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WATERSHED CONSIDERATIONS IN LAND RESOURCE PLANNING
John C. Buckhouse
Watershed management can be defined as the science and art of
controlling the quantity, quality, and timing of streamflow from
a land basin while protecting and enhancing products of the land.
Consequently, there are many activities and intensities of use which
have a corresponding effect upon the environment of an area.
This paper focuses primarily on the drier regions of the West
and deals only with principal uses of these lands.
Rangeland watershed management can be described in terms of
a water balance equation like this: SRO = P - I - ET + AS where
SRO = surface runoff
P = precipitation
I = infiltration
ET = evaporation and transpiration (evapotranspiration)
AS = change in soil moisture storage
Since we generally are unable to alter P, we must look to
other parts of the equation to influence the amount, quality or
the timing of the discharge of streamflow. Any of the several
land uses which affect these variables therefore will affect SRO.
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For example, infiltration generally is enhanced by dense vegetative cover, by roots which bind and provide organic matter to
the soil, and by certain microbes or soil organisms which "work"
the soil and make it friable. On the other hand, anything that compacts the soil, be it mechanical or flesh and bone, usually decreases infiltration. Soil temperature and moisture levels play
an important ameliorating role, however. A dry soil compacts less
than a wet one. A tightly frozen soil is much less subject to compaction than an unfrozen one. To enhance infiltration, consider
logging or grazing the area during the winter months when the ground
is frozen and avoiding it during the early spring when it is both
wet and unfrozen.
Evapotranspiration reductions vary according to elevation and
climate. A hot, dry climate may be subject to far more evaporative loss than it is to transpirational loss. This is especially
true if the plants growing there have adapted themselves to methods
of transpirational reduction. An example of such an adaptation
would be the ability of sagebrush to drop its ephemeral leaves,
retaining only the smaller, more water-efficient persistent leaves,
during times of soil moisture stress. On the other hand, at cooler,
higher elevations, the physical evaporative process may be much
less important than the transpirational process.
In the first example, an attempt to "save" water by cutting
or grazing vegetation would be counterproductive since it would
1

simply expose more soil surface to direct sunlight and increase the
evaporative loss. In a wetter situation, however, the removal of
certain overstory species could provide additional water for streamflow.
One generally finds that vegetation manipulation in arid and
semi-arid regions does not increase streamflow, but that it may
"release" available water for another purpose. For example, a juniper removal project or a sagebrush eradication program and subsequent grass planting are not likely to result in more water in the
John Day River. However, it may be beneficial in increasing the
herbaceous production several fold.
There is a great deal of interest and concern about water quality as it is impacted by land usage. In the arid and semi-arid
West, this concern often seems to focus on livestock grazing in
riparian zones. The volume of research in this area is skimpy
(Meehan and Platts, 1978). From the few scientific and observational studies available, it is clear that abusive grazing can cause
deterioration of streambank physiognomy, an increase in water temperatures, and an increase in bacterial and sediment load. However,
what is less certain is what degree of use these areas are able to
withstand and what managerial techniques are available for ameliorating these effects.
In a multi-disciplinary study funded by the Pacific Northwest
Forest and Range Experiment Station, Range and Wildlife Habitat
Laboratory, USFS, La Grande, Oregon, a number of grazing seasons
and systems are being evaluated for these kinds of things. It is
somewhat early to predict what the ultimate outcome from this study
will be, but experience has convinced me that riparian zones are
complex and rather resilient. I suspect that with proper grazing
management, taking advantage of season of use, intensity of use,
and animal behavior or preferences, it should be possible to design
a prescription of grazing management for any riparian zone which
will enable the manager to maintain the productivity of all the resources which emanate from this zone.

Literature Cited
Meehan, W. R., and W. S. Platts. 1978. Livestock grazing and the
aquatic environment. J. Soil and Water Cons. Vol. 33:274-278.
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HOW A FOREST AFFECTS A FORAGE CROP
William C. Krueger
Forage production on forested rangelands is principally controlled by
the trees making up the overstory. The trees exercise this control by modifying the complex interaction of light, heat, litter accumulation, and moisture.
These environmental factors usually react within a continually changing ecosystem further influenced by fluctuations in weather, periodic logging, and
grazing by livestock and wildlife.
Forest overstory and understory vegetation occupy the land somewhat
independently. The same tree canopy can exist over completely different understory vegetation under normal circumstances. In the Pacific Northwest, we
find natural stands of ponderosa pine with an understory of needleandthread
grass or natural stands of ponderosa pine with an understory of ninebark.
On the other hand, similar understory stands can exist beneath a different
overstory. We have stands of ponderosa pine/ninebark as indicated above, but
on different sites we can find Douglas-fir as the overstory dominant with ninebark and its associated species as the understory dominants. Each of these
community types responds to environmental stresses differently with respect to
absolute change but similarly in the nature of change to a specific pressure.
When the community type or habitat type is known, specific responses to management can be defined.
Within a community type, development or management of the overstory influences production, composition, and forage value of the understory in a predictable fashion. Initial knowledge of the community type is necessary if actual
predictions of response are to be made.
Light
A tree overstory has a direct influence on light received by understory
vegetation. Some plant species grow and reproduce best under high light intensities and others require some degree of shading for survival. Consequently, you
would not expect to find a shade tolerant plant such as meadowrue in a clearcut
nor would you find bull thistle under a full canopy. Most grasses grow well in
full light but can tolerate varying degrees of shade.
A tree canopy reduces the total light received by understory vegetation and
filters light rays selectively. A deciduous tree canopy reduces the relative
proportion of red and blue light rays, the most photosynthetically active rays.
Light penetrating the canopy has proportional enrichment of orange, yellow, green,
and infra-red. Yellow and orange light is related to cell elongation, which
partially explains elongation often seen in shaded plants. Infra-red interacts
with red to control plant hormones and subsequent induction of morphological
changes such as flowering. A coniferous tree canopy affects light quality similarly to a deciduous tree canopy but filters less of the red light. Consequently,
light quality under the coniferous canopy is quite similar to that received in
the open on a cloudy day.
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The specific ecological role of light quality is not well understood and
frequently is considered of little or no importance. Since little information
is available, this conclusion seems premature. The change in light quality
from shading probably has little influence on presence or absence of most plant
species but may well influence physiological and morphological characteristics
of understory plants. Changes in these plant attributes could have significant
bearing on nutritional value of understory forages as will be discussed later.
Light intensity is considered ecologically important. Reactions of plants
to varying levels of light intensity are well known. The rate of photosynthesis
depends on intensity of light until the plant is saturated. For cool season
plants that usually dominate the understory of a forest this occurs at about 20
percent of full sunlight for plants adapted to growth in open areas and at
about 10 percent of full sunlight for plants adapted to shaded environments.
Size and shape of plants or their leaves as well as orientation of leaves affect
absorption of light. Under good photosynthetic conditions, products of photosynthesis accumulate and photosynthetic rate declines. Chloroplasts migrate
within the leaf in relation to light intensity and will absorb varying percentages of light in relation to intensity. In general, shaded leaves are
darker, thinner, lower in reflectivity, wider, oriented to light sources, have
a thin cuticle and have larger chloroplasts than those in full sunlight. So
it is clear that plants react to light and can adjust to maximize photosynthesis
as long as a minimal amount of light of the right quality is received. When
light intensity is reduced below the saturation level of the leaves, production
declines. For example, at 8 percent of full sunlight, we would expect about 65.
percent of full above ground production and 25 percent of root growth for cool
season plants. So, if light were the only limiting factor to understory
production, we should see a steady state of production until light levels are
reduced by about 80 percent (Figure 1A). If we assume canopy cover to be
unifoLmly proportional to light received by the understory, production would
not decline until canopy coverage reached 80 percent. The three dimensional
nature of a tree canopy would actually cause 80 percent reduction of light at
less than 80 percent cover. So, in a mature forest, reduction of incoming light
by 80 percent would probably occur at about 50 percent canopy coverage.
Nevertheless, light intensity is probably of minimal importance for production
of cool season plants until the canopy becomes quite dense.
Moisture and Temperature
Plant growth is also limited by water and its interactions with temperature.
As temperature increases, evapotranspiration increases. The short light rays
of sunlight are absorbed and slowed to heat rays by soil, stems of vegetation,
rocks, and so forth. In full light, the ambient temperature is higher than in
the shade. As a result, plants in the open are about 10° F warmer in the day and
about 10° F cooler at night than those in moderately shaded areas. Of course,
absolute differences vary considerably. The optimum temperature range for
photosynthesis of plants commonly found in the understory of eastern Oregon
forests is about 70 to 95° F. So, as ambient temperatures in open and shaded
areas fluctuate about this range, the relative advantage for productivity also
would fluctuate.
Since shaded areas are cooler with higher relative humidity, they also
would provide for less evaporation than in open areas. Further, wind movement
is reduced under a tree canopy which reduces wind related dessication.
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However, water conservation in the cooler environment can be negated by water
needs of the trees. Much water is used for transpiration of trees and considerable moisture can be intercepted by the canopy and never reach the ground.
Furthermore, soil moisture levels in deep shade may be more critical because
of reduced root systems of the understory and competition for moisture between
overstory and understory plants. Overall, it appears that moisture or competition for moisture is the dominant force governing total yield of vegetation
under typical forest-range canopies in eastern Oregon. But, during seasons
when moisture is abundant, light and temperature may be the controlling factors.
Changes in quantity and quality of light received by forages under a tree
canopy do influence the annual growth cycle. Shaded plants tend to flower
later in the growing season than those in the open. In fact, some shaded plants
don't flower at all. Because of this later development, nutritional quality
of shaded plants for grazers is superior to that of plants in the open when
plants in these open areas begin to mature. At this time, shaded plants are
higher in protein, digestible energy, and probably phosphorous and are thus more
nutritious. Earlier in the season, plants in the open should be better sources
of digestible energy and perhaps phosphorous than shaded plants but probably
no differences will exist in protein levels. However, at this time, plants in
both environments should have sufficient nutrient levels to meet needs of lactating cows or growing steers.
Relationships of Forages to Trees
Studies of herbage production and canopy coverage suggest four relationships: negative curvilinear, negative straight line, positive curvilinear, or
no relationship.
Forages with a negative curvilinear relationship to the tree canopy have
rapid decline in herbage yield at low levels of canopy cover with less decline
at moderate and high levels of canopy cover (Figure 1B). This relationship
is found when the understory is dominantly herbaceous vegetation and the stand
of trees has been established for a long time. Most of the yield loss will
have occurred by the time the tree canopy has reached 20 to 30 percent cover.
Therefore, light intensity probably has little influence on the response. Under
these circumstances, the root systems of trees in the stand are highly developed
and competition with the understory for moisture is extreme. This can be further
complicated by moisture retention in litter of coniferous trees so even less
moisture reaches the soil surface.
Forages which have a negative straight line relationship to tree cover have
a regular decline in yield proportional to increase in the tree canopy (Fig
ure 1C). This relationship occurs when the understory is dominantly herbaceous
vegetation and the stand of trees has been disturbed in the recent past, usually
from tree thinning. In these stands of vegetation, light intensity is again
probably of little importance to yield. Root systems of remaining trees will
not fully respond to release from competition with other trees for 10 or more
years. The relationship between forage production and tree cover is linear
since little competition between herbaceous plants and trees occurs in interspaces between trees. With time, as the interspaces fill with tree roots, the
relationship should become negative curvilinear.
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Forages which have a positive curvilinear relationship to tree cover
have an increase in understory yield as canopy increases to a certain point
and then a decrease in yield with further increases in tree canopy (Figure 11)).
This relationship has been found for understories dominated by shrubs. The
initial increase is caused by light levels that are too high in open areas
and under open canopies for shade tolerant shrubs. The reduction of yield
comes at relatively high level of canopy cover and probably is caused by both
moisture competition and reduced light intensity at the highest levels of canopy
coverage.
No relationships between yield and tree cover have been found for forages
growing under aspen trees, which probably is related to both rooting patterns
of aspen and the site characteristics where aspen grows. The clonal nature of
aspen insures a fairly uniform distribution of roots wherever the stems appear.
This, coupled with fairly moist sites typical of aspen communities, suggests
there is little opportunity for the aforementioned relationships to occur.
Other work in which no relationships are found may be because of the limited
range of canopies examined. Our work indicates no relationship between canopy
of ponderosa pine and understory vegetation when studies are restricted to
a 20 to 50 percent range of canopy coverage. Further, yield of some forbs like
pussytoes and goldenrod in Pacific Northwest conditions appears independent of
canopy coverage.
The most important feature of overstory/understory relation is that there
is no set response to all conditions. Accumulations of litter, particularly
under ponderosa pine, can alter responses dramatically. If litter is not
excessive, most situations should fit one of the patterns identified, even though
some may intergrade with others. By deciding which, pattern of response is operating, and defining the community type, management responses should become more
predictable and basic ecological responses can be separated from grazing responses.
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UTILIZATION OF LIQUID SUPPLEMENTS WITH RYEGRASS STRAW
R. 0. Kellems
Liquid protein supplements are palatable, readily accepted by livestock
and can be self-fed. These characteristics, coupled with the need to provide
supplemental protein to low quality forages to improve their utilization, have
increased the use of liquid supplements by the United States cattle industry.
Estimated sales in the United States in 1978 were 2.8 million tons.
Liquid supplements using urea as the only source of supplemental crude
protein (CP) have shown negative responses (Phillips and Vavra, 1979) or no
improvement in forage utilization (Hennessy et al., 1978) when fed in combination with low quality forages. The incorporation of true protein sources such
as fish solubles and alfalfa meal into liquid supplements has improved gains
(Huber, 1972; Velloso et al., 1971).
The objectives of these studies were to evaluate the effect of incorporating various preformed proteins--cottonseed meal, (CSM), single cell protein
(SCP), feather meal (FM), liquefied fish (LF)--into liquid supplements fed in
combination with chopped ryegrass straw and monitor the performance in the
feedlot.
MATERIALS AND METHODS
Trial I
In this trial, we evaluated the effect of incorporating 10 percent of the
total crude protein (CP) of a 30 percent liquid supplement from either CSM
or SCP which was harvested from a kraft pulp mill and sonically dehydrated.
Both supplements were fed in combination with chopped ryegrass straw. These
supplemental sources of preformed protein were ground in a Wiley Mill equipped
with a 1 mm screen before being incorporated into the liquid supplements.
The two liquid supplements were compared with a liquid supplement that had
urea as the only source of supplemental CP. Straw and liquid supplements
were fed free choice. The liquid supplements were dispensed from a 55-gallon
drum equipped with a lick wheel. The formulation of the liquid supplements
is in Table 1.
Liquid supplements were prepared in a recirculating mixer equipped with
a 5 horsepower centrifugal pump. The urea was dissolved initally in an equal
amount of water before mixing the remaining ingredients. The ingredients were
circulated until all were dissolved or suspended.
Animals were randomly allotted to groups of five animals each with an
average initial weight of 645 pounds. Group liquid supplement and straw
consumption and individual average daily gains (ADG) were determined. Water
and a salt mixture (50 percent trace mineralized salt + 50 percent bone meal)
were available free choice. Animals were maintained on this feeding regime
for 59 days.

Trial II
Two 30 percent liquid supplements containing preformed protein (FM, SCP)
were compared to a 100 percent urea based supplement when fed in combination
with ryegrass straw under drylot conditions. Animal performance was monitored
in the liquid supplement feeding phase and subsequent feedlot phase.
Initially, 15 beef steers were randomly allotted to three groups of five
animals each. Average initial weight was 680 pounds. Two of the liquid supplements had 10 percent of their total CP replaced with either FM or SCP derived
from a kraft pulp mill dewatered with a polyacrylamide-formaldehyde mixture
before being sonically dehydrated. A Wiley Mill equipped with a 1 mm screen
was used to grind the SCP before incorporating it into the liquid supplement.
The commercial feather meal was incorporated directly into the liquid supplement without grinding. The compositions of the liquid supplements are listed
in Table 1. Steers were allowed free access to the liquid supplements and
straw during the 84-day feeding period. They had free access to water and a
salt mixture (50 percent trace mineralized salt + 50 percent bone meal).
Performance criteria were ADG, liquid supplement consumption, and straw consumption. After the liquid supplement feeding phase of the trial was completed,
the animals were placed on a backgrounding ration for six days before the feedlot portion of the trial began. The steers were randomly reallotted to three
groups of five animals each for the feedlot portion of the trial. In the
feedlot phase, three supplemental sources of protein--CSM, SCP, and FM--were
evaluated. Rations were formulated to contain 8.5 percent digestible CP on an
as-fed basis using CP digestibility coefficients of 81 percent, 65.5 percent,•
and 81 percent, respectively, for CSM, SCP, and FM. Compositions of the feedlot rations are listed in Table 2. Steers were weighed at weekly intervals.
The experiment was terminated for each steer when it reached 10 mm of backfat
measured by an ultrasonic device. Performance criteria were ADG, feed consumption, feed conversion, and carcass data.
Trial III
This 120-day trial was completed in April 1980, and evaluated two molasses
based liquid supplements with the following basic formulation (Table 3):
1) urea providing all supplementary CP; 2) 10 percent of the total CP provided by liquefied fish. Each of these liquid supplements was fed to three
groups of five beef steers. The trial was divided into two phases. In the
first 60-day period, the liquid supplements were formulated to contain 20 percent CP. During the second 60-day period, the CP level of the liquid supplement was increased to 30 percent CP. The liquid supplements were fed ad
libitum via a lick tank. Steers had free access to chopped ryegrass straw,
water, and a mineral mix (50 percent trace mineralized salt + 50 percent bone
meal) during the experimental period. The average initial weight of the
animals was 490.3 pounds. Average daily gains, liquid supplement, and straw
consumption were monitored. The objective of the trial was to determine the
effect that incorporating the liquefied fish and crude protein level (20 and 30
percent) would have on ADG, liquid supplement, and straw consumption.
Data were analyzed statistically by use of one-way analysis of variance
procedure as outlined by Steel and Torrie (1960) and means were compared
using the Newman Kuel test for significance.
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RESULTS AND DISCUSSION
Trial I.
The ADG, straw, and liquid supplement consumption was (pounds): .46, 9.7,
1.37; .88, 8.8, 2.18; .33, 6.80, .62, ex p ressed on a dry matter basis, respectively, for the urea, SCP, and CSM groups. The LS with SCP resulted in
greater gain (P<.10) than did the other protein sources. Average daily dry
matter (DM) intakes for liquid supplement + ryegrass straw were (pounds): 11.0,
11.0, and 7.4, respectively, for urea, SCP, and CSM groups. The ratios of
straw intake to liquid supplement consumption (DM basis) were 7.1, 4 and 11,
respectively, for urea, SCP, and CSM groups. This suggests that the source of
supplemental preformed protein has an effect on consumption of the liquid supplements since other components of the liquid remained constant. The lower intake
of the CSM groups would explain the reduction in performance, but their performance was higher than expected, based on consumption data. The SCP groups
consumed approximately the same amount of dry matter as did the urea groups,
but their ADG was almost twice that of the urea group. This suggests that the
incorporation of preformed protein in liquid supplements does improve performance, which would agree with the work of Jones et al. (1976). This effect
could be related to the quality and amount of protein reaching the lower
digestive tract or to a more gradual metabolism in the rumen.
A problem noted with SCP and CSM liquid supplements was the inability to
maintain them in suspension. This might have accounted in part for differences
observed in performance among the liquid supplements. Based on previous in
vitro solubility work (Kellems and Church, 1979), the SCP seems to be less
soluble under simulated rumen conditions than CSM, suggesting that more is bypassing rumen degradation. During the initial 10 days on trial, all groups
lost weight, then it appeared that they became adapted to the liquid supplements and started to gain and continued to gain during the remainder of the
trial.
Trial II.
The ADG for the 88-day, liquid supplement feeding period were (pounds):
1.25, 1.34, and 1.58, respectively, for the urea, SCP, and FM groups. These
ADGs were not significantly different, but a trend for an improvement in
performance was observed for the liquid supplements containing preformed
protein. The FM showed the greatest improvement in performance.
The average individual daily consumption of dry matter from the liquid
supplement, straw, and liquid supplement + straw were (pounds): 1.94, 11.8,
13.8; 1.36, 12.7, 14.1; 2.5, 11.97, 14.5, respectively, for urea, SCP, and FM
groups. The ratios of dry matter intake from straw/liquid supplement were
6.1, 9.3, 3.7, respectively, for urea, SCP, and FM groups. These differences
in relative consumption of straw and liquid supplements are most likely related
to preference or to an effect that the liquid supplements are having on nutrient
utilization in vivo. The relative intake of preformed protein that is bypassing rumen degradation possibly could account for differences in performance
observed. Whatever the reason for the differences, there was a pronounced
effect on the relative amounts of liquid supplement and straw consumed among
the three groups.
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Steers were placed on a common ration for six days before the initiation
of the feedlot trial; during this time they lost an average of 38.7 pounds per
head.
Feedlot performance data are summarized in Table 4. The ADG in the
feedlot were (pounds): 3.92, 4.64, 4.58, respectively, for CSM, FM, and SCP
groups. The FM and SCP groups gained faster (P<.10) than the CSM groups.
These results would suggest that the digestible CP values for FM (81 percent)
and SCP (65.6 percent) are underestimating their utilization in finishing
rations. The general condition of the steers changed rapidly, with the
average days to reach 10 mm backfat being 88, 82.5, 81.2, respectively, for
CSM, FM, and SCP groups.
Trial III
The ADG, straw, and liquid supplement consumption (DM basis) for the 20
percent CP feeding phase were (pounds): .39, 3.18, 7.11, .51, 3.99, 6.82,
respectively, for the urea and liquefied fish supplements. The ADG for the
liquefied fish groups tended to be higher compared to the urea groups. The
average daily total consumption of dry matter from straw and liquid supplement was 10.3 and 10.8, respectively, for urea and liquefied fish supplemented
groups. Dry matter intake expressed as a percent of body weight were; 2.03
percent and 2.07 percent, respectively, for urea and liquefied fish groups.
The ratio of straw to liquid supplement intake (DM basis) were 2.2 and 1.9,
respectively, for the urea and liquefied fish groups.
During the second phase of this trial, when the CP levels were increased
to 30 percent, the ADG, liquid supplement, and straw consumptions (expressed
on a dry matter basis) were (pounds): .51, 1.51, 7.13; .81, 2.0, 7.61,
respectively, for the urea and liquefied fish groups. The average daily dry
matter expressed as a percentage of body weight were 1.61 percent and 1.68
percent, respectively, for the urea and liquefied fish groups. The ratio of
straw to liquid supplement intake (DM basis) were 4.79 and 4.22, respectively,
for the urea and liquefied fish groups. When the CP level of the liquid
supplement was increased, the consumption of liquid supplement was reduced and
the straw intake increased. These results would suggest that the 20 percent
level was less effective in maximizing the utilization of ryegrass straw
compared to the 30 percent level. The incorporation of liquefied fish into
liquid supplements increased the consumption of the liquid supplement but did
not decrease consumption of straw.
Results from these three trials indicate liquid supplements fed in
combination with ryegrass straw can be used to maximize the use of low quality
forages and crops residues in producing beef in Oregon.
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Table I. Liquid supplement composition, Trials I and II
Liquid supplement %, as fed
Trial II
Trial I
Ingredients
Molasses, cane

Cottonseed meal
71.5

ottonseed meal
Single cell protei

Single cell protein
70.6

Urea
76.35

Feather m4
74.9

7.3
1

7.9

Feather meal
Urea
ater
Sulfur

3.9
8.6

8.75

9.8

8.6

8.6

8.75

9.8

8.6

.4

.4

hosphoric acid, 75%

1.0

1.0

1.0

1.0

onosodium phosphate

1.0

1.0

1.0

1.0

1.5

1.5

1.5

1.5

1.

.1

.1

.1

Dry matter

72.3

72.5

70.7

72.2

Crude protein

29.1

29.9

29.5

29.6

Limestone
Vitamin A
3
elflo

.45

.4

2

Analysis, as fed basis

Derived from secondary clarifiers of kraft pulp mill dewatered with polyacrylamideformaldehyde mixture and sonically dried.
3300 IU/kg.
Suspending aid produced by Kelco, Division of Merck & Co., Inc.
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Cable 2.

Composition of feedlot rations
NRC
reference no.

Cottonseed
meal

Ration %, as fed
Single cell
protein

\lfalfa, chopped

1-00-063

2.6

2.6

straw, ryegrass

1-04-059

4olasses, cane

4-04-696

Engredient

20

20

7.5

)prn, rolled

Feather meal
2.6
20

7.5

7.5

32.6

32

33.5

4-07-939

32.6

32

33.5

Cottonseed meal

5-01-621

3.1

'eather meal

5-03-795

3arley, rolled

1.32

Single cell protein

4.34

Jrea

.78

.78

.78

Limestone

.6

.6

.6

14 salt

.05

.05

.05

Titamin A premix2
► manlsis, as fed
Digestible crude
protein
Crude protein

8.5
12.1

8.5
11.6

'Single cell protein derived from kraft pulp mill dewatered with polyacrylamide,formaldehyde mixture and sonically dehydrated.
.4,400 IU/kg of feed.
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8.5
11.9

Table 3.

Liquid supplement composition, Trial III
Liquid supplement %, as fed
Liquefied fish
Urea
Ingredients
20% CP
20% CP
30% CP
30% CP

Molasses, cane
Urea
Liquefied fish

78

66.4

85

75.4

5.3

8.6

6

9.8

13.3

20.0
6

9.8

Water
Sulfur

.18

.18

0.4

.4

Phosphoric acid, 75%

1.0

1.0

1.0

1.0

Monosodium phosphate

2.0

2.0

2.0

2.0

Limestone
Vitamin A2
3
Kelflo

1.5

1.5
0.1

0.1

0.1

0.1

TDN (computed), %

57.0

50.6

58.0

51.5

Dry matter, %

70.6

68.1

73

71.4

Crude protein, %

19.7

30.5

19.9

30.8

Analysis, as fed basis

Ca (computed), %

.70

1.13

.75

P (computed), %
.75
.78
.79
1
21' iquefied fish supplied 10% of total crude protein.
3 Formulated to contain 1500 IU/lb.
Suspending aid produced by Kelco, Division of Merck & Co., Inc.
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1.2
.75

Table 4.

Feedlot performance of steers fed cottonseed meal, single
cell protein and feather meal supplemented rations
Cottonseed
Single cell
Feather
meal
meal
protein
Initial wt, lbs
755
761
761
a,b
Final wt, lbs
1100
1165
1134
Days of feed
Mean
Range

88
77-98

81.2
77-84

82.6
77-91

Gain, lbs
ADG
ADG (range)

3.92
3.37-4.22

4.6
4.3-4.95

4.64
4.2-5.1

Feed consumption, lbsc
Av. daily
26.4
28.7
30.8
c
Feed conversion lbs
lbs feed/lbs gain
6.75
6.18
6.72
a
bCalculated from carcass weight divided by .58.
Cattle slaughtered when backfat measured .4 inches as determined with
a sonic probe.
c
Dry matter basis.
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Table 5. Carcass characteristics of steers fed cottonseed meal, feather meal
or single cell protein rations
Treatments
Variable
Cottonseed meal
Feather meal
Single cell protein
a
MaturityAAAKidney fat, %
Marbling score

b

Fat color score

c

Lean color score

d

Backfat thickness, cm

2.7

3.1

3.3

9.4

10.4

11.4

5

5

5

5.6

5.2

5.6

1.0

1.2

1.1

Ribeye, sq cm
72.9
72.3
e
USDA grade
9.4
10.4
a
A- = 13-16 months of age.
b
c Moderate = 18; modest = 15; small = 13; slight = 9; trace = 6.
dDark yellow = 1; white = 6.
e Bleached red = 1; very dark = 8.
Standard = 6; good = 9; choice = 12.
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71.6
11.4

BEEF CATTLE BREEDING AT OREGON STATE UNIVERSITY
William D. Hohenboken
Beef cattle have made an important contribution to the agricultural
economy of the Pacific Northwest for as long as the area has had an agricultural economy. Beef production now accounts for larger farm receipts than
any other commodity in Oregon. OSU has about 706,000 cows and replacement
heifers with some 75 percent located east of the Cascade Mountains. Over
time, beef populations and beef production systems have changed in response
not only to changing availability of land and other inputs but also to
changes in available technology. This tendency is almost certain to continue
and to accelerate in the foreseeable future. Factors influencing changes in
beef production systems include:
1)

Changing patterns of beef consumption caused by lower demand for
roasts and greater demand for ground beef by fast food outlets.
This has been accompanied by a de-emphasis on conformation in grade
standards.

2)

Changing price relationships among various producer inputs--capital,
land, and feed grains, for example.

3)

The recent availability of new breeds--largely continental European-which differ from traditional beef breeds in many important
characteristics.

Producers are faced with a confusing array of choices as they attempt
to anticipate the future, to define production constraints, and to evaluate
alternate production systems. Our research in beef cattle breeding and
management at Oregon State University is designed to help producers choose
management and genetic alternatives for profitable and efficient production
of beef that are acceptable to current and future consumer demand. The purpose of this report is to describe the status of some of that research.
CROSSBREEDING AT THE OSU SOAP CREEK RANCH
In the summer of 1978, approximately 200 Hereford, Angus and Angus X Hereford crossbred cows were divided at random into four groups, the groups being
mated by artificial insemination to Tarentaise, Simmental, or Pinzgauer sires
or to British breed bulls by natural service. The calves were born in March
and April and were weaned in October 1979. Steer calves from these groups are
involved in pasture and feedlot nutrition research at OSU; heifers were
saved for replacement and will be mated this summer. During June and July 1979,
the cows were again mated to the same sire breeds, so our second crop of
Simmental, Tarentaise, Pinzgauer, and British breed and crossbred calves is
now on the ground. Again, steers and excess heifers will be alloted to
nutrition, management, or physiology research after weaning; heifers again will
be saved as replacements. Our goal, over time, is to replace the cow herd with
their crossbred daughters.
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An interesting study has been superimposed onto this mating scheme by
Lindsay Norman, one of our graduate students. During both the 1979 and
1980 calving season, blood samples have been collected from calves approximately
24 and 36 hours after birth. Blood and colostrum samples from cows also were
collected within 12 hours of calving. The goals of the experiment are to
determine whether there are differences among cows in the production of antibodies in the colostrum milk and whether differences exist among calves in
their ability to absorb those antibodies from the first nursings. Differences
in the amount of antibodies accumulated by calves could be reflected in differences in survival and vigor. If there are genetic differences in colostral
antibody production or absorption, as research in sheep and dairy cattle
indicates might be the case, the trait could be included in selection schemes,
particularly in the choice of sires for artificial insemination. This work is
being done in cooperation with Dr. Keith Kelly in the Department of Animal
Science at Washington State University.
As our crossbreeding study enters the second phase, when the exotic
crossbred heifers enter production in the herd, females will be evaluated, at
the appropriate stage of the life cycle, for as many of these characteristics
as possible:
1) Age at first estrus.
2) Length and regularity of estrous cycles.
3) Calving difficulty and pelvic size.
4) Days from parturition to first estrus.
5) Services per conception.
6) Calving interval.
7) Milk production and composition.
8) Mastitis incidence.
9) Dominance, maternal, and grazing behavior.
10) Diet preference or composition.
11) Weight and weight change pattern over time.
12) Condition score and fat thickness.
13) Reasons for mortality and removal from the herd.
We eventually will be able to characterize the Simmental, Tarentaise,
and Pinzgauer breeds for their relative strengths and weaknesses in the
coastal Pacific Northwestern environment and to compare them, as crossbreds,
for total production efficiency with Herefords and Hereford X Angus crossbreds. We also will be able to describe the importance of the traits listed
above on total production efficiency.
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IDENTIFICATION OF TRAITS PREDICTIVE OF ECONOMIC MERIT
Many economically important traits in livestock populations are
difficult to change by genetic selection because they are not practical to
measure (longevity of beef cows, for example), because they are limited to
expression in one sex (milk production in dairy cattle, for example), or
because they are lowly heritable (reproductive traits in all classes of livestock). An alternative to direct selection or progeny testing for such traits
is to find a highly heritable trait that is highly genetically correlated to
the trait of interest, then practice selection upon that trait. In so doing,
the population should change, in the desired direction, for the trait in which
we actually are interested.
This identification of traits for indirect selection is easier said than
done, but there are examples where it has been effective. For example, bulls
with large testicles are more fertile and indications are that their daughters
are more fertile as well. In mice, males with larger testicles sire daughters
with higher ovulation rates and litter sizes; European research is being conducted to determine whether this is true in sheep as well. Our research on
antibody level in young calves is this same type. We hope absorption of
colostral antibodies is heritable and that it is highly correlated with calf
vigor and survival.
Another of our graduate students, Steve Lukefahr, is conducting an
experiment to determine whether the length of the midpiece in bull sperm cells
is heritable and whether it is predictive of any important traits in cattle
populations. Research conducted in Scotland found that midpiece length in
mice was highly heritable and, what's more { that it was associated with growth
rate. Since the midpiece is composed of mitochondria, the cellular organelles
responsible for the generation of energy, it is reasonable to examine the
relationship between midpiece length and traits dependent on energy metabolism.
Steve first ran a pilot trial using frozen semen from 39 Holstein bulls.
(The semen was donated by American Breeders Service at DeForest, Wisconsin,
assistance gratefully acknowledged.) In that trial, he found that midpiece
length did vary among bulls but that midpiece length did not vary importantly
between ampules of semen collected from the same bull at least six months apart.
There was an indication from this trial that midpiece length was heritable. It
was not related at all to the bulls' reproductive traits, but it was moderately
negatively related to milk production of the bulls' daughters. That is, bulls
above average for midpiece length tended to be slightly below average for
predicted difference for milk.
This work is being extended to beef cattle. In cooperation with Colorado
State University, we are collecting semen samples from some 300 gain-tested
bulls at the San Juan Basin Experiment Station at Hesperus, Colorado in
cooperation with USDA scientists, we are collecting approximately another 80
bulls at the Livestock and Range Research Station, Miles City, Montana. From
these populations, we will estimate the heritability of sperm midpiece length
and its association with economically important beef production traits.
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MANAGEMENT ORIENTED RESEARCH
John Rosecrans, a graduate student working with Dr. Allen Nipper and
me, is conducting a survey of western Oregon ranches using fall calving.
Through visits and interviews, he is documenting advantages, disadvantages,
problems, and potentials of the system. We also are seeking to identify
primary research needs in that area.
In another project, we have attempted to foster newborn dairy calves onto
beef cows at the time their own calf was born. These cows were asked to raise,
but not to bear, twins. In our first small trial, each of four spring calving
cows raised her own plus a Holstein bull calf. There were problems--two
Holstein calves died--but these cows each weaned about 880 pounds of calf compared to about 500 pounds for contemporary controls with singles.
In a second trial with fall calving cows, we thought problems of acceptance of the alien calf might be lessened if each cow raised two new calves.
Thus, our first cow to calve was given two Holsteins, the second received
one Holstein plus the first cow's natural calf, etc. This seemed fairly
successful, but later observation showed that many calves did not "mother-up"
properly. They led a precarious existence of nursing any cow that would
tolerate them. Nevertheless, we lost only one such "twin" calf, and as we
enter the spring grazing season, twin versus single rearing cows have an
average of 537 and 386 pounds of calf, respectively.
It is important to realize that this system, even if we are successful
in working out the bugs, is not for everyone. First, it probably is feasible
only if cows have a high inherent level of milk production and maternal instinct.
Second, extra feed must be provided to cows and calves. Third, delayed
rebreeding of cows could be a problem. The data on this are not in yet.
Fourth, extra labor is required. We anticipate the system might allow a parttime or hobby farmer to increase beef production per cow and per acre but
we do not visualize its adoption by large commercial ranches.
SUMMARY
Research in beef cattle breeding and management at Oregon State University
is designed to compare breeds and mating systems for economical beef production
in the coastal Pacific Northwest, to identify traits that will increase
response in economically important traits from indirect selection, and to
identify management techniques that will increase efficiency of production. The
research is ongoing. In future programs such as this, I will communicate the
results and applications of this work.
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THE OREGON RANGE VALIDATION PROJECT
FROM A RANCHER'S VIEW POINT
Rich Wilburn

The Validation Story starts with three things. The first is a desire to
excel and squeeze everything as good as possible from something - in this
case, a ranch. Second is a restlessness with the status quo and willingness
to change if need be. The third is a vehicle to facilitate the first two
and create positive reinforcement of both. These three things breed success
in the Validation Program.
Our primary objectives were twofold. One was to increase our spring
pastures in quantity and quality. The other was to effectively manage
our timber resources for both grass and lumber. We felt these two would
result in an coordinated unit where no holes would be present from cattle
turn out time until cattle feeding time. Although we focused on these
two aspects, we did not shrink from analyzing the whole ranch to create
a coordinated resource plan.
The Validation team consisted of the U.S. Forest Service, Oregon State
Forestry, Fish and Wildlife, Soil Conservation Service, Extension, and
myself. Our first order was to inventory the ranch and see exactly what
was here. The State Forestry people, under the leadership of Mark Labhart
and Dan Shults, inventoried the timber. No only did they take a count but
they looked into tree conditions, canopy cover, areas that needed thinning,
commercial thinned areas and insect problems. The U.S. Forest Service
looked at the forest allotment to ascertain the needs in that area, debris
disposal and pond repair being two of the major concerns. Fish and
Wildlife, under Errol Claire and Ralph Denney, made suggestions for big
game thermal cover, fence height, and bird habitat. The Soil Consevation
Service, with Roy Manning and Dalton Montgomery, not only sampled every
field as to forage output, but also analyzed it to see if fields were
regenerating or degenerating. They used stocking rates that gave us an
idea of where each pasture or field fit into the scheme of the ranch and
at what time of year would be optimum forage. Bill Farrell, Grant County
Extension agent, helped pull all these people and agencies together to
form a cohensive unit. He also loaned practical knowledge on hay fields,
feed grounds, fence placement, spring developments, and cattle access
trails.
Our next step was to put all this information together to get an
idea of where our strong and weak points were. We had many sessions just
talking about certain areas to improve, the cost, the result, and how it
would affect the whole picture. The team took several trips to sites to
solidify ideas or get a feel for a certain practice. As we were doing
this, I would add practical experience from the ranch to either confirm
or adjust ideas taken from the inventory. We then listed all the ideas
we thought would fit and were practical. In fact, we had a lot more good
ideas than means to implement them. So then we threw in the time element
problem and started to work from there.
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Here is where coordinated planning really takes place. It takes
the expertise of all the aforementioned men and agencies to fit the
puzzle into a certain time span. It all has to revolve around cattle.
Considerations involve a number of AUM's on spring, summer, and fall
pastures. It also includes seedings, when to seed, how long it will
take to establish a crop, and when it can be harvested. Also, precommercial and commercial thinning, when to do it, when to seed back,
and duration of establishment. Couple this with keeping animal numbers
fairly high while not sacrificing summer pasture for two summers or
spring pastures for two springs and it equals a fairly involved process.
All coordinated resource planning hinges on the time sequence, work
sequence problem.
From this stage, we went into actual practices in the field. Some
of them included spring developments, juniper control, pre-commercial
thinning, commercial thinning, debris disposal, mechanical seeding,
livestock access trails, and fencing. The problems were logistical
problems, machinery problems, weather problems, and just plain coordination problems. We did the work ourselves, did it cheaper, did it better
and faster, but did a lot more paper work. All in all the problems were
of a smaller magnitude than one would realize because of the groundwork
we laid in our coordinated planning sessions. Time spent in these
sessions was well invested.
After a logical sequence then, one would ask: Results? Mostly
good. I would like to dwell on just as an example our lack of spring
pasture. We tipped over about 35 acres of junipers, plowed about 220
acres of sage, and seeded it all to crested wheat. We were running about
50 cows on this piece for two months. Now we can run 100 cows on it
for the same period and have them come off in much better shape. It
creates bigger calves, better and earlier conception in cows breeding
back, bigger replacements in the fall, less disease problem, and a better
bunched calf crop next spring. The only problem we have encountered as
a result is that we are also running a lot more deer in the critical
early growing season and the winter months also.
Let's look at wildlife just for a moment while we are at this stage.
The Validation Program has increased big game numbers on the ranch. I
wish that we had pre-determined big game numbers for a certain areas on
the ranch when we were in the planning stages. I don't mind doing my
share of keeping deer, but I hate to see it increase to levels beyond
tolerance.. Most ranchers, I believe, would welcome something to show
they are supporting vast numbers of big game animals, be it extra tags
or range improvement help or whatever. We have kept junipers and pine
thickets for thermal cover, increased forage quantity and quality,
increased water quantity and quality, and kept cover areas for both
deer and birds. I believe the ranchers should be recognized for this.
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Economically, the program will have far-reaching effects, both for
the rancher and the county. Prosperous ranchers create prosperous
counties. Commercial thinning creates jobs. The purchase of supplies
like seeds, fencing, and equipment multiplies throughout the county
and state. Closer to home, the rancher can create another acre from
what he has already by range improvements. We did this on spring
pasture from $32 per acre to $42 per acre. It's just like buying
another production acre for what it cost to rejuvenate the first one.
The value of thinning will be multiplied every year, not only in grass
but in tree growth also. This has an impact on the rancher every
The
year in grass, but also in years ahead as timber is taken off.
whole program has to have a tremendous economic impact when you see
better cattle, forage, wildlife, and better utilization of what is on
the ranch.
So, what have I learned as a rancher? Now I have a better idea
of where the ranch is going. I know how long it will take, how much
it will cost, how to do it, and what the results will be. It has been
invaluable.
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SELECTION OF APPROPRIATE GRAZING SYSTEMS--A VITAL PART OF RANGELAND
RESOURCE MANAGEMENT PLANNING
W. A. Laycock

The selection of an appropriate grazing system is one of the most important aspects of an adequate resource management plan on rangeland. To be
effective, a grazing system must be tailored to the life cycle and physiological requirements of the desirable plants, the nutritional needs of the
livestock, with due regard, as necessary, for watershed, wildlife, and
other values. Too often a particular grazing system has been applied because
it has worked elsewhere, because an agency is committed to using the systems
everywhere, or for no real reason at all.
Rest-rotation systems have been widely applied by both the BLM and Forest
Service in the last two decades. This system originally was designed for an
Idaho fescue (Festuca idahoensis) bunchgrass-type range but it has been widely
expanded into other vegetation types with varying success. Rest-rotation
systems have been proposed or applied to vegetation types where the physiology
or life cycle of the vegetation makes such a system inappropriate, such as
ranges dominated by cheatgrass brome (Bromus tectorum) or seeded to crested
wheatgrass (Agropyron cristatum or A. desertorum).
Few studies have been made to determine the effects of rest-rotation
systems on vegetation and livestock responses in comparison with other grazing
systems. The same is true of some of the "newer" systems now being proposed
and implemented such as "HILF;" short duration grazing," etc.
The comparison between a rest-rotation and a season-long grazing system
reported here was part of a larger study designed to test practical and efficient systems of managing livestock on high elevation ranges in the Intermountain Region. Only part of the study is reported here. More details are
reported by Laycock and Conrad (1980).
EXPERIMENTAL AREA
The study was conducted on the Diamond Mountain Cattle Allotment approx
imately 25 miles north of Vernal, Utah, on the Ashley National Forest. The
allotment is on the plateau on the east end of the Uinta Mountains. Elevations
on the allotment vary from 7,000 to 8,200 feet. Soils are loams to clay
loams. Average annual precipitation is approximately 24.0 inches.
The allotment is representative of the upper sagebrush-grass and lower
aspen zones through the Intermountain area. The allotment covers approximately
11,000 acres and is divided into seven pastures of units. Five of the units
contained native vegetation and were in fair to good range condition at the
start of the study.
Two of the units were seeded with introduced grasses in the mid-1950s
one unit to crested wheatgrass and the other to a mixture of crested wheatgrass
and smooth brome (Bromus inermus).
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METHODS
Grazing Treatments
During each year of the study, about 500 adult cattle (6 months old and
older) and approximately 350 calves (under permit by the National Forest)
grazed on the allotment for an average of 126 days--June 2 to October 5.
Entering the allotment in the spring, all the cattle grazed in one of the
seeded units for approximately 34 days.
In early July, cattle were moved to the native units and the comparison
I will make is between continuous summer-long grazing every year and a three
unit rest-rotation. Both systems had well-distributed natural or artificial
water sources and had good riding and salt distribution. The animals in the
three unit rest-rotation system grazed for approximately 45 days in one unit
and then were moved to the other unit which was to be grazed for another 45
days. The early summer, late summer, and rest treatments were rotated each
year. Cattle assigned to summer-long systems remained in the same unit the
entire summer.
Cattle Response
To determine the responses of cattle to the various systems of grazing,
approximately 40 nursing cows and 30 yearlings were weighed during each of
the five grazing seasons from 1961 to 1965. An average of 20 calves were
weighed during each of four seasons from 1961 to 1964. No calves were weighed
in 1965. The same, marked animals were weighed four times during the grazing
season: 1) when the cattle entered the allotment (about June 2); 2) when
cattle were removed from the seeded pastures and divided into three groups
(about July 4); 3) when the cattle in the three-unit rest-rotation system
changed units (about August 11) and 4) just before the cattle left the
allotment (about October 4) just before the cattle left the allotment (about
October 4). Weighing dates varied somewhat from year to year because of range
readiness and degree of forage utilization. Cattle were weighed immediately
after gathering without a shrinkage period.
The weighed cattle mostly were registered Herefords and were representative
of about 60 percent of the cattle on the allotment. The cows averaged about
six years of age. The calves were 3 to 4 months old and the yearlings were
15 to 16 months old when they entered the allotment.
Vegetation Samplings on Study Plots
Several study plots were established in each unit in 1959, each consisting
of an exclosure (33 feet x 33 feet) and an adjacent (within 50 feet) 50 feet x
50 feet marked area open to grazing. The vegetation on study plots located
throughout each unit was sampled near the beginning of the study in 1961 and in
1967, the year following the end of the study. Weight (peak aboveground
standing crop) was determined for each species within square foot quadrats.
Each time a study plot was sampled, 50 quadrats were estimated, 25 in the
exclosure and 25 in the grazed area. Crown cover of shrubs also was estimated
on the same quadrats.

26

Herbage Production and Utilization Surveys
Before grazing each year, total grass production in each unit was
mapped by production classes using a reconnaissance method. This was done
independently from the more detailed sampling of the study plots previously
described. The total acreage covered by each production class multiplied
by the midpoint of that production class enabled us to estimate total pounds
of grass available for grazing in the unit excluding any growth or regrowth
that took place during the grazing period.
The percentage utilization of each grass species was ocularly estimated
immediately after cattle grazed in each unit each year. The entire unit was
also surveyed by a reconnaissance method after grazing to estimate the total
pounds of grass removed and to calculate a weighted average percent utilization
for the unit. Because production of regrowth during the grazing period was
not taken into account, the total utilization figures for each unit probably
are slightly too low.
RESULTS AND DISCUSSION
Native Range
Utilization
In the native units, average utilization in the years grazed was the same
(37 percent) for both the rest-rotation and the summer-long every year systems.
When years of rest were included in the average, the system grazed summer-long
every year received the heaviest grazing rate (37 percent) while the restrotation system averaged 25 percent.
Trends in Production, 1961 to 1967
Patterns of herbage production changes generally were similar for the two
grazing systems (Table 1). The differences that did occur are difficult to
explain and seem to be caused by factors other than the grazing system. Total
grass production remained the same in the exclosures in the rest-rotation
system and in the grazed areas in the summer-long system while grass production.
increased in the grazed areas in the rest-rotation system and decreased in the
exclosures in the summer-long system. This might indicate some response to
grazing but forb production followed the same pattern except for an increase
instead of a decrease in the exclosures in the summer-long system.
Shrub cover
Shrub cover (mainly sagebrush) remained constant at 12 to 15 percent in the
rest-rotation system but increased from 8 to 16 percent in the exclosure and from
5 to 13 percent in the grazed area in the grazed summer-long system. Some
sagebrush control (probably railing) was done in the early 1950s in the unit
grazed summer-long. The increase in sagebrush cover in this unit is a natural
recovery of the sagebrush following control. This finding agrees with
that of Hughes (1980) who found that sagebrush return after removal is
independent of presence or absence of grazing and type of grazing system.
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Cattle Weights
Before a comparison of weight gains between systems can be made we need
to look at the pattern of gain for cattle for the entire time they were on the
allotment (Table 2). Average weight gains for the entire season did not
differ significantly among years for any class of cattle (Conrad and Laycock,
1968). Over all years, the weight gain for cows was not significantly different
between the spring (June) and early summer (July-mid August) for any class
of cattle. However, weight gains of cows and yearlings were significantly
less in late summer than in the earlier periods. The reduction in gain was
less for heifers than for cows. This reduction in gain undoubtedly is a
reflection of a decline in the quantity and quality of forage in late summer.
For both cows and yearlings, significantly higher gains occurred in the
spring in some individual years and in early summer in other years. This
probably is related to both the condition of vegetation at the time the cattle
entered the allotment each year and also the condition of the cattle. Calves
maintained relatively uniform weight gains all summer every year.
When all years was averaged there were no significant differences between
the rest-rotation and the summer-long grazing system for any period--either
early summer, late summer, or the combined data for all summer (Table 3). For
cows and yearlings, some differences did occur between systems in specific
years but no pattern was present. For example, in late summer in 1962, cows
gained significantly less in the summer 1962, cows gained significantly less
in the summer-long system than in the rest-rotation system. However, in 1963,,
cows gained significantly more in the summer-long system than in rest-rotation
system and actually lost weight during the late summer period in the restrotation system.
Relatively few studies have been made of cattle gains on high elevation
rangelands. The daily gains from this study were similar to those reported by
Smith et al. (1967) for cattle on high elevation summer ranges in the Big Horn
Mountains in Wyoming. They also found no differences in daily gains of steers
on units grazed under season long use and gains on units grazed under a
rotation system. In this study, calves gained the same and cows gained about
double the amounts reported by Harris and Driscoll (1954) on ponderosa pine
summer range in Oregon.
Total Gain Per Acre
The only statistic indicating any differences between the two grazing
systems was gain per acre summed for all classes of cattle (Table 4). However,
gain per acre figures can be misleading unless careful comparisons are made
that include stocking rate and amount of utilization. When just the units
grazed each year were used in the computation, the two grazing systems on
native range had similar gains per acre. When the units rested were included
in the computations, the gain per acre in the unit grazed summer-long every
year was almost twice that of the rest-rotation system.
This comparison was confounded by differential grazing pressure (as
indicated by utilization)in , the two systems. Average utilization over all years
in the unit grazed summer-long every year was 48 percent higher than utilization in the rest-rotation system. If stocking had been such as to achieve
the same average utilization and if gain per head had been the same under the
heavy stocking, the gains per acre in the various systems would have been much
closer.
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However, studies in other areas (Frischknecht and Harris, 1968; Hargrave,
1949, Mcllvain and Savage, 1951) have reported that moderate to heavy
summer-long grazing can produce greater daily gains than rotation grazing.
Discussion
Based on the available data, trends in production or composition of
vegetation showed no consistent differences between rest-rotation grazing
and grazing summer-long every year. Earlier studies indicated that grazing
on the allotment caused no measureable increases in soil bulk density
(Laycock and Conrad, 1967).
Daily weight gains of all classes of cattle were the same for all grazing
systems. However, weight gain per acre, based on all the area assigned to a
grazing system including areas not grazed, indicated a superiority of the
system grazed summer-long every year. Gain per acre figures can be misleading
because high gains per acre resulting from too-heavy grazing can lead to
deterioration of the range. However, neither of the grazing systems tested
significantly affected either the vegetation or the soil. This indicated
that, for the area and degree of forage utilization studied, grazing native
ranges summer-long every year will produce more beef per acre than rest-rotation
system with no damage to the soil or vegetation resource. The cost of the
additional fencing needed for a rest-rotation system, and not needed for a
summer-long system, also must be considered in an economic analysis of the
systems. In other areas or under equal or heavier grazing intensities, the
results might be different.
In many situations when a rest-rotation system is to be applied, fences
are built, water is developed, and salting, riding, and other management is
intensified. Then, if a favorable response in the vegetation is detected, the
tendency is to say--"Look what rest-rotation has done for this range." In
reality, the proper statement is--"Look what good range management has done."
In this study, units in all systems had adequate and well-distributed water,
good distribution of salt, and adequate riding at the same intensity for all
systems.
In spite of the fact that rest-rotation systems have been widely applied,
especially on federally owned land in the western United States, few controlled
studies comparing rest-rotation with other systems have been made. The only
attempt at evaluation of a rest-rotation system on mountain rangelands found in
the literature was published by Johnson (1965) on mountain grassland and shrub
vegetation in the Medicine Bow Mountains of southeastern Wyoming. Rotation
(4 units) and rest-rotation (4 units) grazing during the summer were reported
to have significantly reduced utilization of grasses. The biggest reduction
resulted from the rest-rotation system where utilization during treatment was
about one-half that during pre-treatment summer-long grazing. No explanation
was given for the great reduction in utilization. After four years, plant cover
was about the same under the rotation system but increased under the restrotation system. Stocking rates were much lighter in the rest-rotation system
than in the rotation system.
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Evaluation of the original rest-rotation study at Harvey Valley,
California, contained many inconsistencies and the results are not as
significant as might be expected (Horman, 1970, Horman and Talbot, 1961,
Hormay and Evanko, 1958, Ratliff et al., 1972). Evaluations of other
rest-rotation systems have been equally unconvincing. Ratliff et al.
(1972) cited an example of "A 10 percent increase in the allowable number
of cattle after only one year of rest-rotation grazing. This was on a
range grazed yearlong and with only nine inches of precipitation annually."
After only one year no system can be evaluated to determine if it has
increased carrying capacity, especially in a low rainfall area where
vegetation responses tend to be slow. Hughes (1979) found that restrotation systems in the Arizona strip caused undesirable changes in
species composition if average utilization exceeded 55 percent. Use
exceeding this caused deterioration regardless of the management system.
In the same area, Hughes (1980) found that grazing systems, including
rest-rotation, failed to prevent return of sagebrush after removal.
Range managers should apply grazing systems that produce the most red
meat in the most economical manner, while preserving the productivity,
watershed, open space, wildlife values, and other attributes of ranges in
good condition. If the best system for a given range type is a relatively
complex system, like rest-rotation, then it should be used. If a simpler
system gets equally good or better results, then it should be used.
Seeded Range
The seeded units dominated by crested wheatgrass will be referred to as
the "crested wheatgrass unit." The other seeded unit had a mixture of
crested wheatgrass and smooth brome on upland sites and almost pure smooth
brome on swale sites. This will be referred to as the "crested-brome unit."
Both units were grazed heavily in the spring (June) in alternate years. Some
cattle were left in the crested-brome unit for the remainder of the summer
after the majority were moved to the native units.
Utilization
The seeded units received much heavier use in the years they were grazed
than most of the native units. Average utilization of the total grass
production in the seeded units was 44 to 55 percent in the years grazed but
22 to 28 percent when averaged over all years. However, average utilization
was considerably higher in swale study plots than in upland plots (Table 5).
Before the study, rather low utilization of crested wheatgrass had been
a problem in the crested-brome unit. Under moderate grazing on upland sites
in 1959, 40 percent of the smooth brome was utilized; only 20 percent of the
crested wheatgrass was used. In the swales, brome was heavily utilized
(80 percent). Under heavy grazing in alternate years, heavy utilization of
brome (75 percent) continued. On upland sites, however, use of crested
wheatgrass (48 percent) was about 21/2 times greater than it had been in 1959
and use of brome (58 percent) was only moderately higher. Thus, the heavy
grazing resulted in much better utilization of the crested wheatgrass on upland
sites than under moderate grazing.
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Grass Production
Total grass production in the seeded units increased considerably between
1961 and 1967 on almost all plots (Table 7 and 8). The increase was
statistically significant (P<.05). Much of this increase undoubtedly was
caused by more precipitation in 1967. Precipitation for the preceeding
July-June period was 17.1 inches in 1960 to 1961 and 28.1 inches in 1966 to
1967. It is interesting to note that production of the native grasses in
1967 was not statistically significantly different from 1961 production.
On upland sites, the production increased as much or more in the grazed
areas as it did in the exclosures (Table 7) indicating that the heavy use
in alternate years was not detrimental to grass production. On upland in the
crested wheatgrass unit, little change in composition occurred. However,
in the crested brome unit, smooth brome made up only 16 percent of the total
production on upland sites in 1961 and increased to 42 percent of total
production by 1967. On swale plots, smooth brome also increased in the
crested wheatgrass unit (Table 8). In the crested-brome unit, smooth brome
was the dominant species in the swales both in 1961 and 1967.
Shrub Cover
Sagebrush was beginning to reinvade the upland areas in the crestedbrome unit at the start of the study. By 1967, cover of sagebrush had
increased from 8 to 11 percent in the grazed areas but not in the exclosures,
indicating that grazing may create conditions favorable for the return
of sagebrush. This would be expected on cattle ranges regardless of the
grazing system because cattle do not eat sagebrush even under heavy grazing
pressure.
Cattle Gains
As indicated earlier (Table 2), cattle gained more on a per-head basis in
the seeded units grazed in the spring and the native units grazed in early
summer than in the native units grazed in late summer. When only those units
actually grazed are considered, the average gain per acre on the seeded units
was more than twice as high as those on the native units for the entire summer
(Table 4). However, when all years, including the alternate years of rest in
the seeded units, were included in the-average, the gain per acre of the seeded
units was only slightly higher than gain on the native range grazed summerlong every year.
Discussion
The heavy grazing in alternate years maintained or increased production
of the introduced grasses in both seeded units. Earlier studies indicated that
this heavy grazing in the spring failed to cause measureable increases in soil
bulk density in the seeded units (Laycock and Conrad, 1967). In the crested
wheatgrass unit, grazing systems that have been used successfully in other areas
and that call for moderate to heavy use more frequently than every other year,
probably could have been used. In Utah, New Mexico, and Saskatchewan 65 to
70 percent use of crested wheatgrass annually maintained the stands and produced
satisfactory cattle gains (Springfield, 1963; Frischknecht and Harris; 1968,
Lodge, Smoliak, and Johnston, 1972). Fifty percent annual use of crested
wheatgrass in Idaho likewise produced favorable results (Sharp, 1970).
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The high-producing crested wheatgrass stand on the Diamond Mountain Cattle
Allotment probably could withstand reasonably heavy grazing more often than
every other year.
In the crested-brome unit, the heavy grazing in alternate years not only
increased grass production but it also solved the problem of poor utilization of crested wheatgrass that occurred with moderate grazing. When the
gain per acre figures for the combined spring (20 lbs/A) and summer (9 lbs/A)
grazing periods are added, the average amount of beef produced per year in
this unit was almost 30 pounds per acre, even when the alternate years of
rest were considered. This was much higher than the gain per acre figures
for any other unit or system in the study and was accomplished with increased
production and improved composition of the vegetation. Some system similar
to that studied probably should be recommended for high elevation pastures
with a mixed smooth brome-crested wheatgrass composition.
SUMMARY
Several grazing systems were . compared on the Diamond Mountain Cattle
Allotment of the Ashley National Forest in Utah. The area is about 8,000 feet
in elevation and received 20 to 25 inches of precipitation annually. On native
sagebrush-grass range, a comparison of summer-long (July to September)
grazing every year and three-unit rest-rotation systems revealed no differences
between systems in production or species composition of vegetation after seven
years of grazing. Average daily gains of cattle over the entire period were
the same for all systems. During the period of study on this range, which
was in fair to good condition and grazed at a moderate intensity, restrotation was not a better system than summer-long grazing. The key to this
lack of difference was management. Rest-rotation,systems require intensive
management of water, salt , riding, etc. All units in both systems in the
study had good distribution of water and salt and adequate riding to insure
uniform cattle distribution. The unit grazed summer-long every year received
the same degree of management and thus remained as productive as ranges
under rest-rotation management. On seeded units of the allotment, heavy
grazing in June in alternate years increased production on areas dominated
by crested wheatgrass and smooth brome.
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Table 1.

RESTROTATION

SUMMERLONG
(Every
year)

Herbage production (lbs/A)--rest-rotation and summer-long grazing
Diamond Mountain Cattle Allotment
Total
Grass
399
407

Total
Forbs
417
584

Total
Herbage
816
991

Exclosure

1961
1967

Stipa
comata
88
114

Grazed

1961
1967

65
106

281
390

385
508

666
898

Exclosure

1961
1967

370
285

750
487

157
284

907
771

Grazed

1961
1967

262
251

497
478

239
277

736
755

Table 2. Average gain (lbs) per day. All animals, 1961-1965, Diamond
Mountain Cattle Attlotment

HEIFERS

COWS

CALVES

Spring
(June)

2.38

1.83

1.81

Early Summer
(July-mid-Aug.)

2.16

2.01

1.84

.51

1.85

1.27

Late Summer
(mid-Aug.-early Oct.

Table 3.

Average gain (lbs.) per day.
Allotment

1961-1965.

Diamond Mountain Cattle

Late
Summer
.68
.44

All
Summer
1.48
1.36

Cows

Rest-rotation
Summer-Long

Early
Summer
2.29
2.28

Calves

Rest-rotation
Summer-Long

2.00
2.00

1.86
1.89

1.91
1.93

Heifers

Rest-rotation
Summer-Long

1.86
1.93

1.23
1.29

1.47
1.54

34

Table 4. Average gain (ibs) per acre of all animals, Diamond Mountain Cattle
Allotment
Years
Grazed

All
Years

SEEDED-spring grazing

41

20

NATIVE-summer grazing
Rest-rotation
Summer-long, every year

17
18

11
18

Table 5. Average % utilization of total grass production, seeded units,
Diamond Mountain Cattle Allotment

Crested
Wheatgrass
Unit
Crested
Wheatgrass
& Smooth
Brome Unit

Years
Grazed
40

All
Years
23

Swale

70

37

Upland

53

27

Swale

73

37

Upland

Table 6. Average % utilization of seeded grasses, moderate vs. heavy
grazing, Diamond Mountain Cattle Allotment
UPLAND
Crested

SWALE

Brome

Brome

1959
(Moderate
grazing)

20

40

80

1961, 1963, 1965
(Hvy. grazing in
altern. yrs.)

48

58

75

35

Table 7.

Seeded units, grass production on upland (lbs/A) 1961-1967,
Diamond Mountain Cattle Allotment
Crested
Wh. qr.

Smooth
brome

Total
Grass

Crested
Wheatgrass
Unit

Exclosure

1961
1967

1227
1542

37
9

1,338
1,579

Grazed

1961
1967

911
1596

24
34

947
1,724

Crested
& Smooth
Brome
Unit

Exclosure

1961
1967

124
97

278
993

653
1,291

Grazed

1961
1967

194
207

131
651

512
1,177

Table 8.

Seeded units, grass production in swales (lbs/A) 1961-1967,
Diamond Mountain Cattle Allotment
Crested
Wh. qr.

Smooth
brome

Total
Grass

Crested
Wheatgrass
Unit

Exclosure

1961
1967

635
718

66
342

1,028
1,356

Grazed

1961
1967

417
57

120
319

903
702

Crested
& Smooth
Brome
Unit

Exclosure

1961
1967

3
2

1009
2735

1,129
2,864

Grazed

1961
1967

0
0

354
1124

537
1,932
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TAKING AN ECOLOGICAL APPROACH TO MULTIPLE USE PLANNING
Frederick C. Hall
This discussion will include a review of livestock grazing
and timber management and will be based on examples from the Blue
Mountain landmass in central Oregon and southwestern Washington.
This five million-acre area has diverse kinds of vegetation which
have been classified according to types of plant communities.
For example, ponderosa pine/wheatgrass is a savanna community type
comprising the forest edge of low tree productivity.
Next is the ponderosa pine/Idaho fescue, moist savanna
community type. It is marginally commercial forest land. With
increasing elevation, ponderosa pine/elksedge is encountered. It
is a commercial forest site in which elksedge dominates ground
vegetation. And finally, within the forest zone is found the
mixed conifer/pinegrass community type. It is good commercial
forest land, and comprises the largest acreage of grazable land
in the central and southern Blue Mountains. I will use the mixed
conifer/pinegrass community type for all illustrations and data.
CHARACTERISTICS OF MIXED CONIFER/PINEGRASS COMMUNITY TYPE
The mixed conifer/pinegrass community type is often dominated
by ponderosa pine (Pinus ponderosa), at least in the overstory.
White fir (Abies grandis) and/or Douglas-fir (Pseudotsuga
menziesii) vary from sparse reproduction to moderately dense poles
to co-dominant in the overstory. Ground vegetation is clearly
dominated by pinegrass (Calamagrostis rubescens) with significant
amounts of elksedge (Carex geyeri) and heartleaf arnica (Arnica
cordifolia), strawberry (Fragaria spp.), vetch (Vicia americana),
and several species of balsam woollyweed (Hieracium spp.).
Surface Fire Occurrence
Fire scarred stumps are common in this community type reflecting
recurrent ground fires. Before fire control (about 1910) surface
fires damaged these trees an average of once every 10 to 12 years.
The fires were probably started by lightning strikes which are
frequent in the Blue Mountains.
Periodic burning has tended to thin reproducing ponderosa
pine by killing young trees thus maintaining open stocking conditions of the stands. With fire control, ponderosa reproduction
has not been thinned resulting in thousands of acres in stagnated
condition. Universal stagnation of ponderosa pine is highly
significant. Ponderosa in the Blue Mountains did not develop
according to "normal stand development" concepts which imply
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that dominant trees have exerted their influence, killed suppressed
trees, and eventually created an old-growth stand. Ponderosa pine
cannot develop according to "normal stand development" -- instead
it stagnates. This means the land manager must maintain stocking
level control to grow usable wood. It also means that pristine
grazing conditions of abundant pinegrass under open crown canopies
of pine are not possible with fire control.
Surface fires also have tended to selectively kill Douglas-fir
and white fir while leaving ponderosa pine. Firs were selectively
killed because of their bark characteristics. Ponderosa pine
develops a dead, insulating layer of bark by the time the tree is
two or three inches in diameter. White fir and Douglas-fir bark
remains green, alive, and photosynthetically active until the tree
is four to six inches in diameter. This bark is so sensitive that
temperatures exceeding 175 degrees F. can kill it. In fact, when
a young white fir is suddenly exposed to full sunlight, heat from
the sun can scald the tender bark and kill it. Thus, ponderosa
pine/pinegrass is a fire climax plant community.
With fire control, fir is free to regenerate and increase
underneath the shelterwood of ponderosa pine. Eventually this
"pine/pinegrass fire climax" will become a fir/pinegrass climax.
Fir crown cover tends to be denser than ponderosa. As fir regenerates and grows under the pine, this dense shade reduces ground
vegetation. Under ponderosa of 40 to 60 percent crown cover,
pinegrass and elksedge produce 450 to 550 pounds of forage per
acre, about five acres per AUM (Animal Unit Month). Under
increasing fir cover, pinegrass and elksedge decrease in density
and volume and the variety of plant species tends to decrease.
Finally, under an overstory of fir and some fir reproduction,
little useful livestock forage is produced.
Fire has had another, fortunate effect. It periodically
consumed 100 percent of the native plants. In other words, they
developed under periodic, 100 percent use and in some shade.
This means they have genetically developed with the ability to
withstand at least some grazing. The mixed conifer/pinegrass
plant community not only produces useful forage but also has the
inherent ability to withstand periodic utilization.
Forest Productivity
Mixed conifer/pinegrass is capable of growing three primary
trees: white fir, Douglas-fir, and ponderosa pine. In addition,
at upper elevations and/or northerly slopes, it will support
western larch (Larix occidentalis) and, occasionally, lodgepole
pine (Pinus contorta). Table 1 summarizes tree productivity of
of this community type.
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Table 1. Timber productivity of mixed conifer/pinegrass
community type
SI

100*
Mean

GBA

15**
Mean

Productivity Productivity
B. F.
Cu. Ft.
Mean
Mean

Ponderosa pine

75

105

53

318

White, Douglas,
fir

76

122

65

389

Larch

86

98

59

354

*SI = Site Index at age 100 years.
**GBA g Growth Basal Area: that basal area at which dominant trees
will grow at 15 rings per inch (1.3 inch diameter growth
in 10 years). GBA is a stockability index.
Site index (SI) is based on age 100 while GBA (growth basal
area) is a term used to index stockability of a forest stand. It
means that dominant trees will grow at a certain rate in diameter
when stocked at a specified basal area density. For example,
ponderosa pine has a GBA 15 of 105 square foot basal area. This
means that dominant ponderosa will grow at about 15 rings per inch
or 1.3 inches DBH (diameter breast height) in 10 years when stocked
at 105 square foot basal area. Intermediate and suppressed trees
will be growing correspondingly slower.
Firs have a higher GBA: about 122 square foot basal area.
This is nearly 20 percent greater stocking density than ponderosa.
Since site indexes of pine fir are about the same, 75 and 76,
this site will be about 20 percent more productive in fir than it
will in producing ponderosa pine. Western larch has a higher site
index but lower GBA than pine. It is about as productive as
ponderosa.
GBA may be used to set an initial stocking density following
regeneration cutting. There is no fixed number of trees that
should be planted. Instead, average stand diameter at first
commercial entry must be specified and this related to stockabilitty
of the site. For example, if products 6 inches DBH and larger
can be sold, then average stand diameter for first commercial
thinning must be about 8 inches if the stand will be thinned from
below. Thus, initial stand density should be 300 trees per acre
for ponderosa and 350 for fir. Initial stand density is closely
related to forage production in clearcuts. Fir not only has a more
dense crown but also can be stocked at 50 more trees per acre
than pine.
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Condition and Trend
Undergrowth species in the mixed conifer/pinegrass have different
palatabilities. Elksedge is the most palatable but is generally
not dominant over pinegrass. However, pinegrass and elksedge
often grow so closely together, since they are rhizomatous, they
can both be considered decreasers under cattle use.
Poor range condition is characterized by low forage production (between 50 and 200 pounds) and dominance of heartleaf arnica,
strawberry, some Ross sedge (Carex rossii), and woollyweed. Total
plant density in poor condition is only 20 to 30 percent of that
in good condition. Instead of increasing, plants like strawberry
and heartleaf arnica remain unchanged. Moisture formerly utilized
by pinegrass tends to be utilized for some increase in tree growth.
Poor range condition caused by overgrazing not only results
in greatly decreased forage production but also results in increased
tree regeneration and thus tends to increase the number of acres
in stagnated ponderosa pine. Generally, the greatest number of
acres and the greatest stand densities of stagnated pine occur on
areas formerly heavily grazed.
Density and composition of pinegrass and elksedge on range in
poor condition from livestock grazing are similar to density and
composition under dense fir cover. There is no significant
difference in density or species composition between range in
poor condition from livestock overgrazing compared to range under
dense fir crown cover.
"Poor range condition" and "downward trend" must be related
to causal agents. Were they the result of increasing fir cover?
If so, any adjustment in livestock utilization will not alter a
downward trend nor improve range condition. Were they related to
excessive livestock use with no change in tree overstory? In
this case, adjustment in livestock management can have a significant impact on range condition and range trend. But what if
overgrazing by livestock and fire control have fostered an increase
in fir regeneration? Both tree cover and livestock have been
causative factors. Adjustment in livestock management will be
only a partial, temporary solution to the problem.
Clearly, data for evaluating range condition and means for
interpreting range trend cannot be based on climax vegetation.
In forested range, condition and trend must be related to tree
cover as well as to livestock use. Methods must be used to
evaluate trend that account for changes in tree overstory.
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Revegetation
Grasses such as orchardgrass can be seeded effectively in
the mixed conifer/pinegrass community type, producing two times
more than pinegrass on the same area. It does not compete with
tree growth as much as pinegrass and is significantly more
nutritious. Pinegrass protein decreases to 7 percent by about
July 1 and orchardgrass only decreases to 7 percent by September 15.
Also,orchardgrass is easier to control when planting trees. Its
bunchgrass habit permits easy elimination in a 3 - 6 foot diameter
circle around each planted tree.
PREDICTIONS IN MIXED CONIFER/PINEGRASS
One immediate prediction, based on continued fire control,
is that livestock-carrying capacity in the Blue Mountains should
decline as fir cover increases. This has happened. In 1940,
the Blue Mountains produced enough beef to feed 64,000 people all
year. This means 114 pounds of beef, cut and wrapped on the
butcher's counter, for each person. By 1970, the Blue Mountains
produced enough beef for only 54,000 people.
We can also predict because of increasing population in the
United States that there will be an increasing need for wood.
We must be able to predict what will happen to the range resource
with various kinds of t±mber management. Three kinds of predictions in the mixed conifer/pinegrass plant community are:
treatment of stagnated ponderosa pine, high risk cutting in old
growth ponderosa pine, and regeneration cutting.
Treating Stagnated Pine
Stagnated ponderosa pine must be thinned to produce wood
and to produce forage. We can predict grass response to tree
thinning (Table 2). A stand in the central Blue Mountains which
initially was 60 years old, had 2,030 ponderosa pine per acre,
140 square feet basal area, 98 percent crown cover under which
pinegrass and elksedge produced 180 pounds of forage per acre.
Thinning left 110 ponderosa trees per acre at an initial basal
area of 35 square feet and crown cover of 21 percent. Forage
production did not instantly respond. Instead, 10 years were
required for vegetation to fully occupy the ground. Pine crown
cover increased from 21 to 47 percent and basal area increased from
35 square feet to 60 square feet.
We can also predict tremendous slash accumulation in conjunction with thinning stagnated pine. Stand density was reduced from
2,030 trees per acre to 110 meaning that 1920 trees were cut and
laid on the ground. This left a residue nearly impenetrable to
livestock. Even though forage increased, it was not available
for use.

41

Table 2.
Results from a test thinning in mixed conifer/pinegrass
Long Creek District, Malheur National Forest (stand was 60 years
old in 1963)
Item

1963

1964

1966

1970

1974

Trees/acre

2030

110

110

110

110

Basal area

143

35

41

50

60

98

21

33

44

47

180

185

220

340

510

Crown cover
Herbaceous
production

High Risk Cutting in Oldgrowth Pine
High risk cutting in oldgrowth pine is designed to salvage
those trees which might die within the next 20 years. A typical
example in mixed conifer/pinegrass would be an overstory of
ponderosa pine containing 30,000 board feet to the acre and
stocked at 150 square feet basal area with an understory of white
fir and Douglas-fir averaging 10 feet tall and 150 trees per acre.
Typically, about one-third of the pine overstory would be removed
in each of three entries. Understory fir would be preserved and
skid trails seeded to orchardgrass and timothy as a way to maintain
livestock-carrying capacity. It is because of skid road seeding
after high risk cutting that livestock production has only
decreased 15 percent since 1940.
Rate of height and diameter growth of fir under fully stocked
oldgrowth ponderosa are moderate, about 10 inches height growth
per year and 8 inches crown diameter growth. After a one-third
overstory removal, fir increases from 10 to 18 inches in height
growth and from 8 to 12 inches in crown diameter per year.
After the second one-third overstory removal, firs will be
essentially free to grow. Their rapid rate of crown spread will
decrease forage production until only skid trail seedings are
available to support livestock. Three-stage high risk cutting in
mixed conifer/pinegrass with a fir understory probably is the
best silvicultural treatment to convert the stand from ponderosa
pine to fir. Total overstory removal in one cutting is undesirable
because of sunscaled problems with white fir and because harvesting
all 30,000 board feet of timber would cause serious damage to
fir reproduction.
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Regeneration Cutting
Clearcutting is a desirable method for regenerating ponderosa
pine in the mixed conifer/pinegrass type. Fir reproduces best
under a shelterwood. Grass can be seeded after clearcutting if
trees are planted at the same time. We can predict 80 percent
survival of planted pine if the trees start their first growing
season at the same time grass seed is germinating. We can also
predict about a 30 percent reduction in survival for each year's
delay after grass establishment.
Seeding 3 to 4 pounds of orchardgrass and timothy in a clearcut which has been moderately scarified and broadcast burned should
result in enough forage to produce one acre per AUM. This is five
times more production than native pinegrass under open pine.
However, tree cover will reduce forage production about the 15th
year after planting, down to about two acres per AUM. In addition,
seeded grass largely will be replaced by native grasses in 15 to
20 years under good livestock management. Under heavy use,
domestic grasses will decrease more rapidly because they are more
palatable than natives. Planted trees will not be damaged by
livestock under proper grazing use, in fact, they tend to get an
initial boost in rate of height growth from additional soil
moisture made available by utilization of grass plants. After
25 to 30 years, tree cover reduces production to five acres per
AUM, equal to native pinegrass production under open pine.
Challenges to Range Management
Ecological characteristics of the mixed conifer/pinegrass
community type and predicted reactions of this community t yp e to
timber management pose challenges to conventional range management
concepts. For example:
(1) What is range condition? It cannot be based upon
climax vegetation. What is range condition when livestock forage
is derived from seeded domestic grass?
(2) What is range trend? Native grasses decrease with
increasing tree cover just as they decrease with overgrazing by
livestock. Introduced grasses, which should supply a major
proportion of livestock forage, tend to decrease without livestock
use because native species can outcompete them. How is range
trend evaluated in a clearcut which provides the kind of forage
most productive for livestock?
(3)
What is primary range land? A seeded clearcut, having
highly palatable domestic grasses, could be considered primary
range until tree crown cover greatly reduces forage availability
and productivity. Timber stand treatment influences location of
primary range. Therefore, how does a range manager interpret
primary range in regard to livestock distribution and management?
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(4) What effect will sophisticated grazing systems, such as
rest rotation, have on evaluation of range condition, range trend,
and interpretation of primary range?
(5) What is proper use of introduced grasses and native
grasses? Nearly all introduced grasses are more paltable than
the native pinegrass and elksedge. Yet introduced grasses will
naturally decrease. What is "enough use" -- the time when livestock should be moved or when different grazing management should
be considered?
PRESCRIPTION OF TREATMENT
Prescription is the real challenge for an ecologist or land
manager. It means that a treatment must be devised that will
result in a predetermined kind of plant community. One must
specify the kind of timber stand and kind of range condition
desired and devise a treatment that will attain these objectives.
Ability to prescribe a treatment requires comprehensive
knowledge of a plant community type's characteristics and extensive
experience with predicting what will happen following a treatment.
I have found a rather simplistic, three-way approach helpful.
First, I formulate a treatment of the stand to maximize timber
production and then determine what I must do to get the best range
production possible. Next, I devise a treatment of the same
stand that will maximize range production and then find out what
can be done to get the best timber production. These are the
maximums possible for a kind of plant community. They form a
framework of reference limits within which is a broad range of
middleground opportunities. I then strike some kind of compromise
between these extremes whereby I can optimize both timber and
range production to meet specified land management objectives.
Maximize Timber Management

Characteristics of the mixed conifer/pinegrass community type
state that maximum timber productivity is obtained with white
fir and Douglas-fir because they are approximately 20 percent
more productive than ponderosa pine. Silviculturally, maximum
cubic volume productivity is attained with the greatest number
of stems per acre which are practical to handle. Further, maximum
board-foot wood production can be attained by reasonably long
rotation ages, about 150 years in combination with commercial
thinning. First entry can be made at an average stand diameter
of eight inches DBH.
Therefore, my objective in converting from pine overstory
to white fir and Douglas-fir is to attain, in the minimum time
possible, an optimum stocked stand suitable for commercial thinning.
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This stand should have 350 trees per acre at eight inches DBH.
Dominant trees should have slowed in rate of diamter growth to
one inch every 10 years (20 rings per inch), the rate when maximum
volume productivity is attained. Fir crown cover would be 80 to
90 percent, allowing only 100 to 200 pounds of low palatability
forage per acre for a livestock-carrying capacity of 12 to 20
acres per AUM.
Under these criteria, what can be done to maximize range
production? The primary means is to drill orchardgrass, timothy,
and smooth brome in all skid trails, skid roads, and access roads.
These conditions will produce 100 percent maximum timber productivity and approximately 40 percent maximum livestock productivity,
(Forty percent of maximum livestock productivity is not
synonymous with native livestock-carrying capacity). These
conditions would result in approximately 70 to 80 percent of the
grazing capacity attainable under natural conditions of open
pine and pinegrass.
Maximized Range Production
Maximizing range productivity in the mixed conifer/pinegrass
type has been suggested by prediction of clearcut reactions.
Clearcut the forest, treat the residue, broadcase burn the area,
and seed orchardgrass and timothy at 3 to 6 pounds per acre in
the ashes. These domestic grasses would produce enough forage for
one acre per AUM lasting 10 to 15 years. Since these areas are
not suitable for cultivation, assume that native grasses will
tend to replace seeded grasses. Therefore, devise some means of
periodically reseeding grass at minimum cost. Plant ponderosa
pine and maintain it at less than 40 percent crown cover because
this amount of shade has little effect on orchardgrass production.
Disturb as much ground as possible when logging to develop a
maximum seedbed area for sowing grass. Use a 50-year rotation
to maintain the greatest percentage of land area in clearcuts
10 years or less of age.
These conditions would result in 100 percent maximum range
productivity which should be approximately 150 percent better
than carrying capacity under native pinegrass in open pine.
It should result in 40 percent of maximum timber productivity
based on an intensive culture of white fir and Douglas-fir.
Optimizing Range and Timber Productivity
With these parameters, consider how to optimize range management and timber management in this mixed conifer/pinegrass
community type. The area may be managed at any point between
these extremes, or at the extremes themselves. For example,
what is required to equally optimize timber productivity and
range productivity -- attempt to get 80 percent full timber
production while attaining 80 percent maximum range production?
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Cultivate both fir and ponderosa pine for good, but not
maximum, wood production. Use a moderate rotation age of 100
years and enter the timber stand as often as possible for commercial
thinning (Table 3). These conditions should produce 80 percent
maximum timber productivity and enhance range production. A
moderate rotation age affords a reasonable percentage of the
land area in highly productive clearcuts. Frequent entering of
the stand and extensive ground disturbance affords the opportunity
of continuously rejuvenating seeded domestic grass. In addition,
develop water, route skid trails in locations which improve access,
and use a grazing system and sale layout program to avoid non-use
after grass seeding. These prescriptions should result in 80
percent maximum range productivity. But, understand, this is
not 80 percent native pinegrass under open pine. Instead it is
approximately 120 percent of native productivity under pristine
conditions.
Clearly, prescription of treatment to attain a predetermined
objective is the primary tool a land manager has for optimizing
use of his resources. However, prescription must be based upon
predetermined objectives. Predetermined objectives are derived
partly from ecological constraints and partly from social and
political demands.
SUMMARY
Livestock and timber, when managed together, are challenging.
This paper has covered the ecological characteristics, predictions
of reaction to management and prescription of stand treatment
for the mixed conifer/pinegrass community type. Other kinds of
plant communities differ in their characteristics, in the
predicted ways they respond to treatment, and, thus, in prescriptions required to attain a specified objective. Ponderosa pine/
fescue is a climax pine site. Fir cannot be grown, orchardgrass
cannot be grown, its prediction characteristics and prescription
requirements are different. Another community type in the Blue
Mountains is white fir/big huckleberry. It is not natural forest
range because of dense tree cover, dominance of big huckleberry,
and general lack of grass vegetation. However, it does have
some qualities which make prescription for range management
possible. Livestock grazing can be obtained after commercial
thinning by seeding grass on skid trails, skid roads, and access
roads. It is possible to obtain livestock grazing from these
areas which have not, in the past, contributed to livestock
production. Carrying capacity can be obtained from other kinds
of forested areas in the Blue Mountains. We could double livestock production in the Blues in 10 years with suitable land
management. But, understand that timber management is the greatest
factor influencing forest range land plant communities. Stand
treatments must be prescribed in conjunction with planning of both
timber and range activities to arrive at an optimum land management program.
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Table 3. Basic planning data for timber management

Planning Unit = 100,000 acres
Rotation age = 100 years
Management for Ponderosa pine.
Site Potential (SI-GBA) = 75-105 (See Tablel)
318 b.f. per acre per year
53 cu.ft. per acre per year
Allowable Cut = 31.8 MM bf per year
(100,000 acres X 318 bf = 31.8 MM bf)
Regenerate 1000 acre per year (100,000 div. by 100 yrs = 1000 acres)
Cut 75 trees per acre at 70 feet tall, 16 inches DBH
At 150 bf per tree = 11.2M bf per acre,
Harvest 11.2MM bf in regeneration cuts
(1000 acres X 11.2Mbf = 11.2 MMbf)
Thinning harvest = 20.6MM bf per year (31.8MM - 11.2MM = 20.6MM bf)
Cut 4.4M bf per acre in thinning (40% of the volume,
50% of B.A.)
Acres thinned per year = 4700
(4700 acres X 4.4M bf = 20.8MMbf)
NOTE: of 100,000 acre area, 25% is in regeneration
stage not available for thinning, 75,000 acres
available for thinning.
Average stand entry = 16 years (75,000 acres / 4700 acres = 16 years)
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THE LOCAL COSTS OF PUBLIC LAND USE RESTRICTIONS
Frederick W. Obermiller
Citizens are increasingly concerned about public land management
and use decisions. Much of their concern stems from the belief that local
individuals and groups are at a disadvantage in influencing public land use
decisions. More effective local participation is possible if citizens
understand the process of public land use decision-making, organize at the
local level to present consensus views to public decision-makers, and bring
relevant information to bear on local impacts of public land management
and use decisions. These are the three keys to effective local participation. One of the three is addressed below.
The purpose of this paper is to provide citizens with useful guidelines on the local impacts of public land use restrictions. Two examples
are used. The first involves proposed wilderness areas in the Umatilla and
Malheur National Forests in Oregon's Blue Mountain region. The second
example is a proposed reduction in the availability of public range for
livestock grazing in the Baker grazing district, Baker County, Oregon,
administered by the Bureau of Land Management. Measures of local benefits
derived from these pending public land use restrictions are provided. The
measures can be interpreted as (1) the local monetary costs of proposed
use restrictions or (2) the minimum value that offsetting local benefits
must achieve if local citizens are to be as well off as they would have
been without the restrictions.
No attempt is made to argue that restrictions which cause local
communities or user groups to suffer are not in the best interest of the
nation. Nor is it argued that economic values alone should determine
public land use decisions. Rather, it is argued that local communities
can participate more effectively in the decision-making process if armed
with facts on the local economic costs of public land use restrictions.
THE INSTITUTIONAL SETTING FOR LOCAL INVOLVEMENT
Over the last 20 years, Congress had directed federal agencies
(particularly the Forest Service, Bureau of Land Management, Bureau of
Reclamation, and National Park Service) to assess the economic, physical
and environmental consequences of proposed public land management and use
decisions. These directives have been in the form of legislative acts.
Some of these acts emphasize the effects of decisions on the direct or
immediate users of the land. Others are concerned with preservation of
the resource base for use by future generations. In some cases, these
congressional acts have created confusion and uncertainty as agency
personnel, private resource managers, concerned citizens, and special
interest groups attempt to respond to the federal mandates.
For example, four major Acts of Congress direct public land
management agencies to manage public lands to best meet the needs of the
American people, through, in general, multiple use and sustained yield
management.
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EVALUATING THE LEVEL AND DISTRIBUTION OF LOCAL COSTS

To evaluate the local costs of public land use restrictions, an
understanding is needed (1) the multiple use concept, (2) market versus
non-market resource outputs, and (3) foregone benefits, or opportunity
costs, of use decisions. Moreover, evaluation must reflect the local
frame of reference, used here to refer to the county or multi-county area
where the restricted use decision is implemented. Although local users
and dependent communities are only one participant in the decision-making
process, their concerns about local impacts are both legitimate and
institutionalized in law and agency regulations.
Multiple-use management of the public land, at least in part, is the
consequence of the historical pattern of settlement in the western United
States. In early years, settlers chose to homestead lands with greatest
natural productivity along major transportation arteries. Great expanses
of rangeland, forestland, and other lands with lesser natural productivity
in the interior of the west remained in the public domain. Over time, an
economic system developed in the interior West which depended largely on
the use of public resources by citizens. This land-extensive and public
land dependent economic system, characterized by rangeland cow-calf
operations, small sawmills, and widely scattered rural communities,
largely remains in effect today. Management and use decisions on the
public domain had, and have, a major influence on the stability of basic
resource-using industries and rural communities throughout the region.
Multiple use resource management has been a rational response to
economic dependency in areas characterized by substantial public land
holdings. Distances separating interior producers from major markets,
associated transportation costs, and natural productivity differentials
place such producers at a competitive disadvantage. The land may not
support a local economy if used only to produce trees, and in many cases
cannot support an entire economy if used only to grow grass.
From the local perspective, an economy centered only on a recreation
industry may be infeasible, suggesting the land cannot be devoted solely
to wildlife habitat and watershed. But when and where the public lands
can produce timber, range, outdoor recreation, watershed, and/or fish
and wildlife outputs, the land can support viable timber, ranching, and
outdoor recreation industries concurrently if used to serve all three
purposes. It is this rationale, the embodiment of the greatest good for
the greatest number as a public land management goal, that underlies the
multiple use approach to public land management.
The multiple use concept provides a useful point of departure in
evaluating the values of public land and water resources. None of these
resource outputs (trees, grass, water, wildlife) have a direct monetary
value since, in their natural state, none are exchanged in the marketplace.
All are basic inputs which, when combined with labor, management, capital,
and technology, are used to produce goods and services. Goods, such as
logs or calves, and services like outdoor recreation do have economic
value even though all are not priced in the marketplace. It is from the
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These include the "Multiple-Use, Sustained Yield Act of 1960," "Forest and
Rangeland Renewable Resources Planning Act of 1974," "National Forest
Management Act of 1976," and "Federal Land Policy and Management Act of
1976." The four production-oriented acts are similar in that coordinated
management of all resources is required. Achieving the greatest good for
the greatest number, without impairing the land's productivity, is a
common goal. Immediate uses to be considered in the decision-making
process include those economic activities which depend on range and
timer resources, watershed, fish and wildlife, and outdoor recreation.
Values of public land resources in those multiple uses are to be established when possible on the basis of true market value, and on the basis
of equivalent measures for resources not priced in the marketplace.
A second set of Acts of Congress is concerned with the tradeoffs
between economic and environmental factors. These acts generally constrain
the production-oriented, decision-making framework to protect or preserve
public land areas of critical environmental or social concern, or to
minimize the environmental costs of public land use decisions. They
include the "Wild and Scenic Rivers Act of 1968," "National Environmental
Policy Act of 1969," "Wild Horses and Burros Protection Act of 1971,"
"Endangered Species Act of 1973," and "Archeological and Historical
Preservation Act of 1974." In one instance (the "Wilderness Act of 1974"),
this second set of congressional initiatives establishes preservation of
the resource base as an overriding public concern, "to secure for the
American people of present and future generations the benefits of an
enduring resource of wilderness."
Mostly because of provisions of the National Environmental Policy
Act, public land management agencies are required to evaluate the impacts
of either production or preservation oriented plans before final decisions
are made, and to secure citizen participation in the evaluation process.
The agencies have responded with regulations and procedures to be used in
acquiring local and special interest group participation, preparing reports
(environmental analysis, environmental impact statements), and developing
management action plans (resource management, coordinated resource
management, etc.). Court decisions repeatedly have confirmed the needs to
assess private and public effects of proposed programs and consider
special interests and local community preferences in formulating public
land management and use plans. However, the regulations and procedures
which have been developed often are viewed by local users and public land
dependent communities, and often by environmental groups as well, as
inadequate, leading to a less than equitable consideration of the effects
of proposed public land use decisions.
Local users and dependent communities must share responsibility in the
public land use decision-making process. Understanding how the process
works is absoluteley necessary. Organizing to present a common front, a
local concensus of constructive concern, is invaluable. Presenting objective information on the local costs of proposed public land use decisions
is indispensible.
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market or non-market values of resources in their alternative uses that
the values of public land resources are derived. Because other factors
of production (labor, capital input like machinery, etc.) also are used
in producing outputs, by resource-using industries, the derived values
of public land resources used to produce one unit of output (e.g., one
calf) are equal to only a portion of the value of that unit of output.
As management alternatives available to the producer increases (for
example, purchasing hay to replace public allotment AUM's or reducing
herd size and shifting from cow-calf to cow yearling operations), the
derived value of public land resources tends to decline.
The non-market values of public land resource outputs such as fish
and wildlife are derived from the expenditures recreationists are willing
to make to enjoy those resources. Willingness to pay is used as an
equivalent for true market value for such resources. Alternatives available to the recreator, as a consumer, influence the value of non-market
resources in the same sense as management alternatives affect the value
of forage or trees. As opportunities for outdoor recreation increase,
the derived values of fish, wildlife, and related public land resources
decline.
Since it is easier to derive the values of resources used in producing
marketable goods such as logs or calves, use decisions allocating more land
to, say, outdoor recreation and less to grazing or commercial timber harvest often are evaluated by contrasting timber and forage benefits foregone
with recreational opportunities gained. The value of foregone benefits
represents the opportunity costs of recreation enhancement. If the
opportunity costs is less than the recreation benefit, the decision is
said to be economically efficient; and if not, the decision is inefficient.
In the case of wilderness area decisions, the benefits associated with
preservation of wilderness resources for present and future generations
must be greater than the foregone timber, forage, and developed recreation
benefits if the wilderness decision is to be judged economically plausible.
While economic considerations are only one of several decision variables
in the public land planning process, the opportunity costs of proposed
decisions do provide a basis for evaluating prospective tradeoffs.
Efficient decisions may not be equitable. The distributions of
benefits foregone by some user groups relative to the benefits gained by
others also are relevant. If a resource management plan benefits ranchers
while penalizing timber interests and recreators, or vice versa, an
economically efficient decision may not be economically equitable. From
the point of view of local resource users and dependent communities, a
decision which is efficient in the national context may be viewed as quite
inequitable by local people if they must forego benefits in the interests
of greater net benefit at the national level.
For these reasons, citizens need to evaluate the local opportunity costs
of public land use restrictions, and provide such information in an appropriate form and timely way to public decision-makers. Information on both the
direct and indirect values of local costs (or foregone benefits) is relevant.
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Direct costs (benefits) are, in essence, the reduction (increase) in
monetary returns associated with the rights to public land resources -just as the final value of privately owned resources is determined by the
rate of return to owner. Indirect costs (benefits) are the reductions
(increases) in final returns to other segments of the local economy
induced by changes in economic activity in the basic resource-using
industries. In either case, losses in household income attributable to
reduced availabilities of public land resources are the appropriate
measure of the local opportunity cost of public land use restrictions.
ESTIMATING LOCAL OPPORTUNITY COSTS OF PROPOSED LAND USE RESTRICTIONS
The local opportunity costs of two public land use restrictions, (1)
the Strawberry Mountain and North Fork proposed wilderness areas in Grant
and Umatilla Counties, Oregon; and (2) reduced availability of public grazing in the Baker grazing district (Baker County, Oregon) administered by
the Bureau of Land Management, are evaluated below. Use is made of primary
data input-output models developed by Oregon State University for Grant
County, Oregon (1, 4). Additional information is derived from a M.S. thesis
on the structure of the Grant County timber industry (2). Data on projected
losses in grazing AUM's and timber harvest were provided by Forest Service
and Bureau of Land Management personnel, timber and cattle industry
sources, and two citizens group, the Grant County Resource Council and
the Blue Mountain Resources Council. In both applications, local opportunity costs are measured as the present value of foregone household income
from declines in public grazing and timber harvest. To be appropriately
used in public decision-making, these values should be compared with
benefits from increased recreation. From the local perspective, however,
it must be remembered that only those increased recreation expenditures
made in the local economy should be used to derive offsetting increases
in household income.
North Fork and Strawberry Mountain Wilderness Areas
Although some public grazing could be lost, the primary effect of the
proposed North Fork and Strawberry Mountain wilderness areas would be
reduced commercial timber harvest. Based on an assumed harvestable timber
growth rate of 153 board feet/acre/year, the proposed wilderness areas would
result in an annual loss in programed harvest of 17,302 MBF. Of this total,
4,002 MBF would be lost in the Strawberry Mountain area, and 13,300 MBF in
the North Fork area. Under present sustained, non-declining yield policy,
the annual loss in programmed harvest could not be offset by increased
harvest levels elsewhere in the Malheur and Umatilla National Forests.
The species mix in annual programmed harvest loss is known for the
proposed Strawberry wilderness area, and is assumed to be the same for the
North Fork area. The species composition is 38.88 percent ponderosa pine,
55.56 percent associated species, and 5.66 percent lodgepole pine. For
example, the 4,002 MBF loss in annual programmed harvest in the Strawberry
area would consist of losses in harvestable ponderosa pine (1,556 MBF),
associated species (2,220 MBF), and lodgepole pine (226 MBF).
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"Normal" stumpage prices paid for ponderosa pine, associated species,
and lodgepole pine in the vicinity of each of the wilderness areas were provided by Forest Service planning officers assigned to the two affected
National Forests. 1 In the Strawberry Mountain area on the Malheur National
Forest, these values were $209, $40.50, and $8.50 per thousand board feet,
respectively. The corresponding stumpage prices in the Umatilla National
Forest's North Fork area were $210/MBF for ponderosa pine, $80/MBF for associated species, and $l0/MBF for lodgepole pine. Lodgepole pine values were
for stands of predominantly dead trees caused by insect infestation.
Using those data, summarized in Table 1 below, the annual quantity and
value of commercial timber harvest loss in the proposed wilderness areas can
be estimated. These projected losses in timber sales, amounting to $417,000
in the Strawberry area and $1,684,000 in the North Fork area, may be interpreted as an equivalent reduction in National Forest System receipts. In
total, $2,101,000 in annual timber receipts (to the federal government) would
be foregone in perpetuity as a consequence of the wilderness designations.
Table 1. Projected annual losses in National Forest system receipts attributable
to proposed wilderness areas in the Strawberry Mountain and North
Fork areas of Oregon
Value of Annual Harvest Loss

Annual Harvest Loss

Strawberry
Area
($000)

North Fork Total
Area *
Area
($000)
($000)

Species Group

Strawberry
Area
(MBF)

North Fork Total
Area
Area
(MBF)
(MBF)

Ponderosa Pine

1,556

5,171

6,727

325

1,086

1,411

Associated
Species

2,220

7,376

9,596

90

590

680

226

753

979

2

8

10

4,002

13,300

17,302

417

1,684

2,101

Lodepole Pine
ALL SPECIES

Some of these National Forest System receipts (25 percent) are returned
directly to county governments in the form of "payments in lieu of taxes."
These payments are made to compensate local governments for property tax and
other revenues which would have been received if the local public lands had
been in private ownership. The Strawberry Mountain wilderness area would
result in foregone timber sale payments to Grant County of about $104,000 per
year, representing roughly two percent of total annual in lieu of tax payments
to Grant County (Table 2).

1 Personal communications with Chet Bennett, Malheur National Forest planning

staff officer, and Richard Schimel, Umatilla National Forest timber sales
officer, February 5, 1980.
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Umatilla County would forego receipt of annual payments in lieu of taxes
amounting to $421,000, almost 50 percent of the total value of in lieu of
taxes payments to that county, because of lost timber sales in the North
Fork area. Smaller in lieu of taxes payments would be lost to Morrow and
Baker County governments. As with National Forest System receipts, these
in lieu of taxes payments to affected local governments also would be
foregone in perpetuity.

Table 2. Projected annual losses in National Forest system payments in lieu
of taxes to Grant and Umatilla Counties attributable to proposed
wilderness areas in the Strawberry Mountain and North Fork areas
of Oregon.
National Forest & Affected County Government
Malheur
(Grant County)

Umatilla
(Umatilla County)

National Forest System
Receipts

$417,000

$1,684,000

Payments in Lieu of
Taxes

$104,250

$

Receipt or Payment

421,000

Total
$2,101,000
$

525,250

Uses by county governments of payments in lieu of taxes are "earmarked,"
and restricted in use: 75 percent of the payment must be used for roads and
highways, and 25 percent for education. Research has confirmed that these
payments in fact, are used for those specified services (3). It can be
concluded that reduced payments from the loss of wilderness are timber sales
would lead to reduced county expenditures on education of roughly $26,000 per
year in Grant County, and $105,000 per year in Umatilla County. Road expenditures per annum would decline by $78,000 and $316,000 in Grant and Umatilla
Counties, respectively. Expenditures for either service could, however, be
held constant by imposing offsetting property tax increases on local
residents. In either case, residents of the two counties would bear the
costs of foregone payments in lieu of taxes.
Effects on Local Timber Industry Exports. Lost timber sales and foregone payments in lieu of taxes generate economic effects on local economics
and local residents which are not entirely captured in the receipts and
payments relationships described above. This is especially true of foregone
timber sales where the immediate effect of foregone public timber harvest
is reduced exports. Some of the National Forest sales would be to firms
outside either county. Some would be to local firms which would either
export logs or process them locally. Hence, foregone receipts result in (1)
reduced "exports" of National Forest stumpage to nonlocal buyers, (2) reduced
log export sales by local firms, and (3) reduced exports of processed timber
products by local firms.
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A recent analysis of the Grant County timber industry shows that, on
the average, about 70 percent of the Malheur National Forest timber harvest
is processed in the county and 30 percent is exported as logs (2). Not more
than one-sixth of the log exports (five percent of total annual harvest) result from Malheur National Forest sales to firms outside of Grant County.
For this analysis, it is assumed that the same proportions apply to both
Umatilla National Forest sales and Umatilla County timber industry firms.
In both proposed wilderness areas, annual foregone timber sales would reduce exports by National Forests by five percent, and would reduce sales to
local firms by 95 percent, of the projected annual value of foregone timber
harvest. Reduced log exports from the Malheur and Umatilla National Forests
(purchases by nonlocal buyers), then, would amount to five percent of the
values given in Table 1, or $21,000 and $84,000, respectively (Table 3).

Table 3. Projected annual losses in National Forest system log exports attributable to proposed wilderness areas in the Strawberry Mountain and
North Fork areas of Oregon

Value of Annual
Harvest Loss

Percent Sold
to
Outside Firms

Value of
Lost National
Forest Log
Exports

Malheur (Grant)

$

417,000

5

$ 20,850

Umatilla (Umatilla)

$1,684,000

5

$ 84,200

TOTAL

$2,101,000

5

$105,050

Log export prices in the affected areas in part, are based, on timber
sales in other years. In the long term, logs cannot be exported at a price
less than the price paid for stumpage plus value-added. If it is assumed
for the sake of simplicity that logs are exported by firms in the local
timber harvest and hauling sector, value-added in that sector plus prices
paid for National Forest stumpage is a reasonable value to attach to future
foregone exports, by local firms, of logs which otherwise would have been
harvested on National Forests in the proposed wilderness areas. Drawing on
the 1978 input-output model of the Grant County economy, value-added in the
timber harvesting and hauling sector is 70 cents per dollar of stumpage purchased. The implied future export values for Strawberry Mountain area stumpage, and for North Fork area stumpage, are as given in Table 4. These respired export values are used to project the decline in annual value of log
export sales by local firms in the two affected counties.
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Table 4. Projected log export values and annual losses in private sector log
export sales attributable to proposed wilderness areas in the Strawberry Mountain and North Fork areas of Oregon
Actual & Expected Values Values of Purchases & Sales
National Forest,
County, and
Species Group

Value of Lost Stump- Value of Lost
Private
National
Forest Sector Logs age Purchased to be Exports by the
Local Private
Resold as Log ExStumpage
Exports
Sector
($/MBF)
ports
($/MBF)

Malheur
(Grant)
209.00

355.50

$ 81,300

$138,300

40.50

68.90

$ 22,500

$ 38,200

8.50

14.50

$

104.20

177.20

$104,300

$177,300

210.00

357.20

$271,500

$461,800

Associated
Species

80.00

136.10

$147,500

$251,000

Lodgepole Pine

10.00

17.00

126.60

2k5,39

Ponderosa Pine
Associated
Species
Lodegpole Pine
All Species

500

$

800

Umatilla
(Umatilla)
Ponderosa Pine

All Species

$

1,900

$429,900

$

3,200

$716,000

The date in Table 4 show that, in addition to the regional decline in
National Forest System stumpage exports of $105,050 as reported in Table 3,
an annual loss in future log exports by local firms of $893,600 ($177,300 in
Grant County plus $716,000 in Umatilla County) can be expected to the proposed wilderness areas are implemented. However, these foregone exports
account for only 30 percent of the annual harvest loss in the two areas. The
remaining 70 percent would have been processed into lumber and wood products
by local industries.
Local wood processing firms in the two counties could purchase stumpage
directly from the National Forest by bidding successfully for timber sales,
or they could purchase logs from timber harvesting and hauling firms. If the
processing firms were to buy directly from the National Forest System they,
just as independent loggers, would add value through the harvesting and
hauling activities. Additional value would be added as logs are processed
into lumber and wood products. Again using the Grant County input-output
model, value added in the lumber and wood products processing industry is
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59 cents per doller of logs purchased. The consistent export values for
lumber and wood products, then, are 1.59 times the value of private sector
log exports as reported in Table 4.
The relevant weighted average export value for lumber and wood products
is $281/MBF for Grant County processing firms (1.59 x 177.20), and $342/MBF
(1.59 x 215.30) for Umatilla County wood processors. As before, these expected export values for locally processed lumber and wood products are
used to project the decline in annual value of wood product export sales by
local firms in Grant and Umatilla Counties (Table 5), based on the assumption
that 70 percent of the annual National Forest timber harvest would have been
processed locally.
All data in Table 5 show how timber industry exports from Grant and
Umatilla Counties would be affected by losses in programmed harvest because
of proposed wilderness areas in the Malheur and Umatilla National Forests.
For the two-county region as a whole, timber industry export sales would be
Table 5. Projected average lumber and wood product export values and annual
losses in private sector export sales attributable to proposed
wilderness areas in the Strawberry Mountain and North Fork areas
of Oregon.
Values of Foregone Exports

Expected Export Values

All Private
Sector Exports
($000)

National
Forest &
County

All
Logs
($/MBF)

Lumber &
Wood Products
($/MBF)

All
Logs
($000)

Lumber &
Wood Products
($000)

Malheur
(Grant)

177.20

281.25

177.3

787.9

965.2

Umatilla
(Umatilla)

215.30

341.70

716.0

3,181.2

3,897.2

893.3

3,969.1

4,862.4

TOTAL

expected to decline, on an annual basis, by $4,862,400. An additional
$105,050 in National Forest System exports to nonlocal firms would be lost
as well, bringing the total annual decline in value of regional exports to
$4,967,450. These foregone exports are significantly higher than the value
of annual harvest loss reported in Table 1 (2,101,000). The magnified loss
in export sales is from the structure of local dependent economies. In both
counties, an economic base heavily depends on the use of public land resources
has been established. When those resources are withdrawn from use, local
economies and local residents bear the costs.
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Effects on Local Timber Industry Exports.
Just as economic activity
in local timber industries depends on National Forest System management and
land use policies, so are all other sectors of local economies related to
the timber industry. The nature and degree of these structural relationships
can be measured. One form of measurement is an input-output model of the
local economy. The 1978 Grant County input-output model (4) is used here to
evaluate the effect, on the county economies, of reduced National Forest and
timber industry exports. Effects on county-level economic activity of reduced payments in lieu of taxes are evaluated as well. It is assumed that
Grant and Umatilla Counties are structurally similar, differing essentially
on the basis of greater overall size of the Umatilla County economy.
An input-output model can be used to estimate benefits foregone because
of decreased exports (sales to final demand) or benefits gained from increased exports. The initial change in exports, or sales to final demand,
is the direct effect of interest. Induced or indirect changes are measured
by the increased (or decreased) transactions inside the county which result
from an initial change in economic activity. For example, decreased timber
harvest, translated into decreased timber industry exports, would cause
a decrease in purchase of products required to harvest, haul, and process
that resource. Mill owners might lay off local employees, but less electricity or fuel, and forego purchases they otherwise would have made.
Residents who sold their labor, electricity, or fuel would have to decrease
their purchases inside and outside the county. Likewise, businesses in the
county that sell to residents, energy suppliers, and fuel firms would have
to decrease their inside and outside purchases. Hence, the effects of the
initial changes in timber harvest and export sales "ripple" throughout the
local economy, leading to a multiplied impact in the economy as a whole.
The Grant County input-output model, as do other such models, provides
an estimate of the multiplied impact of change in exports. Multipliers are
estimated for each sector of the economy, and the values of these multipliers
differ among sectors. Those sectors most closely tied to other sectors of
the economy generally have higher multipliers. For the National Forest,
timber harvest and hauling, and lumber and wood products processing sectors
the Grant County multipliers are 1.94, 2.59, and 2.55, respectively.
Assuming that these sectoral multipliers also apply to Umatilla County, the
gross economic impact of reduced export sales attributable to timber harvest
losses in the two proposed wilderness areas can be projected. These impacts
are summarized in Table 6.
The interpretation of these estimates is straightforward. Under the
assumption stated earlier, foregone timber harvest in the proposed Strawberry
Mountain wilderness area would lead to reduced business activity in Grant
County. The annual reduction is more than 2 h million dollars in current
prices. The • North Fork wilderness area would impose a similar loss on
Umatilla County business activity, valued at more thant $10 million dollars
per year. Total regional loss in gross activity is valued at $12,638,600
per year.
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An additional loss in business activity would result from reduced
payments in lieu of taxes. As indicated in Table 2, payments to Grant
County would be reduced by $104,250, and payments to Umatilla County by
$421,000 per year. The Grant County local government multiplier is 2.79.
Since "exports" of county government services would be reduced by the
amounts of the reduced in lieu of taxes payments, local economic activity
would again suffer. The amount of foregone gross economic activity in
Grant County is $290,850 per year. Foregone economic activity in Umatilla
County is $1,174,600 per year.
These totals are added to the impacts appearing in Table 6. Reduced
annual economic activity in Grant County because of the Strawberry Mountain
Wilderness area is $2,799,650; reduced activity in Umatilla County is valued
at $11,304,400 per year. The annual regional loss is $14,104,050. All
impacts attributable to the proposed wilderness areas are summarized in
Table 7.
Table 7. Projected annual losses in National Forest system recei pts, value
of county export sales, and gross county-level economic activity
attributable to proposed wilderness areas in the Strawberry Mountain
and North Fork areas of Oregon
Value of Projected Loss ($000)
County &
National Forest
Grant (Malheur)

National Forest
Receipts

Total
Exports

Gross Economic
Activity

417

1,090.4

2,799.7

Umatilla (Umatilla)

1,684

4,402.4

11,304.4

Regional Total

2,101

5,492.8

14,104.1

The Local Opportunity costs of Wilderness Areas. The gross impacts reported in Table 7 above overstate the local opportunity costs of the proposed
wilderness areas. As said earlier, reduced household income attributable
to the restricted public land use actions is the appropriate measure of net
benefits foregone. To some extent, these net benefits foregone may be offset
by new expenditures associated with wilderness area maintenance or use. However, three qualifications apply. First, only those expenditures made in the
two affected counties are relevant. Second, lost recreation expenditures
associated with present and future developed recreation activities in the
affected portions of the National Forests must be deducted from new expenditures associated with dispersed recreation. Third, only that portion of net
recreation expenditures which increases local household income is relevant.
With these qualifications in mind, the local opportunity costs of the proposed Strawberry Mountain and North Fork wilderness areas can be measured.
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Table 8. Projected annual losses in local household income attributable to
proposed wilderness areas in the Strawberry Mountain and North Fork
areas of Oregon
Value of Projected Loss
County and
Economic Sector

Gross Economic
Activity
($000)

Households'
Share
(Percent)

Household
Income
($000)

Grant
Timber harvesting
and hauling
Lumber and wood
processing
Local government
National Forest
Total

459.2

27.07

124.3

2,009A.

23.00

462.1

290.9

23.44

68.2

40.5

25.76

10.4
665.0

2,799.7

Umatilla
Timber harvesting
and hauling

1,854.5

27.07

502.0

Lumber and wood
processing

8,112.1

23.00

1,865.8

Local government

1,174.6

23.44

275.3

163.3

25.76

42.1

National Forest
Total
Regional Total

11,304.4

2,685.2

14,104.1

3,350.2

Table 9. The local opportunity costs of proposed wilderness areas in the
Strawberry Mountain and North Fork areas of Oregon

County

Annual Household
Income Loss

Present Value or
Opportunity Cost

Grant

$

665,000

$ 6,650,000

Umatilla

$2,685,200

$26,852,000

Regional Total

$3,350,200

$33,502,000
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As before, the Grant County input-output model is assumed to apply to
Umatilla County as well. The model can be used to calculate the portion of
gross economic activity in any sector which is from sales of labor, by
local households, to local employers. The contribution of labor to total
economic activity varies amoung sectors of the local economy. Hence, the
effect on household income of change in local economic activity because of
the wilderness areas is a combined effect of reduced export sales by the
National Forest, local timber harvesting and hauling firms, local lumber and
wood processing firms, and local government.
In Grant County, households capture 27.07 percent of the gross income
induced by exports of logs by local timber harvesting and hauling firms.
Households receive a slightly smaller share of total income attributable to
National Forest stumpage, local government, and local lumber and wood products exports -- 25.76, 23.44, and 23.00 percent, respectively. Using these
percentages, the annual losses in local household income attributable to the
proposed wilderness areas can be calculated, (Table 8).
These figures show that Grant County households would bear a substantial
cost for the Strawberry Mountain wilderness area. In current dollars, the
annual value of that household income loss is $665.000. Umatilla County
residents would lose $2,685,200 in annual household income. For the region
as a whole, $3,350,200 in household income would be lost each year.
Since this household income would be lost in perpetuity, it is possible
to estimate the present value of the local income stream foregone as a consequence of the wilderness area decisions. The present value of foregone
income varies with the long-term interest (social discount) rate. A conservative rate is 10 percent, meaning that the present value of foregone
household income is 10 times its annual value (annual income lost divided by
0.10). The present values of local household income foregone as a conrsequence of the proposed wilderness area designations appear in Table 9.
They are the most appropriate measure of the local opportunity costs of the
wilderness area decisions.
Baker Grazing District AUM Reduction
Evaluating the local impacts of public grazing reductions is difficult.
Ranchers dependent on public lands for grazing also use private pasture and/
or rangeland to support their cattle or sheep operations. Hence, substitution of private forage (AUM's) is a possibility, although studies have shown
that in Eastern Oregon, hay and pasture are more likely to be a complimentary
part of a ranching operation than a separate enterprise engaged in hay
production and selling (5). Further, public AUM's legally cannot be bought
or sold, and therefore, have no observable market price. The value of a
public AUM is derived from its contribution to returns to the ranch operation;
and the rancher, in turn, owns cattle, private land, and other assets. Thus,
he may have management alternatives which permit him to shift from, say,
cow-calf to cow-yearling operations so as to partially offset the effects of
of public AUM withdrawals. However, the feasible alternatives for a ranch
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operation are dependent on the rancher's financial position (especially
long-term debt), and the unique land ownership and public land access
rights of his operation. Consequently, the adaptation ranchers can and
will make to losses in grazing privileges will vary from case to case.
For these reasons, and others, assessing the local economic effects of
public grazing restrictions is more complicated than evaluating the impacts
of lost programmed timber harvest. Assumptions must be made about the
expected management response of ranchers to public grazing reductions, the
availability of private pasture and hay on the ranch and in the local area,
and the typical financial ownership characteristics of affected operations.
It is also necessary to distinguish between short-term response and
longer-term adaptation to the reduced availability of public grazing. In
the short-term, operations may attempt to hold cow herd or sheep band size
at present levels by buying hay or renting pasture. However, because these
practices add to annual operating costs, in the longer-term, herd size may
have to be reduced. If cows are sold, the rancher will have fewer calves to
sell; and his annual income and ability to repay long-term debt, if any, , will
be reduced. Depending on the operator's financial position, either maintaining herd size by buying hay or reducing herd size to accommodate
decreased public AUM availability may be economically infeasible. The
operations then may be sold.
To prevent sale of the operation or restore its economic viability, the
rancher has two options: If capital is available, he may invest in his own
private land to increase its carrying capacity through range fertilization
and reseeding, irrigation, etc. If capital is unavailable, or the operator
feels that costs and prices are attractive, a different form of management
such as chow-short yearling or backgrounding may be adopted. In the absence
of such a change in management, however, the long-term outcome of public land
withdrawal likely will be fewer, but larger, ranching operations and higher
average costs per calf sold.
In Eastern Oregon, as in most of the interior West, range livestock
numbers over the long-term are at levels which fully utilize pasture and
forage. In a "normal" or "average" year, there will be little or no export
of grass or native hay from the region, and all pasture available for use will
be taken. Even if operators try to maintain herd size by buying hay or
renting pasture, they will be able to do so in the long-term only at very high
hay purchase prices or pasture rental rates, if at all. Alfalfa hay, which
is expected from many areas, perhaps could be purchased and mixed with straw
as a substitute for native or grass hay. However, alfalfa hay mixed with
straw would have the same effect on annual operating costs as would purchase
of native hay. In either case, annual operating costs for the affected
operation would increase.
Barring a change in management, the more likely and least costly longterm alternative to hay purchase is reduced herd size and calve sales. It
is this alternative which is assumed for purposes of projecting the local
economic impacts of public AUM losses in the Baker grazing district administered by the Bureau of Land Management.

63

Effects on the Dependent Ranching Sector. In the Baker grazing district,
about 56,000 surveyed AUM's exist; more than 50,000 (89 percent) are
allocated through licensing to permitees (Table 10). The remaining 11 percent of the existing AUM's are allocated to other users, especially elk and
deer. Under a proposed range management plan, the allocation of AUM's to
livestock will be reduced by 9,827 AUM's to 40,413 AUM's per year. The
proposal would reduce the proportion of total available forage in the grazing district allocated to livestock from 89 to 72 percent, while the proportion dedicated to other uses would increase from 11 to 28 percent. At
issue are the tradeoffs associated with the proposed reallocation of forage
AUM's; specifically, the benefits foregone by local ranchers and the local
community to enhance range condition and support uses and users other than
the public land dependent ranching industry.
Table 10. Proposed reduction in animal unit months of grazing on the Baker
District administered by the Bureau of Land Management, Baker
County, Oregon
Licensed AUM's
Number
or Percent

Surveyed
AUM's

Existing
Situation

Proposed
Situation

Loss in
Livestock AUM's

56,261

50,240

40,413

9,827

Percent of Surveyed
AUM's

100

89

72

17

Percent of Presently
Licensed AUM's

112

100

80

20

Number

On an animal unit basis, the 9,827 AUM's lost to livestock grazing is
equivalent to 1,228 cow-calf pairs, assuming that, on average, cattle in the
local dependent ranching industry are using forage other than private pasture
and hay for eight months of the year. However, the forced sale of 1,228 cows
would result in surplus hay and/or pasture, otherwise used to feed cattle
during the winter. If, on average, cattle are wintered for four months on
private land in the Baker County area, 409 of the 1,228 cows could be maintained using pasture and forage grown on privately owned land. The net
effect of the public grazing reduction (Table 11) then would be the sale of
819 cows.
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Table 11. Reduced cow herd size and calf sales by dependent ranchers in Baker
County, Oregon, resulting from a proposed reduction in animal unit
months of grazing on the Bureau of Land Management's Baker District

Amount

Item
Change in animal unit months of livestock grazing
Change in cows grazed on public land
Adjustment for private pasture and hay

- 9,827
- 1,228
+ (409)

Net change in cow herd size

-

819

As suggested earlier, the income resulting from the forced sale of 819
cows could be used to reduce debt and/or increase the household income of
ranchers. Alternatively, the money could be used to purchase long-term bonds
yielding, say, 10 percent interest. However, in future years income obtained
from the sale of cull cows and bulls also would be reduced. Assuming a 10
percent culling rate for cows, and ignoring bulls, the annual ranch income
effect of forced cow sales is exactly offset by the value of reduced future
cull sales. Net income to the rancher is unaffected.
However, calf sales are affected (Table 12). A 75 percent calf crop is
assumed based on a 85 percent conception rate, 90 percent live calf ratio,
and two percent death loss to weaning. This means that 614 calves would not
be available for herd replacement or sale as a result of the AUM reduction.
Of the 614 calves, 307 steers and 192 heifers would have been marketed,
assuming that 115 heifers would be held for replacement of cows culled or
subject to death loss (14 percent replacement rate). Hence, on an annual
basis, the public grazing reduction would result in 499 fewer calves sold.
Valued in 1979 dollars, an "average" or "normal" long-term selling price
for steers and heifers of 75 and 65 cents per pound, respectively, is assumed.
If the average selling weight for steers is 425 pounds, and for heifers 375
pounds, $318.75 in gross ranch income would be foregone per steer not sold
and $243.75 would be foregone per heifer calf not sold. Thus, the proposed
grazing restriction would result in 499 calves not marketed, and $144,656 in
gross ranch sales would be foregone per annum.
Effects on Local Industry Exports. Under assumptions of this analysis,
export sales by the local dependent ranching industry would decline by about
$145,000 from present levels. Other sectors of the local economy also would
experience lost "export" sales. Under current law, Section 15 lands
administered by the Bureau of Land Management result in an apportionment
of grazing fee receipts among the federal treasury (25 percent), rangeland
improvement on local public grazing lands (25 percent), and payments to local
and state government (50 percent). Non-section 15 land receipts are allotted
to range improvements (25 percent), The Department of Interior (25 percent),
the federal treasury (43 3/4 percent), and local government (61/4 percent).
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Table 12. Reduced calf sales by dependent ranchers in Baker County, Oregon
resulting from a proposed reduction in animal unit months of
grazing on the Bureau of Land Management's Baker District
Amount

Item
Net change in cow herd size
Gross change in calves for sale and replacement
Heifer calves to have been kept for replacement
Net change in calves sold
Steers

- 307

Heifers

- 192

All calves

- 499

Selling price of calves
Steers

75c/lb.

Heifers

65C/1b.

Selling weight of calves
Steers

425 lbs.

Heifers

375 lbs.

Value of Calves to be sold
Steers

$318.75/calf

Heifers

$243.75/calf

Net change in value of calf sales
Steers

-$ 97,856

Heifers

-$ 46,800

All calves

-$144,656

In 1979, the grazing fee was $1.89 per AUM, meaning that a 9,827 AUM reduction in licensed grazing would result in $18,573 in foregone gross receipts, per year, by the Bureau of Land Management. Since none of the
affected AUM's are Section 15 lands, the net annual loss in payments to
local government would be $1,161. The federal treasury would lose $8,126
in annual receipts. Both the Department of Interior and local range improvement funds administered by the Bureau of Land Management Baker District would
decline by $4,643.
Since the Bureau of Land Management normally receives back from the
federal treasury those monies paid to the treasury and to the Department of
Interior, plus those earmarked for range improvements, the effect of the reduction in public grazing could be interpreted as $17,412 loss in Bureau of
Land Management "export" sales. In reality, the return of funds paid into
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the treasury or to the Department of Interior are not assured. Further, the
effects of foregone range improvement funds are taken into account by the
input-output model. Hence, Bureau of Land Management "export" sales are unaffected by the reduction in grazing fee receipts.
However, payments to local government would be reduced by more than
$1,161 per year. Consequently, the proposed reduction in federal grazing
privileges, given the assumption stated above, could be expected to result
in a total loss of exports from Baker County valued at $145,817 per year.
Ranching sector exports would decline by $144,656, and local government
exports by $1,161. In summary, export sales from Baker County would decline
from current levels by just under $150,000 annually as a result of the loss
of public grazing (Table 13).
The Gross Economic Costs of Reduced Exports. Using the Grant County
input-output model, the gross economic impacts associated with these losses
Table 13. Projected annual losses in Baker County export sales attributable
to a proposed reduction in animal unit months of grazing on the
Bureau of Land Management's Baker District
Value of Foregone Exports

Economic Sector
Dependent Ranching

$144,656

Local Government

$ 1,161

TOTAL

$145,817

in export sales can be calculated. The sectoral multipliers relevant to the
local dependent ranching industry and to the local government sector are 2.39
and 2.79, respectively. Assuming that these multipliers also apply to Baker
County, the annual lost business transaction in Baker County attributable
to the public land use restriction would be (1) $346,306 resulting from foregone calf sales; and (2) $3,238 because of lost payments to local government.
The total gross impact on the local economy (Table 14) would be almost
$350,000 per year.

Table 14. Projected gross economic effects of reduced export sales attributable
to a proposed reduction in animal unit months of grazing on the
Bureau of Land Management's Baker District
Economic Sector
Generating Impact

Value of Gross
Economic Impact

Dependent Ranching

$346,306

Local Government

$ 3,238
$349,544

TOTAL
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The Local 0•••rtunit Costs of Reduced Federal Grazin•. As in the wilderness area example, the gross economic impact of the reduced federal grazing
privilege overstates the local opportunity cost of the proposed action.
Reduced household income in the county again is the appropriate measure of
net benefits foregone. As before, the Grant County input-output model may
be used to calculate the portion of gross economic activity in any sector of
the economy that is from sales of labor or other household services to local
employers. In Grant County, households capture 21.48 percent of the gross
income induced by export sales of calves and 23.44 percent of the income
resulting from local government exports.
Applying these percentages to the gross business activity effects derived above yields the household income impacts of the federal land use
decision (Table 15). In 1979 dollars, more than $75,000 in household income
would be foregone each year. The bulk of the foregone annual household income, $74,387, is from decreased economic activity resulting from lost
calf sales. Of the $74,387, roughly $60 percent ($45,038) in net income
would be foregone by those ranchers using the grazing lands which will be
withdrawn.
Table 15. Projected annual losses in Baker County export sales, gross economic
activity, and household income attributable to a proposed reduction
in animal unit months of grazing on the Bureau of Land Management's
Baker District
Value of projected loss
Economic sector
generating impact

Export
sales

Dependent Ranching

$144,656

Local Government

$

TOTAL

$145,817

Gross economic
activity
$346,306

1,161

$

3,238

$349,544

Household
income
$74,387
$

759

$75,146

As in the wilderness example, the household income would be lost in perpetuity. The present value of the foregone income stream, using the relatively conservative rate of 10 percent, is $751,460. Of this amount, more
than half (60 percent or $450,000) is the present value of the public grazing
access rights (or license) given up by public land dependent ranchers.
SUMMARY AND IMPLICATIONS
Analysis of the proposed Strawberry Mountain and North Fork wilderness
areas and the Baker grazing district management proposal show the costs to
local residents of those decisions are indeed substantial. These values, or
opportunity costs, may be interpreted in different ways.
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Abstracting from the net local benefits, if any, attributable to the
wilderness areas, local residents in Grant and Umatilla Counties would give
up household income valued in current prices at well over three million
dollars per year. The present value, or local opportunity costs, of foregone
income exceeds 33 million dollars.
If, in fact, the purpose of wilderness areas is "to secure for the
American people of present and future generations the benefits of an enduring
resource of wilderness," it follows that America could accept responsibility
for the burden those limited use designations impose on local people living
in public land dependent communities. There are about 7,700 people who live
and work in Grant County. Another 54,000 live in Umatilla County. If these
local people were to be equally well off with or without the wilderness areas,
they could be reimbursed by America on behalf of present and future generations who derive benefits from the wilderness. in this instance, a payment
of $864 to each man, woman, and child in Grant County, and a payment of $497
to each Umatilla County resident, would be warranted.
Looking at the local costs somewhat differently, local timber firms and
their employees depend on National Forest timber harvest for their Iiveiihood.
The "right to access" to that timber, while not legally recognized, is viewed
by local people as more than a mere privilege. Local wood products firms
would be willing to sell their "access rights" for an amount equal to the
contribution National Forest stumpage makes to their household income.
If the foregone household income reported in Table 8 holds, approxi- .
mately 50 percent ($1,654,600) is lost to local dependent timber industry
households. Since 17,302 MBF would be withdrawn from programmed harvest, the
implication is that the timber industry households would sell their National
Forest stumpage "access rights" for an average price of $956/MBF, assuming
that the 17,302 MBF are foregone in perpetuity. The additional lost household income ($1,695,600 per year) could be reimbursed on a per capita basis
to all remaining county residents. The average payment to non-timber
indsutry households would be $30.83 per person. These alternative compensation payments are depicted in Table 16.

Table 16. Compensation alternatives for county residents bearing the costs of
proposed wilderness areas in the Strawberry Mountain and North
Fork areas of Oregon

County

Uniform Per Capita
Payment
($/Person)

Access.Right Purchase and
Residual Per Capita Payment
Access Right
($/MBF)

Per Capita
($/Person)

Grant

$863.63

$820.59

$67.32

Umatilla

$497.26

$997.14

$27.18

Weighted Average

$542.98

$956.31

$30.83
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The impacts of the Baker grazing district AUM reduction can be interpreted in an analogous fashion. Since the present value of the lost AUM's
is $751,460, and there are 17,000 people living in Baker County, it follows
that the nation could reimburse each resident for the opportunity foregone
by removing the public grazing from livestock use. In this case, present
residents would be equally well off with or without the 9,827 AUM's if each
were to receive a check for $44.20. However, such a compensation method
ignores the fact that the distribution of costs borne by local residents
is uneven.
Another approach would be to reimburse ranchers using the AUM's in
question in proportion to their loss in final household income. In the
present instance, each rancher would be paid $45.79 ($450,000 divided by
9,827 AUM's) for each AUM he or she formerly used -- a measure of the present value of his access right or license. Other people living and working
in the county would be reimbursed for final income foregone because of
reduced calve and local government exports. Their compensation payment would
be about $17.73 per person. Compensation alternatives in the grazing district
AUM reduction example are given in Table 17.
Table 17. Compensation alternatives for county residents bearing the costs
of proposed grazing reductions on the Bureau of Land Management's
Baker District, Baker County, Oregon
Access Right Purchase and
Residential Per Capita Payment

County
Baker

Uniform Per Capita
Access Right
Payment
($/AUM)
($/Person)
$45.79

$44.20

Per Capita
($/Person)
$17.73

Compensating local people for income foregone, or access rights lost,
because of public land use restrictions is, perhaps, unrealistic. However,
as this analysis has shown, it is not unrealistic for persons living and
working in public land dependent communities to be concerned with those decisions. The magnitude of the costs imposed on local economies, firms, and
households lends credence to their efforts to influence the public land
decision-making process.

70

References
(1) Johnson, Thomas G., "A Dynamic Input-Output Model for Regional Economic
Analysis," Ph.D. Dissertation, Department of Agricultural and Resource
Economics, Oregon State University, July 1979.
(2) Miller, Lester F., "An Analysis of Changes in Log Flow Patterns on a
Timber Dependent Community," M.S. Thesis (forthcoming), Department of
Agricultural and Resource Economics, Oregon State University, June 1980.
(3) Murtaugh, John J., "The Effects of Federal Agency Payments in Lieu of
Taxes on Oregon County Expenditure Patterns," M.S. Thesis, Department
of Agricultural and Resource Economics, Oregon State University,
September 1979.
(4) Obermiller, Frederick W. and Lester F. Miller, "Structure of a ResourceBased Economy: Grant County, Oregon," Oregon State University Extension
Service (forthcoming).
(5)

Winter, John R. and James K. Whittaker, "An Economic Analysis of Land
Prices of Mountainous Grazing Land in Eastern Oregon," Special Report
560, Agricultural Experiment Station, Oregon State University,
September 1979.

71

THE NEED FOR COOPERATIVE LAND USE PLANNING
Lewis M. Work
It is indeed a foolish person in today's world who does not plan ahead.
It is just as important for individuals to plan as for corporations or government agencies.
Planning is a process that attempts to outline a future course of
action that will result in smooth-running operations, conform with desired
philosophies, and avoid unpleasant surprises. The president of Boise Cascade
made a statemenet several years ago that bears repeating, "A well-run company
does not tolerate surprises." The sad plight of Americans in the embassy in
Iran has all the earmarks of poor planning.
Planning that involves land use is probably one of the most important
and complex planning processes that exists today. It is complicated by
intermingled ownerships of land, differing objectives of landowners, human
population expansion and shifting of population patterns, differing needs
of people using the land or products from the land, and wide variations of
geographic, climatic, and vegatative composition.
Land use planning efforts are further confused because of the wide
variety of human needs both real and perceived. Individual preferences
lead to highly charged and emotional responses to any developing plans.
Are land use planners obliged to consider neighbors when formulating
plans or is a mere ethical consideration all that is necessary?
You are all familiar with driving down a freeway and passing a subdivision that is very nicely laid out, landscaped, and contains tastefully
built houses with the exception of one house that is painted robin egg blue
with a red chimney, and purple door. The neighbors are probably madder than
hops and esthetic senses are offended but, it is a free country and no laws
have been passed yet to regulate individual taste. This incidence is a common
occurring phenomenon in our society and one that we reluctantly countenance
to preserve individual freedom. If the owners of this house decide to
establish a kennel or to build a small concession stand to peddle produce
from their garden, it will soon become apparent to them that some subtle
invisible line has been transgressed and their neighbors may take legal steps
to preserve the integrity of the neighborhood.
Now let's apply this situation to the forest where the Forest Service, BLM,
State of Oregon, Boise Cascade, and numerous smaller private landowners are
neighbors. I don't think any of the neighbors will be too concerned over
silvicultural practices that take place on each other's land if resource
damage is not occurring.
On the other hand, let's look at an example where the U.S. Forest Service
or BLM or whoever decides that they want to enhance big game habitat to increase
the number of elk and deer on their property to provide a rewarding "quality"
hunting experience for a large number of hunters.
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Meanwhile, down the ridge below the snowline on the winter range on
Boise Cascade and other private property, whose objectives are to grow trees
and produce livestock forage, great hordes of elk and deer descent to compete
with livestock grazing, and reforestation efforts. It should be obvious that
a lack of communications of planning objectives between landowners presents
a very real economic problem to one party while striving to achieve another
party's intended goals.
Let me give you a real problem that occurred to Boise Cascade illustrating
th-.? point. By lack of consideration for our needs as landowners, the Forest
Service will fail to achieve its goals.
The Forest Service Wallowa Valley planning unit included about 100,000
acres of Boise Cascade land along with many acres of other private owners.
One of the published goals was to leave old growth timber intact to
provide hiding cover for elk and to provide "quality" hunting. By doing this,
there would be a necessary reduction of timber harvest volume.
Boise Cascade harvests nearly 70 percent of its annual volume from Forest
Service lands and the remainder from its own land and other private land.
To make up for the loss of volume from the government, it will be necessary
for Boise to harvest more from its own land. Since much of the Boise land
being harvested in lieu of preserved Forest Service timber is on elk winter
range, the reduction of thermal cover probably will have a more profound
effect on elk than removal of hiding cover would have on Forest Service land.
The end result is that by failing to recognize adjacent landowner needs and
potential, The Forest Service probably has doomed their objective to failure.
It behooves all of us as land managers to consider the entire community
of landowners before developing land use plans based on an arbitrary and
isolated ownership pattern. To neglect neighbors is to foredoom your planning
efforts to partial or complete failure.
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COORDINATED RESOURCE PLANNING
Arleigh Islet'
In recent years, diverse groups of resource users have increased their
natural resource demands. As a result, issues facing both public and private
resource managers have become much more complex. During the same period,
the need to efficiently and equitably solve these common issues has become
increasingly urgent. There have been withdrawals of areas rich in natural
resources and increased demands because of a growing social concern for the
environment, single use concepts, and a general lack of knowledge.
Western rural societies find themselves in a difficult position. They
are expected to be guardians of our remaining natural resources while their
survival, individually and as a community, depends on the economic strength
of local industries that use the same resources they are expected to preserve.
There is an urgent need for a process to develop plans for the best management of our resources, plans which will most nearly approximate the needs of
society.
For the last 15 years, a dedicated group of eastern Oregonians has conducted, sponsored, and cooperated with studies and experiments analyzing the
area's resource base. Local residents rely on income generated from the sale
of basic resource industry products for their livelihood. If the people of
eastern Oregon maintain their economic base, the conservation and development of renewable resources and improved management in basic resource industries--forestry, agriculture, and recreation--will be necessary because there
is limited opportunity for diversification and industrialization. In fact, the
residents of eastern Oregon recognize that most of the economic alternatives
open to more heavily populated regions are unattainable for their area.
One of the major problems facing eastern Oregon is the allocation of
scarce resources in a manner that will provide the greatest long- and shortterm benefits to its people. If eastern Oregonians are to control their
destiny, they must allocate the resource base in a manner that will develop,
conserve, maintain, and improve the economic and natural resource base for
future years. There is opportunity and potential for improvement through
development of our resources, but careful planning based on sound information
will be required.
COORDINATED RESOURCE MANAGEMENT
One of the best tools for resource allocation is comprehensive resource
management, a systematical method of managing all our natural resources that
recognizes the interrelationships of resources. The Coordinated Resource
Management approach uses the best efforts and knowledge of everyone involved-private landowners, state and federal agencies, resource specialists, and
resource departments of major universities.
Several objectives are involved in reaching the primary goal: 1. A complete inventory of all renewable and non-renewable resources within a
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specific geographic area. 2. A recognition of the interrelationship between
resources. 3. An identification of all feasible resource development
alternatives and selection of the most o p timum alternative of those available
considering social, economic and environmental values. 4. Education of society
to recognize and appreciate fundamentals of resource management and their
importance to the public.
CRM is the result of implementing a good coordinated resource plan and
such management cannot be implemented without the proper plan. Therefore, CRM
has two major components: development of the coordinated resource plan and
implementation of the plan.
To accomplish this goal, coordinated resource plans must be based on
scientific facts, ecological and management principles, and concepts. Sound
planning requires the evaluation of facts and the application of scientific
principles to develop potential alternatives that can reach the desired management objectives. From feasible alternatives, one plan of action must be
selected and implemented.
Coordinated resource planning and management is a result of several
activities that provide the basis for the plan and its implementation. These
activities are: a stated goal, a complete inventory, precise mapping to show
resource location, recognition of the interrelationshi p s between resources,
recognition of the opportunity to develop resources, selection of an interdisciplinary team of specialists to develop the plan, and a forum for public
review and input.
The biological and environmental aspect of resource management is only
part of the entire process of CRM. The economic relationship among resources
.and the interrelated relationships among economic sectors of the county's
economy structure are equally important. For resource managers and others
to adequately plan, a complete study of the county's economic structure is
necessary. This includes an input-output study for the area in question and
related information about trade areas, leading industries, and revenues or
taxes to support local government and community services. All industries
and sectors of the economy must be included to provide an adequate picture for
rational planning.
Who or what part of society pays for resource developments and who reaps
the rewards also are important. Unfair relationships seldom have lasting value
because as soon as one party finds out they are being treated unfairly, they
begin to negotiate for a different position and the conflict is renewed. Therefore, good planning requires those who benefit pay the associated costs of the
product.
In addition, resource planning and management must be done with people
(resource users and the general public), not for them. Facts about resources
and the principles of nature and management are the key to sound planning.
Therefore, the role of specialists should include that of a helper, educator,
and leader. The public will support and assist in implementing plans they
helped develop.
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Good plans begin with appropriate goals and objectives that are feasible,
considering the resources available. A broad-based goal that is appropriate
for most renewable resources management is "to manage renewable resources in
a manner that will optimize both short-term and long-term social, economic,
and environmental benefits to society without permanently altering the options
for future use or changing the resource base."

INVENTORY
Coordinated resource plans by necessity are based on a complete inventory
of all resources, natural and human, within a geography area or region. The
completeness of the inventory determines the overall value of the coordinated
resource plan because of interrelationships of the resources. The impacts
of management decisions on the designated resource and the secondary impacts
that result from the interrelationships with associated resources are of
great concern to resource managers and users.
To be adequate, the inventory must identify and locate all vegetative
eco-types, wildlife habitat, soils, available water, minerals, scenic and
special recreation areas, and recognize potentials for development along with
critical and fragile resources that must be managed with great care. All
these data must then be assembled into a usable form.
PLANNING
From this type of inventory base, resource managers can begin to evaluate
development and management potentials according to the interrelationships between resources and the social, economic, and environmental consequences that
may occur in various management alternatives. Out of this complex and complicated
mass of information, resource managers must assemble and package the facts and
management principles in a way that all resource users and the public can
fully understand. In addition, all feasible alternatives should be available
for consideration by resource managers, resource users, and the general public.
The general planning process must start with an orientation session for
resource managers so the entire interdisciplinary team is-aware of all the
resources, interrelationships of resources, and the management potentials available. Next, the teams must identify alternatives to be presented to the resource
users and the public.
At this point, a general orientation session for all resources users,
interested groups, and the general public should be conducted. It is important
that no special interest or user group is left out of the planning process.
After a complete and thorough orientation process, the resource managers, users,
and public are ready to begin developing the Coordinated Resource Plan for a
specific set of resources in a specific geographic area.
The planning process requires certain fundamental attitudes from those
people involved. First of all, they must have a commitment to develop a rational,
coordinated resource plan and implement it. Next, they must come prepared to
communicate with other users and interest groups. This means to listen and try
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to understand others' needs and desires. There also must be a recognition
that compromise likely will be necessary and that special interest groups may
gain more than they lose through compromises that can result in better plans.
Each member of the team also must be prepared to facilitate the planning
process as much as possible and still meet the goals and objectives of the
group.
Most of all, members of the planning group need to recognize their greates, benefits will accrue if they approach the planning process with the attitude
that they should make the greatest contribution they can with their experience
and resource management capabilities. They should not have the attitude that
their only reason for participating is to get the largest slice of the resource
pie.

COORDINATED RESOURCE MANAGEMENT IMPLEMENTATION
A Coordinated Resource Plan is of little use unless it is implemented. The
objective of the entire planning process and all the related activities is to
get the plan implemented and the resources under management. The time and
manner of implementing management often have much to do with success of the
program.
Adequate economic resources, technology, and management must be available
to meet implementation needs. This may require additional public funds to
accomplish management activities on both public and private lands. Capital
investments in the resource base are often necessary if increased values are
desired and development is necessary. Increased costs also may be associated
with the protection of aesthetics or environmental values.
No plan is ever complete or will always remain current. This means plans
and management repeatedly must be reviewed and updated. The complete planning
process need not be repeated but all concerned need to be kept aware of changes
and to have an opportunity to contribute thoughts and desires.
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