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Solorina is a small genus of fi ve species within the 
Peltigeraceae. All but one species occur on moist 
calcareous soil in cold regions. Solorina spongiosa
(Sm.) Anzi, with the most reduced thallus of the 
group, is a bipolar arctic-alpine species, reported 
from Europe, North America, South Island (New 
Zealand), and James Ross Island (Antarctica), but 
seldom collected. The map for Solorina spongiosa in 
Lichens of North America (Brodo et al. 2001) indicates 
that this lichen, within U.S. borders, is confi ned 
to Alaska, Montana, Colorado and New Mexico. 
Manierre (1999) notes that it is rare wherever it 
appears and Geiser et al. (1994) lists it as rare in 
western North America. Finding crustose lichens in 
southern Nevada is expected, but the discovery of 
Solorina spongiosa was a surprise to most (Bungartz, 
pers. comm.; McCune, pers. comm.; Rosentreter, 
pers. comm.). However, St.Clair (1999) lists it 
as “Common…in upper montane throughout 
northern Rocky Mountains south into Colorado 
Rockies.” In this paper it is reported as new to 
Nevada.

Solorina spongiosa is a rarely collected, brown, 
grayish, or greenish squamulose, granulose to 

coralloid, spongiose lichen. The apparent thallus, 
which is appressed to the soil or moss substrate, 
forms a dark, warted to coralloid mass, gelatinous 
when wet. It is composed of cephalodia containing 
the cyanobacterium, Nostoc. The true thallus 
contains a green alga and is reduced to a thin ring 
or collar surrounding a large urceolate apothecium 
(Figure 1). Its paraplectenchymatous upper cortex 
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Figure 1. Solorina spongiosa collected in the Spring 
Mountains, Nevada. Urceolate apothecia are surrounded 
by a ring of tissue containing a green alga, and imbedded 
in squamules containing the cyanobacterium, Nostoc.
Photo by Bill Hill.
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contains Coccomyxa in the algal layer. Brodo et al. 
(2001) consider the green alga to be the primary 
photobiont for the genus. The underside lacks a 
cortex. The apothecia and squamules are attached 
to the substratum by rhizines. The apothecia are 
sunken in the upper surface of the thallus lobes, 
the disk is dark brownish red to blackening. 
Dobson (2000) describes the apothecia as up to 5 
mm in diameter. The hymenium is hyaline, and 
the paraphyses are unbranched with the tips red-
brown, coherent, and little thickened. Ascospores 
are brown, 1-septate (Figure 2), 4/ascus, 30-50 x 

18-22 µm, with a 
warted, furrowed 
surface. Solorina
spongiosa occurs over 
mosses in subalpine 
and alpine calcareous 
areas. An exception 
is at Pictured Rocks 
National Lakeshore, 
Alger County, 
Michigan, where it 
has been reported, 
surprisingly, on 
sandstone (Manierre 
1999). Lichens are 
hosts to many, often 

specialized host-specifi c fungal parasites. A lichen 
parasite is often found on Solorina spongiosa (F. 
Bungartz, pers. comm.). The above description is 
a compilation from Jahns et al. (1995), Martinez 
and Burgaz (1999), McCune (2002), McCune 
and Goward (1995), Nash (2002), Øvstedal and 
Smith (2001), Thomson (1984) and Thomson and 
Thomson (1984).

Site Location and Description
The Spring Mountains are located in southern 
Nevada near the California border. Pahrump Valley 
and the Amargosa River basin lie to the west and 
Las Vegas Valley, draining into the Colorado River, 
lies to the east (Charlet 2001). Las Vegas, with 1.5 
million people, is 48 km to the southeast. The range 
is a sedimentary escarpment 68 km long and up to 
26 km wide, with elevations ranging from about 853 
m to the highest point on Mt. Charleston at 3633 m. 
This ‘sky island’ is among the most isolated ranges 
in North America, its nearest neighbor being the 
Panamint Range of California, 161 kilometers away 
(Mohlenbrock 1992).

Geologically, the range is made up of many 
sedimentary layers of limestone, dolomite, 
sandstone, shale, and gypsum deposited by a 
shallow sea that covered the region 590 to 250 
million years ago (mya), during the Paleozoic era. 
The mountains themselves were formed about 60 
mya, close to the end of the Cretaceous Period, 
when east-west pressure caused the sedimentary 
layers to buckle and shear. During the Pleistocene 
– 1.6 million to 12,000 ya – southern Nevada was 
much cooler and wetter than it is today. As the 
Pleistocene ended, the plants that had become 
established in the Spring Mountains became 
isolated (Mohlenbrock 1992).

Charlet (2001) notes it as the most biologically 
diverse of all mountain ranges in Nevada, with 
37 tree species and 17 endemic plants. On the 
lower slopes, plants typical of the Great Basin 
such as sagebrush and creosote merge into the 
Mojave Desert fl ora where a variety of cacti and 
other desert-dwelling plants live. Higher in the 
range, pinyon pine and Utah juniper take over the 
drier habitats while ponderosa pine and white fi r 
dominate the more mesic canyons. Bristlecone pine 
range from as low as 2103 m to tree line at 3048 to 
3353 m. At the higher elevations, limber pine joins 
bristlecone pine. Charlet (2001) notes that there 
are probably more than 1000 plant species in the 
Spring Mountains, representing about one-third of 
the entire Nevada fl ora. An additional 8 species are 
endemic to southern Nevada and California and 
another 3 are endemic to southern Nevada and 
Utah. A high number of moonwort species of ferns 
grow in limited habitat available within the Spring 
Mountains, including some of the same habitats 
where Solorina spongiosa is found. Several endemic 
vascular species also occur in these mesic, upper 
elevation sites.

The Spring Mountains are administered by two 
federal agencies: the Bureau of Land Management 
(BLM) manages some lower elevation areas, 
including Red Rock Canyon National Conservation 
Area; and the Humboldt-Toiyabe National Forest 
manages the higher elevations of the range. In 
August 1993, Congress established the Spring 
Mountains National Recreation Area, administered 
by the U.S. Forest Service.

Figure 2. Solorina spongiosa spores, 
40X, from collections at Three 
Springs, Spring Mountains, NV. 
Photo by C. Beyer.
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Extensive vascular plant collections were made 
in the mid-1900s, primarily by Ira Clokey (1951), 
but the moss and lichen fl ora has remained 
relatively unknown until fairly recently. Elva 
Lawton collected bryophytes at a few locations 
in the 1950s, and Lloyd Stark of the University of 
Nevada Las Vegas has collected bryophytes over 
the past eight years. Preliminary data show that 
the moss fl ora of the Spring Mountains differs from 
that in the surrounding desert, with species more 
characteristic of cooler, wetter climates. However, 
until recently, the lichens were unknown (St. Clair 
2004). Larry St. Clair of Brigham Young University 
(Utah) has, over the last fi ve years, made extensive 
collections from various locations in the Spring 
Mountains, primarily to support the air quality 
biomonitoring program established in cooperation 
with the U.S. Forest Service (St. Clair, pers. 
comm.). Beyer has augmented that collection with 
several species. Currently, ninety-eight species of 
lichens are known from the Spring Mountains, 
primarily from U.S. Forest Service lands. Besides 
Solorina spongiosa, other species found that may 
be considered uncommon include Dermatocarpon
luridum, Stenocybe mccunei, and Cladonia cariosa.

In July of 2002, Solorina spongiosa was collected 
in the Spring Mountains, Clark County, Nevada, 
at Three Springs (Figure 3) in upper Lee Canyon, 
above the Lee Canyon Ski and Summer Resort 
(Beyer 20020710.1 OSC). Specimens were found 
growing on a vertical limestone surface over moss 
between 2957 and 2987 m elevation (UTM 11, 
618206E 4016990N), in open canopy. During spring 
runoff this microhabitat is very wet to saturated. 
Later in the summer and fall, the moss cover 
provides a moist environment. Small specimens 
were also found growing over moss on soil in the 
vicinity of the limestone boulder. St. Clair (pers. 
comm.) has seen Solorina spongiosa growing on 
vertical surfaces of small frost heaves in alpine 
habitats throughout the Rocky Mountain region. A 
small, 1-2 meter diameter fl oating mat bog is found 
a few meters from the Lee Canyon site. We do not 
know of any other fl oating bogs in Nevada. 

A second site within the Spring Mountains was 
later discovered approximately 5 km to the east at 
Mummy Springs (Figure 4), where a small specimen 

was found growing over moss on a limestone cliff 
at 3048 m elevation. Mummy Springs is in the 
Deer Creek drainage just south of Lee Canyon. 
Population size is unknown; however, habitat for 
this species is very limited at this location, as the 
drainage is essentially dry except at the spring.

Although the Spring Mountains are a desert 
mountain range, the upper elevations often receive 
several feet of snow cover in the winter. Snowmelt 
and occasional rainstorms provide water that 

Solorina spongiosa  in Nevada

Figure 3. Three Springs area, August, 2002, habitat 
picture of collection site. Endemic Clokey thistle (Cirsium
clokeyi) in foreground. Photo by C. Beyer.

Figure 4. Mummy Springs site in November, 2003. Photo 
by C. Beyer.
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percolates through cracks and fi ssures in the porous 
limestone, coming to the surface as springs when it 
meets an impermeable layer. Both collection sites in 
the Spring Mountains are in spring areas, between 
2957 and 3048 m, that are seepy to saturated during 
spring runoff, drying out somewhat in the summer 
months, and covered by a thick layer of snow/ice 
during the winter. Over 200 springs of various sizes 
have been documented in the range, and other 
potential occurrences of Solorina spongiosa may
exist. However, most of the springs are too low in 
elevation, or on an aspect that makes the site too 
hot to support Solorina spongiosa.

Both documented sites of Solorina spongiosa are 
on moss over calcareous substrata within the 
bristlecone pine zone with quaking aspen nearby, 
in east to northeast-facing canyons below the two 
highest peaks in the range: Mt Charleston and 
Mummy Mountain. Brodo et al. (2001) found that 
the most signifi cant property of a potential rock 
substrate, in terms of lichen distribution, is its 
calcium carbonate (CaCO3) content. Calcicoles, 
those species that prefer alkaline rocks made of 
CaCO3, such as limestone, often cannot tolerate 
acidic conditions.

Apothecia
One apothecium from a specimen collected at the 
Three Springs site had unusual width dimensions 
between 9 and 10 mm. However, the diameters of 
most of the apothecia seen fell within the normal 
range according to the literature, equal to or less 
than 5 mm. 

Distribution
Knowledge concerning the regional distribution 
of Solorina spongiosa has expanded from what 
was known just a few years ago when Lichens of 
North America (Brodo et al. 2001) was published. 
Collections within the contiguous U.S. have 
been located that report Solorina spongiosa from 
Michigan, Montana, Idaho, California, Colorado, 
Utah, Washington, Wyoming, and New Mexico. 
In the Pacifi c Northwest, Oregon is the only state 
where a collection has not been reported (Figure 
5). This is likely related to the lack of calcareous 
substrata along the Cascade Crest. 

Ryan (pers. comm.) indicated that the occurrences 
in Arizona and California would be reported as 

new records in the Sonoran Flora v. II and the new 
California checklist, respectively. The California 
collection is the occurrence closest to the Spring 
Mountains site. Air distance between the two sites 
is 274.4 km <http://www.wcrl.ars.usda.gov/cec/
java/lat-long.htm>.

The term “bipolar” indicates occurrence in both 
the arctic and Antarctic. Smith and Øvstedal 
(1994) found that 41% of Antarctic lichens are 
bipolar. The worldwide distribution of Solorina
spongiosa, a bipolar arctic-alpine species with a 
strong affi nity for calcareous substrates, indicates 
one of two possible scenarios. Either this lichen 
occurs as a relict from a time when continents were 
connected and cold, moist habitats were prevalent, 
or, following continent drift, it has been effectively 
dispersed from its origin by means of spores to 
suitable habitats that are extremely cold for part 
of the year, and cool and moist for the remainder. 
Smith and Øvstedal (1994) venture to say that 
bipolarity probably represents many worldwide 
distributions that became dissected with climate 
change and continental movements. I.M. Brodo 
(pers. comm.) suggests that there is probably a mix 
of long distance dispersal on the one hand, and 
mountain hopping on the other, as well as some 
relict distributions. He states, “We know that many 
lichen distributions are very ancient, and newly 
available genetic techniques will undoubtedly be 
used to sort out these phytogeographic puzzles, 
with a variety of origins for bipolar distributions 
emerging.”

Figure 5. Western states with collections of Solorina
spongiosa are shown in gray.



5

Solorina spongiosa in Nevada

Threats 
Both sites where Solorina spongiosa has been found 
are within 48 kilometers of one and one-half million 
people in the city of Las Vegas. Both sites are also 
very accessible to day hikers. The main threat to 
this species in the Spring Mountains is from local 
recreationists. For example, the Three Springs site 
is just above the Lee Canyon Ski and Summer 
Resort, which is currently seeking a permit to 
expand operations. This area also receives heavy 
summer use from hikers, especially those who 
wish to reach the top of Mt. Charleston by a route 
that is shorter than the North Loop Trail. The user-
created path along the brook emanating from the 
spring has eliminated plants in its treadline. This 
sensitive area supports endemic vascular plants, 
moonworts, and Solorina spongiosa.

Mummy Springs, also a site of high biodiversity, 
including moonworts, receives high recreation use 
as a popular day-use destination, and also as a rest 
spot on the way to the upper elevations of Mummy 
Mountain. In 2003 a bypass trail was constructed 
to divert use from the spring area. A similar 
mitigation may be available in the near future 
for user trails along Three Springs. However, this 
would not necessarily ameliorate possible impacts 
from an expansion of the ski area.

Another potential threat is air pollution from 
an expanding megalopolis, which is predicted 
to have 2.6 million people by 2020. Over 5,000 
people a month come to live in Las Vegas <http://
www.reviewjournal.com>. Expanding population, 
traffi c, services, and facilities will yield increasing 
air pollution. Solorina spongiosa sensitivity to air 

pollution is unknown, but locations where it is 
found are historically in remote arctic/alpine 
areas.

Conclusion
In this paper Solorina spongiosa, commonly known 
as the “fringed chocolate chip lichen,” is reported 
as new to Nevada from the Spring Mountains, near 
Las Vegas, where it grows over and among several 
species of moss. This remarkable occurrence was 
unexpected as many were not aware that sites 
for this lichen had already been discovered in the 
southwest in New Mexico, Arizona, Utah and 
California. Additionally, many were not aware 
of the relatively restricted habitat in the Spring 
Mountains, where appropriate geology, elevation, 
moisture and aspect come together to provide a 
suitable microsite for this species, in the middle of 
the Mojave desert.
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STATE HERBARIUM* COLLECTOR
Arizona ASU Nash
California CAS Shevock (#12531)
Colorado BRY #3462 Shushan
Idaho Rosentreter Rosentreter (#9385)
Michigan herbarium not known Re: Manierre (1999)
Montana Rosentreter Rosentreter (#2071)
New Mexico BRY #9629 Egan
Utah CU #407700 Flowers
Washington herbarium not known Re: Thomson (1984)
Wyoming BRY #3417 Wirth

* ASU, Arizona State University; BRY, Brigham Young University; CAS, California Academy of 
Sciences; CU, University of Colorado.

Appendix I: Representative collections of Solorina spongiosa in western U.S.

Table 1. Western states from which collections of Solorina spongiosa have been reported.
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