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Abstract.— Congress is currently evaluating the wilderness status of Bureau of Land Management (RLM) public
lands in Utah. Wilderness areas play many important roics. and one critical role is the conservation of biological diver-
sity. We propose that objectives lor conserving biodiversity on BLM lands in Utah be to (].} ensure the long-term popu-
lation viability of native anirnal and plant species, (2) maintain the critical ecological and evolutionary processes upon
which these species depend, and (3} preserve the full range of communities, successionai stages, and environmental gra-
dients. Ib achicve these objectives, wilderness areas should he selected so as to protect large, contiguous areas.augment
existing protected areas, buffer wilderness areas with multiplc-use public lands, interconnect existing protected areas
with dispersal and movement corridors, conserve entire watersheds and elevations! gradients, protect native communi-
ties from invasions of exotic species, protect sites of maximum species diversity, protect sites with rare and endemic
species, and protect habitats of threatened and endangered species. We use a few comparatively well-studied taxa as
examples to highlight the importance of particular RLM lands.
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The Wilderness Act and Biodiversity historical value” (16 U.S. Code, § 1131 [c][4]),

Ecological concerns have also figured promi-

In the W ilderness Act of 1964, Congress nently in several congressional wilderness
endorsed the preservation of federal land in its hills for Bureau of Land M anagement (BLM)
natural state (16 U.S. Code, Sections 1131—36). public lands. Both the Alaska National Interest
Congress plainly anticipated that ecological Lands Conservation Act, 16 US. Code, § 3101
considerations were an important dimension (b), and the California Desert Protection Act,
of the wilderness concept since the act pro- 103 Public Law 433 Section 2 (b) (1) (B) (1994),
vides that wilderness may contain “ecological’ expressly acknowledge that wilderness designa-
features of “scientific, educational, scenic, or tion is intended to protect important ecological
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values. Among the significant ecological func-

tions of wilderness areas is their role iIn con -

serving biological diversity (biodiversity).
In Utah, undeveloped public lands admin -

istered bv the BLM (Fig. 1) can potentially

play a key role in conserving the state’s natural
heritage, The BLM is now pursuing an ecosys-

tem management policy designed to ensure
sustainable ecological processes and biological

diversity on lands under its jurisdiction (Depart-

ment of the Interior 1994). By wusing these
same criteria to designate wilderness areas,
Congress could not only advance the BL M s
ecosystem management goals but also reduce
conflict over the agency s multiple-use lands
(e.g., by diminishing the risk of future endan -
gered species listings and the accompanying

regulatory limitations). Over the long term, it is

both cheaper and easier to protect species 1in
aggregate in their intact functioning ecosys-
tems than to conserve them individually in

fragmented and decimated populations under
the Endangered Species Act.
In short, the use

of biological and ecologi-

cal criteria to designate BLM wilderness areas

in Utah is consistent with the legal concept of
wilderness and would help to avoid future
conflicts over resource management.
Biodiversity D efined
Biological diversity— the variety of life in a

given area— includes three hierarchical com -

ponents: genetic diversity, species diversity, and

ecosystem diversity (e.g., National Research
Council 1978. W ilson 195S, Reid and M iller
19S9. Raven 1992)&. Genetic diversit}4 refers to

the variety of genes within species. Depletion

of genetic diversity during population bottle-

necks, or because of inbreeding within

(rag-

menled and isolated populations, can threaten

a species survival by reducing the capacity of

organisms to adapt lo changing environments

fSoul6 and Wilcox 1980, Frankel and Soule

19SIli. Species diversity, or the number of

species within a region (species richness), can

b e divided into three major components

(W hittaker 1972): alpha diversity (a), the num -

ber of species in a homogeneous habitat; beta

diversity (j8), the rate of species-tumover
across habitats; and gamma diversity (y), the
total number of species observed in all habi-
tats within a region. Finally, ecosystem diver-
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Fig. 1. Map of the state of Utah showingln black; loca-

tions of dJ existing roadless areas proposed for BLM

wilderness status. The BLM formally studied a subset of
these areas and recommended a portion of studied lands
for wilderness status. Data are from a Department of Inte-
rior map of BLM W ilderness Study Areas, BLM Proposed
Wilderness, and ihe Utah Wilderness Coalition's BLM
Wilderness Proposal, County boundaries also are shown.
Isolated mountain ranges in UtatTs western deserts are
identified as follow s; a = Deep Creek; b = Fish Springs; c
= House range, and d ~ Newfoundland range (not for-
mally proposed or studied for wilderness designation)* On

the Colorado Plateau, e - the Henry Mountains,

sity consists of the variety of major ecological

communities within areas that are heteroge-

neous in their physical attributes, for example,
in elevation or soil type.

Genetic, species, and ecosystem diversity

all result from both interactions between organ -

isms and their environments, and interactions

of organisms vvidi one another. The physical

environment sets limits on which species can

inhabit an area, and interactions among those

species determine which are most abundant.

Strategies for preserving biodiversity must

therefore take note of all living things in the
landscape, and the linkages among them .
Finally since different species specialize on

different stages of natural disturbance cycles,

it is important to preserve a range ofcommu-

nities and ecosystem s representing all stages

in the disturbance cycle.
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O bjectives

The success of conserving biological diver-

sity within a system of protected areas can

only be assessed in relationship to a series of

selected objectives- W e propose that the con -

servation of Utah’s biological diversity depends
on (!) ensuring the long-term viability of native

plant and animal populations, (2) maintaining

the critical ecological and evolutionary processes

upon which these species depend, and (3) pro-

tecting the full range of com munities, succes-

sional stages, and environmental gradients (e.g.,

IUCN 1978, MacKinnon et al. 1986, Noss 1992).

Both the size of the network of protected

areas and die selection of individual wilderness

areas should be guided by these 3 goals.

Although it is possible to preserve a small sub-

set of species and genotypes in zoological and

botanical gardens, com munities and species

interactions must be conserved in situ. Large

areas with minima) human intrusion, and with

natural processes reasonably intact, are critical

elements of an in situ conservation strategy;

they provide protection for fragile habitats, such

as easily eroded soils, and preserve habitat for

reclusive species. Moreover, wilderness areas

offer natural ecosystem s some protection from

the biological invasions that have devastated

many communities, especially plant com muni-
ties, across Utah.

Here we describe a strategy; based wupon

widely accepted principles of conservation
biology (see e.g., Primaek 1993, Metlfe and
Carroll 1994), for both selecting critical sites

for wilderness designation and determining

the amount of habitat that should be pre-

served as wilderness (see idso Babbitt 1995).

Criteria for Selection

Viable Populations

Utah contains approximately 3000 Indige-

nous plant species and varieties and about 584
vertebrate species. Viable populations for most

of these plants and animals can be ensured by

focusing, within =ecological com munities, on

species for which the risk of extinction is
greatest. Risk-prone species typically include
those with small populations, Jlarge home
range requirements, low reproductive poten -
tial, restricted geographic ranges, or large
temporal variation in population size (Brown
1971. Willis 1974, Terborgh and W inter 1980,

Diamond 1984, Pimm et al. 1958, Belovsky el

at .1994, Newmark 1995). M any top predators
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have several of these traits. On BLM lands in
Utah, examples of such organisms are river
otter (LUtra canadensiS) and both Bald and

Golden Eagles (Haliaeeius leucocephalus and
AC]U”U ChrysaetOS). Risk-prone plants include
Holmgren locow eed (AStragaIUS hOhngreniO'
nan) and Jones cycladenia (Cycladenia Immilis
var.jonCSii), which have highly specific sub -
strate requirements.

Viability of populations depends on both
the level of risk one is willing to accept, and the
time frame over which one wishes to conserve

the population (Shaffer 1981, Schonewald-C ox

1983, Soule 1987). In general, both survival
time and the likelihood of population persis-
tence increase with population size. A level of
risk and persistence that is commonly pro-
posed as a management goal is a 99% <chance

of survival for 1000 years {e.g., Belovsky 1987.

Armbruster and Lande 1993;.
For large carnivores, the minimum viable
population necessary to ensure a 99% <chance

of survival for estim ated to be

1000 years is
approximately 10,000-100,000 individuals (B e-

lovsky11987). In habitat area, this is equivalent

to 100,000-2,000,000 km2, or 2,5—25 million
acres. Although this area requirement may
seem remarkably large, documented losses of

mammalian spccies from among the largest of

N orth A merican national parks (e.g., the
10,328-krn- Yellowstone—Grand Teton park
assemblage) during the last 90 years make

clear the importance ol protecting large areas

(Newmark 19727, 1995]j.

M aintenance of Ecological

and Evolutionary Processes

In selecting wilderness areas, one must

take carc to ensure the maintenance of the
ecological and evolutionary processes upon
w hich all plant and animal species depend
(Piekctt and Thompson i97S. Kushlan 1979).

A mong the most important of these processes

are natural disturbance and recovery cycles.

Ideally, criteria lor the selection of wilderness

areas should include inform ation on fre-
quency, size, and longevity of natural distur-
bances. Protected areas should be large

enough to contain minimum critical areas of

the entire range of recovery stages for each

community (Pickett and Thompson

type

1978). In western North A merica, natural dis-
turbance regimes can encompass tens of thou-
sands to millions ol acres, as witnessed by the
Yellowstone

recent and extensive wildfires in

N ational Park (Christensen et al, 1989).
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Two other critical ecological processes’ are designating wilderness areas, high priority
migration and dispersal of terrestrial organ- should be given to lands whose selection

isms across landscapes, and of aquatic species

within watersheds. The selection of wilder-

ness areas requires that attention be given to

ensuring that migratory pathways are open to

organisms migrating seasonally along eleva-

tional gradients. O f particular importance is

the need to maintain winter ranges and migra-

tory routes oflarge mammals such as mule deer

{Odocoileus hemionus), «ix (Cervus elaphus),
and moose {Aloes aheS).

Interactions among competitors, and be-

tween predators and prey, are integral aspects

of natural ecosystems and should be pre-

served, For example, in the southwestern

deserts of the United States, the direct and

indirect effects of seed predation on plant

community structure have been documented

in long-term experiments manipulating densi-

ties of rodent and ant granivores (Davidson et

al, 1984, Samson et al. 1992). T hese effects
include transformation of a shrubland into a
grassland biome (Brown and Heske 1990).

Special care must be taken to conserve popu-
lations of predators with large area require-
ments, because extinctions of these species
can alter whole communities (e.g., by leading

to outbreak densities of prey, which then over-

exploit their plant resources). Some of the

strongest evidence for such ‘“trophic cascades™

comes from the Greater Yellowstone Ecosys-

tem, where intensive browsing by &elk has

greatly altered many riparian zones by the re-

moval of willows (genus Sa“X), and has elimi-

nated aspen seedlings (POpUIUS tremUIOldeS)
recruiting from seeds and rhizomes shortly
after the extensive 1988 fires. Huge contem -

porary elk herds, numbering m'-40,000 individ -

uals in the park, and 20,000 in the northern

herd alone, are likely the result of reductions

in the full complement of large predators (Kay

1990, W agner et al. 1995). Considerable evi-

dence idso suggests that deer and elk herds in
Utah average significantly larger at present
than during any extended period in the histor-
ical past (Durrant 1950, julander 1962, Harper

1986).

Strategies for Selecting

W ilderness Areas

Landscape-wide Priorities

Given the large area requirements of many

extinction-prone Utah species, it is important

to protect large, contiguous land blocks. In

would enlarge and connect existing protected

areas (e.g., national parks, wildlife refuges, and

Forest Service wilderness areas) and thus

enhance the viability of animal and plant pop-
ulations (Newmark 19S5, Salwasser et al. 1987,

Noss 1992, Grumbine 1994). By themselves,

BLM wilderness areas in Utah clearly cannot

satisfy the huge area requirements noted above
as requisite for maintaining viable populations

of large carnivores. However, when Ilinked to

other public lands (e.g., Utah’s national parks,

and wilderness areas iIn other states), BLM

wilderness in Utah can be a key component oi

strategies for long-term preservation ofbiolog-
ical diversity.

Other high-priority areas are those which,

alone or together with, other protected areas,

encompass entire watersheds. In addition to

affording direct benefits to humans, watershed
protection is the most effective means of con -

serving the aquatic and riparian com munities

that account for a disproportionate fraction of

both species diversity and endangered and
threatened species in arid western North
A merica (Miller 1961, M inckiey and Deacon

1968, 1990, Holden et al. 1974, Johnson et al.
1977, Cross 1985, Knopf 1985, Moyle and
W illiams 1990). M oreover, since populations
of riparian species are usually isolated from

similar com munities in other drainage system s,

species losses from ‘these environments are

not easily remedied, by natural recolonization.

A 3rd priority in selecting wilderness sites

is land that forms or helps to com plete the pro-

tection of entire =elevational gradients, for

example, in isolated mountain ranges of the

G reat Basin. Scant attention paid to conserving

these gradients in the past is evident in the

restriction of most national parks and wilder-

ness areas in western North America to higher

elevation sites. Designation oi'wilderness in

comparatively low elevation BLM lands would

afford protection to regions of greatest species

richness for many organisms (e,g., mammals,

birds, amphibians, insects, and trees) whose

diversity generally declines with elevation

throughout much of western North A merica

(Harris 1984, Stevens 1992).

Optimal Design Goals

If BLM wilderness areas are to contribute

substantially to the preservation of biodiver-

sity in Utah, then site selection must take into
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account the 3 general goals outlined above.

Ideally, BLM wilderness lands should form an

interconnected core zone o0l roadless lands

when combined with other federal wilderness
areas, national and state parks, and wildlife
refuges (Fig. 2). Special attention should be

given to linking roadless lands so as to pre-

clude further fragmentation of natural habitat.

Fragmentation, or the transformation of an

unbroken block of natural habitat into a num -
ber of smaller patches separated by altered
habitats, reduces population sizes, increases
their isolation, and threatens their long-term

viability. It is one of the greatest threats to bio-
logical diversity worldwide (W ilcox and Mur-
phy 1985, W ilcove et al. 1986, Saunders et al.
1991). Across diverse habitats, there are numer-
extinctions

ous examples of species precipi-

tated by both natural and human-induced
habitat fragmentation (e.g., Brown 1971, Ter-
borgh and W inter 1980, Diamond 1.984,

Heaney 1984, Patterson 1984, Newmark 1987,

1991, 1995, Case and Cody 1988, Soule et. al.

1988, Bolger et al. 1991).

A djacent multiple-use lands can buffer

human impacts on biological diversity within

wilderness areas. Such lands can be expected

to provide marginal habitat lor the many species

that are restricted primarily to more pristine

wilderness regions. Thus, proposed wilder-

ness areas surrounded by public lands should

receive high priority for protection.

Examples of Rare and

Endemic Species

T he design advocated above IS based

largely on conservation strategies for preserv-

ing wide-ranging vertebrate species. Although

such strategies can help to ensure the long-

term viability of most species within a given

region, exclusive reliance on such approaches

may well overlook and endanger many locally
isolated, rare, and endemic plants and animals.
W e cannot give a comprehensive treatment of
this subject here, but we discuss 3 taxonomic
groups of organisms for which especially high

rates of endemism or existing threats to iso-

lated populations present particular manage-

ment dilem mas that should be taken into
account in wilderness decisions. In most cases,
specific habitats must be protected to assure

the preservation ofthese species.

Plants of Special Concern

Unlike the wide-ranging animals discussed

above, plants occupy fixed positions; they and
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BLM W Ild& rness

Sfe Forest Service

Fig- 2. An example of a preferred arrangement of
wilderness and multiple-use federal and state lands to
conserve biological diversity. Wilderness areas adminis-
tered by the Bureau of Land Management, Forest Service,
National Park Service, and Fish and W:ildlife Service
should fonn a contiguous core zone in which the most
exfection-prone species in Utah cari he protected. Multi-
ple-use lands can eilectively buffer this core zone and
provide additional marginal habitat to species that are pri-
marily restricted to roadless areas.

their genes move about only through the pro-

cesses of seed dispersal and pollen transport.

Therefore, it is not surprising that many plants

have narrowly restricted ranges, are locally

adapted to conditions within those ranges, and

are isolated, often by great distances, from

other sites where similar conditions prevail.

Although locally endemic plants can often be

relatively abundant inside their ranges, thejr

populations are easily jeopardized by habitat

alteration (e.g., by all-terrain vehicles) within

their narrow distributions. Of Utah’s approxi-

m ately 2600 plant species and 400 named

varieties (Albee et al. 1988, W elsh et al. 1993),
about 180 (or 7%ofspecies) are currently clas-

sified by federal or state agencies as endan -

gered, threatened, or sensitive. A majority of

these (133, or —74% ) definitely or probably

occur on BLM lands (Atwood et al. 1991), and

a substantial subset of the classified species

are narrow endemics.
Shultz (1993) provides a useful sum mary of

endem ism in the Utah flora. Approximately

240 species, or 10% ofall Utah plant species, are
state. T his

endemic to the rate of endem ism |,
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the percentage of the flora considered for list-
ing as threatened or endangered, and the per-

centage of rare species in the flora are among

the highest in the continental United States.

The vast majority (86% ) of Utah endemics reside

in arid and semiarid regions of the state, and

90% are edaphically restricted to fine-textured

and/or high pH substrates (limestone, clay, silt,

mudstone, and shale) that magnify drought

stress. Plant distributions generally appear to

respond more to edaphic, topographic, and

geologic Features of the environment when

1952). Because

drought is a factor (Stebbins

to mor-

most endem ics live in close proximity

phologically similar species (Albee et al. 1988),
these species appear-to be mainly neoendem ics

that have evolved since the last glacial maxi-

mum (18.000 yrs BP), or in the Bonneville basin
during the past 10,000 yrs.

Geographically, endemism of Utah plants is

highest in the Canyonlands Phytogeographic

Section of the Colorado Plateau Division of
the Intermountain Region (Cronquist et al.
1972, Fig. 3 modified from Shultz et al. 1987).

An unusual diversity of substrates occurs here,
and these substrates are more apt to be exposed,

rather than covered with alluvium as in other

areas of semiarid Utah (W elsh et al, 1993). Thus,

fully 50% of Utah’s 240 rare and endemic

plant species occur on the Colorado Plateau,

whereas just 15% occur in the Great Basin,

10% iIin the

11% in the M ojave Desert, and

Uinta Desert (W elsh 1978, Shultz 1993).

About halfof Utah’s endemics belong to just 5
and physiologi-

genera that are both com m on

cally adapted to aridity (total Utah species and

percent endemics, in parentheses): AStragaIUS,
Fabaceae (1.14, 36.8% ), Pemtemon, scrophulari-
aceae (106. 26.4% ), Crypt&ntha, Boraginaceae
Briogonum,

23,3% ), and Erigeron, Asteraceae (54, 24.1% ;

(61, 36,1% ), Polygonaceae (60,

W elsh et al. 1975, W elsh 1978, Shultz 1993).

Because most of the state’s endem ic plants

are restricted to particular geologic formations,
and because multiple endemics often occur on

the same formation, groups oi endemics gen -

erally can be protected simultaneously by safe-

guarding those soil formations and surround -

ing areas. Two regions where large numbers of

endemics stand to benefit from wilderness

protection of BLM lands are the Uinta Basin

and the San Raiiael Swell and surrounding San

W indham

Rafael Desert {Fig. 3, Table 1; M.

persona] com munication). No fewer than 15
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plant species are endem ic to the region in and

around the proposed wilderness area (PW A)

near the W hite River south of Vernal (TW O

1990), and most of these are confined to the

Parachute and Evacuation Creek members of

the Green River Shale formation. Another
dozen endemics occur in a diversity of habi-
tats in and around the San Rafael Swell. Here
the most important habitat is a beige (rather
than red) M oenkopi formation, spatially iso-
lated from other M oenkopi outcrops and. un -

usual in its soil chemistry. A few endemics also

occur on the younger Carmel and Summer-
ville formations surrounding the core of the
swell, especially between Muddy Creek and

Crack Canyon (S. W elsh personal com munica -

tion). W ilderness designation in these 2 regions

(the San Rafael PW A and the W hite River

PWA of the Uinta Basin [Pig. 3]; see UW C

1990) could afford significant protection to som e

of Utah’s endemic plants. South and east of

the San Rafael, in the Dirty Devil PW A (UW C

distinctive flora of the

1.990), are the Orange

Cliffs region (Pig. 3) and some additional nar-

row endemics deserving protection in the M ain
and South forks of Happv Canyon (Shultz et
al. 1987).

The Moenkopi formation is also important
as a substrate for endemics elsewhere in semi-
arid Utah. listed
species, Arctomecon hwnilis (the dwarf bear-

claw poppy) and Pediocactus sileri (a cactus),

to par-

Two federally endangered

and several other species are endemic

ticular M oenkopi outcrops iIin southwestern

Utah. W herever possible* the boundaries of

wilderness areas and other protected areas

should encom pass these specialized habitats.

Bees and W asps in the

San Rafael Desert

Because of their capacity for directed m ove-

ments, animals are less likely than plants to

exhibit high rates of endemism . Nevertheless,

since insects often tend to be host- or habitat-

specific (e.g., in pollinators, herbivores, or sub -
strate-specific ground nesters), endemism can
often be high in insect taxa. Bees and wasps
(order Hymenoptera) are examples of such
insects, Here, as elsewhere, bees and preda-

tory wasps are especially diverse in arid regions

(M ichener 1979). The state supports a mini-
mum of 950 species of native bees (roughly
25% of the total number of species known
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am

Fig* 3. Satellite image of Utah showing the positions ol the San Rafael Swell, the San Rafael Desert, and tge Orange
Cliffs, all within the CanyonUnds Phytogeographic Section, outlined in bold, The arrow in the Uinta Basin shows the
ctpproximate position of the W hite River PWA (Utah Wilderness Coalition 1990).

from A merica north of Mexico), and 50 of the

Utah species are currently undescribed (T.

Griswold, E Parker, and V Tepedino personal

communication). M any areas, especially in the

southern part of the state, have not been

explored intensively and undoubtedly harbor

many additional undescribed species.
Bees and plants often show comparable geo-
graphic endemism

patterns in diversity and

{Neffand Simpson 1993)* and many ofthe areas

currentl¥ under consideration for wilderness

designation in Utah are centers of endemism

for both groups. Although we lack extensive in-
form ation on bees of the Canvonlands Section

{Hg. 3), where endemism is highest for plants

(see abovej, intensive collecting in that sm all

part known as the San Rafael Desert has

yielded a total of 316 species of bees, 42 of
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Table L Plants endemic to the 2 areas with the highest endemism on Utah BLM lands.

Endemics of the southem Uinta Basin

A{(uikgia barm byi Mimz (Ranuneukceae)

Astragalus equisolensis Neese & Welsh (Fabaeeae)

A* hamiltonii C* Porter

A, luhisus jones

A* saurirms Barneby

Cirshtm bamebyi fohnst (Asteraceae)

Cryptantha bamebyi Johnst, (Boraginaaeae)

C. grafwmii johnst.

Gymopteris dtiehesn&mis forces (Apiuceae)

Feiisiemon fimoersii Neese & Welsh
(Scrophulariaceae)

E goodrichii N- Holmgren

R graluvmii Keck

Schoencnimbe argdlacea (Welsh & Atwood)
Rollins (Br&ssieaccae)

S. suffrut&sceris (Rollins) Welsh & Ohaiterly

Scierocackis glattcus (K. Sehum,) L. Benson

w hich are presently undescribed (T. Griswold,

E Parker, and V Tepedino personal com muni-

cation). Tims, 33% of the state s total species

count, and 84% of Utah’s undescribed (but

catalogued) species, are endemic to a region

comprising just 2.0% of the state s land area.

Furthermore* a significant portion of this fauna

(24% ) occurs only on the Colorado Plateau.

The remainder of the Canyonlands Phvtogeo-

graphic Section, in which the San Rafael Desert

is em bedded, is likely to be equally diverse

and to have as many new species.

Other hymenopteran groups, such as the

aculeate wasps, also are highly diverse in the
San Rafael Desert (T Griswold. K Parker, and
V Tepedino personal communication), for ex-

ample, with a total of 22 species there, the cir-
cumglobal genus PhilanthusS is more diverse in

the San Rafael Desert than anywhere else in

North America, and probably the world. T hese

predatory "digger wasps” nest in the soil and

may have diversified in response to the varied
substrates present in this desert. Clearly, des-

ignation ofwilderness in the San Rafael region

(see UW C 1990! could afford significant pro-

tection to an area of very high endemism and

diversity for the order Hymenoptera.
Bees and wasps are among the most benefi-
cial insects. Predatory and parasitic wasps help

to control populations of pest species (e.g.,

grasshoppers, aphids, etc.) below outbreak

densities. An estimated 67% of flowering plants

depend on insects (primarily bees) lor pollen

transfer and sexual reproduction (AXxlerod

1960), and the welfare of many plant species

Pediocactu® despainii Welsh
Pensiemon marcitsii (Keck) N. Holmgren (Scrophulariaceae}
Schoencrambe barnehyi (Welsh & Atwood) RoDiii”™* (Brassieaceae)
Taliaum thompsonu Atwood & Welsh (Portulacaoeae)
Toionsendia apnea Welsh & Reveal (Asteraceae)

Endemics of the San Rafael Swell

Astragalus rafaehmis [ones (Fabaceae)

Cryptantha creutzfeldii Welsh (Boragmaceae)

G johmionii Higgins

C jonesumu (Payson) Payson

Erigeron muquir&i Cronquist (Asteraceae)

Lornatmm junceurn Barneby & N. Holmgren (Apiaeeae)
Lygodesmict eritrada Welsh & Goodrich (Asteraceae)

Goodrich (Caetaeeae)

Iff semiarid Utah assuredly depends on their

relationships with bees. For example, a rare

species of Perdita, found in Utah only at the

BeeHive Dome site southeast of St. George,

pollinates the rare and endangered dwarfbear-
claw poppy (V. Tepedino personal communica-
tion). Bees that have specialized by collecting

pollen only from flowers ol a particular plant

family, or even from a single genus within a

family, are termed oligoleges. Such bees tend

to be most com mon in arid regions (Neff and

Simpson 1993) and generally are regarded as

being closely adapted to the phenology and

floral traits of the plants on which they spe-

cialize. Such adaptations tend to make them

superior pollinators. Squash bees and squash
flowers are examples of such a co-adapted pair
in the Americas (Tepedino 1981). Some oligo-
leges may one day prove to be useful as crop
pollinators. The legume specialist Osmia san-
rafaelae, a native of the san Rafael Desert, has

been investigated as a potential

alfalfa {Medicago sativa L.), an important for-
1986).

pollinator of

age crop (Parker 1985, M any of the

Rafael Desert appear to be
of the

described bee

species of the San

oligoleges. A brief list of som e uride-

scribed and recently species

and their host plants is provided in Table 2.

T hese entries were chosen only to illustrate

the variety of plant taxa upon which native

bees specialize.

N ative and Endemic Fishes

Freshwater ecosystem s are natural habitat

"islands”; as such, their long-term isolation by
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Table 2. Pollen preferences for representative ojigolectic bees in the Sail Haiael Desert (data from

and V Tepedino persona) communication).

Plant family Plant genus/species
Asteraceae Reliant}my anomohis
Wyethia scabra
Borajpnacfjaf C-old”enia
Stanleya

Euphorbiaceae
Fabaceae

Euphorbia parrui
Astragalus

L oasaceae
Gnagraceae

Mentzelia muhtflora
Carms”oma
Papaveraceae
Polemomace&e

Argemone
Gilui

Scrophulariaceae Penstemon

‘U»>descrii>ed sr**cies

intervening terrestrial habitats, or by unsuitable

aquatic habitats, often promotes local special-

ization, evolutionary diversification, and endem -

Ism iIn aquatic organisms. Seven centers of

endemism are recognized for fishes of western

North America (Miller 1959), and Utah includes
substantia] portions of 2 of these centers, the
Bonneville Basin and the Colorado River
Basin. Collectively, 28 fish species are native

to these basins (Smith 1978), and 27 are extant.

Because of their Iimited distributions, en -

demic species are easily endangered by both

habitat alterations and introductions ofnonna-

tive com petitors and predators. Seven species

and subspecies from the Bonneville and Col-

orado basins are now federally listed as endan -

gered (U.S. Fish and W ildlife Service 1993). A
further 11 species and subspecies are consid -
ered by fishery specialists to be endangered,
threatened, or of special concern in Utah (W ar-
ren and Burr 1994). The decline of native
fishes has been associated with both water-

shed development (e.g., reservoirs, irrigation

diversions, channelization, floodpiain drainage)

and the introduction of alien species.
Conservation of endemic fish populations
has been especially successful when much of
the watershed has been protected W illiam s
1991), but adherence to strict legal definitions
of wilderness often precludes such wide-
spread protection. In Utah, opportunities for
protecting entire watersheds are Ilimited to

relatively small drainage systems extending

from stream headwaters in mountain ranges of

the Bonneville Basin to dry or saline lake beds

at lower elevations. A particularly important

case is in the Deep Creek Range, where the
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I. Griswold. F Parkfer

Beespecif

Perdita nr. laticincta™
Hesperapis sp*

Perdita bohartorwn

PercUtti (Heteraperdita) sp.*
Perdita nr. zebratG*

Perdita nr. labergei*
Ashmeadietta nXx. mtekeneri*
Perdita mulHflorae
Dufourza sp.™*

Perdita ute

Perdita nr. gjSiae*

Perdita elongaticeps
Anihoccpa sp.*

Bonneville cutthroat trout {OIICOI'hynChIW clarki
Utah), once

1992),

thought to be extinct (Behnke

survives in populations in Trout Creek

and Birch Creek within the Deep Creek PW A

(UW C 1990).

W here protection of whole watersheds is

not possible, wilderness that includes key habi-

tats may help to stabilize declining populations

of native fishes, preclude new listings and draft-

ings ofrecovery plans, and promote recoveries

and delistings. This should be the case most

often Ilor lisbes living in headwater streams

protected by natural and artificial downstream

barriers from unintended invasions of alien
cold-water species. For example, habitat in the
upper Book Clitfs-Desolation Canyon PWA

may support the Colorado River cutthroat trout

{Oncorhynchus clarki pleuriticus), considered

the rarest of the cutthroat taxa (Behnke and
Zam 1976) and federally listed as a category 2
species (Kerchner 1995). Although the region
has not been surveyed for this subspecies,
native populations occur in streams entering
the Duschesne River from the north (Shiozawa

and Evans 1994) and have recently been found

in streams nl the western Book Cliffs, closer to

Price and Soldier Summit (Shiozawa and Evans

unpublished data). Given these observations, it
is likely that streams flowing into the Book
Cliffs—D esolation Canyon PWA will also con -

tain this subspecies.

I n relatively large downstream system s

(secondary and tertiary streams), key habitats

include floodpiain wetlands, among the first

habitats to be lost due to human activities.

Although wetlands have been viewed tradi-

tionally either as breeding sources for insect
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j>ests or as waterfowl production sites, periodic

or continuous connection to rivers renders

them important appendages to lotic system s.

Densities of aquatic invertebrates are signifi-

eantly higher in wetlands than in main river
channels, over 100-fokl in some cases (W olz
and Shiozawa 1995, M abcy and Shiozawa
unpublished data). Floodplain wetlands can

therefore serve as important nursery grounds

for larval and im mature native fishes,

The loss of wetlands may be a significant

factor endangering several native fishes in the

Colorado River (Tyus and Karp 1989). Fishes

native to the larger streams and rivers of the

Colorado River Basin are predominantly min -

nows (Cvprinidac) and suckers (Catostom idae)
evolved in

that have isolation, are adapted to

unigue local conditions of this drainage (e.g.,
heavy silt loads and wide fluctuations in dis-
charge and temperature), and are the most

morphologically distinct fishes in North A mer-

ica (Hubbs 1940, 1941. Deacon and M inekley

1974, M incklev et al. 1986). Four of these

native species, the Colorado sqguawfish (Ply-
chocheilm IUCVUS), the humpback chub (Glla
ctjpha), the bonytait chub ((Ma elegans), and
the razorback sucker (xyraUCIUm texamtS), are

now federally listed as endangered. The decline

of both the bluebead sucker (CatOStomUS [Pan'
tosteus]discobolus) and the flanneimouth sucker
{Cotoatonuis latipinnis) within the main stems

of the Colorado and Green rivers may resultin
their listings as threatened, especially if popu-

lations in tributary streams are not stabilized.

Several of these species occur in areas under

consideration for wilderness status. Both the

Price River, in the Book Cliffs-Desolation C an -

yon PW A, and the San Rafael River, in the San

Rafael PW A, have populations of roundtail

chub, flannelmouth sucker, and bluehead sucker.

Biuehead sucker are also Kknown from the

Dirty Devil and Muddy Creek drainages (Smith
1960), and both flannelmouth sucker and round -

tail chub are likely to occur there. W ilderness

designation could broaden the protected ranges

of several of these species by stabilizing wet-

land habitats in the Dirty Devil, San Rafael,

and Book Cliffs-Desolation Can¥on PW A s.

Although the Virgin River drainage 1is also

part of the Colorado River Basin, it has a

unique fish fauna that appears to have evolved
in isolation from populations in other parts ol
the basin. The Virgin River spinedace (Lepl-

domeda mollispinus), the woiindfin (Plas,oplerus
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argentiSSimUS), and the Virgin River chub [Glla
rabusta SemmUda) are endem ic to this system .
Two additional species, the flannelmouth sucker

ICatostcnmis clwki},

slender caudal

and the desert sucker

have evolved very peduncles,

possibly as a response to occasional high flows

in the Virgin River (Smith 1966).

T he health ofthis unique fish fauna already

is cause for concern. Two of the endem ics, the

woundfin and the Virgin River chub, are feder-

ally listed as endangered, Although the desert

sucker occurs iIin Arizona, Nevada, and New

M exico, this species merits special concern in

Utah (Utah Division of W ildlife R esources

;U DWE] 1992), where itis limited to the Virgin

River drainage. Loss of either this species or

the Oannelmouth sucker from the Virgin River

system would eliminate only a subset of their

existing populations and is unlikely to move

either species to endangered status However,

the uniqueness of these populations (Smith

1966) may warrant their designation as sepa-

rate subspecies. This, together with the concern

now evidenced for lhe flannelmouth sucker

throughout its range, could easily translate into
candidacy for listing if existing populations are
not protected.

Concern for native fishes of the Virgin River
drainage has already constrained water devel-
opment in W ashington County; Utah. Any actions
that would help preserve the integrity of ripar-

ilan habitat and stream channels would also

reduce stress for these fishes. Since the integ-
rity of riparian habitats is best maintained over
large areas, wilderness designation in PW As of

the Beaver Dam slope and the greater Zion

area would serve this purpose.

Finally, protection of Utah’s rare and en -

dangered fishes would likely also afford signif-

icant protection to other agquatic organism s,

for example, Utah's diverse com munities of

aqguatic insects. Reciprocally, the maintenance

of high species diversity in stream insect com -

m unities 1is critical to assuring a continuous

food fishes in rivers with wide sea-

supply to

sonal and annwual fluctuations In flow rates.

M ayflies (Ephemeroptera) Lire among the best-

studied stream insects in Utah, and 16—1S

genera (22—24 species) are known from warm

water tributaries ofthe Colorado River system
[G Edmunds personal com munication). Con -

struction of reservoirs on these rivers has

already inundated many river miles and altered

flow rates, sediment loads, and downstream
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temperatures. M ayflies arid other agquatic insects

are highly sensitive to all these variables.

Unnaturally constant tem peratures in tailwaters

beneath dams can lead to depauperate com -

munities of mayflies and other stream insects,

tor example, below 'Flaming Gorge Reservoir

(Edmunds 1994, 1995). (Four mayfly genera

from this area of extremely high natural diver-

sity have not been collected since the dam was

built.) Habitats rich in mayflies and other

aquatic insects, and most in need ofprotection

from future impoundments, include the Green

River from the Colorado border to Ouray,

Utah, and the Colorado River from the Colo-

rado border to Moab, Utah. Relatively warm

sections of the Duchesne, Uintah, W hite,

Escalante, Virgin, and Santa Clara rivers

would also be sensitive to manipulations of

stream flows.

Examples of Biologically

Important Sites on BLM Lands

T he floras and faunas in different parts of

Utah have unique evolutionary histories deter-

mined by the geography and topography of

the lands they inhabit. In this section, we dis-

cuss 4 such sites in the context of important

scientific criteria (outlined above) for wilder-

ness site selection. W e also review various Ssci-
entific and educational values of these same
sites.

Book Cliffs and the Tavaputs Plateau

For several reasons, the Book Cliffs and

Tavaputs Plateau areas, along both sides of the

G reen River, are critical for die long-term con -

servation of biological diversity in Utah. This

region contains some of die largest remaining

(Fig. 1)

im portant habitat (or

roadless areas on BLM lands in Utah

and therefore provides

sensitive species with large area requirements.

It includes broad elevational gradients with

the potential to protect a wide range of natural

communities and to maintain crucial routes

for seasonal wildlife migration between high

and low elevation. Furthermore, it constitutes

avital dispersal corridor linking the Uinta moun -

tains to the north and the Colorado Plateau to

the south.

Because of both the high habitat diversity

and die central location of the Book Cliffs—

Tavaputs region, the biota is unusually diverse
and compositionaily unique, and includes many
distributional limits.

species at their A mong
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reptiles and amphibians, for example, the Great

(Scaphiopus Intennon-
tanUS), the western whiptail lizard {Cnemi-
dophorm tigriS), and possibly the rubber boa
(Chartna bOttae) reach their eastern distribu -

Three

Basin spadefoot toad

tional limits here. additional species,

(Gambelia tvis-
lizenu), the collared tizard (Crotaphytus col-
IariS), and possibly the plateau striped whip-

tail (Cnemidophorus Ve|OX) are represented
here by “edge™

the longnose leopard lizard

populations at the periphery of

their respective ranges. Other species, such as

the northern leopard frog {Rana pipiem), east-
ern fence lizard [Sceloporus undulatus), c reat
Plains ratsnake (Elephe guttata), and the Utah
milk snake (Lampropeltis triangulum), nave

their westernmost limits in this region (Steb-
bins 1985, unpublished BYU museum records).
Wrhile none of these species is federally listed

as threatened or endangered, a few are so

listed by the state (UDW R 1992). M oreover,

geographically peripheral populations such as

these are particularly important as dynam.ic

foci of evolutionary change (e.g., Brown 1995,
L esica and Allendorf 1995).
The Book Cliffs-Tavaputs region also sup-

ports a rich mammalian fauna. Although our

knowledge is far from com plete, the area con -
tains at least 62- native species, including a rel-
atively stable population of black bear {UrSUS
mneticamis; w .

Recent fieldwork has resulted 1in

Black personal com munication).
records for 6
species previously unreported from the region

(D, Rogers personal communication); these

(Sorex, merriami),
dwarfshrew (S. rtanUS),Water shrew {$, painS-
tris), big free-taited bat (Nyctinomops tmicrotis),
northern flying squirrel {Glaucomijs sabrinus,,
and western jumping mouse (ZaPUS prinCepS).
O fthese species, O m&rriami, s. harms. and N.
macrotis appear to be rare throughout their

include M erriarns shrew

known distributions. M ore fieldwork is likely

to produce additional records for this region.

Isolated Desert Mountain. Ranges

T he isolated mountain ranges in Utah’s Great

Basin and Colorado Deserts are extremely

important biologically because of their role in

m aintaining critical ecological and evolution -

ary processes. Because of their broad eleva-

tional gradients, extending from high peaks to

desert valley floors, these ranges support a

wider variety of habitats and a greater diver-

sity of species than do areas of comparable
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size but less elevational relief. This character-

istic also enables them to support the seasonal

migrations of animals ranging from large ungu-

lates to small passerine birds. Furthermore,
these mountain ranges have outstanding sci-
entific value because they represent cool and
m esic habitat islands in an otherwise warm,

arid landscape. Their natural com munities have

developed through interm ittent periods of

extreme isolation (Grayson 1993). Coupled with

the great geological diversity of the region,
this isolation has led to the formation of
unigue plant assem blages>often including rare
local endemics {Albee et al. 1988, W elsh et al.
1993). By illustrating how populations and
com munities of habitat islands are modified
through colonization and extinction, these
mountain ranges have played a major role in

the development of theories oi geographical

ecology and biogeography (Brown 1971, 1.995,

Grayson 1993, E. Rickart in preparation).

Portions of several isolated mountain ranges

are represented withiu PW As on BLM lands

(UW C 1990). Such ranges include the Henry

M ountains of die- Colorado Plateau and the

and N ew -

(Fig.
Utah, the

Deep Creek, Fish Springs, House,

foundland ranges of U tab’s west deserts

1). As the most isolated range in

Newfoundland Mountains in Box Elder County

are especially distinctive. At 2129 m above sea

level, Desert Peak and a considerable area of

surrounding uplands would have existed as an

island throughout the history of ancient Lake

Bonneville. Currently, the range forms a 154+

km* island oi arid to semiarid vegetation
Iim mersed in a salt piaya sea. No doubt salt
marshes have covered the present salt flats

periodically as the Jlake has advanced or

receded in response to glacial and interglacial
climates. The range has therefore been an eco-
logical island throughout nearly 2 million years
of Pleistocene and Quaternary time, Given such

long isolation, these mountains have much to

teach scientists about the persistence, local

extinction, vagility and evolutionary dynamics

of a variety of animal and plant species that

either live there now or have lived there in the

past. In Utah and elsewhere in die intermoun -

tain region, knowledge of these topics will be

Important in the future as land managers try to

anticipate plant and animal responses to the

increasing fragmentation and isolation of nat-

ural habitats within the hum an-dominated

landscape (Brown 1995).

Great Basin Naturalist
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M ojave Desert in Southwestern Utah
W ashington County includes Utah’s only
representative of the M ojave Desert., a warm

desert commonly recognized by biogeogra-

phers as lying between the Great Basin Desert

to the north and the Sonoran Desert to the

south. (Shreve 1942, Jaeger 1.957, Rowlands et ah

1982, M acM ahon 1986). The Mojave Desert is

physically part of the Basin and Range G eo-

logical Province, but it is characterized by rel-
atively low elevation over most of its area (600
to 1500 m above sea level) and by both Iimited
precipitation (100-275 mm annually in most

places) and warm summers (350-4(35C mean

maxima tor July; see M acM ahon 1986). The

unigueness of the physical environment of the
biota. Characteristic

M ojave is reflected in its

plants include the Joshua tree {YUCC& breVifOIia),
creosote bush. (Larrea trid-entata), white bur-
sage (Ambrosia dumosay, brittie bush (Encelia
farinasa), and several species of saltbush (Atrl-
pIEX). O fthese, the Joshua tree can be consid -

ered endemic, and if the distribution of this
species is used to define the boundaries of the
M ojave Desert, then the desert covers a sub-
stantial portion of southeastern California, the

southern cone of Nevada, the northwestern

and west central parts of Arizona, and the ex-

treme southwestern corner of Utah.

Judicious designation ofnew wilderness areas

in this corner oi die state could help to safe-
guard the many components of Utah's biologi-
cal diversity that are endemic to the Mojave

Desert and the associated Virgin M ountains of

northwestern Arizona and adjacent Nevada.

Figure 4 details land ownership in this region

of W ashington County. Because so much of

this land is already in the public domain, diere

is opportunity ior biodiversity conservation

with minimal disruption of economic activity.
Protected areas include Zion National Park, a
substantial wilderness in the Pine Valley
M ountains of the Dixie National Forest (t1t0. 1

in Fig. 4), the Upper Virgin River Desert W ild -
life M anagement Area (or DW'M A, a
for the desert tortoise, GOpherU-S agaSSiZii; nos.
4), the

reserve

2a arid 2b in Fig. existing Beaver Dam

wilderness areas that extend into Utah from

Arizona (4), and the Lytle Ranch Preserve (5).
Although all of these protected areas play
im portant roles in conserving regional biodi-
versity, 2 of the largest areas, Zion National.

Park and designated Forest Sendee wilderness

in the Pine Valley Mountains, are generally
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too high in elevation and/or too far to the

northeast to include many M ojave Desert

species. The Upper Virgin River DW M A will

protect lower elevation com munities and will

include some Mojave Desert taxa. However,

many M ojave Desert species in 0 tan do not

extend northeast of the Beaver Dam M oun -

tains, and existing protected areas on the

Beaver Dam slope are relatively small and iso-

lated from each other (Fig. 4). By virtue of both

size and location, 2 PW As, the Beaver Dam

W ash and Joshua Tree units (nos. 3a and 3b,

respectively, in Fig. 4; see UW C 1990), could

make important contributions to biodiversity
conservation in Utah. Together these 2 wunits
cover a range oi elevations, include several

distinctive plant com munities not represented

in the Upper Virgin River DW M A, and are

close enough to one another and to the exist-

ing protected areas to serve as stepping stones
for animal movement.

W e illustrate the conservation value of

these 2 PW As through an example. The herpeto-

fauna of the M ojave Desert includes 3 anu-

rans, 1 tortoise, 16 lizards, 18 snakes, and about

28 additional species whose distributions are

peripheral but extend into this desert along

one of its edges (Stewart 1994). The portion of

this fauna ranging into Utah includes 2 anu-

rans, the turtle, and 13 squamates (5 lizards

and 8 snakes). Their distributions across exist-

ing or proposed protected areas are summ a-
rized in Table 3. Of this total, the relict leop -
ard frog {Rana OnCCi) apparently is extinct in
Utah (Platz 1984, Jennings and Mayes 1994)

and therefore absent from all existing and pro-

posed protected areas in W ashington County,

The other anuran confined to this part of Utah

is the southwestern toad (BUfO miCroscaphUS).

It iIs known to exist with certainty in several

areas and is likely widespread throughout the

region wWhere appropriate agquatic habitats

exist (Table 3).
The desert tortoise [GOpherUS agaSSiZii) has

been studied extensively over the past decade

and intermittently for a much longer period of

time (Woodbury and Hardy 1948. Bury and
Germano 1994, Grover and DeFalco 1995).
W hile Utah populations have apparently de-
clined in the Beaver Dam slope area, they
persist at high densities north of St. George
(data sum marized in Bury and Germano 1994)
and are now protected in the Virgin River
DWMA, Protection of the proposed Joshua
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Tree and Beaver Dam W ash wilderness areas

would thus provide an economical way to aug-
ment conservation of tortoise populations con -
fined to the south-facing slopes of the Beaver
Dam Mountains.

O fthe 13 sguamate reptiles listed in Table 3,
nine are confined to either the M ojave habitats
proper (sites 3a, 3b, 4, and 5 in Fig. 4) or to
these sites plus the Upper Virgin River DW M A
have

(sites 2a and 2b in Fig. 4). Four species

more extensive distributions because the)' are
also recorded from Zion National Park. Among
with

the 9 squamates restricted distributions,

the lizards Heloderma suspectum ana Xantusia
VIgIlIS and the snakes Crotalus cerastes and
LeptOtyphIOpS hurnilis m ay occur at all 5 Mojave
this confirmed

sites, needs to be

through additional fieldwork. Xantusio vigilis

also occurs further east in isolated populations

although

in Garfield and San Juan counties, and previ-
ous molecular* studies by Bezy and Sites (1987)
show deep genetic divisions among many 1iS0-
lated populations. M any ofthese isolates would
gualify as lull species, following the criteria of

Davis and Nixon (1992), but the specific status

of the isolated Utah populations remains un -
known. The lizard Calliscmrvs draconoides
occurs with certainty in the upper Virgin River
DWMA (in Snow Canyon State Park), Beaver

Dam Wash PWA. and Lytle Ranch Preserve

(sites 2a, 3a, and 5 in Fig. 4). The iguana (Dlp-
SOSaurus dorsaIiS) is known confidently from

only the low er Beaver D am W ash PW A,

although it may occur at low densities in the
other 3 Mojave sites. Among the snakes, Cro-
talus scutulatus is

M ojave Desert areas, and C. mitchelln is known

confined to the 4 strict

with certainty from only the higher elevation
M ojave sites (3b and 4, although the other 2
locations are possible). Based on a new snake

record for Utah, PhyIIOrhynChUS deourtatus is

known from, a specimen (BYU 45605) taken on

11 July 1995, ca 1.5 mi N ofthe Utah-Arizona

border along the Beaver Dam slope road. Based

on this record, the species likely occurs in the

Beaver Dam W ash and Joshua Tree areas (3a

and 3b), which are similar in vegetative struc-
Site,

ture to the collecting and possibly at the

other M ojave Desert sites as well. Regardless
of exact distributions, all 9 squamate species
with the most restricted distributions would
benefit by wilderness designation of the pro-

posed Beaver Darn W ash and Joshua Tree units

(UW C 1990); and for 7 species (C. draconOideS,
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Table 3. Distribution of amphibians and reptiles restricted to southwestem. Utah, relative to existing protected areas
and Beaver Dam Wa>.li arid Joshua Tree units of proposed BLM wilderness included in H.R. 1500. The areas numbered
are shown in Figure 4*. The proposed Red Mountain and Cottonwood Canyon wilderness: areas (UWC 1990) are not
illustrated because they are largely (Red Mountain) or entirely (Cottonwood Canyon) contained within the Upper Virgin
River DWMA, ' '

Beaver Dam

Dixie N.E Upper Virgin W ash [osE+ma T ree Beaver Dam Lytle
Zion National Wilderness River DWMA W ilderness Wilderness Wilderness Ranch
Taxon Park (i) (EA, 2B) (3A) m (4) (5)
ANUIU
liana onca — -
Bulb microscaphus + H i m (?) + (?) +
Testudines
Qopiurus agassizii + + + + +
Squamata
Ccdlimurus
draconoides — — + i ? 4
Goleonyx varisgatus + -(?) + + +(?) + (?) W
Dipsosaums
dorsalis — — — + ] J* |
Haloderm a suspectmn — — + + ? ? +
Xanttma vigilis — — +{?) + + + (?) H
Crotalm cerasU7s — — + + -b + 1 +
CroUiim raUdieUii — — — b + f |
Crotalm smtukitus: — — + + +'
Leptotyphlops
humiilis + + ? +(?)
Masticopms
fMgtdhim + -(?) + 4 + + 4-
1% yUorhynchus
(tgcurt&tus - §-(?! +(?) + @ + (?)
Sorwra
seinummikiUi + (?) +(?) +(?) + (?) + (?)
Trimorphodon
bisciUatm (?) + + + ,+ +

Dis Litbillions were inferred from local Ry jcieordi; available in research collections of California Academy of Scntficjes; M L. Beau Life Science Museum*
finghair: Young University, Provo, Utah; Museum of Vertebrate Zoology, University of California* Berkeley; Utah Museum of'Natural fifstoiy, University of
Utah, Sail Lake City. Species listed as present (-I-) If they {M\ exist museum vouchor specimen” (2) have documented pin~*graphically hut not collected
became of threatened or endangered status, or (3) have been collected near a protected area and are known to occupy |[ftte appropriate haultat. For example,
Stewart Loy4.) summarized ot nit Mojave amphibians and reptite cjji the basis of tneir 0ccurrence in distinct Itabilat types, atid we used
these data as an indication of the likely presence of a species in an area if not actually documented Doubts about any oecin’renec.s are indieted fry (?).

D. dorsalis, the 3 species oi CI’O'&'US, L. species (Furlow and Armijo-Prewitt 1995, Lesica
humilis,and P.deeWtatUS),these 2 PWAs would and Allendorf 1995, Lomolino and Channel!

constitute the largest blocks of protected area 1995). Designation of the Beaver Dam W ash

in the Utah portions of their distributions. and Joshua Tree PWAs as wilderness would
The biological significance of the M ojave provide an extremely economical, proactive

Desert region could be illustrated with com - conservation strategy for many species.

parable examples involving native birds, small
mammals, and vascular plants; literally scores Impact of Roads on Piant
oOi species are restricted to the low-elevation and Animal Communities

Joshua tree habitats on the southwestern slopes

ofthe Beaver Dam Mountains {see Behle et al. By definition wunder the 1964 W ilderness
1985, Albee et al. 1988, and Zeveloff 1988 for Act. wilderness areas must be large {at least
recent species compilations). Although most 5000 acres) and roadless. Because even some
are on the periphery oftheir ranges, itis increas- remote and pristine areas contain primitive
ingly apparent that such peripheral popula- roads or tracks, roadlessness is often an issue
tions are critical to maintaining genetic diver- in debates over wilderness designation. Envi-

sity and to ensuring the long-term survival of ronmentalists tend to argue that the existence



110

of minor roads or dirt tracks is not contradic-

tory to wilderness, but that no new roads should

be built. W ilderness opponents respond that

any road, no matter how primitive, disqualifies

PW As for wilderness status. Decision makers

may be pressured to make exceptions to allow

new roads and water development within

wilderness boundaries. Mere, we review ¢the

objective evidence bearing on the importance

of roadlessness from a purely biological per-

spective, We deal with the effects of roads on

animals and plants independently.

E ffects of Roads on Anim als

Roads affect wildlife in many ways, both
direct and indirect. Among the more com -
monly reported adverse impacts of roads on

animal populations are road mortalities, anim al

avoitlance of roads, isolation of populations by

roads acting as barriers to animal movement,

reductions in natural habitats, increased poach -

ing, and elevated erosion leading to siltation of

Utah BLM lands,

(Otois Cala-

denS|S), black bear, and river otter are gener-

aquatic habitats. On large

mammals such as bighorn sheep

ally intolerant ofhuman disturbance and activ-

ities. T hese and other mammals are known
also to avoid habitat adjacent to roads (O xley
et al. 1974, Host and Bailey 1979, M ader 1984,

W itmer and Galesta 1985, Van Dvke et al.

1986; and can therefore be displaced by the

presence of roads. Historically, humans in

western North America have also persecuted a

number or contemporary or former occupants

of BLM lands: such species include Golden
and Bald Eagles, gray wolf, and grizzly bear
(Bortolotti 19S4, Mech 1995). In Utah, the in-
cidence o0oi poaching is considerably higher in

regions adjacent to roads than in roadless areas

(W Woody, UDW R . personal com munication).

The negative effects ol roads on wildlife can

generally be ameliorated by closing the roads

to traffic. Road mortality and the advance of

habitat alteration along roads .should stop en-

tirely, and poaching should be sharply cur-

tailed. For larger animals, roads would Ilikely

cease to act as barriers to animal movement

and gene flow. However, this might not be true

for some smaller species, whose movements

are more Significant ero-

restricted generally.

sion and siltation of aquatic habitats might be

reduced only slightly. Siltation can be an impor-

tant consideration, for example, on the Aquar-

ius Plateau, where reductions (bv as much as
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1/2) in the depths of some naturally shallow
lakes have already increased winter fish kills.
Finally, if efforts were made to reintroduce

some ol die large mammals considered above,

these efforts might be greatly facilitated by the

protection of large blocks of roadless lands
that experience minimal human intrusion.
In .summary, il travel on minor roads and

tracks were to be permanently restricted, most

but not all of the negative effects on wildlife

would likely be ameliorate*!. Similar reasoning
would suggest that the effects of any new un -
paved minor roads or tracks might be minim al

if the roads were used briefly and sporadically,

e.g., to earn' com munications equipment.

E ffects of Roads on Plant Communities

The most compelling argument for large

roadless areas is probably the protection of plant
communities from disturbances that can even -

transform whole Through

tually ecosystem s,

both direct and indirect effects, roads tend to

disrupt native com munities of bboth microphytes

and macrophytes. Increased off-road vehicle

traffic in roaded areas directly harms cryptobi-

otic soil crusts, which play a key role in main-

taining healthy ecosystems in semiarid and
arid lands, and Kkills or injures plants and per-
haps soil-nesting insects like bees and wasps.
Indirect effects include the introduction of
nonnative pest plants, which have gradually
replaced many native species and drastically
altered features of certain habitats, be eeo-

s>stem -wide effects of these exotics are well

illustrated by Asian tamarisk (Tamarix chinen-
SiS), which has channelized rivers and stream s
throughout the Colorado drainage and thereb)
regimes, tem -

altered the characteristics (flow

peratures, and sediment loads) of both aquatic

and riparian habitats to the detriment of num -

erous native fishes, insects, birds, mammals,
and plants (Loope et al. 1988, Sudbrock 1993).
Below:; w'e elaborate on the direct and indirect

effects of roads on plant com munities and on
the maintenance of both biodiversity and nat-
ural networks of interactions in Utah’s native
ecosystem s.

Threats to ckyitobiotic soils.— ACross

Utah’s arid rangelands, a collection of cyano-
bacteria, algae, lichens, and mosses form miero-
phytie or cryptobiotic crusts on soil surfaces.
En pristine plant com munities these crusts often
account for at least as much soil surface cover

as do vascular plants. The cryptophytses provide
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a number of valuable ecosystem services (re-

viewed in Harper and Marble 1988. W est

1990, and Johansen 1993), including stabiliza-

tion of soils against wind and water erosion,
enhancement of water retention and infiltra-
tion (Brotherson and Rwushforth 1983, Harper
and St. Clair 1985, Harper and Marble 1988),
and nitrogen fixation by autotrophic bacteria,

including both free-living and symbiotic cyano-
bacteria (e.g., Snyder and W ullstein 1973, W est

and Skujins 1977, Klubek and Skujins 1980,

Terry and Burns 1987). Their contribution to

the nitrogen economy of these arid ecosystem s

iIs substantive. In southern Utah grasslands and

cold deserts dominated pine and

by pinyon

juniper, nitrogen fixation by crusts is dem on -

strably the dominant source of nitrogen for

vascular plants (Evans and Ehieringer 1993).

The greater soil moisture and fertility associ-
ated with biotic crusts have been shown to
result in higher tissue nutrient levels (Belnap
and Harper 1995 and references therein),

higher seedling survivorship in associated vas-

cular plants (St, Clair et al. 1984, Harper and
St. Clair 1985, Belnap 1994), and greater (a)
floristic diversity (Kleiner and Harper 1972).

Herbivores and other consumers may benefit

indirectly from the enhanced nutrient status of

these ecosystems (Harper and Pendleton 1993,

Beinap and Harper 1995).

Growing recognition of the importance of

cryptohiotic crusts to ecosystem processes has

led to concern about the impact of disturbance

by recreational users and nonnative grazers on

such surfaces (Anderson et al. 1982, Johansen

et al. 1984, Terry and Bums 1987, Cole 1991,

Evans and Ehieringer 1993, Belnap et al.

1994, Belnap 1995). On most semiarid Utah

lands, a single pass of an off-road vehicle will

reduce nitrogen fixation by cyanobacteria and
increase wind and water erosion of surface
soils (W illiams et al. 1995). Estimates of time

to full recovery ofdisturbed biotic crusts (includ -
ing nitrogen-fixing capacity) range up to 50 years
in the Great Basin or 100 years on the Colorado
Plateau (J. Belnap personal communication).

T he full biological and economic conse-

guences of disturbing biotic crusts remain to

be quantified. However, in semiarid ecosys-
tems where plant productivity is limited by
availability of water and nitrogen, even small

reductions in these resources can be expected

to dim mish primary productivity to the detri-

ment of both the producers themselves and
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the many consumers depending directly or in-
direcdy on these producers for food. Harper and

Pendleton (.1993) have suggested that destruc-

tion of soil crusts, and associated changes in

forage quality, may be related to a decline in

the health of desert tortoise populations in

southwestern Utah (Grover and DeFalco 1,995).

If that suggestion is supported by emopirical

evidence in the future, then destruction ofcrusts

may account in part for the ~$10 million cost

(to date, X Esque personal com munication) of

the Desert Tortoise Recovery Program.

Roads as corridors for invasions of

introduced species.— Possibly the greatest

adverse impact of roads on biological com m u -

nities in Utah is the aggravation of invasions of

aggressive weeds along road corridors, where

disturbance from road construction has elim i-

nated native competitors. T hese introduced
plants now form the dominant cover on many
arid and semiarid landscapes in western North
A merica and arc widespread in Utah (M ack
1981, M orrow and Stahlman 1984, Young et

al. 1987, papers in McArthur et al. 1990 and

M onsen and Kitchen 1994). Habitat degrada-

tion by nonnative, congregating grazers un-

doubtedly aided the initial spread of brome

grasses (genus BromUS)and other European or

Asian annuals into native habitats, including

grasslands previously dom inated by caespitose

or tussock grasses (Young and Evans 1971,

Loope 1976, Mack 1981, 1989, Billings 1990,

1994)* Brome grasses (red brome [B rUbenSj,
Japanese brome [B japoniCUS], downy brome
[B, mO”iS], ripgut brome [B diandrUS], and
especially eheatgrass [S tectorum\y have greatly
increased fire frequency

(from an average of

60-1.10 yr to <5 yr in sagebrush steppe), as

well as altered the pattern and dynamics of

fires (e.g., W hisenant 1990). Invaded lands suf-
fer declining productivity (Stewart and Young
1939) and watershed damage (Buckhouse 1985)
and become drastically depleted in both native
plant species and eryptobiotie soil crusts (Young
and Evans 1978, W hisenant 1990, Billings 1990,

1994, R osentreter

1994; Fig. 5). Treatments to

involve introductions
of still other exotics (e.g., Agropyron cnstaturn.
Kockia prOStrata;see contributions to M cArthur

1994).

restore these lands often

et al. 1990 and M onsen and Kitchen

The influx of invading weedy annuals has

profound effects on genetic, species, and eco -

system diversity, although such effects remain

poorly documented. In some parts of Utah,
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Harner Quadrats (1*0 Yd*)
124 Quadrats

Total specie*

10i

(Stuipla si#*)

im <i&) (31) (373
4 -t+— —r- T 1

No. aliens/quadrat

Hg- 5, Relationship of both total species richness, and
numbers of native species per quadrat3to the number of
individuals of introduced species per quadrat; plotted
from raw data in Harner aud Harper (1973). Data are
from sagebrush-grasslands on private and BLM foothill
lands in Salt Lake, Davis, and 'lIboele counties*

brome grasses form virtual monocultures, en -

tirely replacing native com munities, especially

Pellant and Hall 1994, and

in wet years (e.g.,

authors’observations). In other western states

state or feder-

brome grass invasions threaten

ally listed plant species (Rosentreter 1994,

California Native Plant Society, personal com -

munication). E ffects of habitat conversion
radiate upward through the (bod chain, and
adverse &effects have been documented on

pronghorn (Antibcapra am-erwana) and deer

(Pellant 1990, Roberts 1994), small vertebrate

prey of eagles and other raptors (Kochert and

Pellant 1.986, Nydegger and Smith 1986), native

birds (Dobler 1994), and insects (Fielding and

Brusven 1994). As summarized by Billings

(1994), exotic annual grasses could constitute

a genuine threat to the existence of large inte-

grated ecosystems that have existed since lhe

Pleistocene in the relatively arid lands between
the Rocky Mountains and Sierra Nevada. These
operational ecosystems could disappear over large
areas of thousands of square kilometers.

A very high priority for future ecological

work in Utah will be to determine the extent

to which the remote BLM lands being consid -

ered for wilderness status might serve as ref-

uges for native flora and fauna. Seeds ofbrome

grass, dispersed by animal vectors, certainly

travel over long distances and into wilderness

areas. However, large roadless areas with low
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circum ference-to-area ratios might protect arid
and semiarid western ecosystem s againstwhole-

sale habitat conversion. Exotic weeds tend to

invade native plant com munities mainly along

roadsides, railroad right-of-ways, and other
highly disturbed sites (Forcella and Harvey
1983, Hunter 1990, literature cited in Billings

1990 and 1994; see also Bergelson et al, 1993).

Favorably wet drainage ditches provide inroads

to new habitat, and invaders spread outward

from the ditches during particularly wet years.

Although systematic surveys of nonnatives do

not presently exist for FW As (and are sorely

needed), there is evidence that invasions of

exotic weeds may be prevented by restricting

access on existing roads. Thus, of the replicate
roadsides studied by Hunter (1990), introduced

species (.including not only brome grasses but

Erodium cwutarium, Salsola spp.. ana SiSym-
brium. altiSSimum) dominated all but the one

that had been closed to traffic and left undis-

turbed for many years prior to censusing.

The effects of roads on plant com munities

appear to differ importantly from those on ani-

mal com munities. Construction of new roads,

especially those with drainage ditches, may

hasten long-term and permanent changes to

local floras, and these changes may eventually

have markedly adverse effects on whole eco-
systems. Existing dirt tracks are probably less
threatening to plant com munities; although

m oisture conditions on the tracks may be as

favorable here as in drainage ditches, soil com -
paction appears to retard growth ofmost plants.

Given the costliness of aggressive tire sup -

pression (e.g., Vail 1994) and habitat restoration

measures (see reports in M cArthur et al. 1990

and M onsen and Kitchen 1994), the most eco -

nomical strategy for preventing the spread of

introduced grasses to areas that: are still rela-

tively pristine may be to maintain their road -

less character. This also would provide oppor-

tunities for investigating the effects of roads

(or lack thereof) on the advance of exotic

plants on arid lands in Utah.

Conclusions

W ilderness serves many purposes, and its

designation involves many and varied consid -

erations. T he technical i1ssues and evidence

presented here demonstrate that BLM wilder-

ness lands can play a major and perhaps pre-

dominant role in safeguarding genetic, species,

and ecosystem diversity across much of arid



1996]
L'tah. Over the long term, targe, contiguous
networks of wilderness and other protected

lands can provide sanctuary for populations of
animals with large area requirements, and can
help maintain natural processes and interac-

tions that sustain healthv biotic com munities.

In many situations, wilderness designation can

provide low-cost protection for rare and en -

dangered species. BLM lands in geographi-

cally diverse regions of Utah all offer nnique

ecological, scientific, and educational values.

To an extent so far unmeasured, wilderness

lands may protect native ecosystems from

w holesale transformation by invasions ofexotic

species. Clearly, if biological considerations

are taken into account in wilderness decisions,

wilderness can play a critieal role in the long-

term preservation of Utah’s biological heritage.
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