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ABSTRACT

Estimates of net primary productivicy, amount of winter carcy-over,
and utilization rates are presented for "Sheep Mountain", a well-known
ball Sheep winter range in Kluane Hatlonal Park, southwest Yukon Terri-
tory. Forage production is shovn to be dependent on preciplration durlng
the growing season, rather than on favourable temperatures. Scil mols-
ture defliciencies determined cthe end of the growing season Lo all plots,
except chose established at alpline elevations. Forage producclon in the
elght exclosure plots varled from &41.0g te 120.lg oven dry weight per
square meter and witllization rates by sheep varled Lrom 0.0% co 48.4%.
Data based on 3 yvears observation Indicate that the number of lambe
born as well as che number of lambe surviving to yearling age are positi-
vely correlated with forage production on winter range. The adverse
effects on range and sheep of recently introduced feral horses 1s commsen-
ted on.

IRTRODUCTLON

The net productivity data and sheep utilization rates presented in
this paper are portions of a larger investigation on Dall Sheep and their
habitat, most of which iz contained in & Ph.D. dissertation (Hoefa, 1975).

The study area is "Sheep Mounrain", located near the center of the
newly eatabhlished Elwane National Park, scuthwestern Yukon Territory
(Figure 1 & 2). For a long time this mountain has beesn known to support
a high density of Dall Sheep during winter, and the unafficial name
"Sheep Mountain" was given to it for that reason. During the period of
our intensive reasarch 1969 to 1973, the adult population of sheep re—
mained fairly stable ac about 200 during winter on this 23.6 square km
area, of which less than 16.5 square lkm are actually sheep habitat. This
antire project was meant to document soma of the factors responaible for
axplaining this high carrying capacity in a sub-arctic locatiom. Infor-
mation on vegetative cover, climate and population dynamies of sheep are
contained in Hoefs (1975) and Hoafs et al. (1973).

This paper deals specifically with cthe net productivicy of this
wincer range and the wrilizacion races by sheep. It documents chat chis
range ls occupied at carryving capacity lewvel, using accepted standards,
that sheep adjust to fluctuations in forage production from one year Lo
the next = which are mest likely correlated to rainfall during the grow=
ing season = by varying their lamb crops and by suffering heavier lamb
mortalities during winters of food shortage. Lastly, it explains the
importance of competition of feral horses and predicts a decline In the
sheep population if grazing by horses continues.

# Yukon Game Branch, P.0. Box 2703, Whitehorse, Yukon Territory.
®E [Department of Plant Science, Universaity of British Columbia, Van-
couwver, B.C.
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METHODS AND MATERIAL
Eight exclosures were established on Sheep Mountain, Kluane Ration-
al Park, Yukon Territory, at variocus altitudes and aspects of its
large southeast facing alepe. These exclosures were established on
dry grassland sites, which were known to be important wincer ranges
of a Dall Sheep population of approximately 200 adults.

Each exclosure was about 15 meters by 15 meters In size, Beside
it was established an equally large "check plot” with comparable vege-
tation covar., Thoe exclosure was protected from grazing by shesp through
a 6-foot high, T-strand barbwire fence. The check plot was open to

grazing.

The overall vegetation cover was determiped through synecological
methods of the Zurich-Montpelllier school (Braun Blanquet, 1951), and
after aight appropriate sices of sufficient size had been located, de-
talled follpge cover was determined by dividing a one méeLér sSquAre
frame into 100 quadrats to compute follage cover to the neavest 17,
This wooden frame wag moved 1.2 meters at the time along the contour
for 10 "replicates” and subsequently dewnhill for 10 "blocks" by 1.3
peters at a time, Each eéexclosure theréefore contained 100 one meter
square gquadrats separated from each other by .2 and .3 meters respect-
ively to avoid "border effects” and to leave room for walking. Each
quadrat was marked with wooden stakes.

The same analytical method was used for the accompanying plot
"outgide" the exclosures. The exclosures were established during the
summer of 1969 and net productivity was estimred 5 times subsequently
to determine forage production, winter carry-over, and utilization
rates of sheep on the following dates: a) during tha last weak of
August or the firsc week of September im 1969, 1970 and 1971, to deter-
mine net productivity during those scasonms and b) during the last week
of April of 1970 and 1971, to determine winter carry-over from cthe pre-
vious seasom, At each harvesting date, 10 replicate guadrats were
clipped to about one-half inch abeve ground level according te a "ram-
domized block" design, This meant that it was predetermined that ea-n
of the 10 quadrats would fall into a different herlzontal row, but
within the rows the selection was random.

At each clipping date both plots of cthe pair (cthe exclosure and
tha open ploc) were harvested. The forage wos temporarily stored in
paper bage and subsequently oven-dried to constant weight at 105'¢c.
The utilizacion rate by sheep (minimem rate) was determined by calcu-
lacing the differences between winter carry=-over inside the exclosores
and the open check plots, Prior to the harvest of September, 1970,
and September, 1971, old vegetatiom matter inside the exclosures wvas
removed,

In addition to floristic composition and foliage coverage, some
physical parmmeters were determined for cach plot. These were ;
altitude, aspect, slope, some characteristics of the soil as well as
temperature and precipitation during the growing season.
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Flgunrs 2@

Oblique aerial photograph of study area. Sheep Mountain,

in centre of picture, is surrounded by areas of low relief,
giving it high exposure to sunshine and wind. The locations
where grazing plots were established are indicated by mumbers.
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Since these aronal soils have no profile development a composite
goil ssmple was taken from four locations around amch plot asccording
to soil depths as follows: 0 - 20 em, 21 = &0 em, and 41 = 60 cm.
Some physical and chemical analyses were done of these smmples in the
Department of Soil Science, Univeraity of British Columbia, according
to standard procedures.

Each pair of plots was equipped with a themmograph (Cassela Inst.
Lrd., London, England) and maximum und minimum thermometers set up In
Stevenson screens according te D.0.T. regulations, as well as with two
standard rain gaugas. These instruments were maintaoined only during
the 1970 and 1971 growing seasons and they were checked at weekly Lln-
tarvals.

RESULTS
a) Exclosuras plots:

Even though it woes intended to establish three plots each in the
boraal, sub-alpine and alpine vegetatlon zones on sites with south=-
eastern, southorn, and southwestcern aspects, such a systematic experi-
mont was not possible for lack of suitable sites.

To be able to accommodate the exclosure and the test plot a site
had to be at least 15 meters by 30 meters in size, and it had to be
uniform in vegetative cover, aspect and slope, and could not contain
large boulders, windfalls, and ground squirrel colonies. These res-
trictions considerably limited the mmsber of potential sites,

Only 8 plots were established in the locations indiceted on Figure
2, This photograph also gives a good impression of the physiography
and general sefting of the study arcas on Sheéep MHountain.

Table 1 liscs some physical characteristics of these plots and
summarizes their vegetacion covers. AlLL plocs were eatablished on ex-
poscd, windblown ridges, which are largely snow-free in winter and
provide the bulk of the winter forage for the sgheep population., Only
two af the ploes (#7, #8) were located at alpine elevations, and twe
others (#4, #5) were astablished at the transition zons between the
boreal and subalpine vegetation zope. The remaining cnes (#1, #2, #3,
06Y woere located at fairly low elevation in the boreal zones (Figure 2).

The species composlition is glmllar In all plets,; but chere lo a
change in dominonts as well as in total vascular vegetation cover with
alcitude which gave rige to the grouping of the vegetation in these
plots Inte three different plant associations., With the exception of
Linum perepne all of the gbundant vascular plants in these plots are
known to be eaten by sheep (Hoefs, 1975), On the other hand, Inten=-
tional feeding on the fevw mosses and crustose lichens of the plots has
not been observad,

With the excepticon of pleot #2, all are characterized by a high

percentage of bare soll, 1In plor #2, most of the bare sofl is stablili-
zed by an almost continuwcsus cover of crustose lichena. These lichens
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are very fragile and britctle, particularly during dry conditions, and
are eagily destroyod by tramping. This is the reason why they ocour
only as remnant cover values im all the ather plots which me heavily
used by sheep. FPlot #2 was not used by sheep, most likely because of
lack of sscape terrain nearhy.

b) Weather and Climate:

In spite of its short distance of only eighty miles from the
Pacifiec Ocean, the climate of the Kluane ares is definitely continen-
tal, The St. Elias Houmtains and tha Comst Mountaine serve as an affac-
tive barrier against the penetration of moist, warm air from the Paciflc.
Winters are ¢old and clear, while summaers ara pleasant, but sghort. The
grea lies im rhe rain shadow of the S5t. Eliss Mauntains and it hae boen
classified as approaching semi-arid (Taylor-Barge, 1969; Kendrew and
Kerr, 1955 }. The mean annual temperature is around -4 C and the toctal
annual precipitation varles between 18 and 25 em. Characceriscic for
this latitude are the long summer davs and long winter nights. Most
pracipitation falls during che summer months. GSnow depths in wincer

ara one foot to two feet and drifting is prevalent. In winter the pre=
clpitation results from elr movements across the 5t., Elias Mountains
from the Gulf of Alaska. Summer rain storms, usually generated in in-
terior Alaska or continental Canada, tend to track westward or south-
castward and spend thelr moisture against the easterm flapk of the 5t.
Elias Mountains (Nellsom, 1972). For this reasom, exclosures establish-
ed on the sast side of the mountain (f1, &G, #7) get significancly
more rain during the growing season than those established on the west
side (#3, &6, #8),

Local modifications of this regional climate include temperature
moderations because of the proximity of Kluané Laka, a high degree of
direct insclation becawse of the areas of low relief surrounding Sheep
Hountain, and exposure to strong west winds which often carry with
them large smounts of airborn silt (loecss) and have greatly affected
the snils in the area (Hoefs et al., 1975).

Temperature and precipitation data measured during the 1970 and
1971 growing sesason in each of the eight exclosure plots are susmarized
in Table 2. This table gives the maximum, minimwm and mean tempera-
tures pear plot per month, as wall as the total precipitation values
are also given for the entire season and for all pleots per momth.

Az is obvious from the temperature data in both vears, the expec-
ad negative correlacion of cemperature and alcitude is not apparent
excopt for the twe alploe stetions (#7, #8), which have significantly
lower temperatures than the other stations, Of the remaining stations
#3 and #5 have generally higher temperatures, in spite of the fact
that they are located at greater altitudes than for instance #1 and
#1. This can be l:-;l:p'l.;-lnud h-:.l' thée fact that ﬂ!t:" were locabtéed om
large, open areas with southérn exposure, while atarions #1, #2, #4,
are subject to shading for & considerable portion of a day, because of
aspect , lacal rterrain type and proximity to forest scands.
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Temperatures (C°) and precipitation (cm)

Table 2:
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As is expected for a continemtal location, only statioms in the
boreal zone reach mean monthly temperacures of around 10°C during June,
July and August., Maximum temperatures were generally between 20°C and
25°C and only reached 27°C once (#¢ in August, 1971). Most stations
are exposed to freezing nighttime temperatures during May, vhile the
alpine stations can expect frost during any month. Also obvlous is
the fact that the cemperatures throughout August were favourable for
growth, in splce of the [act that many specles have termipnated thelr
growing season before that time (Hoefs, 19753). FPrecipitation amounts
appreached 10 om on the average but considerable differences woare oh-
served between the plots, Referonce has already been made to the fact
that those statlons located at the esastern flank of the mountain (#1,
85, 87) received in both years more rain than those located at the
west slde (43, 66, 0B) because of the local weather patterns. Plots
82 apd #5 are in an intermediate position in both respects,

The exclosure plots, except for #7, #8,derive their soil moistura
almost entirely from rainfall durlng theé growing season since they are
located on exposed, dry ridges where wind removes the snow cover and
where there is very little sub-surface seepage from above. IE Ls,
therefore, not surprising that there iz & good correlation bebween
bicmass productlon and précipitation during the growing séason nob only
between the different plocs, but also on the same plot in difFerent
vears with different rainfall.

The weather data for these two seasons show some distinet d1f-
ferences which appear to have affected the length of cthe growing season
and the forage production.

While the toral precipitation smounts are enly slightly less in
1971 with 9.55 em, compared to 9.96 em in 1970, the distribution pac-
tern was quite different. In May, 1970, the total rainfall averaged
3.18 = and the temperature was very mild with a maan value of 5.8°C.
In contrast, May, 1971, received emly 0.10 em precipitation and the
mean temperature was fairly cool with 2.2°C. Investigation by the
writer indicate (Hoefs, 1975), that almost 50% of the growth in the
boreal zomé takes place durlng May in an average year., The above-min-
tioncd differences resulted In the growing seasom of 1971 being delaved
by 10 to 14 dave In a phenological sense compared to 1970 and revealed
themselves in a decreased blomass production. This difference could
not be compensated for by wore favourable conditioms during Auvgust,
1971, compared to 1970 (1971; Eemp. 11.0, C, ppts 4.1 cm; 1970: temp.
8.9 C, ppt. 0.9% em). The growing scason is essentially terminated
in the early part of August in most apeécies, particuolarly at higher
elévations, and Tavourable weather conditions at that time pgp only
affect seed production and carbohydrate astorage in the subsurface or=
gans of plants.

e) Soils:

Mo sofil survey has been done in the study area. Day (1962) did
a reconnaissance in the Takhini and Dezadeash valleys, some 40 and
more miles southeast of Sheep Mountain., Day (1962) states that because
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of the youth af the soil material and the dry, cool climate, most soil
profiles are weakly devaloped, This applies even mora to the atudy
area whore continuous loess deposition does mot allow leaching ond pro-
file development. The solls can therefore be described as juvenile
mnd azonal and they would be classifled as Regosola.

Our study was not Incended to be a decall soll reconnalssaonce;
the composice samples caken were primarily meant to decect gross Jif-
ferences between plots, which could explain differences in vegetation
cover and forage production. Such differences were not observed. All
soils are lommy In texture and are characterized by lack of proflle
developmenc. The pH is alkaline; the organic carbon content is very
low and the calelum content Is very high., Some differences exist be=-
cween che goils of the boreal zone as compared to che alpine zone.
The thickness of loess depositionm Is Influenced by exposure to wind
and alcitude, Areas at low elevatione facing the prevailing winde from
the west may be covered by two to thres feet of loess, With Increasing
altitude this lomss layer decreases in thickness and the smount of
coarse matter (mainly colluvial in nature) incorporated into the loess
increases. This la very obvious in sub-alpine elevations (plots #4
and #5). Alpine soila (for instance plota #7 and #8) developed pri-
marily from bedrock weathered in place or from thin drift deposits.
But even at this altitude windblowm material is being deposited and in-
corporated into the soils during strong dust atorms.

d) Forage production and wutilization:
Production is here limited to the "above-ground" pertiom of plants.

Table 3 lists the production; expressed as grams oven-dry weighe per
square meter, for the thres seasons (1969, 1970, 1971) and the winter
carry-over after the 1969/70 and 1970/71 winters. As is obvious from
Table 3 the production figures in 1969 from the exclosures and their
check plots are comparable, while considerable differences were found
between some of the plots. An error was introduced by the low pro-
duction figure of 38.4 grfn for plet #Ba in 1971, A band of shoep
had returned to the winter range unexpectedly varly and removed some
forage before it was clipped. Since soil and temperature data in all
but the alpine stations are very similar, it appears that rainfall
during the growing scason is an lmportant factor In determining forage
production. Prots with the highest rainfall (&4, #5) alsc had the
highest production; while the plet with the least precipitation had
the least productiom. That this agsumptlon may be gorrect ls borme
out of the fact that all plots but ome (#5) had a higher production in
1970 when the rainfall was higher and better distributed than in 1971
when total precipitation was less and concentrated toward the end of
the growing season, No climatic data were collected in 1969, but
nearby weather stations recorded "an average season", very similar to

that in 1971,

These assumptions do not appear to apply to the alpine stations
(plots #7, #8), Thelr growing season is considerably shorter, and
moisture deficiency does not seem to be a limiting factor. Lower bemp-
eratures and higher humidity will result in a lower évaporation rate
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over the growing season, and the termination of growth is determined
by frost in late summer, not by soil moiature deficioncy as appoare to
be the caseé for the scations in the baresal =zone.

0f importance to the sheap is the fact that the forage production
from one year to the next may vary considerably. It is of Interest co
note that in locationa that are heavily used by sheep (plots #3, #4,
#i5, #6, #7) the forage production increased after protection from gra=-
ging. This would indieate that the grazing pressure in those sites is
so severe that the vegetation can not produce at capacity lewvel,

The amount of winter carry-over left in the plots in late April
just prisr to the initiatien of the new growing season varies greatly
batween plors. An important factor In this connection is the sevarlty
of ground mquirrel activity in che area and exposure to the abrasive
effects of wind. In low "protected” plots (for instance #2) B0 to 90%
of the forage present in early September may still be there in late
April. Om the other extreme, plot #7 is exposed to great wind speeds
and has conelderoble groumd squirrel activity, Here, only 25 to &0%
of the Seprember standing crop is left by May next year.

The amount of forage taken by sheep as computed by the differences
in winter carry=-over of open and enclosed plots will be a minimum value,
gince some of the grazing takes place throughout the winter, and some
of the forage lost for instance by wind action inside the enclosures,
is used by sheep before it ix lost on the check plots outside. However,
most of the over-winter loss will be caused by ground squirrels which
are very abundant on the grassy slopes of Sheep Mountain, and their
grazring takes place in September and early October before they go in-
to hibernation and before most sheep return to the winter range.

These minimum remowval rates by sheep vary between sites. During
the study period no use was made of exclosure site #2, while #3 and
#5 received the greatest pressure with 40 te 50%.inm 1969/70 and 30 to
L&0% in 1970/71, vhen considerably more forage wae available, The per-
centages given for shaep grazing do not take into consideration the
grazing by horses, since these were prevented from entering certain
areas by special horse fences.

DISCUSSION AND COMCLUSION
a) Range Productivity:

The dependence of forage production on available molsture In arid
and semi-arld rangeland has been well documented (Blaisdell; 1958;
Campbell and Rich, 1961; Craddock and Forsling, 1938; Dahl,; 1353; Harper,
1969; Hutchlnson and Stewart, 1938; Rogle and Hass, 1947). While our
data cover too short a period to be conclusive, it is reasonable to
assume that this relationship also applies here,

As was mentioned, a good correlation was found in all plots except
the alpine ones between the forage production and the moisture during
the growing season, and all but oné plot had & higher production In
1970 when the moisture conditions were more favourable, There is no



doubt that available moisture is very much influenced by physical
charactariastica of the smoile, which were not datermined in our investi-
gation. However, aince all the soils in tha boreal =zone are developod
from lossa deposita, it is roasonable to assume that moisture-holding
capacity will be comparable under the differemt plots, and therefore
the depandence of forage production on rainfall will still apply.

Experimonts by the writer on plant phenological phenomena also
pupport this assumpclon (Hoefs, 1975). It was found that growth of
important Dall Sheep forage plante (Cavex [ilifolia, Agropvron vukon=-
ense, Calamagrostis purpurascens, Artemisia frigida and Oxytropis vis-
cida) cerminated before the end of July In spite of the fact that
temperatures ot Chat elevaclon were still favourable for growch for
another 4% to 6 weeks after and that shallow=rooted plants (Lor Inscance
Capex fllifolig) dried up much earlier than species with deep tap roots

(Artemipla frigida, Oxvtropls viscida).
b) Range uge and condition:

That the production and utilization values as determined from ex-
clopure plots are fairly relliable is revealed by the following compu=-
tations which take into consideration the size of this winter range,
its forsge production and the obsearved grazing pressure by sheep (Howfs,
1975).

From range studies in the area we know that during 1970/71 the
averageée numbeér of sheéep on Che mountain per day over the annual cycle
was 93,2, We also know that during that year the dey grassland assoclia=
tioms, which are represented inm the exclosure plots, provided 54.5% of
the grazing sites. The ctocal acreage of these grassland sites amounts
to 900 acres.

Cempucations using weighted meana for forage production (rhese
take into account mot only the production of a plot but also the total
acreage of the plant association it representa) reveal the following
total production figures for this winter range: 1969%: 495,000 lbs.;
1970: 603,000 1be.; and 1971: 446,000 lbs. It has to be caken into
account that this computation of total forage produced for the 900
acres, uwsing thac of the 8 exclosures as the base line is "optimiacic",
since the exclosures were egtablished In Ideal sictes, where no large
boulders, windfalls, and excessive ground squirrel accivity Interfered
with the sampling. It is difficult to estimate bow great an errog
was introduced here, but an over-sstimation of forage productiom by 5
ta 10% appears reascnable,

In 1970/71, 35,018 sheép davs (365 days x 93,2 sheep/day) accoun=
ted for the total grazing pressure, OF these, 54,5% or 18,540 sheep
daye were spent on the dey grasaland associations under consideracion
here.

Palmer (1944) who did considerable work on captive Dall Sheep in

Alaska determined the average required forage need for these sheep to
be about & lbs dry weight per day. The 18,540 sheep days spent on
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these grasslands im 1970/71 therefore resulced im che removal of 111,
240 1be, (18,540 sheep daye x & lbe, per sheop day) forage from this
Tange,

In 1970, 603,000 lbs. were available in mid-Avgust, but by the
following May 37.4% or 225,522 1bs. were loxt through natural causes
primarily by ground squirrel activity, breakage and remowval by wind,
and decompoaition, ete. OF the 377,478 lba. remaining sheep used
111,280 1bs., which works out to be 29.5%. The average uwtilization
rate for 1970/71 as detemined by éxclosure plots (Table &) amounted
ta 25.6%. These two Figures are remarkably similar if one conslders
that the exclosure plots were established before much was known about
the distribution of grazing pressure over the mountain, It is also
reasonable to assume that the utilization figure as revealed from ax-
closure plots will be minimum values, since some of the natural winter
loss will outside the exclosures have contributed to the sheep's diet.
In addition, no use was made of exclosure site #2, which lowered the
average utilization rate considerably, GSites on the mountain which
are not used by sheep, moat likely because of lack of escape terrain
nearby, are rare and certainly do mot comprise 1/8 of the total grass-
land acreage, which was assumed in compiling the average utilization
rata, The true rate will, therefore, bo somewhat highar and may be
gimilar to the one determined by the first compilacion method using
sheep days and range size.

While a utilization rate of around 30% may be a safe rate by ordin-
ty range use standards, we must be reminded of the assumptions made,
the fact that the 1970 season was exceptionally good in forage produc-
tlon, and that there are horses on certain aress of the mountain which
wtilize egsenclally the same [orage specics and vhose fmpact has not
been evaluated by the exclosure plots.

Let us consider the horses first. During the investigation & of
them were in the area from October to May, Inclusive, and ucilized the
eastern side of the study area, This Is the area around sxclosurs
plot #1, but horses wers prevented from interfering with tha experi-
ment by a special fence, which allowed only sheep to walk under it,
The utilization rates given for plet #1 (Table 3} are therefore only
those of the sheep,

If we assimmé that & horsés were on the mountain for 1BD days and
that each horse cats as moch as 6 sheep on the average, then an addition=
al 51,840 1ba. will have been removed from the area, bringing che to-
tal to 163,080 1bs. (111,280 1bs. sheep use + 51,840 lhs. horse use).
This total forage removal increases the removal rate from the original
29.5% based on sheep use only to &3.2%. This rate approaches the
limit of a "safe" range vaes. The aituation ia worse for 1971/72 when
the forage production was lower, Omly 446,000 lbs. were available in
mid-August and only 279,196 lba. after over-winter losaes {f thase
logses wers around 37.4% as in the provious winter. Thore are indiea-
tions that this race is fairly conatomt, since LIt was 36.B% in the
1969/70 winter,
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Even though the grazing pressure wae not detemined for the 1971
/72 winter, it is reasonable to assume that it was at least as high as
in 1970/71, because of the good lemb crop in sprimg of 1971 (Hoefs,
1875).

If we consider a removal rate of 111,240 1bs. - as established
for 1970/71 = we are looking at a vtilization by sheep only of 39.8%
(111,240 1bs. /279,196 1bs.) and if we add the forage consumption by
horses (6 horses for 180 days each) of 51,860 lbs., the range use rate
goes up to 58,4% (1111240 1bs, + 51,840 1bs, f 279,196 1lbs.) which is
bovond a safe range use practice by accepted standards,

It oust be emphasized that the sheep grazing remained below a
level which would adversely affect the range, and it is only the rela=
tively recent Introduction of horaes whieh brings about an over -utili-
gatlon on certaln sites in certain years, and could eventually result
in a decrease of the sheep population.

It is unforrunate that expeérience gained in other arcas, where the
introduction of horses adversely affected wild sheep populacions, is
not put to good use here.

It is known that the drastic population dic-offes of Bighorns in
the Rocky Mountain Nacional Parke through Lungworm-Pneumonia infeccions
can largely be explained by over-grazing of the winter ranpges, to
which domestic horses made a substantial contribution (Scelfox, 1974),
and it is aleo known that the decline of Desert Bighorns in the south-
western U.5.A. can be partly explained by the competition introduced
through feral burros {(Summer, 1973, 1939; McEnighe, 1958, ond 5t. Jobhns,
19863).

The following obpervatlons lead to the conclusion that this winter
range Ls occupled at carrving capaclty level by the sheep and that con-
tinwed competitlon by horses will eventuvally resvlt in a decline of
the sheep population,

(1) The sheep population has maintained ltself at a level of 200
adults In late winter during our research Erom 1969 to 1973 and
an evaluation of historical information by the writer (Hoefs, 1975)
revealed that this is the level they have always built up to after
declines were brought about by mans' activity, They did not
build up to higher levels even in vears of intensive predator
contral .

{(2) If we assume that 50% forage rémoval is a safe range ume practice
- as established in the western U.5.A. - then sheep population -
bafore the introduction of horses - executad good range use. While
the utilization rates of sheep caleulated above for 1970 with
29.5% and For 1971 with 39,B% will be minimum wvalues beacause of
various mssumptions made, it is reasonable to say that the true
values will ba balow 507.

{3) The fact that all exclosure plots except #2 (which iz not uscd by
sheep) improved their productivity after protection from grazing
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indicate that presently the combined effects of gracing by sheep
and horses prévent the grasaland vegetation from producing ac
capacity lévels.

(5} Ewven though Lt may be premature to draw any conclusion from only
3 years of data, it appears that a very sensitive correlation ex-
ists between forage production in a given season, the reproduc-
tive performance of the sheep herd during the following spring
as well as the survival of lemba over their first winter, Thesc
correlations again point to a capacity-filled winter range. The
relationships are summarized in Table 4, Forage production was
similar in 1969 and 1971 and so were the lamb crops and the
survival ractes, The 1970 scason was exceptional, with 17% more
forage produced than in 1969, resulting in a 17.5% increase in
the mumber of lambe born and in a 18.3% improvement of over-winter

survival.

These data, as well as the cbservation that these sheep maintain
themselves at a relatively stable level over many years, suggest that
this sheep population iz "regulated" and that their number {5 adjusted
to the carrying capacity of thelir winter range, primarily through varl a-
tion in the lomb crops and lomb survival races. This observaclon ls In
oppesition to claims made by Brelfox (1974) that shecp populations
bufld up to levels well beyond the carrying capacity of their range
and are therefore subject to periodic, severe die-ocffs of 25 to 30
year intervals,
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Table &

Correlation between forage production and

vital stacistices of sheep population.

= Lamb, . Lamb ook
Season Forage Froductieon Spring Crop Winter Surviwval
1969 69.5 1970 41:100 196%/70 60X
1970 Bl1.2 1971 47:100 1970/71 71%
e
1971 6B5.4 1972 41:100 1971/72 61%

Forage production 1is the average value for all plots

expressed as grams oven—-dry welght per sgquare metre.

W
Lamb crop 1s expressed as number of lasbs borm per

100 ewesn in reproductive age.

e
Lamb survival refers to the percentage of lambs born

the previous spring that survived to yearling age.

e
This average value includes the srrov iptroduced for

plot FBa in 1971 by graring sheep. A more realistic
value for an average forage production for 1971

would be 70.0 grfm:.
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