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Introduction

This thesis is the culmination of a graduate research project involving a floristic survey of
the lichens of the Spring Mountains National Recreation Area (SMNRA), Humboldt —Toiyabe
National Forest, Nevada. The project was based on extensive collections made between 1997
and 2007 as part of an air pollution biomonitoring program and baseline established by Larry St.
Clair (Brigham Young University). The Spring Mountains are located less than an hour
northwest of the Las Vegas metropolitan center, one of the fastest growing urban areas in the
United States. A floristic survey of the lichen communities in the Spring Mountains represents a
major contribution to our understanding of the lichen flora of the Mojave Desert, a poorly

studied region in western North America.

Objectives

The goals of this research project were as follows:

1. The curation and accessioning of the Spring Mountain lichen specimens into the
BYU Herbarium of Nonvascular Cryptogams.

2. Adichotomous key to the lichen genera and species collected in connection with
this study.

3. Descriptions of each of the lichen species of the Spring Mountains National
Recreation Area.

4. Compare the Spring Mountain lichen flora with other published species lists for
the Mojave Desert.

Lichens are symbiotic systems and represent a vital component of many ecosystems - the
Mojave Desert included. Hasse (1913) published the first report of lichens from the Mojave as
part of his survey of the lichen flora of Southern California. More recently, several floristic
surveys have been published for different parts of the Mojave Desert (for map of these, see

Figure 1). Of the following numbers that have been reported, only the data on specimens



confirmed to the species level has been included in the data, charts, tables, and comparisons here.
In 2004 Beyer and St. Clair reported on 3 species in 3 genera from the Spring Mountains, for
clarity they have been included in the Spring Mountain data from the St. Clair biomonitoring
collections (Beyer, St. Clair, 2004). In 1999, Doell reported 63 species in 35 genera from the
Sweeney Granite Mountains Desert Research Center, in the southwestern Mojave Desert, San
Bernardino County, California. A more recent survey of the lichens of the Granite Mountains
and Sweeney Granite Mountain Desert Research Center, reported 75 species in 40 genera; as
well as several lichenicolous and one lignicolous fungus (Knudsen & Werth, 2008). For the
remainder of this thesis and in all charts, the two Sweeney Granite Mountain studies have been
combined for ease of discussion. The Sweeney Granite Mountains studies have been kept
separate in the comprehsive Mojave Desert A southwestern Mojave Desert lichen survey in the
Eureka Peak area of Joshua Tree National Park, Riverside and San Bernardino Counties,
California, added 35 species in 25 genera to a working checklist of over 70 species, 12 of which
were found only on Eureka Peak (Knudsen & La Doux, 2006). Also in the same study of Joshua
Tree National Park, two lichenicolous fungi on new hosts, and one new lichenicolous fungus for
California was reported (Knudsen & La Doux, 2006). In a survey of the southwestern Mojave
Desert at Key’s Ranch, Joshua Tree National Park, San Bernardino County, California, 47
species in 34 genera were reported; with four species new to California (Knudsen & La Doux,
2005). A smaller survey of lichens from several sites near Black Rock Road in northwestern
Arizona, reported 43 species in 25 genera with two previously unreported taxa from a
gypsiferous site (Jackson et al., 2005). A 2002 survey of selected sites in the Mojave National
Preserve, in California reported 40 species in 24 genera. Collections were made primarily from

north-facing basalt flows, rock, on soil and dead wood. The authors predicted that extreme
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Figure 1 All study sites located within the Mojave Desert (Digital Desert).

heat and drought in this location generally precludes lichen growth anywhere except more
protected north-facing exposures (Knight et al., 2002). Finally, Johansen et al. (2001) in their
study of the biological soil crusts of the Mojave Desert suggested that soil surface communities
in the Mojave Desert are generally not as species rich or abundant as similar communities in the
Great Basin and Colorado Plateau. Johansen et al. reported in their survey of 26 sites in and
around Fort Irwin National Training Center, that large portions of this area lacked well
developed soil crust communities. They attributed this situation generally to the impact of off-

road vehicles (Johansen et al., 2001).



Over a ten year period, a lichen air quality biomonitoring program and baseline study was
conducted in the Spring Mountains National Recreation Area, Humboldt Toiyabe National
Forest. Biomonitoring reference sites were established at 15 locations (St. Clair et al., 2007).
The Spring Mountains National Recreation Area and wilderness is located 25 km northwest of
downtown Las Vegas, the largest population center in Southern Nevada. The Las Vegas
metropolitan area contains over a million people and the population of Clark County is over 1.3
million (US Census 2000). Las Vegas had 35 million visitors in 2000 and currently between
4,000 — 6,000 people a month move into Clark County (Las Vegas Convention and Visitors
Authority Research). Establishment of an air quality biomonitoring program and baseline in this
area is essential for effectively monitoring air quality, and related air pollution impacts, in and
around Las Vegas.

The purpose of this research project was to conduct a floristic survey of the lichens of the
SMNRA using the extensive lichen collections made in connection with the aforementioned air
quality biomonitoring program. A floristic survey of this area will prove particularly valuable

for monitoring potential air pollution-related impacts to this unusual island mountain system.



Materials and Methods

Lichens were sampled from all habitats and substrates; soil, rock, bark and lignum. The
collections have been curated and accessioned into the collection at the Brigham Young
University Herbarium of Nonvascular Cryptogams, located in the Bean Life Science Museum.
This project required the use of several chemical and microscopic techniques to confirm species
identifications. Spot tests were used to identify thallus chemistry usually as a preliminary step
before more detailed tests using thin-layered chromatography (Vitikainen, 2001, Orange, 2001).
The most commonly used reagents for spot tests are potassium hydroxide in distilled water,
sodium hypochlorite, and para-phenylenediamine dissolved in ethanol. Spot tests involve the
application of a small amount of the reagent to either the upper cortex and/or the medulla. Color
changes indicate the presence of specific chemicals. Thin layer chromatography (TLC) provides
a more detailed look at lichen secondary chemistry. A small piece of lichen thallus is macerated
in acetone and the extract is then spotted onto an aluminum or glass plate coated with silica gel
using a micropipette. The bottom of the plate is then placed in a solution of one of several
possible organic solvents, which migrate up the plate via capillary action, moving through the
spots and separating the various chemicals according to their molecular weight. The plate is then
sprayed with a reagent to develop the position and color of the various chemicals. These spots
are then compared to spot test results from a lichen with known chemistry included as a control
on the same plate (Orange, 2001). A short and long wavelength UV cabinet is then used to
document and characterize any UV+ chemicals

Microscopic examination of reproductive structures was used to finalize species

identification. Various reproductive features were studied including size, color and numbers of



ascospores per ascus. Nomenclature is based on the most current version of The North American

Checklist by T.L. Esslinger (2009).

Study Site

The Spring Mountains, located in the Nevada the driest state in the union, are so named
for the many springs in the area. Ironically, much of Nevada is underlain by a large scale
groundwater system, the Paleozoic carbonate aquifer (Osborn et al., 2008), and spring snow melt
runoff from the mountains are a significant recharge source to this groundwater flow system
(Osborn et al., 2008). This important aquifer, incidentally, is beneath two controversial,
sensitive, and environmentally impacted areas; Yucca Mountain, the proposed site of
underground nuclear storage, and the Nevada test Site (Osborn et al., 2008).

The Spring Mountains are considered a sky island system. The range is approximately
55 miles long from the NW to the SE corner. Elevation ranges from 1,371 m at the eastern base,
to 3,632 m at the top of Mount Charleston (US Forest Service). The formal boundary of the
Spring Mountains National Recreation Area encompasses 127,880 hectares (US Forest Service).
The Spring Mountains are in the rain shadow of the Sierra Nevada Mountains, but have an
average annual precipitation of 51 cm/yr at the crest of the range, (compared to Las Vegas at 10
cm/yr) (US Forest Service). The mountain range includes 18,000 acres of bristlecone pines, the
largest population in the Intermountain West. In addition, there are various plant communities
which include several endemic species (US Forest Service).

The Spring Mountains are a north-south oriented block faulted range divided by valleys
and are located in the Basin and Range Geomorphic Province (Wilson, 1991). The Spring
Mountains are partially located in the Great Basin, North America’s largest desert (USGS
website). The Great Basin lies between the Sierra Nevada Mountains on the west and the
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Wasatch Mountains on the east, and encompasses approximately 200,000 square miles of
internally draining watershed where any precipitation that falls either evaporates or enters the
groundwater and never reaches the ocean (USGS). The Spring Mountains were formed during
an uplift of the Great Basin that began millions of years ago and has stretched the width of the
basin approximately 100% (USGS). During the uplift period the expansion of the earth’s crust
formed faults to accommodate the increase in surface area; ultimately forming the block faulted
mountains found in the Great Basin today (USGS). Many of these block faulted mountains tilted,
resulting in gentle slopes on one side with a steep drop off the other side (USGS). The NE slope
of the Spring Mountain range drains towards Las Vegas which is in the Lake Meade watershed
and eventually drains into the Colorado River, while the SW slope of the range drains towards
the Pahrump Valley (ESRI). The eastern ridge of the Spring Mountains forms part of the border
of the Great Basin (ESRI).

The Spring Mountains may have experienced significant glacial activity, with the most
recent possibly occurring during the late Quaternary period during two cold trends ca. 30 ka and
60 ka (30,000 and 60,000) years ago (Osborn et al., 2008). There has been some considerable
discussion and controversy concerning glacial versus non-glacial explanations for Quaternary
and pre-Quaternary diamicts (poorly sorted sediment of gravel > 2mm set in fine grains)
occurring in Kyle Canyon in the Spring Mountains (Osborn et al., 2008). Some feel that the
steep valley at the head of Big Falls wash and Kyle Canyon are degraded cirques and that a
lateral moraine forms a ridge at the mouth of Big Falls wash and diamicts in the ridge exposed
by erosion are actually glacial till (Osborn et al., 2008). The mountains themselves are made up

of sedimentary rocks; some from the Precambrian and Mesozoic periods, while most are



Paleozoic marine sedimentary rocks (Wilson, 1991). Area thrust faults run NE-SW and slip

faults run EW (Wilson, 1991).

Collection Sites:

A total of fifteen air quality biomonitoring reference or collection sites (see Figures 2 & 3) were
established in the Spring Mountain National Recreation Area, Humboldt-Toiyabe National
Forest during the 1997, 1999 — 2002 and 2004 field seasons. The following site information is
duplicated in its entirety from the final report submitted to Kate Walker, botanist and air quality
specialist, Humboldt-Toiyabe National Forest (St. Clair, St. Clair & Porter, 2007, pp 2-5).
Collections were made, and reference sites have been established at the following locations:

Site No. 1

19 August 1997. A point .5 km above Deer Creek Campground off of Nevada State Road # 158,
Spring Mountain National Recreation Area (District 5), Humboldt-Toiyabe National Forest,
Clark County, Nevada. GPS reading: 36° 18.460" north latitude; 115° 37.649" west longitude.
Elevation: 2500 m (8202 feet). Collectors: Larry St. Clair, Lyndon Porter, and Kerwin
Dewberry (U.S. Forest Service). Herbarium Numbers: BRY C-35493-35534. Common vascular
plants: Populus tremuloides, Pinus ponderosa, Abies concolor, Juniperus scopulorum, Acer
glabrum, Pinus longaeva, Thalictrum fendleri, Ribes sp., Sambucus sp., Cercocarpus sp.,
Symphoricarpos sp.

Site No. 2

20 August 1997. Along Little Falls Trail (Kyle Canyon), Spring Mountain National Recreation
Area (District 5), Humboldt-Toiyabe National Forest, Clark County, Nevada. GPS reading: 36°
15.442" north latitude, 115° 39.137" west longitude. Elevation: 2650 m (8694 feet). Collectors:
Larry St. Clair, Lyndon Porter, and Kerwin Dewberry (U.S. Forest Service). Herbarium
Numbers: BRY C-35535-35565. Common vascular plants: Acer glabrum, Angelica scabrida,
Populus tremuloides, Abies concolor, Aloysia wrightii, Pinus ponderosa, Mahonia repens,
Quercus gambelii, Cercocarpus intricatus, Glossopetalon clokei, Sambucus sp., Ribes sp.

Site No. 3

6 July 1999. Along trail to Mary Jane Falls, Spring Mountain National Recreation Area,
Humboldt-Toiyabe National Forest, Clark County, Nevada. GPS reading: 36° 16.525' north
latitude; 115° 39.490" west longitude. Elevation: 2225 m (7300 feet). Collectors: Larry L. St.
Clair and Samuel B. St. Clair. Herbarium Numbers: BRY C-37254-37286. Common vascular
plants: Pinus flexilis, Pinus ponderosa, Abies concolor, Sambucus sp., Ribes sp., Acer glabrum,
Cercocarpus intricatus, Populus tremuloides, Symphoricarpos sp.
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Figure 2 Close up map of Spring Mountains NRA collection sites (USDA 2, Forest Service Map).



O -Reference Sites

’f,':( -Elemental analysis
samples only from this site

MOUNT STIRLING
WILDERNESS

— Spring Mountain
National Recreation
Aroa

Figure 3 Overview of Spring Mountains NRA collection sites and inset of location within the state
of Nevada (St. Clair, 2007).

Site No. 4

7 July 1999. Clark Canyon, Spring Mountain National Recreation Area, Humboldt-Toiyabe
National Forest, Clark County, Nevada. GPS reading: 36° 19.298’ north latitude; 115° 45.139’
west longitude. Elevation: 1950 m (6398 feet). Collectors: Larry L. St. Clair and Samuel B. St.
Clair. Herbarium Numbers: BRY C-37287-37315. Common vascular plants: Pinus ponderosa,
Abies concolor, Juniperus osteosperma, Pinus monophylla, Cercocarpus intricatus,
Symphoricarpos sp., Ribes sp., Sambucus sp., Purshia mexicana, Chrysothamnus sp., Artemisia
tridentata, Amelanchier alnifolia, Arctostaphylos sp., Ephedra nevadensis, Acer glabrum.

Site No. 5

7 July & 27 August 1999. Wallace Canyon, Spring Mountain National Recreation Area,
Humboldt National Forest, Clark County, Nevada. GPS reading: 36° 17.124' north latitude;
115° 43.693" west longitude. Elevation: 2408 m (7900 feet). Collectors: Larry L. St. Clair
Samuel B. St. Clair, and Dylan B. George. Herbarium Numbers: BRY C-37564-37575, 37605-
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37613, & 38117-38118. Common vascular plants: Pinus ponderosa, Abies concolor, Juniperus
scopulorum, Acer glabrum, Cercocarpus intricatus, Ribes sp., Sambucus sp., Chrysothamnus sp.,
Symphoricarpos sp., Arctostaphylos sp.

Site No. 6

8 July & 27 August 1999. Carpenter Canyon, Spring Mountain National Recreation Area,
Humboldt-Toiyabe National Forest, Clark County, Nevada. GPS reading: 36° 14.483' north
latitude; 115° 43.882" west longitude. Elevation: 2050 m (6726 feet). Collectors: Larry L. St.
Clair and Dylan B. George. Herbarium Numbers: BRY C-37576-37604. Common vascular
plants: Pinus ponderosa, Pinus monophylla, Abies concolor, Juniperus osteosperma, Juniperus
scopulorum, Forestiera pubescens, Quercus gambelii, Prunus virginiana, Purshia mexicana,
Artemisia tridentata, Cercocarpus intricatus, Chrysothamnus nauseosus, Acer glabrum, Salix
lutea, Garrya flavescens, Ephedra sp.

Site No. 7

26 August 1999. Mack’s Canyon, Spring Mountain National Recreation Area, Humboldt-
Toiyabe National Forest, Clark County, Nevada. GPS reading: 36° 21.660' north latitude; 115°
40.286" west longitude. Elevation: 2316 m (7600 feet). Collectors: Larry L. St. Clair and Dylan
B. George. Herbarium Numbers: BRY C-37535-37563. Common vascular plants: Pinus
ponderosa, Abies concolor, Juniperus osteosperma, Juniperus scopulorum, Acer glabrum,
Tetradymia canescens, Cercocarpus intricatus, Purshia tridentata, Sambucus sp.,
Chrysothamnus sp., Symphoricarpos sp., Opuntia sp.

Site No. 8

2 August 2000. Wheeler Pass, Spring Mountain National Recreation Area, Humboldt-Toiyabe
National Forest, Clark County, Nevada. GPS reading: 36° 23.450" north latitude; 115° 47.805
west longitude. Elevation: 2347 m (7700 feet). Collectors: Larry L. St. Clair and Samuel B. St.
Clair. Herbarium Numbers: BRY C-38188-38210. Common vascular plants: Cercocarpus
intricatus, Cercocarpus ledifolius, Amelanchier utahensis, Pinus monophylla, Quercus gambelii,
Pinus ponderosa, Artemisia tridentata, Yucca sp., Ephedra sp., Symphoricarpos sp., Opuntia sp.,
and Arctostaphylos sp.

Site No. 9

3 August 2000. Vicinity of Bonanza Peak Trailhead and Whiskey Spring, Spring Mountain
National Recreation Area, Humboldt-Toiyabe National Forest, Clark County, Nevada. GPS
reading: 36° 22.966" north latitude; 115° 44.458" west longitude. Elevation: 2286 m (7500 feet).
Collectors: Larry L. St. Clair and Samuel B. St. Clair. Herbarium Numbers: BRY C-38211-
38234. Common vascular plants: Pinus ponderosa, Pinus monophylla, Cercocarpus intricatus,
Abies concolor, Quercus gambelii, Artemisia tridentata, Amelanchier utahensis, Chrysothamnus
nauseosus, Ribes sp., Opuntia sp., Sambucus sp., Symphoricarpos sp.,
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Site No. 10

3 August 2000. Vicinity of Mud Springs, Spring Mountain National Recreation Area,
Humboldt-Toiyabe National Forest, Clark County, Nevada. GPS reading: 36° 22.322" north
latitude; 115° 40.996" west longitude. Elevation: 2256 m (7400 feet). Collectors: Larry L. St.
Clair and Samuel B. St. Clair. Herbarium Numbers: BRY C-38235-38262. Common vascular
plants: Pinus monophylla, Pinus ponderosa, Juniperus osteosperma, Juniperus scopulorum,
Purshia tridentata, Purshia mexicana, Cercocarpus intricatus, Populus angustifolia,
Amelanchier alnifolia, Tetradyma canescens, Abies concolor, Rosa woodsii, Artemisia tridentata,
Forestiera pubescens, Ribes sp., Symphoricarpos sp.

Site No. 11

3 September 2001. Along trail to Griffith Peak, Spring Mountains National Recreation Area,
Humboldt-Toiyabe National Forest, Clark County, Nevada. GPS reading: 36° 13.206" north
latitude; 115° 35.893" west longitude. Elevation 2591 m (8500 feet). Collectors: Larry L. St.
Clair, Katherine S. St. Clair, Cheryl Beyer (USFS employee). An elemental anlysis sample was
also collected about 1 km back along Harris Saddle Road from Griffith Peak Trailhead (11a).
Herbarium Numbers: BRYC- 39078-39110. Common vascular plants: Abies concolor,
Amelanchier utahensis, Arctostaphylos pungens, Artemisia tridentata, Ceanothus martinii,
Cercocarpus ledifolius var. intermontanus, Chrysothamnus spp., Ephedra viridis, Eriogonum sp.,
Garrya flavescens, Petradoria pumila var. pumila, Physaria chambersii, Pinus monophylla,
Quercus gambelii, Ribes cereum var. cereum, Symphoricarpos oreophilus, Tetradymia
canescens, Viguiera multiflora var. nevadensis.

Site No. 12

12 September 2001. Vicinity of Trout Canyon, Spring Mountains National Recreation Area,
Humboldt-Toiyabe National Forest, Clark County, Nevada. GPS reading: 36° 11” 03.238" north
latitude; 115° 40" 29.360" west longitude. Elevation 2591 m (8500 feet). Collector: Cheryl
Beyer (USFS employee). Herbarium Numbers: BRYC- 39111-39148. Common vascular plants:
Pinus monophylla, Juniperus osteosperma, Artemisia tridentata, Ephedra viridis, Amelanchier
utahensis, Garrya flavescens, Opuntia phaecantha, Festuca rubra, Tetradymia canescens,
Quercus gambelii, Pushia mexicana var. stansburiana.

Site No. 13

2 July 2002. Vicinity of Big Timber Springs, Spring Mountains National Recreation Area,
Humboldt-Toiyabe National Forest, Clark County, Nevada. GPS reading: 36° 27.713" north
latitude; 115° 55.908" west longitude. Elevation 1846 m (6000 feet). Collectors: Larry L. St.
Clair, Katy B. Knight, and Katie S. St. Clair. Herbarium Numbers: BRYC-39150-39179
(Collection Numbers: St. Clair 13295-13324). Common vascular plants: Pinus monophylla,
Juniperus osteosperma, Artemisia tridentata, Purshia mexicana, Ephedra sp., Tetradymia sp.,
Yucca spp., Opuntia sp., Purshia tridentata.
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Site No. 14

23 November 2002. Crystal Spring Canyon, Spring Mountains National Recreation Area,
Humboldt-Toiyabe National Forest, Clark County, Nevada. GPS reading: 36° 25.607" north
latitude; 115° 58.434" west longitude. Elevation 1600 m (5200 feet). Collectors: Larry L. St.
Clair and Rieta J. St. Clair. Herbarium Numbers: BRYC- 39697-39720 (Collection Numbers: St.
Clair 13842-13865). Common vascular plants: Pinus monophylla, Yucca spp., Cholla cactus,
Ephedra sp., Juniperus osteosperma, Opuntia sp., Purshia tridentata, Eriogonum sp., Artemisia
tridentata, Chrysothamnus spp., Coleogyne sp. Note: Due to access limitations a follow-up
survey at this site was not possible.

Site No. 15

4 July 2004. Bristlecone Loop Trail, Spring Mountains National Recreation Area, Humboldt-
Toiyabe National Forest, Clark County, Nevada. GPS reading: 36° 18.618" north latitude; 115°
40.629" west longitude. Elevation 2642 m (8668 feet). Collectors: Larry L. St. Clair, Samuel B.
St. Clair, Kathyrn B. Knight, and Benjamin D. St. Clair. Herbarium Numbers: BRYC- 49198-
49204 (Collection Numbers: St. Clair 15674-15680). Common vascular plants: Pinus ponderosa,
Pinus longaeva, Abies concolor, Populus tremuloides, Acer glabrum, Symphoricarpos
longiflorus, Ribes velutinum, Chrysothamnus nauseosus, Rosa woodsii, and Sambucus caerulea.
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Results
To date, 127 lichen species from 48 genera have been identified from 15 study sites, with
a handful more still under study. The flora is dominated by crustose forms (55.5%), followed by
foliose (33.3%), and squamulose (9.6%), and 1.6% fruticose. Lichens were sampled from all
habitats and substrates: soil, rock, bark and lignum, with 59.6 % of the species occurring on rock,
33.3% on bark/lignum and 6.3% on soil and .8% on moss.

The following genera were included in this study:

Acarospora, 6 species Lecanora,16 species Polysporina, 1 species
Adelolecia, 1 species Lecidea, 2 species Psora, 3 species
Anaptychia, 1 species Lecidella, 3 species Rhizoplaca, 3 species
Aspicilia, 4 species Lichinella, 1 species Rinodina, 5 species
Buellia, 2 species Lobothallia, 2 species Sarcogyne, 3 species
Caloplaca, 6 species Melanelia, 1 species Seirophora, 1 species
Candelariella, 6 species Melanohalea, 4 species Solarina, 1 species
Carbonea,1 species Parmeliopsis, 1 species Staurothele, 3 species
Catapyrenium,1 species Peltigera, 1 species Strangospora, 1 species
Circinaria, 2 species Phaeophyscia, 3 species Toninia, 2 species
Cladonia, 1 species Physcia, 7 species Umbilicaria, 1 species
Collema, 5 species Physciella, 1 species Ushea, 2 species
Dermatocarpon, 4 species Physconia, 2 species Xanthomendoza, 2 species
Dimelaena, 1 species Placidium, 1 species Xanthoparmelia, 2 species
Hyperphyscia, 1 species Placopyrenium, 1 species Xanthoria, 3 species
Lecania, 1 species Pleopsidium, 1 species Xylographa, 1 species

Lichen collections from the Spring Mountains were identified or confirmed. The BRY
herbarium number is followed by a 2-3 letter designation indicating the collection site: (BL -
Bristlecone Loop Trail, BP — Bonanza Peak Trailhead at Whiskey Springs, CaC — Carpenter
Canyon, CC — Clark Canyon, CS — Crystal Springs Canyon, DC — Deer Creek Campground, GP
— Griffiths Peak, LF — Little Falls, MC — Mack’s Canyon, MJ — Mary Jane Falls, MS — Mud
Springs, TC — Trout Canyon, TS — Big Timber Springs, WC — Wallace Canyon, WP - Wheeler

Pass). Finally the collection number is included — ““St. Clair”.
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10.

11.

12.

13.

14.

15.

16.

Acarospora badiofusca (Nyl.) Th. Fr.,
BRYC: 38224 BP, 39090a GP, 35538
LF, 37549b MC

Acarospora brouardii B. de Lesd.,
BRYC: 39704 CS

Acarospora fuscata (Schrader) Arnold,
BRYC: 39719 CS, 39084 GP, 37261
MJ, 39156 TS, 39179 TS

Acarospora glaucocarpa (Ach.)
Korber, BRYC: 35500 DC
Acarospora macrospora (Hepp) A.
Massal. ex Bagl., BRYC: 37301 CC
Acarospora strigata (Nyl.) Jatta,
BRYC: 37304 CC, 39699 CS, 39714
CS, 38247 MS, 39138a TC, 37567
wcC

Adelolecia sonorae Hertel, BRYC:
35530 DC

Anaptychia elbursiana (Szatala) Poelt,
BRYC: 37305 CC, 35513 DC
Aspicilia cinerea (L.) Koérber, BRYC:
37586 CaC, 37553 MC

Aspicilia desertorum (Kremp.)
Mereschk., BRYC: 39710 CS, 35545
LF, 38196 WP, 38199 WP

Aspicilia fumosa Owe-Larss. & A.
Nordin, BRYC: 37592 CaC

Aspicilia verrucigera Hue, BRYC:
35526 DC

Buellia badia (Fr.) A. Massal. BRYC:
39177 TS

Buellia disciformis (Fr.) Mudd,
BRYC: 35518 DC, 37278 MJ
Caloplaca atroalba (Tuck.) Zahlbr.,
BRYC: 35560 LF, 37256 MJ, 37267a
MJ

Caloplaca cerina (Ehrh. ex Hedwig)
Th. Fr., BRYC: 39088a GP, 35556a
LF, 37285 MJ
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20.

21.

22.

23.

24,

25.

26.

27.

28.

Caloplaca ferruginea (Hudson) Th.
Fr., BRYC: 37556a MC, 37283 MJ
Caloplaca fraudans (Th. Fr.) H.
Olivier, BRYC: 39092 GP, 39094 GP,
39111 TC, 39154a TS, 37575a WC,
37566 WC

Caloplaca saxicola (Hoffm.) Nordin,
BRYC: 39700 CS, 37550 MC, 38252
MS, 39143 TC, 39159 TS

Caloplaca subsoluta (Nyl.) Zahlbr.,
BRYC: 35550 LF

Candelariella antennaria Résénen,
BRYC: 37595c CaC, 39717 CS,
39088b GP, 39108 GP, 35549 LF,
35563 LF, 37562 MC, 38239 MS,
38249 MS, 39128 TC, 39138 TC,
39150 TS, 39152 TS, 39169 TS,
39175 TS

Candelariella citrina B. de Lesd.,
BRYC: 35551 LF

Candelariella efflorescens R. C.
Harris & W. R. Buck, BRYC: 39133
TC

Candelariella rosulans (Mull. Arg.)
Zahlbr., BRYC: 38215 BP, 37549a
MC, 37551 MC, 37571 WC, 38194
WP

Candelariella spraguei (Tuck.) Zahlbr.
BRYC: 35509 DC

Candelariella vitellina (Hoffm.) Muill.
Arg., BRYC: 37288 CC, 39090b GP,
39104 GP, 39082 GP, 37284 MJ,
37260 MJ, 39113a TC, 39154b TS,
39170 TS

Carbonea vorticosa (Florke) Hertel,
BRYC: 35539 LF

Catapyrenium squamellum (Nyl. ex
Hasse) J. W. Thompson, BRYC:
35524 DC



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Circinaria calcarea (L.) A. Nordin, S.
Savi¢ & Tibell, BRYC: 39168 TS
Circinaria contorta (Hoffm.) A.
Nordin, S. Savi¢ & Tibell, BRYC:
37297 CC, 35528 DC, 35562 LF
Cladonia cariosa (Ach.) Sprengel
Collected in the Spring Mountains,
Nevada, by Cheryl Beyer, Forest
Service Employee.

Collema callopismum A. Massal.,
BRYC: 35564 LF

Collema crispum (Hudson) F. H.
Wigg., BRYC: 37292 CC, 35510 DC,
37540 MC, 37258 MJ

Collema cristatum (L.) F. H. Wigg.,
BRYC: 35533 DC, 37541a MC, 39122
TC, 37573b WC

Collema fuscovirens (With.) J. R.
Laundon, BRYC: 38212b BP, 39080
GP, 37541b MC, 37259 MJ, 39123 TC,
39166 TS

Collema polycarpon Hoffm., BRYC:
38212a BP, 37590 CaC, 37293 CC,
35512 DC, 35536 LF

Dermatocarpon lorenzianum Anders,
BRYC: 38216 BP, 39715 CS, 39091b
GP, 37272 MJ, 37269 MJ, 38245 MS,
38248 MS

Dermatocarpon luridum (With.) J. R.
Laundon Collected in the Spring
Mountains, Nevada, by Cheryl Beyer,
Forest Service Employee.
Dermatocarpon miniatum (L.) W.
Mann, BRYC: 38211 BP, 37583a
CaC, 37294 CC, 39708 CS, 39712 CS,
35494 DC, 39078 GP, 35535 LF,
37538 MC, 37257 MJ, 37276 MJ,
39147 TC, 39157 TS, 37569 WC,
38197 WP
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40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

S7.

Dermatocarpon vellereum Zschacke,
BRYC: 37583b CaC

Dimelaena oreina (Ach.) Norman,
BRYC: 38188 WP

Hyperphyscia adglutinata (Florke) H.
Mayrhofer & Poelt, BRYC: 39132b
TC

Lecania polycycla (Anzi) Lettau,
BRYC: 35511a DC

Lecanora albellula Nyl., BRYC:
37595b CaC, 37599 CaC, 37613b WC
Lecanora crenulata Hooker, BRYC:
38251 MS, 39115 TC

Lecanora densa (Sliwa & Wetmore)
Printzen, BRYC: 49318 MS
Lecanora dispersa (Pers.) Sommerf.,
BRYC: 37300 CC, 35511b DC
Lecanora flowersiana H. Magn.,
BRYC: 37265 MJ

Lecanora garovaglii (Korber) Zahlbr.,
BRYC: 38223 BP, 38225 BP, 38198
WP

Lecanora hagenii (Ach.) Ach.,
BRYC: 35556b LF, 37557d MC,
38260 MS, 37575¢c WC

Lecanora meridionalis H. Magn.,
BRYC: 37279 MJ,

Lecanora mughicola Nyl., BRYC:
38235 MS, 39176 TS

Lecanora muralis (Schreber) Rabenh.,
BRYC: 39148 TC

Lecanora noedegelii B. D. Ryan & T.
H. Nash, BRYC: 37587 CaC
Lecanora oreinoides (Korber) Hertel
& Rambold, BRYC: 37273 MJ
Lecanora saligna (Schrader) Zahlbr.,
BRYC: 38241 MS, 39718 TS
Lecanora symmicta (Ach.) Ach.,
BRYC: 39101 GP, 37613a WC



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Lecanora valesiaca (Muill. Arg.)
Stizenb., BRYC: 35519 DC, 37552
MC

Lecanora varia (Hoffm.) Ach.,
BRYC: 38234 BP, 37280 MJ, 39130
TC

Lecidea laboriosa Mill. Arg., BRYC:
38195 WP

Lecidea leprarioides Tansberg,
BRYC: 37555 MC, 39146 TC
Lecidella carpathica Koérber, BRYC:
38219 BP, 35529 DC, 35548 LF,
37255 MJ, 38243 MS

Lecidella euphoria (Florke) Hertel,
BRYC: 49199 BL, 37600a CaC,
38237 MS

Lecidella stigmatea (Ach.) Hertel &
Leuckert, BRYC: 37585 CaC, 37298
CC, 35499 DC, 37548 MC, 37267b
MJ,

Lichinella nigritella (Lettau) P. P.
Moreno & Egea, BRYC: 37307 CC,
39079 GP, 39145 TC, 37573a WC
Lobothallia alphoplaca (Wahlenb.)
Hafellner, BRYC: 38206 WP
Lobothalia praeradiosa (Nyl.)
Hafellner, BRYC: 39713 CS, 39161
TS

Melanelia tominii (Oxner) Essl.,
BRYC: 38204 WP

Melanohalea elegantula (Zahlbr.) O.
Blanco et al., BRYC: 38231 BP,
37579b CaC, 35521b DC, 39131 TC,
39134 TC, 38202 WP, 38193 WP
Melanohalea exasperatula (Nyl.) O.
Blanco et al., BRYC: 49198 BL,
35558 LF, 38262 MS, 39140 TC,
38210 WP, 38209 WP
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71.

72.

73.

74.

75.

76.

77,

78.

79.

80.

81.

82.

83.

Melanohalea subelegantula (Essl.) O.
Blanco etal., BRYC: 38227b BP,
37579b CaC

Melanohalea subolivacea (Nyl.) O.
Blanco et al., BRYC: 49204 BL
38226 BP, 38227a BP, 38230 BP,
37602 CaC, 37596 CaC, 37579a CaC,
37313 CC, 37310 CC, 35521a DC,
35515a DC, 39106 GP, 39100 GP,
35553 LF, 37558a MC, 49194 MC,
37282 MJ, 49319 MS, 39139 TC,
39135 TC, 37608 WC 37609 WC
Parmeliopsis ambigua (Wulfen) Nyl.,
BRYC: 35540 LF

Peltigera rufescens (Weiss) Humb.,
BRYC: 37312 CC, 35504 DC
Phaeophyscia kairamoi (Vainio)
Moberg, BRYC: 37588 CaC
Phaeophyscia nigricans (Florke)
Moberg, BRYC: 37589 CaC, 39706
CS, 39151 TS

Phaeophyscia sciastra (Ach.) Moberg,
BRYC: 35507 DC, 37545 MC
Physcia adscendens (Fr.) H. Olivier,
BRYC: 39109 GP, 38255MS, 39132a
TC

Physcia biziana (A. Massal.) Zahlbr.,
BRYC: 37558b MC, 37559a MC,
37561b MC, 38256¢ MS, 38205b WP
Physcia caesia (Hoffm.) Furnr.,
BRYC: 37306 CC, 35497 DC, 37547
MC, 37544 MC, 38205a WP

Physcia dimidiata (Arnold) Nyl.,
BRYC: 38229 BP

Physcia dubia (Hoffm.) Lettau,
BRYC: 38221 BP, 39701 CS, 35506
DC, 37561a MC 38238 MS, 38257
MS, 39129 TC, 38118 WC, 38189 WP
Physcia stellaris (L.) Nyl., BRYC:
49203 BL, 38228 BP, 37604 CaC,



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

37578 CaC, 37598a CaC, 37315 CC,
37309 CC, 35516a DC, 35520 DC,
39105 GP, 39110 GP, 35554 LF,
49197 MC, 37554 MC, 37557° MC,
37281 MJ, 37277 MJ, 38256a MS,
38253 MS, 49316 MS, 39136 TC,
39178 TS, 37606 WC, 37612 WC
Physcia tenella (Scop.) DC., BRYC:
38256b MS

Physciella chloantha (Ach.) Essl.,
BRYC: 49201 BL, 37595b CaC,
37580 CaC, 37601 CaC, 39716 CS,
35508 DC, 39085 GP, 35559 LF,
37563a MC, 37557¢ MC, 39171 TS,
39173 TS, 39174b TS

Physconia elegantula Essl., BRYC:
37543 MC

Physconia isidiigera (Zahlbr.) Essl.,
BRYC: 35502 DC

Placidium squamulosum (Ach.)
Breuss, BRYC: 37582 CaC, 39707 CS,
39711 CS, 35565 LF, 37539 MC,
39142 TC, 39163 TS, 37568 WC
Placopyrenium stanfordii (Herre) K.
Knudsen, BRYC: 39093 GP
Pleopsidium flavum (Bellardi) Korber,
BRYC: 38201 WP

Polysporina urceolata (Anzi) Brodo,
BRYC: 35523 DC

Psora cerebriformis W. A. Weber,
BRYC: 39124 TC

Psora himalayana (Church. Bab.)
Timdal, BRYC: 37289 CC, 37291 CC,
37536 MC, 39141 TC

Psora tuckermanii R. A. Anderson ex
Timdal, BRYC: 38214 BP, 37584
CaC, 37287 CC, 37290 CC, 35501 DC,
35527 DC, 39102 GP, 39089 GP,
39081 GP, 35541 LF, 35546 LF,
37535 MC, 37271 MJ, 37275 MJ,
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95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

38246 MS, 39125 TC, 39158 TS,
37570 WC

Rhizoplaca chrysoleuca (Sm.) Zopf,
BRYC: 38200 WP

Rhizoplaca melanopthalma (DC.)
Leuckert & Poelt, BRYC: 38222 BP,
39702 CS, 39116 TC, 39155 TS,
38192 WP

Rhizoplaca peltata (Ramond)
Leuckert & Poelt, BRYC: 38203 WP
Rinodina capensis Hampe, BRYC:
38236 MS

Rinodina conradii Korber, BRYC:
37593 CaC

Rinodina endospora Sheard, BRYC:
38240 MS

Rinodina lobulata H. Mayrhofer &
Sheard, BRYC: 49202 BL, 37600b
CaC, 35517 DC, 37607a WC
Rinodina pyrina (Ach.) Arnold,
BRYC: 37557b MC, 37605b WC,
37611 WC

Sarcogyne clavus (DC.) Kremp.,
BRYC: 37303 CC

Sarcogyne regularis Korber, BRYC:
39098 GP, 35537 LF

Sarcogyne similis H. Magn., BRYC:
35547 LF

Seirophora contortuplicata (Ach.)
Froden, BRYC: 37302 CC

Solarina spongiosa (Ach.) Anzi,
Collected in the Spring Mountains,
Nevada, by Cheryl Beyer, Forest
Service Employee.

Staurothele areolata (Ach.) Lettau,
BRYC: 38220 BP, 37594 CaC, 37296
CC, 35498 DC, 37537 MC, 37550 MC,
37262 MJ, 37263 MJ, 37266 MJ,
37268 MJ, 37270 MJ, 38244 MS,
39144 TC, 37564 WC



109. Staurothele drummondii (Tuck.) 118. Xanthomendoza montana (L.

Tuck., BRYC: 35532 DC, 39086a GP, Lindblom) Sgchting, Kérnefelt & S.
39097 GP, 39099 GP, 35542 LF, Kondr, BRYC: 49200 BL, 37603 CaC,
35543 LF, 38242 MS, 39114 TC, 49320 MS
37575b WC 119. Xanthoparmelia cumberlandia
110. Staurothele polygonia B. de Lesd., (Gyelnik) Hale, BRYC: 38207 WP
BRYC: 39087a GP 120. Xanthoparmeila mexicana (Gyelnik)
111. Strangospora microhaema (Norman) Hale, BRYC: 39705 CS, 38191 WP
R. A. Anderson, BRYC: 37577b CaC, 121. Xanthoria elegans (Link) Th. Fr.,
37595a CaC, 37597b CaC, 37598c BRYC: 38213 BP, 37581 CaC, 37308
CaC, , 37556b MC, 37607b WC, CC, 39709 CS, 35495 DC, 39083 GP, ,
112. Tonina candida (Weber) Th. Fr., 35561 LF, 37542 MC, 37254 MJ,
BRYC: 38217 BP, 37591 CaC, 37295 39117 TC, 37565 WC, 38190 WP,
CcC 39162 TS
113. Toninia sedifolia (Scop.) Timdal, 122. Xanthoria polycarpa (Hoffm.) Th. Fr.
BRYC: 37546 MC, 39164 TS, 37572 ex Rieber, BRYC: 38232 BP, 37576
wcC CaC, 37597a CaC, 37311 CC, 37314
114. Umbilicaria hyperborea (Ach.) CC, 35514 DC, 35515b DC, 35516b
Hoffm., BRYC: 39703 CS DC, 35522 DC, 39107 GP, 39174a TS,
115. Usnea hirta (L.) F. H. Wigg., BRYC: 39088c GP, 35552 LF. 37557e MC,
49317 MS 37559b MC, 37286 MJ, 38254 MS,
116. Usnea laponica (Vainio), BRYC: 38258 MS, 39119 TC, 39126 TC,
49195 MC 39127 TC, 39174 a TS, 37605a WC,
117. Xanthomendoza fallax (Hepp ex 37610 WC, 38117 WC
Arnold) Sgchting, Karnefelt & S. 123. Xanthoria sorediata (\Vainio) Poelt,
Kondr., BRYC: 38233 BP, 37577a BRYC: 35496 DC
CaC, 39149 DC, 37563b MC, 38259 124. Xylographa parallela (Ach. : Fr.)
MS, 39120 TC, 39121 TC, 38208 WP Behlen & Desberger, BRYC: 35557
LF

Key to Genera and Species
la. Thallus shrub like, hairy, pendant or upright...........ccccoeiiieiiiieiieiee, Fruticose lichens, 2

1b. Thallus with dorsiventral lobes common, thallus either leaf like (low profile, one
attachment point), or made of imbricate often weaving lobes (low profile to slightly
shrubby, one to many attachment points), lower cortex present............c.ccoccvvnene Foliose lichens, 3

1c. Thallus overall flat, + adherent to substrate (which is often soil or soil or moss

over rock), usually with lower cortex present, made up of small dorsiventral lobes

(either orbicular and often hollow, or wedge to shingle shaped and imbricate or

OVETIAPPING) .ottt Squamulose lichens, 9



1d. Thallus flat, adhered tightly to substrate, no lower corteX............cc.ce..... Crustose lichens, 11

Fruticose
2a. Thallus orbicular when cut in cross section, with cylindrical central cord......... Usnea pg. 113

2b. Thallus tiny and shrub like but with flat strap-like ascending 10bes ............cccocvevviieiiciriienen,
................................................................................................... Seirophora contortuplicata pg. 107

Foliose
3a. Thallus foliose, orange (or orange green to orange yellow), K+ violet to purple..................... 4
3b. Thallus foliose, Of Other COIOIS ........ccviiiie s 5

4a. Thallus foliose, yellow orange, orange to red, forming small to large rosettes
(larger ones + flat) often with monophyllous center and lobate margins with minute to
narrow strap-like and imbricate lobes, with or without apothecia...................... Xanthoria, pg. 117

4b. Thallus foliose, yellow orange green forming small to medium rosettes, smaller
thalli + monophyllous, larger thalli + polyphyllous, w/wo apothecia ....... Xanthomendoza, pg. 114

5a. Thallus foliose, tissue homeomerous and without upper cortex(photobiont and

hyphae uniformly distributed in thallus, not stratified), rubbery, semitransparent and

gel like when wet, stiff, leathery, darker and hard when dry, pulvinate to caespitose,

dark olive green to black, lobate to minutely lobate, single attachment point to

umbilicate or peltate for individual thalli segments (often very minute), possibly

minute thallus rosettes with crust like appearance, and almost areolate looking to

NAKEA BYE ... Lichinella nigritella and Collema, pg. 49

5b. Thallus foliose with single to multiple attachment points, thallus stratified into
layers (medulla, algal layer, cortex, etc.), not homeomerous and gel like or
SEMITFANSPAIENT WHNEN WET.......oiiiiiiiiiieiee ettt 6

6a. Thallus foliose, flat, disc or leaf like and umbilicate/peltate with single

attachment point, monophyllous or polyphyllous and made up of small peltate to

umbilicate lobed squamules each with single attachment point ...,
...................................................................... 4 Dermatocarpon, 3 Rhizoplaca, Umbilicaria, pg. 53

6b. Thallus foliose, not umbilicate Or PEIALE...........cccvviieiecie s 7

20



7a. Thallus foliose, loosely to tightly adherent, light moss to mint green, to dark

green, to browns, flat and leaf like to shield like, thallus entirely monophyllous to

monophyllous in center with imbricate, polyphyllous perimeter, to almost entirely

polyphyllous, (but individual polyphyllous lobes more or less flabellate vs. long,

narrow and strap like), with or without soredia, isidia or a@pOthecia............ccccevereriiiiisieiceen, 8

7b. Thallus foliose, closely adnate, to adnate, to loosely adnate and attached by
rhizines, polyphyllous with lobes being fairly long, narrow and strap-like,
dorsiventral, imbricate and overlapping, weaving in and OUL...........cccccevvriieieene e 9

8a. Thallus foliose, loosely to tightly adherent, dark green, to browns, flat and leaf or

shield like, thallus entirely monophyllous, to monophyllous in center with imbricate,
polyphyllous perimeter, to almost entirely polyphyllous, (but individual polyphyllous

lobes more or less flabellate vs. long, narrow and strap like), with or without soredia,

isidia or apOthecia ........cccvcvvevveiieiieie e Melanelia, 4 Melanohalea, Peltigera, pg. 82

8b. Thallus foliose, loosely adherent by rhizines, light moss to mint greens with

touch of orange (due to storage?) flat and leaf or shield like, thallus entirely

monophyllous, to monophyllous in center with imbricate, polyphyllous perimeter, to

almost entirely polyphyllous, with or without isidia .............cccccceeieenen. Xanthoparmelia, pg. 116

9a. Thallus foliose, small to medium sized, loosely adherent to substrate; lobate:

lobes mostly long, narrow and strap-like though with some flabellate ends, divided

randomly; color from white gray to gray to blue gray to gray brown to dark brown,

with or without pruina; with or without soredia and apothecia, all spores when found

are brown, and 1-septate and vary from various tYPesS .........ccceeeeieeieiiesieeie e 10

9b. Thallus foliose, medium sized to up to 10 cm across, adherent to tightly adherent

to substrate; lobate, lobes linear and strap-like to flabellate near ends, divided

randomly; color from off white yellow to white blue to pale green to gray to gray

green to tan green to with or without pruina, apothecia usually not found on species or

on Spring Mountain specimens to apothecia rare to apothecia present (spores curved

in Parmeliopsis ambigua, and brown and 1-septate on rare find on Hyperphyscia

210 (o] [0 1] T L TSSO TP PR URPPR

10a. Thallus upper cortex K+ Yellow..........cccoooiiiiiiiiicc e Physcia, pg. 88

10D, Thallus UPPEr COMEX K- ...t bbbttt 11

11a. Thallus isidiate, isidia very granular and soredia like, apothecia rare, often
missing (found in only 1 of our three species), lower cortex either off-white or dark
brown, almost black, or dark in center lightening near margins.................. 3 Phaeophyscia, pg. 87
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11b. Thallus sorediate, or if isidiate then papilla-like and cylindrical, lower cortex
either absent with lower surface cottony and byssoid (most discernable under
microscope), or varying from off-white to amber to brown ..o, 12

12a. Thallus sorediate in center of thallus and along lobe margins, thallus lobed,

some samples very degraded and ragged on margins where soredia are generated,

otherwise surface dull, epruinose, from smooth to flaky, granulose and scurfy, color

variable, dry — medium gray to olive green to dark gray olive green; lower surface

variable color from off-white to amber to brown, apothecia present, spores brown, 1

septate (sometimes not septate in immature spores), ellipsoid to narrowly ellipsoid........................
............................................................................................................... Physciella chloantha pg. 94

12b. Thallus sorediate, or isidiate (isidia are papillous, cylindrical like), lower cortex
absent, lower surface off-white, byssoid/cottony, no apothecia...........c.cccceevenee. Physconia pg. 95

Squamulose

9a. Thallus squamulose, squamules toniniiform and orbicular (hollow) to maturing to

becoming more imbricate in some species, surface very pruinose and white over

either a dark gray to brown to black to lighter bluish green surface, found on soil (in

Spring Mountains not associated with soil over rock or moss), often found with

coccoid green algae as primary photobiont but often cyanobacteria is found intimately

associated inside the lichen thallus as it must be associated with the soil (some of our

samples found with what looks like Gleocapsa and/or Lyngba wollei looking

cyanobacteria inside squash or slice SHAes)........c.cccovvvveiieii i 2 Toninia, pg. 111

9b. Thallus squamulose, squamules flatter, solid and imbricate ...........c.ccoccvrveiieiiriieiierece e, 10

10a. Thallus squamulose, squamules flatter, solid and imbricate and occasionally

gomphate (exception is Psora cerebriformis which is somewhat toniniiform and

hollow), surface sometimes pruinose on margins of flat squamules, surface of lighter

colors - tans to orange to sometimes whitish, waxy appearance at times, photobiont a
chlorococcoid green algae, no secondary cyanobacteria found..............ccccoocevvnienne. 4 Psora, pg. 98

10b. Thallus squamulose, squamules broad and smooth, thin, imbricate, undulant,
folded, dull, smooth, epruinose; color: orange tan brown; size: 1-1.5 cm; shape:
orbicular; topography: flat; margin: entire; squamules: description............ccccocevvveveiiieieeie s,

........................................................................................................ Placidium squamulosum, pg. 96

Crustose

118, ASCOCAIP @ PEIENECIA ....eviiviieieiieiieiete ettt bbbt 12
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11b. ASCOCArP an APOTNECIA ....c..iiiiiiieie ettt r e nae e 14

12a. Ascocarp a perithecia, thallus squamulose, squamules small, 1-2 mm wide,
ascending, loosely aggregated, thallus olive- or brownish green, asci 8-spored,
ascospores: narrowly ellipsoid...........ccoceveieiiieneninicceene Catapyrenium squamellum, pg. 48

12b. Ascocarp a perithecia, thallus chinky areolate to areolate, thallus grayish to
DIACKISN 10 DIOWNS ...ttt ae e 13

13a. Ascocarp a perithecia, thallus chinky areolate to areolate, thallus grayish to
blackish, growing on rock, asci 8-spored, ascospores simple, ellipsoid, lower surface:
brown to black; attached with a central stipe as a holdfast..............ccocviiiiiiiie,

13b. Ascocarp a perithecia, thallus areolate, areoles with angular fissures and borders
and often bullate, various shades of gold, tan, browns and reddish browns, spores
muriform, multiple cells, often hymenial algae found in perithecia............ccccceveveiiiinniicicien,

14a. Apothecia dark reddish brown and shaped somewhat like a match tip like, on
top of podetia (stalk), accompanying light green squamulose lichen.................... Cladonia cariosa
(not in the descriptions as it was collected by Cheryl Beyer in a separate study)

14b. Apothecia lecidine, biatorine or lecanorine and asci > 8 spored, or apothecia

urceolate or aspicilioid and 2-4 (-6-8) spored and spores brown or hyaline,...or

thallus bright lemon yellow and apothecia not present (usually some form of asexual
reproduction present, such as conidia or SOredia)............cccvevveieeriiieiieie e 15

15a. Apothecia lecidine or biatorine, without a thalline margin............cccccoveiiie e, 16

15b. Apothecia lecanorine with a noticeable thalline margin which is usually

concolorous with thallus and contains a photobiont....or cryptolecanorine and 8

spored...or thallus bright lemon yellow and apothecia not present (usually some form

of asexual reproduction present, such as conidia or soredia), or thallus gray or faint

yellow and fairly granular with bright lemon yellow apothecia............ccccooeiiiiniiiiiiiicee, 21

16a. Apothecia biatoring, asCi > 8 SPOTEU.........cciiiiiriiieiere e 17
16b. Apothecia lecidine, asci 8 spored, spores hyaline or brown, simple, (one

celled) or 1-septate and tWO CEHE..........coiiiiiieii e 18

17a. Apothecia biatorine, asci spores brown, 1-septate, 2 cells............. Carbonea vorticosa, pg.47
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17b. Apothecia biatorine looking, dark red turning to orange and gelatinous when

wet, spores numbering 50-70/asci, thallus minute (< 1-2 cm across), endophloeodal to

granular to slightly areolate, (S. microhaema is difficult to spot in the field with

UNAIAEA BYE ... Strangospora microhaema, pg. 110

18a. Apothecia lecidine, asci 8 spored, apothecia black, very convex, orbicular,
smooth, asci I+ blue, spores brown, 1-septate and with 2 cells, guttulate.............. 2 Buellia, pg. 37

18b. Apothecia lecidine, asci >8 spored, spores hyaline and simple.........c.ccccoveveiiiiiciciiennen, 19

19a. Apothecia lecidine and numerous, asci if not infertile then 8 spored, apothecia
dark brown, elongated to oval, to slightly lirellate shaped in a mainly endosubstratal
thallus on lignum shape being determined by grooves in lignum, margin concolorous
with disc, proper exciple rounded and swollen looking and more noticeable when wet,
spores often absent or immature, but hyaline, simple and broadly ellipsoid to ovoid

WHEN PIESENT ... Xylographa parallela, pg. 120
19b. Apothecia lecidine, asci >8 spored, spores hyaline and simple..........ccccooveviiieiiiicieeneen, 20
20a. Apothecia 8 spored, spores hyaline, simple............ Adelolecia, 2 Lecidea,3 Lecidella, pg. 75

20b. Apothecia lecidine, asci >100 spores, spores broadly ellipsoid thallus endolithic,
apothecia black and visible, sunken in rock pits or tiny & diSpersed.........cccccvvvevveveiiieieese e,

21a. Apothecia urceolate, thallus squamulose to crustose and disorganized, found on

WEL SOIl OF MOSS OVET SOI.....eiiiieiiiiiiiciieee ettt bbb n e
Solarina spongiosa is not described in the following descriptions as it was not

collected as part of this Spring Mountain but collected by Cheryl Beyer in a separate

study.

21b. Apothecia lecanorine, with thalline margin that is usually concolorous with

thallus and contains photobiont and asci >8 spored or...apothecia aspicilioid and 2-4

(-6-8) spored with spores brown or hyaline...or cryptolecanorine and 8 spored...or

thallus bright lemon yellow and apothecia present or not present (if not present,

usually some form of asexual reproduction is present, such as conidia or soredia) ..................... 22

22a. Apothecia if present, is lecanorine, and some part of the lichen is intense lemon
yellow to yellow green, either the thallus or the apothecia, if apothecia present then
asci 8 spored, spores hyaline & SIMPIe.......c.ccccvevviiiiiiiii 7 Candelariella, pg. 43

22b. Lichen not intense lemon yellow, (although some Caloplaca may have hint of
yellow, but not very intense), variously spored, apothecia lecanorine or
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cryptolecanoring or aSPICHIIONG.........ccviiiiiiiic e 23

23a. Apothecia lecanorine, spores > 100/asci, hyaline, simple, globose to broadly
ellipsoid to ellipsoid, thallus crustose — squamulose, areolate, apothecia plane to

concave, often sunken in areoles or squamules of thallus .................c.ccoe.e. 6 .Acarospora, pg. 26
23b. Apothecia lecanorine, aspicilioid or cryptolecanorine, variously spored............c.ccccvevennen. 24
24a. Apothecia lecanorine or aspicilioid, spores small, >100/asci, narrowly ellipsoid................. 25
24b. Apothecia aspicilioid, lecanorine, or cryptolecanorine, variously spored..............cccceveneee. 26

25a. Spores small, >100/asci, ellipsoid to narrowly ellipsoid, thallus crustose,
determinate, effigurate to rimose areolate, yellow..............ccccceeveriennnn, Pleopsidium flavum, pg. 97

25b. Spores narrowly ellipsoid, thallus endolithic - only found beneath apothecia,

apothecia dark orange brown to red black, flat to conveX............ccccoevvinenen. 3 Sarcogyne, pg. 105
26a. Apothecia aspiCilioid...........cccevviviiiieie i 4 Aspicilia, 2 Circinaria, pg. 32
26b. Apothecia lecanorine or cryptolecanorine, variously SPOred.........cccovvvveviverviieseenesieesenns 27

27a. Apothecia cryptolecanorine, thallus placodioid with marginal lobes, thallus light
VEIIOW ... e e Dimelaena oreina, pg. 59

28a. Apothecia lecanorine, thallus areolate, light green to gray, somewhat
verruculose and endosubstratal, corticolous, apothecia lecanorine, asci mostly 8
spored, spores brown, 1-3 septate, 2-4 cells, spores sometimes curved............ 5 Rinodina, pg. 101

28b. Apothecia lecanorine, asci 8 spored, spores hyaline, simple and one celled, or 1-
septate and 2 celled or bi locular (locules connected by narrow iSthmus)...........cc.ccoevvviiiinenen, 29
29a. Apothecia lecanorine, spores hyaline, simple and one celled..........ccccceeveveve e, 30

29b. Apothecia lecanorine, spores hyaline, 1-septate and bilocular, or 1-septate and 2
(01 | 1= o PSSR 31
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30a. Apothecia lecanorine, thallus placodioid, areolate to areolate-granulose or
verrucose-areolate, tightly attached, upper surface yellowish white or brownish gray,

red gray, gray-white to gray brown, asci 8 spored, spores simple, ellipsoid, to ovoid,

t0 SUDQIODOSE, SAXICOIOUS.......cviiiieie e e 2 Lobothallia, pg. 81

30b. Apothecia lecanorine, thallus crustose and variable (due to 17 Lecanora species)

and endosubstratal to found inside cavities, or areolate to rimose areolate, or

placodioid, to somewhat squamulose or placodioid and areolate centrally, continuous

to rimose areolate; apothecia: lecanorine with observable thalline margin usually

concolorous with thallus; spores: hyaline, simple, one celled ...

3la. Apothecia lecanorine, thallus crustose, adnate, granular, areolate, placodioid or

peltate, but rarely immersed in the substrate, asci 8 spored, spores in one species

occasionally single celled but mostly bilocular (Caloplaca atroalba) 1-septate,

bilocular, septa generally from 1-4 um, locules if present, connected .............. 6 Caloplaca, pg. 38

31b. Apothecia lecanorine, thallus crustose, epilithic to somewhat endolithic, thallus

very minimal; surface description: consists mainly of small islands of thallus that

each apothecia sits upon almost entirely covering it; lecanorine, apothecia constricted

slightly under disc spores/asci: 8-spored 1-septate, 2 cells ...........cceeee. Lecania polycycla, pg. 60

Key to the species of Acarospora from the Spring Mountains National Recreation Area, Nevada

la. Apothecia lecanorine, spores > 100/asci, hyaline, simple, color yellow-green to
greenish-brown to dark brown to buff to tan with green margins, surface bumpy to
granular, dull to mainly dull with Some Shiny SPOLS .........ccceiveiieiiiie e 2

1b. Apothecia lecanorine, spores > 100/asci, hyaline, simple, color off-white to

various other shades of white from bluish-white to pure chalk-white (the white

depending on amount of pruina over a dark red-brown surface), to light tan (these

areoles w/dark-brown apotheCia) ...........coveiiiiiii e e 4

2a. Thallus green-yellow, somewhat areolate to squamulose looking surface, each

peltate squamule is actually polyphyllous and made up of several smaller lobes that

sometimes look fused together separated only by narrow cracks, with aspicilioid

100KING APOLNECIA ......cviiiiiieiciice s Acarospora brouardii

2b. Thallus green-brown to dark brown, areoles are squamulose with imbricate
edges; squamules found in clusters of 5-15 per areole or sometimes inaline...........cccccoeevvenenne. 3
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3a. Thallus surface green-brown to dark brown, areoles made of squamules with
imbricate edges; squamules found in clusters of 5-15 per areole, areoles sometimes in
a line, SPOres 3.87 X 2.5 LM .o.veiviiiiiiiiieicee e Acarospora fuscata

3b. Thallus surface green-brown to dark brown, areoles made of squamules with
imbricate edges, squamules found in clusters of 5-15 per areole, surface dull but often
with shiny spots, bumpy to granular, spores 3.3-5.16 X 2.5 um; ................. Acarospora badiofusca

4a. Thallus surface color off-white to tan areoles w/dark-brown to various shades of
white depending on amount of pruina overlaying a dark reddish brown surface.............cccceovenee. 5

4b. Thallus surface color buff to tan with gray green margins, squamules scattered
and diffuse, not densely packed, surface continuous and smooth, dull, epruinose and
WAXY J0OKING....ccuiiiiiiiece e Acarospora glaucocarpa

5a. Thallus surface color off-white to tan areoles w/dark-brown apothecia; areolate
with squamules that are somewhat imbricate; surface dull ....................... Acarospora macrospora

5b. Thallus surface color various shades of white depending on amount of pruina
overlaying a dark reddish brown surface (from bluish-white to pure chalk-white);
areolate placodioid and only very rarely squamulose ...........cccccevveveiieieennnne Acarospora strigata

Acarospora badiofusca
BRYC 38224 BP, St. Clair 11363 BRYC 35538 LF, St. Clair 9643
BRYC 39090a GP, St. Clair 13235a BRYC 37549b MC, St. Clair 10909b

Growth form: crustose; Thallus: areolate, squamulose, often found in clusters of 5-15 areoles
together; surface description: surface dull but often with shiny spots, bumpy to granular;
color: greenish brown to dark brown; size: 2-3 cm across; shape: irregular; topography:
undulate and wavy, sometimes pitted around apothecia; margin: indeterminate to determinate;
Areoles: description: angular to rounded borders, sometimes bullate or inflated looking with a
convex upper surface, squamulose areoles usually with imbricate edges; size: 0.5-1.5 (-2.) mm
across; depth: 1 mm deep; margin: rim often rolled under; Upper cortex: spot tests: K-, C-,
KC-; color: cortex hyaline to gold brown; depth: 12.8-51.8 um thick; tissue type:
paraplectenchymous - textura angularis; Photobiont layer: photobiont a chlorococcoid green
algae; color: grass green to sometimes dark emerald green; cell size: 5-16 (-18) um; shape:
roughly spherical; depth: 77-232 uym; Medulla: spot tests: K-, C-, KC-; depth: 28.5 um;
tissue type: paraplectenchymous; Lower cortex: surface: with dull slightly bumpy, granular
surface; color: off-white with brown splotches to completely dark brown; Apothecia: spot
test: K-, C-, KC-; Disc: description: on stipitate areole, disc concave to sometimes convex,
dimpled; color: red brown in the center of disc with green brown to dark brown surrounding;
margin: aspicilioid (lecanorine immersed), somewhat sunken with crater like edge; location:
Asci: size: 65.5-116.9 x 10.5-23.22 um; spores/asci: >100; shape: clavate; Spores: color:
hyaline; size: 3.3-5.16 x 2.5 um; shape: oil: guttule; Epihymenium: 10.32 thick pm;
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Paraphyses: moniliform: no; branched: no; color: gold brown; : 5.1 um; mid width: 2.5-
3.87 um; length: 78-113.5 um; Hymenium: color: mainly hyaline fading into gold brown near
top (under microscope); depth: 103-206.4 um; Subhymenium: color: light gold;
Hypothecium: 49-154.8 um thick, hyaline to white with brown below; Substrate: epilithic,
sandstone; Pycnidia: none found; Chemistry: UV-.

Acarospora brouardii
BRYC 39704 CS, St. Clair 13849

Growth form: crustose; Thallus: squamulose, peltate; surface description: somewhat areolate
to squamulose looking surface, each peltate squamule is actually polyphyllous and made up of
several smaller bullate lobes that sometimes look fused together and joined by narrow cracks,
with aspicilioid looking apothecia, surface fissured in places, other in places with what looks like
some calcium carbonate crystals; color: dry - yellow-green; wet — thallus become a mossy
green-yellow sometimes on margins, sometimes margins stay yellow and thallus turns green
size: 0.5-1 mm across each peltate squamule; shape: orbicular; topography: flat with some
undulations on a minute level, margin: lobed, slightly crenulate, slightly upturned edge;
Squamules: description: attached on margin, ear shaped, slightly imbricate and overlapping;
size: margin lobules 1-3 mm wide; Upper cortex: K-, C-, KC-; Lower surface: Photobiont
layer: often interrupted by hyphal bundals; color: light grass green; cell size: 6-20 um; depth:
100-130 um; shape: orbicular; Apothecia: disc description: narrow misshapen, sunken,
aspicilioid; margin: lecanorine, immersed, aspicilioid; color: disc light tan to darker brown
size: 0.2- 1.2 mm wide; apothecia/squamule ratio: up to 30 per peltate squamule; Asci: size:
70-100 x 15-22 um; spores/asci: >100/asci; shape: clavate ; spores: color: hyaline; size: um;
shape: broadly ellipsoid; cells: ; Epihymenium: color: amber; depth: 20-40 um;
Paraphyses: ; moniliform: no ; color: tip brown; tip width: 3.5-5.5um; base width: 2.5-3
pum; length: 80-110 um; Hymenium: color: hyaline ; depth: 80-120 um; Subhymenium
and Hypothecium: ; color: hyaline; depth: up to 100 um; Substrate: lithic; Chemistry:
UV+, light orange.

Acarospora fuscata
BRYC 39719 CS, St. Clair 13864 BRYC 39156 TS, St. Clair 13301
BRYC 37261 MJ, St. Clair 10840 BRYC 39179 TS, St. Clair 13324

Growth form: crustose; Thallus: areolate, squamulose, often found with clusters of 5-15
areoles together or sometimes in a line following a natural crack or groove (a water issue?);
surface description: dull, wavy surface, squamulose areoles which are often imbricate; color:
greenish tan to brown to dark brown, sometimes with some red and orange in the brown; size:
up to 8 cm across; shape: irregular; topography: undulate and wavy, sometimes pitted around
apothecia; margin: indeterminate to determinate, areoles often dispersed and scattered, and at
times not contiguous; Areoles: description: angular to rounded borders, sometimes bullate or
inflated looking with a convex upper surface, squamulose areoles usually with imbricate edges;
size: 0.5-2 mm across; depth: 1 mm deep; margin: rim often rolled under; Upper cortex:
spot tests: K-, C-, KC-; color: dark brown to off-white; depth: 10-28 um thick; Photobiont
layer: photobiont a chlorococcoid green algae; color: grass green to sometimes dark emerald
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green; cell size: 12-18 um; shape: roughly orbicular; depth: 103 um; Medulla: spot tests: K,
C-, KC-; depth: +28.5 um; tissue type: paraplectenchymous; Lower cortex: surface: dull,
slightly bumpy, granular surface; color: dark medium brown to off-white; Apothecia: spot
test: K-, C-, KC-; Disc: description: on stipitate areole, disc concave to sometimes convex,
dimpled; color: green-tan-brown to dark brown surrounding disc, with dark red to orange tints
on dark disc; margin: aspicilioid (lecanorine immersed), somewhat sunken with crater like
edge; Asci: size: 77-117 x 13 um; spores/asci: >100; shape: clavate; Spores: color: hyaline;
size: 3.87 x 2.5 um; shape: ellipsoid to broadly ellipsoid; Paraphyses: branched: no; base
width: 3.87 um; length: 113.5 um; Hymenium: depth: 121um; Hypothecium: color: hyaline
to white with brown below depth: 103 um; Substrate: rock; Asexual Reproduction: none
found; Chemistry: UV-.

Acarospora glaucospora
BRYC 35500 DC, St. Clair 9605

Growth form: crustose; Thallus: squamulose; surface description: some rimose cracking on
surface (no cortex on crack edges); areolate looking, surface slightly undulant, with some dark
brown spots (possibly pycnidia); continuous and smooth, dull, epruinose and waxy looking;
color: dry - buff to tan with gray green margins; wet - more intense green; size: 1-3 cm across
each thallus cluster; shape: orbicular; topography: flat; margin: squamules scattered and
diffuse, arrangement not densely packed; Squamules: description: orbicular, with orbicular
lobes attached on margins in ear like arrangement, imbricate and overlapping, scattered; size: 1-
3 mm wide, 0.5-1 mm thick; Upper cortex: K-, C-, KC-; depth: 30-35 um; Photobiont layer:
photobiont a chlorococcoid green algae; color: bright green; cell size: 5-10 um; depth: up to
64 um; shape: orbicular but often distorted; Lower cortex: depth: 60-100 um; tissue type:
paraplectenchymous - textura globularis; Apothecia: disc description: applanate, at times
broad, more or less concave, dull, sometimes slightly pruinose, smooth and waxy; color: dry -
rust orange; wet - same orange with green tint; margin: lecanorine, immersed; size: 0.3-2 mm
wide; apothecia/squamule ratio: 1/squamule; Asci: size: 50 x 5 um; spores/asci: >100/asci;
shape: clavate to cylindrical; spores: color: hyaline; size: 2-2.5 x 1 um; shape: ellipsoid,
ends rounded; cells: 1 cell/spore; Epihymenium: color: amber; depth: 10 um; Paraphyses:
K-; moniliform: submoniliform, agglutinated at tips; color: light amber at tip; tip width: + 4.5
um; base width: 2.5 um; length: 75 um; septa: 6.5-7.5 um apart; Hymenium: color: hyaline
- light amber; depth: 60-80 um; Subhymenium and Hypothecium: hard to distinguish
transition between the two; color: white; depth: 130-180 um; Substrate: lithic, limestone;
Chemistry: UV-.

Acarospora macrospora
BRYC 37301 CC, St. Clair 10880

Growth form: crustose; Thallus: areolate, squamulose; surface description: surface dull with
lumpy looking texture; color: off-white to tan areoles w/dark brown apothecia; size: 2-3 mm;
shape: irregular to orbicular; topography: flat; margin: indeterminate to determinate;
Areoles: description: contiguous to often scattered, bullate and inflated looking with rounded
shoulders, edges often curving under, somewhat imbricate or overlapping at times; size: 0.5-3
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mm; Upper cortex: spot test: K-, C-, KC-; description: dull, slightly bumpy; Photobiont
layer: photobiont a chlorococcoid green algae; color: grass green; cell size: 4-10 um; depth:
80-90 um; shape: orbicular to oblong and distorted; Medulla: K-, C-, KC -; Apothecia: spot
tests: K-, C-, KC-; disc description: concave, orbicular, small; color: light brown center with
tan-brown to off white outside; margin: lecanorine, usually small and immersed;
apothecia/areole: 1+; Asci: size: 90-129 x 18-19 um; spores/asci: <100 per asci; shape:
clavate; Spores: color: hyaline, simple; size: 13 x 6 um; shape: broadly ellipsoid, immature
spores often globose; cells: simple; oil: guttule; Epithecium: color: dark brown, with clear
waxy "cuticle”; depth: about 13 um; Epihymenium: color: brown; depth: 20 pm;
Paraphyses: moniliform: not observed; branching: no; base width: 2.6 um; length: 130 um
long; Hymenium: color: hyaline; depth: 129-180 um; Substrate: epilithic, limestone;
Pycnidia: none found.

Acarospora strigata

BRYC 37304 CC, St. Clair 10883 BRYC 38247 MS, St. Clair 11386
BYYC 39699 CS, St. Clair 13844 BRYC 39138a TC, St. Clair 13283a
BRYC 39714 CS, St. Clair 138 BRYC 37567 WC, St. Clair 10927

Growth form: crustose; Thallus: areolate to rimose-areolate to (rarely) squamulose; surface
description: color: various shades of white depending on amount of pruina overlaying a dark
reddish brown surface from bluish-white to pure chalk white; shape: irregular to orbicular to
slightly oblong, flat; margin: determinate to indeterminate, sometimes with larger marginal
areoles that are gently lobed, marginal lobes usually slightly thicker than center; Areoles:
description: areoles longer than wide, slightly placodioid, radiating out towards edge with
angular borders often with rounded corners, from scattered to contiguous, surface flat or plane
with sharp edges transitioning to bullate and inflated looking and swollen up like cobblestones;
size: 0.7 - 2 mm; Upper cortex: K-, C-, KC-; color: white; depth: eucortex 13 - 20 um;
Photobiont layer: photobiont a chlorococcoid green algae; color: grass green; cell size: 5-7 +
um; depth: + 77.5 um; Lower cortex: description: covered with off-white granules, pruina
thick to thin; color: white to off-white to dark-brown; Apothecia: disc description: surface
plane to concave in places, orbicular to long narrow, distorted disc patches; on stipitate areoles;
margin: aspicilioid, lecanorine immersed, to deeply sunken; apo./areole: 1 —8; Asci: size:
15.4-18.6 x 72 -108.4 um; spores/asci: > 100; shape: clavate; Spores: color: hyaline; size:
1.5-2.58 x 2.6-5.16 um; shape: broadly ellipsoid; cells: simple; oil: guttule; Epithecium:
color: hyaline to gold brown; depth: 2-3, um thick; Epihymenium: color: hyaline - light gold
— gold-brown; depth: 13-25.8 um thick; Paraphyses: moniliform: no; branching: no; base
width: 2.0 um; length: 120 - 140 um; Hymenium: 124-139.6 um thick; Hypothecium: color:
light gold; depth: 64.5-90.5 um thick; tissue: paraplectenchymous - textura globularis;
Substrate: epilithic, limestone; Chemistry: UV-.

Adelolecia sonorae
See key to Lecidea and Lecidella
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Key to the species of Anaptychia elbursiana, Hyperphyscia adglutinata and Parmeliopsis
ambigua from the Spring Mountains National Recreation Area, Nevada

la. Thallus, foliose, lobes strap-like, most lobes in a sorediate-state, very small

granular soredia, soralia is whole surface of thallus; surface dull, epruinose, color tan-

green to off-white-yellow; narrow, mostly disintegrated into soredia; spores 10-11 x

1.5-2 um and sickle-shaped, hymenium color: gold-yellow, depth 60-70 pm,;

Asexual Reproduction sorediate; found on bark.............cccoveveiieiiiiennenen. Parmeliopsis ambigua

1b. Thallus foliose-subfoliose, soredia arising from marginal soralia or maculae on
upper cortex surface, but soredia amounts moderate, not overwhelming the entire
L1 = L LU SRR 2

2a. Thallus foliose-subfoliose, lobes divided randomly multiple times, lobes mainly

contiguous, adpressed to surface; surface smooth to somewhat granulose and

sorediate, dull, pruinose, lobed with convex depressions at times, color when dry —

white blue to slight green; wet - pale moss green to gray; soredia, some soredia

brown to black, arising from maculate looking spots on upper cortex; on moss over

(01 -SSP Anaptychia elbursiana

2b. Thallus foliose-subfoliose, lobed on margins, closely adherent to substrate,

lobes long and narrow, strap-like, adpressed, randomly divided, plane, radiating from

center surface description: dull, epruinose, smooth; color when dry - gray; wet -

gray-green; lobed smooth; color: off-white; Apothecia: not found in our specimen;

Asexual Reproduction: sorediate, marginal soralia, soredia very small, barely visible

with dissecting scope; on lgNUM .........cccoeieiieiicic e Hyperphyscia adglutinata

Anaptychia elbursiana
BRYC 37305 CC, St. Clair 10884 BRYC 35513 DC, St. Clair 9618

Growth form: foliose-subfoliose; Thallus: lobes divided randomly multiple times, lobes
mainly contiguous, adpressed to surface; surface description; smooth to somewhat granulose
and sorediate, dull, pruinose, lobed with convex depressions at times; color: dry — white blue to
slight green; wet - pale moss green to gray; size: up to 4 cm across; shape: orbicular;
topography: flat overall with sinuous elements; margin: thinner on edges, determinate,
overlapping and imbricate; Lobes: description: somewhat flabellate with convex depressions at
times sometimes, lobes divided randomly multiple times, mainly contiguous; size: 4-10 mm
long, 4-5 mm wide; margins: small lobate edge projections from1-2 mm wide or less; Upper
cortex: spot tests: K-, C-, KC-; cortex depth: 30-40 um; tissue type: plectenchymous, textura
globularis; Photobiont layer: photobiont a chlorococcoid green algae; cell size: 6-20 um;
depth: 40-60 um; shape: orbicular but often distorted; Medulla: depth: 100-200 um; Lower
cortex: description: smooth; color: surface blue-white to off-white fading into brown-black 1-2
mm from margin, attachment to substrate: rhizines, up to 0.25 mm long, range from clear to
white to yellow to brown/black, mainly found along margins, evenly spaced; Apothecia: none
found in Spring Mountain specimens; Asexual Reproduction: soredia, some soredia brown to
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black, arising from maculate looking spots on upper cortex; from large soralia some along
margins, but usually laminal (sometimes punctiform); UV+; Substrate: epilithic, on moss over
rock;

Hyperphyscia adglutinata
39132b TC, St. Clair 13277b

Growth form: foliose, subfoliose; Thallus: lobed, on margins, closely adherent; surface
description: dull, epruinose, smooth; color: dry - gray; wet - gray-green; size: 2.5-7.5 mm,;
shape: irregular; topography: flat; margin: lobed; Lobes: description: long and narrow,
strap-like, adpressed, randomly divided, plane, radiating from center (which is less lobate); size:
1-1.2 mm wide, 1-2 mm long; Upper cortex: spot tests: K-, C-, KC-; color: under microscope
— light amber; depth: 20 um; tissue type: paraplectenchymous, texture globularis; Photobiont
layer: chlorococcoid; color: grass green; size: 7-20 um; shape: orbicular, but often distorted,;
depth: 50-70 um; Medulla: spot tests: K-, C-, KC-; color: under microscope, light amber;
depth: 22-3- um; Lower cortex: smooth; color: off-white; depth: 20 um; Apothecia: not
found in our specimen; Asexual Reproduction: sorediate, marginal soralia, soredia very small,
barely visible with dissecting scope; Substrate: lignum; Chemistry: UV-.

Parmeliopsis ambigua
BRYC 35540 LF, St. Clair 9645

Growth form: foliose; Thallus: surface description: dull, epruinose, strap-like lobes, most
lobes in sorediate-state, very small granular soredia, soralia is whole surface of thallus; color:
tan-green to off-white-yellow; size: 1-2 cm; topography: Lobes: description: narrow, mostly
disintegrated into soredia; size: 0.5-1 x 2-3 mm; margin: uneven, lobed, deteriorated; Upper
cortex: spot tests: K+ yellow-brown, C-, KC-; depth: 50-60 um; Photobiont layer:
photobiont Trebouxia, green algae; color: pale yellow-olive-green; cell size: 5-11 um; depth:
30-60 um; Medulla: spot tests: K+ yellow-brown, C-, KC-; Lower cortex: description:
smooth to finely granular texture; color: brown-black; Apothecia: disc description: sometimes
pruinose, resin in sample obscured most apothecia characteristics; color: brown to yellow-green;
margin: lecanorine; size: 0.5-1 mm; margin: thalline margin is concolorous with thallus;
location: scattered, few; Asci: difficult to distinguish much but the spores; Spores: size: 10-11
x 1.5-2 um; shape: sickle-shaped; Hymenium: color: gold-yellow; depth: 60-70 um;

Asexual Reproduction: sorediate; Substrate: bark.

Key to the species of Aspicilia from the Spring Mountains National Recreation Area, Nevada

la. Thallus crustose, rimose-areolate and placodioid, to areolate and bullate, with

surface dimpled to flat, smooth and sometimes velvety looking (pruina); color: white

or white-gray (white due to pruina) to gray to greenish-white or white with tan to

0range tiNt iN SOME PIACES........oviitiiiii ettt sttt 2
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1b. Thallus crustose, squamulose-areolate and occasionally somewhat placodioid,;

color: off-white to tan light brown-green (when wet each areole becomes tan with a

green “eye” on the highest surface of areole) to brown and tan with dark spots

[T L= T ToTo] [oTU R U] T USSR 5

2a. Thallus rimose-areolate and placodioid or rimose areolate with very flat, dull,
fissured surface with some furfuraceous areas; color: white due to prunia..........cccceevevveveseennenn, 3

2b. Thallus rimose-areolate with a flat, fissured surface to rimose-areolate and
bullate; color: white with some tan to orange tints to white to gray to greenish-white................. 4

3b. Thallus rimose-areolate, rimose fissures define areoles, areole margins sharp
edged, surface bumpy; color: white due to prunia; asci: usually 4 spores/asci, spores
simple, guttulate (1 large oil drop in €ach) .........ccccevveieiiiiiciice e, Circinaria calcarea

4a. Thallus rimose-areolate, flat, dull, pruinose and fissured surface with some
glebulose and furfuraceous areas; color: white with some tan to orange............... Aspicilia fumosa

4b. Thallus rimose-areolate with areoles somewhat bullate, surface dimpled to
rugose, dull, pruinose, color: white to gray to greenish-white........................ Aspicilia verrucigera

5a. Thallus areolate; surface pruinose, velvety looking, smooth, and dull; color: dry
—White to gray; Wet — greeN-gray ........coceeueeieeieeruesiesreesreeeesreesseseeseesaeseesneas Circinaria contorta

5b. Thallus areolate-squamulose and sometimes placodioid, color: off-white to light
brownish-green (when wet areoles tan with green “eye”), to brown and tan with
NUMErous SPECKS OF dark DIOWN .........cooiiiiiiii e 7

6a. Thallus areolate-squamulose, epruinose to pruinose, leprose to granular, surface

looks like fine tan sand is stuck to surface of areoles, especially around apothecia;

color: off-white to tan to brown with numerous specks of dark brown lichenicolous

0] o S SRSUS USROS Aspicilia confusa

6b. Thallus areolate-squamulose and somewhat placodioid; color: off-white to light
brownish-green (when wet areoles are tan with a green “eye”) to brown and tan with
SPecks Of dark DrOWN ... Aspicilia desertorum
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Aspicilia cinerea
BRYC 37586 CaC, St. Clair 10946 BRYC 37553 MC, St. Clair 10913

Growth form: crustose; Thallus: areolate to rimose-areolate, placodioid; surface description:
dull; color: white due to pruina; size: 0.4-2 wide; shape: irregular; margin: determinate;
Areoles: description: somewhat bullate; depth: 0.4 mm; Lobes: description: marginal lobes
solid, contiguous and touching, but not fused, to divided and discrete, appressed and attached
closely to substrate; size: 1-1.3 mm wide at lobe tips; Upper cortex: spot tests: K-, C-, KC-;
Medulla: spot tests: K+ yellow turning to orange, C-, KC-; Photobiont layer: photobiont a
chlorococcoid green algae; color: grass green; cell size: 15.0-23.0 um in diameter; shape:
roughly orbicular; depth: 129-154.8 um; Apothecia: description: specimen sterile, aspicilioid
looking depressions (primordial apothecia) were found, but no asci were present, however A
cinerea is usually 8 spored, and has a clavate asci, epihymenium usually ranges from brown to
some variation of green, usually olive, and with or without a few crystals according to the
Sonoran books (Nash, Gries & Bungartz, 2007); Substrate: epilithic, limestone; Chemistry:
UV+ cortex glows slightly light blue to light green; TLC: looks like norstictic acid, traces of
connorstictic acid, also possibly traces of constictic acid and hyposalazinic acid.

Aspicilia confusa
BRYC 37274 MJ, St. Clair 10853

Growth form: crustose; Thallus: squamulose-areolate; surface description: epruinose to
pruinose, leprose to granular, looks like fine tan sand has stuck to thallus surface on top of
areoles, particularly around apothecia; color: off-white, brown and tan with numerous specks of
dark brown lichenicolous fungi; size & shape: unable to determine, thallus fills surface of small
rock; topography: smooth to glebulose; margin: determinate to indeterminate; Areoles:
description: angular fissures and margins; size: 0.5-2 mm wide; depth: 0.5-0.75 mm;

fissures width: 0.16-0.2 mm wide; Upper cortex: spot tests: K-, C-, KC-; color: (under
microscope) white to hyaline; depth: 30-50 um; tissue type: paraplectenchymous tissue;
Photobiont layer: photobiont a chlorococcoid green algae; color: grass green; cell size: 20-23
um; shape: orbicular, often distorted ; Medulla: spot tests: K-, C-, KC-; Apothecia: disc
description: mostly orbicular, slightly concave, sometimes misshapen, very small, sunken discs;
color: tan to light brown to darker gray, slightly pruinose looking; margin: aspicilioid,
lecanorine immersed, lecanorine margin raised from thallus, whiter than thallus; size: 0.2-0.5
mm; disc location: center of each areole; Asci: size:110-120 x 21 um, only filled with
primordial oil droplets; spores/asci: none found in SM specimen, but normally A. confusa is 8
spored (Nash, Gries & Bungartz, 2007); shape: clavate; spores: none found, but normally A.
confusa spores are hyaline, ellipsoid, simple, 19-27 x 11-16 pum (Nash, Gries & Bungartz, 2007);
Epihymenium: aspicilian green; depth: 13 um deep; Paraphyses: spot tests: K-, I+ blue
green; color: light yellow; tip width: 5.5 um; mid width: 3-4 um; base width: 1.5 um;
length: 110-135 um; septa: 9 um apart; Hymenium: inspersed with oil; spot tests: K-, I+
blue green; color: hyaline to light amber; depth: 110-135 um; Subhymenium and
Hypothecium: difficult to distinguish between the two; color: green partway down; depth: 51
pum; tissue type: paraplectenchymous; Substrate: limestone; UV+ thallus margins glow faint
white; TLC: tests done, no secondary chemicals.
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Aspicilia desertorum
BRYC 39710 CS, St. Clair 13855 BRYC 38196 WP, St. Clair 11335
BRYC 35545 LF, St. Clair 9650 BRYC 38199 WP, St. Clair 11338

Growth form: crustose; Thallus: areolate to squamulose and placodioid; surface description:
areoles somewhat bullate; surface quite variable, epruinose, smooth to rough and bumpy, dull
but in places with a shiny glaze, often coralloid looking, some older worn areas of thallus are
located near outer marginal lobes and areoles and have a light golden color with a granular
texture; color: tan to off-white to light brownish green, when wet each areole often looks a tan
eye with a green pupil; shape: irregular to orbicular; topography: flat; margin: mainly
determinate to sometimes indeterminate; Areoles: angular borders often with rounded corners,
somewhat bullate (inflated), areoles sometimes dimpled on top (like a molar), sometime
imbricate; size: 0.18 - 2 mm wide x 0.2 mm deep; Lobes: marginal lobes solid v. hollow,
contiguous, divided and discrete to touching but not fused, appressed, size: 1 - 1.3 mm wide at
lobe tips; Upper cortex: spot tests: K-, C-, KC-; depth: eucortex 64.5 pm thick; Photobiont
layer: chlorococcoid, Trebouxia looking; color: grass green; cell size: up to 23.0 pum;
Medulla: spot tests: K-, C-, KC -; Apothecia: from no apothecia to only very primordial
apothecia without spores; Asci: K-, C-, KC-; description: asci primordial and filled with
hundreds of oil droplets, small and large sized, but normally 2-4(-6) spored (Nash, Gries &
Bungartz, 2007); size: 77-116 x 15.7-18 um; shape: clavate; spores: none found but usually
hyaline to simple globose to subglobose (Nash, Gries & Bungartz, 2007); Paraphyses:
moniliform: yes; mid width: 2 um; length: 103 pm; Hymenium: 95 um; Hypothecium: 129
um; Substrate: epilithic, quartzite.

Aspicilia fumosa
BRYC 37592 CaC, St. Clair 10952

Growth form: crustose; Thallus: rimose-areolate; surface description: flat, dull, fissured
surface with some furfuraceous areas, glebulose and pruinose; color: white with some tan to
orange tinted places; shape: irregular to regular shape; margin: determinate, dark prothallus on
margins; Areoles: rimose-areolate, angular to rounded borders, flat, contiguous, rimose
secondarily areolate, formed by deepening cracks not lined with cortex; size: 0.25-0.75 mm
diameter in center, 1.2 mm long for areoles near margins; depth: 0.25 mm on margins, 1 mm in
center, however fissures only go 0.25 mm deep in center, not all the way to substrate; Upper
cortex: spot tests: K-, C-, KC-; Medulla: spot tests: K-, C-, KC-; color: white; Photobiont
layer: photobiont a chlorococcoid green algae; color: grass green; cell size: 20-23 um; shape:
orbicular; Apothecia: description: discs thin or narrow and odd shaped to more orbicular;
color: disc surface black; disc: margin: aspicilioid (lecanorine immersed) to somewhat sunken,
concave; Asci: not found; spores: not found, but usually hyaline, simple and ellipsoid; size:
18-22 x 10-14 um (Nash, Gries & Bungartz, 2007); Substrate: epilithic on limestone.

Aspicilia verrucigera
BRYC 35526, St. Clair 9631
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Growth form: crustose; Thallus: areolate, bullate; surface description: dimpled, dull,
pruinose, rimose (cracked, fissured), rugose surface; color: white to gray to greenish white;
margin: determinate, lobed, irregular shape, margin areoles slightly larger/longer than the rest,
and thinner, with crenate outer edge; Areoles: 0.75-1.25 mm, 0.5-1 mm deep, angular to
rounded borders, sometimes bullate or inflated looking, slightly convex upper surface; Upper
cortex: spot tests: K-, C-, KC -; Medulla: spot tests: K+ yellow turning to orange, C-, KC-;
Photobiont layer: cells 6.5-18 um in diameter, chlorococcoid, grass green color; Apothecia:
disc: margin: aspicilioid (lecanorine immersed) to somewhat sunken (with crater like edge),
concave, dark, pruinose over black equals gray, smooth; Asci: 51-82 x 20.6 pum, clavate;
spores/asci: 8; spores: color: hyaline size: 13-14 x 7.7-10 um; shape: ellipsoid; cells: simple;
oil: guttule to guttulate (from fewer to more oil drops); Paraphyses: branched, possibly
anastamosing; Epithecium: light olive-green, 25 um; Epihymenium: 10.32 thick um;
Hymenium: 77.7 um thick, hyaline; Subhymenium: | + blue in some areas of subhymenium
and | - in others; Substrate: epilithic on limestone; Pycnidia: none observed; Chemistry:
UV+, medulla, strong light orange

Circinaria calcarea
BRYC 39091a GP, St. Clair 13236a BRYC 39095 GP, St. Clair 13240

Growth form: crustose; Thallus: rimose-areolate; surface description: white due to calcium
oxalate crystals, pruinose, bumpy; topography: flat; Areoles: description: very flat, not much
topography to each areole, rimose fissures define areoles, areole margins sharp edged; Upper
cortex: calcium oxalate; Photobiont layer: photobiont a chlorococcoid green algae; color:
grass green; cell size: um; depth: - um thick; shape: cells roughly orbicular; Apothecia:
description: apothecia sunken, aspicilioid; color: dark brown to black disc; margin:
lecanorine, aspicilioid; size: Asci: description: asci sometimes found full of oil droplets and in
a primordial state; color: hyaline; size: 103 x 28 um; shape: cylindrical to clavate;
spores/asci: usually 4 spores per asci; Spores: color: hyaline; size: 22 - 25 um; shape:
globose; cells: simple; oil: guttulate (1 large oil drop in each); Epithecium: description:
calcium oxalate crystals; depth: um thick; Epihymenium: depth: 10 um; Hymenium: color:
hyaline; depth: 100.6 um; Substrate: epilithic, sandstone; Asexual Reproduction: none
found.

Circinaria contorta
BRYC 37297 CC, St. Clair 10876 BRYC 35562 LF, St. Clair 9667
BRYC 35528 DC, St. Clair 9633

Growth form: crustose; Thallus areolate; surface description: pruinose, velvety looking,
smooth, dull; color: dry - white to gray; wet - green gray; size: shape: margin: indeterminate,
lobed to not lobed, margin areoles sometimes thinner; topography: flat; Areoles: description:
angular to rounded borders, very bullate and inflated looking with convex surface and rounded
shoulders, contiguous or separate, sometimes imbricate, often scattered on periphery; size: 0.2-2
mm wide (1.0 mm common); depth: 0.3-1 mm deep; margin: areoles on margin thinner than
in center; Upper cortex: spot tests: K-, C-, KC-; color: white to gray due to pruina; tissue
type: paraplectenchymous, textura globularis; Medulla: spot tests: K-, C-, KC-; Photobiont
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layer: Photobiont a chlorococcoid green algae; color: grass green; cell size: up to 13 um;
shape: orbicular; Apothecia: disc descriptions: level to sunken, submerged to sessile;
epruinose to pruinose, flat to concave, discs orbicular to elongate to angular to odd shaped and
misshapen, stretched and sometimes folded in the middle; color: red brown to dark brown to
black; margin: aspicilioid, lecanorine, immersed, thalline margin slightly raised to slightly lip
like; size: disc 15-23 um in diameter; apothecia/areole: 1/1; Asci: spot tests: K-, | -; size: 22-
28.4 x 90-123 um; spores/asci: 4-6, halonate; shape: clavate; Spores: color: hyaline; size:
12.9-24 um; shape: globular to orbicular; cell: simple; Epihymenium: color: light olive-green
to gold brown; depth: 25 um; Paraphyses: spot tests: K-, I+ tips blue, going from blue to
purple to blue-green; moniliform: yes; tip width: 2.5 um; mid width: 1.6 um; Hymenium:
spot tests: K-, I+ deep blue top and bottom edge, some parts I- and clear; depth: 124-180 pum;
Hypothecium: spot tests: I+ light blue; color: hyaline; depth: 129 um; Substrate: epilithic,
limestone; Chemistry: UV- to UV+ upper cortex glows white to light green, medulla glows
white to yellow.

Key to the species of Buellia from the Spring Mountains National Recreation Area, Nevada

la. Crustose, areolate to slightly rimose-areolate, thallus very cobblestone like in

appearance, most areoles very small, irregular, rounded or bullate, some with shallow

fissures not lined with cortex; color: dry - brown to gold brown, gray brown in

places, sheltered areas of thallus light tan with green cast; wet — more gold brown

With greenish Cast iN PIACE ..........oiiiiiiiee Buellia badia

1b. Crustose, rimose-areolate, areoles with angular to rounded borders, formed by

deepening cracks not lined with cortex, flat; surface dull, epruinose, glebulose,

granular, plicate and rugose, translucent when wet, verrucose; color: dry — gray-

green to light green, to white to buff-tan ... Buellia disciformis

Buellia badia
BRYC 39177 TS, St. Clair, 13322

Growth form: crustose; Thallus: surface description: areolate, slightly rimose, thallus very
bumpy or cobblestone like, most areoles are irregular rounded or bullate looking lumps, some
with shallow fissures between that don’t look to be lined with cortex; color: dry - brown to gold
brown, gray brown in places, sheltered areas of thallus light tan with green cast; wet — more gold
brown with green cast in places; size: thallus covers entire piece of substrate collected, up to 7
cm long; shape: probably irregular; topography: flat overall, but very mounded up in places

on a micro-scale; margin: indeterminate to determinate, thinning quite a bit on margin in places;
Areoles: description: somewhat rimose-areolate, areoles very small; size: 0.3-1.25 mm; depth:
0.25-0.75 mm, margin 0.1 mm deep; fissure width: very narrow, un-measurable; Upper cortex:
spot tests: K-, C-, KC-; Photobiont layer: photobiont a chlorococcoid green algae; color:

grass green; cell size: 5-7 um; shape: very orbicular; Medulla: spot tests: K, C, KC; color:
off-white; depth: 129+ um; Apothecia: disc description: surface of apothecia somewhat
fissured in mature discs; color: dark brown; margin: lecidine, exciple margin noticeable and
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tire like, usually excluded upon maturity; size: 0.25-1 mm; apothecia/areole: 1/1; location:
diffuse throughout most of the thallus but absent on the margins to about 4-6 mm width; Asci:
size: 60-75 x 10-22 um; spores/asci: 8; shape: clavate; Spores: color: brown; size: 14-19 x
7.5-12 um; shape: ellipsoid, slightly constricted at septa; cells: 1, one septate; oil: none
observed; Epihymenium: color: brown; depth: 10-15 um; Paraphyses: moniliform: no, tip
slightly capitate; branching: none observed; color: tip brown cap; mid width: 1.75 pm; tip
width: 2.75-3 um; length: 90-100 um (in K, may be longer than actual); Hymenium: color:
amber; depth: 90-100; Subhymenium: color: gold, amber; depth: 160+ um; Hypothecium:
color: gold to amber; depth: 300+um; Asexual Reproduction: none observed; Substrate:
lignum; Chemistry: UV-.

Buellia disciformis
BRYC 35518 DC, St. Clair 9623 BRYC 37278 MJ, St. Clair 10857

Growth form: crustose; Thallus: areolate; surface description: dull, epruinose, glebulose,
granular, plicate and rugose, translucent when wet, verrucose; color: dry —gray green to buff,
light green to white; wet — green; shape: margin: indeterminate, irregular; Areoles:
description: angular to rounded borders, flat, rimose-areolate, areoles formed by deepening
cracks not lined with cortex; size: up to 1 mm in diameter; Upper cortex: spot tests: K+
slightly yellow, C-, KC-; color: light green to white, dull; Photobiont layer: photobiont a
chlorococcoid green algae; color: grass green, sheath 1um thick; cell size:16 um; shape:
roughly orbicular; Medulla: spot tests: K+ slightly yellow, C-, KC-; Lower cortex:
description: Apothecia: lecidine, black, extremely convex, smooth; Asci: I+ blue size: 65 x 15-
23um; spores/asci: 8; shape: clavate; Spores: description: buellia type; color: brown; size:
15-26 x 9-11 um; cells: 2 cells, 1-septate, not constricted at septa, septa 1.75-2 um thick;
shape: ellipsoid; oil: guttule to gullulate; Paraphyses: moniliform: moniliform to
submoniliform; branching: multi-branched; tip width: 5 um wide; mid width: 2 um wide;
lengtht: 70-80 um long; septa: 7-9 um apart; Hymenium: color: hyaline to slightly yellow at
the top (under microscope); depth: 80-90 um thick; Subhymenium color: light gold;
Hypothecium: division between subhymenium and hypothecium difficult to determine; color:
dark gold brown; depth: 200-300 um thick; Substrate: endophloeodal; Pycnidia: none
found; Chemistry: UV-.

Key to the species of Caloplaca from the Spring Mountains National Recreation Area, Nevada

la. Thallus crustose, placodioid, (lobed perimeter with areolate center); surface

continuous to areolate, epruinose, dull, smooth with a flaky, scaly surface, sometimes

verrucose in places; thallus bright orange to yellow-orange with green tones; center

areoles look like warts or pillars with an apothecia on top of each, these center areoles

often break away leaving lobed exterior; lobes long and strap-like; upper cortex K+

deep violet, C-, KC-; spores are hyaline, 11-14 x 6-8 um, ellipsoid, bilocular; septa:

1-1.5 um between locules, locules connected; UV+ thallus orange red............. Caloplaca saxicola
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Figure E- 3 Comparison of lichen substrates for all study sites in Mojave Desert
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Micrograph F- 4 Strangospora microhaema, close-up detail of what appears to be empty ascus (lg.
tubes) and what are probably paraphyses (thin tubes)
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