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I NTRODUCTI ON

The conposition of broadscal e vegetation cover types within a | andscape
directly affects ecosystem processes and functions. A |andscape's conposition
of vegetation types may have different ecological inplications at different
scales. Furthernore, |andscapes are spatially and tenporally dynanic, but the
detectability of changes varies by both tenporal and geographic scal es (Turner
and others 1989, Quattrochi and Pelletier 1991). Milti-scale studies of the
magni tude and rate in which | andscape conposition varies inprove the
predictability of the effects of those changes on ecol ogi cal processes and

functions.

The spatial scale (i.e., grain and extent) in which |andscape data is
quantified directly influences any inferences derived fromthat data (Turner
1990). Furthernore, neasurenents nmade at different scal es nay not be
conparabl e (Turner 1990). Hessburg and others (1996) assessed recent
historical trends of cover types within the Interior Colunbia R ver Basin
(ICRB) using nid-scale data from sanpl ed subwat ersheds. Jones and Hann (1996)
used a continuous coverage of broadscal e vegetation data to assess the change
of coarse conmunity types within the ICRB, and within 13 smaller subregions
(Ecol ogi cal Reporting Units; ERUs) of the ICRB over a |onger historical tinme
frane. Jones and others (1996) al so used that sanme broadscal e vegetation
coverage to assess fluxes of those coarse community types within 164 subbasins
of the ICRB. They also quantified the departures of comunities from expected
historical conditions within subbasins to study coarse patterns of vegetation

change t hroughout the ICRB. However, we believed a trend assessnent of
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broadscal e cover types within the I1CRB was still needed to provide a different

context of the potential ecological effects of change.

Cover types are finer-grained el enents than the coarser-grained comunities
assessed by Jones and Hann (1996) and Jones and others (1996). The broadscal e
cover types are also nore conparable to the mdscal e cover types assessed by
Hessburg and others (1996) than the comunity types assessed by Jones and Hann
(1996) and Jones and others (1996). Quantifying vegetati on changes using
different hierarchical variables at different scales may help to clarify and

predi ct functional responses of the ecosystem

W di scuss the historical change in conposition of broadscal e cover types

t hroughout the I1CRB, and within 13 ERUs within the I CRB (see Jensen and ot hers
(1996)for a description and derivation of ERUs). The ERUs have different

bi ophysi cal conpositions (Jensen and others 1996); consequently, they also
have different inherent disturbance patterns and processes, as well as

vari abl e human-i nfl uenced di sturbances. By evaluating trends at both the | CRB
and ERU scale, we can see if conpositional trends were consistent, or varied

spatially, across multiple geographic areas.

Three indices of vegetation change are required to better understand the

ef fects of vegetation trends on ecosystem dynanics. The proportional change
of a cover type's areal extent (i.e., class change) is valuable because it
quantifies the change of that cover type relative to itself. The proportiona
change of a cover type relative to the | andscape (i.e., |andscape change) is

al so insightful, because it factors in the dom nance of that type within the
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| andscape. It is quite likely that the availability of a relatively rare
cover type may change substantially through tine, which nay have substantia
ecol ogi cal consequences. However, the proportional change of a rare cover
type may not significantly affect the overall conposition of the |andscape
because that cover type only conprised a relatively ninor conponent.
Conversely, a seemngly insignificant change of a cover type which dom nates a
| andscape nay al so have significant ecological ranifications. For exanple, a
10 percent change in areal extent of a cover type that occupies 80 percent of
a landscape will significantly alter the conposition of that |andscape, as
will an 80 percent change of a cover type that conprises 10 percent of the
| andscape. Even so, substantial changes of a cover type's areal extent nay
still not have substantial ecological ranmfications, if those changes occurred
wi thin some expected range of variation in which biological entities and
processes have evolved. Consequently, only by conparing the magnitude of
change to sone historical range of expected conditions can we fully ground the
ecol ogi cal inplications of vegetation trends on ecosystem structure and

function.

METHCDS

Forty one broadscal e cover types were mapped at 1-kn? resolution to describe
the current and historical vegetation of the Interior Colunbia River Basin

(1 CRB; Appendix B). The derivation of current and historical vegetation

| ayers was described by Menakis and others (1996). W used two spatial scales
and three indices of change to quantify areal changes of cover types between

historical and current periods. Conpositional changes were assessed across
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the ICRB as a whole, as well as within 13 ERUs (Figure 1) within the |1 CRB
These changes were evaluated in respect to the cover type itself (i.e., class
change), to the landscape (i.e., ICRB or ERU change), and to the cover type's

historical range (i.e., departure index).

O ass changes quantified the proportional change of a cover type's area

between the historical and current periods. W estinmated class change bhy:

CC = ((CTA. ! CTA) " CTA)*100

where CC = percentage of class changed;

CTA
CTA,

current area of cover type;

hi storical area of cover type

Landscape changes quantified the areal proportion of the | andscape (1 CRB or

ERU) that was altered as a result of the change in areal extent of a cover

type. W estinmated | andscape change by:

LC = ((CTA. - CTA)/LA)*100

where LC = percentage of |andscape changed;
CTA: = current area of cover type;
CTA, = historical area of cover type
LA = | andscape area (1 CRB or ERU)

We constructed transition nmatrices of cover types to further our understandi ng
of class and | andscape changes (Jones 1996). The transition matrices tracked

the flux of individual 1-kn?* pixels fromone cover type to another between the
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historical and current periods. For exanple, we wanted to know if a pixe
that was classified as a ponderosa pine cover type during the historica
peri od remai ned ponderosa pine, or changed to another cover type in the
current period. The dom nant transitions within a | andscape (i.e., those

af fecting at | east one percent of the ICRB or ERU) were sunmari zed.

Cover type departure indices were determ ned by conparing the current area
extent of each type to their nodeled 75th and 100t h percent historical ranges.
H storical ranges of cover types were simulated for the I CRB and i ndivi dua
ERUs usi ng CRBSUM (Col unbi a River Basin SUccession Mdel, a spatially
explicit, determnistic vegetation simulation nodel with stochastic properties
(Keane 1996). The m ni num and naxi mum val ues from a single 400-year run of
CRBSUM and outputs for simulation years 0, 50, 100, 200, 300, and 400, were
used to define historical ranges. The initial conditions for the historica
simul ati ons and the sinulation process were described by Menakis and ot hers
(1996) and Long and others (1996), respectively. W then calculated the 75th
percent historical md range by adding or subtracting 12.5 percent of the
historical range to the historical mninumand historical mnmaxi mum
respectively. Five departure classes were defined based on the relationship
between the current area of each cover type to its simulated 75th and 100t h

percent historical ranges (Table 1, Figure 2).

W used cl ass changes, | andscape changes, and departure indices to determne
ecol ogi cal ly significant changes of cover types. W judged the absol ute val ue
of class changes > 20 percent and | andscape changes > 1.0 percent as

ecologically significant, but only if the departure indices indicated that the
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current area of the cover type occurred above or below its 75th percent
historical md range (i.e., departure classes 1, 2, 4, and 5). In turn, area
changes resulting in departures classes 1, 2, 4, and 5, were ecologically
significant if either the historical or current areas of a cover type exceeded

one percent of the | andscape, and the class change exceeded five percent.

The her baceous wetl ands, shrub wetl ands, and aspen cover types appeared to be
under-represented in the historical vegetation |ayer and over-represented in
the current |ayer. These types, which generally occur in scattered,
relatively small- to medi umsized patches, tend to be under-estinmated as
mappi ng resol ution increases (Turner and others 1996). Consequently, in that
the historical vegetation |ayer was devel oped at a coarser resolution than the
current vegetation |layer (Menakis and others 1996), it is likely that the two
mappi ng efforts contained different biases. |In fact, rectification with the
potential vegetation types indicated that the herbaceous wetlands, shrub
wet | ands, and aspen cover types were |ikely nore abundant on the historica

| andscape than our data indicated (see Appendi x A and Menaki s and ot hers
(1996) for a description of potential vegetation types, and the derivation of
the historical vegetation layer). W did not report the changes of these

three types because they could not be accurately quantified.

RESULTS

Interior Colunbia R ver Basin

The richness of cover types increased between historical and current periods
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due to the addition of three anthropogenic cover types (urban, cropland, and
exotic forbs/annual grass; Table 2). W did not detect neasurable changes in
areal extent of the al pine tundra, barren, Oregon white oak, red fir, or water
cover types. Ecologically significant changes were detected for 66 and 34
percent of the cover types relative to class and the ICRB, respectively. O

t hese, nine had negative trends (Agropyron bunchgrass, big sagebrush,
cottonwood/wi I | ow, fescue bunchgrass, Interior ponderosa pine, nmountain big
sagebrush, western larch, western white pine, and whitebark pine), and 6 had
positive trends (cropland/ hay/ pasture (hereafter croplands), exotic
forbs/annual grass, grand fir/white fir, Interior Douglas-fir,

j uni per/sagebrush, and shrub or herb/tree regen). Two cover types (western
white pine and whitebark pine/alpine larch were virtually elim nated between
historical and current periods (> 95 percent decline). Only the antel ope

bi tterbrush/ bl uebunch wheat grass (hereafter bitterbrush/bluebunch wheat grass),
barren, and | odgepol e pine cover types occurred within their historical md

ranges during the current period.

Transition matrices indicated that agricultural devel opnent was | argely
responsi ble for the substantial areal declines of the fescue bunchgrass,
Agropyron bunchgrass, big sagebrush, and native forb cover types. Simlarly,
nearly 12 percent of the nountain big sagebrush type was al so converted to
agricultural types, although nost of its decline was attributable to the
encroachrment of the juni per/sagebrush type. Qher najor changes that occurred
in non-forest cover types were dom nated by the invasion of exotic species.
The increase in the exotic forbs/annual grass cover type occurred at the

expense of big sagebrush, and to | esser extents to Agropyron bunchgrass,
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nmount ai n bi g sagebrush, and fescue bunchgrass cover types.

Qur observed changes of forest cover types were domnated by the transitions
of early-seral, shade-intolerant tree species to shade-tol erant tree speci es.
For exanple, the areal decline of the Interior ponderosa pine cover type was
attributable to increasing areas of the grand fir/white fir and Interior
Dougl as-fir cover types; areal declines of the western larch cover type was
due to an increase of Douglas-fir, |odgepole pine, or grand fir/white fir
cover types; a large proportion of the western white pine cover type was
converted to the grand fir/white fir type; and a | arge proportion of the

whi t ebark pine type was converted to the Engel mann spruce/ subal pi ne fir cover

t ype.

Bl ue Mount ai ns ERU

Cover type richness decreased from24 to 23 types within the Bl ue Muuntain ERU
bet ween historical and current periods (Table 3). Although three

ant hr opogeni ¢ cover types appeared (cropland, exotic forbs/annual grass, and
urban) in the current period, four endenic cover types were | ost
(bitterbrush/ bl uebunch wheat grass, cottonwood/willow, western |arch, and

whi t ebar k pi ne/ al pi ne | arch).

W detected ecologically significant trends of 56 and 42 percent of the cover
types relative to class and the Blue Muuntains ERU, respectively (Table 3).
Only the al pine tundra, Interior Douglas-fir, nountain mahogany, native forb

and water cover types occurred within their historical md ranges during the
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current period. However, the departures of eight cover types were not

ecol ogically significant.

The cover type conposition within the Blue Muntai ns ERU was nost affected by
areal increases of the croplands and grand fir/white fir cover types, and
areal declines of the fescue bunchgrass and Interior ponderosa pine types.
The cover type transition matrix indicated that 41 percent of the fescue
bunchgrass type was converted to the croplands cover type. Qher areas
converted to agricultural uses were derived predonmnantly fromthe big
sagebrush, nountain big sagebrush, and Agropyron bunchgrass types. The
transition matrix also indicated that the |oss of the Interior ponderosa pine
cover type was nostly attributable to a conversion into the grand fir/white

fir type, and to a | esser degree, the Interior Douglas-fir cover type.

Central |daho Muntai ns ERU

W detected an increase of cover type richness within the Central 1daho
Mount ai ns ERU between historical and current periods (Table 4). Al though

t hree endem c cover types (bitterbrush/bluebunch wheat grass, native forb, and
whi t ebark pine/al pine larch) were elininated, five additional cover types
appeared during the current period. Three of the five new cover types
detected in the current period were anthropogenic (croplands, exotic
forbs/annual grass, and urban). Ecologically significant trends relative to
class and the Central |daho Mountains ERU were detected for 55 and 36 percent
of the cover types, respectively. Simlarly, the departures of 39 percent of

the cover types fromtheir historical md ranges were ecologically
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significant.

The Central |daho Mountains ERU was dom nated by the areal declines of the
Agropyron bunchgrass and Interior Douglas-fir cover types, and the increased
areal extent of the croplands, Engel mann spruce/ subal pine fir, grand fir/white
fir, and shrub or herb/tree regen cover types (Table 4). Approximtely 53
percent of the Douglas-fir type was converted to prinmarily shrub or herb/tree
regen, | odgepol e pine, Engel mann spruce/subal pine fir, and grand fir/white fir
cover types. Simlarly, the substantial areal decline of the Agropyron
bunchgrass cover type was primarily a result of conversions into the nountain
bi g sagebrush (34 percent), big sagebrush (20 percent), or croplands (19

percent) cover types.

Col unbi a Pl ateau ERU

Bet ween historical and current periods, five additional cover types were
created while three were elinmnated fromthe Colunbia Plateau ERU (Tabl e 5).
The three cover types elimnated included trace anounts of the native forb
western white pine, and whitebark pine/al pine |larch cover types. The five
cover types that appeared during the current period include three

ant hropogeni ¢ types (cropl ands, exotics/annual grass, and urban) and trace

anounts of the nmountain hem ock and western redcedar/western hem ock types.

W detected ecologically significant trends relative to class and the Col unbi a
Pl ateau ERU for 49 and 20 percent of the cover types, respectively (Table 5).

Simlarly, eight of 35 cover types had significant departures fromtheir
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historical md ranges. Conversely, nine cover types (al pine tundra,
bi tt erbrush/ bl uebunch wheat grass, cottonwood/w Ilow, Interior Douglas-fir,
Interior ponderosa pine, mxed-conifer woodl ands, nountain hem ock, water, and
western larch) occurred within their historical md ranges during the current

peri od.

Cover type transitions within the Colunbia Plateau ERU were dom nated by the
agricultural conversion of 46 percent of the big sagebrush, 79 percent of the
Agropyron bunchgrass, and 91 percent of the fescue bunchgrass cover types. 1In
fact, the croplands cover type conprised nearly 45 percent of the Col unbia

Pl at eau ERU during the current period.

Lower d ark Fork ERU

The richness of cover types within the Lower Cark Fork ERU i ncreased from 17
to 20 types between historical and current periods (Table 6). Al though two
types (m xed-coni fer woodl ands and whitebark pine/al pine larch) were
elimnated during this period, five new types (croplands, exotics/annua

grass, urban, nountain hem ock, and western redcedar/western hem ock) appeared

within the Lower dark Fork ERU

W detected ecologically significant trends for 41 and 36 percent of the cover
types relative to class and the Lower Cark Fork ERU, respectively (Table 6).
Only three cover types (Engel mann spruce/subal pine fir, Interior Douglas-fir,
and western larch) occurred within their historical md ranges during the

current period. Al though we detected substantial departures for the other 19
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cover types, only seven of themwere ecologically significant.

The conpositional changes of cover types which affected the Lower O ark Fork
ERU to the greatest extent involved areal increases of the grand fir/white fir
and shrub or herb/tree regen cover types, and areal declines of the Interior
ponderosa pi ne and western white pine cover types. The areal extent of the
grand fir/white fir cover type increased by nearly 6000 percent and dom nat ed
the ERU during the current period. Conversely, the western white pine cover
type was nearly elimnated from approxi mately 27 percent of the Lower dark
Fork ERU. Cover type transitions were dom nated by the near total conversion
of the western white pine cover type to grand fir/white fir, western larch
and shrub or herb/tree regen cover types, and the conversion of 66 percent of

the Interior ponderosa pine cover type to the grand fir/white fir type.

Nort hern Cascades ERU

The richness of cover types within the Northern Cascades ERU i ncreased from 29
to 32 types between historical and current periods (Table 7). During this
peri od, three anthropogenic types appeared, while the trace anount of the salt

desert shrub type was elim nated.

W detected ecologically significant trends in respect to class and the

Nort hern Cascades ERU for 55 and 40 percent of the cover types respectively
(Table 7). O the 33 cover types detected within the ERU, only the
chokecherry/ serviceberry/rose, Interior ponderosa pine, water, and whitebark

pi ne/ al pi ne | arch cover types occurred within their historical md ranges
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during the current period. However, nearly 50 percent of the substanti al

departures fromthe historical md range were not ecol ogically significant.

The conpositional changes of cover types in the Northern Cascades ERU were
dom nated by the areal decline of the Engel mann spruce/subal pine fir, Interior
ponderosa pi ne, western |larch, and whitebark pine cover types, and the area

i ncrease of the cropl ands, | odgepole pine, and Pacific silver fir/nmountain
hem ock cover types. The transition matrix indicated that the Engel mann
spruce/ subal pine fir cover type converted prinmarily to the Pacific silver
fir/mountain hem ock and | odgepol e pi ne cover types; the Interior ponderosa
pi ne cover type converted to either grand fir/white fir or Interior Dougl as-
fir cover types; western larch converted into Interior Douglas-fir; and
whi t ebark pi ne converted i nto Engel mann spruce/ subal pine fir. Simlarly, the
areal increase of the croplands cover type occurred primarily at the expense

of the big sagebrush and fescue bunchgrass cover types.

Northern d aci at ed Mount ai ns

The richness of cover types increased from24 to 27 types between historica
and current periods in the Northern 3 aciated Muntains ERU (Table 8). Four
addi ti onal cover types appeared (croplands, exotics/annual grass, urban, and
west ern redcedar/western hem ock), while the whitebark pine/alpine |arch cover
type was elimnated during that tine frane. In addition to the whitebark

pi ne/ al pi ne | arch cover type, nearly all of the big sagebrush and
cottonwood/wi |l ow types were elimnated between historical and current

peri ods.
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Ecol ogically significant trends relative to class and the Northern d aci at ed
Mount ai ns occurred in 46 percent of the cover types (Table 8). O the 28
cover types detected in the ERU, the areal extents of only the
bi tt er brush/ bl uebunch wheat grass, Engel mann spruce/ subal pi ne fir, m xed-
coni fer woodl ands, and nountai n hem ock cover types occurred within their
historical md ranges. Al though we detected substantial departures fromtheir
historical md ranges for nost cover types, only 54 percent of the departures
were ecologically significant relative to the conposition of types within the

Northern d aci ated ERU

The conposition of the Northern d aci ated Muntai ns ERU was affected

predonmi nantly by the areal increase of the croplands, grand fir/white fir, and
Interior Douglas-fir cover types, and areal declines of the fescue bunchgrass,
Interior ponderosa pine, and western larch cover types (Table 8). The
transition matrix indicated that agricultural devel opnent was |argely
responsi ble for the areal declines of the big sagebrush, fescue bunchgrass,
and Interior ponderosa pine cover types. Simlarly, 46 percent of the western
larch and 33 percent of the Interior ponderosa pine cover types were converted

to either grand fir/white fir or Interior Douglas-fir types.

Northern Great Basin ERU

The richness of cover types did not vary between historical and current
periods within the Northern G eat Basin ERU (Table 9). However, three cover
types appeared (cropl ands, exotics/annual grass, and grand fir/white fir),

whil e three cover types (native forb, Sierra Nevada m xed-conifer, and western
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larch) were elimnated during that tinme interval

W detected ecologically significant class trends of 10 cover types (Table 9).
However, ecol ogically significant changes relative to the Northern G eat Basin
ERU occurred due to the changes of four cover types (big sagebrush, croplands,
exotics forbs/annual grass, and nountain big sagebrush). The current area
extent of nost (84 percent) cover types departed substantially fromtheir
historical md ranges. However, only the departures of five cover types
(cropl ands, exotic forbs/annual grass, fescue-bunch grass, juniper sagebrush,

and nountain big sagebrush) were ecologically significant.

The conpositional changes of the Northern Great Basin ERU were dom nated by
the areal increase of the croplands and exotic forbs/annual grass cover types,
and the areal decline of the big sagebrush, nountain big sagebrush, and salt
desert shrub cover types (Table 9). Agricultural devel opnent was |argely
responsi ble for the substantial decline of the salt desert shrub cover type,
and relatively smaller declines of the Agropyron and fescue bunchgrass cover
types. The increase of the exotic forbs/annual grass cover type occurred
predonminantly in the big sagebrush, and to a | esser extent, the nountain big

sagebrush, cover types.

Owhee Upl ands ERU

The richness of cover types within the Owhee Upl ands ERU i ncreased from23 to

27 types between the historical and current periods (Table 10). Six cover

types appeared, while two cover types (| odgepol e pine and native forb)



Jones--17

di sappeared during this tinme interval.

W detected ecologically significant trends of 58 and 10 percent of the cover
types relative to class and the Owhee Upl ands ERU, respectively (Table 10).
Al t hough the areal extents of seven of 29 cover types occurred within their
historical md ranges during the current period, the departures of only six

types were ecologically significant.

The conposition of the Owhee Upl ands ERU was affected to the greatest extent
by the areal decline of the big sagebrush cover type, and the areal increase
of the croplands cover type (Table 10). Not surprisingly, the transition
matri x indicated that agricultural devel opnment was responsible for the
substantial reduction in area of the big sagebrush cover type. Al though we
observed a 21 percent decline of the big sagebrush cover type across 11
percent of the Owhee Upl ands ERU, the big sagebrush type still occurred

within its historical md range during the current period.

Snake Headwaters ERU

The richness of cover types within the Snake Headwat ers ERU decreased from 25
to 24 types between the historical and current periods (Table 11). Al though
t hree ant hropogeni ¢ types (cropl ands, exotic forbs/annual grass, and urban)
appear ed, four endem c cover types (chokecherry/serviceberry/rose,
cottonwood/ wi I | ow, m xed-coni fer woodl ands, and native forb) were elimnated

within this time interval.
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O the 28 cover types observed within the Snake Headwaters ERU, we detected
ecologically significant trends for 46 and 29 percent of the types relative to
cl ass and the Snake Headwaters ERU, respectively (Table 11). Al though we
observed substantial departures fromthe historical range in all but five
cover types, these departures were ecologically significant for only 35

percent of the types.

The conposition of cover types within the Snake Headwat ers ERU was affected
predonmi nantly by the areal increase of the croplands and Interior Douglas-fir
cover types, and the areal decline of the big sagebrush and | odgepol e pi ne,
and to a | esser degree, the nountain big sagebrush, and shrub or herb/tree
regen cover types (Table 11). The areal increase of the Interior Douglas-fir
cover type was derived nostly from | odgepol e pi ne, nountain big sagebrush,
shrub or herb tree/regen, and Engel mann spruce/ subal pine fir cover types. The
67 percent |loss of the | odgepol e pine cover type was attributable to gains in
the Interior Douglas-fir and Engel mann spruce/ subal pine fir cover types.
Nearly all of the big sagebrush and nountai n bi g sagebrush cover types were
elimnated within the Snake Headwaters ERU. Agricultural conversion was
responsi ble for the 84 percent areal decline of the big sagebrush cover type,
wher eas encroachi ng Dougl as-fir converted 89 percent of the nountain big

sagebrush cover type

Sout hern Cascades ERU

Overall, the richness of cover types increased from33 to 34 cover types

wi thin the Southern Cascades ERU between historical and current periods (Table
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12). Four cover types appeared (croplands, exotic forbs/annual grass, urban
and nountai n mahogany), while three cover types disappeared
(cottonwood/wi Il ow, salt desert shrub, and Sierra m xed-conifer) during this
time interval. In addition, nearly all of the western |arch cover type was

elimnated between the historical and current peri ods.

W detected ecologically significant trends relative to class and the Sout hern
Cascades ERU with 42 and 24 percent of the cover types, respectively (Table
12). Six cover types (al pine tundra, barren, chokecherry/serviceberry/rose,
Engel mann spruce/ subal pi ne fir, m xed-conifer woodl ands, and Pacific silver
fir/mountain hem ock) occurred within their historical md ranges during the
current period. Al though we observed substantial departures fromthe
historical md ranges for nost cover types, only the departures of 30 percent
of the types were ecologically significant relative to the conposition of the

Sout hern Cascades ERU

The conposition of the Southern Cascades ERU was predom nantly affected by the
decline of the Interior ponderosa pine cover type, and increase of the
croplands, Interior Douglas-fir, and grand fir/white fir cover types (Table
12). The transition matrix indicated that approxinmately 30 percent of the
Interior ponderosa pine cover types changed into Interior Douglas-fir and
grand fir/white fir cover types. The transitions of non-forest cover types

were dom nated by the agricultural conversion of the big sagebrush cover type

Upper O ark Fork ERU
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The richness of cover types within the Upper Oark Fork ERU i ncreased from 21
to 24 types between the historical and current periods (Table 13). Five
addi ti onal cover types appeared (croplands, exotic forbs/annual grass, urban,
nmount ai n mahogany, and western white pine), while two cover types

(j uni per/ sagebrush and whitebark pine/al pine larch) were elimnated during
this time interval. The western |larch cover type was nearly elimnated during

this period as well.

W observed ecologically significant trends relative to class and the Upper
Gark Fork ERU with 46 percent and 38 percent of the cover types, respectively
(Table 13). Six of 26 cover types occurred within their historical md ranges
during the current period. The departures of 38 percent of the cover types

were ecologically significant.

The conposition of the Upper dark Fork ERU was nost affected by the area

i ncrease of the croplands and Engel mann spruce/ subal pine fir cover types, and
the areal decline of the Agropyron bunchgrass, fescue bunchgrass, and Interior
Dougl as-fir cover types (Table 13). The transition matrix indicated that
approxi mately 18 percent of the fescue bunchgrass and 69 percent of the
Agropyron bunchgrass cover types were converted by agricultural devel opnent
bet ween historical and current periods. An additional 47 percent of the
fescue bunchgrass cover type was elimnated by the encroachnent of Interior
ponderosa pine and Interior Douglas-fir cover types. Changes of forest cover
types were dominated by transitions of the | odgepole pine and Interior

Dougl as-fir cover types into the Engel mann spruce/subal pine fir cover type.
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Upper Kl amath ERU

Al t hough the richness of cover types within the Upper Kl amath ERU di d not
change between the historical and current periods, the conposition of cover
types changed substantially (Table 14). During the tenporal period covered by
our analysis, three anthropogeni c cover types appeared, while three endenic
cover types (salt desert shrub, western |arch, and whitebark pine/al pine

[ arch) were elim nated.

W detected ecologically significant trends relative to class and the Upper
Klamat h ERU for 48 and 30 percent of the cover types, respectively (Table 14).
During the current period, the areal extent of only six cover types (al pine
tundra, barren, chokecherry/serviceberry/rose, Engel mann spruce/subal pine fir,
m xed-coni f er woodl ands, and shrub or herb/tree regen) occurred within their
historical md ranges. Although we observed substantial departures of nost
cover types fromtheir historical md ranges, only the departures of 36

percent of the cover types were ecologically significant.

The Upper Kl amath ERU s conposition was predoninantly affected by the area

i ncrease of the croplands and Interior Douglas-fir cover types, and the area
decline of the fescue bunchgrass and Interior ponderosa pine cover types
(Table 14). The transition nmatrix indicated that the 95 percent decline of

t he fescue bunchgrass cover type that we observed was a result of transitions
to the Interior ponderosa pine (94 percent), croplands (33 percent), and

m xed-coni fer woodl ands (17 percent) cover types. Nearly 25 percent of the

Interior ponderosa pine cover type changed into the Interior Douglas-fir cover
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type. Although sonmewhat | ess significant in respect to the Upper Kl anmath ERU
the transition matrix suggested that approximately 56 percent of the nountain
bi g sagebrush and 99 percent of the | ow sagebrush cover types changed into the

j uni per/sagebrush cover type.

Upper Snhake ERU

The richness of cover types within the Upper Snake ERU i ncreased from23 to 24
types between the historical and current periods (Table 15). Three

ant hr opogeni ¢ cover types appeared, and two endem c cover types (m xed-conifer
woodl ands and native forb) were elimnated during the period covered by our

anal ysi s.

W detected ecologically significant trends relative to class and the Upper
Snake ERU with 35 and 23 percent of the cover types, respectively (Table 15).
Al t hough only six of 26 cover types occurred within their historical md range
during the current period, nost departures were not ecologically significant.

Ecol ogically significant departures were evident with 27 percent of the cover

types.

The conposition of cover types within the Snake Headwaters ERU was primarily

i nfluenced by the changes of three cover types (Table 15). A significant
decline of the big sagebrush cover type occurred across 42 percent of the ERU
whereas areal increases of the croplands and exotic forbs/annual grass cover
types affected nearly 43 percent of the ERU. Forty-one percent of the area

decline of the big sagebrush cover type was a result of agricultura
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devel opnent. Lesser anounts of this type were converted into the exotic
forbs/annual grass (10 percent) and Agropyron bunchgrass (5 percent) cover
types. Virtually all of the areal increase of the croplands cover type

occurred at the expense of the big sagebrush cover type.

DI SCUSSI ON

Differing geographic scales did not seemto substantially affect cover type
trends within our assessnent area. That is, the cover type trends observed
within the 13 ERUs generally reflected the trends that occurred within the
ICRB as a whole. Furthernore, with the exception of the bitterbrush/bluebunch
wheat gr ass, Engel mann spruce/ subal pine fir, |odgepole pine, and shrub or
herb/tree regen cover types, there was little variability of the cover type
departure classes anong the 13 ERUs. Al though the departure classes of the
bi tt er brush/ bl uebunch wheat grass, Engel nann spruce/ subal pine fir, and

| odgepol e pi ne varied anong the ERUs, the ERUs that seenmed to have the nost
conflicting trends were those whose departures were not ecologically
significant. For exanple, the departure classes of the | odgepol e pi ne cover
type indicated that it generally occurred within or above its historical md
range for the majority of ERUs. Conversely, the current areal extent of

| odgepol e pine within the Colunbia Plateau, Northern Great Basin, Snake
Headwat ers, and Upper Shake ERUs was well below their historical nmid range.
However, only the observed departure class of the Snake Headwaters ERU was
ecologically significant. The shrub or herb/tree regen cover type occurred
wel | above its historical md range in four ERUs, within its historical md

range in six ERUs, and well belowits historical nmd range in three ERUs.
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Agricul tural devel oprment significantly changed the conposition of cover types
within the ICRB, and within all of the 13 ERUs. Approxinmately 16 percent of
the 1 CRB has been converted to the croplands cover type. Even the |east
i mpacted ERUs (e.g., Lower Cark Fork and Northern Great Basin) lost two to
three percent of their area to agricultural uses. Conversely, agricultura
devel opnent occurred across 33 and 45 percent of the Upper Snake and Col unbi a
Pl ateau ERUs. Not surprisingly, nost of the agricultural conversions occurred
wi thin non-forest cover types, and were largely responsible for the
significant areal declines of the endem c grassland and forb cover types
(i.e., Agropyron bunchgrass, fescue bunchgrass, native forbs), and also for a
| arge proportion of the observed declines in many shrubl and cover types (e.g.

bi g sagebrush, nountain big sagebrush, salt desert shrub).

Wthin forest environnents, cover type conpositional changes were
predonmnantly related to the replacenent of cover types dom nated by shade-

i ntolerant species resistant to fire, insects and di sease, by those dom nated
by shade-tol erant species having higher susceptibilities to fires, insects,
and di seases. Wth few exceptions, we observed significant declining trends
of the cottonwood/w Ilow, Interior ponderosa pine, western |arch, western
white pine, whitebark pine/alpine |arch, and whitebark pine cover types

t hroughout the I1CRB. Conversely, we comonly detected significant increases
of the grand fir/white fir, Interior Douglas-fir, and western redcedar/western
hem ock cover types. These trends were nost |ikely brought about by fire
suppression and tinmber harvesting activities. Fire suppression increased the
est abl i shnent and devel opnent of forest stands conpri sed of shade-tol erant

speci es. Conversely, past silvicultural practices conmonly targeted the
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early-seral, shade-intol erant species for renoval fromforest stands.

W detected 37 occurrences in which 12 cover types were elimnated fromthe
ERUs between historical and current periods. Although these types disappeared
fromour broadscal e coverage of the current period, we do not suggest that
they no | onger occur on the |landscape. That is to say, their areal declines
were to the extent that the cover types no |longer represented a dom nant
component of a 1-kn? pixel. In all likelihood, a finer-grained analysis would
detect their presence in the | andscape (Henderson-Sellers and others 1985,
Meent ereyer and Box 1987). The cover types that di sappeared nost frequently

i ncl uded whitebark pine/alpine larch (lost fromseven ERUs), native forb (I ost
fromsix ERUs), and western larch (lost fromfive ERUs). The cover types that
di sappeared were comonly rare within an ERU, historically. In nost instances
(76 percent), the historical area of the elimnated cover type conprised |ess

than 0.5 percent of an ERU (x = 1.10 percent, sd = 4.40). However, the

western white pine cover type was lost fromthe Lower O ark Fork ERU even
though it conprised nearly 27 percent of |andscape during the historica
period. Four of the 12 cover types (native forb, Sierra m xed-conifer
western white pine, and whitebark pine/alpine larch) that frequently

di sappeared from various ERU | andscapes, had experienced at |east 80 percent

declines within the |CRB as a whol e.

W conpared the trends of our broadscal e forest and woodl and cover types
within ERUs to the trends of nidscale forest and woodl and cover types reported
by Hessburg and others (1996). As expected, there were sone di screpancies

between the two data sets. However, considering the two anal yses were
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conducted at different resolutions (1-kn2 and 4-ha for broadscal e and
m dscal e, respectively), and assessed trends across different tinme periods
(approximately 100 to 150 years versus the past 30 to 70 years for broadscal e
and m dscal e, respectively), the observed trends were quite conparable. The
nost conmon di screpanci es between the two anal yses included instances in which
significant broadscal e trends were detected, whereas significant mdscale
trends were not. These sorts of discrepancies occurred nost frequently with
the grand fir/white fir, | odgepole pine, and western |arch cover types, and
within the Central Idaho Mountains, Lower dark Fork, and Sout hern Cascades
ERUs. Conflicting trends (i.e., the broadscal e and nidscal e anal yses detected
opposite trends) nost commonly occurred with the Engel mann spruce/ subal pi ne

fir and Interior ponderosa pine cover types.

Coar se- grai ned anal yses commonly underestinmate types occurring in snmall to
medi um si zed patches that do not dominate the spectral response of a
particul ar pixel (Quattrochi and Pelletier 1991). W already noted the

probl enmrs we had with accurately depicting the presence of the aspen

her baceous wetl ands, and shrub wetlands cover types. Qur broadscal e mappi ng
of vegetation types also underestinmated the extent of plant conmunities

dom nated by exotic species. For exanple, nmany of the broadl eaf forb exotics
(e.g., knapweeds, yellow starthistle, |leafy spurge) typically occur in patches
too small to domnate a 1-knt pixel. |In addition, we were nore likely to
detect large patches of comunities donmi nated by exotic annual grasses (e.g.
cheat grass and nedusahead) where they occurred as a nonocul ture. When exotic
grasses occurred as an understory conponent of a shrubland community, the

spectral image was typically classified as a shrub cover type (e.g., big



Jones--27
sagebrush, nountain big sagebrush). Lastly, even if a patch was |arge enough
to be detected, renote sensing techniques are currently not capable of

differentiating endeni c species fromexotic species.

Many cover types often incurred substantial class changes, but because they
conprised relatively mnor proportions of the | andscape, their changes did not
significantly affect the overall conposition of the |andscape. However, that
is not to say that their changes did not have significant effects on other
conmponents of the ecosystem or various ecosystemfunctions. Relatively rare
vegetation conmunities may contain uni que phenotypes and genotypes whi ch nmay
be inportant for individual, population, and species fitnesses, and

consequently, evolutionary processes.

Qur historical sinulation of cover types suggested that the conposition of
types within an ERU was rel atively dynamic. Each ERU contained two to four
cover types for which we detected substantial trends between the historica

and current period, but which still occurred within their historical md range
during the current period. Thus, substantial changes of at |east sone
broadscal e cover types seens to have been the norm rather than the exception
prior to European settlenment within the 1CRB. The cover types which appeared
to be nost dynam c across a | andscape included Engel mann spruce/ subal pine fir,
Interior Douglas-fir, Interior ponderosa pine, shrub or herb/tree regen

m xed-coni f er woodl ands, western |arch, fescue bunchgrass, and

bi tt er brush/ bl uebunch wheat gr ass.

Inherent to any scale of analysis is the need to summari ze data to sone
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geographic unit. For our analysis of broadscal e cover types, we chose to
sumari ze conposition and trends at the ERU and ICRB | evels. W do not inply
that the trends we observed woul d necessarily occur at other analysis scales.
In fact, our transition anal yses indicated that different proportions of
pi xel s of a particular cover type either stayed the sane between historica
and current periods, or were converted into another cover type. Sinilarly,
ot her pixels of other cover types may have converted into our cover type of
interest. In other words, the transitions of cover types were spatially
vari abl e throughout a given | andscape. Consequently, the trends we observed
at either the ICRB or ERU level likely vary within smaller units of those sane
areas. For exanple, in sonme areas the trend may have been up; other areas nay
have had a downward trend; whereas sone areas nmay have had no apparent trend

at all.

SUMVARY

W detected significant trends in nost broadscal e cover types within the
Interior Colunbia River Basin. Although the areal extent of many cover types
changed substantially, the trends were not always expected to have
ecologically significant effects on ecosystem functions, as the trends
appeared to occur within the normal range of variability for a particular

| andscape.

Ant hr opogeni ¢ cover types (i.e., croplands, exotic forbs/annual grass, and
urban) were commonly added to the | andscape between the historical and current

peri ods. The endenic cover types which were | ost from vari ous geographic
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areas within this tinme, commonly conprised relatively small proportions of the
| andscape historically. In non-forested environments, the transitions of
cover types were dom nated by conversions in land uses attributable to the
agricultural devel opnent of the endem c grasslands and shrublands. In
forested environnents, the changes of cover types seened nostly attributable
to the synergistic effects of fire suppression and tinber harvesting
activities. Overall, we observed an increasing trend of forest cover types
dom nat ed by shade-tol erant species that are generally nore susceptible to
fires, insects and pathogens, and a declining trend of forest cover types
dom nated by shade-intol erant species that are nore resistant to fire

i nsects, and pat hogens.

LI TERATURE C TED

Henderson-Sel lers, A ; WIlson, MF.; Thormas, G 1985. The effect of spatia

resol ution on archives of land cover type. dinatic Change 7:391-402

Jensen, Mark; etc . 1996. Biophysical environnents of the Basin. In: Quigley,
Thomas M ; Arbelbide, S.J., tech. eds. An assessnent of ecosystem conponents
in the Interior Colunbia Basin and portions of the Klamath and G eat Basins.
Gen. Tech. Rpt. PNWGIR-XXX. Portland, OR U S. Departnent of Agriculture
Forest Service, Pacific Northwest Research Station; (Quigley, Thomas M,

tech. ed. The Interior Col unbia Basin Ecosystem Managenent Project: Scientific

Assessnent) .

Jones, Jeffrey L. 1996. Transition nmatrices in data file. In: Hann, \Wndel



Jones--30
J.; Long, Donald; Menakis, Janes P.; Jones, Jeffrey L.; G avenni er, Rebecca;
Keane, Robert E; Hessburg, Paul E.; Jensen, Mark E.; R ley, Laurienne. 1996.
Landscape ecol ogy assessnment and eval uation of alternatives data anal ysis
record. Report on file with Interior Colunbia Basin Ecosystem Managenent

Proj ect, USDA Forest Service and USDI Bureau of Land Managenent.

Jones, Jeffrey L.; Hann, Wendel J. 1996. Conpositional trends of broadscal e
vegetation types within the Interior Colunbia R ver Basin. In: Keane, Robert
E.; Jones, Jeffrey L.; Riley, Laurienne S.; Hann, Wendel J., tech. eds. 1996.
Mul ti-scal e | andscape dynanics in the Interior Colunbia Basin and Portions of
the Klamath and Great Basins. Gen. Tech. Rpt.Portland, OR U S. Departnent of
Agriculture, Forest Service, Pacific Northwest Research Station. (Quigley,
Thomas M, tech. ed. The Interior Colunbia Basin Ecosystem Managenent Project:

Scientific Assessnent).

Jones, Jeffrey L.; Hessburg, Paul F.; Smith, Bradley G 1996. Broadscale
vegetation departures wthin subbasins of the Interior Colunbia R ver Basin.
In: Keane, Robert E.; Jones, Jeffrey L.; Riley, Laurienne S.; Hann, Wndel J.,
tech. eds. 1996. Multi-scale | andscape dynanmics in the Interior Colunbia Basin
and Portions of the Klamath and Great Basins. Gen. Tech. Rpt. Portland, OR
U S. Departnent of Agriculture, Forest Service, Pacific Northwest Research
Station. (Qigley, Thonmas M, tech. ed. The Interior Colunbia Basin Ecosystem

Managemnent Project: Scientific Assessnent).

Keane, Robert E. 1996. Sinulating course-scal e vegetation dynam cs using the



Jones--31
Col unbi a River Basin succession nodel -- CRBSUM In: Keane, Robert E.; Jones,
Jeffrey L.; Riley, Laurienne S.; Hann, Wendel J., tech. eds. 1996. Milti-scale
| andscape dynamics in the Interior Colunbia Basin and Portions of the Kl amath
and Great Basins. Gen. Tech. Rpt.Portland, OR U S. Departnent of
Agriculture, Forest Service, Pacific Northwest Research Station. (Quigley,
Thomas M, tech. ed. The Interior Colunbia Basin Ecosystem Managenent Project:

Scientific Assessnent).

Long, Donald; Peterson, Bill; Hann, Wndel. 1996. Devel opnent of nanagenent
prescriptions for nodeling disturbance regi mes and succession in the Interior
Col unbia River Basin. In: Keane, Robert E.; Jones, Jeffrey L.; Riley,

Lauri enne S.; Hann, Wndel J., tech. eds. 1996. Milti-scal e | andscape dynam cs
in the Interior Colunbia Basin and Portions of the Kl amath and G eat Basins.
Gen. Tech. Rpt. Portland, OR U.S. Departnent of Agriculture, Forest Service,
Paci fic Northwest Research Station. (Quigley, Thomas M, tech. ed. The

Interior Colunbia Basin Ecosystem Managenent Project: Scientific Assessnent)

Meent enreyer, V.; Box, E.O 1987. Scale effects in |andscape studies. In
Turner, MG (ed.). Landscape heterogeneity and di sturbance. Springer-Verl ag,

New York: 17-34

Menaki s, James P.; Long, Donal d; Keane, Robert E. 1996. The devel opnent of key
broadscal e | ayers and characterization files. In: Keane, Robert E.; Jones,
Jeffrey L.; Riley, Laurienne S.; Hann, Wendel J., tech. eds. 1996. Milti-scale
| andscape dynamics in the Interior Colunbia Basin and Portions of the Kl amath

and Great Basins. Gen. Tech. Rpt.Portland, OR U S. Departnent of



Jones--32

Agriculture, Forest Service, Pacific Northwest Research Station. (Quigley,
Thomas M, tech. ed. The Interior Colunbia Basin Ecosystem Management Project:

Scientific Assessnent).

Quattrochi, DA ; Pelletier, R E 1991. Renote sensing for analysis of
| andscapes: an introduction. In Turner, M G; Garner, R H (eds.)
Quantitative nmethods in | andscape ecol ogy: the analysis and interpretation of

| andscape heterogeneity. Springer-Verlag, New York: 51-76.

Turner, MG 1990. Spatial and tenporal analysis of |andscape patterns.

Landscape Ecol ogy 4:21-30.

Turner, MG; ONeill, RV.; Garner, RH; Mlne, B.T. 1989. Efects of
changi ng spatial scale on the analysis of |andscape pattern. Landscape Ecol ogy

3:153-163.



Jones--33

Tabl e Captions

Tabl e 1--Cover type departure classes.

Fi gure Captions

Figure 1--Ecological reporting units of the Interior Colunbia R ver Basin.

Figure 2--Rel ationshi p between current areal extent of broadscal e cover types

and their respective historical ranges.



Tabl e 1--Cover type departure classes.

Rel ati onship of current area

Departure d ass to historical ranges
1 Al < Historical M ninmm
2 Historical Mnimum< A, <-75%Historical nid range
3 A. is within 75% hi storical md range
4 75% Hi storical md range < A, < Historical Maxi mum
5 A. > Historical Mxinum

1A, = Current area.
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Figure 1 not available
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Figure 2--Rel ationship between current areal extent of broadscale cover types and their

respective historical ranges.




