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Rural areas in the American West are undergoing
a dra m a tic tra n s i ti on in dem ogra phy, econ om i c s ,a n d

eco s ys tem s . Long known as the “Wi l d ” We s t , the regi on has
been ch a racteri zed by low human pop u l a ti on den s i ties and
vast tracts of u n s et t l ed or undevel oped land (Wi l k i n s on 1993,
Power 1998). For most of the 1900s, the pop u l a ti on of m a ny
ru ral areas in the West grew very slowly or even dec re a s ed . Be-
cause local econ omies were based on natu ral re s o u rce in-
du s tries su ch as mining, l oggi n g, f a rm i n g, and ra n ch i n g,
m a ny re s i dents of the regi on con s i dered con s erva ti on stra te-
gies on public lands detri m ental to local econ omic devel op-
m en t . E f forts to establish natu re re s erves and to pre s erve
p u blic lands from com m ercial devel opm ent were seen as re-
s tri cting the use of vital natu ral re s o u rce s .

In recent dec ade s ,p a rts of that Wild West have given way
to the “ New ” West (Ri ebsame et al. 1 9 9 7 ) . People from
t h ro u gh o ut the Un i ted States have been migra ting to the
Rocky Mountains and the inland We s t . With a pop u l a ti on
growth ra te of 2 5 . 4 % , the mountain West was the faste s t -
growing regi on of the co u n try du ring the 1990s. Su rpri s-
i n gly, rapid pop u l a ti on increases are occ u rring not on ly in ur-
ban areas su ch as Denver and Salt Lake Ci ty but also in ru ra l
co u n ti e s ,m a ny of wh i ch are gaining pop u l a ti on even faster
than urban areas (Th eobald 2000). Some 67% of the co u n-
ties in the Rocky Mountains grew faster than the nati onal av-
era ge du ring the 1990s (Beyers and Nel s on 2000). Con s e-
qu en t ly, s m a ll cities su ch as Bozem a n , Mon t a n a , and Moa b,
Ut a h , a re beginning to ex peri en ce traffic con ge s ti on and
s prawl .

Some of the ru ral pop u l a ti on growth in the New We s t
repre s ents an intra regi onal red i s tri buti on of people from the
h i gh plains, wh i ch con ti nue to lose pop u l a ti on (Jo h n s on
1 9 9 8 ) , to more mountainous are a s . Ma ny of the new re s i den t s ,
h owever, a re in-migrants from other regi ons thro u gh o ut the
Un i ted States (Ri ebsame et al. 1 9 9 7 ) . The re s i dents of a ru ra l

su b d ivi s i on in a boom co u n ty in Montana might inclu de re-
cent arrivals from big East Coast citi e s ,m i dwe s tern farm s ,a n d
the nearest small town . Am ong the in-migrants are reti ree s ,
we a l t hy young adu l t s , and profe s s i onals in com p uter tech-
n o l ogy, real estate , and other servi ce indu s tries (Nel s on 1999).
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In assoc i a ti on with the pop u l a ti on ex p a n s i on ,m a ny profe s-
s i on a l ,s ervi ce , and high - tech n o l ogy businesses are rel oc a ti n g
to the regi on .

It is not yet fully clear why the ra te of pop u l a ti on growt h ,
econ omic con d i ti on s , and land-use patterns ch a n ge more
ra p i dly in some areas of the West than in others . Some co u n-
ties are growing qu i ck ly while others in the same regi on are
losing pop u l a ti on . Re s i dents are con f u s ed abo ut how fast
and how mu ch the balance bet ween trad i ti onal re s o u rce -
b a s ed indu s tries and the newer high - tech n o l ogy and rec re-
a ti on indu s tries wi ll ch a n ge . Al s o, the ef fects of pop u l a ti on
growth on land cover and land use are poorly qu a n ti f i ed . Th e
ra tes at wh i ch urban and ru ral re s i den tial areas are ex p a n d-
ing while agri c u l tu ral lands and natu ral habitats are con-
tracting have not been wi dely analy zed .

Th ere is also uncert a i n ty abo ut why people and bu s i n e s s e s
a re attracted to the mountain We s t . While improved el ectron i c
con n ectivi ty and tra n s port a ti on make living and working in
ru ral areas easier (Levitt 2002), con s i dera ble imped i m ents re-
m a i n , i n cluding slow or limited In tern et acce s s , l ong dis-
t a n ces to market s , the absen ce of a tra i n ed work force , a n d
h a rsh cl i m a te . One vi ew is that the regi on is attractive de s p i te
these imped i m ents because of its “n a tu ral amen i ti e s ,” i n-
cluding scen ery, wi l dern e s s ,o utdoor rec re a ti on , and wi l dl i fe
(Jo h n s on and Ra s ker 1995, Beale and Jo h n s on 1998). Ma ny
n ewcom ers speak of the “one-hour ru l e” : Th ey want to work
within an hour’s drive of good fishing, hu n ti n g, s k i i n g, a n d
h i k i n g. Taking excepti on to the trad i ti onal vi ew that the en-
vi ron m ent and the econ omy are in con f l i ct ,m a ny econ om i s t s
in the New West argue that a high - qu a l i ty envi ron m ent is the
regi on’s gre a test econ omic asset (Ra s ker 1993, Power 1998).

An o t h er issue is the influ en ce of human devel opm ent on
eco s ys tem s . Th ere is a gen eral sense in the regi on that the
em er ging econ omy, b a s ed on high tech n o l ogy and outdoor
rec re a ti on , is more con s i s tent with con s erva ti on than is the
trad i ti onal ex tracti on - b a s ed econ omy. In i tial studies su g-
ge s t ,h owever, that the growing pop u l a ti on is altering eco s ys-
tem processes and bi od ivers i ty because of wh ere people are
ch oosing to live and play (Th eobald 2000). In c re a s i n gly,
l on g - time and new re s i dents alike are opting to live “o ut of
town” in ru ral are a s . Hen ce , s prawling su b d ivi s i ons and
ra n ch et tes are rep l acing natu ral habitats and agri c u l tu ra l
l a n d s . At the same ti m e , ra tes of rec re a ti onal activi ty alon g
rivers , in fore s t s , and on back co u n try trails are soa ring (Laito s
and Ca rr 1999), with native wi l dl i fe being displaced as a re-
sult (Mi ll er et al. 1 9 9 8 ) . Be s i des affecting priva te lands, de-
vel opm ent near the bo u n d a ries of n a ti onal parks and other
pro tected parcels may have an impact on those areas as well .
E f fects on pro tected areas may inclu de the loss of n a tive
s pec i e s , ch a n ges in distu rb a n ce regimes (su ch as wi l d f i re ) ,a n d
the spre ad of i nva s ive or ga n i s m s .

An overvi ew of the pre sent stu dy
In this stu dy, we focus on the Gre a ter Yell ows tone Eco s ys tem
(GYE) in examining the eco l ogical causes and con s equ en ce s
of dem ogra phic ch a n ge in the New We s t . In su m m a rizing 

re s e a rch that we have con du cted in the area since 1993,we ad-
d ress three qu e s ti on s :

• How fast are humans expanding into sem i n a tu ral land-
s c a pes in the ru ral We s t ?

• To what ex tent is this in-migra ti on rel a ted to eco s ys tem
qu a l i ties ra t h er than soc i oecon omic factors ?

• How is human devel opm ent in ru ral areas of the We s t
i n f lu encing bi od ivers i ty in and around natu re re s erve s ?

We first de s c ri be GYE and qu a n tify soc i oecon omic and eco-
l ogical ch a n ge du ring the peri od 1975–1995.We then ex a m-
ine po s s i ble soc i oecon omic and eco l ogical drivers of pop u-
l a ti on growt h . The impact of ru ral re s i den tial devel opm en t
on wi l dl i fe is then con s i dered ,e s pec i a lly its ef fects in natu re
re s erve s . We end by con s i dering implicati ons for re s e a rch
and managem ent in GYE and other we s tern landscape s . An-
s wers to the qu e s ti ons we raise in the pre s ent arti cle are im-
portant because they may en a ble growth stra tegies de s i gn ed
to minimize nega tive eco l ogical impacts on priva te and pub-
lic lands.Beyond their va lue for con s erva ti on ,s tra tegies to pro-
tect scen ery, w a ter qu a l i ty, wi l dl i fe , and the sense of wi l der-
ness may also be key to sustaining econ omic growth in the
New West (Ru d z i tis 1999).

The Grea ter Yell ows tone 
Eco s ys tem
GYE was ori gi n a lly def i n ed as the ra n ge of Ursus arcto s, t h e
Yell ows tone gri z z ly bear (Cra i gh e ad 1991). For this stu dy
and its broader goa l s , h owever, we define GYE as the con-
tiguous area of p u blic lands and su rrounding priva te lands
down to and including the high plains that su rround the
mountainous eco s ys tem (Figure 1). For the soc i oecon om i c
a n a lys e s , we con s i dered an ex p a n ded area that inclu des the 20
co u n ties of GYE because soc i oecon omic data gen era lly are not
ava i l a ble at ju ri s d i cti onal levels finer than the co u n ty. G Y E’s
p u blic lands inclu de two nati onal parks (Yell ows tone and
Grand Teton ) ,s even nati onal fore s t s , and more than 20 other
federal and state ju ri s d i cti ons (Goldstein 1992). Yell ows ton e
Na ti onal Pa rk (YNP) is among the be s t - k n own natu re re s erve s
in the worl d . The park and su rrounding public lands repre-
s ent a vast area of wild and sem i n a tu ral habi t a t s . These lands
a re unique in the lower 48 states in su pporting several large
c a rn ivore s , su ch as the gri z z ly bear and free - roaming pop u-
l a ti ons of l a r ge ungulates (Schu ll ery 1997). In the priva tely
own ed lowland va ll eys , land use is most likely to be devo ted
to agri c u l tu re , grazing of dom e s tic animals on ra n gel a n d , ru ra l
h o u s i n g,and urban devel opm en t . The 20 co u n ties of GYE had
359,492 re s i dents in 2000, most living in and around small
c i ties and town s .

The regi on has strong grad i ents in topogra phy, cl i m a te ,a n d
s oi l s . The nati onal parks of GYE are rel a tively high in el eva-
ti on and cen ter on the Yell ows tone Plateau and su rro u n d i n g
mountain ra n ge s . Ot h er public lands are largely at middle el-
eva ti ons on the flanks of the plate a u . In striking con tra s t , pri-
va te lands are pri m a ri ly at lower el eva ti ons in va ll ey bo t-



toms and on the plains su rrounding the public lands. The Yel-
l ows tone Plateau was cre a ted thro u gh volcanic activi ty.Hen ce ,
s oils at high er el eva ti ons are largely nutri en t - poor rhyo l i te s
and ande s i tes with low water-holding capac i ty (Rodman et
a l .1 9 9 6 ) .Va ll ey bo t toms and floodplains contain gl acial out-
wash and alluvial soils that are high er in nutri ents and water-
holding capac i ty. Cl i m a te severi ty increases with el eva ti on . Th e
l ength of the growing season va ries from 5 to 6 months in the
va ll ey bo t toms to abo ut 2 months in subalpine forests 
( Despain 1990). Mu ch of the prec i p i t a ti on falls as snow. Th e
avera ge snowm elt date va ries from abo ut May 1 at lower el-
eva ti ons to Ju ly 1 in high - el eva ti on fore s t s .

The veget a ti on of GYE is a mosaic of fore s t s ,s h ru bl a n d s ,
and gra s s l a n d s . Con i ferous forests dra pe mu ch of the Yel-
l ows tone Plateau and mountain slope s . Arid shru blands and
grasslands exist on fine-tex tu red soils from va ll ey bo t toms up
to midslopes and in the alpine zon e . As pen ( Populus tremu-
l o i d e s )is distri buted in rel a tively small patch e s , pri m a ri ly on
m oist toe s l opes or on fractu red rock s . Ri p a rian zones in
l a r ger floodplains are dom i n a ted by co t tonwood ( Popu l u s
s pp. ) and wi ll ow (Salix spp. ). Un f avora ble cl i m a te and soi l s
cause pri m a ry produ ctivi ty ra tes to be low over mu ch of

GYE and rel a tively high on ly in va ll ey bo t toms (Ha n s en et al.
2 0 0 0 ) . Both fire and logging are com m on distu rb a n ces in GYE.
Approx i m a tely 45% of YNP bu rn ed du ring 1988 (Romme and
Despain 1989). Logging was com m on on most of the nati on a l
forests from 1960 to 1990, but little logging has occ u rred in
recent ye a rs .

L i ke many areas in the inland We s t , GYE is ch a n gi n g.
Movie stars , corpora te exec utive s , and many others are rel o-
c a ting there . The local econ omy is shifting from trad i ti on a l
re s o u rce indu s tries to a New West econ omy based on a mix
of the trad i ti onal with new sectors su ch as high tech n o l ogy,
real estate , and rec re a ti on . Local com mu n i ties are con f ron ti n g
traffic con ge s ti on and ru ral sprawl as major issu e s . How-
ever, ra tes of ch a n ge are poorly qu a n ti f i ed ,i n teracti ons be-
t ween econ omy and eco l ogy are hotly deb a ted , and stra tegi e s
for con s erving wi l dl i fe ac ross public and priva te land bo u n d-
a ries are poorly devel oped .

C h a n ge in GYE: 1970–1997
To determine how ra p i dly soc i oecon omic and eco l ogi c a l
con d i ti ons have ch a n ged in GYE in recent dec ades and how
the patterns of ch a n ge va ry ac ross its 20 co u n ti e s , we com p i l ed
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Fi g u re 1. A rel i ef map of the Grea ter Yell ows tone Eco s ys tem (GYE). We co n du cted ecol ogical analyses for the wa tersheds of
GYE down to and including the high plains that su rround the eco s ys tem . The lower el eva tional bou n d a ry va ried from 1280
to 1800 meters . For the so ci oe conomic analyse s , we co n s i d ered an expanded area that included the 20 cou n ties of GYE 
be c a u se so ci oe conomic data gen era lly are not ava i l a b le at juri sd i ctional levels bel ow that of the cou n ty.



data from the US Bu reau of the Cen su s , the Bu reau of E co-
n omic An a lysis of the US Dep a rtm ent of Com m erce , co u n ty
a s s e s s ors’ of f i ce s ,s a tell i te imagery, and other sources for the
peri od 1970–1997. Using these data, we com p i l ed avera ges for
G Y E , as well as avera ges for the GYE co u n ties gro u ped into
t h ree classes of pop u l a ti on ch a n ge over the peri od 1970–1997:
s l ow (–6% to 14%, 5 co u n ti e s ) ;i n term ed i a te (27% to 58%,
10 co u n ti e s ) , and fast (68% to 185%, 5 co u n ti e s ) .

Popu l a t ion size . The pop u l a ti on of GYE incre a s ed 55%
bet ween 1970 and 1997, a growth ra te exceeding that of
t h ree - qu a rters (78.2%) of a ll co u n ties in the Un i ted States (Fig-
u re 2). This overa ll figure masks the wi de va ri a ti on amon g
GYE co u n ti e s . The pop u l a ti on of the five faste s t - growi n g
co u n ties in GYE incre a s ed 107.2% overa ll ; these co u n ti e s
a re in the top 10th percen tile of co u n ties in the Un i ted State s
in growth ra te . Am ong this group was Teton Co u n ty,
Wyom i n g, wh i ch contains the Grand Teton Na ti onal Pa rk
ga tew ay com mu n i ty of Jack s on , the ad jacent Teton Co u n ty,
Id a h o, wh i ch is a bed room com mu n i ty for Jack s on , and Gal-
l a tin Co u n ty, Mon t a n a , wh i ch inclu des Montana State Un i-
vers i ty and the high - tech n o l ogy cen ter of Bozem a n . In con-
tra s t , f ive GYE co u n ties grew slowly, at an avera ge overa ll
ra te less than 15% over the 27-year peri od . These co u n ties lie
l a r gely on the high plains on the peri ph ery of G Y E . Rel a tively

distant from the nati onal park s , these co u n ties had econ om i e s
that were dom i n a ted by agri c u l tu re or mining.

Eco n o m i cs .The econ omy of G Y E ,l i ke that of mu ch of t h e
We s t , was growing and divers i f ying aw ay from a rel i a n ce on
re s o u rce ex tracti on and agri c u l tu re (Power 1991, Ra s ker
1 9 9 1 ) . Mi n i n g, oi l , ga s , ti m ber, f a rm i n g, and ra n ching co l-
l ectively acco u n ted for 19% of total pers onal income in the
regi on in 1970; by 1995 they acco u n ted for 6%. Over 99% of
the net growth in pers onal income from 1970 to 1995, in re a l
term s , was in indu s tries other than the historical staples of t h e
regi on . These growth sectors inclu ded bu s i n e s s , en gi n eer-
i n g, health care , and other servi ce s , wh i ch acco u n ted for 26%
of n et new income growt h ; and non l a bor income source s ,
wh i ch acco u n ted for another 51% of growt h . The econ omy
of the regi on broaden ed to inclu de em p l oym ent in a va ri ety
of business and produ cer servi ce s , su ch as finance , i n su r-
a n ce , real estate , tel ecom mu n i c a ti on s ,s of t w a re devel opm en t ,
re s e a rch , and managem ent con su l ti n g. Ma ny of these were
“foo t l oo s e ,” in the sense that the own ers of su ch bu s i n e s s e s
of ten were not ti ed to a particular loc a ti on and therefore
could rel oc a te to de s i ra ble areas (Ra s ker and Glick 1994).

While GYE on avera ge was growing and divers i f yi n g, t h ere
were differen ces among co u n ti e s . The five fast-growing co u n-
ties con form ed to the GYE-wi de trend of rapid growth in per-

s onal income in non trad i ti on a l
s ectors du ring 1970–1997 (Figure
3 ) . These co u n ties were ch a racter-
i zed by a lack of h i s torical rel i a n ce
on mining, rapid growth of bo t h
profe s s i onal and servi ce indu s tri e s ,
h i gh growth in rel a tively high - p ay-
ing servi ce s , and rel a tively mod-
est growth in non l a bor incom e
s o u rces (pri m a ri ly mon ey earn ed
f rom past inve s tm ents and reti re-
m ent incom e , or income rel a ted
to the pre s en ce of rel a tively el derly
re s i den t s ,i n cluding Med i c a re pay-
m en t s ) . Am ong these five faste s t -
growing ju ri s d i cti on s , S ti llw a ter
Co u n ty, Mon t a n a , was an anom a ly
because of rel a tively stable min-
ing em p l oym ent sec u red by a su c-
cessful plati num and pall ad iu m
m i n e , one of the few in the worl d .
Even so, ac ross the five co u n ti e s ,
pers onal income earn ed in mining
repre s en ted on ly 2% of n et new
i n come growt h .

In con tra s t , pers onal income in-
c re a s ed mu ch more slowly in the
f ive slowe s t - growing co u n ties (Fig-
u re 4). These co u n ties were more
h e avi ly dom i n a ted by agri c u l tu re
and mining in 1970. Both of t h e s e
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Fi g u re 2. Human popu l a t ion ch a n ge in the Grea ter Yell ows tone Eco s ys tem ,1 9 7 0 – 1 9 9 7 .
Sh own are the overa ll ra te of human popu l a t ion growth in the 20 GYE cou n ti e s , in the 5
f a s te s t - growing cou n ti e s , and in the 5 slowe s t - growing cou n ti e s , du ring the peri od
1 9 7 0 – 1 9 9 7 .



s ectors saw dec reases in to t a l
pers onal income from 1970
to 1997. Growth in servi ce
and profe s s i onal occ u p a ti on s
was rel a tively slow du ring this
peri od . As a con s equ en ce ,t h e
most significant con tri butor
of n ew income since 1970, i n
real term s , was non l a bor
s o u rce s , wh i ch acco u n ted for
97% of n et new pers onal in-
com e . Thu s , most co u n ti e s
trad i ti on a lly depen dent upon
a gri c u l tu re and mining ex pe-
ri en ced rel a tively slow growt h
in pop u l a ti on size and per-
s onal incom e , with the bulk of
this in reti rem ent and inve s t-
m ent incom e . In con tra s t ,
s ome other co u n ties in GYE
ex peri en ced rapid incre a s e s
in pop u l a ti on and pers on a l
i n come in the servi ce and
profe s s i onal sectors as well as
in the non l a bor sector. Th e s e
trends lead to the qu e s ti on of
why some GYE co u n ties are
booming while others are rel-
a tively stagn a n t .

Land cover and land
u se . As s oc i a ted with dem o-
gra phic and econ omic ex-
p a n s i on were ch a n ges in land
cover and land use. We re-
cen t ly com p l eted the firs t
f i n e - re s o luti on maps of l a n d
cover for the en ti re GYE.
These maps were derived
f rom Landsat satell i te im-
a gery for 1975, 1 9 8 5 , a n d
1 9 9 5 . Here we su m m a ri ze
ch a n ges in land cover for the
peri od 1975–1995.

Ac ross GYE, the area of t h e
dominant cover type s , con i fer
and mixed con i fer (con i fer
and herb aceo u s ) , dec re a s ed
by 2% from 1975 to 1995
( F i g u re 5). This small redu c-
ti on masked wi de ch a n ges in
the distri buti on of fore s t
cover and seral stage s . Th e
a rea in con i fer (gre a ter than
or equal to 70% con i fer
cover) dec re a s ed by 17%,
while areas of m i xed con i fer
(10%–70% con i fer cover) 
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Fi g u re 3. Ra te of growth in personal income derived from major economic se cto rs for the five
GYE cou n ties wh o se human popu l a t ions were growing the faste s t . Gaps in the trend lines 
i n d i c a t e missing data.

Fi g u re 4. Ra tes of growth in personal income derived from major economic se cto rs for the five
GYE cou n ties wh o se human popu l a tions were growing the slowe s t . Gaps in the trend lines in-
d i c a te missing data.



i n c re a s ed by 90%. Some areas in con i fer in 1975 were su b s e-
qu en t ly logged , or bu rn ed in the 1988 wi l d f i re s , and bec a m e
ei t h er bu rn ed ,h erb aceo u s , or mixed con i fer by 1995. Som e
of the gain in mixed con i fer was also due to the en c roach m en t
of con i fers into non con i fer habitats because of f i re exclu-
s i on or cl i m a te ch a n ge . Con s equ en t ly, a reas of h a rdwood
( gre a ter than or equal to 70% hardwood) dec re a s ed by 46%,
and mixed hardwood cover (10%–70% hardwood) by 24%,
f rom 1975 to 1995. The area in agri c u l tu re dec re a s ed by 9%,
p a rti a lly because of convers i on to grassland under the Con-
s erva ti on Re s erve Progra m ,a federal program that pays farm-
ers to leave marginal croplands fall ow. The proporti on of
land occ u p i ed by urban areas incre a s ed su b s t a n ti a lly (348%),
l a r gely at the ex pense of a gri c u l tu re . Urban ex p a n s i on occ u rred
m o s t ly at the ed ges of c i ties and town s , a l t h o u gh en ti rely
n ew com mu n i ti e s , su ch as the ski re s ort town of Big Sky, Mon-
t a n a ,h ad been devel oped since 1970 (Oechsli 2000).

We cl a s s i f i ed homes out s i de urban bo u n d a ries as ru ra l
re s i den tial devel opm ent (RRD). The loc a ti ons of these ru ra l
h omes were inferred from co u n ty assessor and water- well per-
mit record s . These data were ava i l a ble for the Montana and
Wyoming porti ons of G Y E . Du ring 1970–1997, RRD in-
c re a s ed more than 400% in this porti on of G Y E . Ex p a n s i on
of RRD was pron o u n ced around pop u l a ti on cen ters . RRD also
i n c re a s ed in rel a tively rem o te parts of G Y E ,p a rti c u l a rly alon g

the major river va ll eys coming of f the Yell ows tone Plateau and
the su rrounding mountains (Figure 6).

The co u n ties with the highest pop u l a ti on growth ra te s
h ad the largest increases in urban and RRD lands du ri n g
1 9 7 5 – 1 9 9 7 . The ex tent of u rban area incre a s ed 377% in the
f a s t - growth co u n ti e s , com p a red with 147% in the slow -
growth co u n ti e s . Si m i l a rly, RRD incre a s ed by 167% and 36%,
re s pectively, in fast-growth and slow - growth co u n ti e s .

So ci oe conomic causes and 
co n seq u en ces of ch a n ge 
We su gge s ted in the introdu ctory para gra phs of this arti cle that
m a ny of the new people and businesses in the West have
been attracted by natu ral amen i ti e s . The con tri buti ons of
su ch eco s ys tem - b a s ed factors , rel a tive to trad i ti onal soc i oe-
con omic factors ,h owever, a re little known .

The term n a tu ral amen i ti e shas not received a standard de-
f i n i ti on from soc i o l ogi s t s . The Econ omic Re s e a rch Servi ce of
the US Dep a rtm ent of Agri c u l tu re has devi s ed a “n a tu ra l
a m en i ties index ”b a s ed on three classes of physical factors : cl i-
m a te , topogra phy, and water area (Crom a rtie and Wa rdell
1 9 9 9 ) . Su ch factors were sel ected as repre s en ting the base 
i n gred i ents of n a tu ral amen i ties su ch as scen ery and out-
door rec re a ti on . Pop u l a ti on growth in ru ral co u n ties in the
Un i ted States was stron gly correl a ted with this natu ral amen i-
ties index du ring 1970–1996 (Mc Granahan 1999). Su rveys of
n ew re s i dents and businesses in co u n ties with high levels of
n a tu ral amen i ties found that factors su ch as scen ery, envi-
ron m ental qu a l i ty, p ace of l i fe ,o utdoor rec re a ti on , and cl i m a te
were more important re a s ons for rel oc a ti on than job op-
portu n i ty or cost of l iving (Jo h n s on and Ra s ker 1995, Ru d z i-
tis 1999). Rapid pop u l a ti on growth was also assoc i a ted wi t h
prox i m i ty to wi l dern e s s , and re s i dents frequ en t ly cited acce s s
to wi l derness as important to them (Ru d z i tis and Jo h a n s en
1 9 9 1 ) . Wi l dl i fe pre s en ce might influ en ce econ omic devel-
opm ent by su pporting hu n ti n g, f i s h i n g, wi l dl i fe vi ewi n g, a n d
s ense of wi l derness (In gram and Lew a n d rowski 1999). In
su m , these studies su ggest that em i grants to the New West are
s eeking mountainous or coastal scen ery; access to outdoor
rec re a ti on , i n cluding hiking, f i s h i n g, hu n ti n g, and skiing;
prox i m i ty to open space and wi l dern e s s ; and modera te cl i m a te .
For the pre s ent stu dy, we refer to scen ery, o utdoor rec re-
a ti on , wi l dl i fe ,s ense of wi l dern e s s , and the bi ophysical fac-
tors that con tri bute to these as natu ral amen i ti e s .

We te s ted the ex tent to wh i ch bi ophysical factors were
correl a ted with ra tes of pop u l a ti on growth in ru ral co u n ti e s
of Id a h o, Mon t a n a , and Wyoming (Ra s ker and Ha n s en 2000).
The factors we con s i dered invo lved cl i m a te , topogra phy, w a-
ter are a , forest are a , and area in natu re re s erve s . We found that
pop u l a ti on growth was sign i f i c a n t ly assoc i a ted with moun-
tainous topogra phy, forest cover, gre a ter prec i p i t a ti on ,and the
pre s en ce of n a tu re re s erve s . These re sults were con s i s ten t
with the hypothesis that natu ral amen i ties con tri bute to pop-
u l a ti on growth ac ross the three state s .

Within GYE, we ex a m i n ed the import a n ce of bi ophys i c a l
f actors rel a tive to soc i oecon omic va ri a bles as ex p l a n a ti ons for
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Fi g u re 5. C h a n ge in land cover and land use in the
Grea ter Yell ows tone Eco s ys tem du ring 1975–1995. Da t a
within the boxes are the propo rtions of total stu dy area
for ea ch cover type in 1975. Data outside the boxes are the
percen t a ge ch a n ges in ea ch cover type du ring 1975–1995.
Cover types are agri c u l tu re (cropping and inten s ive gra z-
i n g ) , bu rned (by wi l d f i re or pre scri bed fire ) , co n i f er (more
than 70% co n i f er cover ) ,h a rdwood (more than 70%
h a rdwood cover ) ,h erba ceous (natu ral gra s s l a n d ) ,
se e dl i n g / s a pling (re cen t ly distu rbed co n i f er stands),
mixed co n i f er (less than 70% co n i f er cover ) , mixed hard-
wood (less than 70% hardwood cover ) , and urba n .



pop u l a ti on growth (Ra s ker and Ha n s en 2000).
As was true in the three - s t a te analys i s , bi ophys-
ical factors ex p l a i n ed a significant proporti on of
the va ri a bi l i ty in pop u l a ti on growth amon g
co u n ti e s ,s om etimes as mu ch as 60%. Some so-
c i oecon omic factors ,h owever, were also sign i f-
i c a n t . These inclu ded edu c a ti on level of t h e
work force , percen t a ge of em p l oym ent in bu s i-
ness servi ce s , and the pre s en ce of an airport
with daily com m ercial servi ce to larger mar-
ket s . E co l ogical and soc i oecon omic va ri a bl e s
toget h er ex p l a i n ed 79% of the va ri a ti on in pop-
u l a ti on growt h . These re sults su gge s ted that any
m odel for econ omic devel opm ent should ex-
p l i c i t ly ack n owl ed ge the role that natu ral amen i-
ties play in pop u l a ti on growt h .Al t h o u gh natu ra l
a m en i ties may be a nece s s a ry con d i ti on for the
growth of ru ral co u n ties in GYE, h owever, t h ey
a re prob a bly not su f f i c i en t . Soc i oecon omic fac-
tors invo lving edu c a ti on , l a bor, and tra n s-
port a ti on are also likely to be import a n t .

Co n seq u en ces for bi od ivers i ty 
One measu re of h ow the ch a n ges in land cover
we have noted are influ encing eco s ys tem prop-
erties is the bi od ivers i ty of n a tive spec i e s . It is
wi dely assu m ed that increases in urb a n i z a ti on
and RRD have a limited influ en ce on wi l dl i fe in
the public lands of GYE because these devel op-
m ents are con f i n ed to priva te lands, wh i ch rep-
re s ent on ly 36.4% of the land are a . Fu rt h er, t h e
l evel of human den s i ty on these priva te lands is
very low rel a tive to that in mu ch of the Un i ted
S t a te s . Our re sults su gge s t , h owever, that in-
c re a s i n gly intense land use has affected many na-
tive species in and around the public lands in
G Y E ,l a r gely because of wh ere people live on the landscape .

We foc u s ed our det a i l ed analyses on bi rd species bec a u s e
m a ny species of d iverse taxa and life - h i s tory types could be
s a m p l ed within logi s tic con s traints (Ha n s en et al.1999, 2 0 0 0 ,
Ro tella et al. 2 0 0 0 , Ha n s en and Ro tella 2002). We first qu a n-
ti f i ed the distri buti ons of n a tive bi rd species and of bi rd
s pecies ri chness ac ross the landscape rel a tive to habitat type ,
el eva ti on , and own ers h i p.We then measu red reprodu ctive out-
p ut of s el ected species ac ross grad i ents in natu ral factors and
land-use inten s i ty. We used our em p i rical data and models of
pop u l a ti on dynamics to esti m a te the ef fects of RRD on two
bi rd species ac ross the stu dy area and within Y N P. F i n a lly,
b a s ed on the re sults of the bi rd analys e s , we spec u l a ted on how
o t h er vertebra tes may have been affected by land use in GYE.

B i rd distri bu ti o n . The analysis was re s tri cted to a 9500-
s qu a re - k i l om eter area in the nort hwest porti on of GYE that
i n clu ded the upper Gall a ti n , Mad i s on , and Hen ry ’s Fork wa-
ters h eds (Figure 1). S pecies abu n d a n ces were sampled du r-
ing 1995–1997 at 100 site s , wh i ch were stra ti f i ed by cover type ,

s eral stage , and el eva ti on class (Ha n s en and Ro tella 2002). Sev-
eral bi ophysical factors were qu a n ti f i ed at the site s ,i n clu d i n g
el eva ti on ,s l ope ,a s pect ,s pecific catch m ent are a ,p a rent ma-
teri a l , a boveground net pri m a ry produ ctivi ty, and veget a-
ti on stru ctu ral com p l ex i ty. A type of mu l tiple regre s s i on
a n a lysis term ed m i x ed mod el i n g (SAS In s ti tute 1996) was
u s ed to qu a n tify rel a ti onships bet ween bi rd species ri ch n e s s
and total bi rd abu n d a n ce and the bi ophysical pred i ctor va ri-
a bl e s . The best models were then used to ex tra po l a te bi rd
s pecies ri chness and total bi rd abu n d a n ce over the stu dy
a re a , and these data were analy zed by el eva ti on and land
own ers h i p.

We found that bi rd species ri ch n e s s , total bi rd abu n d a n ce ,
and indivi dual bi rd species abu n d a n ces were stron gly asso-
c i a ted with landscape set ti n gs with one or more of t h ree fe a-
tu re s : l ower el eva ti on , the pre s en ce of a lluvial parent mate-
ri a l s , and high er aboveground net pri m a ry produ ctivi ty.
Ha rdwood forests (aspen , co t tonwood , and wi ll ow) dom i n a ted
these site s . Ex tra po l a ting species ri chness and total bi rd abu n-
d a n ce ac ross the stu dy area reve a l ed that bi rd “hot spo t s” were

February 2002 / Vol. 52 No. 2 • BioScience 157

Articles

Fi g u re 6. Di s tri bu tion of ru ral homes in the Montana and Wyoming po rtions of
the Grea ter Yell ows tone Eco s ys tem . Ea ch wh i te dot indicates a home site , ba se d
on cou n ty well re co rd s .Blue lines indicate the bou n d a r ies of pu blic lands; the
yell ow polygon is Yell ows tone Na tional Pa rk .



rel a tively ra re (Figure 7). We def i n ed hot spots as places pre-
d i cted to have at least 60% of m a x i mum ri chness and bi rd
a bu n d a n ce , a threshold con s i s tent with those app l i ed in other
h o t - s pot mapping ef forts (e.g. , Brooks et al. 2 0 0 1 ) . Th e s e
hot spots covered on ly 2.7% of the stu dy area and were pri-
m a ri ly at lower el eva ti on s . Several indivi dual bi rd spec i e s
were largely re s tri cted to these hot spo t s . Am ong the 71
s pecies analy zed , 23% were found on ly in the three hardwood
h a bi t a t s , and 49% were sign i f i c a n t ly assoc i a ted with these 
h a bi t a t s .

Bi rd habitats were not ra n dom ly situ a ted rel a tive to land
a ll oc a ti on and land use. Priva te lands and intense land use were
bi a s ed tow a rd the produ ctive , l ow - el eva ti on set ti n gs that
were espec i a lly important for native spec i e s . Am ong the 
a reas in bi rd hot spo t s , 67% were on or within 6 km of pri-
va te lands, while on ly 6.5% were in natu re re s erve s . Wi t h i n
priva te lands, RRD was placed disproporti on a tely close to bi rd
hot spo t s . For ex a m p l e , h ome den s i ties within 2 km of h o t
s pots were 67% high er than they were at ra n dom loc a ti on s
on priva te lands.

Bi rd species that ei t h er prey upon other bi rds or are brood
p a ra s i tes were more abundant near RRD. Avian nest pred a-
tors su ch as the bl ack - bi ll ed magpie ( Pica pica) and the com-
m on raven ( Co rvus co rax) were sign i f i c a n t ly assoc i a ted wi t h
den s i ty of h omes within 6 km of bi rd hot spo t s . This was also
true for a brood para s i te , the brown - h e aded cowbi rd
( Mol ot h rus ater ). These species are attracted to home sites by
food assoc i a ted with hobby live s tock , com post piles, ga rb a ge ,
and pet feeding (Ma r z lu f f et al. 2 0 0 1 ) . From loc a ti ons near
ru ral hom e s , these bi rds ven tu re into areas of n a tu ral vege-
t a ti on su ch as hardwood forests and prey upon or para s i ti ze
the nests of o t h er bi rd spec i e s .

B i rd popu l a t ion dyn a m i cs . We also eva lu a ted the rel-
a tive ef fects of bi ophysical factors and land use on bi rd re-
produ cti on by mon i toring nests of t wo bi rd spec i e s , t h e
Am erican robin (Tu rdus migra to ri u s )and the yell ow warbl er
( Den d roica pete ch i a ), in two hot-spot habi t a t s — co t tonwood
and aspen—that differed in el eva ti on and land use (Ha n s en
and Ro tella 2002). These species were sel ected because large
samples of nests could be obt a i n ed and because these spec i e s
d i f fer in su s cepti bi l i ty to nest pred a ti on and para s i tism by cow-
bi rd s . Am erican robins aggre s s ively defend their nests aga i n s t
brood para s i tism and pred a ti on . Yell ow warbl er nests are
com m on ly para s i ti zed by cowbi rd s . We esti m a ted nest su c-
cess using the met h ods of Ro tella and others (2000) and es-
ti m a ted pop u l a ti on growth ra te (λ) based on simu l a ted fem a l e
su cce s s , females fled ged per su ccessful nest, and publ i s h ed es-
ti m a tes of adult and juvenile su rviva l . Female su ccess was es-
ti m a ted with a stoch a s tic model that incorpora ted field esti-
m a tes of nest su cce s s , avera ge age of f a i l ed nests, and the
du ra ti on of the nest initi a ti on peri od by el eva ti on cl a s s .

Reprodu cti on of Am erican robins was gre a ter at lower el-
eva ti on s . The lon ger breeding season in low - el eva ti on stands
a ll owed more time for ren e s ti n g. Moreover, we found no
p a ra s i tism of robin nests by cowbi rd s . The esti m a ted pop u-
l a ti on growth ra te for Am erican robins was well above the re-
p l acem ent level of 1.0 in low - el eva ti on stands and close to 1.0
in the high - el eva ti on stands. This su ggests that low - el eva ti on
h a bitats might be pop u l a ti on source areas for this species and
that reprodu cti on ra tes were lower in high - el eva ti on stands,
wh ere the length of the breeding season was shorter.

The pop u l a ti on growth ra te for the yell ow warbl er was well
bel ow the rep l acem ent level of 1.0 at high - el eva ti on site s ,
most likely because the short breeding season preclu ded ren-

e s ti n g. At lower el eva ti on s , de-
s p i te the lon ger breeding season ,
the esti m a ted pop u l a ti on growt h
ra te for yell ow warbl ers was also
bel ow the rep l acem ent level in
the low - el eva ti on co t tonwood
s t a n d s . This was prob a bly bec a u s e
of the ef fects of land use at low el-
eva ti ons and el eva ted nest pred a-
tor and cowbi rd pop u l a ti on s .Yel-
l ow warbl er nest su ccess was
n ega tively rel a ted to den s i ty of
h omes within 6 km. Moreover,
den s i ty of h omes within 6 km
was high er around co t tonwood
stands than around aspen stands.
The den s i ties of both cowbi rd s
and avian nest pred a tors were
po s i tively rel a ted to home den-
s i ty and were high er in co t ton-
wood than in aspen stands.Yell ow
w a rbl ers incurred high ra tes of
p a ra s i tism in co t tonwood (44.2%
of nests) and very low nest su cce s s
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Fi g u re 7. Di s tri bu tion of bi rd hot spots (areas of bi rd spe cies ri chness and total abu n d a n ce
grea ter than or equal to 60% of m a xi mum) across the bi rd stu dy area .Y N P, Yell ows to n e
Na tional Pa rk; TNF, Ta rghee Na tional Fo rest; GNF, Ga ll a t in Na tional Fo re s t . Fro m
Ha n sen and Rotella (2002).



( 2 2 % ) . These re sults su ggest that the en ti re stu dy area was a
pop u l a ti on sink for yell ow warbl ers because of cl i m a tic con-
s traints at high er el eva ti ons and land-use con s traints at lower
el eva ti on s .

To bet ter understand the influ en ce of land use on the pop-
u l a ti on dynamics of the yell ow warbl er, we used a com p uter
m odel to simu l a te net pop u l a ti on growth ac ross the stu dy are a
as a functi on of bi rd abu n d a n ce , el eva ti on , and den s i ty of ru ra l
h omes within 6 km. Cu rrent home den s i ty was used in on e
a n a lys i s , and a second analysis simu l a ted a pre s et t l em en t
con d i ti on by rem oving the home den s i ty ef fect . Un der cur-
rent home den s i ti e s ,e s ti m a ted net pop u l a ti on growth indi-
c a ted that the stu dy area was a strong pop u l a ti on sink, wi t h
n ega tive pop u l a ti on growth occ u rring in natu re re s erves be-
cause of el eva ti on con s traints and on priva te lands bec a u s e
of land-use con s traints (Ta ble 1). Net growth of the yell ow
w a rbl er pop u l a ti on was po s i tive on ly on public lands at mid-
el eva ti on s , wh ere el eva ti on con s traints were interm ed i a te
and home den s i ties were low. Wh en the home ef fect was re-
m oved to simu l a te pre s et t l em ent con d i ti on s , the stu dy are a
was proj ected to be a strong pop u l a ti on source are a , with neg-
a tive pop u l a ti on growth on ly in the high - el eva ti on natu re re-
s erve s . These findings su ggest that in pre s et t l em ent ti m e s , em-
i grants from low - el eva ti on source areas were requ i red to
maintain a su bpop u l a ti on of yell ow warbl ers in Y N P.

In su m , the re sults indicated that levels of bi rd spec i e s
ri chness and abu n d a n ce were high on ly in the small porti on
of the landscape wh ere bi ophysical factors were favora bl e . Be-
cause natu re re s erves in the stu dy area were at high er el eva-
ti on s , avian hot spots were pri m a ri ly out s i de of re s erve s , wi t h
the majori ty loc a ted on or near priva te lands. Na tu re re-
s erves appe a red to be pop u l a ti on sinks for the yell ow warbl er,
and po s s i bly for the Am erican robi n , because of cl i m a ti c
l i m i t a ti on s . Low - el eva ti on hot spots were a strong pop u l a ti on
s o u rce area for the Am erican robin because of t h eir more fa-
vora ble cl i m a te . Land use was more intense near low - el eva-
ti on hot spo t s ,h owever, and po s s i bly converted pop u l a ti on
s o u rce areas to pop u l a ti on sinks for species that are sen s i tive
to the bi o tic ch a n ges assoc i a ted with RRD, su ch as the yell ow

w a rbl er. Con s equ en t ly, devel opm ent on priva te lands migh t
h ave redu ced the vi a bi l i ty of su bpop u l a ti ons at high er el e-
va ti ons in natu re re s erve s .

The yell ow warbl er is a com m on species ac ross Nort h
Am eri c a . We sel ected it for stu dy because its abu n d a n ce and
beh avi or all owed us to find many nests and to esti m a te re-
produ ctive ra te s , a task that is very difficult at broad spati a l
s c a l e s . The re sults for this species are important in that they
su ggest a mechanism wh ereby devel opm ent out s i de natu re 
re s erves may redu ce species vi a bi l i ty within re s erve s . Th i s
m echanism may app ly to other species or su b s pecies su bj ect
to local ex ti n cti on (within YNP) or to gl obal ex ti n cti on .

Im pl i c a tions for ot h er spe ci e s . L i ke the yell ow warbl er,
s everal other wi l dl i fe species that are com m on ly seen in Y N P
m ay not be able to persist there wi t h o ut access to habitats out-
s i de the park (Ha n s en and Ro tella 2002). Because the park is
l oc a ted in the mountainous porti on of the eco s ys tem , it may
not provi de en o u gh of the lowland habitat requ i red by som e
s pec i e s . S pecies depen dent upon lowland ri p a rian wood-
lands may be espec i a lly vu l n era bl e . Within the Montana and
Wyoming porti on of G Y E , we found that 57% of the dec i d-
uous forest bel ow 2000 meters was within 2 km of a house by
1 9 9 7 . Am ong bi rd s , the yell ow warbl er was one of 16 spec i e s
that we found on ly in hot-spot habi t a t s . We were able to

m on i tor nests of 12 of these species and found that,
on avera ge , 35% of the nests were para s i ti zed by cow-
bi rds in lowland habi t a t s . These species may be at
risk in YNP as lowland habitats are incre a s i n gly de-
vel oped for human use (Ha n s en et al. 1 9 9 9 ) . Am on g
these species is the wi ll ow flyc a tch er ( Empidonax tra i l-
l i i ), whose pop u l a ti on has been declining sign i f i c a n t ly
in the we s tern Un i ted States and wh i ch is listed as
en d a n gered in the So ut hwe s t .An o t h er ra re bi rd spec i e s
depen dent upon aqu a tic and ri p a rian habitats in GYE
is the tru m peter swan ( Cygnus bu cci n a to r ). Al t h o u gh
this species was hu n ted to near ex ti n cti on by the early
1 9 0 0 s , a small pop u l a ti on was able to persist in GYE.
Cu rrent reprodu ctive ra tes for the tru m peter swan in
GYE su ggest that lowland habitats are crucial to the re-
covery of the species in the eco s ys tem . Several spec i e s
of but terf l i e s , a m ph i bi a n s , and mammals are fo u n d

pri m a ri ly in ri p a rian woodlands (Debinski et al. 1 9 9 9 ,O ech-
sli 2000) in GYE. The ef fects of i n ten s i f i ed land use in low -
lying ri p a rian areas on the vi a bi l i ty of these or ganisms has not
yet been ex a m i n ed .

A mammal at risk of ex ti n cti on in YNP is the pron gh orn
a n tel ope (Yell ows tone Na ti onal Pa rk 1997). This gra s s l a n d
s pecies histori c a lly migra ted bet ween highland su m m er habi-
tats within the park and essen tial lowland wi n ter habitats in
Yell ows tone Va ll ey. Al t h o u gh pro tected in the park , the pop-
u l a ti on has decl i n ed su b s t a n ti a lly in the past dec ade , to abo ut
200 indivi du a l s .S c i en tists spec u l a te that farming and RRD in
l ow - el eva ti on habitats have favored coyo tes and other pred a-
tors , producing high mort a l i ty ra tes among antel ope wh en the
h erd is in the wi n ter ra n ge .
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Ta ble 1. Si mu l a ted popu l a t ion dyn a m i cs of yell ow wa rbl ers in the
s tu dy area with and w i t h out the influen ce of ru ral re s i d en ce s .

Simulated Simulated 
net change net change
in annual in annual 

Estimated population p o p u l a t i o n
c u rr e n t w i t h o u t with curr e n t

Area population home h o m e
O w n e rs h i p ( h a ) s i z e e f f e c t d e n s i t i e s

P r i v a t e 8 0 8 2 9 4 2 3 0 9 – 8 5
Public–general 4 2 5 1 2 0 0 3 4 1 6
Public—nature reserv e s 9 8 4 8 0 4 – 2 8 – 3 5

To t a l 3 2 2 – 1 1 4



Th o u gh not depen dent upon lowland habi t a t s , the thre a t-
en ed gri z z ly bear also appe a rs to face high mort a l i ty ra tes on
priva te lands. As the pop u l a ti on of this species recovers in Y N P
u n der the pro tecti on of the Endangered Species Act , be a rs are
m ore frequ en t ly ob s erved on priva te holdings in lowl a n d s ,
wh ere they are kill ed as a con s equ en ce of en co u n ters wi t h
hu n ters and home own ers . In and around the Glac i er Pa rk –
Bob Ma rs h a ll Wi l derness com p l ex in Mon t a n a , federal bi o l-
ogists report that more than 60% of con f l i cts bet ween gri z z l i e s
and humans occur on priva te lands, even though su ch lands
repre s ent on ly 17% of the regi on (Ch ris Serv h een [US De-
p a rtm ent of the In teri or gri z z ly bear recovery coord i n a tor ] ,per-
s onal com mu n i c a ti on , 21 Septem ber 2001). Overa ll ra tes of
hu m a n - i n du ced mort a l i ty of grizzlies in the nort h ern Rock-
ies have grown in each of the last 3 ye a rs to record level s .
Ma ny con s erva ti onists argue that high er human pop u l a ti on
den s i ties on priva te lands thre a ten the recovery of this spec i e s .

Even fish have been at risk from human impacts in lowl a n d
s tre a m s . In pre s et t l em ent ti m e s ,n a tive we s t - s l ope cut t h roa t
tro ut ( On co rhyn chus cl a rki lewi s i ) and Montana grayl i n g
(T hym a llus arcticus montanu s ) l ived thro u gh o ut GYE, f rom
h e adw a ters down to major rivers (Va rl ey and Schu ll ery 1998).
Su bpop u l a ti ons in headw a ters may have been depen dent on
s o u rce pop u l a ti ons in lowl a n d s . Ma i n s tream pop u l a ti on s
were forced to ex ti n cti on by the introdu cti on of exo tic tro ut
s pecies and po s s i bly by habitat ch a n ges assoc i a ted with irri-
ga ti on and other intense land uses. He adw a ter su bpop u l a ti on s
of grayling also went ex ti n ct , even in Y N P. (Th ey have since
been rei n trodu ced.) We s t - s l ope cut t h roat persist in headw a-
ter stre a m s , but many su bpop u l a ti ons have a high prob a bi l-
i ty of ex ti n cti on ,l i kely because they no lon ger receive immi-
grants from source pop u l a ti ons in lowland streams (Shep a rd
et al. 1 9 9 7 ) .

In su m , our studies of bi rd s ,i n cluding the yell ow warbl er,
provi de evi den ce of the com p l ex ef fects on wi l dl i fe pop u l a-
ti on dynamics that may re sult from devel opm ent on priva te
l a n d s . Su ch interacti ons may explain the ex ti n cti on or near
ex ti n cti on of va rious species in YNP in the past. Futu re re-
du cti on of n a tive habitats on priva te lands may furt h er
t h re a ten wi l dl i fe pop u l a ti ons in GYE.

Sustaining human and ecol ogi c a l
co m mu n i ties in GYE
The pre s ent stu dy su ggests that com mu n i ties in GYE are
s h i f ting from an Old West to a New West soc i ety and econ-
omy. Most of the GYE co u n ties that sti ll depend upon trad i-
ti onal re s o u rce ex tracti on indu s tries are nearly stagnant bo t h
econ om i c a lly and in terms of pop u l a ti on growt h . In con tra s t ,
those co u n ties that fe a tu re high levels of n a tu ral amen i ties and
s oc i oecon omic traits assoc i a ted with the new econ omy are
a m ong the fastest growing in the co u n try. These trends su g-
gest that maintaining the qu a l i ty of n a tu ral amen i ties may pro-
m o te econ omic growth in the regi on . At the same ti m e ,m a ny
re s i dents are con cern ed that the growing pop u l a ti on , ru ra l
s prawl , and high levels of o utdoor rec re a ti on are degrad i n g
these natu ral amen i ties and impeding futu re econ omic 

ex p a n s i on . A crucial ch a ll en ge facing the New We s t ,t h en ,i s
h ow to manage land use in a way that sustains local hu m a n
com mu n i ties as well as the eco s ys tems on wh i ch they depen d
( Cl a rk and Minta 1992).

Con s erva ti onists have long em ph a s i zed that loggi n g, gra z-
i n g, and mining have harm ed bi od ivers i ty and eco s ys tem
health in the We s t . Our re sults su ggest that the newcom ers at-
tracted to the West by its natu ral amen i ties may also be af-
fecting wi l dl i fe thro u gh their ch oi ces abo ut wh ere to live and
p l ay. We have revi ewed the evi den ce that RRD is alteri n g
n a tu ral habi t a t s ,f avoring some wi l dl i fe species and redu c i n g
the pop u l a ti on vi a bi l i ty of o t h er wi l dl i fe species and in-
c reasing the mort a l i ty ra tes of t h re a ten ed species su ch as the
gri z z ly be a r. S tudies of the ef fects of o utdoor rec re a ti on on
wi l dl i fe have not been done in GYE, but initial studies in Co l-
orado su ggest strong po ten tial impacts (Mi ll er et al. 1 9 9 8 ) .
Th ere is also con cern that RRD is altering eco l ogical proce s s e s
in GYE. The important role of wi l d f i re in eco s ys tem health
is wi dely recogn i zed in GYE (Romme and Despain 1989).
However, land managers are incre a s i n gly relu ctant to all ow
n a tu ra lly occ u rring fires to bu rn on public lands because of
the risk to homes in the fore s t . Al s o, exo tic weeds and diseases
i n c re a s i n gly thre a ten wi l dl i fe fora ge and fish pop u l a ti ons in
GYE (Va rl ey and Schu ll ery 1997). The spre ad of these inva-
s ive species may be en h a n ced by RRD and outdoor rec re a ti on
( Ma rcus et al. 1 9 9 8 ) . Just as Am ericans “m i n ed ”the Old We s t
t h ro u gh loggi n g, l ive s tock gra z i n g, and mining (Wi l k i n s on
1 9 9 3 ) , t h ey might be mining the New West thro u gh ru ra l
s prawl and ex trava gant rec re a ti onal activi ty.

One implicati on of our stu dy is that nati onal park s , wi l der-
ness are a s , and other natu re re s erves are facing a new set of
t h reats in the New We s t . The people who are attracted to the
lands su rrounding the re s erves may be shrinking the natu ra l
bu f fers of those re s erves and altering the eco s ys tems wi t h i n
t h em . Na ti onal parks are less and less the “ vi gn et tes of pri m-
i tive Am eri c a” envi s i on ed by Al do Leopold (Boyce 1998);
ra t h er, t h ey are becoming islands of s em i n a tu ral habitat in-
c re a s i n gly altered by the press of hu m a n i ty around and wi t h i n
t h em . Ma n a gers of these re s erves face the very difficult ch a l-
l en ge of maintaining eco l ogical processes and native spec i e s
in the face of the con f l i cti n g — even , at ti m e s ,i n tern a lly con-
trad i ctory—wants and needs of the people who live and
work in the New We s t .

A second implicati on of this stu dy is that local com mu n i-
ties may best be able to prom o te econ omic growth by main-
taining the natu ral amen i ties that are so attractive to new re s-
i dents and bu s i n e s s e s . If this is tru e , policies that favor ti m ber
h a rve s ting over scen ery, mining over water qu a l i ty, or inten-
s ive live s tock grazing over wi l dl i fe habitat might actu a lly in-
h i bit ra t h er than expand econ omic growt h . Ra t h er, G Y E
co u n ties that wish to sti mu l a te econ omic growth may find it
pru dent to expand wi l derness areas and other public lands,
m a n a ge land use to pro tect scen ery, en su re that streams and
rivers remain free flowi n g, and con s erve wi l dl i fe .

The current understanding of the influ en ce of n a tu ra l
a m en i ties on econ omics is underdevel oped ,h owever. Th e
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s pecific fe a tu res of the envi ron m ent that attract econ om i c
devel opm ent are poorly unders tood . What are the rel a tive
con tri buti ons of s cen ery, o utdoor rec re a ti on , cl i m a te ,
wi l dl i fe , ru ral livi n g, and low levels of traffic con ge s ti on to
the appeal of an area? To what ex tent can some or all of
these factors be degraded wi t h o ut ren dering an area un-
a t tractive? If the large cities of the Un i ted States becom e
i n c re a s i n gly unliva bl e , wi ll ru ral areas remain rel a tively at-
tractive even if the natu ral amen i ties are su b s t a n ti a lly de-
graded? Once a regi on with high levels of n a tu ral amen i-
ties grows above a threshold pop u l a ti on size , wi ll
i n f ra s tru ctu re and soc i oecon omic factors drive con ti n-
u ed pop u l a ti on growth and econ omic ex p a n s i on , rega rd-
less of n a tu ral amen i ties? 

Cl e a rly, m ore re s e a rch is needed on how to retain healthy
eco s ys tems and liva ble human com mu n i ties in the New We s t .
Ba s ed on current knowl ed ge ,h owever, we su ggest that severa l
s tra tegies wi ll help bring abo ut su s t a i n a bi l i ty:

• Im proving understanding of the intera ctions betwe en
e co s ys tems and eco n o m i cs .Well - fo u n ded inform a ti on on
the econ omic and eco l ogical con s equ en ces of a l tern a-
tive policy approaches is largely lacking in GYE and
t h ro u gh o ut the We s t . Obj ective re s e a rch is needed on
the rel a tive merits of va rious re s o u rce ex tracti on and
n a tu ral amen i ty policies for ach i eving public and pri-
va te goa l s .

• In tegra ting asse s s m ent and managem ent of pu blic and
priva te lands. Cu rren t ly, GYE lands are managed wi t h i n
ad m i n i s tra tive bo u n d a ries that corre s pond poorly to
eco l ogical bo u n d a ri e s . Con s equ en t ly, m a n a gem en t
plans are of ten co s t ly and inef fective . New parad i gms in
land managem ent are needed that lead to assessmen t s
and policies or ga n i zed around and ac ross eco l ogi c a l
bo u n d a ries and that con s i der the differing obj ectives of
m a n a gem ent ju ri s d i cti on s . A su ccessful example in the
Montana porti on of GYE is the coopera tive manage-
m ent of elk ac ross the federa l ,s t a te , and priva te lands
that com prise high - el eva ti on su m m er and low - el eva-
ti on wi n ter habitats (Schu ll ery 1997).

• Devel oping and using deci s i o n - su ppo rt tools for land
m a n a gem en t . Ra p i d - a s s e s s m ent field stu d i e s , rem o te
s en s i n g, geogra phic inform a ti on sys tem s , and com p uter
s i mu l a ti on models are powerful tools for landscape
a s s e s s m ent and managem en t . These can be used to
assess past ch a n ge and proj ect likely ch a n ge under alter-
n a tive managem ent scen a ri o s . Un fortu n a tely, m a ny
s t a te agencies and local govern m ents do not have acce s s
to su ch tools because they lack funds or have insu f f i-
c i ent technical ex perti s e , or bo t h . Coopera tive progra m s
a re needed to en a ble federa l ,s t a te , and local agencies to
s h a re in the devel opm ent and use of su ch dec i s i on -
su pport too l s .

• Making land-use design a tions on the basis ofe col o gi c a l
and so ci oe conomic goa l s . Sound human ju d gm ent and
dec i s i on - su pport tools should be used to iden tify the
p l aces in the landscape that would be best su i ted to

ei t h er eco l ogical or soc i oecon omic obj ective s . Loc a l
govern m ents could then use this inform a ti on in dec i d-
ing wh ere to place green space , su b d ivi s i on s , and com-
m ercial activi ti e s . Our analysis indicate s , for ex a m p l e ,
that pro tecting avian “hot spo t s” ( wh i ch cover on ly
2.7% of the stu dy area) could sign i f i c a n t ly adva n ce bi o-
d ivers i ty goa l s . Sound land-use guidance is also needed
by envi ron m ental trusts and other or ga n i z a ti ons that
a re pro tecting lands thro u gh acqu i s i ti on or con s erva-
ti on easem en t s . Al s o, the Con s erva ti on Re s erve Pro-
gram could be ex p a n ded to inten ti on a lly pro tect agri-
c u l tu ral lands that are important to bi od ivers i ty.

• Edu c a ting the pu bl i c . Ma ny home own ers , re a l tors ,a n d
rec re a ti onists are poorly inform ed abo ut the eco l ogi c a l
con s equ en ces of t h eir daily dec i s i on s . Ra t h er than
a s sume that public lands and land managers alone can
f u lly pro tect eco s ys tem s ,a ll citi zens need to share in the
p u rsuit of com mu n i ty goa l s .E du c a ti on programs are
de s pera tely needed to te ach citi zens how to live more
l i gh t ly on the land. Si m i l a rly, el ected officials wo u l d
ben efit from training on the opti ons ava i l a ble for
growth managem en t ,i n cluding con s erva ti on ease-
m en t s ,c i ti zen - d riven planning, zon i n g, and publ i c
f i n a n ce measu re s ; the fiscal impacts of va rious forms of
devel opm ent and land use; and integra ti on of s c i en ti f i c
i n form a ti on into growth managem ent plans.

To va rying degree s ,e ach of these su s t a i n a bi l i ty stra tegies is
n ow being implem en ted in GYE. However, with the ra p i d
ra te of pop u l a ti on growth and the inten s i f i c a ti on of land use,
opti ons for implem en ting su s t a i n a ble managem ent approach e s
a re qu i ck ly being forecl o s ed . The con ti nu a ti on of c u rren t
trends wi ll very likely redu ce the eco s ys tem qu a l i ties that most
Am ericans assume are fully pro tected in Y N P, the nati on’s
f i rst nati onal park .Le a rning how to sustain GYE wi ll bring ben-
efits that ex tend far beyond that regi on . With many of t h e
worl d ’s natu re re s erves under assault from human ex p a n s i on
on to su rrounding lands (Ha n s en and Ro tella 2001), a n s wers
for GYE may help guide more su s t a i n a ble devel opm ent el s e-
wh ere on the planet .
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