A Global Perspective

on the Biodiversity of

the Klamath-Siskiyou
Ecoregion

Dominick A, DellaSala

World Wildlife Fund
116 Lithia Way, Suite 7
Ashland, OR 97520 USA
dellasal @internetcds.com

Stewart B. Reid

U.S. Fish and Wildlife Service
6610 Washburn Way
Klamath Falls, OR 97603 USA

Terrence J. Frest

Deixis Consultants
2517 NE 65th Street
Seattle, WA 98115-7125 USA

James R. Strittholt

Conservation Biology Institute
800 NW Starker, Suite 31C
Corvallis, OR 97330 _USA» :

David M. Olson

World Wildlife Fund
1250 24th Strect NW
Washington, DC 20037 USA .

Natural Areas Journal 19:300-319

ABSTRACT: The Klamath-Siskiyou Ecoregion of northwest California and southwest
Oregon has been regarded as an area of extraordinary biodiversity. Despite this recogni-
tion and the growing interest in the region’s biological significance, the global importance
and status of this ecoregion is underappreciated by the public, resource managers, and
decision makers. We reviewed the conservation importance and status of the Klamath-
Siskiyou Ecoregion relative to that of 30 temperate coniferous forest ecoregions in the
United States and Canada and also compared the results to a related global comparison
of diverse forest ecoregions. Based on comparisons of species richness, endemism,
unique evolutionary and ecological phenomenona (e.g., species migrations, adaptive
radiations), and global rarity of habitat types, we ranked the biodiversity of the Klamath-
Siskiyou Ecoregion among the world's most outstanding temperate coniferous forests.
We identified a total of 2,377 species for six terrestrial taxa that we analyzed: native plants
(78%, n=1,859), birds (9%, n=222), butterflies (6%, n=141), mammals (3%, n=69), land
snails (2%, n=54), and reptiles and amphibians (1%, n=32). Of this total, 168 species
(7%) occur nowhere else in the world. The ecoregion supports a continental maximum
of conifers (30 species); up to 17 species have been recorded in an area of 2.6 km?. The
combined freshwater habitats of the region support exceptionally high levels of ende-
mism: 14 of 33 (42%) fish and 142 of 235 (60%) mollusk taxa are endemic to the region.
We ranked the status of the region’s terrestrial biodiversity as endangered. Approximately
25% of forests are intact and 10.5% are legally protected (e.g., as congressionally
designated wilderness) from logging. We identified 24 stand types and plant series
considered distinctive by the California Native Plant Society, 2 forest ecosystem types
{old-growth and mature, riparian forest) considered threatened or endangered by the
National Biological Survey, and 10 plant communities listed as critically globally imper-
iled (G1) or globally imperiled (G2) by The Nature Conservancy. We documented 138
terrestrial and 16 freshwater taxa with state or federal listing status, 5 terrestrial species
extirpated from the region. More than half of the listed terrestrial taxa were restricted
geographically to the region (i.e., endemics) or were limited to elevations <1,524 m
where few protected areas occurred. Most mollusk populations have declined dramatical-
ly (>90% historic range contractions) throughout the region, and 11 fish taxa (especially
anadromous salmonids) have a special status designation due to extensive habitat degra-
dation and changes in hydrology and water quality.

Index terms. biodiversity, conservation status, ecoregion, Klamath-Siskiyou

INTRODUCTION

Conservationists have long been aware of
the importance of protecting ecologically
representative portions of the world’s bio-
ta to the goal of saving what remains of
biodiversity (Noss and Cooperrider 1994,
The Nature Conservancy 1996, Soulé and
Noss 1998). Achieving representation is
particularly important in regions where
biodiversity is highly concentrated, such
as tropical rainforests and coral reefs (Mit-
termeier et al. 1998) or where it is distinc-
tive on a global or continental scale (Olson
and Dinerstein 1998). Such regions are
considered to be of irreplaceable conser-
vation value. While the representation ap-

proach has been applied at various spatial
scales (Olson and Dinerstein 1998), infor-
mation on global or continental impor-
tance of particular regions is needed to
more effectively address conservation pri-
orities. Considerable attention has focused
on the global importance of moist tropical
rainforests, where more than half the
world’s terrestrial biota occur (Mittermei-
er et al. 1998). Yet many temperate forests
comprise exceptional biodiversity and are
worthy of global recognition (DellaSala et
al. 1997a, Olson and Dinerstein 1998).

The Klamath-Siskiyou Ecoregion of north-
west California and southwest Oregon
(Figure 1) is recognized as an area of ex-
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Figure 1. Location of the Klamath-Siskiyou Ecoregion, including major freshwater systems and protected areas (IUCN 1994: categories I-III),
in northwest California, and southwest Oregon. (Modified from DellaSala et al. 1997a, Ricketts et al. 1999b)
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traordinary biodiversity (Whittaker 1960,
1961; Kruckeberg 1984a,1984b; Brooks
1987:126; Wallace 1992; Wagner 1997).
The region is regarded as an “area of glo-
bal botanical significance” (one of seven
in North America as defined by the World
Conservation Union [IUCN]), a global
“centre of plant diversity” (Wagner 1997),
and a proposed “world heritage site” and
UNESCO “biosphere reserve” (Vance-
Borland et al. 1995). More than 3,500
plants, including 281 endemics (subspe-
cies level), are known to occur in the Kla-
math-Siskiyou (Sawyer 1996).

A variety of factors contribute to the ex-
traordinary biodiversity of the Klamath-
Siskiyou. The centrally positioned mon-
tane environment is transitional to the Great
Basin, Oregon Coast Range, Cascades
Range, Sierra Nevada, California Central
Valley, and coastal region of northern Cal-
ifornia; this has resulted in extensive over-
lap in plant communities (Whittaker 1960,
Wallace 1983, Smith and Sawyer 1988).
The complex terrain of this region features
highly dissected topography and numer-
ous environmental gradients associated
with abrupt changes in bedrock geology,
soils, elevation, slope, aspect, and mois-
ture, and correspondingly high levels of
beta diversity (Whittaker 1960; Wallace
1983; Kruckeberg 1984a, 1984b; Schoen-
herr 1992:228). The Klamath-Siskiyou also
encompasses the highest concentration of
serpentine bedrock in North America
(Kruckeberg 1984a, 1984b), supporting
many localized and highly specialized
plants (Whittaker 1960; Sawyer 1984;
Kruckeberg 1984a, 1984b; McCarten
1997; Coleman and Kruckeberg, this is-
sue). The ancient terrain and heterogene-
ity of parent material, particularly along
the Klamath Mountains, has created a ref-
ugium and area of active diversification of
Tertiary plants and mollusks (Whittaker
1960, Smith and Sawyer 1988, Frest and
Johannes 1998).

Despite the fact that there is international
recognition and a growing interest in the
region’s biological significance (Whittak-
er 1960, Wallace 1983; Sawyer 1984;
McKay and Pace 1991; Pace 1991; Vance-
Borland et al. 1995; Trail 1998; Cooper-
rider et al., in press), the global impor-

tance of this ecoregion is underappreciat-
ed by the public, resource managers, and
decision makers. Our objective was to re-
view the relative importance and status of
the Klamath-Siskiyou Ecoregion, using the
results of a conservation status assessment
of North American terrestrial ecoregions
(Ricketts et al. 1999b), an analysis of North
American forests (DellaSala et al. 1999b),
and a related global analysis of terrestrial
ecoregions (Olson and Dinerstein 1998).
To accomplish this, we (1) compared the
biological distinctiveness of the Klamath-
Siskiyou Ecoregion to other temperate
coniferous forest ecoregions at continen-
tal and global scales, (2) assessed general
trends in biodiversity losses in the Kla-
math-Siskiyou in relation to other temper-
ate conifer forests of North America, and
(3) proposed recommendations for con-
serving representative examples of the full
range of the ecoregion’s biodiversity. For
this analysis, “biological distinctiveness”
was defined as the relative importance and
rarity of different measures of biodiversity
(e.g., species richness, endemism, unique
habitat types; Olson and Dinerstein 1998).
Biological distinctiveness provides an ob-
jective measure of the degree to which a
region’s biodiversity is distinct over arange
of biogeographic scales (e.g., ecoregion,
biogeographic region or province, biome,
biosphere; Ricketts et al. 1999b). This is
particularly useful in setting conservation
priorities for ecoregions based on rarity
and global significance (Olson and Diner-
stein 1998). Although our analysis of dis-
tinctiveness was largely based on terrestri-
al units of biodiversity, we also assessed
richness and endemism for selected fresh-
water taxa (mainly fish and mollusks) in
the Klamath-Siskiyou Ecoregion to ac-
count for aquatic diversity.

METHODS

Ecoregions

We summarized distinctiveness values for
the Klamath-Siskiyou Ecoregion as part
of a broader study of terrestrial ecoregions
of North America—specifically those of
the United States and Canada (Ricketts et
al. 1999b). For this assessment, an ecore-
gion was defined as a relatively large unit
of land or water containing a geographi-

cally distinct assemblage of natural com-
munities that share a large majority of
their species, ecological processes, and en-
vironmental conditions (Olson and Diner-
stein 1998). Ecoregion boundaries were
derived from intensive regional analyses
of biodiversity patterns using recognized
ecoregional classifications in collaboration
with regional experts (Olson and Diner-
stein 1998, Ricketts et al. 1999b). Terres-
trial ecoregion boundaries were based
largely on Omernick (1995), the Ecologi-
cal Stratification Working Group (1995),
and Gallant et al. (1995), and were modi-
fied in some cases to better reflect biogeo-
graphic patterns (Ricketts et al. 1999b).
For the continental assessment, North
America (north of Mexico) was divided
into 116 ecoregions nested within 10 ma-
jor habitat types (MHTs; Ricketts et al.
1999b). Roughly analogous to biomes,
MHTs consist of sets of ecoregions with
comparable climatic regimes, vegetation
structure, and spatial patterns of biodiver-
sity (Dinerstein et al. 1995, Olson and
Dinerstein 1998, Ricketts et al. 1999b). To
control for significant differences in biodi-
versity attributes among different MHTs
(e.g., desert versus conifer forest), we lim-
ited comparisons of ecoregions to those
within the same MHT.

Based on ecoregion classifications of North
America (Omernick 1995, the Ecological
Stratification Working Group 1995, and
Gallant et al. 1995), we grouped 52 (45%)
of the 116 ecoregions into nine forested
MHTs: boreal/taiga, tropical dry, tropical
moist, tropical/subtropical conifer, temper-
ate broadleaf/mixed, temperate conifer,
temperate grassland/savanna/shrub (forest
inclusions), flooded grassland (forest in-
clusions), and Mediterranean scrub and
woodland (forest inclusions). Only the tem-
perate coniferous forest MHT with its as-
sociated ecoregions (n=30, Figure 2), in-
cluding the Klamath-Siskiyou, was used
in the terrestrial comparisons of distinc-
tiveness in this study.

The freshwater portion of the Klamath-
Siskiyou, as used here, generally coin-
cides with the terrestrial boundaries and
reflects similar geological history and fau-
nal patterns (Figure 1). The drainages that
occur in the ecoregion are typically short
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I protected Areas within
Temperate Coniferous Forests

N Giobal Outstanding Temperate
Coniferous Forest Ecoregions

=3 Temperate Coniferous
Forest Ecoregions
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1. Northern Pacific Coastal Forests

2. Queen Charlotte Islands

3. Central British Columbia Mountain Forests
4. Alberta Mountain Forests

S. Fraser Plateau and Basin Complex

6. Northern Transitional Alpine Forests

7. Alberta/British Columbia Foothills Forests
8. North Central Rockies Forests

9. Okanagan Dry Forests

10. Cascade Mountains Leeward Forests

11. British Columbia Mainland Coastal Forests
12. Central Pacific Coastal Forests

13. Puget Lowland Forests

14. Central and Southern Cascades Forests

15. Eastern Cascades Forests

16. Blue Mountains Forests

17. Klamath-Siskiyou Forests

18. Northem California Coastal Forests
19. Sierra Nevada Forests

20. Great Basin Montane Forests

21. South Central Rockies Forests

22. Wasatch and Uinta Montane Forests
23. Colorado Rockies Forests

24. Arizona Mountains Forests

25. Madrean Sky Islands Montane Forests
26. Piney Woods Forests

27. Atlantic Coastal Pine Barrens

28. Middle Atlantic Coastal Forests

29. Southeastern Conifer Forests

30. Florida Sand Pine Scrub

Figure 2. Location of protected areas (IUCN 1994: categories 1-III), temperate coniferous forest ecoregions, and globally outstanding temperate coniferous
forest ecoregions in Canada and the United States. (Modified from DellaSala et al. 1997a, Ricketts et al. 1999b,)
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(<400 km) and flow westward into the
Pacific Ocean. The principal exception is
the McCloud River above Shasta Lake (res-
ervoir), which is included here due to its
position within the terrestrial boundaries
and its faunal distinctiveness. The major
coastal drainages that fall within the Kla-
math-Siskiyou Ecoregion are, from south
to north, Eel, Mad, Klamath (including the
Trinity, Salmon, Scott, and Shasta Rivers),
Smith, Rogue, Coquille, and central por-
tion of the Umpqua Rivers. The upper
Klamath basin, upstream of the Keno Dam
in Oregon, is not treated as part of the
ecoregion due to its separate history and
environment and because of its relatively
recent connection with the lower Klamath
River, which probably occurred in the late
Pleistocene (Dickens 1980). The portion
of the lower Pit River that passes through
the southeast corner of the terrestrial ecore-
gion was excluded for fish due to geolog-
ical and faunal affinities to the Modoc
Plateau upstream and the main Sacramen-
to River downstream. However, we did
include the lower Pit below the falls for
mollusks because it does show strong af-
finities to the upper McCloud and upper
. Sacramento Rivers rather than with the
rest of the Sacramento system. Estuarine
fish and species that remain only in the
lowest portions of the coastal rivers were
not included in this analysis due to their
limited distribution inland along the coast,
which lies outside the ecoregion bound-
aries. The central portion of the Umpqua
drainage, from the confluence of the north
and south forks to the western edge of the
Cascades, lies within the Klamath-Siskiy-
ou Ecoregion. This includes most of the
south fork drainage and the lower north
fork.

Biological Distinctiveness

The relative biological distinctiveness of
each terrestrial ecoregion was estimated
from the following biodiversity criteria:
species richness, species endemism, rare
ecological or evolutionary phenomena, and
the global or regional rarity of habitat types
(Ricketts et al. 1999b). Point values were
assigned to each criterion to denote rela-
tive importance and were summed to yield
a single biological distinctiveness index
reflecting four distinctiveness categories:

“globally outstanding”—an ecoregion with
highly distinctive biodiversity at a global
scale (for a particular MHT), “regionally
outstanding”—distinctive at the biogeo-
graphic province level (such as the Nearc-
tic), “bioregionally outstanding”—most
distinctive at the scale of a bioregion, a
cluster of biotically related ecoregions
within a defined geographic area (such as
Eastern North America), and “nationally
important.” Ecoregions were designated
globally outstanding by receiving the high-
est point totals for all four criteria com-
bined or by global status for any of the
four component criteria. The scoring sys-
tem and rankings are explained in greater
detail in Ricketts et al. (1999b).

Species richness and endemism were as-
sessed by overlaying mapped distributions
of more than 20,000 North American spe-
cies representing seven higher taxa—na-
tive vascular plants, birds, butterflies, mam-
mals, reptiles, amphibians, and terrestrial
mollusks (Ricketts et al. 1999b). These
taxa were chosen because continental range
data were available (e.g., Kartesz 1994 for
plants) and because they represent a di-
verse subset of North American biota at
the species level (Ricketts et al. 1999b).
Species were associated with given forest
ecoregions by comparing distributions
obtained from published sources with
mapped ecoregional boundaries (Ricketts
et al. 1999b). We defined endemic species
as those species with approximately 75%
of their geographic range restricted to a
given ecoregion, or species whose total
range was <50,000 km? This approach
was designed to capture the majority of a
species’ global range within particular
ecoregions and to account for endemic
species’ straddling ecoregional boundaries
(Ricketts et al. 1999b). Thus, our view of
endemism was based on a “relaxed” defi-
nition necessary to achieve conservation
goals at the ecoregional level—namely
assessing the level of species at high risk
of extinction from habitat loss and frag-
mentation. Richness and endemism indi-
ces were assigned to each ecoregion in
one of four categories for each index: glo-
batly outstanding, high, medium, or low.

Numerous studies have shown that as sam-
ple area increases, species richness of the

sample increases accordingly (e.g., Mac-
Arthur and Wilson 1967, Rosenzweig
1995). Thus, in this assessment, species-
area relationships were investigated a pri-
ori to determine if sample area influenced
richness and endemism values among
ecoregions of vastly different sizes. Rick-
etts et al. (1999a) found no significant
correlations between species richness and
area of ecoregion for any of the taxa used
in this study. Lack of significance may be
due to the wide range of ecoregion sizes
used in this assessment (3,889 km? to
245,430 km?, Table 1) and a trend toward
larger ecoregions and decreasing species
richness with increasing latitude (e.g.,
many of the Canadian ecoregions were
large but species poor). More than likely,
however, the delineation of ecoregions used
in this assessment may have partially nor-
malized the species richness of ecoregions
by isolating small, diverse areas as sepa-
rate ecoregions and by lumping large ar-
eas of relatively uniform habitat into sin-
gle ecoregions. Nevertheless, statistically
removing areas from the richness data or
blocking on latitude before testing for spe-
cies-area relationships did not alter the
results significantly, thereby allowing com-
parisons of richness among ecoregions of
different sizes (Ricketts et al. 1999a).

As part of the distinctiveness rankings, we
gave additional recognition (points) to
ecoregions that contained high levels of
beta diversity for particular assemblages
of species (Ricketts et al. 1999b). Because
beta diversity reflects the complexity of an
ecoregion, this index may be a useful indi-
cator of the level of effort needed to con-
serve an ecoregion. We also considered
two ecoregion-scale criteria in the point
rankings based on expert assessment and
literature reviews: rare ecological or evo-
lutionary phenomena and the global rarity
of habitat types. Rare evolutionary phe-
nomena include globally outstanding cen-
ters of adaptive radiation {see Smith and
Sawyer 1988 for examples in the Kla-
math-Siskiyou), higher-level taxonomic
diversity, and unique species assemblages.
Rare ecological phenomena include intact
large-scale migrations of larger vertebrates
and extraordinary seasonal concentrations
of wildlife (e.g., migratory stopovers). An
ecoregion was considered globally rare
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(i.e., given highest points) if fewer than
seven ecoregions worldwide contained its
habitat type or ecological/evolutionary phe-
nomenon, or regionally outstanding (i.e.,
lower points) if fewer than three of its type
occur in the Nearctic or Neotropics. Al-
though it is difficult to define and measure
ecoregion-scale phenomena precisely, we
stress that biodiversity assessments based
on species richness or endemism alone
miss these important biodiversity factors
determining the uniqueness of a given
ecoregion (Ricketts et al. 1999b). Because
of such phenomena and rarity consider-
ations, some ecoregions with low species
richness and endemism may have high
distinctiveness values (Ricketts et al.
1999b).

Conservation Status

The conservation status of each terrestrial
ecoregion was qualitatively assessed from
landscape-level features based largely on
the following four status criteria: habitat
loss and degradation, size and number of
remaining habitat blocks, degree of habi-
tat fragmentation, and degree of protec-
tion (Ricketts et al. 1999b). To aid in inter-
pretation of criteria, we convened a
workshop of over 35 ecologists and con-
servationists with regional expertise. The
workshop participants were guided by
AVHRR (at-very-high-resolution-radiom-
eter) satellite images developed by the
EROS Data Center (EROS 1996), regional
forest coverages (e.g., Ecotrustet al. 1995),
and GIS databases of managed areas in the
United States (McGhie 1996) and Canada
(World Wiidlife Fund Canada, unpubl.
data). Workshop participants assigned
points ranging from 0 to 100 (with higher
scores denoting greater levels of endan-
germent) to each component based on in-
terpretation of regional databases and re-
gional expertise. Experts were able to
modify rankings according to estimated
future threats to ecoregions over the next
20 years and were provided with standard-
ized decision rules and data sheets for scor-
ing ecoregions (Ricketts et al. 1999b).
Thus, we kept the evaluation process ob-
jective and transparent to facilitate future
efforts to reexamine results and adjust the
rankings based on new information. While
more detailed assessments of conservation

status can be obtained from regional as-
sessments (e.g., through the Gap Analysis
Project), we emphasize that our workshop
was continental in scope and not intended
as an in-depth status assessment. It is un-
likely, however, that more thorough anal-
ysis would change the status rankings as-
signed to ecoregions because we made the
categories sufficiently broad (see Ricketts
et al. 1999b for more details on the catego-
ries). Furthermore, the pooled knowledge
of the workshop participants formed an
authoritative source from which to evalu-
ate ecoregion status based on the study
objectives and coarseness of the analysis.

For the degree of protection portion of the
analysis, we used a national inventory of
protected areas compiled by McGhie
(1996) and supplemented by regional map
atlases (DellaSala et al. 1997a). We con-
sidered only areas legally protected from
industrial mining and logging such as na-
tional and provincial parks, congression-
ally designated wilderness, and national
monuments (IUCN 1994: protected areas
categories I-1II). These categories were
chosen because they were most likely to
contain representative examples of com-
munity types and ecological processes still
functioning within their natural range of
variation (but see Newmark 1985 for the
loss of large mammals from some national
parks), and they have relatively low levels
of anthropogenic disturbances. Other ar-
eas not meeting our definitions (e.g., cer-
tain state parks, wildlife refuges, private
nature reserves) will be addressed in a
future related assessment.

The final status categories were “critical,”
“endangered,” “vulnerable,” “relatively
stable,” and “relatively intact” (Ricketts et
al. 1999b). Critical ecoregions were those
in which the remaining habitat was re-
stricted to isolated small fragments (based
on interpretation of AVHRR data and re-
gional databases) with low probability of
persistence over the next 5-10 years with-
out protection and restoration (based on
expert opinion). Endangered ecoregions
were those in which remaining habitat was
restricted to isolated fragments of varying
size (a few large blocks may exist) with
medium to low probability of persistence
over the next 10-15 years without imme-

diate or continuing protection and restora-
tion. Vulnerable ecoregions had remaining
intact habitat occurring in habitat blocks
ranging from large to small with many
intact clusters likely to persist over the
next 15-20 years, especially if given ade-
quate protection and moderate restoration.
Relatively stable ecoregions were altered
in certain areas, causing local declines in
exploited populations and disruption of
ecosystem processes, but still contained
significant intact habitats and communi-
ties. Relatively intact ecoregions support-
ed largely intact natural communities with
species, populations, and ecosystem pro-
cesses occurring within their natural rang-
es of variation. We defined “intactness” as
the condition of forests in which canopy
disturbance through human activities such
as logging was restricted to <10% of the
defined habitat block (Ricketts et al.
1999b).

Finer-Scale Assessments

To aid conservation planning within the
Klamath-Siskiyou Ecoregion and to fur-
ther assess status and condition, we ob-
tained information from the following da-
tabases: (1) “‘distinctive” vegetation types
using a stand type classification developed
specifically for native plant communities
of California (Sawyer and Keeler-Wolf
1995, J. Sawyer, Professor of Biological
Sciences, Humboldt State University, Cal-
ifornia, pers. com.); (2) a published na-
tional inventory of endangered ecosystems
(Noss et al. 1995) based on The Nature
Conservancy’s critically globally imper-
iled (G1) and globally imperiled (G2) plant
communities (Grossman et al. 1994); and
(3) state- and federally listed taxa with
occurrences in the ecoregion. Stands were
considered distinctive if they contained
unique species compositions or one-of-a-
kind locales, were defined by the presence
of a listed species as recognized by the
California Native Plant Society, or were
structurally distinctive and rare (Sawyer
and Keeler-Wolf 1995). G1 plant commu-
nities had <5 occurrences globally or oc-
curred on <800 ha, while G2 plant com-
munities had <20 occurrences or occurred
on <4,000 ha (Grossman et al. 1994). State
and federally listed occurrences (subspe-
cies level) and their locations (i.e., eleva-

Volume 19 (4), 1999

Natural Areas Journal 305



tion and general habitat descriptions) were
obtained from the most current (1996)
versions of the Oregon Natural Heritage
and California Department of Fish and
Game Natural Diversity (RAREFIND)
databases and were updated using the Fed-
eral Register where necessary. Listed oc-
currences were geographically referenced
by plotting them on 1:24,000 quad maps
of the study area, depicting elevation and
topography obtained from a Digital Eleva-
tion Model (DEM) (Forest Ecosystem
Management Team 1993). Elevation loca-
tions were grouped by elevation bands of
0-610 m, 611-1,524 m, and >1,524 m to
aid interpretation.

We used the term taxon to generally re-
flect information available at the subspe-
cies level (mainly for fish and mollusks).
Subspecies data were provided for fresh-
water taxa of the Klamath-Siskiyou to take
advantage of recent surveys of mollusks
(Frest and Johannes 1998, 1999) that over-
lapped with our study area and to further
describe the extraordinary diversity of
mollusks in the region. Unless otherwise
indicated below, nomenclature for plants
follows Hickman (1993), birds follow
Peterson (1990), mammals follow Verts
and Carraway (1998), and mollusks fol-
low Turgeon (1998) for species and Frest
and Johannes (1998, 1999) for subspecies.
For fish, species-level taxonomy follows
Robins et al. (1991) except for the Umpqua
chub (Oregonichthys kalawatseti), which
was described subsequently by Markle et
al. (1991). Subspecific fish taxonomy of
cutthroat (Oncorhynchus clarki clarki) and
rainbow trout (O. mykiss irideus) follow
Behnke (1992); tui chub (Gila bicolor bi-
color), speckled dace (Rhinichthys oscu-
lus ssp.), Sacramento sucker (Catostomus
occidentalis humboldtianus), and three-
spine stickleback (Gasterosteus aculeatus
microcephalus) follow Moyle (1976); and
marbled sculpin (Cottus klamathensis poly-
porus) follows Daniels and Moyle (1984).

RESULTS AND DISCUSSION

Biological Distinctiveness

As a group, the temperate coniferous for-
est ecoregions of North America are ex-
traordinarily diverse (Table 1). In general,

this major habitat type contained more
globally outstanding ecoregions than the
eight other forested MHTSs in North Amer-
ica (DellaSala et al. 1997a, Ricketts et al.
1999b). Of the 30 temperate coniferous
forest ecoregions within this MHT, 10
(33%) were globally outstanding, 3 (10%)
were regionally outstanding, 8 (27%) were
bicregionally outstanding, and 9 (30%)
were nationally important. All but three
globally outstanding ecoregions (South-
eastern Conifer, Florida Sand Pine, Ma-
drean Sky Islands) were clustered in the
coastal western portions of the continent
(Figure 2). Although species richness and
endemism values were low for many north-
ern latitude ecoregions (as expected due to
latitudinal gradients), some northern ecore-
gions (e.g., Northern Pacific Coastal,
Queen Charlotte Islands, British Colum-
bia/Mainland Coastal) were considered
globally outstanding due to rarity of their
habitat at the global level. For instance,
one-half the total area of the world’s tem-
perate rainforest occurs within the North-
ern Coastal Pacific Forest and British Co-
lumbia/Mainland Coastal ecoregions
(DellaSala et al. 1996, Schoonmaker et al.
1997). In contrast, although species rich-
ness for some ecoregions was high (e.g.,
Arizona Mountains, Piney Woods, South-
ern Central Rockies), they were not con-
sidered globally outstanding within their
MHT because rarer habitat types or more
unusual ecological/evolutionary phenom-
enon were present in other ecoregions.

Klamath-Siskiyou Ecoregion

Among the 30 temperate coniferous forest
ecoregions of the United States and Cana-
da, the combined richness values for all
species analyzed placed the Klamath-
Siskiyou fifth behind Southeastern Coni-
fer (globally outstanding), Sierra Nevada
(globally outstanding), Arizona Mountains
(regionally outstanding), and South Cen-
tral Rockies (bioregionally outstanding;
Table 1). In general, the Klamath-Siski-
you contains diverse, but not exceptional-
ly rich, assemblages for North American
temperate coniferous forest ecoregions. In
total, 2,377 species were identified for six
terrestrial taxa analyzed in this region, in-
cluding native plants (78%, n=1,859), birds
(9%, n=222), butterflies (6%, n=141),

mammals (3%, n=69), land snails (2%,
n=>54), and herpetofauna (1%, n=32).

For species-rich taxa such as native vascu-
lar plants, richness and endemism in the
Klamath-Siskiyou were considered region-
ally (i.e., within the Nearctic region) high
for temperate coniferous forests. The ecore-
gion ranked fifth in vascular plant richness
among temperate conifer ecoregions of
the United States and Canada, and second
in plant endemism behind the Southeast-
ern Conifer Ecoregion (Table 1). Notably,
Smith and Sawyer (1988) estimated 3,500
plant species and 281 endemics (subspe-
cies level) for this region—Ievels that equal
or surpass the highest values for any conif-
erous forest ecoregion of North America.
Furthermore, whereas the Klamath-Siskiy-
ou represents only 15% of the total area of
the California Floristic Province, it con-
tains 65% of the entire native plant species
found within the province (Smith and Saw-
yer 1988). We suspect that differences in
regional boundaries or taxonomic inter-
pretation contribute to the disparity among
estimates. However, the general floristic
importance of the region was emphasized
in all our analyses.

For combined species endemism, the Kla-
math-Siskiyou Ecoregion ranked second
to the Southeastern Conifer Ecoregion.
Most of the 168 endemic species in the
Klamath-Siskiyou were vascular plants
(78% of endemics or 7% of total plant
species), followed by mollusks (18% of
endemics or 57% of total landsnail spe-
cies), amphibians (2% of endemics or 28%
of total amphibian species), mammals (1%
of endemics or 3% of total mammal spe-
cies), and butterflies (<1% of endemics
and total butterfly species). The region
also contained several endemic conifers (6
of 30 conifer species, 20%) and endemic
deciduous trees (4 of 60 deciduous spe-
cies, 7%). Local endemism is therefore
quite pronounced, with numerous species
restricted to single mountains, watersheds,
or even single habitat patches, tributary
streambanks, and springs (e.g., herbaceous
plants, carabid beetles, snails; see Kruck-
eberg 1984a, 1984b; Olson 1992; Frest
and Johannes 1998, 1999). Land snails,
ampbhibians, butterflies, and several groups
of invertebrates (Olson 1992) were out-
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Table 1. Biological distinctiveness (overall ranking), species richness (Rich.),
of North America (Canada and United States),

and species endemism (End.) for temperate coniferous forest ecoregions
1997. Data are for terrestrial species as modified from Ricketts et al. 1999b.

Size Total Species*  Vascular Plants® Conifers® Vertebratesd Invert.t Overall

Ecoregion (km?) Rich. End. Rich. End. Rich. End. Rich. End. Rich. End. Rank'
Southeastern Conifer 236,759 3,811 293 3,095 225 12 4 421 24 295 44 1

Sierra Nevada 52,832 2,886 108 2,373 63 20 5 304 10 209 35 1

Klamath-Siskiyou 50,299 2,377 168 1,859 131 30 6 323 5 195 32 1

Madrean Sky Islands 11,420 1,717 100 1,139 36 13 2 313 7 265 57 1

N. California Coastal 13,274 1,710 43 1,212 16 16 8 340 6 158 21 1

C. Pacific Coastal 73,696 1,561 30 1,109 16 16 0 324 7 128 7 1

Florida Sand Pine 3,889 1,433 63 951 36 6 1 273 5 209 22 1

British Columbia/ 142,153 1,756 8 1,325 7 16 1 312 1 119 0 1

Mainland Coastal

N. Pacific Coastal 60,894 876 4 615 2 8 215 2 46 1

Queen Charlotte Islands 9,972 667 3 459 8 0 201 1 7 0 1

Arizona Mountains 109,080 2,817 132 2,204 93 16 1 329 4 284 35 2
Piney Woods 140,892 2318 14 1,729 7 6 0 349 0 240 7 2
Mid- Atlantic Coastal 133,855 2,147 32 1,488 16 12 0 397 3 262 13 2
S. Central Rockies 159,348 2,404 64 1,933 63 13 0 286 0 185 1 3
N. Central Rockies 245,430 2,203 48 1,695 36 19 2 313 2 195 10 3
Colorado Rockies 132,740 2,192 96 1,626 93 15 2 305 0 261 3 3
Central and S. Cascades 44,848 1,735 44 1,296 36 18 1 299 4 140 3 3
E. Cascades 55,200 1,662 36 1,224 36 17 1 288 0 150 0 3

Blue Mountains 64,702 1,561 45 1,134 36 13 0 282 1 145 8 3
Wasatch and Uinta Montane 41,465 1,586 65 1,109 63 14 1 290 0 187 2 3

Great Basin Montane 5,784 1,405 44 1,043 36 12 1 227 2 135 6 3

Okanagan 53,210 1,792 7 1,355 2 9 0 276 1 161 4 4
Cascade Mountains Leeward 46,626 1,675 16 1,328 16 14 0 250 0 97 0 4
Puget Lowlands 22,488 1,485 9 1,100 2 11 0 273 0 112 7 4
Fraser Plateau and Basin 137,055 1,344 0 1,012 0 11 0 238 0 94 0 4
C. British Columbia Mtn. 71,747 1,216 0 909 0 11 0 237 0 70 0 4
N. Transitional Alpine 25,662 1,142 0 876 0 12 0 202 0 64 0 4
Alberta/British Columbia 120,460 1,074 2 740 2 8 0 239 0 95 0 4

Foothill

Alberta Mountain 39,769 997 2 660 2 10 1 242 0 95 0 4
Atlantic Coastal Pine Barrens 8,975 1,066 6 632 2 7 0 292 142

? Summed values for native vascular plants, land snails, butterflies, amphibians, reptiles, birds, and mammals.
b Endemism values reflect the mean of a range of estimates reported for each of the ecoregions (Kartesz 1994).
¢ Conifer richness is included in richness and endemism totals for vascular plants but not for total species.

9 Summed values for amphibians, reptiles, birds, and mammals.

¢ Summed values for land snails and butterflies.

f Biodistinctiveness value: I=globally outstanding, 2=regionally outstanding, 3=bioregionally outstanding, 4=nationally important. Some ecoregions were

elevated in significance due to presence of globally rare habitats or ecological/evolutionary phenomenon (see Ricketts et al. 1997).
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standingly rich in species or endemics at
the bioregional (i.e., Western North Amer-
ica) scale in the Klamath-Siskiyou.

Although the taxonomy of mollusks in the
Pacific Northwest is under review and even
some common species have yet to be de-
scribed, the region shows extraordinary
richness and endemism in this group, par-
ticularly at the subspecies level. Frest and
Johannes (1998, 1999) reported 128 ter-
restrial mollusk taxa in this region; 78 of
these taxa (61%) are endemic. The inclu-
sion of subspecies data, however, did not
change appreciably our percent estimates
for endemism regardless of taxonomic level
used (e.g., 57% endemic species vs. 61%
endemic taxa). Notably, eight terrestrial
centers of mollusk endemism have been
recognized for this region (Frest and Jo-
hannes 1998, 1999)—a level of complex-
ity rare in western North America. These
include the upper Umpgqua drainage (n=14
endemics), upper Rogue drainage (n=9),
Salmon and Marble Mountains-Klamath
drainage (n=12), Trinity drainage (n=8),
upper Sacramento-McCloud-lower Pit
drainages (n=12), Shasta River Canyon-
Middle Klamath tributary (n=5), lower
Klamath drainage (n=4), and coastal North-
west drainages (n=14). These areas have
not been adequately surveyed and may
contain additional endemics.

Based on Frest and Johannes (1998, 1999),
the combined freshwater habitats of the
Klamath-Siskiyou Ecoregion support 107
mollusk taxa; 64 (60%) of these taxa are
endemic. Four distinct centers of freshwa-
ter mollusk endemism are recognized for
the region, including Jenny Creek (n=9
endemics), the Middle Klamath drainage
(n=9), the Rogue-Umpqua drainage (n=8),
and the Upper Sacramento-Lower Pit drain-
age (n=12). These areas also have not been
adequately surveyed.

The combined freshwater habitats of the
Klamath-Siskiyou Ecoregion support 33
fish taxa, including 2 subspecies of speck-
led dace, 3 subspecies of rainbow/redband
trout (Oncorhynchus mykiss spp.), and 10
species of anadromous fish that enter fresh
water to spawn and use the rivers to vary-
ing degree as juvenile habitat (Table 2).
Up to 14 of these taxa (42%) are endemic.

Five of the freshwater species (two lam-
preys—Lampetra tridentata, L. ayresi; two
sculpins—Cottus aleuticus, C. asper; and
a stickleback—Gasterosteus aculeatus), all
representatives of euryhaline families, oc-
cur in all coastal drainages within the ecore-
gion, from the Umpqua to Eel Rivers, and
are not limited to the Klamath-Siskiyou
Ecoregion. The remaining 18 freshwater
taxa are each restricted to some degree
within the ecoregion.

Of eight restricted freshwater taxa in the
Umpqua, at least three are endemic spe-
cies and two currently have uncertain tax-
onomic status (Lee et al. 1980, McKinley
etal. 1986, Markle et al. 1991, Bond 1994).
The Umpqua chub, Umpqua squawfish
(Ptychocheilus umpquae), and Umpqua
dace (Rhinichthys evermanni) are endem-
ics. In addition, Evermann and Meek
(1898) originally described two endemic
species—a redside shiner, Richardsonius
siuslawi (= R. balteatus?), and largescale
sucker, Catostomus tsiltcoosensis (= C.
macrocheilus?)—from the Siuslaw River,
just north of and sharing strong faunal
affinities to the Umpqua. These taxa have
generally been synonymized with the
broader ranging taxa occurring in the Co-
lumbia to the north but are under taxo-
nomic review (Markle et al. 1991; D.
Markle, Professor, Oregon State Universi-
ty, Corvallis, pers. com.). The Umpqua
shares the reticulate sculpin (Cottus per-
plexus) with both the Rogue and Colum-
bia, and the riffle sculpin (C. gulosus) and
speckled dace with the Columbia (Lee et.
al. 1980).

All seven restricted freshwater taxa in the
Klamath River are at least regionally en-
demic. Five are shared with the upper Kla-
math Basin, and two are shared with the
Rogue (Moyle 1976, Lee et al. 1980,
Daniels and Moyle 1984, McKinley et al.
1986, Harris and Currens 1993, Currens
1997). The Klamath taxa include two lam-
preys (Lampetra lethophaga, L. similis),
marbled sculpin (endemic subspecies in
the lower Klamath), tui chub, and Kla-
math speckled dace (Rhinichthys osculus
klamathensis). The two taxa shared with
the Rogue are the smallscale sucker (Ca-
tostomus rimiculus) and possibly the Kla-
math redband trout (O. mykiss newberrii).

The Pit-Klamath brook lamprey (Lampe-
tra lethophaga) was described from the
Klamath and upper Pit drainages. Recent
genetic evidence along with long-term iso-
lation of the Klamath and Pit systems sug-
gest that these two populations may be
distinct (M. Docker, Lecturer, University
of Northern British Columbia, Prince
George, unpubl. data). Their taxonomic
status is currently under review, and they
are considered distinct for the purposes of
this paper. The taxonomic status of the
Klamath smallscale sucker (Catostomus
rimiculus), which is endemic to the lower
Klamath and Rogue Rivers, is also uncer-
tain. Morphological and genetic differences
between the two populations suggest that
they are distinct, but there has been no
formal review of their taxonomic status
(Harris and Currens 1993). A dwarfed
population of smallscale sucker is isolated
above the falls in the Jenny Creek drain-
age of the lower Klamath (Rossa 1999). In
addition, there are at least two resident
taxa of rainbow/redband trout in the Kla-
math/Rogue systems, including the coast-
al rainbow (O. mykiss irideus) and the
inland redband (O. mykiss newberryii).
Recent genetic work suggests that the Kla-
math and possibly Rogue headwater pop-
ulations represent a distinct lineage from
other inland populations (Currens 1997).

The only primary freshwater species na-
tive to the Eel and Mad Rivers is an en-
demic subspecies of the Sacramento suck-
er (C. occidentalis humboldtianus; Moyle
1976). The upper McCloud River, although
a northern tributary of the Sacramento,
contains two endemic populations of fresh-
water salmonid. The McCloud redband
trout is thought to represent a remnant
population of the primitive redband that
first entered the Sacramento system
(Behnke 1992). The McCloud population
of bull trout represented the southernmost
population of this species but is believed
to be extirpated (Moyle 1976, Rode 1990).

Seven anadromous salmonids utilize the
Klamath-Siskiyou region and exhibit vary-
ing degrees of residency in some life stage.
Four species—coho salmon (Oncorhyn-
chus kisutch), chinook salmon (0. tshaw-
ytscha), steelhead trout, and coastal cut-
throat trout—have historically occupied
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most rivers and streams with access to the
coast. All four have discrete populations
that demonstrate genetic, morphological,
and ecological differences within the ecore-
gion. In recent status reviews of coastal
salmonids, the National Marine Fisheries
Service consistently found the boundary
separating these populations, termed evo-
lutionarily significant units (ESUs), to be
at Cape Blanco, just to the north of the
Rogue (Weitkamp et al. 1995, Busby et al.
1996, Myers et al. 1998, Johnson et al.
1999). An additional ESU of chinook salm-
on was found in the Klamath and Trinity
Rivers, upstream from their confluence.
And there was a boundary separating ESUs
of steethead in the Klamath and Rogue
Rivers from those to the north and south.
For the remaining three salmon—pink (0.
gorbuscha), chum (O. keta), and sockeye
(0. nerka)—the Klamath-Siskiyou Ecore-
gion is near the southern limit of their
ranges, and they were probably never abun-
dant there (Moyle 1976).

Global Comparisons

When compared to other diverse temper-
ate coniferous forest ecoregions around
the world, the Klamath-Siskiyou was
among the top 10 globally distinct regions
within its MHT (e.g., compare plant ende-
mism and richness values in Tables 1 and
3). However, the plant richness estimates
for select Eurasian temperate conifer re-
gions probably were elevated, relative to
our North American estimates, by the in-
clusion of many nonconiferous forest hab-
itats within the regions and the coarser
biogeographic resolution (e.g., lumping of
units that we would consider as several
ecoregions) in many cases (see World
Wildlife Fund and IUCN 1994). Our pre-
liminary analysis of other temperate co-
niferous ecoregions suggests the Cauca-
sus Mountains (southwest Asia), Middle
Asia Mountains (a vast region), and
Pyrenees Mountains (western Europe)
were exceptionally diverse at a global scale.
The conifer forests of central China may
also be particularly species rich given that
the adjacent temperate broadleaf forests
were perhaps the most diverse in the world
for their MHT and were rivaled only by
the broadleaf forests of eastern North
America (Ricketts et al. 1999b).

Table 3. Estimated richness and endemism of native vascular plant species for diverse temperate
conifer forests around the world. NA = data were not available®.
Species Total
Ecoregion Location Richness  Endemism
NEOTROPICS
Valdivian Temperate Rainforests Chile ~450 NA
PALEARCTIC
Carpathians e. Europe ~2,000 ~100
Pyrenees w. Europe ~3,500 ~200
Alps cen. Europe ~3,000 ~350
Balkan-Rhodope Mountains s.e. Burope ~3,000 ~900
Caucasus Mountains s.w. Asia ~6,000 ~1,200
Middle Asia Mountains Kopetdag, Tienshan, ~5,500 ~1,500
Pamio-Alai, Pamir,
Dzhungarian Alatau
Himalayas Conifer Forests s.cen. Asia ~1.500 NA
Cen. China Mixed Conifer Forests cen. China ~1,900 NA
a Databases used in the comparisons were obtained for each region as follows: Chile (Worl Wildlife
Fund and IUCN 1997); European regions (World Wildlife Fund and IUCN 1994); China and Asia
regions (World Wildlife Fund and IUCN 1995).

The Klamath-Siskiyou Ecoregion supports
the highest number of conifer tree species
(30 species) of all temperate coniferous
forest ecoregions in North America (see
Table 1). The Sierra Nevada Ecoregion
ranked second with 20 conifer species—a
substantially lower richness, which illus-
trates the extraordinary nature of the Kla-
math-Siskiyou conifer assemblage. A pre-
liminary review of available conifer data
for distinct temperate coniferous ecore-
gions around the world suggests that the
global maximum for temperate conifer
richness occurs in the conifer forests of
central China (Sichuan, Northwest Yun-
nan, Hubei, Northeast Guizhou, Shaanxi
Provinces), where there are 50 known co-
nifer species (Farjon et al. 1993, World
Wildlife Fund and IUCN 1995). However,
the central China region represents amuch
larger geographic area and coarser bio-
geographic resolution (i.e., lumping of
ecoregions) than the Klamath-Siskiyou
Ecoregion, leaving open the possibility that
the smaller Klamath-Siskiyou Ecoregion
may indeed be the richest conifer ecore-
gion on Earth. More detailed distribution-

al data on conifers in central China are
needed to better understand global pat-
terns.

Extending this global comparison to other
MHTs further demonstrates the unique-
ness of the Klamath-Siskiyou. For instance,
only three subtropical coniferous ecore-
gions in North America surpass the coni-
fer diversity of the Klamath-Siskiyou
Ecoregion: the Sierra Madre Occidental—
at least 64 conifer species, the Trans-Mex-
ico Volcanic Range—at least 50 conifer
species, and the Sierra Madre Oriental—at
least 43 conifer species (Perry 1991; Far-
jon et al. 1993; Styles 1993; Rzedowski
1994; Comisién Nacional para el Cono-
cimiento y Uso de la Biodiversidad-CON-
ABIO, unpubl. data). The tropical dry for-
est and tropical moist forest (including
maquis shrublands) ecoregions on the is-
land of New Caledonia, an ancient Gond-
wanaland fragment in the South Pacific,
together support 43 conifer species in the
Podocarpaceae, Cupressaceae, Taxaceae,
and Araucariaceae (out of 44 gymnosperm
species overall; Farjon et al. 1993, Morat
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1993, World Wildlife Fund and IUCN
1995). The Klamath-Siskiyou Ecoregion
also encompasses the highest recorded al-
pha diversity (number of species occur-
ring at a single site) of conifer species in
the world: 17 species were recorded with-
in 2.6 km? (Sawyer et al. 1970).

Beta Diversity

The complexity of spatial patterns of biodi-
versity in the Klamath-Siskiyou Ecoregion
results in some of the highest levels of beta
diversity for any temperate coniferous for-
est ecoregion. The great heterogeneity is
due to the area’s periodic natural distur-
bance regimes, rugged and relatively an-
cient terrain (relative to most of western
North America), very complex bedrock
geology and soils, and strong moisture
gradients (decreasing moisture with dis-
tance from the coast; e.g., according to
Whittaker 1960: >472 mm/annum to <79
mm/annum). A variety of distinct habitats
are associated with these gradients, rang-
ing from wet coastal temperate rainforests
and moist inland forests dominated by
Douglas-fir (Pseudotsuga menziesii), pon-
derosa pine (Pinus ponderosa), and sugar
pine (P lambertiana) mixed with other
conifers (Port Orford cedar, Chamaecy-
paris lawsoniana, and Pacific yew, Taxus
brevifolia) and hardwoods (tan oak, Litho-
carpus densiflora, and Canyon live oak,
Quercus chrysolepis), to drier oak forests
and savannas dominated by Oregon white
oak (Q. garryana) and California black
oak (Q. kelloggii) (also see Sawyer 1996).
Other diverse habitats in this region in-
clude high elevation forests with Douglas-
fir, western hemlock (Tsuga heterophyl-
la), white fir (Abies concolor), and
California red fir (A. magnifica); alpine
meadows on higher peaks; serpentine for-
mations with well-developed sclerophyl-
lous shrubs; and cranberry (Vaccinium
spp.) and pitcher plant (Darlingtonia cal-
ifornica) bogs within serpentine seeps (see
Coleman and Kruckeberg, this issue).
Many of these communities as well as
their associated species have localized dis-
tributions, contributing to high rates of
beta diversity.

Conservation Status

Globally Outstanding Temperate
Coniferous Forests

As a group, the temperate coniferous for-
est type contained seven globally outstand-
ing ecoregions that were endangered or
critical (Table 4). Only two globally out-
standing ecoregions were relatively stable
and one was vulnerable. The Northern
Pacific Coastal Forest was considered rel-
atively stable because of the presence of
large intact forest blocks; however, at a
finer scale some forest types, particularly
low-elevation, old-growth forests, have
declined dramatically (DellaSala et al.
1996, Schoonmaker et al. 1997). Like-
wise, the Queen Charlotte Islands (vulner-
able) have experienced significant reduc-
tions in extent of low-elevation, old-growth
forests; these types warrant immediate
conservation attention. In general, protec-
tion of globally outstanding ecoregions
within this MHT ranged from <5% for the
Florida Sand Pine Scrub and Southeastern

Conifer to >26% for the Northern Pacific
Coastal and Sierra Nevada Ecoregions.

For the final conservation status assess-
ment, three ecoregions—Southeastern
Conifer, Klamath-Siskiyou, and British
Columbia Mainland Coastal—were ele-
vated in status to reflect anticipated in-
creases in habitat degradation and conver-
sion over the next decade. These ecoregions
face mounting pressures, primarily from
mining, logging, fire suppression, and in-
vasive species, that could further jeopar-
dize ecological integrity, forest functions,
and population viability of many rare and
sensitive species (e.g., endemic species,
large carnivores, anadromous fish, forest
interior species) in the near future.

Klamath-Siskiyou Ecoregion

The Klamath-Siskiyou’s imperiled status
(Table 4) was attributed to long-term risks
t0 many remaining intact forests; numer-
ous localized and cumulative threats to the

Table 4. Estimated intact habitat, level of protection, and final conservation status of temperate
coniferous forest ecoregions of North America that were considered globally outstanding, 1997.

Estimated Estimated Final Conservation

Ecoregion Intact (%)* Protected (%)° Status®
Southeastern Conifer <2 <5 Critical

Sierra Nevada 25 26.9 Endangered
Klamath-Siskiyou 25 10.5 Endangered
Madrean Sky Islands 75 13.7 Relatively Stable
N. California Coastal <4 2.7 Critical

Florida Sand Pine 10-15 <5 Critical

British Columbia/ 40 11.6 Endangered

Mainland Coastal

Central Pacific Coastal 8 9.2 Endangered

N. Pacific Coastal 85 26.6 Relatively Stable
Queen Charlotte Islands 65 222 Vuinerable

2 Based on published sources and regional workshops (DellaSala et al. 1997a, Ricketts et al. 1999b).

b Based on JTUCN (1994) protected areas categories I-III (national/provincial parks, congressionally
designated wilderness, national monuments; DellaSala et al. 1997a).

¢ Based on estimated remaining intact habitat, total habitat loss, habitat block sizes, forest fragmenta-
tion, and degree of protection within ecoregions. The final conservation status was elevated to reflect
projected trends in biodiversity losses associated with anticipated increases in threats (conversion,
habitat degradation, wildlife exploitation) in the near future (Ricketts et al. 1999b).
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species-rich areas, endemic foci, and rare
habitat types; number of listed species and
globally imperiled communities; and rela-
tively low levels of protection. However,
there is significant potential for conserva-
tion in the region given its relative remote-
ness (e.g., several hundred kilometers from
San Francisco and Portland), low human
population (853,000 people living in 11
counties within the region in 1998; Center
for Population and Census, unpubl. data),
high percentage of public lands (two-thirds
of the region is in federal ownership), re-
cent management focus of federal agen-
cies on late-seral forests (e.g., Northwest
Forest Plan), and large number of unpro-
tected roadless areas (see Noss et al., this
issue).

Significant threats to terrestrial biodiversi-
ty in this region include (1) extensive hab-
itat fragmentation from logging and relat-
edroad-building (see Jules et al., this issue);
(2) degradation of species-rich areas such
as riparian, serpentine, and old-growth hab-
itats as a result of extensive grazing, log-
ging, and mining (see Schoenherr 1992;
Noss et al., this issue; Coleman and Kruck-
eberg, this issue); and (3) reduction in
native species diversity from invasive spe-
cies (e.g., Jimerson and Creasy 1997).

Hard-rock mining is the most significant
threat to species-rich, serpentine commu-
nities in this region; most trees on serpen-
tine soils are too stunted to be commer-
cially viable, many herbaceous plants are
of low nutritional value to livestock, and
serpentine formations contain precious
minerals such as nickel, copper, and co-
balt (Sawyer 1996). Intensive livestock
grazing and associated encroachment of
trees into oak savanna and montane and
subalpine meadows are primary threats to
native plant and butterfly richness in these
important habitat types (J. Sawyer, Profes-
sor of Biological Sciences, Humboldt State
University, California, pers. com.).

Invasive species have had profound effects
on some of the region’s imperiled plant
communities. Root rot fungus (Phytoph-
thera lateralis) has been particularly dam-
aging to Port Orford cedar communities
due to pervasive spread of this water-borne
fungus associated with road-building and

vehicular traffic from logging, mining, and
recreational activities (Jimerson and Creasy
1997). Port Orford cedar grows along
stream banks and provides invaluable
shade, channel stabilization, and micro-
habitat conditions for numerous aquatic
species (Jimerson and Creasy 1997, Nawa
1997). Blister rust (Cronartium ribicola)
has severely impacted western white pine
(Pinus monticola) communities on serpen-
tine soil in some parts of the region (e.g.,
Del Norte County, California), particular-

1y during regional droughts (J. Sawyer,

pers. com.). Rust infestations eliminated
much of this community before ecologists
even recognized it as distinctive for Cali-
fornia and were able to document its re-
gional significance (J. Sawyer, pers. com.).

Only five relatively large (>500 km?) blocks
of intact forest remain in the region, in-
cluding Trinity Wilderness (2,090 km?),
Marble Mountain Wilderness (905 km?),
Kalmiopsis Wilderness (739 km?), Yolla
Bolly-Middle Eel River block (708 km?),
and Siskiyou Wilderness (609 km?) (see
Foreman and Wolke 1992:154). Several
additional intact blocks also exist as un-
protected roadless areas that, if added to a
reserve system, could contribute to con-
servation goals (see Noss et al,, this issue).

Compared to other globally outstanding
ecoregions in this MHT, only four other
ecoregions have lower levels of protection
than the Klamath-Siskiyou (Table 4). Ap-
proximately 10.5% of this region is under
strict (IUCN protected area categories I-
III) protection (Figure 1), and most pro-
tected areas under-represent low-elevation
habitats (see below). Some of the protect-
ed areas in the region are in danger from
conflicting land-use regulations (e.g., 1964
Wilderness Act vs. 1872 Mining Act) or
from incompatible management activities.
Examples include proposed mining in ar-
eas of critical environmental concern and
botanical significance as designated by the
Bureau of Land Management and the U.S.
Forest Service along Rough and Ready
Creek, a tributary of the Illinois River, and
along stretches of some designated wild
and scenic rivers (see Schoenherr
1992:234). In addition, although the North-
west Forest Plan (U.S. Forest Service and
U.S. Bureau of Land Management 1994)

designated late-successional reserves
(LSRs) in this region, we did not recog-
nize LSRs as protected because of contin-
ued threats from such activities as road-
building, ski resort development, logging
to create large fuelbreaks, and thinning
and salvage of old-growth trees. However,
LSRs could eventually qualify as protect-
ed areas, pending adoption of stricter con-
servation and restoration measures consis-
tent with conservation reserve principles
(Noss and Cooperrider 1994). Noss et al.
(this issue) indicate that the region’s LSRs
were based largely on “habitat conserva-
tion areas” (HCAs) for the northern spot-
ted owl (Strix occidentalis caurina), as
first proposed by Thomas et al. (1990),
and thus do not meet broader representa-
tion goals. Furthermore, not all LSRs are
presently functioning in this condition, and
many will require considerable time (>50
years) to acquire late-seral characteristics
(U.S. Forest Service and U.S. Bureau of
Land Management 1994). Region-wide,
LSRs average only 42% medium and large
conifers (mature and old growth; U.S.
Forest Service and U.S. Bureau of Land
Management 1994).

The Klamath River system contains the
greatest concentration of designated wild
and scenic rivers in the nation, including
the lower Klamath, Trinity, and Smith Riv-
ers. However, this designation typically
reflects scenic value or recreational op-
portunities and is not necessarily indica-
tive of ecological condition. For example,
the Klamath is blocked by four dams and
the Trinity by two dams; the latter is also
affected by out-of-basin diversions, as well
as a number of smaller dams and diver-
sions. Other dams and diversions block
major portions of the McCloud, Rogue,
and Umpqua Rivers. Consequently, the
region’s freshwater systems have experi-
enced substantial alterations of hydrologic
flows.

Many streams utilized by anadromous fish-
es are water-quality limited (National
Marine Fisheries Service 1997). For ex-
ample, seven California river basins with-
in the ecoregion have been designated as
“impaired” by the Environmental Protec-
tion Agency under section 303(d) of the
Federal Clean Water Act; they include the
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Eel, Van Duzen, Mad, Shasta, Scott, Kla-
math, and Trinity Rivers. Similar water
quality problems exist in Oregon drain-
ages within the region, as assessed by the
Oregon Department of Environmental
Quality. The primary factors for listing
these river basins as impaired are exces-
sive sediment load and elevated water tem-
peratures.

Major threats to freshwater systems in the
region include channel morphology
changes, substrate changes, loss of instream
roughness, loss of estuarine habitat, loss
or degradation of riparian areas, declines
in water quality, altered stream flows, fish
passage impediments, and elimination of
spawning and rearing habitat (National
Marine Fisheries Service 1997, 1998,
1999a, 1999b). The principal activities
responsible for degradation of habitat are
dams, logging, road-building, grazing,
mining, urbanization, stream channeliza-
tion, wetland development, beaver (Cas-
tor canadensis) trapping, irrigation activ-
ities, fishery management, and overfishing.
These same factors impact all freshwater
fish populations in the ecoregion; howev-
er, the impacts on noncommercial popula-
tions have yet to be assessed.

Finer-Scale Assessments

We identified 24 stand types and plant
series considered distinctive (Sawyer and
Keeler-Wolf 1995) for the northwest Cal-
ifornia portion of the ecoregion (Table 5).
These include examples from several old-
growth stand types, rare forest stands, and
various forest series. Many of these dis-
tinctive stand types have restricted distri-
butions in the ecoregion and warrant spe-
cial conservation attention (Sawyer and
Keeler-Wolf 1995). For the entire ecore-
gion, two forest ecosystem types (old-
growth forest and mature riparian forest)
were considered threatened or endangered
by the National Biological Service (Noss
et al. 1995, Noss 1998). Notably, these
ecosystem types are considered endangered
in all of the temperate coniferous ecore-
gions of the lower 48 states, where they
have been reduced to a fraction of their
original extent (Noss et al. 1995, 1998). In
addition, 10 plant communities were list-
ed by The Nature Conservancy as G1 or

G2 communities, including examples from
white fir, Port Orford cedar, and oak com-
munity types (Grossman et al. 1994). Most
of the oak community types occur on pri-
vate lands in the ecoregion and thus repre-
sent significant conservation challenges.

We identified 138 terrestrial taxa with state
or federal listing status in the Klamath-
Siskiyou Ecoregion (see Appendix A,
which can be viewed on the World Wide
Web at http://www.consbio.org or request-
ed in print form from the first author).
Although this list undoubtedly reflects list-
ing preferences among researchers and
agencies, plants by far comprised most
(75%, n=103) of the listed taxa, followed
by birds (13%, n=18), herpetofauna (7%,
n=10), mammals (4%, n=5), and inverte-
brates (1%, n=2). Notably, more than half
(56%, n=78) the listed taxa were endemics
and most (92%, n=72) of the listed en-
demics were plants. An additional 11%
(n=16) of listed taxa were plants found on
serpentine soils. Kruckeberg (1984b) in-
dicated that about 215 vascular plants (va-
rieties and subspecies) and several inverte-
brates are wholly or partly confined to
serpentine bedrock of California. Brooks
(1987:135) identified 17 serpentine en-
demics restricted to the narrow area of the
Siskiyou Mountains and 13 species re-
stricted to the Klamath Mountains. Clear-
ly, serpentine areas warrant caution in land
management decisions given their impor-
tance as regional centers of endemism and
the susceptibility of endemics to extinc-
tion.

Listed taxa occupied a range of habitats
and elevations from sea level to tree line
(see Appendix A). Whereas differences in
elevation of locations can be attributed, in
part, to sampling biases and area effects,
61% (n=84) of listed taxa were recorded
exclusively at elevations <1,524 m. Nota-
bly, one of us (J. Strittholt, unpubl. data)
found that only about 11% of elevations
<1,524 m were protected by wilderness as
compared to 41% of upper elevations.
Moreover, the few remaining intact, low-
elevation forests (e.g., Dillon Creek on the
Klamath National Forest, Rough and
Ready Creek on the Siskiyou National
Forest, Elk River adjacent to Grassy Knob
Wilderness on the Siskiyou National For-

est) are threatened by logging, road-build-
ing, and mining activities. These results
suggest that conservation reserves in this
region need to encompass suitable habitat
linkages across elevation gradients to pro-
vide a range of conditions for listed taxa
and maintain important ecological process-
es (e.g., altitudinal migrations, seed dis-
persal, pollination). Such linkages may
become increasingly important in the event
of global climate change.

In addition to listed taxa in the ecoregion,
five terrestrial species have been regional-
ly extirpated, including grizzly bear (Ur-
sos arctos), gray wolf (Canis lupus), prong-
horn (Antilocapra americana), bighorn
sheep (Ovis canadensis), and California
condor (Gymnogyps californianus) (Trail
1998). The status of the wolverine (Gulo
gulo) in this region is largely unknown,
and surveys of high elevation areas have
been limited to helicopter flights in a few
locations. Wolverine tracks were tentatively
identified in the vicinity of Mt. McLough-
lin and Sky Lakes Wilderness (Devils Peak
Area; Winema National Forest internal
memo), a den site was reported on Mt.
Thielsen in 1997 (north of Crater Lake;
Oregon Department of Fish and Wildlife
internal memo), and anecdotal (reliable)
sightings have been reported near Mill
Creek (Rogue National Forest internal
memo) and by Native American tribes in
the region. Female wolverines are known
to abandon den sites within 3.2 km of
disturbances caused by skiers and snow-
mobiles at high elevations (J. Copeland,
Carnivore Specialist, Idaho Deparment of
Fish and Game, Idaho Falls, pers. com.).
Notably, ski developments have been pro-
posed within (e.g., Mt. Ashland, Rogue
National Forest) and adjacent to (e.g., Pel-
ican Butte, Winema National Forest) the
Klamath-Siskiyou, well within the distance
wolverines are capable of travelling to from
areas where they have been suspected to
occur.

Eleven fish taxa have official conservation
status under federal or state programs in
the region; five of these are anadromous
salmonids (see Table 2). Each of these
taxa occurs predominately or entirely be-
low 1,524 m, including juvenile anadro-
mous salmonids. The bull trout on the
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Table 5. Distinctive stands and plant series of northwest California (Sawyer and Keeler-Wolf
1995), threatened and endangered forest types (Noss et al. 1995, Noss 1998), and critically
globally imperiled (G1) and globally imperiled (G2) communities of southwest Oregon and
northwest California (Grossman et al. 1994, Noss et al. 1995, Noss 1998). Nomenclature for
plants follows Hickman (1993).

DISTINCTIVE STANDS® AND PLANT SERIES OF NORTHWEST CALIFORNIA

Old-growth Stands: Oregon white oak (Quercus garryana) woodlands, incense-cedar
(Calocedrus decurrens) forests, foothill pine (Pinus sp.) woodlands, Douglas-fir
(Pseudotsuga menziesii)-tanoak (Lithocarpus densiflorus) forests, Douglas-fir forests, and
Douglas-fir-ponderosa pine (Pinus ponderosa) forests

Rare Forest Stands: Alaska yellow-cedar (Cupressus nootkatensis), Baker cypress (C.
bakeri), Pacific silver fir (Abies amabilis)

Forest Series: Engelmann spruce (Picea engelmannii) forests, Port Orford cedar
(Chamaecyparis lawsoniana) forests, subalpine fir (A. lasiocarpa) forests, western hemlock
(Tsuga heterophylla) forests, and western white pine (Pinus monticola) forests

Mature Riparian Stands of the Following Series: black cottonwood (Populus trichocarpa)
forests, button bush {(Cephalanthus occidentalis) thickets, narrowleaf willow (Salix exigua)
thickets, Sitka alder (Alnus viridis) thickets, mountain alder (A. incana) thickets, sandbar
willow (S. sessilifolia) thickets, Fremont cottonwood (P. fremontii) forests, mixed willow
forests, red willow (S. laevigata) forests, white alder (A. rhombifolia) forests

THREATENED AND ENDANGERED FOREST TYPES® OF SOUTHWEST OREGON AND NORTHWEST
CALIFORNIA

Old-growth and primary forests of all types (endangered)

Mature, riparian forest of all types (threatened)

ImpERILED (G1/G2) PLANT COMMUNITIES® OF SOUTHWEST OREGON AND NORTHWEST
CALIFORNIA

White fir communities:

White fir (Abies concolor)-Port Orford cedar/Oregon-grape (Berberis sp.)/vanilla leaf
(Achlys sp.) (G2)

White fir—Port Orford cedar/sadler oak (Quercus sadleriana)-leucothe-rhododendron (G2)
White fir—Port Orford cedar-Brewer spruce (Picea breweriana)/huckleberry oak (Q.
vaccinifolia) (G1)

White fir-Brewer spruce/pipsissewa (G2)

White fir-Brewer spruce/thin-leaved huckleberry (V. membranaceum)/rattiesnake plaintain
(Goodyera oblongifolia) (G2)

Port Orford cedar communities:

Port Orford cedar—Douglas-fir/tan oak-salal (Gaultheria shallon) (G2)

Port Orford cedar-Douglas-fir/rhododendron/beargrass (Xerophyllum sp.) (G2)
Port Orford cedar—-western hemlock/salal-rhododendron (G2)

Port Orford cedar-western hemlock/sword fern (Polystichum sp.) (G2)

Oak communities:
Oregon white oak/buck brush (Ceanothus cuneatus)/1daho fescue (Festuca idahoensis) (G2)

a Stands were considered distinctive if they contained unique species compositions or one-of-a-kind
locales, were defined by the presence of a listed species as recognized by the California Native Plant
Saciety, or were structurally distinctive and rare (Sawyer and Keeler-Wolf 1995). Available for only
the Californian portion of the Klamath-Siskiyou ecoregion.

b Considered threatened if 70-84% of presettlement habitat has been converted, and endangered if 85~
98% has declined (Noss et al. 1995, Noss 1998).

¢ G1 plant communities had <5 occurrences globally or occurred on <800 ha; G2 plant communities
had <20 occurrences or occurred on <4,000 ha (Grossman et al. 1994).

McCloud River historically ranged from
about 894 to 1,915 m, with most habitat
occurring below 1,524 m. We did not rec-
ognize evolutionary significant units
(ESUs), as distinguished by the National
Marine Fisheries Service, in our counts of
listed taxa, even though they reflect bio-
geographical complexities among fish
populations within the region. However,
ESUs are included in this discussion be-
cause of their relevance to listing deci-
sions by federal agencies.

Six fish taxa in the study area have been
assigned federal status (Table 2). The
McCloud River bull trout (Salvelinus con-
fluentus) is federally listed as extinct in the
McCloud. The coastal cutthroat in the
Umpqua drainage is currently listed as an
endangered ESU. However, the National
Marine Fisheries Service has recently pro-
posed delisting this population and includ-
ing it with the Oregon Coastal ESU, which
is not listed (National Marine Fisheries
Service 1999b). The Southern Oregon and
California Coastal ESU of coho salmon is
listed as threatened, and the Southern Or-
egon and California Coastal ESU of chi-
nook salmon is proposed as threatened
(National Marine Fisheries Service 1997,
1999a). The federal ESUs of steelhead (3)
within the ecoregion were found to be
“not warranted” for listing at this time but
remain as candidates (National Marine
Fisheries Service 1998). The McCloud
redband trout (Oncorhynchus mykiss
stonei) is also a federal candidate (U.S.
Fish and Wildlife Service 1997).

An additional five species in the study area
lack federal status at this time but have state
status: chum salmon; Klamath redband trout;
Umpqua chub; Klamath smallscale sucker-
Jenny Creek population, which is listed due
to its naturally restricted range; and anadro-
mous Pacific lamprey, which is sensitive to
many of the threats experienced by salmo-
nids (Kostow 1995, Oregon Department of
Fish and Wildlife 1997).

Five aquatic invertebrates have been as-
signed conservation status in the region
(not in Appendix A): vernal pool fairy
shrimp (Branchinecta lynchi—Eng et al.
1990, federally threatened), Trinity bris-
tlesnail (Monadenia setosa—G2, S2 [see
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Appendix A for status codes]); two rhya-
cophilan caddisflyies (R. monsana—Den-
ning 1965, an endemic with G1G2, S182
status; and R. fenderi—Ross 1948, G2, S2
status), and an endemic water scavenger
beetle (Chaetarthria leechi—Miller 1974,
G1, 81 status). The vernal pool fairy shrimp
has arestricted distribution within the Sac-
ramento Valley with populations recently
discovered in the Rogue Valley, Oregon
(U.S. Fish and Wildlife Service 1994). This
brings the total number of freshwater taxa
with listing status in the region to 16.

The list of species with state or federal
status is by no means a complete inventory
of species having conservation status in
this region. Numerous invertebrates have
declined drastically yet lack official status
with state or federal agencies. Frest and
Johannes (1998, 1999) indicated that most
of the mollusks in this region have experi-
enced >90% contraction in historic distri-
butions. Many endemic taxa have extreme-
ly localized distributions (e.g., Monadenia
fidelis pronotis was known from a single
large site near Crescent City, California,
but remains only as a small population at
another site) and are at risk of extinction
due to loss of historic sites from siltation
(logging and road-building activities), flow
modifications, pollution, dredging, or oth-
er channel alterations, and eutrophication
(Oregon Natural Heritage Program 1995;
Frest and Johannes 1998, 1999). Even
common land snails such as Allogona
townsendiana and M. fidelis fidelis have
experienced extensive (>90%) range con-
tractions (Frest and Johannes 1999). How-
ever, only three mollusks, each of which is
an endemic, have state status in this re-
gion—M. setosa (G2, S2), M. troglodytes
(G2, S2), and Vespericola karokorum
(G2G3, S283). In addition, only 26 mol-
lusks (16 land snails and 10 freshwater
taxa) in this region have received special
management status as “survey and man-
age species” under the Northwest Forest
Plan (U.S. Forest Service and U.S. Bureau
of Land Management 1994). Currently,
there are no published guidelines on the
criteria used by federal agencies to in-
clude mollusks as survey and manage spe-
cies, and this designation often lacks im-
plementation. Inadequate conservation in
general may reflect difficulties in sam-

pling, taxonomic uncertainties, or biases
in the listing and management processes.
Thus, mollusks remain highly vulnerable
to extinction and require increased conser-
vation not only because of their impor-
tance in regional diversity but also be-
cause of the role they play as indicators of
water quality (Frest and Johannes 1998).

CONSERVATION IMPLICATIONS

Temperate Coniferous Forests

Our analysis addresses the conservation
status of North American forests at several
biogeographical scales—global, continen-
tal, and ecoregional. As a group, the tem-
perate coniferous forest comprises more
ecoregions that are globally outstanding
and endangered than any other forested
MHT in North America (DellaSala et al.
19972, Ricketts et al. 1999b). Temperate
conifer forests are threatened on other
continents as well (Olson and Dinerstein
1998). Thus, conservationists should put
protection of ecoregions within this MHT
on a par with similar efforts to protect
other diverse MHTs around the world, such
as tropical rainforests. Achieving ecologi-
cal representation of forest ecoregions
within every MHT should become a shared
goal of conservation groups, governments,
and local communities concerned with
sustaining the multiple benefits and eco-
system services that forests provide both
globally and locally. Moreover, conserv-
ing representative forest ecoregions with-
in every MHT, particularly globally out-
standing ecoregions, should be part of
international accords and proclamations
on biodiversity and sustainable forestry
(e.g., Montreal Process Criteria and Indi-
cators of Sustainability, International Con-
vention on Biological Diversity, Forest
Stewardship Council’s forest certification
program).

Conservationists should highlight the glo-
bal and national significance of local for-
ests and incorporate broader landscape or
ecoregional considerations into conserva-
tion reserve designs (Vance-Borland et al.
1995; Noss et al., this issue; Cooperrider
et al., in press). Reserve selection should
begin at the ecoregional level with a broad
habitat representation analysis, scaling

down to local areas of importance (e.g.,
endemic foci, critical watersheds, imper-
iled communities) and species of concern
(e.g., endemics, focal species, listed spe-
cies; see Noss et al., this issue). Sufficient
habitat should be conserved to effectively
maintain the integrity of globally outstand-
ing ecoregions; however, the insatiable de-
mand for natural resource consumption
needs to be properly balanced and inte-
grated with conservation goals as well.
Thus, conservationists should identify root
causes and proximate socioeconomic fac-
tors (or drivers) responsible for biodiversi-
ty declines within ecoregions (e.g., Rasker
and Hackman 1996). Once identified, such
factors could be used to integrate compat-
ible human activities with reserve designs
using a combination of regional land use
planning and zoning on public lands (Noss
and Cooperrider 1994) and conservation
incentives on private lands (Glick et al.
1998).

Klamath-Siskiyou Ecoregion

Overall, this assessment ranked the Kla-
math-Siskiyou Ecoregion as endangered
and within the top 10 temperate conifer-
ous forest ecoregions in North America
and the world. Conservation of the Kla-
math-Siskiyou can contribute significant-
ly to international efforts to protect eco-
logically representative portions of the
world’s most outstanding and endangered
forests (Dinerstein et al. 1995, DellaSala
et al. 1997a, Olson and Dinerstein 1998,
Ricketts et al. 1999b). By attaching the
prominent status of globally outstanding
to an ecoregion, conservationists may in-
still a sense of local pride, stewardship,
and global responsibility on the part of the
people living within these global treasures.

To more effectively achieve conservation
in the Klamath-Siskiyou Ecoregion, Del-
laSala et al. (1997b) recommended the
foliowing: (1) conduct a fine-scale gap
analysis to identify specific candidate sites
(terrestrial and aquatic) for protection (e.g.,
see Noss et al., this issue); (2) establish
restoration areas in degraded aquatic and
terrestrial habitats; (3) determine cumula-
tive impacts of land disturbances on hy-
drological processes, particularly in sensi-
tive habitats such as serpentine fens,
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riparian areas, and key salmonid water-
sheds; (4) exclude incompatible logging
(e.g., fuel breaks, intensive salvage log-
ging) and land use developments (e.g., ski
areas) from late-seral reserves and intact
forests (e.g., roadless areas); and (5) con-
serve all endangered and declining habi-
tats and species through the establishment
of a network of ecologically representa-
tive protected areas (especially at low ele-
vations). In addition, we recommend that
increased attention be focussed on species
having conservation status in the region,
particularly those that have experienced
extensive range contractions, such as mol-
lusks and endemic plaats, and those with
uncertain status, such as the wolverine.

Private lands in this region contain many
habitat types rich in species or declining in
extent (e.g., oak savannas, G1/G2 commu-
nities, and riparian areas; see Noss et al,,
this issue). Thus, conservation incentives
(e.g., easements, acquisitions, swaps, co-
operative agreements) should be used to
promote habitat protection with willing
landowners. Conservation approaches on
private lands could also include green cer-
tification programs (i.e., Forest Steward-
ship Council) to integrate economic inter-
ests with management and conservation
objectives in forested areas of conserva-
tion value. In addition, local communities
should be involved in cooperative (feder-
ally assisted) programs that emphasize eco-
logical restoration and land stewardship
through, for example, riparian tree plant-
ing, road decommissioning, and small-di-
ameter-tree thinning in fire-suppressed
forests. Such approaches are key to ensur-
ing greater appreciation of the region’s
ecological importance and support for
conservation efforts by the general public.

CONCLUSIONS

Our assessment provides a case study for
evaluating a particular ecoregion’s distinc-
tiveness and conservation status at various
biogeographical scales. We reaffirmed the
status of the Klamath-Siskiyou Ecoregion
as globally outstanding and endangered.
We provided recommendations for ecore-
gional conservation that included an eco-
logically representative network of pro-
tected areas, restoration of degraded habitat

types, and the integration of conservation
and sustainable economics. We hope that
through such an approach, conservation-
ists will truly reflect emerging efforts to
think globally while acting ecoregionally
and holistically. Our results also support
concerns raised by conservationists that
the Klamath-Siskiyou Ecoregion receive
world class protection because of its glo-
bal significance.
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