sites 2 and 4. By mid September, < '
protein contents for grasses and sedges were.approximately equal oh 

all but the cut-through dry park site 2 and uncut forest site 4, which 

were somewhat lower in protein. Protein content of grasses and sedges
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decreased in late summer at a lesser rate on uncut dry sites than 

on wet meadow and cut-through sites, possibly due to fall greenup 

on sites I and 5.

Comparisons between crude protein content of grasses and sedges 

on one wet meadow indicated that sedges had a slightly higher protein 1 

content than grasses during the first half of the summer, while the 

reverse was true in August and September. During the first sampling 

period, sedges contained 13.1 percent protein and grasses contained 

12.6 percent. For sampling period 2, the sedges contained 11.8 per

cent and grasses 10.7 percent protein. During August and September, 

sedges contained 8.1 and 5.2 percent protein, while grasses contained 

11.1 and 6.5 percent protein, respectively.

These protein values probably underestimate the actual protein 

content of plant material eaten by. elk. Numerous studies indicate 

that ruminants select plants and plant parts richer in protein than 

those sampled by man (Swift 1948, Wier and Torell 1959, Longhurst.et 

al. 1968).

Digestible Energy (DE)
The degree of lignification of a forage along with the portion 

of forage free from lignification (CSM) combine to determine digestibil

ity (VanSoest and Moore 1965). Plants with a high percentage of 

lignin and a low percentage of cell soluble material will be low in
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digestible energy; conversely, those with a low percentage of lignin 

and a high percentage of cell soluble material will be high in 

digestible energy.

Trends in calculated DE values for forbs and for grasses and 

sedges on the various study sites during the four sampling periods are 

plotted in Figures 16 and 18, respectively. Figure 17 displays the 

range of DE values for forbs on uncut and cut-through sites.

During early summer, digestible energy values were approximately' 

equal for the two forage classes, with little variation between all 

sites except wet meadows. On the latter, sites 8, 9 and 10, forbs were 

comparatively low in digestible energy. Through mid to late summer, 

amounts of digestible energy in both forage classes became more 

variable among sites and often fluctuated between sampling periods..

The general trend, however, was a decline in digestible energy of 

forbs, while grasses and sedges either fluctuated or remained stable.

By mid September, when some greenup occurred, DE values of the grass- 

sedge component were comparable to early summer and considerably higher 

and less variable between sites than those of forbs.

Monthly fluctuations in digestible energy of grasses and sedges 

were most pronounced on the wet meadow sites, and values for wet 

meadows in July and August were generally lower than those for other 

sites, except the cut-through dry park site 2. The latter site showed 

the lowest grass-sedge DE value of any site in August and September.
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Figure 16 Percent digestible energy by sampling period of forbs on uncut and cut-through
sites on the Long Tom Creek study area.
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Figure 17. Range in digestible energy by sampling period of forbs on uncut and cut-through
sites on the Long Tom Creek study area.
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Figure . Percent digestible energy by sampling period of grasses and sedges on uncut
and cut-through sites on the Long Tom Creek study area.



Among forbs, digestible energy generally tended to be higher 

on uncut dry types and lower on wet meadows. The latter, however, 

were highly preferred for use by elk during a large part of the 

summer (Lonner 1978).

By early fall, forb energy values were generally lower on cut- 

through than uncut sites, except for the heavily forested site 7 which 

had the lowest DE values noted for forbs during any sampling period

54



CONCLUSIONS

Elk inhabiting the Long Tom Creek study area, as in other 

mountainous areas of western Montana, demonstrate seasonal shifts 

in habitat usage during spring, summer and fall (Lonner 1976).. Food 

habits also shift in synchrony with these habitat changes, resulting 

generally in diets dominated by grasses during spring, forbs in 

summer, and grasses, again, during fall (Stevens 1966, Knight 1970, 

Rouse 1957, Eustace 1967). South and west facing slopes at low 

elevations are important components of spring elk range. In early 

summer, uncut and cut-through dry parks and wet meadows are found to 

be preferred (Lonner 1976).

The high quality of spring and early summer forage, particularly 

due to high protein content, is essential for animal growth, weight 

gain, appetite maintenance and milk production (Halls 1970), after a 

protein deficient winter period. In spite of the high quality of. 

forage, shortages of energy producing feeds are common on spring 

ranges as a result of the low dry matter content of lush watery feeds 

(Dietz 1970).

My results indicate that the nutritional quality of both 

forbs and graminoids was at a seasonal high during early summer.

This was evident in the high percentages of boph crude protein and 

cell soluble material as well as the low degree of cell wall ligni- 

fication of the vegetation at all 10 study sites. However, wet meadow 

and cut-through dry sites were generally lower in protein than uncut

I
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dry sites and forested sites. One possible explanation for low 

protein values in vegetation on wet meadows is that plants grown on 

cold and poorly aerated soils often suffer from nitrogen deficiencies 

(Larcher 1975). This deficiency would be manifested in low protein 

values. The principal reasons for higher protein values of plants on 

forested sites are probably tied to the repressed maturity and higher 

moisture content of herbages on shaded sites (Cook and Harris 1950, 

Campbell and Cassidy 1954, Roberts 1926). Also, forages on cut- ' 

through sites had lower moisture content than other sites during June 

and early July. Wet meadow forbs also demonstrated high lignin con

centration at this time. Except for higher lignin concentrations and 

lower late summer - early fall DE values for forbs, this group demon

strated higher nutritional quality than graminoids throughout summer.

Since forage quality was similarly high on all sites, the 

quantity of available forage probably was more important than quality 

during early summer elk habitat selection. Thus, both uncut and cut- 

through dry parks and wet meadows, which represented the most species 

diverse and productive types available at this time, also received the 

greatest elk use.

The elk diet gradually shifts to succulent forages at higher 

elevations as phenologically-delayed species initiate rapid vegetative 

growth (Nelson and Leege 1979). The importance of forbs in the summer 

elk diet becomes apparent as this component becomes more readily
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available. Eustace (1967), Mackie (1970) and Stevens (1966) reported 

forbs comprising 67, 75 and 76 percent of elk summer diets, respective

ly. By approximately mid July, elk are found primarily in areas 

where plant growth is delayed (Picton 1960, Knight 1970).

In this study, the higher nutritive value of forage species on 

phenologically-delayed sites was reflected in the comparatively high 

cell soluble material values found for forage species on both wet 

meadow and forested types, and high protein values on forested types.

At this time, despite higher protein and cell soluble values for forbs 

on forested types, elk displayed a strong affinity for wet meadows.

This might have been due to the higher productivity and availability 

of forage on wet meadows. Mautz (.1971) observed that high consumption 

rates of plant species with lower net energy can result in a better 

energy balance than, lower consumption of species with higher energy . >

values. Thus, other factors, in addition to nutritional quality, were 

probably involved in the principal role wet meadows played in elk 

summer site selection.

Good nutritional quality, high forage production, high security 

and adequate thermal cover and a diverse species composition all 

contribute to the overall importance of the wet meadow type to summer

ing elk. Hayden-Wing (1979) reported that approximately 70 percent 

of all forage removed by elk during the summer came from the moist
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cover type. Similarly, Lonner (1978) reported a strong affinity by 

elk for moderate wetness during the mid to late summer period.

Collins et al. (1978) noted that wet meadows were highly preferred 

for grazing, resting and other nongrazing activities during this 

same period. They further stated that elk preferred grazing areas 

where they could maximize intake of preferred species with a minimal 

expenditure of energy. I found wet meadows to be the most productive 

and among the most diverse sites sampled during summer.

Although cut-through wet meadows were similar in most qualitative 

and quantitative parameters to uncut wet meadows, the reduction in 

security and thermal cover resulting from clearcutting may reduce 

the attractiveness of these sites to elk.

Partially as a result of differences in plant species composition 

and phenology, cut-through dry sites were generally lower than uncut 

dry sites in crude protein levels for forbs and graminoids, and higher 

in forb lignin concentrations throughout much of July and August.

The increased importance assigned to the forest/dry park complex ' 

coincident with the rut and fall periods (Lonner 1978), may also be 

linked to, but apparently is not totally explained by forage nutrition. 

Forbs found on forested sites were among the highest in protein and 

cell-soluble contents; however, forested sites were also characterized 

by the lowest species diversity and productivity of all sites examined. 

Simultaneously, the high percentages of nonlignin cell wall
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constituents of grasses and sedges on dry sites contributes to high 

fall forage energy levels which are important to elk prior to winter.

The rather consistent decline in digestible energy in forbs 

through early fall is consistent with observations by Cook (1972).

He stated that mature forbs commonly failed to meet the energy require

ments of gestation or lactation. A low energy intake at this time 

would result in reduced or halted growth, weight loss, failure to 

conceive, increased mortality and a lowered resistance to parasites 

and disease (Halls 1970).

The highly nutritious but lower quantity of herbaceous forage on . 

forested types coupled with high energy provided by dry site grasses 

and sedges, would enable elk to sustain a high quality diet into the 

fall. Moreover, forested types provide security cover during the rut 

and the fall hunting season.

Clearcutting did not increase the amount of dry park habitat on 

the study area. Additionally, dry park and forested site herbage 

composition and homogeneity are apparently altered by this practice.

Generally, forages on cut-through dry parks and cut-through 

forest sites were slightly lower in nutritional quality than their 

uncut counterparts, at least after the succulent early summer period. 

During fall, the highest lignin concentrations, and lowest digestible
I.

energy values occurred for forbs on all cut-through sites, while grass 

and sedge protein values were lowest for the cut-through dry park site.
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Opening up the forest canopy by clearcutting increases forage 

quantity. However, cattle utilization, especially on uncut and cut- 

through dry parks and wet meadows, removed from 64 to 88 percent of 

the available herbage on these sites by fall, thereby negating many 

of the potential benefits resulting from increased production and 

diversity. While the practice of clearcutting clearly benefits 

domestic livestock grazing operations, the disruption of existing 

seasonal elk range coupled with the reluctance demonstrated by elk 

to venture fair from protective cover may effectively eliminate most 

potential benefits elk could derive from an increase in forage 

production and diversity.

The reduction in habitat diversity as a consequence of clearcut 

logging resulted in a trend toward lower overall nutritional quality 

for the mid summer to early fall period. This trend may potentially 

reduce the quality of elk habitats, especially those utilized in late

summer and fall.
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Table 5. Nutritional characteristics of graminoids and forbs for June through September, 
1979, on study sites located on the Long Tom Creek study area.

Cell Acid Acid Hemi-
Site Soluble Crude Detergent Detergent Cellulose cellulose
Description Sampling Sample Material Protein Fiber Lignin Content Content
and Number Period Description (%) m (%) (%). (%) (%)

I
Grass and 
Sedge 54.2 17.3 27.1 2.4 24.7 18.7

Forb 65.3 19.7 24.5 4.8 19.7 10.2
UNCUT
DRY 2

Grass and 
Sedge 48.9 10.8 32.6 3.0 29.6 • 18.5

PARK Forb 60.8 16.4 28.5 1.5 27.0 10.7

(SITE #1) 3
Grass and 
Sedge 40.6 8.7 33.6 2.6 31.6 25.8

Forb 6 3 . 8 1 3 . 9 29.8 7.3 22.5 12.3

4
Grass and 
Sedge 37.8 8.5 35.5 2.4 33.1 26.7

Forb 57.9 12.6 2 7 . 1 4 . 7 22.4 9.1

I
Grass and 
Sedge 56.8 15.0 24.9 3.3 21.6 18.3

Forb 72.0 19.7 2 1 . 2 4.8 16.4 6.8
CUT-
THROUGH 2

Grass and 
.Sedge 45.0 10.0 33.6 3 . 7 29.9 11.1

DRY Forb 65.9 13.5 2 9 . 4 6.5 22.9 4.7
PARK

3
Grass and 
Sedge 36.2 7.8 32.4 7.1 25.3 31.4

(SITE #2) Forb 68.0 11.9 30.5 10.5 20.0 1.5

4
Grass and 
Sedge 31.0 6.3 45.5 6.7 38.8 26.5

Forb 67.2 11.1 40.9 12.9 28.0 *1
CUT- I Forbz 52.0 17.2 26.9 4.0 22.9 21.1
THROUGH 2 Forb 63.7 23.1 2 6 . 0 ■ 5.3 20.7 10.6 .
FOREST 3 Forb 57.7 20.1 41.0 13.5 27,5 1.3
(SITE #3) 4 . Forb 62.0 17.9 35.1 13.3 21.8 A



Table 5. (continued).
Cell Acid Acid Hemi-

Site Soluble Crude Detergent Detergent Cellulose cellulose
Description Sampling Sample Material Protein Fiber Lignin Content Content
and Number Period Description (%) (%) (%) (%) (%) (%)

Grass and 44.9 11.8 33.0 2.3 30.7 22.1I Sedge
Forb 71.5 18.7 20.3 3.8 16.5 8.2

CUT- Grass and 40.0 10.2 30.7 3.2 27.1 11.2THROUGH 2 Sedge
FOREST Forb 64.5 13.1 29.7 6.7 23.0 5.8

(SITE #4)
Grass and 34.0 7.2 47.7 3.0 41.6 11.43 Sedge
Forb 62.7 12.8 37.9 11.1 26^8 *
Grass and 33.3 4.7 41.0 2.7 38.3 25.74 Sedge
Forb 65.9 10.7 30.4 9.9 20.5 3.7
Grass and 44.2 15.4 33.4 2.9 30.5 22.4I Sedge
Forb 58.7 21.9 48.9 3.3 45.6 *
Grass and 37.0 10.5 38.2 3.7 34.5 24.8UNCUT 2 Sedge

DRY Forb 64.5 16.7 29.4 1.0 28.4 6.1
PARK Grass and 42.7 7.8 31.7 2.6 29.1 25.63 Sedge
(SITE #5) Forb 61.5 13.0 25.1 9.2 15.9 13.4

Grass and 39.2 7.3 39.9 2.9 37.0 20.94 . Sedge 
Forb 67.2 11.0 38.0 2.5 35.5 *

UNCUT I Forb 69.0 20.8 18.9 2.1 16.8 12.1
FOREST 2 Forb 69.2 18.7 25.1 5.4 19.7 5.7

3 Forb 70.2 20.1 39.3 7.9 31.4 A
(SITE #6) 4 Forb 67.1 15.5 . 26.1 6.9 19,2 6.8
UNCUT I Forb 77.3 20.7 24.9 4.9 20.0 A

FOREST 2 Forb 72.0 20.2 26.2 8.5 17.7 1.8
CSITE #7)



Table 5. (continued).
Cell Acid Acid Hemi-

Site Soluble Crude Detergent Detergent Cellulose cellulose
Description Sampling Sample Material Protein Fiber ' Lignin Content Content
and Number Period Description (%) m (%) (%) (%) . (%)
(SITE #7) 3 Forb 71.5 14.9 29.3 12.7 16.6 7 . 8
(cont'd) 4 Forb 62.9 12.1 29.5 10.5 19.0 *

Grass and 45.6 14.3 32.1 2 . 9 2 9 . 2 22.3I Sedge
Forb 67.7 17.4 29.2 8.8 20.4 3.1
Grass andUNCUT 2 Sedge 53.6 13.7 31,7 7.7 24.0 14.7

WET
MEADOW Forb^

Grass and 40.0 10.5 29.7 5.4 24.3 30.3
(SITE #8) 3 Sedge

Forb 6 6 . 7  . 12.8 31.9 10.9 21.0 1.4
Grass and

4 Sedge 4 3 . 1 7.8 30,7 2.1 28.6 26.2
Forb 66.3 9.2 38.1 8.1 30.0 A
Grass and 45.0 12.8 • 27.8 2 . 5 25.3 25.2I Sedge
Forb 71.5 18.2 2 8 . 1 10.9 17.2 .9
GrfifiR findUNCUT 42.4 10.8 31.2 2.8 28.4 23.4

WET 2 Sedge
Forb 68.5 15.1 27.8 7.0 20.8 4.1IvUli AUUW Grass and

3 8 . 3 9.4 36.4 4.9 31.5 22.4
(SITE #9) 3 Sedge

Forb 6 7 . 2 13.5 30.8 11.3 19.5 4.4

o\

Grass and 
Sedge 

Forb
43.0
63.6

8,0
9.6

32.0
38.1

1.6
10.9

30.4
27.2

28.0
*



Table 5. (continued).
Cell Acid Acid Hemi-

Site Soluble Crude Detergent Detergent Cellulose cellulose
Description Sampling Sample Material Protein Fiber Lignin Content Content
and Number Period Description (%) (%) (%) (%) (%) (%)

Grass and
I Sedge 47.0 15.9 27.8 2.5 25.3 25.2

Forb 71.0 20.0 28.1 10.9 17.2 .9
Grass andCUT- 45.4 12.1 31.2 2.8 28.4 23.4

THROUGH 2 Sedge
Forb 68.1 13.9 27.8 7.0 20.8 4.1WET Grass andMEADOW 3 Sedge 41.2 10.1 36.4 4.9 31.5 22.4

(SITE #10) Forb 64.8 12.6 30.8 11.3 19.5 4.4
Grass and 40.0 7.2 32.0 1.6 30.4 28.04 Sedge
Forb 66.8 12.0 38.1 10.9 27.2 *

. . Grass 45.8 13.1 26.2 3.0 23.2 28.0COMPARISONS
OF Sedge 37.3 12.6 32.0 2.7 29.3 30.7
GRASSES 2 Grass 41.9 11.8 31.8 4.3 27.5 26.3AND
SEDGES ON Sedge 37.9 10.7 36.8 3.3 33.5 25.3
CUT-  ̂ Grass 59.0 8.1 30.8 1.6 29.2 10.2
I HKU U U r l 

WET Sedge 43.2 11.1 30.4 2.1 28.3 26.4
MEADOW  ̂ Grass 39.1 5.2 36.6 1.3 35.3 24.3
(SITE #10) Sedge 45.3 6.5 35.6 4.0 31.6 19.1

ISamples producing negligible percentages of hemicellulose. 
2Sites producing less than 40 kg/ha of grasses and sedges. 
3The forb sample from this site was lost.
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