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Abstract

Marcot, B.G.; Croft, L.K.; Lehmkuhl, J.F.; Naney, R.H.; Niwa, C.G.; Owen, W.R.; Sandquist,
R.E. 1998.Macroecology, paleoecology, and ecological integrity of terrestrial species and com-
munities of the interior Columbia River basin and northern portions of the Klamath and Great
Basins. Gen. Tech. Rep. PNW-GTR-410. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station. 131 p. (Quigley, Thomas M., tech. ed. Interior
Columbia River Basin Ecosystem Management Project: scientific assessment).

This report presents information on biogeography and broad-scale ecology (macroecology) of selected
fungi, lichens, bryophytes, vascular plants, invertebrates, and vertebrates of the interior Columbia River
basin and adjacent areas. Rare plants include many endemics associated with local conditions. Potential
plant and invertebrate bioindicators are identified. Species ecological functions differ among communi-
ties and variously affect ecosystem diversity and productivity. Species of alpine and subalpine com-
munities are identified that may be at risk from climate change. Maps of terrestrial ecological integrity
are presented.

Keywords: Macroecology, paleoecology, ecological integrity, terrestrial communities, ecosystems,
wildlife, fungi, lichens, bryophytes, vascular plants, invertebrates, arthropods, mollusks, amphibians,
reptiles, birds, mammals, endemism, interior Columbia River basin, Klamath Basin, Great Basin.



Preface

The Interior Columbia Basin Ecosystem Management Project was initiated by the Forest Service and
the Bureau of Land Management to respond to several critical issues including, but not limited to, forest
and rangeland health, anadromous fish concerns, terrestrial species viability concerns, and the recent
decline in traditional commodity flows. The charter given to the project was to develop a scientifically
sound, ecosystem-based strategy for managing the lands of the interior Columbia River basin adminis-
tered by the Forest Service and the Bureau of Land Management. The Science Integration Team was
organized to develop a framework for ecosystem management, and assessment of the socioeconomic
and biophysical systems in the basin, and an evaluation of alternative management strategies. This
paper is one in a series of papers developed as background material for the framework, assessment, or
evaluation of alternatives. It provides more detail than was possible to disclose directly in the primary
documents.

The Science Integration Team, although organized functionally, worked hard at integrating the ap-
proaches, analyses, and conclusions. It is the collective effort of team members that provides depth and
understanding to the work of the project. The Science Integration Team leadership included deputy
team leaders Russel Graham and Sylvia Arbelbide; landscape ecology—Wendel Hann, Paul Hessburg,
and Mark Jensen; aquatic—Jim Sedell, Kris Lee, Danny Lee, Jack Williams, Lynn Decker; economic—
Richard Haynes, Amy Horne, and Nick Reyna; social science—Jim Burchfield, Steve McCool, and

Jon Bumstead; terrestrial—Bruce Marcot, Kurt Nelson, John Lehmkuhl, Richard Holthausen, and
Randy Hickenbottom; spatial analysis—Becky Gravenmier, John Steffenson, and Andy Wilson.

Thomas M. Quigley
Editor
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Executive Summary

Plant Biodiversity

Biodiversity of the interior Columbia River basin assessment area (hereafter referred to as the basin
assessment area) is better known than is global biodiversity, but much systematic and inventory work
remains to be done on soil micro-organisms, fungi, and invertebrates. Rare plants and lichen groups
occur throughout the basin assessment area, and rare plants were particularly diverse in the Basin and
Range, Columbia Plateau, Blue Mountains, northern Idaho, and the southern regions of the east side of
the Cascade Range. Most rare plant life forms were hemicryptophytes and cryptophytes. Diversity of
rare plants was not particularly oriented to specific topographic conditions, as many rare plants occur
in various mostly azonal (atypical) conditions. Most rare plants are declining with fewer remaining
stable; by definition, none is significantly increasing. Many paleoendemic (ancient endemic) and
neoendemic (recently endemic) plants occur in the basin assessment area. Lichens disperse mostly
by gravity; rare fungi by wind or vertebrates; and rare vascular plants by gravity, wind, water, and
vertebrates. Most of the rare plants are pollinated probably by various invertebrates. Several lichens,
bryophytes, plants, and invertebrates can serve as bioindicators of environmental conditions and
ecosystem health.

Animal Biodiversity

Invertebrates of the basin assessment area disperse by many means. One way involving coevolution
between invertebrates and vertebrates is phoresis (dispersal by hitching a ride on vertebrate organisms).
Disease and parasites are poorly studied in the basin assessment area and need further work to deter-
mine distribution, frequency of occurrence, and effects on plants and animals of interest to manage-
ment. Endemic vertebrates include some amphibians, birds, and mammals. The ranges of many verte-
brate species extend beyond the basin assessment area, including semiendemics (species occurring
only within the inland West or the basin assessment area for only a portion of the year, as with some
migrants). Thus, to provide for their rangewide viability, conditions beyond the basin assessment area
need to be known and addressed. Numbers of breeding birds by state match other published predictions.
Most bird species were ranked as common, with fewer uncommon, rare, abundant, or irregular. More
abundant and irregularly occurring bird species occur toward midcontinent than elsewhere in the basin
assessment area. Most birds are resident or summer breeders, with fewer being migrants or wintering
only in the basin assessment area.

Ecological Functions of Species Among Communities

We present species function profiles that relate key ecological functions (KEFs)—those major roles

that each species plays in their environment—of vertebrates to occurrence by vegetation community.
Key ecological functions of species can affect ecosystem productivity, diversity, and sustainability;

and function profiles of species help summarize the diversity of species functions in ecological com-
munities of the basin assessment area. Function profiles of species display the degree of functional re-
dundancy (number of species sharing the same KEF) within each community. Some functions, particu-
larly cavity excavation in snags and primary burrow excavation in soil, are highly variable among com-
munities in terms of number of species. Late seral forests provide the greatest redundancy in carrion
feeding, general nutrient cycling, and primary cavity excavation functions of vertebrates. We discuss
functions and functional redundancy of other communities as well. We pose several hypotheses relating
species functional redundancy to ecosystem resiliency and changes in species community structure, as
one facet of ecosystem management. The greatest vertebrate functional diversity is found in early seral
montane forest, followed by upland woodlands and riparian woodlands, and upland shrublands. No one
community, however, contains all ecological functions of species.



Effects of Climate Change

Near-future changes in regional climates from human activities may be complex, involving increasing
interseasonal and interannual variations in precipitation and temperature. Species preadapted to such
variations likely will persist during climate changes. The fate of vertebrates within alpine tundra and
subalpine forests may differ individualistically according to latitudinal shifts of these habitats and the
range of plasticity of each species. Studies of climate change suggest that patterns of climate, vegeta-
tion, and plant and animal species occurrence in the basin assessment area during historic (since 1800)
times do not match those over the past four centuries or prehistorically during the Quaternary or Terti-
ary periods. This has important ramifications for reinterpreting the range of natural historic conditions
(variations), which do not represent conditions under which species evolved.

Prehistoric Conditions

The assemblage of mammalian taxa of the basin assessment area has changed greatly since Tertiary
and Quaternary periods, in accord with changes in climate and vegetation, although overall diversity
of species among families and orders has remained more or less constant. Many species, and some
families and orders, have declined or become extinct, whereas others have radiated and grown. We
anticipate future losses and gains in species, families, and orders of plants and animals over evolu-
tionary time, although prehistoric trends in extinction and speciation (evolution of new species) do

not represent short-term ecological conditions.

Ecological Integrity of Terrestrial Communities

We mapped various aspects of terrestrial ecological integrity, including components of species viability
(as threatened, endangered and candidate species, locally endemic species, distribution of rare plants,
and key habitat corridors); long-term evolutionary potential of species (as disjunct populations and bio-
diversity and endemism hot spots); and multiple ecological domains (as peripheral species and unique
species assemblages, and the full set of large vertebrate carnivores). Results are shown by watershed.
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CHAPTER 1

Introduction Other facets of ecosystem management should
entail study of past and current natural ranges of

History and Impetus conditions (Morgan and others 1994) and the
ecological roles of species interactions (Willson

The Science Integration Team of the Interior 1996). This report provides information on these

Columbia Basin Ecosystem Management Projecttopics in terrestrial ecosystems of the basin
(ICBEMP) conducted ecological assessments  assessment area.

during 1993-96 as a joint venture among USDA .

Forest Service (FS), USDI Bureau of Land Man- Definitions

agemlent (BLM), _?nd mgny cloopgrar;torfs_. The SCi- | this reportmacroecologyrefers to habitat and
ence Integration Team developed the first COm- oy ironmental characteristics of individual ter-
prehensive database and assessment of terrestn%strial species or species groups at the broad
plant and animal ecology of the interior Columbia g, |a (sensu Brown 1999)errestrial species
River basin and northern portions of the Klamath (¢ars 1o species whose life histories are mostly

a}ndl Greac: Easm? in the} Un'tg“d Stat(?]s (go”?c' confined to nonaquatic environments, although
tively, and hereafter, referred to as the basin - g4 |argely aquatic vertebrate species such as

assessment area) (Marcot ar_ld (_)thers 1997). amphibians and otters (but not fish) are included.
This document expands on findings related to

macroecology and ecological integrity of ter- Hydrologic unit codes (HUCs) as used inthe
restrial species and communities of the basin ~ ICBEMP ecology assessments, are standard delin-
assessment area. eations of watershed and subwatershed land areas

based on river drainage patterns (Jensen and

Bourgeron 1994). We used two levels of HUCs:

4th- and 6th-level hydrologic units, corresponding
8o subbasins and subwatersheds, respectively.

Our ultimate aim is to contribute to a scientific

foundation for ecosystem management of ter-

restrial ecosystems in the basin assessment are

According to the Ecological Society of America

(1995), a scientific basis for ecosystem manage- Broad scaleis defined here as such basin assess-

ment should provide adequate information on bi- ment area-wide depictions that use characteriza-

ological diversity and on the function and dynam-tions of 1-knf cells with summarization by

ics of ecosystems, and acknowledge the “open- 4th-code hydrologic unitdvid scaleis defined

ness and interconnectedness” of ecosystems.  as characterizations at 4-ha resolution with sum-
marization by 6th-code hydrologic units



CHAPTER 2

Study Area It extends toward the Continental Divide into the
Greater Yellowstone Ecosystem and southern

Area and Boundaries Yellowstone National Park. The entire Columbia
River basin encompasses about 67 466 000 ha

The basin assessment area encompasses and extends north into British Columbia, Canada,

58 361 400 ha. It is confined on the north by the (15 percent of the entire area of the Columbia
United States-Canada border; on the east by the River basin proper) and west past the crest of the
Continental Divide; on the west by the crest of ~ Cascade Range to the Pacific Ocean, outside the
the Cascade Range; on the south by the Oregon- boundaries of the basin assessment area (fig. 1).
California and Oregon-Nevada borders; and
elsewhere by the extent of the Columbia River
drainage (fig. 1). One major portion of the
Columbia River basin in the United States is

the tributary Snake River basin, which includes
central and southern Idaho and western Montana

The basin assessment area was defined by the di-
rectors of the ICBEMP according to both agency
planning needs and hydrologic (watershed) cri-
teria. The existing Northwest Forest Plan and its
preceding ecological assessment (Forest Eco-
system Management Assessment Team [FEMAT]
1993) had already addressed the area within the
range of the northern spotted owl, including the
eastern slope of the Cascade Range. The ICBEMP
was directed to reevaluate the FEMAT assess-
ments along the east side of the Cascade Range,
given the different composition of forests found
there as compared to forests west of the crest of
the Cascade Range.

The basin assessment area includes portions of
seven Western states, including major portions of
Washington, Oregon, and ldaho, as well as west-
ern Montana and corners of Wyoming, Utah, and
Nevada. Although outside the Columbia River
basin per se, the northern portions of the Klamath
Basin (1.5 million ha of the basin assessment
area) and Great Basin (4.2 million ha of the basin
assessment area) in southern Oregon were in-
cluded in the basin assessment area. The purpose
was to complete broad-scale land planning and
assessments on BLM and FS lands within the

Figure 1—Boundaries of the Columbia River basin in regional boundaries of these agencies in Oregon.
North America (shaded area), and the basin assess- h . fth | h . d h

ment area (heavy solid line) and Western States (light The portions of the Klamath Basin and northern
solid lines) in the United States. Great Basin are therefore also included in the

assessments of this report, although they do not
form a discrete ecological unit.



By Land Ownership Hydrologic Delineations and
Bureau of Land Management and FS lands con- Blophy3|cal Characterizations

stitute 53 percent of the land within the basin  The pasin assessment area was partitioned into
assessment area, with the remainder in private 164 subbasins or 4th-code HUCs, and 7,733 sub-
(38 percent), State and other Federal (4 percent),yatersheds or 6th-code HUCs. The subbasins
tribal (4 percent), and national park and other averaged 356 496 ha and ranged from 4700 to
non-Federal wilderness (1 percent) lands (fig. 2). 1 080 500 ha. The subwatersheds averaged 7880
The basin assessment area includes portions of hg and ranged from 96 to 86 500 ha. The 4th- and
major ecosystems of interest to Federal broad-  gth-code HUCS of the basin assessment area were
scale planning concerns, including the Greater characterized by sundry biophysical parameters,
Yellowstone Ecosystem, the mountain ranges of ncluding historic and current vegetation cover
the North Cascades/Bitterroots, the Selkirks, the types and structural stages (Hann and others
Cabinet-Yaks, the High Cascades, the Klamath  1997), historic and current terrestrial vegetation
Basin, the Great Basin, and others. communities (Hann and others 1997), highest

and lowest annual precipitation (available data
By Type of Management from 1989), landform, highest and lowest eleva-

Most of the basin assessment area is roaded andtion, and topographic relief.

actively managed for natural resource use (fig. 3)The phasin assessment area also was characterized
Of all ownerships within the basin assessment  py jandform. It contains nine major landforms

area, 81 percent of the area is roaded and actlvelyémging from arid grasslands and lowland plains
managed (43 percent BLM-FS plus 38 percent 5. valleys, to intermontane basins and breaks, to
other lands), 10 percent is unroaded or not ac-  gieep mountains and glaciated ranges, and a wide

tively managed (9 percent BLM-FS plus 1 per- \4riation in topography, precipitation, and climate
cent National Park Service and other wilderness patterns.

lands), and 10 percent is tribal, state, and other

public lands of varying use, mostly roaded and  Vegetation Cover Types and

actively managed. Ofall BLMand FS lands -~ Terrestrial Vegetation Communities
within the basin assessment area, 83 percent is

roaded and actively managed for natural resourceThis section describes the vegetation classifica-
use and extraction, and 17 percent is character- tions used in this analysis and summarizes the

ized as unroaded. current and historic vegetation character of the
Ecoloaical R . uni basin assessment area as presented in various
cological Reporting Units chapters in Quigley and Arbelbide (1997).

The Science Integration Team mapped 13 ecologvegetation characterizations of the basin

ical reporting units (ERUSs) in the basin assess- assessment area-Fhe current vegetation condi-
ment area. Ecological reporting units are geo-  tion of the basin assessment area was character-
graphically defined areas identified by the Sci-  ized by use of 44 vegetation cover types (table 1)
ence Integration Team by use of multiple land-  and 24 terrestrial vegetation communities (table 2)
scape and watershed criteria and were based  (Hann and others 1997). The vegetation com-

on subsection delineations of 6th-code HUCs  munities are combinations of 41 vegetation cover
(Jensen and others, in prep.). Ecological reportingypes (table 3) and structural stages (see Hann and
units represent large geographic areas with com- others 1997, for descriptions and methods). For
mon landforms and drainage patterns, such as theome analyses, vegetation communities better
Upper Snake headwaters, northern glaciated  represent general conditions than do their compo-
mountains, and the east side of the Cascade nent cover types.

Range in Oregon.

1 Biophysical data from Intermountain Fire Sciences
Laboratory, USDA Forest Service, P.O. Box 8089,
Missoula, MT 59807.
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Figure 2—Distribution (hectares) of land ownership and administration in the basin assessment area
(source: ICBEMP, GIS 1-km? raster data).
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Figure 3—Distribution of land by management emphasis, and by unroaded or roaded conditions, in the basin
assessment area (source: ICBEMP, GIS 1-km* raster data).




Table 1—Names of 44 vegetation cover types denoted for
the basin assessment aréa

Cover-type code Vegetation cover-type name

CRBO003 Shrub or herb/tree regeneration
CRBO005 Alpine tundra

CRBO006 Barren

CRBO0O07 Herbaceous wetlands

CRB008 Pacific silver fir/mountain hemlock
CRBSO01 Juniper woodlands

CRBS02 Mixed-conifer woodlands
CRBSO03 Juniper/sagebrush

CRBS04 Big sagebrush

CRBSO05 Shrub wetlands

CRBS06 Agropyronbunchgrass

CRBSO07 Native forb

CRBSO08 Exotic forbs/annual grass
CRBS09 Grand fir/white fir

CRBS10 White bark pine/alpine larch
CRBS11 Red fir

CRBS12 Cropland/hay/pasture

CRBS13 Fescuebunchgrass

CRBS19 Urban

CRBS20 Water

SAF205 Mountain hemlock

SAF206 Engelmann spruce/subalpine fir
SAF208 Whitebark pine

SAF210 Interior Douglas-fir

SAF212 Western larch

SAF215 Western white pine

SAF217 Aspen

SAF218 Lodgepole pine

SAF219 Limber pine

SAF227 Western redcedar/western hemlock
SAF233 Oregon white oak

SAF235 Cottonwood/willow

SAF237 Interior ponderosa pine
SAF243 Sierra Nevada mixed conifer
SAF245 Pacific ponderosa pine
SRM104 Antelope bitterbrush/bluebunch wheatgrass
SRM322 Mountain mahogany

SRM402 Mountain big sagebrush
SRM406 Low sage

SRM414 Salt desert shrub

SRM421 Chokecherry/serviceberry/rose

& Source: Hann and others (1997). Only 41 cover types are listed here;
3 additional cover types were dropped from the overall list after initial
analyses were conducted for this report. The dropped cover types were
either extremely rare or found to not occur in the basin assessment area
after subsequent study.



Table 2—Names and abbreviations of 24 terrestrial vegetation
communities denoted for the basin assessment afea

Abbreviation

Terrestrial vegetation community name

AGRICUL
ALPINE
EXOTICS
MIXCONES
MIXCONLM
MIXCONLS
MIXCONMS
NFHERBUP
NFUPSHRB
PINFORES
PINFORLM
PINFORLS
PINFORMS
RIPHERB
RIPSHRUB
RIPWDLND
ROCK
SUBFUPES
SUBFUPLM
SUBFUPLS
SUBFUPMS
URBAN
WATER
WOODLDUP

Agricultural
Alpine
Exotics
Early seral montane forest
Late seral montane multilayer
Late seral montane single layer
Mid seral montane forest
Upland herb
Upland shrub
Early seral ponderosa pine forest
Late seral ponderosa pine forest multilayer
Late seral ponderosa pine forest single layer
Mid seral ponderosa pine forest
Riparian herb
Riparian shrub
Riparian woodland
Rock/barren
Early seral subalpine forest
Late seral subalpine forest multilayer
Late seral subalpine forest single layer
Mid seral subalpine forest
Urban
Water
Woodland upland

@ Source: Hann and others 1997.



Table 3—Crosswalk between terrestrial vegetation
communities and vegetation cover types

Terrestrial vegetation Vegetation cover-type
community abbreviation  code

AGRICUL CRBS12
ALPINE CRBO005
EXOTICS CRBSO08
MIXCONES CRBO003
MIXCONES CRBO008
MIXCONES CRBS09
MIXCONES CRBS11
MIXCONES SAF210
MIXCONES SAF212
MIXCONES SAF215
MIXCONES SAF218
MIXCONES SAF227
MIXCONES SAF243
MIXCONLM CRBO008
MIXCONLM CRBS09
MIXCONLM CRBS11
MIXCONLM SAF210
MIXCONLM SAF212
MIXCONLM SAF215
MIXCONLM SAF218
MIXCONLM SAF227
MIXCONLM SAF243
MIXCONLS CRBS09
MIXCONLS SAF210
MIXCONLS SAF212
MIXCONLS SAF215
MIXCONLS SAF218
MIXCONLS SAF227
MIXCONLS SAF243
MIXCONMS CRBO008
MIXCONMS CRBS09
MIXCONMS CRBS11
MIXCONMS SAF210
MIXCONMS SAF212
MIXCONMS SAF215
MIXCONMS SAF218
MIXCONMS SAF227
MIXCONMS SAF243
NFHERBUP CRBS06
NFHERBUP CRBSO07
NFHERBUP CRBS13
NFUPSHRB CRBS04
NFUPSHRB SRM104
NFUPSHRB SRM322
NFUPSHRB SRM402

NFUPSHRB SRM406



Table 3—Crosswalk between terrestrial vegetation
communities and vegetation cover typégcontinued)

Terrestrial vegetation Vegetation cover-type
community abbreviation  code

NFUPSHRB SRM414
NFUPSHRB SRM421
PINFORES SAF237
PINFORES SAF245
PINFORLM SAF237
PINFORLM SAF245
PINFORLS SAF237
PINFORLS SAF245
PINFORMS SAF237
PINFORMS SAF245
RIPHERB CRBO07
RIPSHRUB CRBS05
RIPWDLND SAF217
RIPWDLND SAF235
ROCK CRBO006
SUBFUPES CRBS10
SUBFUPES SAF205
SUBFUPES SAF206
SUBFUPES SAF208
SUBFUPLM CRBS10
SUBFUPLM SAF205
SUBFUPLM SAF206
SUBFUPLM SAF208
SUBFUPLS SAF205
SUBFUPLS SAF208
SUBFUPMS CRBS10
SUBFUPMS SAF205
SUBFUPMS SAF206
SUBFUPMS SAF208
URBAN CRBS19
WATER CRBS20
WOODLDUP CRBS01
WOODLDUP CRBS02
WOODLDUP CRBSO03
WOODLDUP SAF219
WOODLDUP SAF233

@ Terrestrial vegetation communities are a combination of vegetation
cover types and structural stages (not shown here). See table 2 for the
terrestrial vegetation community names associated with the vegetation
community abbreviations and table 1 for vegetation cover-type names
associated with the cover-type codes.



Present vegetation conditions-At present, the  Fescuebunchgrass (-66 percent), cottonwood
five most dominant vegetation cover types of the (Populusspp.)/willow (Salixspp.) (-64 percent),
basin assessment area (all lands and ownershipsand shrub wetlands (-61 percentfhe vegeta-

are big sagebrush (16 percent of the assessmenttion cover types having undergone the greatest
area), cropland-hayland-pasture (16 percent), in- historic increases (that is, > +50 percent change
terior ponderosa pind’(nus ponderosé)orest from historic area) are mountain hemlodis(iga
(10 percent), interior Douglas-fiPceudotsuga mertensianaforest (53 percent), Pacific ponder-
menzies)i (8 percent), and lodgepole pirféirfus osa pine (80 percent), junipelupiperusspp.)/

contortg forest (7 percent). The cropland- sagebrushArtemesiaspp.) (163 percent), moun-
hayland-pasture has been carved mostly from  tain mahoganyQercocarpus ledifoliys(406 per-
native grassland types. cent), western redcedari{uja plicatg western

. . - _hemlock 'suga heterophyl)(853 percent),
Terrestrial vegetation communities are a com grand fir (Abies grandiswhite fir (Abies

bination of cover type and structural stage. As i .
such, the terrestrial vegetation communities showconCOIO') (965 percent), and Pacific silver fir

similar patterns of dominance as those of vegeta—('ztr)'ceesngmﬁg'rll')s g}?ﬁgtﬁlgrggggﬁﬁ 'Er%gs?agf orest
tion cover types and structural stages, but addi- P ' y

tionally help reveal differences among some of Itgggfngaa‘/gr r:;;rlltqep?efrg?ofgjgféx?hhg%zgé?g:a
the general seral forest conditions. The five most . L . e
. , : " ine trees) and fire-suppression activities, result-
dominant terrestrial vegetation communities of pine . : : '
. ing in major changes in tree dominance and stand
the basin assessment area (all lands and owner-
ships) at present are upland shrub (26 percent of structure (see Hann and others [1997], for data on

the assessment area), mid seral montane forest absolute changes of each cover type).

(17 percent), agricultural (16 percent), early seral The terrestrial vegetation communities decreasing
montane forest (8 percent), and mid seral ponderthe most since historic time (that is, less than -50
osa pine forest (8 percent) (fig. 4). percent) (fig. 5) include late seral lower montane
(including ponderosa pine) single-layer forest
others (1997) present data on change of vegeta- go?:eL Srie(:_r?;n; ec rrc]:irr]m%e)d;g% f]i';%l (I?Gv;err) é?ggrt%ne
tion cover types and terrestrial vegetation com- and late seral subalpine multilayer forest (-64 per-

munities since early historic times (about early . . "
1800s). The vegetation cover types having uncler__cent). Terrestrial vegetation communities most

gone the greatest historic decline in percentage increasing since historic time (that is, greater than

- L . 50 percent) include mid seral lower montane for-
of original area occupied in the basin assessment P )

aes (e, ess than S0 percentchang from = (5P 200 S S mortene st (39
mitr?éfo?a[;gzé;r ((a_;vg Zteerr(?e\;]vthgﬁ a%lgg)r(uvihit ebark agricultural areas also have greatly increased, as
: ; - ; . o they were virtually absent under early historic
pine Pinus albicauliy/subalpine larchl(arix o .
lyallii) forest (-95 percent), native forb (-92 per- conditions. They were carved mostly from native

i upland grassland, herbland, and shrubland com-
cent),Agropyronbunchgrass (-68 percent), munities (fig. 6; see Hann and others [1997] for

definitions of urban, exotic, and agricultural com-
2 Authorities for species can be found in the following munities). Changes in rangeland communities
references: mosses and nonvascular plants, Schofield have been due to increased fire frequency asso-

(1980) and Vitt and others (1988); plants and allies, ; ; ; ; : ; _
Hitchcock and others (1969); invertebrates, Furniss and ciated with the invasion of exotic grasses, primar

Change since historic conditions—Hann and

Carolin (1980); amphibians and reptiles, Collins (1990); ily cheatgrassBromus tectorufn
birds, AOU (1983 with supplements); mammals, Jones and
others (1992) and Wilson and Reeder (1993). 3 In addition, Sierra Nevada mixed-conifer forest has under-

gone significant decline, although this cover type may have
been identified as an artifact within the basin assessment
areas and is not included here in the analyses.
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Figure 4—Current distribution of terrestrial vegetation communities in the basin assessment area (source:
ICBEMP, GIS 1-km? raster data).
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Figure 5—Percentage of changes of area covered by terrestrial vegetation communities
from historic (early 1800s) to current time, in the basin assessment area: * = not
historical|¥ present, lowmont = lower montane, subalp = subalpine (source: ICBEMP,
GIS 1-km* raster data).
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Figure 6—Historic (early 1800s) and current area of nonforest vegetation communities of the basin assessment
area, showing increase in areas of agricultural and exotic vegetation (source: ICBEMP, GIS 1-km? raster data).

Combining terrestrial vegetation communities of forest types have differentially changed (fig. 9).
similar seral conditions but different forest types Of the slight overall decline in area of early seral
simplifies the picture (fig. 7). The greatest his-  forests, ponderosa pine forest has declined the
toric declines have occurred in late seral forests greatest, montane forest has declined somewhat,
(-44 percent) and native upland types (including and subalpine forest has increased in area (fig.
native grasslands and shrublands, collectively  9a). Of the overall increase in area of mid seral
-38 percent). The greatest historic increases havdorests, montane forest and ponderosa pine forest
occurred in mid seral forests (48 percent) as well have greatly increased, while subalpine forest has
as urban, exotics, and agricultural communities. remained relatively constant in area (fig. 9b). Of
the overall sharp decline in area of late seral for-
ests, ponderosa pine single-layer forest and sub-
?Ipine forest multilayer forest have had the
greatest declines; ponderosa pine multilayer for-
est and montane multilayer forest have declined
somewhat less; and montane single-layer forest
c1and subalpine single-layer forest have slightly

Since historic times, there has been a slight in-
crease in overall forest cover (fig. 8) because fire
suppression has encouraged expansion of junipe
woodland and interior Douglas-fir forest into na-

tive sagebrush and grassland communities. Of all
forest communities combined, early seral forests

have declined slightly, mid seral forests increase increased (fig. 9c). We will see later that these

by about half again, and late seral forests have e )
decreased by half of their original area (fig. 8).  Cnanges have ramifications for associated plant
and animal species.

Separating out these seral stages, we can see how

11
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Figure 7—Percentage of changes of area covered by terrestrial vegetation communities,
combined into seral stage categories, from historic (early 1800s) to current time, in the
basin assessment area: * = not historically present (source: ICBEMP, GIS 1-km* raster
data).
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Figure 8—Historic (early 1800s) and current area of forest vegetation communi-
ties combined by seral stage, in the basin assessment area (source: ICBEMP,
GIS 1-km? raster data).

12



Early seral forests A

7 000 000 Iﬁf - ——
8000000 -
0
5
£ 5000000 - |
[ i —
2 N
% 4 000 000 " eral subalpine forest
[
< 1 ‘ Early seral lower montane forest
.S 3000 000 ! | [
8 \ ! Early seral montane forest
= i i
& 2000000 : ;
] \
O ¢ H
i i
1000 000 T ‘ {
i 1
Historic Current
Mid seral forests B
16 000 000 —
i
14 000 000
B
© 12000000 -
‘g - _
<10 000 000 ~ N
£ X Mid seral subalpine forest
@
1] .
'2 8000 000 Mid seral lower montane forest
$ 6000000 } Mid seral montane forest
5 ;
T 4000000 J(
o i
= i
2 000 000 } ‘
0 pb ‘ o | |
Historic Current
Late seral forests c
10 000 000 — ——
i
n _ -
o 8 000 000 ‘ \ ‘ AN
% Late seral subalp forest single layer
) i
]
< : gy
Z 6 000 000 “ \ ‘ ; Late seral subalp forest multilayer
E ‘ Late seral lowmont farest single layer
E 4 000 000 J Late seral lowmont forest multilayer
@ il
© ! Late seral montane single layer
©
E 2000000 ! T Late seral montane multilayer

0 — -1
Historic  Current

Figure 9—Historic (early 1800s) and current area of
individual forest vegetation communities by (A) early,
(B) mid, and (C) late seral stage, in the basin assess-
ment area; lowmont = lower montane, subalp = sub-
alpine (source: ICBEMP, GIS 1-km? raster data).
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Chapter 3

Methods Assessment of Macroecology of
Individual Species and Species

Geographic Area Estimates Groups

Estimates of geographic areas are from Species database-A-total of 1,347 individual

Arcinfo®? geographic information systems (GIS) - : :
> , terrestrial species and 93 species groups of

1-km raster data, provided by the ICBEMP. plants and gnimals were reBresen'?ed ir?a species-

Species Data Collection environment relations (SER) database (Marcot
1997; Marcot and others 1997). These are not all

Data on species distribution and ecology were  the individual species or species groups that occur

gathered from literature and panels of species  in the basin assessment area but includes rare or

experts. Methods for data collection and lists of potentially rare plants, selected invertebrates, and

experts consulted were presented in Marcot and all vertebrates.

others (in prep.). The SER database includes descriptions of (a) key

Further Explorations of Terrestrial environmental correlates of species, which consist
Biodiversit of macrohabitats (vegetation cover types and
y structural stages) and other microhabitat and en-

Global patterns of species richness (number of ~ Vironmental factors that affect the presence, dis-
species) by taxonomic class were compared with tribution, and realized fitness of species; (b) KEFs
those of the basin assessment area to determine Of species; (c) ecological status, including degree
differences or similarities. Global richness values of endemism and geographic distribution of spe-

were tallied from the literature, which presented cies; (d) legal listing status of species by various
number of known species and low and high esti- Federal and State agencies; and other information.

mated values. Values of species richness from  gpecies groups included lichens, bryophytes, vas-
the basin assessment area were tallied as single cyjar plants, bacteria, protozoa, rotifers, and nem-
values _ _ atodes. Species of lichens and bryophytes were
for number of known species and number of esti- grouped according to common use of substrates or
mated species (Marcot and others 1997). The gl conditions. Species of vascular plants were
poorest known taxonomic classes are those with grouped based on various criteria, including gen-
the lowest proportion of estimated species that g difficult to identify, taxonomic uncertainty,

have been scientifically verified from the assess- gnd taxa for which knowledge and experts were
ment area. These were compared with global pat-yyajlable. Some vascular plant groups likely are

terns. Implications of terrestrial biodiversity either underrepresented or not represented in
patterns for management are identified based  some geographic areas. Thus, although we sum-
on similarities of these patterns. marize number of vascular plant groups, we do

not include them in subsequent ecological anal-
1 The use of trade or firm names in this publication is for yses. Bacteria, protozoa, rotifers, and nematodes

reader information and does not imply endorsement by the \yere each grouped according to their presence
U.S. Department of Agriculture of any product or service. and ecological function in soils
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In the SER database, information on rare or po- Invertebrates—Ecology of invertebrates of
tentially rare plants also included life form, cate- the basin assessment area was noted in Marcot
gories of population trend (as denoted in state  and others (1997), summarized in Niwa and
Natural Heritage databases), dispersal mode, polSandquist (in prep.), and will be detailed by func-
linators, indicators of specific soil or environ- tional group in several other publications. In this
mental conditions, and occurrence by state, gen- report, dispersal modes of example invertebrate
eral geographic area, substrate, and local topo- species of the basin assessment area were catego-
graphic condition (azimuth, relief, and slope). In- rized and cross-tabulated with KEFs of species.
formation on invertebrates also included dispersalThis helped determine the role of dispersal ecol-
mode. Information on vertebrates also included ogy in maintaining ecological functions of the
percentage of overall distributional range of each invertebrate fauna. Examples of invertebrate spe-
species occurring within the basin assessment cies and micro-organism groups dispersing by
area, and the breeding, seasonal occurrence, andphoresis (by using another organism as a dis-
abundance status of birds. persal host) were listed, illustrating how species
interactions have evolved that potentially influ-
ence viability and distribution of some inverte-
brates and micro-organisms.

The SER database was queried to produce eco-
logical profiles of species by taxonomic group,
habitat condition, ecological function, ecological
status and geographic occurrence, legal status, Vertebrates—Ecology of vertebrates of the basin
and other attributes. Because few studies have assessment area was summarized in Marcot and
been conducted on most of the basin species, theothers (1997) and will be detailed by selected

SER database is incomplete and consists largely species groups in other publications. In this report,
of categorical information based on the judg- patterns of taxonomic diversity were explored by
ments and experiences of experts (see Marcot tallying number of species, genera, and families
and others [1997] and Marcot [1997] for caveats through the basin assessment area and by vegeta-
on use and interpretation of the SER database tion cover types and structural stages.

information). Key ecological functions of species were further

Plants and allies—Occurrence and autecology  explored by cross-tabulating number of vertebrate
of fungi, lichens, bryophytes, and vascular plants species by ecological functions and by terrestrial
of the basin assessment area were summarized imegetation communities. This resulted in “species-
Marcot and others (1997) and will be detailed in function profiles” that were used to determine
several other publications. In this report, num-  which vegetation communities had the greatest
ber of taxa and species groups of plants and allieyariation in KEFs of species, and which ecologi-
were tallied by life-form category, population cal function categories varied the most over vege-
trend class, geographic occurrence, substrate, tation communities.

local topographic condition, dispersal mode, type
of pollinator, and type of indicator function. Life-

form categories of plants followed the classifica- . . e .
. , o species with selected specific KEFs, by terrestrial
tion of Raunkaier (1934). Information in the SER vegetation community. Greater numbers of spe-

database on plant dispersal modes was entered as . ; o .
comments taken from experts: the comments ies with the same KEF in a specific community

: : . . were interpreted as greater redundancy of that
were then coded into categories, as discussed in . o .
“Results.” Trends of vascugfar plant species, and funct_lon. S.'Emﬁrly’ Hus}?gélg%'}?) referreld o
. ' ’ species with the same s as “functional types
of lichen, bryophyte, and vascular plant groups ; i ; g
) : of organisms,” and redundancy of species with a
were denoted in four categories (unknown, de- : p : )
creasing, stable, and increasing) by the Plant TasR® rt|(51::Iar IT(IIEF asd futrrl]ctlonilgla)égpgogotjsds&et
Group of the Science Integration Team. In this cies.” Franklin and others ( :93) noted tha

e “forest ecosystems which have redundancy in
document, only scientific names are used for structure an)é function are more likely to beyable
plants, as common names have not been y

standardized.

Species function profiles were developed for all
vertebrates combined by tallying the number of

15



to absorb stresses, including species losses, withtified species at risk as those that use <20 percent

out catastrophic damage. . . .” Silver and others
(1996:17) similarly concluded that “functional
diversity, and not just species richness, is impor-
tant in maintaining the integrity of nutrient and
energy fluxes,” and that high species richness

(and also those species at greater risk that use
<10 percent) of the total number of vegetation
cover types (N = 44). These are species closely
associated with the primary vegetation com-
munity of interest and are thus at greatest risk

affords alternative and redundant pathways for thef decline or extirpation from climate-induced

flow of resources in an ecosystem. Our species
function profiles helped (1) identify communities
with the greatest (and the least) redundancy in

changes of that community.

Present and Past Terrestrial

ecological functions of species, and (2) determineCharacterization of the Basin

variation in redundancy of each KEF among
communities.

Total functional diversity of all vertebrate species

was calculated by multiplying the number of

KEFs of vertebrate species in each terrestrial veg
etation community by the average number of ver-

tebrate species performing each function (after
Huston 1994:4ff). Species function profiles and
total species functional diversity were not calcu-
lated for rare or potentially rare plants and allies,
nor for invertebrates, because (a) scientific

Assessment Area

Present character—The Science Integration
Team described broad-scale characteristics of
the basin assessment area in terms of vegeta-
tion cover types and structural stages, geology,
weather, land form, and other attributes, by
1-km? cells, 4th-code HUCs, and 6th-code HUCs
(chapters in Quigley and Arbelbide 1997).

Historic character—We used results of recon-
structions of early historic (early 1800s) vegeta-

knowledge and our databases of these taxa are intion conditions and changes to current conditions,

complete, and (b) most of these species likely re-

spond to microhabitats, microclimates, and sub-
strates at far too fine a resolution than afforded
by the available broad-scale data in this study.

Broad-scale ecological distribution of birds was

assessed by cross-tabulating number of bird spe-

cies by abundance, breeding status, migration

as provided in Hann and others (1997).

Prehistoric character—In this report, we also
summarize aspects of paleoclimates and paleo-
ecology of the basin assessment area by compar-
ing reports of prehistoric climates and biota with
those of the present. We compared diversity of
vertebrate Tertiary paleofaunas with that of mod-

status, and U.S. state, and relating to general geoern faunas in eastern Oregon, at order, family,

graphic location. Five abundance categories and

genus, and species levels of taxonomy and by

five breeding or migration status categories were geologic period, and drew conclusions on qualita-
denoted for birds (appendix A). Bird species tive changes in environments, turnover of various
abundance, breeding status, migration status, andaxa, and changes in overall terrestrial communi-
occurrence by U.S. state were examined for pat- ties. Data are lacking on prehistoric rates of spe-
terns of local and regional endemics (see Marcot cies extinction and speciation in the basin assess-
and others [1997] for definitions of endemism ment area.

classes used with plants and animals). Assessment of Ecological Integrity
of Terrestrial Species and

We exglored potential effects of regional climate
Communities

changé on vertebrates. We first listed species
associated with vegetation communities that may
undergo major declines in distribution and area
under climate-change scenarios. We then tallied
the number of vegetation cover types used by
each species and rank-ordered the species in in-
creasing number of cover types used. We iden-

Ecological integrity refers to the degree to which
native taxa and their ecological functions persist
under human land management (for example,
Majer and Beeston 1996). Ecological integrity
was assumed by the Science Integration Team to
be a general purpose for managing ecosystems.
Ecological integrity reflects the degree to which
all ecological components and their interactions

2 personal communication. Sue Ferguson, Climate model
data, Forestry Sciences Laboratory, Seattle WA 98105-6497
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are present and functioning. We assumed that the3. For each integrity component, identify corre-
six goals of managing for ecological integrity in  sponding species by querying the SER database.
land use planning, as discussed by Haynes and Then identify the set of GIS map themes, includ-
others (1996), provide important benchmarks ing distributions of species, to represent the
against which to measure progress. Three of thossomponent.

goals dealt explicitly with terrestrial ecological
conditions: maintaining species viability, main-
taining long-term evolutionary potential of spe-
cies, and managing for multiple ecological do-
mains and evolutionary timeframes. We assume
that those three ecological goals could be inter-
preted in terms of species management objectiveg
by using spatially referenced information on ter-
restrial species ranges and habitat and environ-
mental conditions. In this way, conditions in 6th- 5. Produce a map for each integrity component
code HUCs were mapped in a GIS (ArcInfo), for showing, by 4th code HUC, the outcome of
each component of terrestrial ecological integrity.combining all relevant GIS themes as defined in
Specifically, we followed these steps: step 4.

4. For each integrity component and its set of GIS

map themes, quantify conditions for each 4th code

HUC in the basin assessment area. Use these data
OIto build a database in which rows are individual

4th code HUCs, columns are the integrity com-
onents, and cells are filled in based on counts,
ercentages of each HUC covered, or other mea-
sures pertinent to each component.

1. Reiterate the six goals for ecological integrity 6. Merge the database from step 4 with similar
as identified by Haynes and others (1996) and data on 4th code HUCs into an overall database
identify those pertinent to terrestrial ecology expressing combined conditions for all terrestrial
(goals 1-3). ecology components of ecological integrity.

2. Under each ecological integrity goal, identify  Overall results were expressed in three maps

components pertinent to terrestrial ecology, par- depicting current average conditions for each of

ticularly those that can be mapped and quantifiedthe three ecological integrity goals pertaining to

Denote these components under each of the thregerrestrial species and ecosystems. These maps

goals pertinent to terrestrial ecological conditions are intended to provide a broad-scale overview of

(as discussed in Marcot and others 1997). the basin assessment area that may be useful in
planning policy. They are not scaled for site-level
or midscale management use.
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Chapter 4

Results On comparing known with estimated species
diversity, it is obvious that the largest gap in
Further Explorations of Terrestrial scientific knowledge (less than half of estimated

T . numbers of species actually known) globally
BIOdlveI’SIty occurs with meso- and micro-organisms. The

Marcot and others (1997) present a preliminary best known taxa are vertebrates. In the basin
summary of biodiversity patterns of species assessment area, the least known taxa probably

among taxonomic groups within the basin assessNclude most of the micro-organisms, as well as
ment area. In this section, we expand on those NS€Cts, fungi, and mollusks. Only 14 percent of
findings. the estimated number of insect species in the

basin assessment area have actually been reported
First, how does biodiversity within the basin as-  from the basin assessment area. The percentages
sessment area compare with global patterns? Estior fungi (33 percent) and mollusks (49 percént)
mated global biodiversity suggests that most spe-are a little greater. (Percentage values presented
cies are insects (fig. 10, Wilson 1988). Nextin  here are approximations.) Globally, the percent-
estimated global abundance are algae (not tallied age of estimated number of species (from the
for the current work), bacteria, fungi, nematodes ypper estimate values) that actually are known are
(roundworms), spiders and mites, and other taxa.0.13 percent of bacteria, 0.95 percent of insects,
The least abundant taxa globally are vertebrates 1 percent of viruses, 5 percent of fungi, 8 percent
(fig. 10). Estimates of diversity in the basin of spiders and mites, and 35 percent of mollusks.
assessment area suggest that most species are  Thus, on a percentage basis, these taxa are better
bacteria, followed by fungi, macroinvertebrates  known in the basin assessment area than they are
(insects), plants and allies (lichens and bryo- globally, although much basic work on species

phytes), and other species. The least abundant ininventory and taxonomic studies remains to be
the basin assessment area are soil nematates done.

vertebrates (fig. 113.0verall patterns indicate _
that, both globally and in the basin assessment The best known' taxa (at least half o_f estlmate'd
area, estimated species diversity (number of spe-nuUMber of species actually known) in the basin
cies) of invertebrates and micro-organisms rank 2SSessment area probably are vertebrates and

highest and vertebrates lowest. lichens (all or nearly all likely occurring species
have probably been discovered and catalogued in

the basin assessment area), followed by vascular
! That nematodes rank high in global biodiversity and low in ) y

the basin assessment area likely reflects how poorly known plants (99 percent or perhaps a bit less) and bryo-

they are in the basin assessment area rather than their true Phytes (94 percent). Globally, the best known taxa
abundance. All the values of known and estimated species are vertebrates (90 percent) and vascular plants

bi_O_diveJSW are subject to change as new studies are (50 percent). Most of the biodiversity patterns of
Initiated.

2 This comparison between global and basin assessment 3 g figures for these percentages are available for

area biodiversity is not strictly at parity, because data on all jcro-organisms in the basin assessment area. So little work
taxonomic groups as divided for the basin assessmentarea pas peen done on these taxa that virtually all are unstudied
analysis were not available at a global level. and empirically undocumented in the basin assessment area.
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species humbers by major taxonomic groups in

Species and groups by geographic area—

the basin assessment area follow global patterns.Presence by general geographic area within the

Some groups are better known in the basin as-

basin assessment area was denoted for lichen

sessment area because the global estimates are groups, vascular plant groups, and vascular plant

weighted heavily toward largely unstudied
tropical ecosystems.

Macroecology of Individual
Species and Species Groups

Plants and Allies

Number of species—n the basin assessment
area, some 18,946 species of plants and allies
are estimated to exist (Marcot and others 1997).
This figure extrapolates for species not yet dis-

species. Numbers of lichen groups and vascular
plant groups were relatively evenly distributed
throughout most of the geographic areas, with
fewer in Wyoming and Nevada probably because
of the small total area these states occupy within
the basin assessment area. Exceptions also in-
clude the Columbia Plateau, which is entirely
contained within the basin assessment area but
which had only two lichen groups represented,
and the Basin and Range area (northern Great
Basin), which extends well beyond the basin as-
sessment area and had only one vascular plant

covered or catalogued and includes projections ofgroup. The few numbers of these species groups

about 9,000 species of macrofungi, 736 lichens,
860 bryophytes, and 8,350 vascular plants. At

present, only 12,797 species of plants and allies
(68 percent of all estimated species) are actually
known from the basin assessment area, including

about 3,000 macrofungi (33 percent of all esti-

mated macrofungi species), 736 lichens (100 per-
cent of all estimated lichens), 811 bryophytes (94

percent of all estimated bryophytes), and 8,250

vascular plants (99 percent of all estimated vascu

lar plants). An additional large set of microfungi,
including mycorrhizae, likely occur but are
largely unstudied and are not treated here.

The SER database lists 596 individual taxa

may be an artifact of the grouping process.

Numbers of the rare and potentially rare vascular
plant species considered in this assessment were
less evenly distributed among general geographic
areas (fig. 12) than were lichen groups and vas-
cular plant groups. Geographic areas with more
species (>25 species) included Basin and Range,
Columbia Plateau, Blue Mountains, northern
Idaho, and the southern part of the east side of
the Cascade Range. Areas with fewest species
(<10 species) included the small portion of
Wyoming within the basin assessment area,
southern Idaho, and Okanogan Highlands,
although the last two of these areas were not

(mostly species with selected subspecies or variereduced in number of species groups.

ties) and 82 species groups of plants and allies.

These include 394 species of macrofungi; 2 spe-
cies and 39 groups of lichens; no species and 11
groups of bryophytes; and 200 taxa and 32 group
of vascular plants (one part of the SER database
also lists 920 vascular plant taxa, but information
on environmental correlates and ecological func-

tions are not available for all of these taxa.) The

Life forms—Life forms of most of the rare or
potentially rare fungi were mushrooms (59 per-
ent of all 394 macrofungi taxa included in the
ER database) and truffles (31 percent), with the
rest puffballs (7 percent), polypores (2 percent),
and resupinate (1 percent) (fig. 13; see defini-
tions in table 4).

596 taxa and 82 groups mostly represent rare or Life forms of most of the rare or potentially rare

potentially rare but largely unstudied taxa and
communities; the vascular plants included are
mostly perennial forbs or nonwoody perennials.

vascular plants were hemicryptophytes (36 per-
cent of all 280 vascular plant taxa included in the
SER database) and cryptophytes (30 percent),

Thus, the analyses that follow pertain only to this with the rest therophytes (16 percent), chamae-

select subset of rare or potentially rare plants of

phytes (15 percent), and phanerophytes (4 per-

the basin assessment area and do not represent cent) (see definitions in table 4). Plants of most

conditions of the full flora.
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of these life-form categories are widely distrib-
uted among vegetation cover types of the basin
assessment area. The hemicryptophytes (102 spe-
cies) are found in 27 vegetation cover types, most
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Table 4—Classes and definitions of fungi and vascular plant life fornfs

Class Definition
Fungi:
Mushroom Fungi with any macrofruiting body, typically those with cap and stipe
morphology
Resupinate Upside down or recurved growth form
Truffle Fungi that are hypogeous (undergound), rare, odoriferous, and edible, of
Ascomycetes
Puffball Fungi of Gastromycetes of the order Lycoperdales (true puffballs and stalked
puffballs); does not include Hymenogastrales (false puffballs)
Polypore Fungi in the family Polyporaceae

Vascular plants:
Phanerophyte

Chamaephyte

Species with perennating buds or shoot apices on aerial shoots. Group
includes most woody shrubs or trees

Species that hold their perennating buds and shoot apices close to the
ground. Group includes semiwoody and herbaceous species that persist
aboveground throughout the year (though not necessarily in a
physiologically active state). Group includes bunch grasses and cushion
plants

Hemicryptotphyte Species with perennating buds at ground level, generally protected by snow

Cryptophyte

Therophyte

or organic debris, with all plant parts aboveground dying back at the end of
the active growing season. Stolons may or may not be present. Group
includes rosette plants (for examplaraxacun), partial rosette plants (for
example Achillea millefolium), and stoloniferous species (for examtepu3

Species bear their perennating buds below ground level or submerged in
water. Group includes rhizomatous and bulb-forming species (for example,
Allium), and aquatic species suchAdsmaandNuphar

Annual species (for exam@eomus tectorunStephanomeria malheurensis
Embryonic buds are protected by a seed coat

& Fungi definitions from W. Owen. Vascular plant definitions from L. Croft based on Raunkier (1934); also see

Daubenmire (1974).
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principally in big sagebrush (26 species), low In general, alkaline or calcareous soils are typi-
sage (14 species), mountain big sagebrush (13 cally rich in edaphic endemics worldwide. Most
species), fescue-bunchgrass (12 species), and plant species are unable to overcome the physio-
alpine tundra (11 species), with the remaining  logical challenges imposed by such sails, includ-
26 species distributed among 22 other vegetationing Ca /Mg*" imbalances and the general low
cover types. The cryptophytes (84 species) are availability of nitrogen, phosphorus, and potas-
found in 22 vegetation cover types, most prin-  sium nutrients in high pH situations because of
cipally in fescue-bunchgrass (20 species), specific solubilities. Alkaline or calcareous sites
Agropyronbunchgrass (14 species), interior tend to be azonal; that is, represented by an in-
ponderosa pine forest (13 species), and juniper/ trusion into a matrix of some other parent mate-
sagebrush (10 species), with the remaining 27  rial (for example, granite or sandstone). Those
species distributed among 18 vegetation cover plants that thrive in such azonal settings with few
types. The therophytes (45 species) are found in other species capable of surviving the local con-
21 vegetation cover types, most principally in big ditions often have an opportunity to escape com-
sagebrush (10 species), juniper sagebrush (9 spepetition. Azonal soils almost always have unique,
cies), interior ponderosa pine (9 species), and if not rare, flora. Examples include serpentine or
interior Douglas-fir (8 species), with the remain- ultramafic conditions in northwestern California
ing 9 species distributed among 17 other vegeta- and southwestern Oregon, volcanic ash in eastern
tion cover types. The chamaephytes (42 species)Oregon and western Idaho, and hyperacidic mine
are found in 21 vegetation cover types, most tailings, hot springs, and sandy substrates else-
principally in low sage (13 species), big sage-  where. Specialization of rare or endemic plants to
brush (8 species), and mountain big sagebrush azonal conditions can be considered an extreme
(5 species), with the remaining 16 species dis- form of habitat segregation.

tributed among 18 other vegetation cover types. Trends of vascular plant species-Of 299 rare

Finally, the phanerophytes (10 species) are found : ; i
in seven vegetation cover types, most principally or potentially rare vascular plant species, 143 spe

: . cies (48 percent) had unknown or unreported
in Agropyronbunchgrass (two species) and low . i
sage (two species), with the remaining six trends, 84 species (28 percent) were coded as de

species distributed among three other vegetation corﬁgsslng&%r;d(g ngg elzif) (rif' ;?]?rg;: ri]r?c:?:aztiﬁblzt
cover types. These are very general patterns; P P g g

information on finer classes of habitat types i?a‘?;isct)l:g zg?fi easr?gﬁi'uﬁqmzr;?etrhigg;&iﬁgrs were
would reveal more useful botanical patterns. Botrychium, Calochortus, Cypripedium,

Number of rare or potentially rare vascular plant Eriogonum, Haplopappus, Howellia, Lepidium,
species among life-form categories do not show Mentzelia, Mimulus, Penstemon, Ranunculus,

a clear trend at the broad scale in relation to gen-Silene, Thelypodium, Trifoliurand other genera.
eral topographic position, soil texture, soil depth, Among the stable species were various other
soil moisture regime, or soil temperature catego- species ofllium, Astragalus, Botrychium,

ries, although correlations would be expected at Castilleja, Claytonia, Erigeron, Eriogonum,

finer scales of resolution. This is not surprising, Leptodactylon, Mentzelia, Mimulus, Penstemon,
given the very microsite- and substrate-specific  Trifolium, and other genera. The sole potential
nature of most of these rare or potentially rare  increaser was afistragalusspecies. Species with
plants. Based on the initial assignments of plants unknown or unreported trends spanned an even
to life-form categories, hemicryptophytes might greater number of genera.

occur more frequently in calcareous substrates
than do other life forms; they also might occur
most commonly in alkaline soil conditions. This
may represent an ecological pattern, or merely
reflect the dominance of this life form in the rare
plant flora. These patterns need verification and
further ecological study.

Trends of lichen, bryophyte, and vascular

plant groups—Trends were denoted for lichen
groups, bryophyte groups, and vascular plant
groups (fig. 14). Trends of most of the lichen
groups were decreasing (41 percent of all lichen
groups) or stable 36 percent), with fewer groups
having unknown or unreported trends (18 percent)
or increasing trends (5 percent). Trends of
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Figure 14—Number of lichen, bryophyte, and vascular plant species groups in the basin
assessment area, by trend category.

bryophyte groups were largely unknown or un-  The 24 lichen groups with unknown or unreported
reported (83 percent of all bryophyte groups), trends included 3 lichen groups of bog, nitrogen
with fewer decreasing (17 percent); none was  fixation, and pioneer soil stabilizer conditions; 9
stable or increasing. Trends of vascular plant bryophyte groups of aquatic, humid duff, peat-
groups were mostly unknown or unreported (44 land, rock, and soil conditions; and 12 vascular
percent of all vascular plant groups), with fewer plant groups, alCarexgroups mostly of mead-
groups stable (33 percent) or decreasing (22 per- ows association, with a few of peatland and for-
cent); none was increasing. est conditions.

The only two lichen groups noted as having in-  Lichen, bryophyte, and vascular plant species
creasing trends were excess nhitrogen-indicator groups by substrate—Lichen, bryophyte, and
lichens and urban pollution-tolerant lichens. plant groups included in the SER database were
denoted with orientations to specific nonvegeta-

The 28 stable groups included 16 lichen groups lEion substrates and vegetation substrates.

in various aspen, calcareous, fencepost, leaf, roc
seepage, ledge, and tundra conditions and sub- Patterns of species groups among honvegetation
strates, and 12 vascular plant groups consisting substrates were as follows: lichen groups were
of 2 Allium groups, SMimulusgroups, and 5 more numerous on basalt rock, other rock, and
Penstemoigroups. welded tuff; bryophyte groups were fairly evenly
The 28 decreaser groups included 18 lichen, 2 distributed among all substrates but were absent

: . _on pumice and welded tuff (fig. 15). Among all
br)gophyte_, and 8dvfascular plg_n t grou_lp; " varloustaxg wet and dry soil subst(ragtjes gmd basglt and
arid, riparian, and forest conditions. The two ’ ’ i
decreaser bryophyte groups included the decayeogther rock substrates were used by the most spe

, , i ies groups, and pumice and alkali soils were
\F’)Vt?ﬁg grryézghyte group and the epiphytic bryo used by the fewest species groups (fig. 15). The

composition of species groups, however, differed
among these sets. For example, the sole lichen
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Figure 15—Number of lichen, bryophyte, and vascular plant species groups by soil and
rock (nonvegetation) substrate condition in the basin assessment area.

group found associated with pumice substrates (Haplopappus aberransn the Boise River drain-
was the calcareous indicator lichens group. This age,Chaenactis evermann@reene in central
group also is found on five other nonvegetation Idaho, andC. neviiGray in the John Day area.
substrates. The two lichen groups—the pioneer
soil stabilizer lichen group and the soil lichen
group—associated with tuffaceous ash each also
are found in three other nonvegetation substrates
(dry, wet, and alkali soils).

Not all endemic plants are rare, and not all rare
plants are endemics. A large proportion of the
rare or potentially rare plants considered in this
assessment, however, are locally endemic or
regionally endemic (156 taxa or 78 percent of
Patterns of species groups among vegetation suk200 vascular plant species in the SER database
strates were as follows: lichen groups were most with information on endemism status). We de-
numerous as epiphytic conditions and were ab- fined local endemic as a plant with populations
sent in peatland, fen, and bog substrates (althougtestricted to a very small area such as one portion
individual lichen species may occur in such con- of a mountain range or one canyon. Local endem-
ditions); bryophyte groups were most numerous ics also may be specialized on highly restricted
in aquatic submerged substrates but occurred in habitats. The entire range may lie within the basin
all but musicolous substrates; and vascular plant assessment area. A regional endemic is a plant
groups were most numerous in peatland, fen, andwith populations that inhabit a larger geographic
bog substrates and also occurred in humus and area than that of local endemics such as southeast
duff substrates but were not identified for the Oregon or the Palouse. The range of regional en-
other vegetation substrates (although individual demics may extend beyond the basin assessment
species occur on such substrates) (fig. 16). area boundaries. Regionally endemic plants also
may be closely associated with specific habitats.
In general, about a third of all vascular plants
including common and rare species) are endemic
t least regionally.

Patterns of plant endemism—There are many
examples of endemic plants in the basin assess-
ment area. Some examples are ldaho goldenwee
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Figure 16—Number of lichen, bryophyte, and vascular plant species groups by vegetation
substrate condition in the basin assessment area.

Gentry (1986) tallied endemic plants (mostly tallies of endemic plants in Idaho and Montana
based on candidate taxa for Federal listing, simi- possibly reflect more current data from state
lar to our consideration of plants of conservation Natural Heritage program databases.
concern) by U.S. state. We compare our tallies
with his in table 5. His definition of endemic
taxa included plant species with distributions of
50 000 knf or less, which corresponds to our
categories of local and regional endemics. His
tallies included entire states, whereas ours in-
cluded only portions of states within the basin as-
sessment area. We counted more endemic plant
in Idaho and Montana than he did, however;
whereas his figures for Oregon, Washington,
Nevada, and Wyoming were greater than ours.
(We did not characterize plant endemism in the
Utah portion of the basin assessment area.) Only
a small portion of Nevada and Wyoming are with-
in the basin assessment area, so these difference%
are not surprising. But we were surprised to see
our greater tallies for Idaho and Montana, con-
sidering particularly that only the western portion
of Montana (west of the Continental Divide) was The second kind of endemicngoendemics
included in the basin assessment area, and only avhich are species that have recently evolved and
portion of the entire flora of the basin assessmenthave restricted ranges because they have not yet
area is included in the SER database. Our greatethad time to spread over a larger geographic area.
Examples of neoendemics might include species

Gentry (1986) suggested two kinds of endemics.
The first kind ispaleoendemicswhich are spe-
cies that were formerly more widespread but now
have restricted distributions because of climatic
changes and natural or human-caused reduction
of favorable habitats. Some paleoendemics may
be archaic taxa with primitive traits; some may
e close to natural extinction. Pielou (1991:240)
notes that the present alpine flora of the western
mountains contains a mix of paleoendemic plant
species, some presumably derived from Pleisto-
cene refugia south of the Cordilleran ice sheet
and others from northern Beringian tundra. She
Iso noted that the nearest unglaciated drainage
asin to the Cordilleran ice of the Pleistocene was
that of the Columbia River, which must have
been the refuge for many paleoendemic species
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Table 5—Tallies of locally and regionally endemic plant taxa in
U.S. states of the basin assessment area, compared with estimates
of endemic plant species from Gentry (1986:158)

This study
Endemics
Local Regional as listed by
State endemics endemics Total Gentry (1986)
Oregon 47 30 77 109
Washington 24 13 37 49
Idaho 29 22 51 37
Montana 6 7 13 6
Nevada 2 1 3 19
Wyoming 1 3 4 90
Entire basin
assessment
area 93 63 156 —
— =no data

&We defined local endemic as plants with populations restricted to a very small area
such as 1 portion of a mountain range or 1 canyon, and regional endemic as plants
with populations that inhabit a larger geographic area such as southeast Oregon or
the Palouse. Gentry defined endemic as plant species with distributions of 50 600 km
sor less, which corresponds to our categories of both local and regional endemics.

that have recently arisen on serpentine and ultra- of species-rich genera (for examplestragalus.

mafic substrates. Most speciesAstragalusn Also, climate fluctuations over the last several
the basin assessment area likely are neoendemicsiillion years in southern Idaho have been broad,
Allium aaseaéOwnbey) is a “classic” thereby making it difficult for either mesophytes
neoendemic. or xerophytes to persist over the entire period

Kruckeberg and Rabinowitz (1985) suggested (Tausch and others 1993).

that paleoendemics tend to have more than Overall, genetic data are needed to determine

one disjunct population, whereas endemics which other vascular plant taxa within the basin
confined to a single population can be either assessment area are paleoendemic or neoendemic.
paleoendemics or neoendemics. This contention Chemical, physical, and biological properties of

is untested for the regional or local endemic soils often constrain endemic taxa (Kruckeberg

plants of the basin assessment area. Of course, and Rabinowitz 1985). In some cases, rarity or
one cannot assert the converse; plants with morerange-restriction of a coevolved symbiont may
than one disjunct population cannot be assumed account for endemism of plant taxa, particularly
to be a paleoendemic, any more than plants with with a rare obligate pollinator but, again, this

a single population are endemics of either type. needs empirical study in the basin assessment

: rea.
In general, paleontology explains much about area

current plant species distributions, especially We explored the question of environmental deter-
with respect to historic climates. Some plants of minants of endemic plants by comparing 13 bio-
northern Idaho occur because of the Clearwater physical factors between the 156 plant taxa from
Maritime refugium found there. Southern Idaho the SER database that were denoted as local or
and the portion of Wyoming in the basin assess- regional endemics to the remaining 44 plant taxa
ment area are geologically young, and the few in the database denoted as neither local nor re-
endemics found there are classic neoendemics gional endemics. This analysis is pertinent only
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to rare or potentially rare plant taxa and does not Any one group or species could have been coded
describe more common or widespread plant spe- as having one or more dispersal modes.

cies. The biophysical factors included in this anal-
ysis were maximum elevation, minimum eleva-
tion, aspect, slope angle, slope position, geo-

Gravity plays the major role in dispersal of nearly
all the lichen groups, with one other group (aquat-
: ; , _ic rock lichens) dispersing by water and by verte-
graphic area, geology, landform, soil pH, soil tex brates (birds) (fig. 17). Dispersal modes of bryo-

ture, soil depth, soil moisture, and soil tempera- ,
ture. These factors were coded for each species ﬁ/me groups were evenly split between water and

the SER database as categorical values. We use

a log-likelihood ratio contingency test to analyze About two-thirds (69 percent) of the 394 rare or
the null hypotheses that local and regional endempotentially rare fungi species included in the

ics do not differ from nonendemics, in number of assessment disperse by wind, and the remainder
species distributed among categories of each of disperse by vertebrates (that is, mycophagy) (fig.
these biophysical factors. 18). Mycophagy, or the ingesting and distributing
of belowground fungal bodies (truffles) including
spores, is an important ecological role of some
large and small vertebrates in several forest types
throughout the inland West. Vertebrates engaged
in mycophagy and dispersal of fungi include
Rocky Mountain elkCervus elaphus nelsopii
western red-backed vol€lethrionomys

Results are presented in table 6. Only two bio-
physical factors—slope angle and slope posi-
tion—were significantly different (P < 0.05)
between endemic and nonendemic rare plants.
Six other factors were marginal in significance
(0.05 < P <0.10): maximum elevation, aspect,
s o the nc oo, alforicu,southen ec-bcked Vol
area and coarse resolution of the categorical datagggﬁﬁl?é nlg; steciﬂi pﬂ&%f‘%gggg n?:#\?r?}rgg S
d_enoted in the SER database, the ma_rginally sig—Dou las ,s uirrelTamiasciurus doualaki
nificant fa_tctors r_nlght be seen as W(_)rklng hypoth- Ame%ican gika O-(Ehotona princeps gnd}s
eses of biophysical conditions that influence nUM-~ 1 ibian mouseReromyscus keejii
bers of rare endemic plants. Finer grain and more y
guantitative data, as well as species-specific analDispersal modes of vascular plant groups in-
yses, are needed to further unravel the factors  cluded all seven major dispersal categories. Most
inducing plant endemism in the basin assessmentascular plant groups, however, disperse mainly
area. Also needed are further studies to explain by gravity, wind, water, and vertebrates (fig. 17).

the exclusion of endemics from more common : :

. . . The rare or potentially rare vascular plant species
habitats (Kruckeberg and Rabinowitz 1985). disperse (in order of decreasing number of spe-
Plant dispersal modes—Pispersal (dissemina- cies per dispersal category) by gravity (27 percent
tion) modes of all rare or potentially rare plants  of species), wind (26 percent), growth or repro-
of the basin assessment area are not thoroughly duction (21 percent), vertebrates (13 percent),
studied, but those known were denoted in the water (7 percent), and insects (2 percent). How
SER database. Seven general dispersal mode the remainder disperse (4 percent) is unknown

categories were identified: gravity, wind (fig. 18). The 55 vascular plant species that dis-
(anemochory), water, insects, vertebrates perse by vertebrates more or less evenly disperse
(zoochory), growth or reproduction, and un- by birds and small mammals, with fewer species
known. The vertebrates dispersal category was dispersing by large mammals, and a third not
further divided into dispersal by birds, small specified (fig. 19a). Over half of the 89 vascular

mammals, large mammals, and not specified. plant species that disperse by growth or repro-
The growth or reproduction dispersal category  duction do so by seed set; the remainder disperse
was divided into dispersal by dehiscence, bulbett by many other vegetative and reproductive means
scattering, spore dispersal, stolon, rhizome, vege{fig. 19b). It must be remembered, though, that
tation growth, seed dispersal, and turion. Disper- these patterns pertain only to the set of rare or

sal mode was denoted for lichen, bryophyte, and potentially rare plants considered in this as-
vascular plant groups, and for the rare or poten- sessment, and that patterns of the full flora—
tially rare species of fungi and vascular plants.
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Table 6—Results of log-likelihood ratio contingency testsq statistic) of bio-

physical factors and endemic plant3

Biophysical factor Value o6

df

P

Maximum elevation: 6.678
<1219 meters
1219 to 1828 meters
1829 to 2438 meters
2439+ meters +
Minimum elevation: 1.443
<1219 meters
1219+ meters
(Categories combined because of
small sample sizes)
Aspect: 7.781
North
South
East
West
Flat
Slope angle: 7.929
Flat (O to 10 percent)
Gentle (11 to 30 percent)
Steep (31 to 50 percent)
Very steep (>50 percent)
Slope position: 7.155
Lower slope
Middle slope
Upper slope
Geographic area: 11.743
Basin and range
Blue Mountains
Columbia basin
East Cascade Range north
East Cascade Range south
Montana
Northern Idaho
Southern Idaho
(Other states omitted because of
small sample sizes)
Geology: 16.178
Basalt
Calcareous
Clay
Glacial
Granite
Playa

10

0.05<P<0.10+

0.10<P<0.25

0.05<P<0.10+

0.025<P <0.05*

0.025<P <0.05*

0.10<P <0.25

0.05<P<0.10+
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Table 6—Results of log-likelihood ratio contingency testdJ statistic) of bio-

physical factors and endemic plantd(continued)

Biophysical factor Value o6

Rhyolite
Sand
Sedimentary or metamorphic
Slides and talus
Tuff
(Serpentine was omitted because
of small sample sizes) +
Landform: 7.111
Cliff
Ridgetop
Scablands
Valley bottom
Soil pH: 3.075
Acidic to neutral (combined
because of small sample sizes)
Alkaline

Soil texture: 1.363
Coarse (sand)
Medium
Fine

Soil depth: 3.896

Very shallow (<25 centimeters)
Shallow (25 to 50 centimeters)
Moderately deep (51 to 102
centimeters)
Deep to very deep (>102
centimeters)
Soil moisture” 6.434
Andic
Udic
Ustic
Xeric
Soll temperatur@: 0.144
Cryic (0to 8 °C)
Frigid (diff. mean summer/
winter=5 °C)
Mesic (8 to 15 °C)

0.05<P<0.10+

0.05<P<0.10+

0.50<P <0.75

0.25<P<0.50

0.05<P<0.10+

0.90<P <0.95

@The null hypothesis for each test was that biophysical characteristics of locally and regionally
endemic rare or potentially rare vascular plant species do not differ from those of nonendemic rare

or potentially rare species.

b See Harvey and others (1994:3) for definitions of terms.
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Figure 19—Number of rare or potentially rare vascular plant species by dispersal mode, showing (A)
dispersal by means of vertebrates and (B) dispersal by means of growth or reproduction.
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including many more trees, shrubs, and other
forms—are likely to be very different.

Plant pollinators—Along with assuring suitable
habitat conditions and protection of specific loca-
tions, successful pollination of the rare or poten-

tially rare vascular plants of the basin assessmeng
area may be one of the most important ecological

factors that can help ensure their long-term via-
bility. Pollination ecology of these species, how-

ever, is essentially unstudied and unknown. Whatf

follows are general patterns from initial presump-
tions as to pollination ecology. These patterns
need to be tested with field studies.

As Buchmann and Nabhan (1996) note, plant-
pollinator relations exemplify connections be-
tween endangered species and threatened habi-
tats. Human-induced changes in pollinator popu-
lations—caused by overuse of chemical pesti-
cides, unbridled development, and conversion of
natural areas into monocultural cropland—can
have a ripple effect on disparate species, ulti-
mately leading to a “cascade of linked extinc-
tions” (Buchmann and Nabhan 1996).

Pollinators also can be influenced by habitat frag-

mentation, sometimes differentially benefitting
exotic insect pollination vectors to the detriment
of native vectors. Aizen and Feinsinger (1994)
studied native and honey be&pis mellifera an
exotic) pollinators of native flowering plants in
subtropical dry forest of northwestern Argentina.
They found that habitat fragmentation adversely
affected native flower visitors but facilitated the
use of floral resources by honey bees.

Loss of pollinators also can result in different se-
lection pressures for reproductive strategies of
surviving plants. In a modeling study of an iso-
lated population oPrimula sieboldij Washitani
(1996) reports that loss of pollinators may result
in strong fertility selection for a self-fertile,
homostyle morph. He concluded that active man-
agement of plants with absent or moribund pol-
linators could include hand pollinations and re-
introduction and reestablishment of suitable pol-
linator populations. This would help maintain a
more natural gene pool in future plant
generations.

In the basin assessment area, by far most of the
rare or potentially rare vascular plants are pol-
linated by invertebrates (66 percent of plant spe-

cies). Additional modes of pollination include
autogamous pollination (10 percent), wind (5 per-
cent), hummingbirds (2 percent), and generalist
(1 percent), and others are unknown (16 percent)
(fig. 20). Most plants are serviced by multiple
ollinator species. For exampEriogonum
rociduum(prostrate buckwheat) likely is pol-
linated by beetles (Cleridae: Coleoptera) but

also can be pollinated by flies (Tachinidae,
Sarcophagidae, Bombyliidae: Diptera), wasps (six
amilies: Hymenoptera), and moths (Sesiidae:
Lepidopteraﬁ

Of the plants pollinated by invertebrates, about
half are pollinated by bees, wasps, and allies
(Hymenoptera), with others pollinated by flies
(Diptera), butterflies and moths (Lepidoptera),
beetles (Coleoptera), spiders (Araneida), and
other insects (not specified) (fig. 21). Insects as a

whole play a vital function in reproduction and
viability of populations of angiosperms.

Long-term viability of many plant populations
likely is affected by viability of plant pollinator

and plant disperser mutualists. Many of these
relations are typically highly specific (Menges
1991). Terbourgh (1986) discussed keystone
mutualists, which are species that, if extinct, likely

would result in secondary extinctions of many

associated obligate species. Keystone mutualists
might exist among insect-plant pollinator rela-

tions in the basin assessment area (and possibly

also among plant-disperser relations as well).

Thus, understanding basic pollination and dis-

persal ecology of plants is key to projecting and
planning for long-term population viability.

Indicators—Plants and allies can serve as
bioindicators of environmental conditions and
ecosystem health. The concept is far from new,
beginning perhaps with Clemment’s (1920) usage
of plant indicators to denote vegetation communi-

ties” Others have extended the concept in various

directions. For example, Nygaard (1949) indexed

the trophic health and degree of eutrophication of
water bodies by calculating the ratio in number of

algae species of different taxonomic groups.

4 Source: OSDA-BLM Challenge Cost Share Project 89-6.

5 Actually, well into prehistory, many indigenous peoples
likely used plants to locate underground water, game
animals, and good places to build camps. Modern science
does not have the corner on observing nature.
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Westveld (1954) used plants to index site quality.
And, Anderson (1986) (and many others) iden-
tified plant indicators of range condition.

The Plant Task Group of the Science Integration
Team identified a number of lichen, bryophyte,
and vascular plant groups and vascular plant
species that can serve to index specific environ-
mental conditions of the basin assessment area.
Such environmental conditions include air qual-
ity, carbonate levels, water flow levels (low,
high), high nitrogen conditions, metal-rich rock
conditions, old-growth forest conditions, soll
temperature (low, high), and soil texture (coarse,
fine). Specific indicators, and the environmental
condition for which they may be useful as an
indicator, are listed in appendix B.

Overall, many lichens can be used to index air
quality (fig. 22; see appendix B), a function
already finding utility in management of many
forests and other geographic areas (for example,
Geiser and others 1994, Stolte and others 1993).
Lichen groups along with bryophyte groups also
can be used to index most of the other categorie
of environmental conditions listed above (fig. 22
see appendix B). In addition, vascular plant
groups and rare or potentially rare vascular plant
species can be used as bioindicators of alkaline
(carbonate) soil conditions, overgrazing, metal-
rich rock conditions, old growth, low soil tem-
perature, coarse soil textures, and other condi-
tions (fig. 22; appendices B and C).

Nonvascular plant indicators of old-growth for-
est conditions may be of particular interest to
managers. Tibell (1992) identifies crustose
lichens as indicators of temporal continuity of

old boreal conifer forests. The term temporal
continuity refers to the degree to which specific
kinds of habitats—in this case, old boreal conifer
forests—continuously occupy a local geographic
area over time. Some studies outside the basin
assessment area have indicated that interrupting
the temporal continuity of old forests has led to
loss of sensitive species closely associated with
such habitats because there was insufficient time
or lack of sources for recolonization.

S

Lichens also are identified that indicate forest
stand temporal continuity in northern boreal for-
ests (Esseen and others 1996, Nilsson and others
1995, Selva 1994). Pike and others (1975) identify
epiphytic lichens and bryophytes associated with
old-growth forests of western Oregon. Sdderstrom
and Jonsson (1992) identify bryophytes that in-
dicate fragmentation of old forests; that is, loss of
old-growth bryophyte species in the more isolated
forest fragments. In the current study, we identi-
fied 15 lichen groups and 9 bryophyte groups that
may indicate old-growth forest conditions in the
basin assessment area (see appendices B and C).
The rotten log and tree base lichen group in
particular indicates ecological continuity of old
growth.

Many of the bioindicator species and groups iden-
tified here, including those of old-growth forests,
can be useful to managers interested in quickly
surveying potential environmental conditions
without investing in long-term ecological research
studies. Such indicators can serve to track effects
of alternative management activities, such as var-
iations in grazing, timber harvesting, or restora-
tion regimes.

Invertebrates

Number of species—n the basin assessment
area, some 24,270 species of macroinvertebrates
are estimated to exist (Marcot and others 1997).
This figure extrapolates for species not yet dis-
covered in the basin assessment area and some
not yet described, and comprises about 770
mollusks (425 freshwater gastropods, 35 fresh-
water bivalves, 30 slugs, and 280 land snalils;

T. Frest in Marcot and others 1997) and 23,500
arthropods, including insects. At present, only
3,780 species of macroinvertebrates (16 percent
of all estimated species) have actually been re-
ported from the basin assessment area, including
380 mollusks (200 freshwater gastropods, 30
freshwater bivalves, 25 slugs, and 125 land snails;
T. Frest in Marcot and others 1997) (49 percent
of all estimated mollusks) and 3,400 arthropods
(14 percent of all estimated arthropods). An ad-
ditional, large set of micro-organisms, including
bacteria, protozoa, rotifers, viruses, and other
taxa, occur. They may number in the hundreds

of thousands of species but are mostly unknown
and are treated here only by taxonomic groups.
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Figure 22—Number of lichen, bryophyte, and vascular plant species groups by bioindicator cate-
gory. See appendices B and C for lists of groups, and text for explanation of categories.

The SER database lists only a small example set aerial movement (flying, ballooning, and drift-

of 346 invertebrate species. Of these, environ-  ing), budding, and phoresis (dispersal using other
mental correlates and ecological functions are  host species).

denoted for 195 individual species of arthropods Phoretic dispersal exemplifies some interesting

and 11 species groups of micro-organisms (6 spe- .. . )
cies groups of soil bacteria, 1 group of soil proto- relations that have evolved among species. Pho

zoa, 1 group of soil rotifers, and 3 groups of soil retic dispersal has appeared in many micro-

nematodes). Thus, the analyses that follow pro- organisms and invertebrates, including bacteria,

. . . rotifers, protozoa, nematodes, and insects (table
vide only examples of invertebrate species and - 7) " ¢t's o cies can include seeds, plants, organic
micro-organism groups.

debris, other insects, birds, mammals, and even
Dispersal modes and KEFs—Even for the rela-  humans. Soil bacteria are ubiquitous and disperse
tively tiny set of example species explicitly by means of most of these hosts. Rotifers and soil
included in this assessment, various dispersal  protozoa can hitch rides on arthropods, small
modes and related KEFs were identified. Disper- mammals, birds, and even soil nematodes.

sal modes included various forms of independent Bacterial-feeding soil nematodes in turn can
locomotion (crawling and other flightless terres- travel by arthropods, birds, small mammals, and
trial movement), sedentary habits, soil digging, even by humans via tools that redistribute soil,
such as shovels.
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Phoretic invertebrates play various roles in con- Invertebrate species that disperse by flying, bal-
tributing to trophic structures and ecological looning, or drifting cover an even wider array of
processes of ecosystems. Many phoretic inverte- trophic functions than those with independent
brates consume soil micro-organisms and are  locomotion, and include folivores, spermivores,
prey for other consumers; they aid soil nitrogen sap feeders, root feeders, insectivores, soil micro-
cycling through nitrogen immobilization and by  organism feeders, carrion feeders, aquatic herbi-
acting as a source for nitrogen mineralization,  vores, detritovores, and moss feeders. Many of
which can be vital functions in forest nitrogen these aerial-dispersing species (many Hymenop-
conservation (Davidson and others 1992, Miller tera) serve as important pollination vectors critical
and others 1989). A few phoretic invertebrates  for reproduction of flowering plants. They also

are parasites or pathogens, or cause disease. Phaaclude forest beetles, some of which can change
retic invertebrates also include soil-oriented spe- the structure of terrestrial and aquatic habitats by
cies whose functions aid soil structure, enhance causing tree mortality, breaking down standing
soil stabilization, detoxify xenobiotics, sequester dead trees and large down logs, creating canopy
(accumulate) soil metals, and influence vegeta- gaps in forest stands, and causing increased

tion succession and presence and diversity of  streamflow. Thus, providing suitable conditions
plant species. and means of dispersal for invertebrates also pro-

The SER database afforded the opportunity to exyides for many ecological processes and species

plore some examples of how dispersal modes of functions in the ecosystem.

invertebrates relate to their KEFs. Invertebrates Disease and parasitesFhe ecology of disease
with independent locomotion provide many eco- and parasites is not well studied in the basin as-
logical services in their ecosystems. Most of thessessment area and is poorly represented in the
example species included in the SER database SER database. Disease can strongly mediate bio-
were insectivorous and provide food for other diversity and viability of many kinds of wild
insectivores, with a few being carrion feeders, plants and animals and needs to be considered in
detrivorous, or herbivorous on trees or shrubs, or wildlife conservation biology programs (Dobson
feeding in water on algae or plankton. The four and Mat 1986, May 1988, Scott 1988). Aguirre
sedentary species were folivores. and Starkey (1994) conclude that proximity of
domestic ungulates to wild ungulates can transmit
disease and parasites and complicate wild un-
ulate management; they cite several examples,
ncluding bovine brucellosiBfucella abortu¥in
bison Bison bisopand Rocky Mountain elk in
Yellowstone National Park, and lungworm
(Pasteurellaspp.)-pneumonia complex in bighorn
sheep Qvis canadensjsn several Western na-
tional parks (also see Peterson 1991). Simonetti
(1995) cites other similar examples, and
Cunningham (1996) warns of secondary transmis-
sion of parasite pathogens to wildlife during trans-
location projects. Disease transmission can ex-
acerbate recovery of endangered species (Thorne
and Williams 1988) and is a controversial facet of
wild game ranching. Certainly, too, human health
concerns warrant attention to wild pathogens,
such as transmission of lyme disease by ticks
(Ixodes scapularjsthroughout the basin assess-
ment area (Ostfeld and others 1995).

Species dispersing by digging enhance the phys-
ical structure of soil and turnover of soil nutrients
and layers. Earthworms are a prime example (seg¢
discussion in Marcot and others 1997). In one
study of eight species of earthworms in a Kansas
tallgrass prairie, James (1991) reported that total
annual soil consumption by all earthworms was 4
to 10 percent of organic matter in the top 15 cm;
100 to 300 percent of plant annual belowground
production passed through the earthworms each
year; and mineral nitrogen processed was 10 to
12 percent of annual plant nitrogen uptake, com-
parable to half of the input from precipitation,
whereas the phosphorus processed was equiva-
lent to 50 percent of annual uptake. Native and
introduced earthworm species, however, do not
necessarily perform the same functions. James
found that exotic, introduced earthworm species
have a negative effect on soil turnover and nutri-
ent mineralization because of the lower soil

throughout and their relative intolerance of Parasites, however, also play ecological roles in
summer soil temperatures, as compared with ecosystems and serve as an ecological “glue” to
the native earthworms. bind many species’ relations. Windsor (1995,

39



1996) provides many fascinating examples of
this, including the following. Hybrid cottonwoods
(Populus fremontik P. angustifolid are more

red-legged frogRana a. aurorg and Cascades
frog (R. cascadae The locally endemic amphib-
ian species occur in 9 vegetation cover types,

susceptible to aphid parasites than are their parergnd the regionally endemic species occur in 20.

species. Thus, aphids concentrate in the hybrid
zone between the parents. This aphid sink dis-
courages aphids from adapting to the more nu-

Locally or regionally endemic amphibians are
particularly rich (more than six species) in several
montane forest vegetation cover types, including

merous parents, and it keeps the parents as sepaPacific silver firyrmountain hemlock forest, moun-

rate species. Peterson (1991) calls for controlled

tain hemlock forest, interior Douglas-fir forest,

experiments, or at least an adaptive managementand western redcedar/western hemlock forest.

approach (learning by trial), to provide a sounder
scientific basis for management of parasite-host
interactions.

Many invertebrate parasite-host relations await
discovery. For example, Boonstra and others
(1980) found that botfly parasitism can affect
vole populations. Dobson (1988) suggests that
parasites can be used as an effective conservatio
biology weapon to control introduced mammals
threatening fragile isolated or island biota.

Vertebrates

Number of species—n the basin assessment
area, 468 species of vertebrates (excluding fish)
are both estimated and known to exist (Marcot
and others 1997). These include 26 species of

amphibians, 27 reptiles, 283 birds, and 132 mam-

Other vegetation types, however, also may be
necessary to ensure the long-term persistence
and distribution of some of these species.

No reptile was determined to be locally endemic
or regionally endemic. Many reptile species occur
only along the margins of the basin assessment
area and beyond, such as in the Great Basin and
Klamath Basin to the south.

There are no locally endemic birds, and four are
regionally endemic: sage grouseepntrocercus
urophasianuy rufous hummingbirdSelasphorus
rufus), northern spotted owlStrix occidentalis
cauring), and Columbian sharp-tailed grouse
(Tympanuchus phasianellus columbianus
Collectively, these taxa occur widely through-
out most vegetation cover types, although spe-
cific ranges of some of these taxa (especially

mals. An additional 79 bird species are accidentalColumbian sharp-tailed grouse) are quite limited

or casual species in the basin assessment area.

within the basin assessment area.

The SER database lists 476 species of vertebratemong mammals, local endemics include two

consisting of all the known species and including
291 species of birds (excluding the accidentals or
casuals, but including 8 bird species that likely
occur only sporadically in the basin assessment

species (ldaho ground squirrédermophilus
brunneu$ and Washington ground squirrel

(S. washingtorn) and two subspecies (potholes
meadow voleNlicrotus pennsylvanicus kincajdi

area). Thus, the analyses that follow provide a fulland White Salmon pocket gophd@hpmomys

accounting of all regularly occurring vertebrate
species.

Endemic species—indings on vertebrate species
endemism within the basin assessment area are
presented in Marcot and others (1997). To recap,
two amphibian species are local endemics: Idaho
giant salamandeDjcamptodon aterrimysand
Larch Mountain salamandePlethodon larsell;

and seven other amphibian species are regional
endemics: northwestern salamandembystoma
gracile), Cope’s giant salamandddicamptodon
cope), Dunn’s salamandeP({ethodon dunni

Coeur d’Alene salamandelP(idahoensiy Cas-
cade torrent salamanddRifyacotriton cascadae
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talpoides limosug. There may be other locally
endemic subspecies of mammals not recognized
in this study. Some 22 other mammal species are
regional endemics (see Marcot and others 1997
for list). Collectively, local endemics and regional
endemics occur widely throughout most vegeta-
tion cover types of the basin assessment area but
are concentrated somewhat more in drier forest,
shrub, and herb communities. Vegetation cover
types that are particularly rich in locally or
regionally endemic mammals (>12 species) in-
clude mixed-conifer woodland, big sagebrush
(Artemisia vaseyar)anative forb, mountain big
sagebrush, and low sage. High numbers of
endemics occur in mixed-conifer forests probably
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Figure 23—Number of vertebrate species by taxonomic class, by proportion of species’ range lying
outside the basin assessment area. Species range categories: A = nearly all (80 to 99 percent) of
the overall species range occurs outside the assessment area; B = more than half, but not nearly
all (60 to 79 percent) occurs outside; C = about half (40 to 59 percent) lies outside; D = less than
half, but not only a very small portion (20 to 39 percent) lies outside; and E = only a very small
portion (0 to 19 percent) lies outside.

because such forests occupy a wide range of  (>79 percent) of the species’ range lies beyond the
moisture and temperature conditions and their  basin assessment area; (B) more than half but
overall species diversity is typically high (Harvey not nearly all (70 to 79 percent) lies beyond; (C)
and others 1989, Sayler and Martin 1996). about half (69 to 40 percent) lies beyond; (D) less

The number of species that are local and regionalthan half (20 to 39 percent) lies beyond; and (E)

endemics among amphibians, reptiles, birds, and gglyoia/ery small portion (<20 percent) lies
mammals was not significantly different than the yond.

number of all nonendemic vertebrates by taxo- By taxonomic class, about two-thirds of the am-
nomic class. That is, local and regional endemics phibian species have more than half their ranges
were not more apt to be of any particular verte- beyond the basin assessment area (range cate-
brate class (Marcot and others 1997). gories A and B); only two amphibian species (the
two local endemics) are locally confined (range
category E) (fig. 23). Reptiles and birds are even
more broadly distributed. Among mammals,
about 95 percent of the species have half or more
of their range beyond the basin assessment area
(range categories A, B, and C); and only six taxa

Species by percentage of range within the
basin assessment areaA-complementary way
of considering patterns of endemism is the per-
centage of a species’ range that lies beyond the
basin assessment area. We identified five cate-
gories for percentage of range: (A) nearly all
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have their range mostly or entirely within the Greater Yellowstone Ecosystem in Wyoming, the
basin assessment area (range category E). Thesenorthern glaciated mountains in the Canadian
six mammal taxa include all four local endemics Rocky Mountains, and the Okanogan Highlands

plus two other sciurids: Uinta ground squirrel in the OkanagaenDesert of British Columbia,
(Spermophilus armatiisind red-tailed chipmunk Canada. Marcot and others (1997) list verte-
(Tamias ruficaudus brate species closely associated with many ERUs,

and many of these assemblages consist of species
that range well beyond the basin assessment area
in many of these directions.

Species that migrate and spend part of their

year elsewhere but that restrict their distribu-

tion during one part of the year to a specific re-

gion (such as the basin assessment area), are  Abundance, breeding status, and migration

calledsemiendemic specielsy Garza (1996). status of birds—Abundance, breeding status,

Semiendemics can include Neotropical migratory and migration status of birds in particular were

birds and other species that occur only seasonallycategorized by state and for the entire basin as-

in a given region. Garza argues that species that sessment area. The total number of birds (in-

are confined to a specific geographic region, evencluding accidentals and casuals) occurring by

if only for a portion of the year, still should be state was remarkably constant, ranging between

considered as restricted to that area for purposes only 360 and 362 species. The total number of

of habitat conservation. Because our range maps breeding birds (migrants plus residents) by state

show neither season of use nor migration range averaged 221 species and ranged from 192 spe-

beyond the basin assessment area, our designa- cies in Wyoming to 242 species in Oregon. (It

tion of migratory species into endemism and per- should be remembered that these species tallies

centage of range classes approximates the concegfer only to those portions of these states that lie

of semiendemics. Thus, some migratory species within the basin assessment area.) This breeding-

might occur as semiendemics in the basin assessbird richness is quite close to that suggested by

ment area but rank only as range categories A, B,Huston’s (1994.25) plot of latitudinal gradient

or C. in species richness of breeding birds in North

and Central America. The basin assessment area

lies between latitude 42° and 49° N., for which
uston’s bird species richness curve predicts
bout 200 species (but the data scatter on the

Another way of looking at abundance patterns
among range classes is shown in figure 24. Most
species that extend beyond the basin assessmen
area (range categories A, B, and C) are birds and ;
mammals, with a smaller proportion of amphib- curve_su%gests upward of 300 species

ians and reptiles. Those somewhat more confinedMP!Mca y).

to the basin assessment area (range category D) For the basin assessment area as a whole, most
are all mammals, and those most confined to the bird species were ranked as common, with fewer
basin assessment area (range category E) are anspecies uncommon or rare, fewer still as abun-
phibians and small mammals. dant, and the fewest as irregular (fig. 29)his

. , general bird abundance pattern also held for most
We were surprised to find so few vertebrates, es- of the five western states included in this part of

pecially species with small body size, to be local ;
or regional endemics, and so few vertebrates withthe assessment (Washington, Oregon, ldaho,

ranges mostly confined to the basin assessment
area. l.t IS ewden'g that the adm!mStratlve and hy- Highlands and Canada has the Okanagan Desert, but they do
drologic boundaries of the basin assessment aregginte a single shared ecosystem.

do not particularly circumscribe unique vertebrate;, If the abundance categories can be taken as approximate
Cr?mbmurlltles and species rajng“les'Jrlslis(s)f?caléseoctaves or geometric series, then the bird species

the basin assessment area Is “land-locked,” and  apyndance histograms match well those reported in other
much of its ecological character along the margin north temperate ecosystems, such as nesting bird species in
spills into adjacent areas, including the western Quaker Run Valley, New York (Krebs 1978:452). Such
slope of the Cascade Range in western Washing_s?emet;, abltJnldance pay:_erns are somewhat stable attributes
ton and Oregon, the Klamath Basin and Great ~ ©' continentaicommunities.

Basin in northern California and Nevada, the

6 Aword on spelling: the United States has the Okanogan
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Figure 24—Percentage of all vertebrate species by taxonomic class, showing proportion
of species’ range lying outside the basin assessment area (see fig. 23 for description of
species range categories).
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Figure 25—Number of bird species by abundance category (see text for definitions of
categories).



Montana, and Wyoming; data for Nevada and  As for breeding and migration status of birds

Utah were not available for those small portions throughout the basin assessment area, most spe-
present in the basin assessment area), with a fewcies are resident (36 percent) or summer breeders
deviations (fig. 26). Most of the irregular species (26 percent), with fewer species occurring as mi-

occur in western Montana, which is located
toward midcontinent and which picks up many
species found more commonly in other, adjacent
continental ecosystems. Examples of irregular
species in western Montana are McCown'’s long-
spur Calcarius mccown)j which is more of a
prairie species farther east, black-throated blue
warbler ODendroica caerulescepsvhich occurs

more commonly in Eastern U.S. states, and hoary.

redpoll Carduelis hornemanijiwhich is an ir-
regularly irruptive species from northern latitude
boreal and subboreal forests. On the other hand,
likely for the same reasons of being more central
in the continent, western Montana has the greate
number of abundant species, and northwestern
Wyoming has the greatest number of common
species in the basin assessment area (fig. 26).

grants (14 percent), winter only (7 percent), or
nonbreeding summer residents (2 percent) (the re-
maining 15 percent were not specified) (fig. 27).
Proportions of bird species in these breeding and
migration classes generally were consistent across
the states but with a decreasing proportion of
residents and increasing proportion of migrants
toward midcontinent (fig. 28).

Tallying number of bird species by abundance
status and by breeding and migration status
revealed interesting geographic trends by state
(fig. 29). Throughout the five states included in
Stpis part of the analysis, most of the abundant,
common, and uncommon bird species were resi-
dents and summer breeders. Far fewer abundant
bird species occurred in Idaho and Wyoming than
in the other three states. Rare bird species in-
cluded various mixes of breeding status categories
by state with no clear geographic pattern,

Text continues on page 48
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Figure 26—Number of bird species by abundance category

and U.S. state, within the

basin assessment area (see text for definitions of categories).
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Figure 27—Number of bird species by breeding status category, within the basin
assessment area (see text for definitions of categories).
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Figure 28—Percentage of bird species listed by breeding status category and U.S. state,
within the basin assessment area (see text for definitions of categories).
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Figure 29—Number of bird species listed by abundance category, breeding
status category, and U.S. state, within the basin assessment area (see text

for definitions of categories).
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Figure 29—continued

although Wyoming and Washington had more
rare migrants than did other states. Among all
five states, irregular species consistently com-
prised mostly migrants. Because of their geo-
graphic mobility, migrants, especially long-
distance migrants, are more apt to appear ir-
regularly in individual states than are birds of
other breeding status categories.

Brood parasitism—Among vertebrate parasites,
brown-headed cowbird$/olothrus ate) are nest
parasites of Neotropical migratory songbirds and
are a factor in their decline (Brittingham and
Tempe 1983, Rothstein and others 1980; see
Marcot and others 1997 for a list of host spe-
cies of the basin assessment area). Not all hosts
may respond the same, however. Uyehera and
Narins (1995) experimentally demonstrate that
willow flycatchers Empidonax trailli) can dif-
ferentially recognize female and male cowbirds
near their nests, and that the behavior of the fly-
catchers acts as a counteradaptation to thwart
brood parasitism.

Species function profiles—Numbers of species
with selected KEFs were tallied by terrestrial
vegetation community. We term these depictions
“species function profiles” (fig. 30), which depict
variations in functional redundancy among ter-

restrial vegetation communities (table 2). For this
analysis, we selected a range of KEFs that seemed
particularly pertinent to vertebrates and for which
variations in numbers of vertebrate species among
communities might prove instructive (table 8).

We explored patterns of two trophic relations
functions. The first was presence of heterotrophs
(table 8), which can include primary consumers
or herbivores, secondary consumers or primary
predators, tertiary consumers or secondary preda-
tors, omnivores, carrion feeders, cannibals, and
coprovores (feed on fecal material). As expected,
the number of vertebrate heterotroph species

did not differ significantly among terrestrial veg-
etation communities (fig. 31a) because hetero-
trophy is a generalized function of all vertebrate
species (380).

We then narrowed the focus to carrion feeders,
which include at least seven species: Great Basin
spadefoot$pea intermontanawhich also feeds

on insects, small invertebrates, and sometimes
each other (cannibalism); coyotggnis latrans,

an opportunist scavenger for which carrion is
most important during winter; wolverin&(lo

gulo); turkey vulture Cathartes aury whose
feeding behavior significantly contributes to de-
composition of carcasses; bald eadlal{faeetus

Text continues on page 52
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Figure 30—The general form of species function profiles show-
ing functional redundancy and total species functional diversity
in a community. Each of the KEFs in a community has a num-
ber of species with that function. Species function profiles are
graphs displaying the numbers of species with each specific
KEF across communities. Functional redundancy is the number
of species with a specific KEF in a given community. Total spe-
cies functional diversity is the number of KEFs times the mean
number of species per KEF (adapted from Huston 1994:5).

Table 8—@Codes used in the species function profiles (fig. 31) for key ecological functions (KEFs)
of specie

KEF code Description of KEF
1.2 Heterotrophic consumer (380)
1.25 Carrion feeder (7)
2.1 Ungulate herbivory (may influence rate or trajectory of vegetation succession and
presence of plant species) (15)
3.1 Nutrient cycling relations: aids in physical transfer of substances for nutrient
cycling (C,N,P, other) (32)
4.1 Interspecies relations: potential insect population control (22)
4.2 Interspecies relations: vertebrate population control (10)
4.3 Interspecies relations: pollination vector (6)
4.4 Interspecies relations: transportation of seed, spores, plant or animal disseminules (153)
4.8 Interspecies relations: primary cavity excavator in snags or live trees (17)
4.9 Interspecies relations: primary burrow excavator (fossorial) (39)
6.1 Soil relations: physically affects (improves) soil structure, aeration (typically by
digging) (10; combined with KEF 6.2)
6.2 Soil relations: aids general turnover of soil nutrients and layers (10; combined with KEF 6.1)
7 Wood relations (breaks down wood) (4)

& Total number of vertebrate species with each KEF within the basin assessment area is shown in parentheses. Taken from a
longer classification presented in Marcot and others (1997).
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Figure 31—Vertebrate species function profiles. These show the
number of vertebrate species that have specific KEFs, listed by ter-
restrial vegetation community, within the basin assessment area. See
table 8 for description of KEFs. (A) KEF 1.2 = heterotrophic consumer,
KEF 4.4 = transportation of plant or animal disseminules; (B) KEF
1.2.5 = carrion feeder, KEF 2.1 = herbivory; (C) KEF 3.1 = nutrient
cycling, KEF 4.1 = potential insect control, KEF 4.2 = vertebrate
population control; (D) KEF 4.3 = pollination vector, KEF 4.8 = primary
cavity excavator; and (E) KEF 4.9 = primary burrow excavator, KEF 6.1
or 6.2 = soil structure relations, KEF 7 = wood relations (breaks down
wood). Note that three terrestrial vegetation codes included in table 2
are not displayed here; these are urban, water, and rock-barren
communities.
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Figure 31—continued

leucocephalus which can also take live prey; brant Branta bernicld, snow gooseGhen
common ravenorvus cora¥, and gray jay caerulescerjs and Ross’ goose&Z( rossi).
(Perisoreus canadengjsan omnivore. Other ver- Montane volesNlicrotus montanusand mead-
tebrate species doubtless feed on carrion as well.ow voles M. pennsylvanicysan modify grass-
Presence of the seven species listed here was land structures through herbivory. Mule deer
more variable among terrestrial vegetation com- (Odocoileus hemionjiswhite-tailed deer@.
munities (fig. 31b) than was the general function virginianug, Rocky Mountain elk Cervus

of heterotrophy. The fewest number of carrion- elaphus nelsonjj and mountain goaOfeamnos
feeders—that is, the least functional redundancy americanuycan have major influences on com-
of the vertebrate community for this particular ~ position and succession of vegetation through
ecological function—occurred in early seral pon- herbivory. Mountain goats can alter alpine and
derosa pine forest and early seral subalpine foressome subalpine plant communities. Herbivores
vegetation communities, and reached its maxi- can also interact with pollinators and affect plant
mum in late seral forests and woodlands. reproduction and the evolution of plant traits

Herbivory is another subset of heterotrophy, and (Brody 1996).

an ecological function that displayed a profile dif- Another KEF is that of nutrient cycling relations,
ferent from that of carrion feeding. Herbivory particularly species that substantially aid in phys-
reached its greatest functional redundancy in earljcal transfer of substances for nutrient cycling.
seral montane forest and in upland shrub vegeta- Essentially, all organisms cycle nutrients. At least
tion communities (fig. 31b). As an ecological some 32 vertebrate species, however, affect nutri-
force, herbivory can alter the vegetation structure ent cycling substantially in their environments
and succession of habitats. For example, moose (see Marcot and others 1997 for discussion). The
(Alces alcesheavily browse early seral species  vertebrate species function profile for generalized
such as aspen and willow, which can result in in- nutrient cycling relations suggests a fair amount
creases of conifers in habitats otherwise domi-  of variability of functional redundancy among
nated by deciduous shrubs and trees (also see communities (fig. 31c). Communities with the
Pastor and others 1993). In semipalustrine habi- greatest redundancy in nutrient cycling func-

tats, plant communities can be altered by herbi- tions among vertebrate species include late seral
vory of several species of waterfowl, including  stages of most forest types, upland and riparian
greater white-fronted goosAirfser albifron$, woodlands, and early seral montane forest. Com-
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munities with the least redundancy include agri- Primary cavity excavators—mostly woodpeckers,
cultural, alpine, exotic, upland herb and shrub, nuthatches, and chickadees—number 17 species
and riparian herb and shrub communities, pos- (see Marcot and others 1997 for discussion) and
sibly because of overall lower vertebrate species showed by far the greatest variation in functional
richness in at least some of these communities. redundancy among vegetation communities of all
ecological functions explored here (fig. 31d). Pri-
mary cavity excavation reached its greatest redun-
dancy by far in all late seral forests and upland
and riparian woodland communities; and its
lowest redundancy in agricultural, alpine, exotics,
upland and riparian herbland, upland and riparian
shrubland, and early seral forest communities.

We developed species function profiles for six
categories of interspecies relations: potential in-
sect population control, vertebrate population
control, pollination vectors, transportation of
plant or animal disseminules, primary cavity ex-
cavation, and primary burrow excavation (fig.
31). Some 22 species of insectivorous amphib-
ians, birds, and mammals have the potential for Primary burrow excavators, a set of 39 species
controlling some nonirruptive insect populations; (see Marcot and others 1997 for discussion), also
some woodpeckers can dampen the amplitude ofshowed significant variation among communities.
irruptive insect populations (Koplin 1969). Func- The greatest functional redundancy was reached
tional redundancy of potential insect control was in early seral montane forest, upland and riparian
greatest in upland and riparian woodlands and shrub, and alpine communities, and the least func-
least in upland and riparian herbland, exotic, and tional redundancy was reached in late seral forest
agricultural communities. communities, a rather inverse pattern to that of
primary cavity excavators (fig. 31e). As with
invertebrate soil excavators, among vertebrates
the primary burrow excavators can be important
to soil turnover and mixing of organic matter.
Gophers, for example, can process an enormous
guantity of soil material. In one study in coastal
San Diego County, California, Cox (1990) found
that the total soil mined by pocket gophers
(Thomomys bottaén 10 Mlma -type mounds
amounted to 8.23 Mé-ha yr "L and subsurface
deposmon was 20.31 Mbha oyr L so that total
soil mining equalled 28.54 Mbha 'yr

Predatory activities of at least 10 speues can cont
trol vertebrate populations. The species include
five mammalian carnivore predators and two rap-
tors. Examples include American kestrea(co
sparveriug, which may aid in population control

of some insects and rodents, and American
badger Taxidea taxug which may help con-

trol ground squirrel populations. Redundancy

of vertebrate population control was less variable
among communities but reached its peak in up-
land and riparian shrub, upland woodland, early
seral montane forest, and—interestingly—

alpine communities; and was least in most mid  Finally, soil relations and wood relations showed
and late seral forest communities. relatively little variation in functional redundancy
among communities (fig. 31e). Soil relations
functions showed the greatest redundancy in early
seral montane forest, and upland and riparian
shrub communities, and the least redundancy in
early seral ponderosa pine forest and early seral
subalpine forest communities.

At least six birds—five hummingbirds and an
oriole—serve as pollination vectors for flowering
plants (see Marcot and others 1997 for discus-
sion). This species assemblage did not show
much variation in redundancy among vegetation
communities (fig. 31d). Another, much larger set
of 153 species serve to transport plant or animal What general trends can be summarized from the
disseminules; this set showed a fair amount of  patterns of these selected ecological functions?
variation in redundancy among communities, First, no one vegetation community harbors the
with the greatest redundancy (most species) in  greatest redundancy of all ecological functions.
early seral montane forest, upland shrub, riparian Most vegetation communities contribute to
woodland, and upland woodland communities, greatest redundancy of some specific ecological
and the least redundancy in early seral ponderosdunction. Thus, collectively, all vegetation com-
pine forest and early seral subalpine forest (fig. munities combined help provide for redundancy
31a). of all ecological functions. Exceptions seem to be
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agricultural and exotic (and urban) communities,
which typically provide poorly for most func-
tions explored here.

sity found in early seral montane forests than in
early seral stages of other forest types, but this
needs verification.

As a corollary, late seral forest communities seemWhich KEFs considered here are the most vari-

to provide the greatest redundancy in carrion
feeding, general nutrient cycling, and primary
cavity excavation functions. Late seral forest
communities provide poorly for vertebrate popu-
lation control and primary burrow excavation

able among terrestrial vegetation communities in
terms of number of vertebrate species (redundan-
cy of species)? The answer is found by plotting
the standard error (SE) of number of species
among vegetation communities for each KEF. Re-

functions, which reach their peaks of redundancy sults (fig. 32) show that, of the functions consid-

in other communities, principally early seral for-
est communities.

Alpine communities provide for high redundancy

in vertebrate population control and in primary
burrow excavation functions. Out of six mammal

species that regularly function as secondary bur-
row users (that is, use burrows created by primary

burrow excavators), however, only two species
(ermine Mustela erminepand long-tailed weasel
[M. frenatd) occur in alpine communities, and

these species occur widely throughout other veg
tation communities as well. Thus, although alpine

communities provide for high functional redun-
dancy of primary burrow excavation, it does not

provide for high redundancy of secondary burrow

use.

e-

ered here, primary cavity excavation is by far the
most variable in functional redundancy of species
among all terrestrial vegetation communities. This
means that only specific vegetation communities
are likely to support most of the species with this
function. The next two functions with high varia-
tion in redundancy are the carrion feeder function
and the primary burrow excavator function. Thus,
the vegetation communities in which these most-
variable functions occur are likely to be important
for maintaining these species’ ecological func-
tions within the basin assessment area. On the
other hand, KEFs with the lowest SEs include
transport of plant or animal disseminules, hetero-
trophic consumer, and pollination vector func-
tions. These are the least variable in redundancy
and the most reliable among communities; none

Upland and riparian herblands do not provide for of the vegetation communities is particularly crit-

maximum redundancy of any of the functions ex-
plored here. Upland and riparian shrublands pro-

vide for high levels of redundancy of herbivory,

ical for maintenance of these functions within the
basin assessment area (although specific com-
position of species with these functions may dif-

vertebrate population control, pollination, primary fer among communities).

burrow excavation, and soil-relations functions.
Upland and riparian woodlands provide for high
levels of redundancy of carrion feeding, general
nutrient cycling, potential insect population con-
trol, vertebrate population control, pollination,
and primary cavity-excavation functions. Thus,
shrublands and woodlands provide for comple-
mentary sets of ecological functions, just as do
late and early seral forest communities.

Early seral montane forest seems to provide for

Which terrestrial vegetation communities are the
most variable in terms of redundancy among eco-
logical functions? The answer is found by plot-
ting the SE of species richness (number of spe-
cies) among KEFs for each vegetation commu-
nity. Results (fig. 33) suggest that early seral
montane forest has the greatest variation, and
three communities (mid seral montane forest,

mid seral ponderosa pine forest, and mid seral
subalpine forest) have the least variation in re-

an anomalously wide array of conditions and eco-dundancy among the ecological functions dis-

logical functions of all forest types in the basin

cussed above. This does not mean that low-

assessment area. It provides for high redundancyvariation vegetation communities contain all

of general nutrient cycling, vertebrate population
control, pollination, primary burrow excavation,
and soil-relations functions, whereas early seral
ponderosa pine forest and early seral subalpine
forest communities do not. This may have to do
with the overall greater habitat and biotic diver-
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KEFs, but only that the functions they do provide
for tend to vary the least in number of species per
function; there is a greater “evenness” (relative
proportion) but not necessarily “richness” (num-
ber of different kinds) of species’ ecological
functions.
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Figure 32—Variation in functional redundancy of KEFs among terrestrial vegetation communities,
displaying SE of number of species among vegetation communities, by KEF. Greater SE values
denote greater variation in functional redundancy among communities (see fig. 31 and table 8 for
descriptions of KEF codes).

Overall, it is unclear how the degree of func- etation communities of the basin assessment area
tional redundancy of KEFs, either among speciesby using the ecological functions discussed above.
or among vegetation communities, specifically  Over all communities, the greatest vertebrate
affects long-term resiliency of ecosystems to per-functional diversity is found in early seral mon-
turbations of the environment and to perturba- tane forest, followed by upland woodlands and
tions of species community structures. A working riparian woodlands, and upland shrublands. His-
hypothesis might suggest that a greater redun- torically, most vegetation cover types associated
dancy promotes greater resiliency in ecosystem with early seral montane forest and upland wood-
ecological processes to stochastic environmentallands have increased in total area in the inland
events and to short-term or localized losses of  West since early historic times, whereas those of
some species. This, however, is largely unstudiediparian woodlands and upland shrublands have
in the basin assessment area. Our approach pro-decreased. Vertebrate species within these cover
vides an analytic framework and a repeatable  types have shifted in relative abundance even if
means of posing such testable hypotheses on  vertebrate functional diversity has remained more
ecosystem processes and functional redundancy constant.

among communities. The lowest vertebrate functional diversity is

Total species functional diversity—Huston found in early seral ponderosa pine forest, early
(1994) characterized total species functional di- seral subalpine forest, and agricultural lands
versity as the number of different ecological func-(fig. 34). The vegetation cover types associated
tions performed by all species in a community  with early seral ponderosa pine forest communi-
times the mean number of species per function. ties have decreased in area since early historic
Figure 34 presents estimates of total species func-

tional diversity of vertebrates for terrestrial veg-
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Figure 33—Variation in functional redundancy of KEFs among functions, displaying SE of number
of species among KEF, by terrestrial vegetation community. Greater SE values denote greater
variation in functional redundancy among KEFs (see table 2 for descriptions of terrestrial
vegetation communities).

times; those associated with early seral subalpinesity presented here must be interpreted only as
forest communities have both increased and de- broad-scale geographic and macroecological
creased; and agricultural lands have greatly in- trends and not interpreted as evidence for allow-
creased. Interestingly, exotic vegetation com- ing any particular species loss or replacement in
munities do not rank particularly low in overall communities.

vertebrate functional diversity (fig. 34), although . . .
there are many vertebrate species that do not findClimate Change and Species at Risk
suitable conditions in such habitats (Marcot and
others 1997). Thus, levels of vertebrate func-
tional diversity among vegetation comunities are
complementary to—not coincident with—patterns
of vertebrate species diversity (see Marcot and
others 1997 for species diversity descriptions).

Results of climate change modeling suggest po-
tentially complex local and regional climate re-
sponses in the basin assessment area (see Hann
and others 19978)Potential changes in climate
patterns among geographic locations within the
basin assessment area are not consistent in in-
To what extent can we expect functional redun- dicating warming and drying trends, as suggested
dancy among vertebrate species with the same by Covington and others (1994) for the inland
KEF? This question was addressed by Marcot

and others (1997) who conclude that general 8 Output from only one climate model—RegCM2, a
functions, such as herbivory, cavity excavation, regional climate model linked with a general circulation

and pollination, might be considered redundant if model to test regional responses to 2xS9s currently
performed by ifferent species, but because cach e o e et
SPECIES has its unique combination of habitat as- of that model along with knowledge of patterns that control
sociations and life history patterns, no two spe-  regional climate.

cies can be expected to be exactly interchange-

able. Thus, patterns of species functional diver-
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Figure 34—Total species functional diversity (number of KEFs per community times the mean
number of species per function), by terrestrial vegetation community of the basin assessment
area (see table 2 for description of terrestrial vegetation communities).

West;g and by general circulation models for bo- changes and species-specific vegetation response
real forests of high latitudes. The growing seasonin the basin assessment area are poorly known
could become +1C warmer with slightly greater and not well modeled.

spring precipitation (+5 percent) and slightly less
autumn precipitation (-5 percent). Above 1000 m
elevation, however, winter might experience
slight cooling (-1°C minimums and -2.8C max-
imums). This, along with significant increases in
winter precipitation (+30 to 50 percent) could
result in increased snow depth at high elevations,
although the general circulation models reported
by Covington and others (1994) suggest overall
regional warming trends. Below 1000 m eleva-
tion, winter might experience significant warming
(up to +3°C minimums and maximums) (see
footnote 2 in chapter 3).

Given this uncertainty, we inspected the potential
response of species to one possible aspect of
climate change, namely, high-elevation warming
during the growing season. Knoll (1984) noted
that the effect of climatic change on extinctions

of plant species depends less on absolute changes
of mean annual temperature and precipitation, and
more on successful migration of populations over
generations to suitable areas. If suitable areas

do not exist, such as caused by warming trends
pushing upper elevation climate and life zones
into more restricted distributions (that is, into
areas of barren rock or ice, or even off the tops
Over all elevations, temporal changes in temperaof mountains), or if access to suitable areas is

ture and precipitation would not occur smoothly. blocked by dispersal barriers, then local extinc-
Thus, individual plant species adversely affected tion rates greatly increase. We do not know how
would be those unable to adapt to changes or in- these factors specifically will play out in the basin
creases in interseasonal and interannual variatiorassessment area under climate-change scenarios,
in temperature and precipitation. Mostly, climate but we can surmise some general possible out-
comes for upper elevation communities.
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Upper elevation vegetation communities, particu- ination of these communities and closely associ-
larly alpine tundra and subalpine forest communi-ated species. Mehringer (n.d.) notes that, because
ties, may experience higher summer temperaturesf great topographic relief in the Columbia River
and precipitation regimes. Under the “individual watershed, even slight changes of temperature
response” hypothesis (Gleason 1926, Grime regimes and vegetation response can have a great
1977), plant species would respond individually influence on total areas of vegetation types.

and differently to climate changes (Covington and
others 1994, Mehringer, n.d.). Mehringer (1995,
n.d.) notes that upper elevation vegetation can
respond rapidly to climate change; spru&eéa

spp.) and subalpine finpies lasiocarppabove changes. The degree of risk depends on how

treeline in the Canadian Rocky Mountains . ; >
showed rapid upslope advancyes t0 >110 m abovequ'Ckly the climate changes, how variable the

: climate becomes during the change period, and
ggisgﬂht;ﬁ'iﬂenzgtrvieggogﬁg?saggosgggpyiﬁa;ﬁ d how well individual species can respond to such
' . ' variability either through genetic plasticity or by
others (1995) note that arctic tundra has re- : . .
. . changing aspect, elevation, or topographic loca-
sponded to climate changes by altered nutrient . : .
a€ailability growth-form gompgsition net tion, as was found for Mojave species (Spaulding

. . O and others 1983). Topographic situation—such
primary production, and species richness. as mountain tops or upper elevation zones—may

Alpine tundra and subalpine forest communities not be limiting if changes occur slowly enough to
currently are distributed among many mountain permit plant species to respond. One example of
ranges with differing degrees of geographic isola-a hot spot of biodiversity in upper elevation or
tion (fig. 35). At present in the basin assessment mountain settings is the eastern edge of the north-
area, alpine tundra covers 95 100 ha (83 percent ern Cascade Range of Washington. In this area,
of this occurs on BLM or FS lands and 17 percentglaciated landscapes, rounded peaks, high eleva-
on other lands), and subalpine vegetation com- tions, and subalpine climates provide for unique
munities cover 6 633 600 ha (94 percent of this assemblages of amphibians and large carnivores,
occurs on BLM or FS lands and 6 percent on in contrast with the surrounding landscapes, and
other lands). Upward elevation shifts of these hold wetlands, bogs, and meadows that house
communities may result in increasing isolation of many rare plants. Another biodiversity hot spot
closely associated plant and animal species, re- in mountain top settings is Glacier National Park
duction in overall distribution and area of occur- and the higher elevations of Flathead National
rence in the basin assessment area, and local elirrorest in northwestern Montana, where rare large
carnivores and intact rare plant communities
5 occur in relatively undisturbed and isolated sub-
Covington and others (1994:45) report that “general alpine and alpine Rocky Mountain environments.
circulation models (GCM) predict an increase of 1.52€5 Three examples of hot spots of species rarity and

in mean annual temperature within the next 30 to 50 years.... demi - tain t ti inoO
Actual meteorological records for the 1980 decade endemism in mountain top settings in Uregon

Some of the hot spots of biodiversity and species
rarity and endemism identified in Marcot and
others (1997) occur on isolated mountain tops,
and thus may be at risk from rapid climate

and for the century indicate the Inland West region is include the crest of the Umatilla Mountains,
particularly vulnerable to global warming and to extreme ~ where many west-side species are isolated and
moisture stress.” Results of the regional climate model disjunct on these mountain tops; Wallowa Moun-
simulations conducted for the present study, however, tain peaks and Sacajewea peak, which hold dis-
suggest a more complex picture for the basin assessment . . ’ .

area (see footnote 2, chapter 3). The difference between theJunCt ROCky_Mountam a:nd boreal spemes, and
model predictions may be because of the difference in the Three Sisters area in Deschutes National For-
spatial resolution of the models. Covington and others do  est, which has unique volcanic substrates and
concur with transition conditions to a new, future geologic landforms that house locally endemic
equilibrium of (debatably) higher temperatures being plants. Other examples are listed in Marcot and

marked by extreme climatic variability and discontinuities.

Obviously, the final word on climate modeling and regional
effects has not been written, and much work remains to be
done, particularly in reconciling general circulation climate
models with regional climate models.

others (1997).

Other ecological aspects of upper elevation com-
munities may be affected by shifts in precipita-
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Figure 35—Current distribution of alpine tundra and subalpine forest communities in the
basin assessment area.

tion, temperature, or disturbance (especially fire) disturbance patterns, and potential community
regimes (Tausch and others 1993). As comparedresponse, are likely to be complex.
with lower elevation forests, subalpine forests
are characterized by colder annual temperatures,
heavy winter snowpacks, forest floors as impor-
tant “sinks” of total ecosystem nitrogen (“loose”
nitrogen cycles), greater importance of mycor-
rhizae in nutrient uptake, slower growth rates of
trees, greater carbon allocation to root biomass,
long retention of foliage, and long lifespan of
trees (Vogt and others 1989), as well as high ar-
boreal epiphyte loads and occurrence of some
closely associated plant and animal species, in-
cluding endemics. Some of these characteristics
particularly nitrogen sinks, retention of foliage,
and lifespan of trees, may help buffer otherwise
T emonemem oneons g S 2plant groups,and 11 vascuarplan specis.
change. But other characteristics, particularly MY~ uporession activities émd changes in the sea-
corrhizae importance, and occurrence of close soﬁglity of prescribed ’and naturaﬁ fires—all of
?ssomat@ ?nd enderr_ucs,.may |mpede quick which may occur from regional changes in
adaptation” to new climatic and disturbance re- - . o, 0 o o results
gimes. Overall, potential changes in climate and '

Local climate changes in lowland environments
also may result in changes in fire regimes. Plants
that respond differently to occurrence, intensity,
frequency, and seasonality of fires likely would
show differential increases or decreases under
changing fire regimes. Marcot and others (1997)
present a list of rare or potentially rare plants of
the basin assessment area showing their orienta-
tion to fire regimes; this list can be consulted to
hypothesize how species might respond. Results
are quite mixed. For example, overstory lethal
'fires may benefit 7 lichen groups, 9 plant groups,
and 9 vascular plant species, but harm a different
set of 5 bryophyte groups, 11 lichen groups,
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Figure 36—Vertebrate species at risk of regional warming trends, through decreases in total area of alpine
tundra. Species shown are closely associated with alpine tundra vegetation communities (that is, occur in
alpine tundra and <20 percent of all 44 vegetation cover types) in the basin assessment area.

Invertebrate responses to changes in fire regimesbirds, and 25 mammals—are associated with

is poorly studied and largely unknown, except  alpine tundra communities. Many of these species
for forest insect pests (Hann and others 1997).  also occur in other vegetation communities. Eight
Among vertebrates, stand-replacing fires can cer-of these species (5 birds and 3 mammals) are
tainly change community composition. Hutto closelyassociated with alpine tundra com-

(1995) documented differential response by bird munities (that is, occur in <20 percent of all 44
species to stand-replacement fires in the northerrvegetation cover types) (fig. 36) and thus may be
Rocky Mountains, and noted that one species— at greatest risk from warming trends. Of these
black-backed woodpeckédricoides arcticup— eight species, white-tailed ptarmigdragopus

was nearly restricted to sites with standing fire- leucurug is found solely in alpine tundra, and
killed trees. Hutto also listed other bird species American pipit @nthus rubescehsccurs in only
that may benefit over the long term from stand-  one other vegetation cover type (that is, occurs in
replacement fires. <10 percent of all 44 vegetation cover types).
Ptarmigan and pipits are especially vulnerable to

In some settings, vertebrate species may show ; . e
9 P y changes in alpine tundra communities.

clearer responses to changes in climatic condi-
tions than would plants. We identified vertebrate Subalpine forest communities are potentially
species closely associated with upper elevation vulnerable to upper elevation warming trends
vegetation communities and thus possibly at (Graumlich 1991, Romme and Turner 1991,
greatest risk from upward altitudinal shifts of Schullery 1995), although Peterson (1995) reports
these life zones. In the basin assessment area, that subalpine forests have been increasing in the
some 53 species—5 amphibians, 1 reptile, 22  West because of warmer climates. Peterson
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Figure 37—Vertebrate species at risk of regional warming trends, through decreases in total area of subalpine
forests. Species shown are closely associated with subalpine forest vegetation communities (that is, occur in
subalpine forests and <20 percent of all 44 vegetation cover types) in the basin assessment area.

(1995) also concludes that growth response of A total of 205 vertebrate species—20 amphibians,
subalpine forests varies considerably according 6 reptiles, 106 birds, and 73 mammals—are asso-
to geographic climate settings and microsite con- ciated with subalpine forest communities. Of
ditions. In the basin assessment area, subalpine these, 36 species (8 amphibians, 16 birds, and 12
forest communities include Engelmann spruce  mammals) areloselyassociated with subalpine
(Picea engelmannjiisubalpine fir forest, moun-  forest communities (that is, occur in <20 percent
tain hemlock forest, whitebark pine forest, and  of all 44 vegetation cover types) and thus may be
whitebark pine/subalpine larch forest cover types.at particularly greater risk from upper elevation
Whitebark pine forest may be particularly vulner- climatic warming (fig. 37). Of these 36 species,
able to climatic warming. Schullery (1995) pro- 13 occur in few other vegetation types (<10 per-
jected that existing whitebark pine in Yellow- cent of all 44 vegetation cover types) and are
stone National Park could decline by about 90  particularly vulnerable. Among these 13 highly
percent under a modest increase in warmth and vulnerable species, the salamanders include the
dryness (also see Whitlock 1993). regionally endemic Cascade torrent salamander
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and Dunn’s salamander, and the locally endemic (< squirrel size) that are habitat generalists (oc-

Larch Mountain salamander; the birds include
spruce grousedendragapus canadengjdoreal
owl (Aegolius funereysblack scoterflelanitta
nigra), surf scoter 1. perspicillatg, white-
winged scoterNl. fuscg, oldsquaw Clangula
hyemali3, three-toed woodpeckePicoides
tridactylug, and boreal chickade®drus
hudsonicuy and the mammals include black-
tailed deer ©@docoileus hemionus columbianus
and California myotisNlyotis californicu3.

The three aforementioned regionally or locally

cur in=50 percent of all 44 vegetation cover
types): deer mous®éromyscus maniculatys
Columbian ground squirreSperm ophilus
columbianuy, golden-mantled ground squirrel
(S. lateralig, long-tailed vole Microtus
longicaudu$, and masked shrevrex
cinereus.

The converse of these criteria might describe
mammal species more ecologically at risk of
climate-induced changes in alpine tundra habitat.
These species include big mammals (> squirrel

endemic salamanders may be the most vulnerablgjze) over small mammals, habitat specialists
of all 13 species in terms of changes of subalpine (<50 percent of all 44 vegetation cover types)

forest communities within the basin assessment

over habitat generalists, and habitat generalist

area. The three aforementioned scoters occur in carnivores over similarly sized habitat generalist
the basin assessment area as occasional migrantgerhivores. In the basin assessment area, the one

the surf scoter is an occasional winter visitor,
although the white-winged scoter has been re-

at-risk mammal of alpine tundra fitting these cri-
teria is wolverine.

corded nesting in northeastern Washington. There

is likely very little danger to the viability of any
of the overall populations of scoters caused by

Neilson (1991, 1993) and Noble (1993) note that
ecotones between biomes may be sensitive areas

habitat changes within the basin assessment ared© climatic change and therefore useful for moni-

Black-tailed deer ranges mostly west of the
Cascade Range and occurs in the basin assess-
ment area only along the high Cascade Range.

toring change. Specifically, two types of change,
boundary shifts of regions and physiognomic
shifts within regions, are potentially independent

Climate change might reduce the area of suitable because of differential species responses. Each

habitat for black-tailed deer within the basin as-

type of change may require different strategies

sessment area, although they likely would persist for monitoring.
west of the crest of the Cascade Range. The rest The response of p|ant’ invertebrate’ and verte-

of the subalpine forest community species listed
above occur more regularly or more extensively
within the basin assessment area.

We expect that increasing isolation of upper ele-
vation environments might result in differential
local isolation or extinctions of some animals,
much as past rising temperatures likely drove

brate communities to any directional changes in
climate regimes likely will be made by individual
species rather than by entire communities. In
some cases, however, coadapted species com-
plexes may suffer greater disruption than indi-
vidual species’ habitat associations may suggest.
These complexes may include insect-plant polli-

some mammal species and their habitats upslopenation relations, invertebrate phoresis (especially

into disjunct distributions on mountaintop islands
in the Great Basin (Diamond 1984). Likely survi-
vors would include small mammals over big
mammals of the same trophic status and habitat
preference, habitat generalists over habitat spe-
cialists, and habitat generalist herbivores over
similarly sized habitat generalist carnivores (Dia-

dependence on other organisms for dispersal),
mychorrhizal fungi-tree relations, and other
mutualistic, commensal, and symbiotic relations.

For example, Clark’s nutcrackddcifraga
columbianais a key element in regeneration of
whitebark pine—on the decline in the assessment
area—~by caching (burying) seeds in the ground.

mond 1984). In alpine tundra communities in the  Clark’s nutcracker occurs in 16 vegetation cover
basin assessment area, such likely survivors might

include the following herbivorous small mammals
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types in the basin assessment area. It is unclear through the plant into the soil, the tightness of the
how complex shifts in plant species, vegetation carbon cycle, and its sub-

cover types, and disturbance regimes resulting sequent transformation in the soil by micro-

from climate change might affect Clark’s nut- organisms.

cracker populations. Wells (1983) hypothesized
that Clark’s nutcracker (along with pinyon jay
(Gymnorhinus cyanocephalisnight have fa-
cilitated brisk redistribution of pinyon pin€inus
edulig in the intermountain West following rapid
Holocene (Recent) climate changes. However, if
local, high-elevation populations of Clark’s nut-
crackers bedcomg (rjedlIJ_ced and iscl)lated bfecause qﬁaleoecology and Trends in
warming-induced declines in total area of mon- .

tane and subalpine forests (the species does not Vertebrat_G_ SpeC|eS and )
typically occur in alpine tundra communities or - Communities of the Basin
much below montane forest zones), there may beAssessment Area

a compounding adverse affect on whitebark pine

redistribution and viability (see Marcot and others it
1997 for further discussions of other vertebrate Late Quatemary Conditions and

species relations). Changes of the Basin Assessment

Another relation that might complicate species Area

response to changing climatic and disturbance  The Quaternary period (Pleistocene and Holocene
regimes is that of mycorrhizal fungi, their host  [Recent] epochs of 1.64 million years ago to the
tree species, and soils. Disturbances that reduce present) represents a time of remarkably variable
aeration or soil organic matter reduce mycorrhizaklimates and biota in the inland West (McDonald
activity (Amaranthus and Perry 1994). Reduction 1984, Robbins 1993, Robbins and Wolf 1994).

in mycorrhizae reduces growth of many species Climate cycles during this period were a major

of trees and retards productivity of soils. Some  force in the evolution of plant response to change,
studies suggest that sites with harsh, continental so that, according to Tausch (1993), current plant
climates (such as parts of the basin assessment communities today may be far less stable than

area) may have lower fungal diversity than they appear to be from our perspective.
marine, coastal climates, and thus may be poorly

buffered against changes in fungus populations ~ USing pollen records from the late Quaternary,

caused by disturbance (Powers 1989) or by ad- Mehringer (1985) reconstructed the following
verse climate change. vegetation changes in selected sites of the inland

) _ West. Pollen sequences from the Holocene sug-
Climate change also has the potential to alter de-gest fluctuations in vegetation resulting from
composition processes in grasslands and coni-  short, acute climatic changes and from fire and
ferous forests (Anderson 1991, Breymeyer and  yolcanic episodes. Continental ice, alpine gla-
Melillo 1991, Esser 1992), plant respiration ciers, and vast pluvial lakes had covered much of
(Ryan 1991), phenology and growth of alpine  the area during the last glacial episode. Most of
vegetation (Walker and others 1994, 1995), bog the northern Great Basin and adjacent provinces
formation (Foster and Wright 1990), and the role \yere covered by cold sagebrush-steppe conditions

of soil in carbon sequestration (Van Veen and  wjth montane conifers growing at lower eleva-
others 1991). Van Veen and others (1991) report tions than they occur today.

that an increased level of GQa so-called ]
“greenhouse gas”) in the atmosphere likely will  Then, before 9,000 years ago during the early

result in an increased input of organic carbon ~ Holocene, a warming trend caused shrinking
into the soil because of the expected increase in 12kes, wasting glaciers, and catastrophic flooding

In this section, we have discussed potential future

changes of terrestrial ecological communities and

processes resulting from climate shifts. In the next
section, we peer backwards and discuss prehistor-
ic changes in climates and in the diversity of

biota.

accumulation of greater amounts of organic buffalo-berry Shepherdia canadengis.) Nutt.)
carbon in soil depends on the flow of carbon increased and forests spread northward, while
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sagebrush-steppe spread southward as montaneacross the Bering land bridge to the area during
forests retreated to upper elevations. Douglas-fir this time included bisorBison), mountain sheep
began its spread to become a dominant element (Ovis), muskox Ovibog, moose Alceg, lion
in conifer forests (Hermann 1985). (Pantherg, and humansHomo sapiens(Pileou
1991). Climatic fluctuations served to blend
igtas during this time, mixing these newcomer
migrants with the existing resident saber-
oothed cat, dire wolf@anig, horse, mammoth,
many squirrels (sciurids), New World rodents

By 7,000 years ago, conifer forests lost ground to
grasslands and sagebrush, and shadscale and s
brush communities replaced grasslands. By 5,403
years ago, this trend slowed, and by 4,000 years
ago, it reversed. A moister maritime climate de- o7 ;
veloped in northern Idaho by 2,500 years ago or (fgécze)tlds), and bovids (Potts and Behrensmeyer
sooner, and fire regimes changed (Mehringer :

1985). By the late Quaternary, lodgepole pine  In the late Pleistocene, large mammals suffered
had spread north from Pleistocene glacial refugeswaves of extinctions between 15,000 and 9,000
farther south (Critchfield 1985). Relict lodgepole years ago. This “megafaunal extinction” took out
pine populations persisted in the Rocky Moun- mammoths, mastodonts, gomphotheres, saber-
tains (MacDonald and Cwynar 1985). Eventually, toothed cats, dire wolves, horses, sloths, camels,
Douglas-fir became an important part of North- and many species of bears, deer, antilocaprids,
western forests during interglacial periods of the and others. It may be important to understand the
Quaternary (Hermann 1985). reasons for these extinctions—as yet, they are not
fully understood—to better interpret potential
effects of our modern day changes in climates
and habitats. Causes of the megafaunal extinction
episodes have been variously attributed to human
hunting, climate changes and associated habitat
shifts during the early interglacial periods, inter-
specific competition, and differential resorting of
species into increasingly disjunct communities
(Martin and Klein 1984).

The Quaternary fauna—known mostly from
mammal records—was characterized by the
spread of many large mammals throughout the
inland West, as summarized by Potts and
Behrensmeyer (1992). These included genera
(1) now globally extinct, such as the mammoth
(Mammathuy the bovidSoergeliaand saber-
toothed cat$milodon; (2) extinct from the basin
assessment area but persisting today elsewhere,

such as jaguaP@ntherg; and (3) persisting Glacial cycles in the Holocene caused many
within the basin assessment area to this day, in- mammalian taxa to separate in distribution as
cluding wolf (Canig, mustelids (including er- habitats became more patchy and disjunct and
mine), mooseAlceg, caribou Rangife), horse as mammal species responded individually to
(Equus, cricetid rodents of gen@lethrionomys  changing environments (Potts and Behrensmeyer
hare Lepug, and vole Microtus). Five Quater- 1992). The resulting communities have been

nary families of artiodactyls occurred, including called nonanalogue communities or disharmoni-
bovids, camelids, and antilocaprids, as wellas  ous faunas. Such faunas had high beta diversity
xenarthrans, including glyptodonts, armadillos, of species among geographic locations, such as

and ground sloths. Proboscideans included different mountain ranges. Some authors attrib-
gomphotheres and mastodonts in addition to uted these changes and the persistence of non-
the mammoths. Cricetid rodents underwent analogue communities to periods of more equable

exceptional adaptive radiation during the Plio-  climates (Potts and Behrensmeyer 1992).
Pleistocene as savanna and grassland ceded to

steppe environments. Several important lessons for interpreting

present-day biota in the basin assessment area
During the Pleistocene, rodents diversified, while can be learned from this brief review of Quater-
other groups (proboscideans, perissodactyls, nary period changes over the span of a dozen
xenarthrans, and camelids) reduced. Immigrants millennia:

1. Climate shifts have occurred unpredictably and
have signalled great changes in both distribution
and species composition of floras and faunas.

64



2. Episaodic extinctions of at least large mammals projections of historic vegetation conditions
have occurred, perhaps associated with climate (Hann and others 1997).

change, human hunting pressure, or other factorsz- An explicit test is needed of the null hypoth-

3. Differential extinctions and originations esis that there is no long-term (Holocene or Qua-
(speciation and immigration of existing species) ternary) set of repeating conditions of climate and
have occurred mostly with unpredictable patternsvegetation patterns within which an idealized,

but over periods of millennia. Examples are the stable range of natural variability (sensu Morgan
great reduction in artiodactyls (especially horses)and others 1994) can be estimated. This hypothe-
and the increase in diversity of cricetids (mice  sis can be tested by calculating a running SE of
and rats) and sciurids (squirrels and chipmunks). climate parameters or vegetation conditions (as
taken from pollen profiles), as a function of time,
and determining if it reaches an asymptote, thus
signifying a stable range of natural variability.

4. Separation and isolation of species because of
climatic shifts resulted from differential response
and sorting by species during periods of climate
change and equilibration. The first question above is important in determin-

, , , _ing if the range of historic conditions truly pro-
At least as a working hypothesis, we might con vtj;des for environmental conditions in which spe-

jecture that today’s biotas of the basin assessmelt . immigrated or evolved, and in which com-

area might respond with such similar, general pat-__ "~ ... ST
4 : . ’ munities developed. The second question is im-
terns to increasing environmental pressures, P q

changing habitats, and potentially shifting cli- portant for testing the very concept of range of

mates. Unknowns in this hypothesis include (a) natural variability.

rates of response of species, assemblages, and Assuming that understanding the past and present

ecological communities, which may be unable to helps us project the future, additional work on the

adequately respond and thereby might vanish; (b¥ollowing ecological topics would prove useful:

species-specific changes that may ensue, althou

we can now draw from databases on species-

environment relations to begin to frame specific

predictions (for example, see the section above

on potential near-future climate change); and (c) 2. Identify evolutionary adaptations and selection

how effects of human activities might compound mechanisms during the Quaternary, including

with background natural variations in climates  allopatric speciation, character divergence among

and environments in affecting species and ecologsympatric species, isolating mechanisms, and spe-

ical communities. In this vein, historic and cur-  cies swamping.

rent human activities of greatest concern on Fed-

g_ral lands mcIud_e short-term c_hanges of natural standing adaptations, including hybridization
isturbance regimes such as fire, and human (Samson and Knopf 1994)

activities directly affecting populations or hab- '

itats including hunting, urbanization, livestock 4. Study development of keystone roles of species

grazing, mining, and timber harvesting. and their expression in changing environments

and communities.

gﬂ Identify Quaternary source pools of species,
zones and directions of spread of species, and
species dispersal dynamics, rates, and barriers.

3. Study reproductive ecology pertinent to under-

Two still-unanswered questions about climate
change during the Quaternary within the basin 5. Identify changes in endemism by taxonomic
assessment area may prove of interest to level and proportion of taxa, and mechanisms
management: causing endemism (such as Pleistocene refugia,
allopatric or sympatric speciation, and isolation
by physiographic conditions such as montane
islands, flood-carved gorges, and scabland
landscapes).

1. An explicit test is needed of the null hypothesis
that the range of historic conditions (past 50 to
200 years) does not reflect the range of prehis-
toric (Holocene) conditions, in terms of climate
and vegetation. To test this hypothesis, one might
use pollen diagrams of vegetation change (for ex-
ample, Mehringer 1985) as compared with the
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Tertiary Biota and Comparison With Extant Many other ancient families are still extant in the
Vertebrates in Eastern Oregon basin assessment area even though none of their
Tertiary genera has survived. These ancient
families, listed in table 10, include those given
above as well as additional families of turtles,
lizards, avian raptors, marsupials, carnivores,
horses, pronghorns, rodents, and rabbits.

Work at John Day Fossil Beds National Monu-
ment has described the ancient (pre-Pliocene
epoch, Tertiary period) flora and fauna of eastern
Oregon (Retallack and others 19égﬂ'he beds
occur in several arms of the John Day River sys-
tem in what is now mainly grazed rangeland, ag- In comparison, the total extant mammal fauna
riculture land, and some sagebrush-steppe habitabf the basin assessment area consists of 8 orders,
Fossil records from the beds span more than 40 24 families, 67 genera, and 132 species (fig. 38).
million years and date from 45 to 5 million years Compared to all mammalian fossil taxa dis-

ago. Although a few amphibians, reptiles, and onecovered at John Day Fossil Beds, the number of
raptor have been identified in fossil records at theextant orders is 67 percent of the total number of
beds, the most diverse fossil evidence is that of Tertiary orders; families are 51 percent; genera
medium- to large-sized mammals. At the beds, are 43 percent, and species are 44 percent. In
some 12 orders, 47 families, 155 genera, and 298terms of taxonomic richness (number of taxa),
species of mammals have been identified span- then, the Tertiary mammal fauna was far richer
ning the 40-million-year period (fig. 38; see than that at present, at all taxonomic levels.

footnote 10). This comparison, however, is uneven in several
Of these Tertiary taxa, 8 orders (67 percent), ways. (1) The fossil record differentially pre-

16 families (34 percent), 5 genera (3 percent), anderves evidence of species with various life forms,
no species (0 percent) remain extant in the basin body size, and habitat associations. For example,

assessment area (fig. 39). The Tertiary mam- bats are represented by only a single species in
mal genera still exant from the Tertiary are two  the fossil records of the beds, whereas the current
carnivoraMartes(Mustelidae) andCanis bat fauna includes some 15 species; more than a
(Canidae);two rodentia“Sciurus” and single species probably existed prehistorically,
Spermophilugboth Sciuridae); and a chiropteran but other species have not been preserved or
bat,Myotis (Vespertilionidae). In addition, still detected yet in the fossil record. As well, rare spe-
extant in the basin assessment area are the cies probably often go undetected in fossil records

amphibian (frogRana(Ranidae), and the turtle  (Koch 1978). (2) The mammalian fossil records
ClemmygTestudinidae). The current species at the beds represent an enormous span of time as
found within the general basin assessment area reompared with today’s “snapshot,” which is taken
presenting these ancient forms are listed in table over a much broader geography of the basin as-

9. These are taxa of particular paleoecological sessment area. Results of the above comparisons
interest because of the antiquity of the genera.  would be even more exaggerated if confined to
Fossils of all these ancient genera were taken  just the extant sagebrush-steppe fauna, because

from formations representing the mid-late the current local biota of just the sagebrush-steppe
Miocene (8 to 6 million years ago), the most environment of eastern Oregon is substantially
recent of the Tertiary formations in John Day less diverse than that of the full basin assessment
Fossil Beds. An exception waS¢iurus; which area. (3) Taxonomic problems of comparison

came from the much older formations spanning include the fact that species are more difficult
the late Eocene, Oligocene, and early Miocene  toidentify in the fossil record than are orders or
(39 to 20 million years ago). In additio@lemmys families, and prehistoric morphospecies do not
andMartesalso were found in formations from  exactly coincide with current species in terms
the mid-Miocene (15 to 12 million years ago). of equivalent systematics. Still, the differences
between prehistoric and extant number of taxa

10 personal communication. 1996. T. Fremd, John Day
Fossil Beds National Monument, John Day, Oregon.
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Figure 38—Biodiversity (number of taxa) of prehistoric (Tertiary) mammals of
John Day Fossil Beds, eastern Oregon; and extant (still living) mammals of the
basin assessment area. (Source of Tertiary biodiversity information: see
footnote 10 in chapter 4.)
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Figure 39—Biodiversity of prehistoric (Tertiary) mammals of John Day Fossil
Beds, eastern Oregon, showing number and percentage of prehistoric taxa
persisting to the present.
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Table 9—Currently extant species or subspecies of vertebrates occurring in the basin assessment
area that are represented by Tertiary genera discovered in John Day Fossil Beds National
Monument, eastern Oregon, including the formation in which each genus was discove

Tertiary genus Extant species or subspecies Order, family Forrfiation

Rana R. aurorared-legged frog Anura, Ranidae A
R. boylii, foothills yellow-legged frog

R. cascadaeCascades frog

R. catesbeianaullfrog

R. clamitansgreen frog

R. luteiventris spotted frog

R. pipiensnorthern leopard frog

R

. sylvaticawood frog

Clemmys C. marmoratavestern pond turtle Chelonia, A, B
Testudinidae

Martes M. americangAmerican marten Carnivora, A B
M. pennantjfisher Mustelidae

Canis C. latranscoyote Carnivora,
C. lupus gray wolf Canidae A

“Sciurug S. griseuswestern gray squirrel Rodentia, C
S. niger eastern fox squirrel Sciuridae

Spermophilus S. armatuginta ground squirrel Rodentia, A
S. beecheyiCalifornia ground squirrel Sciuridae

S. beldingj Belding’s ground squirrel
S. brunneugsldaho ground squirrel
S. columbianusColumbian ground squirrel
S. elegans nevadensis’'yoming ground squirrel
S. lateralis golden-mantled ground squirrel
S. saturatusCascade golden-mantled ground squirrel
S. townsendijiTownsend’s ground squirrel
S. washingtoniWashington ground squirrel
Myotis M. californicus California myotis Chiroptera, A
M. ciliolabrum, western small-footed myotis Vespertilionidae
M. evotis long-eared myotis
M. lucifugus little brown myotis
M. thysanodedringed myotis
M. volans long-legged myotis
M. yumanensisYuma myotis

& See footnote 10 in chapter 4.

P These living taxa belong to ancient genera and are of particular evolutionary and biogeographical interest. All species and
subspecies listed here are currently found within the basin assessment area although not necessarily at John Day Fossil Beds.

¢ Formations: A = mid to late Miocene, 8 to 6 million years ago; B = mid to Miocene, 15 to 12 million years ago; and C = late
Eocene, Oligocene, and early Miocene, 39 to 20 million years ago.
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