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BUTTERFLIES OF THE TOQUIMA RANGE, NEVADA: DISTRIBUTION,
NATURAL HISTORY, AND COMPARISON TO THE TOIYABE RANGE

Erica Fleishman!, Dennis D. Murphy2, and George T. Austin?

ABSTRACT.—Studies of Great Basin faunas can provide information for landscape-level adaptive management by fed-
eral agencies and shed light on potential effects of climate change in continental interior landscapes. To provide such
information, we characterized the butterfly fauna of the Toquima Range, a mountain range in the heart of the Great
Basin with topography typical of the region. We also compared the butterfly fauna of the Toquima Range to that of the
adjacent Toiyabe Range, which is more topographically complex and species rich but less representative of the Great
Basin on the whole. We explicitly addressed the effects of area and water availability on butterfly species richness. But-
terfly species presence data were compiled for 14 canyons and 1 peak in the Toquima Range. Data from 11 canyons that
we inventoried systematically were amenable to statistical analysis. Eighty butterfly species (59 residents) have been
recorded from the Toquima Range since 1935. By comparison, 99 species have been recorded from the Toivabe Range.
Mean canyon-level butterfly species richness was significantly lower in the Toquima Range than in the Toivabe Range.
This difference cannot be explained by differences in canyon size between the mountain ranges. Within the Toquima
Range water availability seems to have a dominant effect on butterfly species richness. Between mountain ranges
species richness is influenced by interactions among area, moisture, and topography. These data should assist managers

in developing guidelines for conservation planning in the Great Basin.
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One of Earth’s forlorn landscapes, the high
desert is bitterly cold in winter, stifling hot in
summer, and dry. Situated in an effective rain
shadow, the Great Basin encompasses nearly
430,000 km2 of internal drainage extending
from the east slope of the Sierra Nevada and
southern Cascades to the west, the west slope
of the Wasatch Range to the east, the Colum-
bia River to the north, and the Colorado River
to the south (Grayson 1993). At the austere
center of the Great Basin lies the Toquima
Range. At first glance the Toquima Range is
unremarkable. It is neither particularly exten-
sive in area nor, for most of its crest, especially
high in elevation. Riparian canyons, known in
arid regions for their concentrations of plants
and wildlife (Kauffman and Krueger 1984,
Armour et al. 1991, Dawson 1992, Dobkin et
al. 1998), are the exception rather than the
rule in the Toquima. Prominent topographic
features, including lakes and pronounced
peaks that attract tourists and backcountry
enthusiasts, are largely absent from the range.

Yet the geography, biology, anthropological his-
tory, and even politics of the Toquima Range
encapsulate the Great Basin. We were drawn
to study the butterfly fauna of the Toquima
Range not only because the range is the literal
and figurative heartland of the Great Basin,
but also to compare it with that of the Toivabe
Range, a neighboring range with subalpine
peaks and incised canyons that are far more
spectacular, but considerably less typical of the
Great Basin as a whole (Trimble 1989, Grayson
1993, Fleishman et al. 1997).

Few studies of Great Basin butterflies have
concentrated on the region’s center. Compared
to faunas present in the Sierra Nevada and
Rocky Mountains, central Great Basin butter-
flies as a group are neither notably rich in
species nor in endemic taxa (Wilcox et al.
1986, Austin and Murphy 1987) and have
attracted relatively few amateur and profes-
sional biologists. However, the region pro-
vides an excellent template for research on the
potential effects of climate change on butterfly
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and other animal and plant communities in
temperate continental interior Iauldsc'apvs (e.g.,
McDonald and Brown 1992, Murphy and Weiss
1992, Fleishman et al. 1998). Moreover, fed-
eral and state agencies responsible for main-
taining viable populations of animals and plants
in the Great Basin are cager for data on com-
munity composition and broad-scale ecological
patterns: these data are needed to implement
effective landscape-level and adaptive manage-
ment in the region (Stohlgren et al. 1995, Czech
and Krausman 1997, Lambeck 1997, Heikkinen
1998. Simberloff 1998).

The definitive faunal study of central Great
Basin butterflies to date (Fleishman et al.
1997) was conducted in the Toiyabe Range, a
scant 10 km to the west of the Toquima Range.
Also centrally located, the Toiyabe Range is
unusually large (3126 km?2; see Biological
Resources Research Center [BRRC| 1997),
mesic, and biologically diverse relative to many
Great Basin ranges (Trimble 1989, Gravson
1993). With a crest that exceeds 3000 m for
40% of its length, it accumulates a substantial
snowpack that replenishes streams and delays
senescence of riparian and upland vegetation.
Biological patterns in a more “typical” Great
Basin mountain range, such as the Toquima,
arguably may have greater generality. In addi-
tion, because the Toquima and Toiyabe ranges
have similar biogeographic and management
histories (Murphy and Wilcox 1986, Wilcox
et al. 1986, Austin and Murphy 1987), our

research allowed us to address the effects of

area and water availability on butterfly species
richness in arid regions.

STUDY AREA

The Toquima Range is located in Lander
and Nve counties, Nevada, less than 10 km
from the geographic center of the state
(Grayson 1993, BRRC 1997; Fig. 1). The 125-
km-long, 1750-km2 range is roughly linear
and, tyvpical of most Great Basin mountains,
oriented north—south. Roughly 90% of its crest
lies at about 2700 m, approximately 500-600
m above Big Smoky Valley to the west and

Monitor Valley to the east. A 13-km stretch of

the Mount Jefferson ridgeline, with 3 summits
above 3300 m, rises above the rest of the
Toquima crest (Grayson 1993). Compared to
much of the Toquima Range, the local climate
of Mount Jefferson is atypically cold (up to
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10°C cooler near the top than at the base of
the peak on a clear day) and mesic (Trimble
1989, Hidy and Klieforth 1990, E. Fleishman
personal observation). Numerous canyons cut
the east and west slopes of the Toquima Range.
A few of these canyons have perpetually flow-
il]f_‘; Hll‘t';llll.\i‘ 'r.l]l([ st'\'(‘l‘;ll I]il\'[' Seeps or Sl)l'illg.‘i‘
but most are dry. Topography of individual
canyons varies widely.

With increasing elevation in the Toquima
Range, dominant vegetation shifts from sage-
brush (Artemisia tridentata ssp.) to pinon-
juniper (Pinus monophylla, Juniperus osteo-
sperma) woodland to low brush (Tueller and
Eckert 1987). A limber pine (Pinus flexilis)
krummbholz grows at timberline, and the sum-
mit slopes of Mount Jefferson are inhabited by
a depauperate alpine flora (Trimble 1989, Gray-
son 1993). Patches of mountain mahogany
(Cercocarpus ledifolius) occur within and above
the pinon-juniper zone, and aspen (Populus
tremuloides) grows in riparian canvons and
around seeps on exposed slopes. Canyons with
permanent or ephemeral surface water often
have willow (Salix spp.), rose (Rosa woodsii),
nettle (Urtica dioica), and an understory com-
posed of various grasses and forbs. Twvo plants
considered sensitive by federal agencies,
Toquima milkvetch (Astragalus toquimanus)
and Toiyabe buckwheat (Eriogonum esmarald-
ensis toiyabensis), occur in the mountain range
(]. Brack personal communication).

More than 99% of the Toquima Range is
federally owned. The U.S. Forest Service over-
sees 88% of the range, and the Bureau of Land
Management controls 11% (BRRC 1997). Thus,
the majority of income-generating activities in
the Toquima Range, including livestock graz-
ing and mining, must be approved by the
appropriate federal agency. This has caused
considerable conflict between agencies and
some local residents, who contend that the
rightful owners of public lands are the coun-
ties rather than the federal goverment (Egan
1995, Larson 1995, USFS 1995). Two of the
most publicized battles in the recent history of
the “Sagebrush Rebellion” have been fought
in the Toquima Range—the unauthorized open-
ing (by bulldozer) of a Forest Service road in
Jefferson Canyon by Nye County Commis-
sioner Dick Carver, and the Forest Service's
impoundment of cattle owned by rancher
Wayne Hage in Pine Creek Canyon.
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Fig. 1. Study canyons in the Toquima and Toivabe ranges and their position within Nevada (inset).
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METHODS

We compiled species presence data for 14
canvons in the Toquima Range and for Mount
Jetterson from specimens in private and insti-
tutional collections, field notes of experienced
lepidopterists, a systematic inventory conducted
in the mid-1980s, and a systematic inventory
conducted in 1996 and 1997. One canyon was
included in the 1980s inventory, and 10 canyons
were included in the 1990s inventory (Fig. 1).
Five canyons were inventoried in both 1996
and 1997, 4 in 1996 only, and 1 in 1997 only.
To account for differences in flight phenology
among species and locations, we inventoried
each canyon roughly every 2 wk throughout
the majority of the flight season (May—August).

During canyon visits we walked the length of

each canyon at a constant pace and recorded
presence of all butterfly species seen. Walking
transects are a standard technique for survey-
ing butterfly communities (Shapiro 1975, Pol-
lard 1977, Thomas and Mallorie 1985, Swengel
1990, Kremen 1992, Pollard and Yates 1993,
Harding et al. 1995). When necessary, individ-
ual butterflies were caught and either identified
on site or held for later identification. Voucher

specimens were deposited at the University of

Nevada, Reno and at the Nevada State Muscum
and Historical Society, Las Vegas. Our nomen-
clature largely follows that of Austin (in press).

We did not attempt to quantity abundances
of all butterfly species recorded from the
Toquima Range because, particularly over a
relatively short (2-yr) time period, estimation
of abundance is complicated by factors includ-
ing interspecific variation in population struc-
ture, sensitivity to short-term climatic fluctua-
tions, and staggered emergence (Shapiro 1975,
Scott 1986). However, we did categorize each
butterfly species with respect to its qualitative
relative abundance in its principal habitat at
the peak of its flight season in the Toquima
Range (Fleishman et al. 1997). We established
6 relative abundance categories: abundant (gen-
erally seen and in large numbers), common (gen-
erally seen but not in large numbers), fairly
common (generally seen but in small numbers
or not generally seen), uncommon (seldom seen
but not a surprise), rare (presence always a
surprise but not far out of normal range). and
accidental (far out of normal range).

Toquima Range canvons are frequently nar-
row and steeply walled. Canyon bottoms are
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the most accessible areas in the Toquima Range,
and virtually all resident butterflies in the
Toquima Range occur there (Fleishman et al.
1997). Therefore, we defined the area that our
transects sampled (“canyon area”) as 50 m on
either side of the inventory route. To calculate
this area, we recorded the location of our
1990s inventory transects with differentially
corrected Global Positioning Systems (GPS).
which are accurate within 5 m. GPS positions
were then overlaid on a 30-m Digital Eleva-
tion Model of the central Great Basin main-
tained on a Geographic Information System
(GIS).

We used analysis of variance to test whether
there was a significant difference in mean num-
ber of species and canyon area among Toquima
Range and Toiyabe Range canyons that were
inventoried systematically over the past 4 yr
(1994-1997). Eleven Toquima Range canyons
and 19 Toivabe Range canvons were included
in these tests (see Fig. 1). The same methods
were used to inventory Toivabe Range and
Toquima Range canyons. A detailed descrip-
tion of Toivabe Range natural history, study
locations, and inventory results is presented in
Fleishman et al. (1997).

RESULTS

Eighty butterfly species have been recorded
from the Toquima Range since 1935 (Table 1).
Species richness of individual canyons ranged
from a high of 66 species in Meadow Canyon
to a low of 26 in Corral Canyon. Twenty-seven
species have been recorded from Mount Jef-
ferson. Species richness of the 11 canyons we
inventoried systematically ranged from 66
(Meadow Canyon) to 33 (Petes Summit West),
with a mean of 50. Of the latter group of
canyons, 5 have flowing streams, 5 have local-
ized seeps or springs, and 1 is dry (Table 1),

Fiftv-nine butterfly species recorded from
the Toquima Range most likely are resident,
i.e., complete their entire life cycle in the
Toquima Range (Table 2). Of these species, 25
are restricted to montane habitats and do not
occur in valleys in the vicinity of the Toquima
Range (Table 2). Two species that occur regu-
larly in the Toquima Range, Vanessa cardui
and Danaus plexippus, are true migrants (Scott
1986). Some individuals of 1 resident species
(Nymphalis antiopa) may migrate. An addi-
tional 18 species are frequent or infrequent
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TaBLE 1. Canyon-level butterfly distribution records, Toquima Range, Lander and Nye counties, Nevada. Water codes:
1 = flowing stream, 2 = seep or spring. Location codes: PW = Petes Summit, west side; NW = Northumberland, west
side; MW = Moores Creek, west side; JF = Jefferson; PT = Petes Summit, east side; CA = Corral; SB = Stoneberger;
IK = Ikes; NE = Northumberland, east side; ME = Moores Creek, east side; PI = Pine Creek; CN = Corcoran; AN =
Antone; MD = Meadow; M] = Mount Jefferson.

Canyons (north to south)

West slope East slope

PW NW MW JF PT CA SB IK NE ME PI CN AN MD M)]

Systematic inventory X X X X X X X X X X X
Water G, Aol \SHIESEoIERW 115, Uarg 58 Yrees D J
Resident
HESPERIIDAE
Erynnis icelus x
(Scudder & Burgess)
Erynnis persius i X X X X N A KAy X X X X
(Scudder)
Hesperia uncas X X X X X X X X X X
W.H. Edwards ssp.
Hesperia juba (Scudder) R XAy AN or i xR SRS b L b
Hesperia comma X X X X X X X X X X X X X X X
harpalus (W.H. Edwards)
Ochlodes sylvanoides X Xy X X5t Y o R
bonnevilla Scott
PAPILIONIDAE
Papilio zelicaon Lucas X X
Fapilio indra X X
nevadensis T. & J. Emmel
Papilio rutulus rutulus X Xt g1 T Y R R X iy el ST
Lucas
FPapilio multicaudatus X X 20T R
W.E Kirby ssp.
PIERIDAE
Neophasia menapia el b X X X X X X
(C. & R. Felder) ssp.
Pontia beckerii X X X X X T Ly X X X X
beckerii (W.H. Edwards)
Pontia sisymbrii elivata X X X
(Barnes & Benjamin)
Euchloe ausonides X X Y X
(Lucas) ssp.
Euchloe hyantis lotta X X X
Beutenmiiller
Anthocharis sara X X X X X X
thoosa (Scudder)
Colias philodice X X
eriphyle W.H. Edwards
Colias alexandra X X X X i el L X X XX X X X
edwardsii W H. Edwards
LYCAENIDAE
Lycaena arota virginiensis X X X X I
(W.H. Edwards)
Lycaena rubidus sirius SR e e
(W.H. Edwards)
Lycaena heteronea X X X Xy EAx X X
Boisduval ssp.
Lycaena helloides X X X X
helloides (Boisduval)
Harkenclenus titus X
immaculosus (W.P Comstock)
Satyrivum behrii crossi X X X X X X X X X X X

(Field)
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TaBLE 1. Continued.
Canyons (north to south)
West slope East slope
PW NW MW JF PT CA SB IK NE ME PI CN AN MD M]
Systematic inventory X X X X X X X X X
Water = S ORISR RS R 3t N3, Mo g
Satyrium californicum X X X X X X
(W.H. Edwards) ssp.
Satyrium sylvinum X X X X X X X
putnami (Hy. Edwards)
Callophrys affinis X E iy XX X ASSSY | x
affinis (W.H. Edwards)
I-f”‘uﬂthf]”l“f]“rﬂ X X X X
spinetorum spinetorum
(Hewitson)
Mitoura siva chalcosiva X X X a X XX X
(Clench)
Incisalia eryphon X X X X X X K S g
(Boisduval) ssp.
Everes amyntula herrii X G X XX X X
E Grinnell
Celastrina ladon echo X X X X
(W.H. Edwards)
Euphilotes enoptes X X T e X X X X % % S B
(Boisduval) ssp.
Claucopsyche piasus X X X X Xk X X X X
nevada EM. Brown
Glaucopsyche lygdamus X X X
oro (Scudder)
Lycaeides melissa e e G S IRl S S R Sl S e T R
paradoxa (EH. Chermock)
Plebejus saepiolus X X X X X Yo G S Y S X
(Boisduval) ssp.
Iearicia icarioides fulla Xy s S A T ot W S e S e RS o e Y
(W.H. Edwards)
Icaricia shasta X X Yol Yo Y R Xha e o
(W.H. Edwards) ssp.
learicia acmon texana X X X X X X X X X
(Goodpasture)
Icaricia lupini X X X X X X X X X X X X X X
(Boisduval) ssp.
Apodemia mormo mormo X R T X X X X X
(C. & R. Felder)
NYMPHALIDAE
Speyeria coronis snyderi X X
(Skinner)
Speyeria zerene gunderi X X X X SN R
(J.A. Comstock)
Speyeria callippe harmonia X X X X X X X X X X X
dos Passos & Grey
Thessalia leanira alma X X
(Strecker)
Chlosyne acastus acastus X XY S s T G S Sl T
(W.H. Edwards)
Phyciodes pulchella X X X Y X i X X Y
(Boisduval) ssp.
Phyciodes mylitta mylitta X X X X X e
(W.H. Edwards)
Euphydryas anicia 3 M X N o e S A SR R Se XN o
wheeleri (Hy. Edwards)
Euphydryas editha ST S ER o ey R A TR T e ba g

lehmani Gunder
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TaBLE 1. Continued.

Canvons (north to south)

West slope East slope

PW NW MW JF PT CA SB IK NE ME PI CN AN MD M]

Systematic inventory X X X X X X X X X X X
Water 2o 9, 2 I 2 S 182 LT 1 1
Polygonia zephyrus X X X X R X Xhe Al
(W.H. Edwards)
Nymphalis antiopa X X X X X X X X X X X X
antiopa (Linnaeus)
Nymphalis milberti X T XX X X
subpallida (Cockerell)
Limenitis weidemeyerii X X X X X X X X X X u X X
latifascia EM. & S.E
Perkins
Coenonympha tullia X X yi el abal o X HE. X X eEmslin s s i
(Miiller) spp.
Cercyonis sthenele paulus X X X X X X Xe X % e e
(W.H. Edwards)
Cercyonis oetus oetus X X X X X X xeasx X% Wl g Xt INK X
(Boisduval)
Neominois ridingsii X X X X X X X X X X
stretchii (W.H. Edwards)
SUBTOTAL 26 41 © 35" 45° 35 23 46 26 33 @35 30 297 3§ 508899

Migrant or Immigrant
HESPERIIDAE

Pyrgus scriptura 5 X
(Boisduval) ssp.

Pyl'}'_{'“-ﬁ’ (.'(JH”HHHI’-\' X X X X X X X X X X X
communis (Grote)

Heliopetes ericetorum % X X
(Boisduval)

PIERIDAE

Pontia protodice X X X X X i X X X X X X
(Boisduval & Le Conte)

Pontia occidentalis X X X X X

occidentalis (Reakirt)
Pieris rapae rapae (Linnaeus)

Colias eurytheme X X X TS X T B O X X X
Boisduval
Nathalis iole Boisduval X

LYCAENIDAE

Strymon melinus pucica X X X TR
(Hy. Edwards)
Leptotes marina (Reakirt) X X X X X
Brephidium exilis exilis X X A ¥ O Sk s iy
(Boisduval)
Hemiargus isola alce X

(W.H. Edwards)

NYMPHALIDAE

Vanessa virginiensis X X
(Drury)

Vanessa cardui X X X X X X X X X X X
(Linnaeus)

Vanessa annabella (Field) X X X X X X

Vanessa atalanta rubria X X X
(Fruhstorfer)

Junonia coenia X

Hitbner
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TasLE 1. Continued.

Toouiva RANGE

BUTTERFLIES D

Canyons (north to south)

West slope

East slope

PW NW MW JF PT CA SB IK NE ME PI CN AN MD M]
Systematic inventory X X X X X X X X X X X
Water 2 2 2 | 2 1 | 2 2 | ] 1 1
Danaus plexippus plexippus X X X X X X X X
(Linnaeus)
SUBTOTAL 6 11 7 T o] 3 9 | 3 8 65 ] 8 14 5
Marginal or Accidental
HESPERIIDAE
Hesperopsis libya lena X X X
(W.H. Edwards)
PAPILIONIDAE
Battus phﬂ(’nm‘ pfrr'f:‘rmr
(Linnaeus) X
PIERIDAE
Eurema mexicana mexicana X X
(Boisduval)
SUBTOTAL 1 1 1 1 2
ToraL 33 53 43 52 40 26 56 30 36 43 86 34 A6 0166527

immigrants to the Toquima Range (whether or
not the species breed in the Toquima, they
probably cannot survive all winters in the range:
Table 2). Hesperopsis libya sometimes strays
into the Toquima Range from Big Smoky Val-
lev to the west; there may be some localized
populations of the species on the west slope of
the Toquima Range. Single Battus philenor
and Eurema mexicana, well outside their usual
distributional range (Scott 1986), have been
recorded from the Toquima Range.

Fourteen species recorded from the Toquima
Range, including 13 residents, are riparian ob-
ligates (Table 2). We define riparian obligate
species as those that could not maintain per-
manent populations in the absence of a ripar-
ian zone because their larval host plants do not
or rarely occur away from dependable water
(Fleishman et al. 1997).

Of 59 resident butterfly species in the
Toquima Range, 8 are abundant. Ten resident
and 1 immigrant species are common. A total
of 28 species, 23 resident and 5 migrant or
immigrant, are fairly common. Eleven resident,
5 migrant or immigrant, and 1 marginal species
are uncommon, while 14 species (7 resident
and 7 immigrant) are rare.

All resident butterfly species and all but
3 nonresident species (Pyrgus scriptura. B.

philenor. and E. mexicana) recorded from the
Toquima Range also have been recorded from
the Toiyabe Range. In a previous paper (Fleish-
man et al. 1997), we presented data on the life
history of Toivabe Range butterflies. Most data
that are applicable across the 2 mountain ranges
are not repeated here. These data included
each species” geographic distribution (relative
position of the Toquima Range within its geo-
graphic range and its subspecific-level biogeo-
graphic affinity), potential host plants in the
Toquima Range, relative annual fluctuation in
abundance, habitat in which the butterfly most
frequently is observed (including riparian
canyons, all canyons, and uplands), and habitat
use (patrolling habitat, perching habitat, and
relative use of mud puddles).

The mean number of species recorded from
Toquima Range canyons was significantly less
than the mean number of species recorded
from systematically inventoried Toivabe Range
canyons. This result was consistent for resident
species (Toquima mean = 37, Toiyabe mean =
48, F.f)a[l‘i.'] = 11.029, P < 0.005), nonresident
species (Toquima mean = 8, Toiyabe mean =
15 F_{,all_gﬂ = 9.832, P < 0.005), and all species
(Toquima mean = 45, Toivabe mean = 61,
F,(JSII.:ZT] = 11.622, P < 0.005). Although species
richness tends to increase with canvon area in
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TasLE 2. Life history traits of butterflies recorded from the Toquima Range. Montane species are restricted to montane
habitats: individuals of these species rarely if ever occur in valleys in the Toquima Range vicinity. Riparian obligate
species are those that could not maintain permanent populations in the absence of a riparian zone because their larval
host plants do not or rarely occur away from dependable water. Relative abundance categories are abundant (generally
seen and in large numbers), common (generally seen but not in large numbers), fairly common (generally seen but in
small numbers or not generally seen), uncommon (seldom seen but not a surprise), rare (presence always a surprise but
not far out of normal range), and accidental (far out of normal range).

Riparian Relative
Species Montane obligate abundance
RESIDENT

Erynnis icelus X rare
Erynnis persius Uncommon
Hesperia uncas fairly common
Hesperia juba abundant
Hesperia comma abundant
Ochlodes sylvanoides fairly common
Fapilio zelicaon X rare
Fapilio indra X rare
Papilio rutulus X X fairly common
Fapilio multicaudatus X X fairlv common
Neophasia menapia X comimon
Pontia beckerii common
Pontia sisymbrii X uncommon
Euchloe ausonides X fairly common
Euchloe hyantis uncommon
Anthocharis sara X fairly common
Colias philodice X uncommon
Colias alexandra common
Lycaena arota X fairly common
Lycaena rubidus X fairly common
Lycaena heteronea X common
Lycaena helloides X uncommon
Harkenclenus titus X rare
Satyrium behrii fairly common
Satyrium californicum fairlv common
Satyrium sylvinum X fairly common
Callophrys affinis X uncommon
Loranthomitoura

spinetorum rare
Mitoura siva fairly common
Incisalia eryphon common
Everes amyntula fairly common
Celastrina ladon X uncommon
Euphilotes enoptes fairly common
Glaucopsyche piasus X fairly common
Glaucopsyche lyedamus fairly common
Lycaeides melissa common
Plebejus saepiolus X uncommon
Icaricia icarioides X abundant
Icaricia shasta X common
learicia acmon uncommon
Icaricia lupini X fairly common
Apodemia mormo common
Speyeria coronis X rare
Speyeria zerene X fairly common
Speyeria callippe X uncommon
Thessalia leanira X rare
Chlosyne acastus X abundant
Phyciodes pulchella X fairly common
Phyciodes mylitta fairly common
Euphydryas anicia X abundant
Euphydryas editha X fairly common
Polygonia zephyrus X fairly common
Nymphalis antiopa X fairly common
Nymphalis milberti X uncommon
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TaBLE 2. Continued.
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Species Montane

Relative
abundance

Riparian
obligate

Limenitis weidemeyerii

Coenonympha tullia

Cercyonis sthenele X
Cercyonis oetus

Neominois ridingsii X

MIGRANT OR IMMIGRANT
Pyrgus scriptura
Pyrgus communis
Heliopetes ericetorum
Pontia protodice
Pontia occidentalis
Pieris rapae X
Colias eurytheme
Nathalis iole
Strymon melinus
Leptotes marina
Brephidium exilis
Hemiargus isola
Vanessa virginiensts
Vanessa cardui
Vanessa annabella
Vanessa atalanta X
Junonia coenia
Danaus plexippus

MARGINAL OR ACCIDENTAL
Hesperopsis libya
Battus philenor
Eurema mexicana

COmon
abundant
abundant
abundant
common

rare
fairly common
COmImon

fairly common
uncommon
uncommon
fairly common
rare

rare

rare

fairlv common
rare

rare
uncomimon
uncomimaon
rare
uncommon
fairly common

UncomImon
accidental
accidental

both ranges (Fleishman et al. unpublished man-
uscripts), the mean area of Toquima and Toiyabe
Range canyons was not significantly different
(Toquima mean = 99.2 ha, Toivabe mean = 85.7
}'I'd._ F.[]S[l.‘.?.” = 1222~ ER= (}28) In ()t}](‘]'
words, the difference in species richness
between Toquima and Toivabe Range canyons
cannot be explained by differences in canvon
size between the 2 ranges.

DISCUSSION

Knowledge of species distributions and
coarse-grained species richness patterns is
critical to conservation planning exercises
including reserve design, land-use decision
making, and adaptive management (Doak and
Mills 1994, Stohlgren et al. 1995, Lambeck
1997, Longino and Colwell 1997, Mac Nally
1997, Simberloff 1998). Documenting butter-
fly distributions not only has intrinsic merit,
but also could prove valuable because butter-
flies widely are thought to be sensitive to

anthropogenic disturbances and able to pro-
vide an early warning of ecological change
(Noss 1990, Kremen et al. 1993, New et al.
1995, Hamer et al. 1997).

Within the Toquima Range,
appears to be a primary factor affecting butter-
fly species richness at the canyon level. Water
may enhance plant species richness and help
both to prolong the temporal window for plant
growth and flowering and to maintain muddy
patches used by adult butterflies (Murphy and
Wilcox 1986). Of the 11 canyons we inventoried
systematically, the 2 with the greatest num-
ber of resident buttertly species have running
streams, and the 8 richest canyons all have
either running streams or seeps. Canyons rich
in butterflies also tend to be topographically
heterogeneous; thus, they tend to have diverse
microclimatic zones and plant communities as
well as sites for perching and patrolling by
butterflies.

Several interacting factors, including area,
moisture, and topography, probably contribute

moisture
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to species richness at the level of mountain
ranges. The effects of area on species richness
may be more significant at the level of moun-
tain ranges than at the level of canyons. Thus,
the larger area of the Toivabe Range relative
to the Toquima Range as a whole (as opposed
to the area of their constituent canyons) may
help explain why more butterfly species occupy
the Toiyabe than the Toquima Range. Often,
as is the case with the Toiyabe and Toquima
ranges, larger ranges have greater topographic
and vegetational diversity than smaller ranges
(Grayson 1993). In addition, larger ranges might
have, on average, more populations per species
than smaller ranges, which decreases the risk
of stochastic species extirpations within moun-
tain ranges (Gilpin and Soulé 1986, Rabino-
witz et al. 1986).

The difference in moisture availability be-
tween the Toquima and Toiyabe ranges, which
is driven partly by their topographic differ-
ences, also may help explain why the Toquima
Range has fewer butterfly species than the
Toiyabe Range. In the Great Basin, ranges like
the Toquima that are moderately small and
low tend to be more arid than relatively large
and tall ranges (e.g., the Toiyabe Range).
Annual precipitation estimates obtained from
the orographic precipitation model PRISM
(Parameter-elevation Regressions on Indepen-
dent Slopes Model; Daly et al. 1994) indicate
that annual precipitation in a given canyon in
the Toquima Range is not substantially less
than precipitation in a given canyon in the
Toiyabe Range. However, crests of larger and
higher ranges capture more winter snow (which
accounts for most of the effective precipitation
in the Great Basin; Trimble 1989, Hidy and

Klieforth 1990, Grayson 1993) and retain their
snowpack later in the year than do smaller

ranges. Gradual snowpack melting appears to
replenish streams and may delay vegetation
senescence, including larval host plants and
adult nectar sources.

Eleven resident butterfly species recorded
from the Toivabe Range have not been recorded
from the Toquima Range. There are parsimo-
nious explanations for most of these apparent
absences. Distributions of 4 species recorded
from the Toiyabe but not the Toquima, Pholisora
catullus, Lycaena nivalis, Incisalia augustinus,
and Speyeria egleis, are either relictual or in-
dicative of more recent dispersal from else-
where, probably the northeastern Great Basin
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(Fleishman et al. 1997). The Toiyabe Range is
the only central Great Basin location in which
these 4 species have been recorded. Similarly,
the only central Great Basin record of Lycaena
editha is from the Toiyabe. An isolated popula-
tion of Ochlodes yuma is associatied with a
small patch of its host plant, Phragmites aus-
tralis, on the east slope of the Toiyabe Range
(Fleishman et al. 1997). Although there are
several records of Callophrys comstocki and
Polygonia satyrus from the Toiyabe Range, we
did not encounter either species in that range
during butterfly inventories in the 1990s. Like-
wise, only 1 Euphilotes battoides was recorded
from the Toiyabe Range in the 1990s. Finally,
the apparent absence of C. comstocki, E. bat-
toides, and Incisalia fotis may reflect sampling
error. These 3 species fly extremely carly in
the season and are rare.

Two species remain whose apparent absence
from the Toquima Range is surprising—Papilio
bairdii and Speyeria nokomis. Host plants and
habitat that seem suitable for both species occur
in the Toquima Range. However, both species
principally are found in riparian canyons;
streams and seeps in the Toquima Range often
are isolated. Suitable habitat patches in the
Toquima Range may be too distant from each
other and from occupied habitats outside the
range for immigration to occur regularly and
for the species to maintain viable populations
in the Toquima Range (Murphy et al. 1990,
Hanski 1991, Hanski and Gilpin 1991).

Examination of species richness and com-
position within and among mountain ranges
can have a significant bearing on management
of rugged, remote landscapes like the Great
Basin. Knowledge of “what is where™ and why
some areas have more species than others
(particularly if species richness responds to
factors that can be influenced by management)
is critical to scientifically informed conserva-
tion planning. Not only do distributional data
assist managers in delineating land uses, but
they also can help managers and researchers
predict and evaluate effects of experimental
management strategies such as prescribed
burning or alternative grazing schemes. The
ecology of the Toquima Range may elicit few
superlatives, but this very fact makes the range
an excellent model for examining Great Basin
species distributions across spatial scales criti-
cal to conservation planning.



1999

ACKNOWLEDGMENTS

We thank PE Brussard, C.L. Boggs, A.E.
Launer, and 2 anonymous reviewers for many
helpful comments on the manuscript. Numer-
ous lepidopterists contributed records. Thanks
to A. Weiss, R. Bamford, T. Wade, and J. Fay
for computer support, including preparation
of figures. The Austin and Tonopah ranger dis-
tricts of the Humboldt-Toiyvabe National For-
est provided substantial logistic support in the
field. Logistic support also was provided by
the Biological Resources Research Center
(University of Nevada, Reno). Research was
funded by the Nevada Biodiversity Research
and Conservation Initiative, Nevada State
Museum and Historical Society, and Center
for Conservation Biology. Activities conducted
under Challenge Cost-Share Agreement 17-
(CSS-97-016 between the U.S. Forest Service
and the University of Nevada, Reno also con-
tributed to this manuscript. This is Contribu-
tion Number 57 of the Nevada Biodiversity
Initiative.

LITERATURE CITED

ARMOUR, C.L., D.A. DUFE, AND W. ELMORE. 1991. The
effects of livestock grazing on riparian and stream
ecosystems. Fisheries 16:7-11.

AUSTIN, G.T. In press. Checklist of Nevada butterflies. In:
T.C. Emmel, editor, Systematics of western North
American buttertlies. Mariposa Press, Gainesville, FL.

Austin, G.T., axp D.D. MurprHY. 1987. Zoogeography of
Great Basin butterflies: patterns of distribution and
differentiation. Great Basin Naturalist 47:186-201.

BioLoGICAL RESOURCES RESEARCH CENTER. 1997. The
Nevada Mountain Atlas. http:/www.brre.unr.edu
(December 1997).

CzecH, B., AND PR. KrausmaN. 1997, Implications of an
ecosystem management literature review. Wildlife
Society Bulletin 25:667-675.

DaLy, C., R.P. NIELsON, AND D.L. PHILLIPS. 1994. A statis-
tical-topographic model for mapping climatological
precipitation over mountainous terrain. Journal of
Applied Meteorology 33:140-158.

DawsoN, W.R. 1992. Physiological responses of animals to
higher temperatures. Pages 158-170 in R.L. Peters
and TE. Lovejoy, editors, Global warming and bio-
logical diversity. Yale University Press, New Haven,
CIL

Doak, D.E, axnp L.S. MiLLs. 1994. A useful role for theory
in conservation. Ecology 75:615-626.

DoskiN, D.S., A.C. RicH, AND W.H. PyLE. 1998. Habitat
and avifaunal recovery from livestock grazing in a
riparian meadow system of the northwestern Great
Basin. Conservation Biology 12:209-221.

EGaN, T. 25 April 1995. Federal uniforms become target of
wave of threats and violence. New York Times. Page
Al.

ToouinA RANGE BUTTERFLIES 61

FLEISHMAN, E., G.T. AusTIN, AND D.D. MurprHY. 1997.
Natural history and biogeography of the butterflies
of the Toivabe Range, Nevada (Lepidoptera: Papil-
ionoidea). Holarctic Lepidoptera 4:1-18,

FLEISHMAN, E., G.T. AUSTIN, AND A.D. WEIss. 1998. An
empirical test of Rapoport's rule: elevational gradi-
ents in montane butterflics communities. Ecology
79:2452-2493.

GiLpiN, MLE., AND M.E. SOULE. 1986. Minimum viable
pnpll];llimn: processes ol species extinction. Pages
19-34 in M.E. Soulé, editor, Conservation biology:
the science of scarcity and diversity. Sinauer Associ-
ates, Inc., Sunderland, MA.

Grayson, D.K. 1993. The desert's past: a natural prehistory
of the Great Basin. Smithsonian Institution Press,
Washington, DC. 356 pp.

HameRr, K.C., J.K. HiLL, L.A. LACE, AND A.M. LANGAN.
1997. Ecological and biogeographical effects of for-
est disturbance on tropical butterflies of Sumba,
Indonesia. Journal of Biogeography 24:67-75.

Hankst, 11991, Single-species metapopulation dynamics:
concepts, models and observations. Biological Jour-
nal of the Linnean Society 42:17-38.

Hanskr, 1., axp M. GiLein. 1991, Metapopulation dynam-
ics: brief history and conceptual domain. Biological
Journal of the Linnean Society 42:3-16.

HARDING, PT, J. ASHER, AND T.J. YATES. 1995. Butterfly
monitoring 1—recording the changes. Pages 3-22 in
A.S. Pullin, editor, Ecology and conservation of but-
terflies. Chapman and Hall, London.

HEIKKINEN, R.K. 1998, Can richness patterns of rarities
be predicted from mesoscale atlas data? A case study
of vascular plants in the Kevo Reserve. Biological
Conservation §3:133-143.

Hipy, G.M., axp H.E. Kuigrorti. 1990. Atmospheric pro-
cesses and the climates of the Basin and Range.
Pages 17—42 in C.B. Osmond, L.F Pitelka, and G.M.
Hidy, editors, Plant biology of the Basin and Range.
Springer-Verlag, Berlin.

KAUFFMAN, J.B., AND W.C. KRUEGER. 1984. Livestock
impacts on riparian ecosystems and stream manage-
ment implications . . . a review. Journal of Range
Management 37:430—438.

KREMEN, C. 1992. Assessing the indicator properties of
species assemblages for natural areas monitoring.
Ecological Applications 2:203-217.

KReMmEN, C., RK. CotweLL, T.L. ErwIN, D.D. MURPHY,
R.E Noss, AND M.A. SanjavaN. 1993. Terrestrial
arthropod assemblages: their use in conservation
planning. Conservation Biology 7:796-508.

LaMBECK, R.J. 1997. Focal species: a multi-species umbrella
for nature conservation. Conservation Biology 11:
§49-856.

Lagrson, E. 23 October 1995. Unrest in the West. Time
146(17):52—66.

LoNnGiNo, J.T.. axp R.K. CoLweLL. 1997. Biodiversity
assessment using structured inventory: capturing the
ant fauna of a tropical rain forest. Ecological Appli-
cations 7:1263-1277.

Mac NaLLy, R. 1997. Monitoring forest bird communities
for impact assessment: the influence of sampling
intensity and spatial scale. Biological Conservation
82:355-367.

McDoxNaLD, KA., AND J.H. Brown. 1992. Using montane
mammals to model extinctions due to climate change.
Conservation Biology 6:409—415.



62 GREAT BASIN NATURALIST

Mugpny, D.D., anD S.B. WErss. 1992. Effects of climate
change on biological diversity in western North Amer-
ica: species losses and mechanisms. Pages 355-368
in R.L. Peters and T.E. Lovejoy, editors, Global
warming and biological diversity. Yale University
Press, New Haven, CT.

MugpHY, D.D., AND B.A. WiLcox. 1986. Butterfly diver-
sity in natural habitat fragments: a test of the validity
of vertebrate-based management. Pages 287-292 in
J. Verner, M.L. Morrison, and C.]. Ralph, editors,
Wildlife 2000: modeling habitat relationships of ter-
restrial vertebrates. University of Wisconsin Press,
Madison.

Mureny, D.D., K.E. FREAS, AND 5.B. WEIss. 1990. An
environment-metapopulation approach to population
viability analysis for a threatened invertebrate. Con-
servation Biology 4:41-51.

NEw, T.R., R.M. PYLE, J.A. THoMmas, C.D. THOMAS, AND
PC. HamyonD. 1995, Butterfly conservation man-
agement. Anuual Review of Entomology 40:57-83.

Noss, R.E 1990. Indicators for monitoring biodiversity:
a hierarchial approach. Conservation Biology 4:
355-364.

PoLLARD, E. 1977. A method for assessing changes in the
abundance of butterflies. Biological Conservation
12:115-134.

PoLragD, E., aND T.J. YaTES. 1993. Monitoring butterflies
for ecology and conservation. Chapman and Hall,
London.

Rasivowrtz, D., S. Cairns, aND T. DiLLon. 1986. Seven
forms of rarity and their frequency in the flora of the
British Isles. Pages 182-204 in M.E. Soulé, editor,
Conservation biology: the science of scarcity and
diversity. Sinauer Associates, Inc., Sunderland, MA.

ScotT, J.A. 1986. The butterflies of North America. Stan-
ford University Press, Stanford, CA.

[Volume 59

SHAPIRO, A.M. 1975. The temporal component of butterfly
species diversity. Pages 181-195 in M.L. Cody and
J.M. Diamond, editors, Ecology and evolution of
communities. Belknap Press of Harvard University
Press, Cambridge, MA.

SIMBERLOFE, D. 1998. Flagships, umbrellas, and keystones:
Is single-species management passé in the landscape
era’ Biological Conservation 83:247-257.

StoHLGREN, TJ., J.E QuinN, M. RUGGIERO, aND G.S.
WAGGONER. 1995. Status of biotic inventories in U.S.
national parks. Biological Conservation 71:97-106.

SWENGEL, A.G. 1990. Monitoring butterfly populations
using the Fourth of July Butterfly Count. American
Midland Naturalist 124:395-406.

TaoMmas, C.D., AND H.C. MALLORIE. 1985. Rarity, species
richness and conservation: butterflies of the Atlas
Mountains in Morocco. Biological Conservation 35:
95-117.

TriMBLE, S. 1989. The sagebrush ocean. University of
Nevada Press, Reno.

TUELLER, PT., AND R.E. ECKERT, JR. 1987. Big sagebrush
(Artemisia tridentata vaseyana) and longleaf snow-
berry (Symphoricarpos oreophilus) plant associations
in northeastern Nevada. Great Basin Naturalist 47:
117-131.

UNITED STATES DEPARTMENT OF AGRICULTURE FOREST
SERVICE. 1995. Employee guide to home rule. Hum-
boldt and Toivabe National Forests, Nevada.

Wircox. B.A., D.D. MugrpHy, PR. EHRLICH, AND G.T.
AUSTIN. 1986. Insular biogeography of the montane
butterfly fauna in the Great Basin: comparison with
birds and mammals. Oecologia 69:188-194.

Received 18 December 1997
Accepted 8 May 1998



ImEE BHL

Biodiversity Heritage Library

Fleishman, Erica, Murphy, Dennis D, and Austin, George T. 1999.
"BUTTERFLIES OF THE TOQUIMA RANGE, NEVADA: DISTRIBUTION, NATURAL
HISTORY, AND COMPARISON TO THE TOIYABE RANGE." The Great Basin
naturalist 59(1), 50-62.

View This Item Online: https://www.biodiversitylibrary.org/item/35798
Permalink: https://www.biodiversitylibrary.org/partpdf/248505

Holding Institution
Harvard University, Museum of Comparative Zoology, Ernst Mayr Library

Sponsored by
Harvard University, Museum of Comparative Zoology, Ernst Mayr Library

Copyright & Reuse

Copyright Status: In copyright. Digitized with the permission of the rights holder.
Rights Holder: Brigham Young University

License: http://creativecommons.org/licenses/by-nc-sa/3.0/

Rights: https://biodiversitylibrary.org/permissions

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at
https://www.biodiversitylibrary.org.

This file was generated 28 March 2024 at 22:41 UTC


https://www.biodiversitylibrary.org/item/35798
https://www.biodiversitylibrary.org/partpdf/248505
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://biodiversitylibrary.org/permissions
https://www.biodiversitylibrary.org

