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TIMBER AND LIVE STOCK.

The western yellow pine forest is the most important source of
timber in the area drained by the Columbia River and its tributaries
east of the Cascades and north of the Snake River Valley. There
are estimated to be approximately 7 million acres of western yellow
pine (Pinus ponderosa) in the National Forests of this region, and
there is probably an equal area outside the Forests. A conservative
estimate of the National Forest stand is 50 billion board feet. At a
mwoéap rate of 100.board feet per acre per year ! the western yellow
pine land within the National Forests alone is capable of producing
a sustained yield of 700 million board feet of lumber every year.

" A considerable portion of the timberland now in private ownership

1 See U. S. Department of Agriculture Bulletin 418, “Western Yellow Pine in Oregon,” by T, T, ..E_,Emo_..
75256°—18—Buli, 738—1 ) LIBRARY
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will probably be devoted eventually to other use, but much of it is
-more valuable for the continued production of timber than for any
,other purpose, so that it is reasonable to expect a total annual incre-
‘ment of at least a billion board feet on National Forest and privately
;owned land now occupied by western yellow pine. In this region
-growth is rapid, the quality of lumber produced is excellent, abun-
dant natural reproduction follows logging, and the greater part of
w_wr,.m. area is accessible and fairly easy to log. The perpetuation of
the western yellow pine stand therefore insures the continuation of
an important part of the lumber industry in the Northwest.

Because of the small rainfall over most of the untimbered part. of
the region and the consequent dependence of the rapidly developing
agricultural industry upon irrigation, the maintenance of a forest
cover in the mountains is as desirable for regulation of stream flow
as for the production of timber.

The live-stock industry is important throughout this region, and
the greater part of the forest area is utilized as spring or summer
range for sheep and cattle. Although the quality of forage in
western yellow pine stands varies widely, there are no areas which
do not contain at least a small amount of palatable feed. Allowing
even the very liberal average of 7 acres per sheep or 35 acres ?ﬁ.
cow—a large part of it has at least double this capacity—the western
yellow pine type in the region described will supply summer range
for a million sheep or 200,000 cattle. .

The utilization of this forage, particularly on areas suited to sheep
rather than to cattle, has presented a somewhat difficult problem,
owing to the serious damage done by sheep to forest reproduction
under the methods of handling hitherto prevalent and to the resulting

idea common among silviculturists that sheep grazing and forest -

production can not be carried on together. To determine just how
much harm is done to forest reproduction- by sheep and how far
this damage can be reduced by more careful use of the range, an
intensive study was made on the Payette National Forest in central
Idaho during the years 1912 to 1914, inclusive. It is believed that
the results of this study, which are presented in the following pages
-are fairly applicable to the entire region described: _

STUDIES MADE ON THREE GRAZING >bHOA.HSHZH_m,

. The effect of sheep grazing upon conifer reproduction was studied
on a EEFE. of small sample plots well distributed over three mmw@u
rate grazing allotments. The study was carried on for three %m@um
on two allotments, one on Deadwood River and the other on Silver
Owomw,. a tributary of the Middle Fork of the Payette River. In
the third year, 1914, a third allotment, on the South Fork of the
Payette, was also studied, T
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EFFECT OF GRAZING ON WESTERN YELLOW PINE. . 3

These areas, which are near the western edge of the deeply dis-
sected central Idaho plateau, are characterized by a very broken
surface, steep slopes, and numerous streams with deeply cut canyons.
The soft granite, which underlies most of this part of the Forest, in-
terspersed with numerous veins of quartzite, outcrops frequently on
the steeper slopes and along the ridges, and the soil which is derived
from it is very porous and dries out quickly. Narrow flats along the
streams and occasional broader basins—probably once the beds of
small lakes—are covered with alluvial soil of considerable depth.

Annual precipitation in the areas occupied by western yellow pine
averages between 20 and 25 inches, of which a large part falls as snow.
Snow usually goes off between mid-April at the lower altitudes and
early June at the upper limits of yellow pine, and growth starts im-
mediately thereafter. Considerable rain falls in June; but after the
first week of July there is generally very little rain, except occa-
sional thunder showers, until the first part of September. In early
September a fall rainy period, with snow at the higher altitudes, is
usual. During the summer, days are usually hot and nights cool.
Altitudes above 5,000 feet are apt to be visited by killing frosts at
any time, while the lower altitudes are, as a rule, free from frost
from June 10 to September 1.

The grazing season for sheep commences some time in May in the
lower western yellow pine country and about the middle or end of
June in the higher and more remote areas, such as the Deadwood
allotment, and lasts until the feed dries and becomes comparatively
unpalatable, about the middle of August. The sheep are then held
on the higher ranges until driven down by snow or cold weather,
after which they sometimes spend a short time on the western yellow
pine range on their way out to the open country. :

Western yellow pine and Douglas fir seeds germinate for the most
part during May and the first half of June at the lower, and during
June and early July at the higher elevations, and occasional seed-
lings appear all through the summer. Lodgepole pine germination
continues in considerable quantity during most of the season. West-
ern yellow pine seedlings to a very large extent, and lodgepole pine
to a less extent, occur in small compact bunches, the result of the
seeds being buried by chipmunks.

THE DEADWOOD ALLOTMENT.

On the Deadwood allotment, which represents the upper exten-
sion of the range of the western yellow pine type, and all of which is
above 5,000 feet altitude, the timber is largely a mixture of varying
proportions of western yellow pine (Pinus ponderosa), Douglas fir
(Pseudotsuga tazifolia), and lodgepole pine (Pinus contorta), with
some alpine fir (Abies lasiocarpa); Engelmann spruce (Picea engel-
manni), whitebark pine (Pinus albicaulis), and g very few specimens
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of western larch (Larix occidentalis). Most of the western yellow
pine stands are on ridges or southern exposures between 5,000 and
6,000 feet elevation; where western yellow pine occurs on other sites
it is usually scattered as individuals or groups in stands of other
species. Practically none is found above 6,500 feet. By volume,
approximately 40 per cent of the timber on this area is western
yellow pine, 30 per cent Douglas fir, 25 per cent lodgepole pine, and
5 per cent other species. ,

The ‘virgin stand is more or less broken by old burns and insect-
killed areas, on most of which reproduction, especially of Douglas
fir and lodgepole pine, has become well established. Other openings
which have been occupied by dense brush contain only scattered
tree reproduction. Advance reproduction of all species is common
over most of the timbered area, though it is very unevenly dis-
tributed and of slow growth. Except on rather limited areas,
western yellow. pine reproduction is unsatisfactory in amount. At
the time the study was started (1912) there were very few seedlings
of this species under 10 years old, which indicates that years of
abundant reproduction are very infrequent at this altitude. There
were practically no saplings over 30 years old, probably on account
of extensive fires in the early 80’s. On the sample plots (see p. 5),
which were located for the most part only where some western
yellow pine reproduction was present, only 38 per cent of the seed-
lings were western yellow pine, while 32 per cent were Douglas fir
and 30 per cent lodgepole pine. ;

- The undergrowth on the western yellow pine part of the allotment,
a varying mixture of grasses, weeds, and browse, is unevenly dis-
tributed and averages rather low in forage value.!

.Hm;,u SILVER CREEK ALLOTMENT. .

_ The Silver Creek area, from 4,600 to 5,500 feet in elevation, is
fairly representative of the middle range of the western yellow pine
type. The timber is of much better quality than that on the Dead-
wood allotment, and a much larger proportion is western yellow pine.
Except on the moist flats along the creek, there is no lodgepole pine
in the stand. By volume, approximately 75 per cent is western
yellow pine, 20 per cent Douglas fir; and 5 per cent lowland white fir
(Abies grandis). .

“

1 Pine grass ( Calamagrostis rubescens), arnica (4. cordifolia), geranium (G. incisum), lupine (Lupinus
spp.), huckleberry ( Vaccinium membr and V. scoparium), spiraea (S. lucide), currant (Ribes
cerewm), willow (Saliz spp.), and ceanothus ( C. velutinus) are among the most widely distributed and char-
acteristic UEE,m. Other very common species include elk grass ( Carex geyeri), blue grass (Poa Spp.)
blue bunch grass ( Festuca idahoensis), silver dock (Balsamorrhiza sagittate), fireweed ( Chamaenerion angus-
tifolium), yarrow (Achillea lanulosa), hawkweed ( Hieracium scouleri), pacony (Paeonia brownii), valerian
( Valeriana sitchensis), bluebell ( Mertensia sp.), meadow rue ( Thalicirum occidentalis), Indian paintbrush
( Castilleja spp.), foxglove (Pentstemon spp.), Indian tobacco ( Eriogonum spp.), choke cherry(Padus demissa),
fire cherry (Prunus emarginata) rose, (Rose spp.), mountain ash (Sorbus sambucifolia), snowberry (Sym~
Phoricarpos rotundifolius), buck brush (Euneie tridentuie), and service berry (dmelanchier ainifolia),
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Reproduction is abundant and well distributed and on’ account of
the longer growing season growth is more rapid here than on the
Deadwood area. On the sample plots 58 per cent of the seedlings
were western yellow pine, 34 per cent Douglas fir, and 8 per cent
lowland white fir. . o

The undergrowth on this allotment is dense and fairly evenly dis-
tributed; browse predominates. Its forage value is much higher
than that on the Deadwood area because of its greater density and
the larger proportion of palatable species.t

THE SOUTH FORK ALLOTMENT.

The South Fork allotment represents the best western yellow pine
land in this region. Except for the main ridges, which. reach 6,000
feet, most of the area is between 3,800 and 5,000 feet in elevation.
Western yellow pine trees here occasionally reach a height of 190
feet. Western yellow pine makes up from 70 to 100 per cent of the
volume of the stand, which probably averages for the entire area 85
per cent pine and 15 per cent Douglas fir. . .

The forage cover is denser and more palatable than that on either
of the other two areas.  Even on the south slopes there are few of
the bare spots such as are common on the Deadwood allotment, but
there are more brush areas so dense that they can not be utilized.
Browse is the predominant type of forage, except on south slopes, on
which grasses and weeds predominate. 2

METHOD OF STUDY.

Small sample plots were chosen in such a way that they were well
distributed over the three grazing allotments and were so located as
to cover the greatest possible variety of conditions of topography,
stand, forage cover, and use of the range. They are believed, there-
fore, to represent fairly the western yellow pine type of forest in the
region described. . :

Thirty-nine plots were studied for the last year only, 40 more for
two seasons, and 72 more for three years, a total of 151 plots with an
aggregate area of approximately 75,000 square feet.

1 Characteristic plants are: Ceanothus ( C. velutinus and C, sanguineus), ninebark (Opulaster malvaceus) y
huckleberry ( Vaccini: membr ), choke cherry (Padus demissa), willows (Salix $pp.), spiraea
(S. lucida), snowberry (Symphoricarpos rotundifolius), rose (Rosa $pp.), pine grass ( Calamagrostis rubescens),
silver dock (Balsemorrhiza sagittata), fireweed ( Chamaenerion angustifolium), geranium (G. incisum), brome
grass (Bromus marginatus), and meadow rue ( Thalictrum occidentale). - 3

2 Characteristic plants are wheat-grass (4 gropyron spicatum ), June grass ( Koeleria cristata), blue bunch-
grass (Festuce idahoensis), brome (Bromus marginatus), blue grass ( Melica sp. and Pog $p.), ceanothus
(C. sanguineus and C. velutinus), ninebark (Opulaster malvaceus), snowberry (Symphoricarpos rotundi-
olius), spiraea (S. lucida), rose (Rosa spp.), willows (Saliz spp.), service berry (Amelanchier alnifolia),
mountain ash (Sorbus sambucifolia), maple (A cer glabrumy), buck brush ( Kunzia tridentala), syringa (Phila-
delphus lewisii), silver dock (Belsamorrhiza sagitiata), asters (Aster spp.), geranium (@. incisum), sun-
flower (Helianthella sp.), pea-vine (Lathyrus spp.) , lupine (Lupinus spp.), wild carrot (Leptotaenic sp.),
fireweed ( Chamaenerion angustifolium), hellebore ( Veratrum sp.), brake (Pteridium aquilinum pubescens),
nad meadow rue ( Thalicirum occidentalc).
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The species and height of all seedlings on the plots were recorded
at the beginning and end of each season, and in many instances at one
or more other times during the summer. Injuries due to grazing or to
other causes were noted at the same time. Record was also made of
the approximate date when each plot was grazed, and of the intensity
of grazing. ,

INJURIES TO REPRODUCTION CAUSED BY SHEEP GRAZING.

NATURE OF INJURIES.

Sheep injure forest reproduction directly both by browsing and by
trampling. In the case of browsing the injury may be confined to a
few needles or to the tips of side branches, the leader may be bitten
off, or the bark may be gnawed. With conifers such injuries, except
in extreme cases or when repeated, seldom result in permanent deform-
ity or death. A careful study of comparative heights of uninjured
seedlings and of those whose leaders had been removed several years
before showed no perceptible difference in the rate of growth, except
for the loss of the one year’s increment. An uninjured side branch or
a new bud takes the place of the leader, and the slight crook in the
stem, which is evened out as its diameter increases, usually disappears
within 10 years.

If the injury is repeated every year or two, of course the seedling
will be permanently stunted and will never become a tree. This has
happened along driveways which have been used for many years, and
also on bed grounds which have been used several nights at a time
year after year. It seldom happens except in such places. If an
average of 1 per cent of the seedlings on an area are injured by grazing
in one year, only 1 per cent of this 1 per cent will be likely to suffer
a second injury the next year. In 20 years only 1.7 per cent of the
seedlings will be likely to have been injured twice, and only 0.1 per
cent three times.

Very severe browsing, such as frequently occurs on bed grounds
which have been used too much, often kills the seedlings outright.
In order to test the recovery from such injury, a number of seedlings
between 6 inches and 3% feet high were entirely defoliated in 1913.
One year later 20 out of the 42 were dead, and the others, although
they had put out new needles, appeared to be unhealthy and likely to
die later. To test the effect of light browsing, only the foliage put
out during the current year was removed from a number of other seed-
Jings. This had no apparent lasting effect, since all were fully recov-
ered within a year.

By trampling, sheep may bruise the seedling, bury it under loose
soil or litter, uproot it, or break it. Such injuries, especially in case
of the smaller seedlings, often cause death. v

Es
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AMOUNT OF DAMAGE.

Table 1 shows the kind and amount of damage done by sheep on
the different allotments during the course of the study.

The damage to seedlings more than a year old was negligible in
quantity; a yearly average of 1.9 per cent of the number on grazed
plots was killed on the Deadwood area, and 3.7 per cent on the
Silver Creek area. The one year’s record for the South Fork (4.7)
indicates, when compared with the same year’s record on the other
allotments, that the yearly average for a three-year period would
probably have been between the Deadwood and Silver Creek averages.
Of seedlings less than one year old, on Deadwood an average of 15.4
per cent were killed, and on Silver Creek 24.9 per cent. The greater
mortality of both classes of seedlings on the Silver Creek area was
due partly to the greater intensity of grazing on that allotment and
partly to differences in the relative distribution of ages; the Silver
Creek area had a much larger proportion of reproduction less than
10 years old. These figures show the proportion of damage on
grazed plots alone; that is, they indicate the maximum loss which
would result if the sheep grazed over every square yard of their
allotment. As a matter of fact an area is seldom grazed so closely
unless it is very much overstocked; a great many spots are missed,
and many of them are likely to be patches of reproduction, since
there is usually little palatable forage in such places.

The last columns in Table 1 show the proportion of injury to the
total number of seedlings on all of the plots on each allotment. On
the Deadwood area, which was grazed rather lightly, averages of 1.1
per cent of the older seedlings and 8.8 per cent of those less than a
year old were killed each year, while on the closely grazed Silver
Creek area 2.5 per cent and 14.8 per cent, respectively, were killed.

Of the older seedlings on grazed plots on Deadwood but 0.7 per
cent were browsed, and of those on Silver Creek 1.5 per cent. Con-
sidering all plots whether grazed or not, 0.4 per cent of the seedlings
on Deadwood and 1.1 per cent of those on Silver Creek were browsed
each year; and fully one-third of these ‘‘injuries’ consisted of slight
browsing of needles or tips of lateral branches only. The smaller
proportion of one-year seedlings classed as ‘‘injured’” is due to the
fact that they are usually killed if injured at all.

Of the three important species present, western yellow pine appears
to be most liable to browsing injury, lodgepole pine somewhat less

so, and Douglas fir least. White fir is practically never browsed.

.



. ’ TABLE 1.—Seec.ll'£ngs killed and injured by sheep.
(A) SEEDLINGS MORE THAN ONE YEAR OLD.
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TaBLe 1.—Seedlings killed and injured by sheep—Continued.
(A) SEEDLINGS MORE THAN ONE YEAR OLD—Continued.
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Silver Creel - ---[ 165 321 22 1ggl..._. 5.7 7.9
South Fork. . 33.3 19 1.~ 0 w3 T B2
. -100.0) 42| a3|llIII| L R DO D I ¥
1 sl j 30.4) 6.7 2.2 g3 47] 139‘ 0 2.1 57...| 7.9

0T
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SIZES INJURED.

Table 2 shows the total amount of injury done by sheep on all the
sample plots during the period of the study, classified according to
the size of seedlings injured. Of the 1,782 seedlings killed, 1,294, or
73 per cent, were less than a year old, while only 11, or about one-
half of 1 per cent, were over 6 inches in height. Only one seedling
over 18 inches high was killed by sheep during the three years.
Only one sapling over 3.5 feet high was browsed or trampled; most
-of the injuries from browsing or trampling were confined to seedlings
less than 1.5 feet in height.

The relative mortality of seedlings of different sizes is shown in
Table 3. During the first few years seedlings succumb very easily
to slight injuries, because of their small size, shallow root system,
and the lack of woody matter in their stems. The loss due to grazing
decreased from about 20 per cent for seedlings in their first year to
11 per cent for those in their second and third years. By the end of
the third year they are from 2 to 4 inches high (depending on species
and site), their stems have become woody and fairly tough, and their
roots penetrate the soil for a foot or more, so that they are not easily
uprooted by trampling nor exposed to drying by the loosening of the
soil. Injury from grazing is so slight after this that there is no need
for closing reproduction areas to sheep after the third year, though it
may be desirable to graze such areas lightly for a few years more,
until the seedlings reach a height of 6 inches. .

TABLE 2.—Relation between size of seedlings and injury by grazing.

(Total injuries for thrce years on sample plots on all allotments,)

Injured.

Species and height class. n.
: Need-| 8ide |ir.iqor| Bark. | THO®-| Ay, |Killed.

les. [branches. pled.
‘Western yellow pine: .
Under 1 year...c..cueuieiuieiauenncnns b 2 P2 3 O 6. 32 1,010
1 year old to 6 inches high.............. i 10 .. ... 46 | 13 69 216
6inchestoldfeet....................... 31 1 38 5 36 111 7
13to24feet. ...l 7 10 8 1 2 28 1
2k to3hfeet. .. . ool 1 1 2 aaaaas L%
Douglas fir:
Underlyear-.....coovneciioimaionnannn

1 year old to 6 inches high .
6 inches to 13 feet.....
1% feet to 2% feet - - -
23 to3%feet. .. ...l
Lodgepole pine:
Under 1 year-......
1 year old to 6 ing
6 inches to 13 feet
1% to 2% feet. .
2% to 34 feet. .
- 3ktoddfeet... ...
‘White fir:
Underlyear............cooivimeeaenn..
1 year old to 6 inches high.......__._._.
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TaBLE 3.—Seedlings killed by sheep, by sizes.
(Percentages of total numbers on grazed plots.)

West
Year and size class. wo:omﬁu Uo%nm_mm
Pine. '

1912;
Less than 1 year!
1 year old to 6 inches high._..
6 inches to 1} feet
1913:
LessthanTyear................... 25,
1to2years.................. .
2 years old to 6 inches hugh.... . .
6 inChes t0 13 feete - -oen.. ... oo T4 )
1914: . T
Lessthan lyear-...... ... _............................
lto2years... ... .............
2to3years......................
3 years old to 6 inches high
6inchestol3feet. ... ... ... ... ... ........ e
Average:
Less than 1 year
1to2 years.......... -
2to3years... ...,
3 years old to 6 inches high B
6inchesto13feet...... ... ... ... LT

o
Henpt

NOROR MR WweS;mo

=

L@
i

!"!“2“.lg

=

L Eeen

PO OO OO e
w5

L g v
PR

t Number killed by sheep in 1912 partly estimated. -

Tables 4 and 5 show the rate of growth in height of the important
species on the Deadwood allotment, which corresponds to sites of
poorer quality than the average, and on the South Fork allotment,
which corresponds to average or better western yellow pine sites.
The figures given represent growth of advance reproduction, mostly
under timber rather than in openings. For comparison, the growth
of dominant western yellow pine seedlings in eastern Oregon ! is also

shown.
TABLE 4.—Juvenile height growth on experimental area.

Western yellow pine. Douglas fir. Hcmmm%os
Age in years.
South Blu
Deadwood. Fork, goﬁuﬁmambm. Deadwood. Wﬂﬁm& Deadwood. .
Height in feet.
B, 0.3 0.5 0.8 0.2 0.2
1001 .6 .9 L7 4 -6 -2
15, e 1.2 2.1 2.7 .8 1.3 1.3
20, e 2.0 b N 2.4 2.2 2.4
2. L 3.0 5.5 200l 2.1 3.6 4.0
80, i 4.2 9.6 |......l..... 2.8 5.5 6.2
ww ............................. mw B.9f.......... 3.7 9.5 10.0
............ %X T ISR i I
Number seedlings basis. ....... 586 738 1,182 SM 521 chm
TaBLE 5.— Years required Lo reach a given height.
Deadwood. South Fork.
Height in feet. Weste
%m:o%d. Douglas | Lodgepole dwmwﬂu Douglas
pine. fir, pine. “pine. fir,
Years. Years, Years. Years. Years.
8 12 9 5 10
17 20 16 13 16
23 28 20 17 20
27 34 24 20 25
31 39 27 23 28
35 43 2 25 30

EWMMMW United States Department of Agriculture Bulletin 418, Western Yellotv Pine in Oregon, by T. T.
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After seedlings are 6 inches high the damage caused by moderately
close grazing is negligible. According to Table 5, western yellow

pine reaches this height in 5 years on the better sites or in 8 years on .

the poorer sites, Douglas fir in from 10 to 12 years, and lodgepole
pine in 9 years. There is practically no damage at all after seedlings
reach 1.5 feet in height, or after from 13 to 17 years for western yellow
pine, from 16 to 20 years for Douglas fir, and 16 years for lodgepole
pine. : . :

From Table 3 and the height growth it is computed that on the
Deadwood allotment 46.5 per cent of the western yellow pine which
germinates will be killed if the area is grazed every year, or 8.7 per
cent if grazing is eliminated until seedlings have passed their third
year. On the South Fork the figures will be 43.4 per cent and 5.7
per cent. Of Douglas fir in Deadwood, 48.8 per cent will be killed
by grazing every year, or 14.3 per cent if it is suspended for three
years; on the South Fork 44.2 per cent, or 9.9 per cent-after three
years, will be 1ost. In Deadwood 39.7 per cent of the lodgepole pine
seedlings will be killed, or 15.1 per cent if the area is grazed after the
third year only. -

According to Table 3 a much larger proportion of western yellow
pine seedlings less than a year old are killed than of Douglas fir,
while only half as many of lodgepole pine are killed. This is probably
due partly to the taller and more succulent and brittle stems of western
yellow pine seedlings and partly to the fact that lodgepole pine repro-
duction is more abundant where there is comparatively little palatable
forage cover, so that grazing is apt to be lighter on spots where
lodgepole pine seedlings predominate than where western yellow
pine is the prevailing species. The characteristic distribution of
western yellow pine seedlings in clumps planted by chipmunks and

mice (Douglas fir and lodgepole pine usually occurring singly) may also -

result in a somewhat larger mortality, since the disturbance which

affects one seedling in a clump affects the whole group. -
Table 8 indicates that as a general thing western yellow pine is

less likely to be killed after its third year than is Douglas fir or lodge-

pole pine. This may be due to the larger size of three-year old yellow

pine seedlings.
SEASON OF INJURY.

To determine the relation between the amount of damage and the

time of year when the grazing was done, the plots grazed on the Dead-
wood allotment in 1913 were grouped into three classes: (a) those
grazed early in the season, or up to the latter part of July, which in
1913 was a fairly moist period; (b) those grazed in midseason, from
late in July to the middle of August; and (c) those grazed late, or
after the middle of August, the driest part of the season. Table 6
shows the relative amount of damage done during each period.

EFFECT OF* GRAZING ON WESTERN YELLOW PINE. 15

TaBLE 6.—Grazing injuries, by time of year, in percentages of number of seedlings on the
plots at the time they were grazed.

(Deadwood allotment, 1913.)

Injured (over 1 year .
old). Killed.

Time of grazing and species. 0 1
. ver 1 year

B . Under 1 old and
rowsed. | Trampled. yearold. | under 13

ieet high,
kuﬂmu_.ﬂﬁuumﬂ: ’ i
estern yellow pine.... ... ... ... ... ...... 1
Douglasfir......._..__.. .- mw wwm ¢ m
Lodgepole pine...... eealan .. MJ 18.5 4.8
Al e, 1 23.4 1.4
Middle summer:
Wmmnwsu n%%:cﬂ pine [ NN PO 14.3 .5
ouglasfir.. .. ... ....... e . 1 1 4
Lodgepole pine...,.._.._.. cene C C e 13
@) ) 6.8 1.5
Al 6 2 11.6 L1
Late summer:
Waestern yellow pine [ TR I,
Douglasfir....._....._.. A_W -
Lodgepolepine.............._.. ...l ) ()
AN 5 1
I Very small.

Injuries which did not result in death, particularly those due to
browsing, though insignificant at any season, were greater late in the
season than during the earlier period. This is probably due to the
drying of the succulent forage of the early part of the season and to
the greater liking of sheep for browse types of forage as the season
advances. :

The proportion of seedlings killed by grazing, particularly of those
less than a year old, was very much greater early in the season than
it was later. "The reasons for this are that early in summer the seed-
lings are rather brittle, with little wood in their stems; their roots do
not go down very deep; the soil is moist and easily shoved out of
place by the sheep; and seedlings injured early are either killed out-
right or have small chance to recover because of the dry period which
follows the injury. By the middle of August the season’s growth is
nearly completed, the stems are tougher, the roots deeper and more

~widely spread, the soil is more firmly packed, and an injury is soon

followed by the fall rainy period and the long winter period of rest,
so that there is a fair chance for recovery from sligh$ disturbance.

RELATION BETWEEN AMOUNT OF DAMAGE AND INTENSITY OF GRAZING.

The relation between intensity of grazing and amount of damage is.
shown in Table 7. Where the surface of the ground was not appre-
ciably disturbed by trampling and very little of the forage cover was
eaten the plot was classed as ‘lightly grazed” ; where most of the
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palatable forage was eaten, but the ground was not seriously tram-
pled, the plot was classed as ‘““moderately grazed”; and where prac-
tically all forage was eaten and the surface considerably worn by
trampling, it was called ‘‘closely grazed.” Bed grounds, where the

sheep bunched up for the night or during the middle of the day and

where grazing was most intense, were grouped separately.

TABLE 7.—Grazing injuries according to intensity of grazing.

(All years and allotments.) A .
(A) SEEDLINGS MORE THAN ONE YEAR OLD (1912 TO 1914).

Numbers.
Seedlings on plots.
Killed. Browsed. Trampled.
Intensity of grazing. | & ° & 2 .t S0 et
IR AN I M A IR E
gE | = [o5 |8 |gR| g o8| & [8E]| 2 [=8188| g |of
5 S e @ S lewd| o | 8 s (58 51 S| s
L | " sh 28w o 2 S| W [ SE B (g™
238 =] ’ ol o = |25 | 3 ag| g |®
O s o . W o~| 5 |.©o W o] 5 |oo o~ B e
E-lAa A B olAa]a BElala |BE (8 ]2
,446 11,392 | 168 [ 35| 37| 25 1( 13 4....0 6 5 1
, 761 7i4 | 193 59| 33| 62 8| 25 3 |-a--- 9 1 2
,351 398 76| 8| 23| 1l j..... 40 6 2| 18 4 5
993 685 |..... 50| 32 421|..... 831 13| 10| 18| 13 9
(B) SEEDLINGS LESS THAN ONE YEAR OLD (1913 AND 1914).
85 496 1| 16| 12] 26 |.....
138 385 11| 230 | 29| 58 6
240 106 27344 35| 181.....
213 54 |..... 244 | 451 16 .....

(A) SEEDLINGS E..Owﬁw THAN ONE YEAR OLD (1912 TO 1914)—Continued.

Per cent.
Killed. Browsed. _ Trampled.
" Intensity of grazing. o o |W. ° .mw. m
B .3 . .1 L. .
Bl € |ag| g 2| E | ag Bl 9 | ey
£2| 2 28| @ g 2 | oF gal. g | o8
S| W |gr| B Sl w |agx| |28 ®» [o8]
82 3 o E - 82 g o — 32 m o -
S <] = | 3 2 g =
- A (A - < |~ [SEEES] -« A A <
14| 15| 1.8 0.6 L5 0.5].0.2 03| 0.2] 0.2| 0.1{ 0.2
2.7] 19| 7.4| 41| 3.2} L1 .1 6] .4 .1 .3 .3
83| L7| 2.8]...-.. 2.7 L7 .5 1.1 .8 .31 1.3 W7
3.8] 3.2 6.1 ...... 42| 7 1.3} 1.5(. 3.7 - L5| 1L3| 1.3 1.4
(B) SEEDLINGS AR OLD: (1913 AND 1914)—Continued.
Light... 6.3 aeae
Moderate. 24.3 -
28.7 .1
29.6 4

Bk
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Fia. 1.—~AREA USED FOR BED GROUND FOR ONE NIGHT. e

Injury to reproduction and to forage cover is not serious.

Fe17354-A

FiG. 2.—BeD mzoczo USeEDb SEVERAL NIGHTS IN SUCCESSION.
Note entire absence of vegetation and thick layer of mulch,
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F-17355-A

INJURY TO LODGEPOLE PINE REPRODUCTION ON BED GROUND USED FOR SEVERAL NIGHTS.
Few of these saplings recovered from the injury.
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As would be expected, the amount of injury and death increased
fairly constantly with increased intensity of grazing., Except on
bed grounds and areas grazed with similar intensity, the damage was
not very serious for seedlings more than a year old, and even in
such places only 4 per cent of the seedlings were killed. A con-
siderable proportion, from 20 to 30 per cent, of those less than a
year old were killed on all except the lightly grazed plots, where
only 6.5 per cent were lost, .

Table 8 shows that after their third year a very small proportion
of seedlings, less than 1 per cent per year, is killed by grazing of
moderate intensity; that is, by grazing close enough to utilize prac-
tically all of the palatable forage. . _

.Fwwiwm.l.m.&&?ﬁ.ﬁ.eiwf&.m&&8Nw\m&?@wN&:&.gg%%os..Se&&.ﬁ&@
. grazed plots. : :

Per cen} of seedlings on grazed plots
- - killed.
Allotment and species.
Average
1912 1913 1914 for
: period.
Deadwood:
Yellow pine........... 0.7 0.26
Douglasfir............. - .8 S .47
Lodgepole pine - . -5 | 2.5 1.08
7. NN A 1.1 51
Silver Creek:
Yellow pine. 6.5 1.11
Douglas fir - . 4., . . 107
‘White fir
7 N RS 5.5 1 2 PO, 95
South Fork:
Yellotv pine.
Douglas fir. .. ovoi e
Al e L S b T D
All areas:
Yellow Pine. ..o
Douglas fir. .eoueeuienimiiiiiiiaa
Lodgepole pine
‘White fir..... S R CrCIETTTTTEPETPEPRRES . I
T | e PO .76

Although the plots did not happen to be located so as to show the
effect of repeated use of the same bed ground, it was established by
observation that the damage on the second and succeeding nights
was very much greater in proportion than that on the first night.
The first time a bed ground is used the sheep spend the time just
before dark and in the morning before they are driven off the area
in browsing, first, such forage plants as are present, and then, if
they are left too long or forage is scanty, the conifer reproduction.
Very few seedlings were browsed on the experimental areas on bed
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grounds used for one night only. On one plot which was part of a
bed ground in 1913, only 37 out of 160 seedlings less than a year old
were killed by the sheep. If sheep are driven back to the same bed
the next night, or at any time before a full new crop of foliage has
sprung up, the damage by browsing is almost always very serious;
as there remain only the least palatable forage plants and the conifers.
On bed grounds used for several times in succession every green leal
is removed, and even the bark of saplings up to several inches in
diameter is gnawed off. For like reason similar conditions prevail
along driveways used for several bands of sheep. ,

CUMULATIVE EFFECT OF GRAZING.

The cumulative effect of three years’ grazing is indicated in Table
9, which shows in percentages of the numbers originally on the plots
in the spring of 1912, the numbers gained by germination, those lost
by death, and the net result. The figures, which are grouped accord-
ing to the average intensity of grazing during the three years, show
plainly that in spite of greater germination on the more closely
grazed plots the net loss increased rapidly with increased intensity
of grazing. While there was an increase in the number of seedlings
on plots grazed lightly or not at all, there was a slight decrease on
moderately grazed plots, and a considerable loss on closely grazed
areas.

‘TABLE 9.—Changes in numbers of seedlings from spring 1912 to fall, 1914, on 71 plots on
Deadwood and Silver Creek, in percentages of the numbers originally on the plots in the
spring of 1912.

‘Western yellow pine. Douglas fir. Lodgepole pine.
Average intensity of grazing. | Per Per . Per Per . Per Per
cent cent nwhm-_n cent |.cent oww_n cent cent Humm
alive | germi- | goo5 | alive |germi-| oM | alive | germi- %_SM
at end. | nated. * | at end. [ nated. * |at end. | nated, [ ¢1€d-
Not grazed...... g, 96.3 61.5 65.2 | 104.6 54.4 49.8 | 143.8 59.7 15.9
Grazed lightly. .. . O4. 4 427, 48.3 1 100.6 30.2 20.6 ) 172.3 | 184.7 112.4
Grazed moderately . 78.4 76.0 97.6 | 102.4 25.2 22.8 | 133.1 87.3 54.2
Grazed closely.. . .. 73.2 101.7 | 128.5 96.1 61.2 65. 1 99.4 38.2 38.8
Beds......oliviiiiiiiiiL 65.3 | 133.7| 168.4| 100.0| 3816.7 | 316.7 [........ ... |....07
FN | S © 834 7L8| 88.4| 10L.3) 36.7| 354 146.1| 108.9 62.8
1 ‘White fir. All species,
|
Average intensity of grazing. Pe >, .
r cent | Per cent Per cent | Per cent .
alive germi- WMM mn%ﬁa alive germi- Hx%. .%E».
atend. | nated. * | atend. | nated. led.
Not grazed......... ) R 100.0 12.9 12.9 110.3 54.3 44,0
Grazed lightly. . . 21.1 15.8 110.6 64.3 53.7
Grazed moderately 28.5 28.5 93.6 56.6 63.0
Grazed closely . .. - B T 81.2 86.5 105.3
Beds. .o e e 100.0 67.9 150.9 183.0
ALl . - 100.5 20.7 20.2 98.5 64.9 66. 4

I
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RELATION BETWEEN AMOUNT OF DAMAGE AND AMOUNT AND CHARACTER OF THE
FORAGE.

The quantity of palatable forage on a given area may affect the
amount of damage done in two ways. If the total quantity of feed
is too small for the number of stock allotted to the area, there will
probably be considerable browsing injury and more injury from
trampling than if there is abundant feed so that the sheep need not
wander around looking for it. On the other hand, whether the
allotment as a whole has ample forage for the allotted stock or not,
the injury due to trampling, which causes most of the deaths of small
seedlings, is likely to be greatest on those parts of the allotment
where the amount of palatable forage is greatest. The reason for

- this is that the sheep will spend more time where forage is abundant

than where it is scanty.

Trampling is more serious on steep slopes than on more level
places, except around beds, watering places, or along driveways,
because of the tendency of sheep on hillsides to follow each other's
footsteps and thus wear trails, and because of the greater likelihood
that seedlings will be uprooted or buried by trampling in such places.

Where the forage is composed largely of tender herbaceous vege-
tation reproduction is more subject to damage than where there
are shrubs or dense tufts of perennial grasses or weeds to protect the
seedlings. .

COMPARISON OF THE DAMAGE CAUSED BY SHEEP AND BY OTHER AGENCIES.

To account for deaths due directly or indirectly to grazing, but
whose cause could not be definitely traced, a comparison was made
between the total deaths during the summer on grazed and ungrazed
plots.

With very few exceptions, the mortality on grazed plots was the
greater for all species and size classes. Excepting the 2 to 3 year
old white fir, for which there were too few figures for a good average,
this difference in favor of ungrazed plots was very marked for all
seedlings less than 6 inches high. _

Table 10 indicates that a large number of the smaller seedlings
died even where no grazing was done. The total amount of injury
and death during the period of the study due to causes other than
grazing is summarized in Table 11. Tables 12 and 13 compare graz-
ing injuries with those due to other causes for the different species
and allotments. . )

The increase in the number of deaths in 1913 and 1914 was due to
the greater number of plots and the larger number of seedlings
examined, and to the greater proportion of seedlings less than 1
year old which resulted from the abundant germination, especially
in 1913. :
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TaBLE 10.—Deaths during summer, from all causes, on grazed and ungrazed plots.

(All years and allotments.)

Western Lodgepole Whi
yellow pine, | Douglas fir. pha, White fir. AlL

Height class. Not | Not Not Not | Not
grazed. Grazed. grazed. Grazed. erazed. Grazed., arazed. Grazed. erazed. Grazed.

Deaths in per cent of the numbers of seedlings on the plots.
Under 1 year............. 36.5| 50.2] 35.2 31.3 53.4
1 t0 2 years. | 19, - 25. 23.6 19.8 24.9
2103 years .12 17. 1.8 11.8 19.0

3 years old {o 6inches hig] 4. 6. 2.1 2.9 4.8.

6 inches to 13 feet... 1 . 3 .6 .6
13 to 23 feet..... .2 i3
2% to 3L feet... . .2 1
3ttoddfeet. .. ... ... ... .2
dFtobsfeet. . e e

Taking the combined areas as a whole, more than three times as
many seedlings were killed by other causes as were killed by sheep
grazing, and five times as many were injured. The injury to leaders
and side branches of Douglas fir and lowland white fir was princi-
pally due to late frosts, which in 1913 and 1914 killed back much of
the new growth on these species. This injury was less serious on the
Deadwood than on the other areas, probably because growth com-
mences several weeks later at the higher altitudes. The pines, espe-
cially western yellow pine, are attacked by a tip moth whose larva
develops in the leader and finally cuts it off. Other injuries were
due to rodents (rabbits and porcupines especially), birds (particularly
grouse), and fungous diseases of needles and bark.

TaBLE 11.—Deaths and injuries on all plots, due to causes other than sheep grazing.

Deadwood. Silver Creek.

Yeear and species.

Needles.
Side
Leader
Bark
Tram-
pled.
Kiiled
Needles
Side
Leader.
Bark.
Killed.

1912;
Western yellow pine..... 1}......|] 58 4 1
Douglasfir..............|-.ooo. 1 20 |...... 21 67 ... 3]...... 19
Lodgepolepine...........{......0...... 11 2 b 5% IR 3 (RN DR PR (RN P,
L2 T i 00N DO DN NS SO S SO R AU MO M 1

1913;
Western yellow pine
Douglas fir

Whitefir.................

1914;

Douglasfir........ . 220 |...... 46 | 468 |...... 269
Lodgepole pine..... . N
Whitefir.................

Allyearstotal......... eeans 5 32

‘Western yellow pine ol 2| ssl..... 518 1 4| 23 2| s
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TaBLE 11.—Deaths and injuries on all plots, due to causes other than sheep grazing—Con.

South Fork. All areas.
Yeear and species. 4 a1 = 4 I K . s
B leg| 2 |4 |83 8 |2 |8 3 |4 (83| B
3 1ssl 8| § | 84 m 3 [=28) 8 g |84
Z |Be | A Mm e z | @8 R (IR 5
1012
Western yellow
pine........o..... 544
Douglasfir......... %
Lodgepole pine..... 13
Whitefir........... - 1
.\ | I 634
1913:
Western yellow .
pine............e. 1 2 141 8|...... 1,931
Douglasfir......._. R . 517
Lodgepole pine. .. - 593
‘Whitefir........... 1
' ANl 3,052
1914:;
Western yellow -
pine.__.......... 2 1 43 5 21 142 6 7 121 7 2 1,147
Douglas fir 91 551
Lodgepole pine. .. 1 620
5&#0 fir. 21 116 |.oeondeeenns 19
Al ... 2 20| 261 5 21 204 6| 120! 1,200 7 2 2,337
‘Allyearstotal._.._..... 2| 20| 261 5 _ 27| 204 8] 123| 1,553 23 6| 6,023

TaBLE 12.—Comparative damage from sheep grazing and from other causes.

(All allotments and years.)

Nature of injury.
Species and cause of injury. sl . m Allmot
ide ram- no 5
Needles. branch. Leader. | Bark. pled. Killed. Killed.
‘Western yellow w.mbsu :
Sheep. . .....cceemmaeaaa.o 51 12 116 8 57 244 1,234
Other..coacieeninacaaoo. 8 9 338 20 3 378 3,622
- Douglas fir:
(5317723 + SRR (RPN 5 21 1 25 52 275
L moauan ................................. 92 1,062 |.enunenn.. 2 1,146 1,144
odgepole pine:
muw.w..o v .................... 3 3 Tleveeanennn 18 31 256
Other....oocevemevmmanae]eeananaaas 1 45 3 1 50 1,226
‘White fir: - ’ -
[2) 3] PSSP RS PN s P ceenenccad] 17
(07317 SRR I, 21 I E:3 R PO, 139 31
Allspecies:
Sheep. ccvevemmiannannan 54 20 146 9 99 327 1,782
Other.onomomemeeananns 8 123 1,553 23 6 1,713 6,023

Table 14 shows the causes of death in 1913 and 1914, as far as
could be ascertained with a fair degree of certainty. Of the several
hundred deaths whose cause could not be determined, most were
probably due to drought or a combination of drought and excessive
heating of the surface soil. This is the most serious obstacle to suc-
cessful reproduction in the western yellow pine type. “Winter-
killed” in the first column of the table really embraces a number of
causes, including drought, frost, fungus, and others.
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TaBrE 13.—Comparative damage from sheep’ grazing and from other causes.

(All years and species. )

Nature of injury.

Allotment and cause of injury. .
Side . ' Tram- | Allnot i
7 Needles. branch, | Leader. | Bark. pled. Killed, | Killed.
Deadwood: i i .
34! 4 65 7 84 194 753
] 32 577 13 4 631 3,022
18 7 68 1 11 106 970
1 71l 715 2 PO e 792 2,797
2 9 12 1 4 - 28 5%
2, 20 261 3 2 290 204

TaBLE 14.—Causes of deaths of seedlings between the end of the summer of 1912 and the
end of the summer of 1914.

Less than 1 year old. More than 1 year old.

Cause of .momar

‘Western Lodge- | Western Lodge-
yellow Uo%«m_um pole yellow D o%u.wumm woww
pine. . pine. pine. . pine.

Rolling log-
Crowded. ...

VALUATION OF DAMAGE.

Using the table of height growth and the average proportions of
seedlings of different sizes killed by all agencies on the grazed plots
on all areas, curves were constructed to show the per cent of mor-
tality at different ages. Table 15 was read off from these curves,
and from it was computed Table 16, which shows the number of
seedlings of any age up to 20 years necessary to insure a stand of
100 trees per acre of any of the three species at an assumed maturity
of 150 years. These figures allow for deaths from all ordinary
causes, including grazing every year, but, of course, do not allow for
extraordinary deaths due to such causes as fires or epidemics of
insects or of fungous diseases, ‘ .
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TaBLE 15.—Average mortality from all causes on grazed areas of seedlings of different ages.

Deadwood. . South Fork,
Year of age. West Lodge pole| Weste
estern . | Lodge pole estern N
yellow pine. Douglas fir. pine. yellow pine. Douglas fir.
Per cent. Per cent. Per cent. Per cent. Per cent.
82 80 50 82 80
42 47 35 41 47
27 28 A4 22 28
20 20 10 . 14 18
15 16 11 9 13
1 2 | 7 10
8 10 5 5 8
- 6 8 4’ 4 [
5 6 3 3 4
4 5 2.5 2.5 3
3 4 2 2.5 2.5
2.5 3 1.5 2 2
2 2.5 1.5 2 1.5
2 2 1.5 2 1
2 1.5 1 1.5 1
L5 1.5 1 1.5 .5
1.5 1 1 1.5 .5
1.5 1 1 1.5 .5
1.5 1 1 1 .5
1.5 1 1 1 .5
1 .5 .5 1 .5
1 .5 .5 .5 .5
.5 .5 .5 .5 .5

TaBLE 16.—Average number of seedlings per acre at different ages mecessary to insure a
stand of 100 trees per acre of any of the three species at 150 years, if ordinary grazing
every year is permitted.

Deadwood. South Fork.
At beginning of year. oot .
ghuniig oty Western | 1400105 | Lodgepole | WWestern Douglas
vellow fir pine yellow fir
. pine. . . Ppine. .
6,700 6,850 1,475 4,350 5,170
1,200 1,370 735 790 1,085
700 725 480 470 575
510 526 365 365 415
410 420 305 315 340
345 350 270 290 295
310 310 255 270 265
285 280 240 255 245
265 255 230 245 230
255 240 225 240 220
245 230 220 230 215
235 220 215 225 210
230 215 210 220 2056
225 210 205 215 200
220 205 205 210 195
215 205 200 205 195
210 200 200 200 195
210 + 200 195 200 190
205 195 195 195 190
205 195 195 195 190
200 190 190 190 190

On. the basis of the material in United States Department of Agri-
culture Bulletin 418, ‘“Western Yellow Pine in Oregon,” a full stand
of western yellow pine of 16 inches diameter, approximately 150 years
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old, should have about 40 trees per acre. This would mean a volume
of about 10,000 board feet. A small, mqmb-pm& stand on. the Payette
Forest, approximately 150 years oE had 230" trees per acre, prac-
tically all western yellow pine, vog&oﬂ 10 and 22 inches diameter,
besides 160 trees below 10 inches; and its volume (trees 10 Eorom
and over) was approximately 23,000 board feet per acre. This is
very exceptional for a stand in virgin forest, but may be HVOmmHEo with
managed forests.

If 40 trees per acre are assumed ﬁo constitute a full stand, but 0.4
as many seedlings as are indicated in Table 16 will be bmmmmnf but if
200 trees per acre are assumed, the figures in the table should be
doubled. Ifafullstand of Douglasfiris taken as 167 trees,! the figures
should be increased by two-thirds for Douglas fir stands. Assuming
250 trees per acre 2 asnormal forlodgepole pine at maturity (140 years)
the figures in Table 16 should be multiplied by 2.5—that is, there
should be approximately 3,700 seedlings the first year.

TABLE 17.—Amount of reproduction on all plots, spring of 1914, R&ﬁn& to a per acre
basis.

(Allsizes up to 5% feet high.)

Number per acre. Per cent of total.
Allotment. West- West-
ern | Doug- Homum%. White | queat | ern Doug- bom_w@. White
yellow | las fir. | P fir. - yellow las fir. | P! fir.
pine. ] pine. pine. pine.
Deadwood. .. omneuememnnn... 3,450 | 2,870 | 2,750 |........ 9,070 38 32 30 |oennnnn .
Silver Creek . eceeeee| 6,580 | 3,940 |...o.._. 910 | 11,430 58 34 [o..o.... 8
South Fork........oooaoo.o. 5,050 | 2,070 |eeeoa-fo....] 7,120 71 29 oot

Table 17, which shows the number of seedlings per acre actually
present on the plots on all three allotments in the spring of 1914,
indicates plainly that there was sufficient reproduction present to
make a full stand in spite of grazing injuries. On areas as well
stocked with reproduction as those covered by the study the com-

paratively small amount of scattered injury which results when the .

stock is carefully managed can hardly be said to represent a tangible
loss of value. Where the number of seedlings present is already
insufficient to make a full stand at maturity, or where injuries are
concentrated, as on trails, bed grounds, or very seriously overgrazed
areas, so as practically to eliminate all reproduction over a continuous
area of any considerable size, there is a loss.

If seed trees are present in sufficient quantity to reseed the area,
the loss will equal the value of the growth already made by the seed-

1 See Bulletin 418. .
2 See United States Department of Agriculture Bulletin 154, “Life History of Lodgepole Pine in the
Rocky Mountains,” by D. T, Mason, p. 31,

EFFECT OF GRAZING ON WESTERN YELLOW PINE, 25

r\EwmV which at 10 years of age will be approximately 30 cents per
acre or $0.001 per tree if there are less than 300 seedlings per acre,
and at 20 years 75 cents per acre or one-third of a cent per seedling
where there ave less than 250 per acre. These values, which are based

on an average annual increment (for a 150-year rotation) of 100 board

feet per acre and a stumpage price of $5 per 1,000 feet, are liberal.!
With an average annual increment of 200 board feet, which may be
possible on the best sites, the loss would be 60 cents and $1.50 per acre
at 10 and 20 years.

In case of restocking open burns, clear-cut areas, or plantations,
where the reproduction must be H.&&momm E.Emogz%» the loss will be
the above cost plus the cost of restoration, which has been estimated
at $9 per acre for eastern Oregon; $10 per acre, or 4 to 5 cents per tree,
will cover the wholg loss. Such areas of total destruction need not

occur with regulated grazing, except possibly in the case of a few

driveways which for topographic or other reasons can not be: so
located as to avoid injury; and unless ﬁpm range is o<9,mﬁo&mom these
can in any case be kept very small.

BENEFITS OF SHEEP GRAZING TO THE FOREST.

Benefits to the forest resulting from the use of the range may often
offset the mmm_pw damage done by regulated grazing. These benefits
may consist in direct aid to forest H.owuomﬁoﬂob or in lessening the
danger of serious fires.

AID TO REPRODUCTION.

The value of sheep grazing in helping tree reproduction to start is
frequently overestimated. It does result in more abundant ger-
mination under certain conditions, viz, in case of mea% grazing on
poor sites. A pair of %_Oam on a very poor Hommmwoﬂo pine site, similar
i all respects except in the intensity of grazing on them, mroém& this
result:

Bed ground, Lightly
1912, grazed, 1912,
.P_,ou (SQUAre e L) . . oo e e e caaaaas 800 800
Seedlings over 1 year old e cee- - s Nomne. None.
Germinated, 1913 . ... e 75 17

In this case the soil was so dry and lacking in organic matter as to
be very unfavorable to reproduction, but the sheep, bedding in the
same place for several successive EmgmM left a thick layer of mulch,
so that seedlings not only germinated in greater numbers, but mwmdq
much more vigorously than those on the lightly grazed plot. As is

usually the case where an area is excessively overgrazed, all of the

1 See Bulletin 418,
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reproduction already on this bed ground was severely browsed and

much of it killed.

Table 9 also shows an increase in germination on the most closely
grazed areas, but indicates that light or moderate grazing did not
have this result; while a series of plots on sites naturally favorable
to reproduction showed that on such sites even close grazing may not
result in greater germination. These plots showed this result:

Bed ground, Lightly
1912, grazed, 1912,
Area (square feet)........ . 1,380 1,380
Seedlings over 1 year old 41 40
Germinated, 1913.... .. 128 235

The theory is often advanced that sheep grazing aids the seeds to
germinate by ‘‘harrowing” them into the soil. This might be an
important factor if the grazing were done after the seeds fall; but
since the cones usually do not begin to open to any great extent
until September, near the end of the grazing season, and since most
of the germination takes place before the sheep go on the timbered
range in the spring, the benefit is slight. As lodgepole pine seed
begins to fall somewhat earlier than the other species and germinates
during most of the summer and fall, its germination may be con-
siderably helped by the ““harrowing-in” process. ,

- It it probably not true that sheep by loosening the soil and eating
competing foliage help seedlings to survive. Table 18, in which the
total deaths between the fall count in 1913 and the first count in
1914 are grouped according to the intensity of grazing during 1913,
shows that the proportion of survival through the winter was slightly
greater on grazed areas than on those which were not grazed. Table
10, however, shows plainly that the sheep did not help seedlings to
live through the summer season and Table 9 shows that the greater
mortality on grazed areas during the summer more than balanced
the slight gain in survival over winter plus the increased germination
on grazed areas.

TaBLE 18.—Deaths from all causes between last count, 1913, and first count, 1914, accord-
tng to intensity of grazing in 1913. Per cent of number on plots, fall 1913.
(Deadwood and Silver Creek.) '

Western Douglas | Lodgepole | vo.s
yellow pine. fir. pine, White fir. All

Number of seedlings. . .. . . 5,392 4,083 2,892 237 12,604

Per cent died on: '
Allungrazed plots..................._. 120 8.5 14.5 3.0 11.4
Allgrazed plots. ... ............._.... 10.7 6.6 9.3 2.2 9.0
Per cent, in favor of grazed plots. .. .. - 1.3 1.9 5.2 8 2.4
Died on “moderately”’ grazed plots._.. 9.7 5.2 12.4 2.6 8.6
Per cent in favor of “moderate’’ grazing 2.8 3.3 2.1 4 2.8
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PROTECTION AGAINST FIRE.

The most important benefit to the forest which can be attributed
to grazing is the reduction in quantity of inflammable ground cover
and the consequent decrease in fire hazard. It is not probable that
the number of fires can be reduced in this way, but their intensity
and consequently their size and the amount of damage done, is bound
to decrease with a decrease in the quantity of fuel on the ground.
This is particularly apt to be true in a forest of the western yellow
pine type, where fire seldom runs in the crowns but nearly always on
the ground. If the ground cover is scanty, the older timber is to a
certain extent immune from serious damage by surface fires and there
is more likelihood that occasional patches of reproduction will escape
déstruction. Entire denudation of the soil, such as occurs on much-
used bed grounds and along driveways, absolutely prevents fires from

_ spreading in such places, but of course destroys any reproduction

which may be present. Light or moderate grazing does not remove
enough of the cover to stop fires, but may considerably reduce their
heat and rapidity of spread and make them easier to combat.

MANAGEMENT OF GRAZING.

The points brought out in the study suggest a number of principles
for the management of grazing in western yellow pine and, with slight
modifications, in'the other timber types of the region. These prin-
ciples are based on (1) the utilization of the forage in the way most
advantageous to the stockman, (2) the welfare of the forest repro-
duction, (3) the reduction of the fire hazard.

TIME TO GRAZE.

In general, the range should be grazed before the forage becomes
dry and unpalatable. Grazing should start in the lower parts of the
western yellow pine country (3,000 to 4,000 feet altitude) early in
May and practically close by the middle or end of July. The higher
altitudes can be grazed from about June 1 to the end of July, or, in
web seasons, to the middle of August. Areas consisting largely of
grass or weed range should be used first, since they contribute largely

~ to the inflammable ground cover of August. Besides, if they are

fed off early, they will often produce another crop of foliage or seeds
before the end of the season. Areas where there is great likelihood
of fires starting should be grazed before the dry season begins. Areas
upon which most of the reproduction is under 3 years old should be
grazed as late in the season as is possible with proper utilization of
the feed, since they are the least liable to injury. Such areas should
not be grazed when the ground is saturated, especially early in the
season. :
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INTENSITY OF GRAZING.

As a general rule the range should be grazed just enough to remo¥e
the greater part of the palatable forage. Extensive browsing of the
Hmmm.w&wapzm species or of conifer reproduction is the best evideree
that an area is being grazed too closely not only for &Wm moo& oﬁ. the
range but also for the best interest of the stock.

Steep slopes with loose soil, particularly where the seedlings are less
than a foot and a half high, and reproducing burns, clear-cut areas,
or plantations with seedlings up to 5 or 10 years old, depending on the
site, should. be grazed rather lightly, especially in the first part of the
season or during a wet period. In many instances it will be desirable
to eliminate grazing entirely from Embgﬁobm or other areas of seed-
lings less than three years old. During a dry season spots where
danger of fire is greatest may be grazed as closely as possible. Very
close grazing is also permissible on areas poorly stocked with repro-
duction where a heavy crop of seed is expected in the fall, or where
artificial reseeding is planned. If a good catch of seedlings takes place

such areas should be grazed very lightly or not at all for at least-

three years succeeding the seed year.

The carrying capacity of western yellow pine range varies so
widely with the locality and the season that no definite figures can be
laid down which will have a general application. Much of the poorer
range, such as that on the Deadwood allotment, will require up to 10
acres per grown sheep for a 60-day season; while the best range will
sometimes, with favorable weather conditions, average two acres
per sheep over limited areas. An average for most of the better
class western yellow pine areas is gﬁ?ogmn&% from three to four
acres per sheep.

METHODS OF HANDLING.

HERDING.

The sheep should bo allowed to scatter out and graze with as Euﬁm
disturbance as possible. No attempt should be made to keep them
in a compact bunch, except for convenience and safety when they
bed down at Emg and at such times they should be mpapﬁ,m@ to-
gether with a minimum of driving or excitement. The use of dogs
should be avoided as far as possible. .

Driving the sheep to and from water, bed grounds, or different
parts of the allotment is seldom necessary and should be avoided.
When it is necessary to drive them, they should be taken where damage
from trampling is least apt to occur, such as areas with no reproduc-
tion or with plenty of seedlings over 1.5 feet high, or places where
complete removal of foliage and denudation of the soil is desirable to
reduce the fire hazard.
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DRIVEWAYS,

The driving of the sheep in fairly compact bands to and from their
allotments in spring and fall can hardly be avoided, but in many
cases great damage to the forest can be prevented by careful location
of driveways in places least subject to damage. Areas without small
H.&wwoazoﬁob untimbered areas where danger of erosion is-not serious,
sites which are too poor to produce merchantable timber in a reason-
able rotation, such as dry, rocky ridges with little soil, are examples

~of such places. Although usually impracticable from the adminis-

trative standpoint, it may sometimes be possible to reduce consider-
ably the amount of injury by changing the location of such drive-
ways from year to year, by limiting the number of bands of sheep
which may use the same one, by limiting the time each band may
spend on the trail, and by making the trail wide mbo:mr to mcwwg
feed for all the stock which use it.

It will very often be possible to locate the driveways so that they i:
be an advantage to the forest. Such areas make excellent fire breaks
for stopping light surface fires and for use in back-firing and fighting
severer fires.  When it is possible, they should be located near places
of great fire danger. For instance, closely grazed strips along roads,
trails, railroads, or around camping places, sawmills, and the like,
will be of considerable value in preventing the spread of incipient

~ fires from such places. In such cases due regard should of course be

had for the rights of other users; for instance, sheep should not be
allowed to graze on camp grounds or so close to them as to make
conditions unpleasant for campers, nor should feed necessary for
pack and saddle animals be eaten off near camping places, nor should
areas much frequented by travelers and tourists be-grazed in such a
way as to impair their scenic beauty. Similar trails along the edges
of burns, reproduction areas, or slashings will be of much value in
fire control. Such strips mrocE of course, be fed clean every %gw
MEQ the more closely they are MEN@Q the dmﬁump. :

SALTING.

Sheep should be mcvwrm& with all the salt apm% want, ab Hmmma m<9.%
five or six days, so that they will not trail around hunting for it..
They should be salted in a different place each time, and thesalt
should be so well distributed that they will not bunch up-closely:and
cause serious injury to the forage cover.-and forest reproduction by
trampling. Bed grounds are good places to supply the salt; for if
the stock spend part of their time there eating salt, Sum% éE Fid
less time to graze or browse conifers.
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WATERING.,

In the particular locality studied water is so well distributed that
driving to water was not necessary. In places less plentifully sup-
plied much of such %mibm can be eliminated by the development
of watering places. It is also important to remember that sheep do
not o&EEb% require water every day, but, especially during rainy
periods, can do without it for several days.

. i
BEDDING.

The most serious damage to reproduction under the old unre-

stricted methods of herding was due to repeated use of the same.

camp and bed ground, which not only resulted in the entire denudation
of the area so used, but necessitated much driving back and forth at
morning and night. This damage can be very largely eliminated by
the so-called ‘“bedding-out”” method of herding in which the herder
moves around with the sheep and camps near wherever they stop at
night,. As they bed in a different place each night no %aﬁum is
necessary.

By locating bed grounds where liability to damage is Hmmmﬂloaw@w
because of lack of small reproduction, presence of plenty of palatable
forage not previously eaten off, or of sod cover—the injury which is
inevitable in such places can be reduced to a negligible amount.
It is also advisable in places which are liable to considerable damage,
such as areas with only a limited stock of seedlings, areas of repro-
duction mostly less than 1.5 feet high, and areas with loose and
easily disturbed soil, not to use the same voa. ground in two successive

ears.
Y If the sheep are not gathered on the vam%bm area until bmﬁq dark
and are herded off soon after daylight, the injury from browsing will
be much less than if they are allowed to feed on the one spot for
several hours.

On bare dry ridges where natural soil conditions have not allowed

- reproduction to become established, severe and repeated use of bed

grounds may often be desirable to fertilize the soil so that seedlings
can grow on it.  As with driveways, bed grounds may often be so
Jocated and used as to be of considerable assistance in reducing fire
hazard. In places where danger is great repeated use of the same
area will be desirable.

None of the foregoing suggestions is Epwgoﬁomgm or contrary to
the best interests of the stock owner. . To carry them out will HmmEH@
in many cases a somewhat higher mgmo of camp tenders and herders
and hetter sypervision, consequently the cost of the business may bg
mﬁmgq greater than with the old unrestricted and usually Hﬁﬁrnu
careless methods of herding. This additional cost will be much more

S
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than repaid by the increased returns from meat and wool, for it is a
well-known fact that sheep do best when they are disturbed as little
as possible and bunched' or driven around no mote thén is absolutely
necessary. It is obvious that they will keep in better condition if
held on palatable feed than if kept on an area after the feed is gone
so that they have to eat unpalatable m@mﬁmm such as conifers. With
careful application of these principles injury to forest interests will
be reduced to practically nothing, the forest will in many cases benefit
largely by reduction of the fire hazard, and, whether or not there is an
actual increase in the number of head grazed on a given area, there
will be considerable increase in the quantity and improvement in the
quality of the meat and wool produced.
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