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Absiract. Physical geography and prevailing macro-climatic factors determine habital suitatility for Dall
sheap (Owviz dal). Dall sheep habitals, which suppor high denshes of shesp, are found on the lee (or
snow-shadowed) sides of linearly armayed mouniain manges whech lis @cross the routes of prevailing bulk
air flow. The higher density sheep habitats within these mountains are charactorized by long, siraight
drainages parafisling bulk air flow. Thess drinages channal cold, heavy, dry air masass downhill after the
air masses have cooled and lost the ability to carry walar while being forced up and gver the mouniains,
Wind speed increases as gravity accelerates the dense air masses downhill, producing catabatic winds in
the abasnce of (or within) baromelric pressuie cells, Theses predictiable winds prevent snow accumdalatian
on ridges batween tibutaries that flow into larger drainages and produce stable wintering habitats far Dall
shaep. Habitable but suboptimal ranges are found whare one or more of thesa ideal physiographic
condisons & absent and average winter snow accumulation & less than 175 cm (70 in), Winlor ranges ane
tess siable in the suboplimal habitats. Preliminary analysis of existing data on Dall sheep movements and
harmiie mange sires suggests an imerse relabonshp between habdat climabic stability and winter home range
&iFe. Liss stable winter habitats demand greater Mexdbilty in use of available micrahabitats by the sheep
which occupy thess ranges. This demand results in larger home ranges with generally less stable
populations of sheep than higher quality (mora cimatically stabie) habitats

i hes been long observed and previously notod
(Heimar and Smith 1975, Nichols 1878) that Dall
sheap distribution in Alaska s lmited by snow
accumulation. Dall sheap are nol Tound in areas
with mean snow accumulations of greater than
175 om (70 in) (Heimer and Smith 1975). Helmer
and Smith (1973) also speculated thal rams
harvested from rugged portions of the southem
Wrangell Mountains had the highest hom quality
index in Alaska because their habitats, unique
among Alaska sheep ranges, have southern
exposure and are in the snow shadow created by
tha coaslal Chugach Mounlains.

It also has been axomatc thal winter winds,
along with light, dry snows, are impartant
components of ideal Dall sheop winler range
(Michols 1874, 1878, Heimer 1884). Helmer (1882)
argued thal, from Dall sheep adaptations, their
apparent tendency toward a stable population
siralegy was an ovolutionary result of habitat
siabilty. In this paper we integrate the wall-
scoepled factors of snowlall and wind fo form a

hypothests defining habitat quality in ferms of the
physical geography determining these factors,

BACKGROUND

Why Integrate Prevailing Storm Movement and
Geomorphology?

Crur imterest in the dea that prevailing bulk air
{storm) movemnent is related to Dall sheep ecology

through geomorphology  resulted  from 2
serendipiious events:
Pravading slotm movemenl. Afller spanding

portions of more than 20 winters in classic, high-
density Dall shesp habitat in the cenfral Alasks
Range, Haimer had tho opportuniy to work with
colleagues from the Bureau of Land Managemend
in a hedicoplter-supported sheep caplure opermabion
in the TananaYukon uplands. Several sheep waie
o be marked with radiocoliars for o movament
sludy, Prefiminary studies (Gross 1963) suggeuted
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these Dall sheep moved considerably more than
those in other areas (Heimer 1873)

The Tanana®ukon uplands ke between the
Tanana and Yukon Rivers in Interior Alaska. These
uplands cannol be accurately defined as
mouniainous, being Ay roundad Rills
completely envaloped by boreal forest. Sl there
are A few scatiared hills of montane which supparnt
alpine plant communities and reach allitudes of
about 2000 m (800D f), These mountains are nal
arrayed as a typical “range of mountains® but
scaftered descontinuously through-out the lower
hills. The TananaYukon uplands are conssdered
the logical refugia of thinhom sheep dunng the
mwst recent (Ilinoian) glaciabon becatise this area
was nol glaciated while other cument Alaskan
sheep habdals were covered by lce {Coulter &t al,
1862). As a result of not having been “recentty”
glaciated, the Tananaukon uplands are atypical
of modern Dall sheep country, and call to mind the
habitws postulated for mountain sheop as thoy
colonized the new world (Getst 18971, Valdez 1982).
The Tananaukon uplands suppor viable Bt loaw-
density and disjunct Dall sheep populations which
gxploil Emied “Blands” of alpine undra surrounded
by boreal forests. Storm movement through the
Tananafukon uplands generally is from south to
narth, bl there s no geographic barrer to eashwand
[onshora) starm movement into the uplands from
the Bering Sea via Norton Sound or the Chukchi
Sea via Kolzebue Sound.

In the course of the TananaMNukon uplands
sheep caplure workl, Heimer was 16l out of tha
helicapiar on 8 mouniain top 5o the helicopter could
b maneuvered more safely in pursull of a sheap.
He was told towalk io @ more suitable landing area
where he would be picked op after the sheep had
been caught. In the course of looking for a suitable
landing site, Heimer walked sastward along o ridge
and noticed that unlike other easl-wes! ridges in the
Alaska Range, snow cofnlces wers found on both
gides of the rdge. This, of course, meant that
enowsiorms “blew in™ from both sides of that ridge,
indicating the absence of a prevailing
“windward/leeward” situatan,

This sfluation was strikingly different from the
central Alaska Range where an immutable
“windwardleeward” snow deposiion dominates.,
There, pravading bulk air flow s nodhward up the
soulh slopes, over the lop of the Alaska Range, and
o this nartfward drainages into Alaska's Intarkor
regon. Thus, air movement results in the “lee” side
of easi-west ridges being unfailingly on the north
side of sach ridge. The presence of snow cornices

an both the north and south sides of an east-west
ridge in the Tanana’'ukon uplands showed that nol
all sheep habitats ame subject to identical climatic
influinces with respect to snow and wind directian,
and resulled in consideration of diffaring
geomarphic arrangements of high and low density
sheep habitats with respoct to prevailing bulk air
fow.
Geomorphology. The secand event was a fight
Heimer made from Fairbanks, Alasks 1o
Whiteharss, Yukon in a single-engine Cessna. The
flight route was a iransect chosen along sheep
ranges on the north faces af the Alaska and north
slope of the Wrangall Mountains in Alaska, and the
aouth side of the Muskwa trench to Whitehorsa in
the Yukon. Thess sheep ranges Be in ihe
pracpiation shadows created by the Alaska Range
and Wrangell-5t Elias Mouniains,

Sheap abundance along this lransect varies
froim high in the central Alaska Range and northermn
Wrangell Mountains fo relatvely low in the adiacent
narhern reaches of the 5t Elias Mauntains of tha
Yukan. In the cowrse of covering this expanse of
sheep habital along a major sheep population
density gradient, it became apparent the high
densty areas had differing geomorphalogy than the
areas with lower dansity,

Whare Dall sheop populations are al high
density, the major drainages are typically crented
narth-south (parallel to provailing bulk air flow), and
were generally long and straight. In areas of the
Yukon, where sheep density was less, drainages
warfe shorter, more crooked, and Nowed “around”™
the high ricige which forms the southarn side of the
Muskwa nench, Thus, it seemed unikely thal
densdy driven (catabatic) wind velocity in the Yukon
would be as greal as in the Alaskan portion of the
fransact

Integration and hypothesis. In Dall sheep
country, high-density shoep habitals are found
along long, siraight drainages which ke on the lae
sides of linear mountain  ranges amayed
parpendicularty o prevailing bulk ar ow, In thess
silmabions, warm moist air is forced up the windward
sides of the mountain ranges where il cools
adiabatically causing the water it carries to be
deposited as snow. On the south side of the Alaska
Fange, the ice fields of the Wesl Fork af the
Susilna, the Susitna, MelLaren, and Black Rapeas
glaciers attest to this phenomenon

Once air reaches the crast of the Alaska
Range, it & cold, dense, and dry, As this heavy ar
cascades catabatically down the loeng, strakght
diainages characteristic of “classic™ Dall shesp

145



habdat, § iemoves the typically bght, dry snow which
accumulates an the [ower east-west ridges. Thase
‘wind-blown nedges suppart plant communities which
form deal Dall sheep winlering habilats onca the
snow s removed. In these ideal habitais home
ranges are small, and documented fdelity to
seasonal ranges s 100% (Heimer 1973, Heaimer
and Watson 18982, Splers and Heimer 1590)
Elablo, high-density populations may be expected
in these areas (Heimer 1852},

Cur hypothesis predicts where prevailing air
fiow does nol consisl of ar magsses adiabatically
cooled to the point of dryness, whare the direction
of storm front movement & inconsistent, or whera
geomorphology does nof favor acceleration of
catabatic winds down relalively lfong, straight
dralnage channels to promote wind-scouring of
snow from lower elevation vegetated ridges, sheep
habitats will be less than ieal. In these marginal
habitats, sheep survival should require more
adaptive exploitation of micro-habitals. Our

alzo predicts 3 natural conssquence of
this forced adaptabilty should be larger home
ranges (with increased difficulty for researchers o
establish range fidelity) and lower density
populations maors prone to fluciuation.

METHODS

Optirnal ranges wih known shaep densities and
winter home ranges ware identified by the criteria
lisbed above, Optimal ranges in the Alaska (Heimer
and Watson 1986) and Brooks Ranges were
located on the lee sides of Enearly arrayed
mountain ranges lying across prevadling bulk air
flaw roules and having long siraight drainages for
catababic air Now.

Twa differing types of suboptimal range whare
density and winter home range dats were available
also were identified. Cne rmange in tho
Tananaukon uptands was considensd suboplimal
because B s not arrayed across the path of
consistent bulk air flow, and lacks long straght
catabatic wind channels. The other suboplimal
range was localed on the windward (snow
deponating) south slape of the Brooks Rangs. by this
area, habital geomorphology was not unfavarable
ithe Brooks Range les across the pravailing south
to noh bulk ar movement). However, snow
accumulation approaches the Dall  sheep
habitabilty threshold on these ranges bacausa they
lie on the spulth slope of the Breoks Range where
Ao i déposlig

Cwverall densibes of sheep on aach rangs waie
determined by dividing population size (from
summer aerial count data) by the araa counted,

Winter range sizes were determined by
monfioning the movements of collared sheep. The
greatest Enear distance between winber radio-
lpcabons was defined as an ndex of the maxamilem
home range size for each Mentfied winter range
A mean winter range size index for each habitat
typae was then caloulated. In the Alaska Range, 8
opiimal winter ranges were Kenbiied over the
course of 20 years using more than 400 sheep
marked with visible neckbands, Range identity and
fidelity were then confirmed using radio-marked
sheep over separale 3-year periods (Heimer 1873,
Heimer and Walson 1886, Spéers and Heimer
1990). In the Brooks Range, 11 oplimal ranges
were dentified by 268 radio locations of 38 sheep
over & Syear sampling perdod. In the suboptimal
ranges of the TapanaMukon uplands, 3 winler
ranges were delineatad by 566 radio locations of 15
marked shaap over a S-year paniod (Durtsche &t al.
1880), Suboptimal ranges on the south side of tha
Brooks Range wore defined by 82 radiolocations of
12 shaep over a J-year pericd.

Fidefity 1o winter ranges was delermined by
consstency of range use from year to year. Fidakity
was expressed as the percentage of consistent use
of winter ranges for marked sheep of each area,

RESULTS

Shesp populations from the “classic™ habitals
had smalar home ranges and higher populaton
densdties than those from "marginal” habitats (Table

1),

DISCUSSION

This paper reports observations which provide
& rabonalization for long-appanent distributonal and
populaton density parameters relating to Dall
sheep. i & nol a chronicle of experimental science
We have placed ouwr observations in the consiruct of
hypethess development and testing as a vehicle for
their prasentation moré than as a rigorous
hypothesis test. 56l the consfruct of hypothesis
testing provides prefiminary assurance that a
salisfactory explanation for variations in Dall sheep
home range side may be found.
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Table 1. Density, winter range size, and observed winter range fidelity by optimal or suboptimal

range designation.
Dransity Index of maximim Fidality

Type/location {shesp/mi} winter range diamater %)

Optimal:

Brooks Range (north) 2.4 -541 4.0 mi (8.4 km) 100
(n= 11 ranges)

Alaska Rangs® 30-80 2.6 mi (8.0 km} 100
(rt = 9 ranges)

Subaptimal:

Tananaukon

uplands® 02-05 21.3 mi (34.1 km) 100

{m =3 ranges)

Brooks Range

(south) 02-05 5.2 mi (8.3 km) 81
fn=5 ranges)

* Heimer and Watson (1088)
* Durtsche et al, (1880)

As supggested by the hypothesis, population
densibes were higher (approxdmataly 10 times) in
opimal habitats than in suboplimal habiats. While
no data refating winter forage production per unit of
range to Dall sheep densily are svailable, the
“optimal” ranges have sustained higher density
poputatons of Dall sheop over tme than the
"suboptimal” ranges. We suggest prevailing wind
and precipiiation shadowing are major factors
conlribuling fo these sustained high densities
bécatise of the consmbently greater anea of suillable
winter range available to shesp.

The hypothesis also predicted comectly with
respect o winter range size. Welghted averages of
both oplimal areas produced & mean maximal
winter range index dimension of 7.5 km (4.7 mi)
while the weighted average of both suboptimal
areas produced a mean maomal winler range
index dimension of 17.8 kmi (11.2 mi).

It is possibla this latter dimension could be
inflaled by dala from the Tanana™ukon uplands,
The long me span of data gathering in that area (3
years) and the lange number of relocations (566)
could have obscured ocoupancy of smaller discrolo
ranges if Durtsche ef al. (1980) used all locations Io
define large composite home ranges. I this wore
ther case, actual range fidelity may be lower than
the 100% repoited from the TananaYukon uplands
(Table 1).

Fidufity to defined winter ranges was low in the
subopiimal Brooks Range ama. Throe of 19
miarked ewes definitely changed home ranges over
the 3 voars of the study, These diffefen] wanber

ranges wels separaled by an average dislance of
21.% km (13.7 mi). N is notable there has bean no
suggestion of winter range shifting in the optimal
areas in either the Brooks Range (n = 38 radio-
collared sheep monitored intermittenily over 5
yvears) or Alaska Range (n = more than 400
neckbanded sheep monilored intermitbently over
20 years). Still, suboptimial area winter range shifts
in he Brooks Range ane relativaly common, Ao in
the Brooks Ranga, Ayers (1988) reported 1 of 10
radic-marked ewes In the Western Brooks Range
{which would be classified as suboplimal habifat
according 1o our hypothesis criteria) changed wintar
ranges between 1883 and 1985. The distance
betwoen the centers of her winter ranges was
17.7 km (11.1 mi).

The suggeston that home ange size is larger
in areas with less-than-ideal geomorphology may
be rolavant in some managoment sfuations. For
example, resdents of Arclic Village have
maintained throughout the |as! decads thal thair
Cotober subsisionce sheep hunting success in the
upper East Fork of the Chandalar River (the
suboptimal Brooks Range area) has been
compromised by aircraft disturbance. The villagers
asser thal aircraft used by recreational hunters
during the August season drove sheep from winier
ranges where sheep were successfully harvested
during the years bafore the overflights. This claimed
link betwsan presumed aircrall harassmeant of
shaep on thoir summer ranges and absance of
sheop from winler ranges whore they weare
successiully harvested in the past is not credible.
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The finding thal Dall sheep in this area have
large home ranges (parbcularly if linked to near-
ihrashold snow accumoulation because of thair
range locations on the windward side of the Brooks
Range) may eaplain why shoep have boon
mconsstently found on the same winter ranges year
after year. Similarty, the finding thal some Dall
shepp home ranges vary tremendowsly in size
oclviates concema thal anse whan sheap appaar to
be inconsistent in movements over the shorl term
whare habiat geomorphology is nol ideal,

Finally, consideration of the geographic of
geomaorphic enrrelates of population density and
hame range size for Dall sheep may be of somea
benefit to bighorn managers planning transplants.
The baghorn Bteralure is replete with accounts of
fransplants to apparently sultable vegetatve
communities in sutable proximity to escape terrain,
yet the transplants did not thrive. Perhape a simple
overview ol prevailing air flow and physlography
could senve proflably as a frst screen of habitat
suitability prior fo apphing more sophisBcated
habital suitability models typically applied in
evaluating proposed iransplant programs.
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