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CONSEQUENCES OF HABITAT FRAGMENTATION ON WILD SHEEP
METAPOPULATION MANAGEMENT WITHIN USA
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Abstract Compansans of current and historical wild sheap habitat information with wild sheep disiribution
data gathared for the Bureau of Land Management's Bureauwide Mountain Sheep Ecosystem Strategy
Plan ndicate contimang fragmentation of metapoputation habital. implications of this fragmentation include
a potential permanant loss of viable wild sheep habitat with a subsequent loss of metapopulation viability.
The data llustrate thet actual and potential habitat fragmentation ocours throughout the weslem United
States rather than being confined to just a few locations. Habdat that links populations can be overlooked
because i is not vewed as typecal wikd sheep habital. The paper discusses how fragmentalion has
impactad some metapopulations and provides recommendations for achisving metapopulation

managamant.

Frior to seltiement, wild sheap ware widaly
distributed in most mountain mnges and badiands
of western Modh Amenca. Since that ime apparent
large scale habifal fragmentation has taken place
(Wishart 1878) (Fig. 1). Fragmentation occurs when
a large expanse of habital is transformed info &
number of smaller patches which are isolated from
wach other thus forming a matix of habitats unlike
the onginal. Using Hanski and Gilpin's (1991)
definition of fragmeantation, we balieve wild sheep,
as one of many specios with formerly continuous
spahal dstnbubions, are esperencing habitat
fragmentation. Fragmentation of habtal remaing
the principal throal to mast species n the temperate
Fame (Wilcowva of al. 1988).

The key to management of all races of wild
sheep B habital protection, maintenance, and
enhancement (Michols 1878, Wishart 1878). Undil
recenlly the predominale approach io habilat
management his been at the local scale (Bleich et
al, 1990). Local seale i= defined as the scals at
which indiiduals move and inleract with each other
in the course of their routine feeding and breeding
actnities  (Hanski and Gipn  1991), A
metapopliation |s defined as a set of local
populations which interact via indduals maving
among local populations. A species restricted (o a
newly Iragmented habital does nol necessarily
function as a matapopulaton. It may have such &
resiricied ability to disperse that a local population,

once  extingt, will remain exdincl. We  must
undersiand the dynamics of these fragmented
populations so that proper management rermedes
can be alempled bo plevend total extinclion (Hanski
and Gipin 1991). Metapopulation scale in relation
tn local scale has been defined by Hanski and
Gilpin (1991) as the scale at which individuals
infrequently move from one place (populaton) to
anather, pcally scross habdal types which aré not
suftabde for their fesding and bresding actvibes, and
often with substantial risk of failing to locata anothaer
suitable habitat patch in which to settle. The
importance of metapopulations 1o bighom sheep
{Ovis canadensis) and the adverse impacts of
fragmantation have boon addressed (Schwarkz o
al, 1986, Bizich &1 al, 1990, Berger and Wehausaen
1991, Ramey 1891)

The Bureau of Land Managemeni (BLM), as
well as other hab#tat management agencies has
begun managing for blodhversity ower broad
scosystams, resulling in a focus on |andscaps
ecology and metapopulation mansgement. Forman
and Godron (198&), in defining landscape ecology,
pointed out thal landscape ecology has many
similafifies with metapopulation studies, including
survival of species, communities, and scosysiems
in fragmanied habflals, how lo distngush the
malfric, or the disiinction bebween habital paiches
and their surroundings; ongsn, size and shape of
habitat patches, and the role of habdtat corndars in
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Fig. | - Present and Historie Distribution of Mountain Sheep
in the Western United States (after Wishart 1978).
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Fig. 2 - Presenl Dhstribution of Dall Sheep in Alaska and Canada (after Nichols 1978).
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Fig. 3 - Present and Histone Distribution of Desert Bighorn Sheep
in the Western United States.
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Fig. 4 - Present and Historie Distribution of Rocky Mountain Bighorn Sheep
in the Western United States.
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Fig. 5 - Presenl and Histone Distribution of California Bighorn Sheep in the Western Uinited States
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iaciating disparsal and hence maintaining viable
populations. Motapopulation siudies developed

deductively, with extensive use of mathematical
madils and, with extensive testing of any advances
agains! obssrvational data and expardmental
systems. On the othar hand, landscape ecology =
holistic in its approach and focuses on the enlire
landscape. Merging of the 2 disdplines should
ke for exciing scientific synthesis,

One of the first strategy plans based on
landscape ecology being prepared by the BLM
through mnberagency cooperation & entiled,
Lands. This planning effort will establish Bureau-
wide goals for managing the thinham sheep and 3
bighom sheap subspacies which occur on public
land. These wild sheep are Dall sheep (Owis dallf
o) (Fig. 2), desert bighom shaep (0. ¢ malsoni)
(Fig. 3). Rocky Mountain bighom (0. . canadensis)
(Fig. 4), and California bighom (O, c. cafiforriana)
{Fig. 5). In order to prepare such a plan wea need o
understand as much as possible aboul current
mansgemant prachices, wild sheep distribulbion,
popuiation numbars, population and habital limiting
factors, and several management support fems
including  habitat manipulation projects,  land
acquisiion exchanges needs, and  righi-of-way
acquisition, One of our first sleps was to quantify
and document thess Asms. We will Emit the
discussion in this paper lo those responses
periinent o mefapopulation management.

W thank all the siate wildlife agencies, BLM.
USDA Forest Benvice, and privale members of the
intaragency team who developed the questicnnains
used o gather the needed information and who will
confinue to be imvolved in the task of completing the

plarn,

METHODS

& gompiled dBASE IV data base in the form of
8 gquestionnaire was sent to all 138 BLM feld
offices. Although tha BLM biclogsis were o
respond directly to the questionnaire, all responses
wers i be coordinated with state wildlife agencies
and other federal agencies. To date, 134 (87%) of
those conlacted have responded. Questions ted
direclly lo analyzing lhe stale of metapopulation
mianagement included total niember of habital acres
curranily occupsed, total numbar of acres that ana
sudable habdat but unoccupled, total acres of
hisioric habital which are no longer sullable for
habdation, and factors which Bmit habitat use.

1

Sultabilty = dstermined from habital inventory
results. Tho questions were (o bo applied o a
biological unit or béoregion by speces or sub-
species, A biological unitbioregion is defined as a
terridory having a combination of biological, social,
and geographic ciera, rather than geopolitical
considerations; generally, & sysiem of related,

interconnected ecosystemns. In mosl cazes, ths
formarly was called a hard unit. Becausa Canada

is not presantly Included in this planning effor, we
are reparting only on sheap populations within USA.

REBULTS

Tha 134 respondents providoed information for
252 blological undis/bioregions. From a tolal of
57,743,704, acres, B1% (48578168 acres) ame
occupled habitat, &% (3611274 acres) are
unocoupied suitable habitat and 13% (7.556,261
acres) are hislorc unsuitable habital, Wihin the
252 Ilodal biological unds/bioregions, 24% are
unocoupled, 245% have o papulation of 50 or less
indivduals, 25% have a population between 51 and
100, and Z7% support populations of =100
indraduals. Analysis of the habital informalion was
completed for individual species and sub-species.

Dall Eheep

Dall sheep in Alaska. Alaska conl@ins
29,475,300 acres of Dall sheep habital (Fig.2). Dall
sheep currently occupy 96% (28,338,300 acres) of
thie tolal with unoccupled sufable and historic
unsuitable each being 2% or 468,000 acres and
568,000 acres respeciively.

Desert Bigharn Shaep

Six of the 11 western siales provide a total of
17,501 022 acres of habitat (Fig. 3). Desent bighom
sheep occupy T3% (13,143,340 acres) of this area
with 8% (1,531,672 acres) suitable but unocoupled
and 168% (2828010 acres) unsuitable hisloric
heabital

Rocky Mountain Bighern Sheep

Ton of the 11 western states provide a total of
7,430,433 acres of habital (Fig. 4). Rlocky Mountain
bighom sheep occupy 52% (3,842 056 acres) of
this area whils 13% (951,964 acres) is unoccuphed
bul suitable and 35% (2638419 aces) =
ursultable histonc habitat.

Calfornia Bighom Sheap
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Five of the 11 western states provide a total of
3236943 acrés of habitat (Fig.5). California
bighorn shesp oooupy 37% (1,251 473 acres) with
20% (6859 838 acres) unoccupied but suitable and
438 (1,425 832 acres) unsuilable histonic habiat

DISCUSSIOMN

With 134 respondents Bsling a folal of 252
bological unds, it s nol clear if the melapopulation
management approach has become a working
concapl. A review of Figures 2 through 5 indicates
the application of moetapopulation management
principles ape baing applied unequally throughout
the 11 weslern slates and Alaska Several of the
respondents have mapped and reported on
individual local populations rather than displaying
and discussing exdsting metapopulations.

With & 1993 total estmaled population of
72,356 wid sheep in the western Uniled States and
Alaska wa have made some prograss in increasing
sheep numbers from the estimated population of
85723 in 1874 (Trefethen 1875). Of the 252
biological units reparted, B0 (24%) have a "7
populatan. Elghtesn of the 60 biological units with
0" populations are predicted to be populated by the
year 2000 through transplanis and dispersal, Wea
presume these 18 represenl the suitable
unaccupied habtat The remaining 42 “0°
population biological untts should represent the
7,556,261 acres of unsultable historic habital which
indicales continued fragmentation of habitat.
Discarding the 60 "0" populations we ane laft with
192 occupied biological units. Taking the
conservative approach and following Berger (1860)
we conchede that sheep in 32% (61) of the
remaining 192 biological units will kikely go exdinct
within 50 years Wehausen (1895) reviewed
Berger's work and has raised doubl concarning the
likelihood of these populaions actually going
extinct. Garaful population mondonng will be
necessary to detarming which view i comact. This
amount of time, taken in the context of biodiversity
and ecosyslemn management, is nol adequale fo
state there would be a wviable population or
meatapopulation in thosa bislogical units, & worst
case sconario for the 81 populabons which could go
exlinct within 50 years & thal an addiional
3705263 acres of presently occupied habitat
wialihd B lost

The majority of cccupled habital s found in
those areas where the human influence is least fel,
Fifty one percent of occupied wild sheep habdat

occurs i Alaska with the remaining 48% spread
through the 11 weslern stales. Al the othes end af
the spectrum, 50% of the unsuitable historic habitat
iz found in 4 states, including California {18%),
MNevada (13%), and Wyoming and daho (10%
each). This finding is consisient with the thrust of
landscape ecology which m parbcularly concermed
with the human role in landscape development
(Hanski and Gilpin 1881}, Califarnia has not only
undergone fremendous urbanization during the
20th cenfury, R joins the other 3 states in having
widespread, inlensive livestock grazing. Livesiock
grazing was the primary habital limiting factor cited
by tha majority of those responding. Othar habstat
limiting factors included habiat fragmentation and
tirnkser managermenl. Habdal rmgmentabon can be
a cause for population decline or esinction as a
result of land use practices. Apgressive
reinfreduction programs, where appropriate, could
raise the tolal occupied habitat by &%,

Review of the quesbonnaife resulls on &
species and subspoecies basis supports the genaral
consensus thal increased habitat fragmentation
leads to populations and hab#ats thal are in

i=opardy.

Dall Sheep

Drall sheep habitat is the least fragmented of all
the species and subspecles addressed In this
paper. It ¥ bological units range in size from over
21,000,000 acres to 690400 acres. Population
figures for Dall sheep appear to have remained
basically slable owar the lasi 20 years. Alaska is
extremaly low in human population for its size, with
limiied access o many parts of the stale. Livestock
prazing is not an issue in Alaska at this ime. Once
the land selection issues associated with the Native
Clams Act have been resobved, the metapopulation
sifuation may change

Desert Bighorm Sheep

Three of the 20 biclogical units identified with
"0 populabon are sulable unoccupied habitat, The
remaining 17 represent the 2,636,419 acres of
unsuitable historic habitat. A review of Figure 7
llusirates the habitat fragmentation that has taken
plwce to dale, Fifteen of the remaining 70 biclogical
units support population levels of less than 50
indnviduals, potentially predisposing desert bighonn
habitat to a loss of apprommately 1,701,056 acres
(@ 10% increase in habilal loss In the next 50
years). A confinued aggressve reintroduchion and
augmentation program inlo approphiate locations
could perhaps recover 9% of the habitat available,
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decrease fhe polential for extinclion of low
population habitats, and increase metapopulation
potential by lowering habitat fragmentation.

grazing, habital loss and habéat
fragmentation are idenlified as habiat Emitng
factors, In states where fvesiock grazing has been
identified as a major hab#al limiting factor, dsease
could b carried from population to population by
inddviduats who have had nose 1o nose contact with
domestic sheep. Livestock grazing in this context ks
in iself a habitat fragmenting activity. In California,
whal should be one edraordinanly lamge
mistapopulaton B fragmantsd inloe 5 smaller
melapopulaions by fenced, multple-tane highways
and, two open agueducts.

Deser bighom sheep populations appear to
have increased over the past 20 years from
approdmabely 11,115 ndiwduals in 1974 (Trefethen
1975) 1o 15,858 in 1993, Livestock grazing and
dizease are the top 2 population Imifing faciors

Rocky Mountain Bighom Sheep

Theee of the 16 bological units identified with
"0 population are sullable unoccupied. The
remaining 13 biological units represont unsuitable
historic habital areas which indicales a loss of 35%
of the total habitat lor these sheep. A redew of
Figure 4 ilustrates the habital fragmentation that
has taken place to date. Fifteen of the remaining 55
biclogical units support population levels of lass
than 50 individuals, predispesing Rocky Mountain
sheep habital lo s loss of approximately 1,433,161
acres of habitat (a 19% mcrease in habdal loss in
the next 50 ysars) An aggressive rentroduction
program info appropriate locations could parhaps
recover 3% of the habital available and increase
metapopulation poleniasl by lowesing fragmentation.
Livestock grazing, imber managemenl prachices
and habstal fragmentation are identified as habital
limiting factors. Rocky Mountain bighom sheep
populations appear o have decreassd aver the
past 20 years from approxdmately 13,110 individuals
in 1874 (Trefethen 1973 to 8,163 In 1883,
Livestnck grazing and disease are the lop 2
pepulation Emiting factors

Califarnia Bighorm Sheep

Eleven of the 24 biological units wih D"
populaton are suitable unoccupied. The remaming
13 biclogécal units represent unsuitable histore
habdat areas which account for the 43% loss of
total California bighom sheep habital. Thirty of the
remaining 60 biological units support populations of
less than 50 individuals, which raises the polential

15°
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for the loss of 727,126 acres or 22% more habital.
An aggressve appropriately designed reintroduction
program could increase the occupied portion of
fodnl habtat by 20% which may lower the high leved
of habitat fragmentation which is evident (Fig. 9).
Livestock grazing, and habitat fragmeniation are 2
of the top habiat limating faciors.

California bighomn sheep populations have
incraased over the last 20 years from approsimately
1,500 in 1874 {Trefethen 1875) to an estimated
4885 indwviduals. This apparent paradox
demenstrales a “semi-feast or famine™ population
situation. Soty percent of the occupied biological
units with papulations greater than S0 individuals
cantsin populations in sxcess of 100 individualks.
Most of the rermaining populations are close o a
100 mndividuals per area level. A review of the
amount of acres contained within the occupled
areas results in a delermination of high densiy
populalions, If, as reported, Ivestock grading and
dissase are the primary population limiting factors,
these high density fragmented populations could
quite easily become ondangersd. This has beaen
demonsirated in 4 populafions in California.

RECOMMENDATIONS

The larges! single road block to adequale
acosystam management s the abilly to change
attitudes and agency thought procasses. For a
highly vagile species such as bighom sheep, large
areas must be managed for wide-ranging
melapopulations, With these points in mind, wa
offer recommendations lor implementing and
maninining the matapapulationdandscape ecology
approach needed o inswe the continuation of
viable bighom sheep populations.

1. Al agencies Involved in management of
bighom sheep must move from terrilorialism to
mivtualism, We are all working to perpetuate a
species which is wide ranging and has no abiity
fo recognize |ursdichional boundanes. Wae,
thersfone, are achng imiprudently if we ignore
natural lanws in favar of erntodal mperatee =
Lging the inferagency plan being prepanaed Tor
BLM as a slarfing point, bighorm sheep
biologisis  and managers should form
interagency advisory groups, There shoukd be
a group for ¢ach separate speces and sub-
spacies.  Easch interagency group should
undertake the lollowing lasks.



n. Determine the curmenl peocgraphical
distribufion of the target wild sheep.

b. Determine where the geographical
distibution has bean fragmented  into
metapopulations and local scale populations.

¢. Establish the funcionality of these
metapopulations and local populations in terms
of thair viability through population demographic
shudies and habital irands.

d. Establish whare within the geographical
distribution there is poteniial for recovery of
“lost” habitat and pul a stralegy in place o
accomplish the recovery.

g Implament a strategy which will maintain
viable metapopulations far into the future

3, Develop ecosystem based guidelines for
continual successful management of wikd
shaop on a metapopulation basks and provide
to all agencies and privale organizabons
imvolved with bighom sheep management

The Northern Wid Sheep and Goal Councl
and the Desert Bighom Council may be the
appropriate organizatons o work with agencies and
other organizations i forming the nteragency
groups.
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