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Abstract
This stud! on The Island..L Research NaturalArea (IRNA) ir rhc ccntral Oregon weslemiunipcr 7orre. measufed vegeluuon covcr

during rhe carly 1990\ rnd conpared i( to an earlier study conduclcd in the eafly 1960s. Two plan! a,isociations were sludicd:

uesten juilpcr/big sagebrush^luebunch xheatgfass and $ e s|cm j uniper/bitterbru sh,/b]uebunch $healgrass. The same slud! dc

\ign ard mca\urcnrent techniques $eir uscd in both srudies ro docu ent pefcent corer of \cgctation on study-site m.rcroplots.

nicroplols. and aerial photographs. N4ajor differences notcd b,v l99l included greatcrjuniper and shrub cover. pdn.lril.\ hig

srgcbru sh. a more even lnir o i grass spec ies father th.rn a dominance of bluebunch whcalgrass and c healg|.lss as nolcd in the | 960
studl', and hilher lil I cr cover. Weathef dara iiom I 95 2 1 991 $ efe analy zed. and no majof events or lrends { crc iburd i n lhe 30 tr
period bet\een studic!. This st d) dso conparcd present-day IRNA silcs in both plant associulic'ns !\ilh siies locrted ln the

nea$r' grasslands rhat had experienced greatcrinrpacr fron lileslock and hunrins. The conparisoD silcs hadhighertree and \hrub

cover rhan IRNA and diifered in Idaho lescuc and bluebunch whealgrass co!cr. Finally ouf \tudy $:ls compared to another recenl

strd) in rhe \a-enem juniper/big \agebrusl/blucbunch $heatgrass planl association on IRNA. We esublishcd ne\\ fepfesentative

racroplots where,rs (hc other stud! used the cxac! plors ofthe 1960s stud]. Results wefe similar showing thal eidrer method nay

be srrisfiLctof]. A conlinuing bank of d|t.r s.ts of vegetation change and land use r\ ill assist us to undcrstand the complexities of
p lant  conmuni ! I  d!namics o\ef  t ine.

lntroduction

To study ecosystem clynamics and succcssional
change it is absolutely necessary to dcvelop long-
term data sets on plant community populations
(Franklin and Dymess 1988). The Island Research
Natural Alea (IRNA) in the central Oregon wcst-
ern junipcr (-/urripenr.t ocalrl.'r?ldlis) zone provides
an opportunity to study vegetation change in the
relativc absence of human impact or recent n tu-
ral disturbance. It is a unique. semi-relict mesa
Iocated southwest of Madras (Figure l). IRNA
was first studied in the early 1960s bl Driscoll
( 1962. 196,1a, 1964b). Becrusc ofits isolated lo-
cation it has avoided the fate of much ofthis area
which Barbour et al. (1999) describes as haling
been conveficd to fannland or histttrically over-
grazcd and now invaded by weedy annuals and
short l ived perennials.

Oppotunitics to build on past data sets arc tt$'.
especially in plant communities that remain rcla-
tively undisturbed. Long-tenn sludies repofied in
the literature on sin.flar habitats include range-
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land in southeastern Idaho (Andenon and Holte
l98l), sagebrush grassland in eastern Orcgon
rSne\ r  c l  r l .  I  q8+ r .  .agebru \h  \em i -derer t  in  ues t
centralUtah (west et al.1984), and the Horse Ridge
Research NaturalArea in central Oregon (Knapp
and Sould 1998). Thesc studies were on sites with
various intensities and fiequencics ofhuman and
natural disturbance.

Oncc field studies are completcd. causal fac
tors of vegetation change are pafiicularly difti-
cu l t  luer r lua tc .  Mcchan i .m.  d r i r ing .u(cc \ : ion
havc been debated fbr nearly a century, and the
debate is likely to continue into the future (Barbour
cL al. 1999). Disturbancc regimes in the arid rnd
semiarid westem USA are complcx and impacted
b! a mixture ofanthropogenic and natural cvents
(Hobbs and Huenneke 1992;.

Without disturbance. especially without fire,
a tree/shrub/grass plant community will develop
.Lr$  l ;  1611 316 "  6or in i rn .  e  r ' l '  $ t \ody  \  ege l r l ion
rWe. te l  a l  l ' . r x  l r .  $  i thour  per iod iL  t i re -h ig : lge-
brush (Artemi.\ia tidenLltd) and juniper may out-
compcte perennial grasses through nore efficient
use of \\, atet nutrients. and space (West et a1.1979.
Eddleman and Miller 1992). More shrub cover'
and less grass cover may also be caused by big



Figure l. Digilal orthopholo map of the stLrd\' area (from

Itound Bullc Dam. OR qu.rdrargle)

sagebrush with its longcr growing period
outcompeting grasscs lbr soil moisture. nitrogen.
and other nutrients (Hyder and Sncva 1956,
Doescher et al. 198,1. Miller et al. 1986). Root-
ing structure plays a role in competit ion. Two
dominant shrubs tbund in the juniper zone are
bitterbrush ( Purshia tridentata.) and sagebrush.
Bitterbrush requircs stony soils witb discontinu
ous hardpan and cracked bedrock, confining it to
cefiain areas. Big sagebrush with a 1-.+ m stout
taproot and wide spreading lateml roots is more
competitive and widcspread (F.ischknecht 1963).

Differences in life history traits and their in
teracting with environmental change are a cru-
cial mechanisms driving succession (Barbour et
a l .  l9oq) .  L i te . toek  gr lz ing  r rnL l  humun impacr
on a site results in higher tree and shrub covcr
and lower grass cover (Madany and West 1983).
lnvasive alien species may be broughL to a site by
livestock and hunans. Crasses such as cheatgrass

( B ro mu s t e c to r tun), medusahead (EAnras caprit
ntedusue), andredbrome (Bnrnls ruDeirs) are of
concem in ths westernjuniper zone. Medusahead
is cxtremelv competit ive crowding eut native
grasses and the alien, chcatgrass (Whitson l99l ).

The purpose of this study was twofold. First
we measured the present vegetation on IRNA to
compare our data with other studies. Driscoll ( 1962.
lg64J .  l9o4b)documented tuo  p l rn t  , . , 'mmuni
ties on IRNA: juniper/sagebrush/wheatgrass and
juniper/bitterbrush/$ heatgrass. A later study of
thc j un ipe r/sugebrush/u heatgra.s plant u'socia
tion located the plots of this earlier study and re-
measured vegetation cover (Knapp and Sould
1996). We csttiblished new plots in 1992 and 1993
in both plant associations and collected percent
cover data for shrubs, grasses, forbs, and ground
covcr. We also examined change in westernjuni
per cover over a 50-yr time period using aerial
photos available fbr each decade back to the rnid
I 9,10s.

The second pafi ofour study compffed present-
day vegctation cover on IRNA with sites in the
two established plant associations. but located ofl
the IRNA mesa in accessible areas with land use
histodes more impacted by humans and livestock
than IRNA. These comparison sites were chosen
because native species still dominated and t'ew
invasive or introduccd species were present. They
also had similar edaphic and climatic conditions.

Study Area

IRNA is located inmediately south of the
confluence ofthe Deschutes and Crooked Rivers
east of the central Oregon Cascades (Figure 1).
While known as The Island, it is technically an
isolated plateau on the tip of a peninsula. This
plateau is 730 m in elevation. and when first studied
in 1960 and 1961 was surounded by steep cliffs
up to 200 n (Driscoll 1962. 1964a&b). ln 196.1
Round Butte Dam was completcd, and the Crooked
River and Deschutes River canyons were panially
tilled to form Lake Billy Chinook. Today the clilfs
sunounding IRNA average 137 m in height above
the surface of the water (Orr and Orr 1999). Ac-
cess to the sitc is limited to a primitive fail winding
up thc cliffs near the south end of the peninsula.
IRNA is a part ol the Dcschutes-Columbia Pla-
teau formed by a lava flow approximately one
million years ago (Orr and Orr 1999). The area
around IRNA beyond the river canyons is gener-
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ally a flat nrosaic of farmland, pasture, and open
rangeland, 730-88.1 m elevation, with occasionaJ
bu l le .  r i r ing  tu  l22 t l  n t .  Our  th tec  r ' , rm l l r i son
sites arc in this open rangeland within 15 km of
IRNA,

Wcalher records from thc Metolius Station,
northeast of IRNA, depict a semi arid climate.
Summers have warm days and cool nights, and
winters are cool to cold. Average annual prccipi-
tation is 259 mm and annual mean tempemture
is 8.7'C (Oregon Climate SeNice 2002).

Vegetation in the study areas is classitied in
lh<  uer te rn jun ipcr /one.  u  h ich  l ie .  in  r . l r rnn l
between ponderosa pirrc (Pitrus pou(lercsa) for
ests and the shrub-steppe (Franklin and Dymess
1988). Woody vegetation consists primarily of
scattered western junipcr, widely distributed big
sagebrush, and nanowly distributed bitterbrush.
Characteristic native perennial grasses are
bluebunch \\"heatgrass ( Agroplron spicutum ). ldaho
fesc:ue (l'e stuca idahoensls), Thurber's needlegrass
(Stiputlurbe anq), and Sandberg's bluegrass (Poa
sandbergii). Anrual grasses include slender fes-
cue (Festu.o octoflora) and the alien cheatgrass.
Botaniclrl nomenclature follows Hitchcock and
Cronquist (1973).

Soils on the IRNA are classitied as anAgency-
Madras complex (USDA Natural Rcsources Con-
rer ra t ion  Se lv ice  200 i . t .  Tuo .o i l  \ c r ie5  uere
dcscribed for the junipcr/sagebrush/wheatgrass
association, covering -87 ha. Both were nonstony,
brown loams, one was 66 cm dcep, the other 33
cm deep. Both series contained a clay layer tiom
20 38 cm deep (Driscoll 1964a).A singlc soil series
was described for the juniper/bitterbrush./wheat-
grass plant association. occupying - 1,1ha. It was
a shallow, sandy loam Regosol overlying a stony
clay loan] with high stonc content. A discontinu-
ous hardpan and cracked bedrock allowed some
deep root penetration (Drisco1l 1964a).

Thc first of three comparison sites was the
Round Butte Darn Overlook site located 2 km
south of the dam overlook building on the east
side of Lake Bil ly Chinook and 5 km nofthcast
of IRNA. The second site was on top of Hay-
stack Butte. 14 km southeast ofIRNA on the east
side of US Highvay 97. Both sites are in thc ju-
niper/sagcbmsh-/wheatgruss plant association. The
third site, Grandview. was located l0 km south-
*est of IRNA j ust nofih of the Grandview Cern-
eter),. This site represents thc juDiper/bitterbrush/
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whcatgrass association. Soils on two of the com
parison sites. Round Butte Dam Overlook and
Grandview. are similar to those of IRNA and in
the Agency-Madras complex. Soils on the Hay
stack Butte site are in the Tub series which is 100
cm deep with loan overlying clay loam and cobbly
clay at 60 cm (USDA Natural Resources Conser-
vation Service 2002.1.

Methods

During the summers of 1992 and 1993 we mea
.ured .hruh. gra.s. lorb. and grounJ r.orer u.ing
the same macroplot layout and neasurement
methods as used by Driscoll (196.1a) and earlier
describcd by Poulton and Tisdale ( 1961). We werc
unable to reloc te Driscoll's exact macrcplots.
although the two plaDt associations were easily
relocated, and new macroplots $ere randomly
located in representative stands in each.

Fourteen 15x30 m macroplots were established,
seven in cach of the two associations with loca-
tions recorded using GPS equipment (Fox 1995).
We avoided ecotones and scabland areas near the
westem rim and also omitted mature juniper trees
within macroplots. as in the earlier study (Rich-
ard S. Driscoll, USDA Forest Service retired.
Boulder, Colorado, pcrsonal communication). Four
lxl5 m bclt transects were placed within each
macroplot. Line transects ran parallel along the
belttransects with ten 30x60 cmmicroplots evenly
spaced along each line transect (Figure 2).

Within each microplot percent foliage cover
was estimated to the ncarest 109o for all herba-
ceous spccies, bare ground (including rock), and
litter (including moss and lichen). Shrub cover
was measured by recording the distance to thc
nearest 1 cmbisected by each shrub species along
the Iine transect. Shrub height and canopy diam-
eter were measured 1br all shntbs rooted within
the meter wide belt transect.

Macroplots in the junipcr/sagebrush./wheatgrass
association *,erc located in the cenfal and southem
area of IRNA. Macroplots in the .juniper/bitter
brush-/wheatgrass association were locatgd near
the castem edge of IRNA and labeled juniper/
bitterbrush/whcatgrass East. We were also intcr-
ested in scattered small areas where the juniper/
bittcrbrusltwheatgrass association occuned. which
Driscoll ( 196.1a) did not mention. Mlrcroplots were
established in three such areas and are labeled
juniper/bitterbrush/wheatgrass South and West.
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Two macroplots werc established at each of the
three comparison study sites off the IRNA plateau.

{erial phot, 'graph: \\ere u:(J lu
de le r r rune t rce  !o \e r  o f  ue \ te rn  jun i -
per on IRNA and the comparison sites
a l  . i \  l ime in lena ls  o \c r  u  .51  y r  p ( -
r i o d :  t q 4 4 .  t q 5 t .  t q 6 t ,  t e 7 5 .  t q 8 : .
rnd  lgq5.  En la rged gr r l s i . r le  phoro-
copies wcre made ofaerial photos, and
a p la . t i c  l rnc /d , r t  g r id  u l .p l : r ieJ  o rc r
the sites to estimate percent cover of
the  r i r ih le jun iper  t rce \  $ i lh in  each
association. a method described by
Moessner ( 1960) and used by Driscoll
(1964a).

Weather dara from 1952 I 9qJ uol-
l cc teJ  a t  thc  Met , r l ius  S t r t jon .  o  k rn
nunhea. t  o lTRNA.  uere  e tamincd tu r
L l imr t i c  t rend.  u . ing  regre .s ion  rna l l -
' i .. Ar l i l lble temperature dlrr u'ed for
this study included mean annual. nean
monthly maximuns and minimums,
und monthll crtreme'.Annull pre,. ipi-
t r l ion  \ \ 'a5  examine l l  a .  ua .  r lon th l )
Ja ta  fo r  the  Iu ! ,  de \ade.  \u r found ing
the  1960.  and iqq0q . tud ie \  (F igu le :
? 4 \

Percent cover results for our plots on IRNA
were compared with other studies (Driscdl 1964a.

Figurc L Mean annual rcirperature and precipit.rtion (Uctolius Srarion)
1952 1993
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Figure,t. \Ionthly precipiiation (Metolius Sutjon) during the 1960s and 1990s sludics

Knapp and Souli 1996) and with our plots off
IRNA lbr statistically significant differences us-
ing Student's t-test. Driscoll repofied standard elror
for sOme species but not others. When he did not
report a standard error, we used our standard cr-
roradjusted to his sample size as his repofied stan-
dard errors u'ere similar to ours.

Results

Temperature p tterns recorded at the Metolius
Station werc fairly consistent from 1952 to 1993.
While the annual mean tempenture was ll.7' C
JnJ ! Jricd l i Ie lrom ) eJr rr r ) cirr lhere u <re \ ariJ-
tions between a Jul)' mean of I 8.2' C and a Janu-
ary mean of 0.05o C. July mean maximum tcm-
perature u,as 29' C and January mean minlmum
was -4.9' C.

Annual precipitation rl,as highly variable.Years
above and below the long term mean ol'259 mm
wcre intemittent. Annual precipitation extremcs
ranged tiom a high of 397 mm in l98l to a loll'
of 156 mm in 1985. Three additional years were
recorded above 320 mm and three below 200 mm.
but no particular pattem emerged fiom the fluc
tulrtions scattered over the recorded,ll yr period
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(Figure 3). Monthly precipitation pattcms varied
rnarkedll'. The month in which the highest pre-
cipitation occuned included every month of the
year. A comparison of monthly precipitation fbr
two decades surrounding the study years, 195,1-
lgo l  anJ  lqx4- lqq3.  found on l l  Vu1 u . r . . ig -
nificantly higher in the earlier decade (Figure 4).

Woody vegctation cover in the juniper/sagc-
bruslvu,heatgrass association consisted of one tree
species. juniper, scattercd unevenly throughout
thc association ?Lnd one dominant shrub. sagebrush.
Grass cover was divided evenly bctween four natire
perennial bunchgrasses. The two annual grass
species played only a minor role. It is notable that
shrub cover was slightly higher than grass cover
(Table I ).

The j un ipcr/bitterbruslvwheatgrass East plots
consisted of juniper and a mix of two shrubs.
Bitterbrush was the dominant shrub, but sagebrush
was also present. The grass cover was a fairly
even mix of four native perennial grasscs plus
the  r l i cn  annua l  cheatgrus . .  Tn  lh i . : l \ .oc ic l ion
grass cover was higher than shrub cover. The ju-
nipe/bitterbrush/wheatgnss South and West plots
varied fiom the East plots with more sagebrush



Species 1960\ \ r !d)  loq0,  srud)

and less bitteftrush prcsent. The grass cover was
lo$cr  th , rn  on  lhe  Er \ l  p lo t . .  fhe  four  n . r r i re  pe-
rcnnials and two annuals were present. but
bluebunch wheatgrass and Sandberg's bluegrass
dominaled (Table 2).

TABLh l. Mcar percent colef for thc IRNA juniper/srge-
brush/\theatgf.rss planr associalion. Values lbl-
lowed b] diffefenr letters indicale signilicantdif-
l i rcnces (P I  0.05).  l96G datr  l rom Dr i \col l
( I96,ta)

Forbs were not ilbundlrnt in IRNA in either
planl association. Our study sho$'ed < l7c cover.
We recorded 1.1 forb species present in the
microplots and identif led more than:10 species
of forbs in the two associations (Fox 1995).

Open space between the shrubs, grasses. and
firrbs accounted fbr a high percent of total cover
Thc two plant associations showed similarresults
of > 30% barc ground and > 507c l itter cover
(Tables l. 2).

Junipercover incrersed grudually but steadily
from 1944 to 1995 in both associations on IRNA.
The pgrcent cover dit'ferences wele snall when
comparing one decade to the next. but signifi-
cantly more cover was lbund in 1995 than in 19.14.
Tree cover on the junipcr/sagebrush/wheatgrass
sites was onl), sl ightiy higher than on the iuni
per,/bitterbrush/wheatgrass sites (Table 3).

TABLE 3. \llcan percenr coler lbr reslcm juDiper on IRNA
b] p lantassociat ion.  196 |  62 data f ion Dr iscol l
(196.1a);photo date nol specilied b! aurhor

Jun4rer/
Junipe/ birlerbruslv

billcrbruslv \\'heatgrass
wheatgras\ Easr South & \l'est

Juniper

Sagebrush
tsilterbrush
Other shrubs

Totrl Shrub

Thurbcr s needlegra\s
tsluebunch shear{rass
ldaho Fcscuc
Sandbcrg s blucgrass
Cheatgrass

Total Grass

Barcgrcund/rock
Litter/mosVlichen

I t) .0,

8 .5 '
t).0

9.6.

2.G
9.1-

1 .3 .
]L ' ,7 '

15 .2 .

. l t . l .
10.7.

10.5,,

15..1.
0.0
lr.
l5..1"

1.9,
3.,tf
2.6,
2.8 f

0 . 1 f

0..1,
t 2 .2 r

35.3'
55.9f

Junlpcr/
\agebrush/

TABLE:. Nlean percent co\cr lbr lhe IRNA juniper/bitter
brush/wheatgrass plant associalion. Values fol
Lowed by differen! lcltcn indicate significant dif
ierences (P < 0.05).  1960s d ra f iom Dr iscol l
(196,1a).

Species

1990s srudv
1960s Ean South &
*ud! plots $'esr plors

l9.l.l
l95l
r961 62
196  |
l9l5
r985
1995

5 .5
8.0

10 .0
8 .6
it .2

l 0 . l
10 .5

4.1

:l.u
5.i t
5.2
7 .5
8 .7

1.1
5 .1

5 .8
6 . i
8 .9

10 .0

Junipef

Sagebrush
Brtterbrush
Othef shrubs

Total Shrub

Thurber's nccdlcgrass
Bluebunch wheatgms\
Idaho fescue
Sandberg s bluegrass
(lhcalgru!s

Slcnder lescue
Total Grass

Barcgr.rund/rock
Litier/moss/lichen

,l.tJ'

0.lr'
8.7.
0.0.
9.1.

1 .  1 .
6.2'
0.5,,

0.3.
20.9'

r 8 .7 ,
62.3,

8.7,

2 .1 .
9.8"
1 .2 .
r 3 .  t ,

2.5 f
,1.13"

3.9"
2.6"
0.6.
19 .0 "

22.21
57.5"

10 .0

t3.2
5 .3

13 .5

5 .1

1.9
0 .3

r0 .6

:r3.5
51.2

A11 ol the less pristine. conparison sites off
IRNA had somewhat higher juniper and shrub
cover than tbund on IRNA. Juniper cover was
significantly highcr on the Grandview and Hay-
stack Buttc sites. Bitterbrush cover was signifi-
cantlv higher on the Grandview site compared to
lhe juniperfu it lerbrush/$ hertgra.: cs.ociatiun on
IRNA (Table 4).

Crr\. \ 'olnponenls on Ih( .!,mptri\on .rlc\
differed significantJy irom IRNA. On the Round
Buttc Dam Overlook site ldaho fescue cover was
lower. On the Haystack Butte site Thurber's
needlegnss and bluebunchwheatgrass coverwere
krwer but Idaho fescue higher On the Grandview
site the grass nrix was similar ltl IRNA except
that ]daho fescue was absent. Only the Grandview
site had significantly higher lcvels of bare ground
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lABLE.1. \{can pefcent co\cr lor the I990s sru(I,"- ofthe IR\A and ncarbt compafison plols. Values follo\led b} different letters

indicate signilicanl diference\ (P < 0.05).

Specres
Bi l t t rbrush s i les

I\RA )\lB Grandvicr
Sagebrush sites

I\RA Round Buttc
Sagebrush \ilcs

INRA Havstack

Srgebrush
Bilterbru\h

l'hurbers rccdlcgrass
Blucbunch \\'heatgr!ss

Sandberg'! bluegrass
Cheatgras!
Slendcr lt\cue

Total Gfass

Brrcgroundhock
Litter/moss/lich.n

8.7.

2 . l .
9 .8

.1.6.
1.5.
,+.8'
3.9'
1.6,
0.6,

19.3.,

22.2,
51.5"

16.9"

0.0"
1 1 . 8 "

6.,{"
: r . l ,
0.0'
2.3.
2 .  t .
0.8,

1.1.7,

28.0"
53 .3 .

10.5 '

l5. ,1"

1.9"
3.,t'
2.6"
2.IJ'
0 .1 .
0.1,

12.2

r5.1.
55.9.

12..1.

15.5"

:,E'

, t .3.
0.3.
0.5"

t 2 .9 "

26.1.
58 .7 ,

10.5"

2.9"
L,l'
t .6,
2 .8
0 . 1 "

t ) . 2 .

35.2'
55 9,

19.0b

16 .5

0.01
0.9'

5 .5 .
0.0.
0 .  t "

t 2 .0 .

3',7.1.
,19.5'

than IRNA. and there nere no si-snificant dift'er-
ences in l i ttcr cover (Table 4).

Discussion

Our . tud)  u i rs  l l r . t  under taken t , 'd r leml ine  \eg-
etation change over ii 30 yr period on a semi relic
sirc. The major differences notcd include greater
tree and shrub cover. and a more even mix ofgrass
specics rather than the dominancc of bluebunch
wheatgrass and cheatgrass noted by Driscoll
(1964a). We also tbund sagebrush present in thc
iuniper/bitterbrush/wheatgrass whereas Driscoll
(196,+a) reportednone. Driscoll (1964a) described
two plant associations on IRNA, whcreas we tden-
tined the possibilit)' of three. The juniper/bitter
brush/$ hcatgrass South and West plots (Tables
1. 2) arc more closely aligned with the junipcr/

sagebrush/wheatgrass association described by
Driscoll (196,1b). Possible dcscriptions fbr this
third association are j uniper/sagebrush,/wheatgrass

bitterbrush phase, or a transition of thcjuniper/
bitterbrush/wheatgrass association 1(] a junlper/
sagebrush-bittcrbrush/u'heatgrass codominant
association. The separation of big sagcbrush and
bilterbrush is partially attributed to different soil
structure. textule, and rooting deplh (Driscoll
196.1a). Big sagebmsh adapts to a variety of soil
pro1iles, including those lbund on thejuniper,/bit-
terbrush/wheatgrass sitcs (Frischknecht 1963). In
un1 case. bip sagehru.h i5 he(,'ming c more prorni-
nent membcr of both associations.
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Driscoll (l96,+a) noted substantial differcnces
in bare ground and litter cover between the two
associations. with more bare ground in the juni-
pcr/sagebrush/whcatgrass plots and more litterin
the juniper/bitterbrush/wheatgrass plots (Tables
1, 2). We tbund a less dramatic variation bet$een
the two associations than was recorded in the 1960s.

Our results for tree. shrub and general grass
cover for the juniper/sagebrush-/wheatgrass asso-
ciation are similar to Knapp and Sould (1996).
An impoftant benefit when compa ng the results
of the two recant studies is that the ef'fectiveness
of the two plot location methods can be cvalu-
ated. Using newly established plots within a de-
fined area rather than rc-measuring plots from an
carliel study will provide the opponunity for more
arcas to bc studied.

The major difference between our results and
Iirapp & Sould (1996) was in specific grass spe-
cics found. They reported substantially more
bluebunch wheatgrass and somewhirt less ldaho
fescue than we found on the same associatron.
Ourplots suppofied atairly even mix ofbluebunch
wheatgrass,Thurber's needlegrass, Idaho fescue,
and Sandbcrg's bluegrass (Table l). This difier-
ence could be due to differences in macroplot
location, but we did find a similarly even mix of
grasses in the juniper/bitterbrush-/wheatgrass as-
sociation and on our comparison sitcs.

Juniper cover increased slowly, a reminder of
the slowness of change in this ecosystem (Tablc



3). Our 1995 measurements of 10.57c cover in
the iuniper/sagebrush/$ heatgrass associl lt ion
agreed closely with those reported by Knapp and
Souli ( 1996) of 9.8% covcr Driscoll ( I 964a) re-
ported a grcater difference in juniper cover be-
tween the two associations than we 1bund, but
neasuring exact tree cover is problematic due to
the uncvenness ofdist.ibution, site selection bias,
inability to identity small trees in aerial photo-
graphs, and the lack of precision in the method
of measurement used. We observed young junl-
per trees rising above the shrub layer throughout
IRNA, and Sould and Knapp (2000) repoded that
j uvenile juniper populations on IRNA represented
as much as 817. of the total popul t ion.

Our study of the more accessible, less pris
tine comparison sitcs showed slightly higher tree
and shrub cover and lo$'er grass cover thlrn fbund
on IRNA (Table .+). which may be due to more
livestock grazing and hunan impact on the com-
parison sites (Madany and west 1983.). Notable
differences in grass cover included an absence of
Idaho fescue on the Grandview site, low cover ()1

this grass on tlte Round Butte Dam Overlook sile.
but greater covcr on Haystack Buttc site.

The general lack of fire is a probable influ-
ence on the trend toward a greater presencc of
\ \ , ' uL l )  :pec ie .  on  lR \A rnd  on  lhe  ( , ' rnp l r i :on
sitcs. Aedal photographs from l9,+:l to 1995 show
no major'hre disturbance during this 51 yr pe-
riod. Driscoll (J96,1a) rcpofied that chaned stumps
and othcr signs of fire werc common on IRNA.
Wc observed evidencc of small spot tlres, how
ever, they appeared to have minimal influence on
the overall vegetation p ttern being few in num-
ber and widely scattered. Our findings agree with
West et al. (1979) and Eddlcman and Miller ( 1992)
that woody vegetation may out-compete peren
n ia l  g ra . 'e r  un le r .  per iod ic  l l re \  a rc  p resen l  in
the system.

In gcneral our data agrccd with the theory that
without disturbance, especially without tlre, woody
vegctation will increasc in cover (West et al. 198:1,
B: l rboure t  a l .  lqqqr  ln  cnr ly / in !  the  rcge la t ion
by canopy lryer, our study tbund more tree and
shrub covcr and less grass and forb cover in both

plant associations than reported by Driscoll
( 1964a).

The building ofRound Butte Dam in 196:l to
create Lake Billy Chinook might be considered a
disturbance, but the efttct of the lake on IRNA
vegetation is unknown and probably subtle. Cli-
matic data from Metolius Station show no trend
toward more modcrate temperatures or higher
humidity. but the station, located -10 km east of
IRNA may be outside the lake influencc zone.
Weather data, analyzed fiom decade to decade
between thc 1950s and the 1990s showed no
mcasurable trends. Annual temperaturc t!'as stablc
and precipitation, while varying v"'idely from year
to yetrr, showed no signiticant pattem ofchange.

Allhough access to IRNA is limited. other
major threats to its native vegetation may likely
be increased hurnan use and exotic weed inva-
sions. Driscoll (196,1a) expressed concern about
the presence ofthe alien cheatgrass, but our study
and Knapp and Sould (1996.) foundless cheatgrass
cover than in the 1960s. Medusahead, while not
found in thc microplots. is also present on IRNA
as is another alien annual grass, red brome.

Previously recognized plant associations on
IRNA are i n the process of change. Without a maj or
disturbance we expect the directional change to-
ward more woody vegetation to continue. lf fires
were reintroduced into the ecosyslem this would
likely set back woody plants to give grasses and
forbs greater presence. The present fire policy on
IRNA recen l ly  rg rccd  upon by  the jo in t  m lnag
ers, thc USDA Forest Service. Bureau of Land
Management. and Oregon State Parks, is one of
non-inten'ention (Ron Halvorson. BLM, Prineville,
Oregon, personal communication). This policy may
se e to reintroduce lire to IRNA and provide
interesting new vegetation dynamics to study.

An impoftant aspect of this study was to pro
vide documentation with which to compare fu-
ture studies on IRNA and in the nearby grass-
lands .  Ongo inp  er l rn ina t  ion  o f  r  egeta t iun  cor  c r .
land use histories, climatic data, and fire events
in this area \\,ill continue to broaden our under-
standing ofvegetation dynamics and the complex
process of plant succession over time.
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