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Hidden biodiversity is revealed in this study of California’s subterranean fauna,
which contains distinctive elements that differentiate it from other North American
regions. Since 1975, the rate of discovery of new species has accelerated with funded
projects in most of the important cave areas of the state, including our own studies.
Here we compile all available biological records for subterranean sites in California
dating back to 1840.

California’s karst is primarily comprised of small outcrops of marble or lime-
stone with thousands of caves. Additionally, lava and ash flows, tens of thousands of
mines, hundreds of sea caves on the mainland coast and islands, and extensive
groundwater systems provide habitat for subterranean life.

At least 4,600 caves of all types are known in California, of which 22% have been
biologically sampled. We summarize 1,301 biological sites, and analyze data from

1
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998 caves: (693 karst caves and features, 181 lava tubes, and 124 sea caves), 143
groundwater sites, and 160 mines and tunnels.

The richest regions for obligate subterranean species are the Sierra Nevada, Kla-
math Mountains, and lava flows in the northern portion of the State. The high num-
ber (72) of single-site endemic species is indicative of the insular distribution of karst,
large differences in elevation, and the many river systems cutting across the state’s
mountain ranges.

In our database 1,366 taxa are recorded; 134 were determined to Family or high-
er taxa only. There are 102 troglobites (terrestrial cave obligates), 12 stygobites
(aquatic cave obligates), and 32 phreatobites (obligate groundwater forms). Of those
146 obligate subterranean taxa, 11 are still undetermined beyond Order or Family,
and represent an uncertain number of distinct species, although some may be more
than single new species. Our species list includes 109 new (currently undescribed)
species of all types, including 72 obligate subterranean species: 61 troglobites, 3 sty-
gobites, and 8 phreatobites, significantly adding to the knowledge of California’s bio-
diversity.

California has a long, complex geologic history. Karst with highly endemic, troglobitic (cave-
obligate or troglobiotic) species occurs in small outcrops of marble or limestone that originated
from island terranes that were accreted onto the North American plate. Extensive lava and ash
flows, mostly in northeastern California, also have rich cave fauna. More than 39,000 inactive
mines occur all across the state, many of them containing bats and interesting invertebrates. One
troglobitic species occurs in two littoral (sea) caves among the hundreds of sea caves on the coast
and adjacent Channel and Farallon Islands, but many marine species are known from sea caves and
there are some interesting terrestrial relicts. Extensive groundwater systems also provide habitat for
subterranean life, some narrowly restricted to specific aquifers or river substrates. Boreal, montane,
and tropical relicts are represented in the terrestrial cave fauna, but the true geographic origins of
much of the fauna remain to be elucidated.

Records of groundwater fauna in California date back to 1840, and cave fauna to 1863. Early
20th century archacologists and paleontologists conducted surveys of caves containing Pleistocene
deposits, and they discovered many new extinct and extant species. Since 1975 the rate of discov-
ery of new species has accelerated in most of the important cave areas of the state.

In 1979, five of the nine current authors began compiling an exhaustive faunal list and bibli-
ography. Many new species and records were added during intensive field work sponsored by the
U.S. Army Corps of Engineers in 1977—1978. Most of this work was concentrated in the Stanislaus
River canyon of the Northern Sierra Nevada because of a new dam for the New Melones Lake
(reservoir) and the scheduled inundation of numerous caves. In 1979 a study funded by the U.S.
Fish and Wildlife Service expanded the study of caves across northern California.

By 1985 about 650 species and subspecies had been recorded from 281 caves, 23 sea caves,
26 mines and 10 groundwater localities. In the 2000s projects were funded by the National Park
Service at Sequoia and Kings Canyon National Parks, Yosemite National Park, and Lava Beds
National Monument. The number of known subterranean species has doubled since 1985. The nine
authors collectively have done extensive field work across the state, and this paper and our associ-
ated Kryptos database (see Methods) document an effort to compile all biological records for sub-
terranean sites in California.

We summarize data from 1,296 biological sites, which are detailed below in maps, tables, and
discussions. Figure 1 is a map depicting California cave regions with density of caves per county
and 500 representative sites (localities) of all types.
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A troglobite is an animal that is limited to caves and similar habitats, and exhibits troglomor-
phy; also known as a “troglobiont,” obligate cavernicole, or obligate subterranean species. A sty-
gobite (stygobiont) is an aquatic troglobite. Troglomorphy includes the physical characteristics of
a troglobite or stygobite; e.g., reduced eyes and pigment, elongated appendages, well-developed
tactile and olfactory organs, etc. See Appendix 3, Glossary, for definitions of biological and geo-
logical terms.

At least 1,366 taxa are recorded in subterranean habitats in California (Appendix 1), including
102 terrestrial troglobites (terrestrial troglobionts), 12 stygobites (aquatic troglobionts), and 32
phreatobites (obligate, usually troglomorphic groundwater forms), a total of 146 obligate subter-
ranean taxa. Half (72) of the subterranean obligates are considered by taxonomists to be new (cur-
rently undescribed) species, with 61 troglobites, 3 stygobites, and 8 phreatobites. Our species list
includes 109 new (undescribed) species of all types, significantly adding to our knowledge of Cal-
ifornia’s biodiversity.

The number of species known from California caves will doubtless increase dramatically as
more caves, especially in remote areas, are studied. In addition, many collections, especially of
mites, spiders, centipedes, collembolans, flies, and other insect groups, await taxonomic study.

GEOLOGY AND CAVE REGIONS
Geologic Setting

California is a large state (1,345 km by 350 km, 423,970 km?) with complex physiography and
geology; it contains a diverse array of karst (carbonate rocks), volcanic, littoral (sea), and other
cave types (Fig. 1). Along with 450 defined aquifers (Carle 2004), there are numerous subterranean
habitats in which animals survive and adapt. In addition, more than 39,000 inactive mines occur in
many rock types across the state (California Department of Conservation 2000).

The state is a mosaic of plutonic, volcanic, metamorphic, and sedimentary rocks, often close-
ly juxtaposed. Karst areas in California are formed in ancient carbonate terranes that originated as
reef islands in the Paleo-Pacific Ocean, and were rafted on the ancient Farallon plate until they
accreted onto the west coast of North America along with other terranes. The Farallon plate col-
lided with the North American plate and was largely subducted beneath it. The remains of the Far-
allon plate are the Juan de Fuca, Explorer and Gorda plates (Lonsdale 2005).

The oldest carbonates are from the late Paleozoic Era, Carboniferous age, about 300 Ma (mil-
lion years ago). A major karst formation, the Calaveras Assemblage, contains sparse fossils of Per-
mian age (299 to 252 Ma) in its upper part, and it is strung out in many outcrops along the west
flank of the Sierra. Marble Mountain, part of the Klamath Mountains in the north, also is of Per-
mian age. Later carbonates are from the Mesozoic Era, probably Triassic age, 250-200 Ma. These
terranes underwent deep burial and metamorphism, and some became “roof pendants” embedded
in the Sierra Nevada Batholith.

The Sierra Nevada is 600 km long and 60 to 120 km wide. The Sierra Nevada Batholith is the
core of the Sierra, a large mass of igneous intrusive (plutonic) rock that formed during the late
Triassic (~210 Ma) into the late Cretaceous (~ 80 Ma). The batholith formed from
cooled magma deep in the Earth’s crust. The batholith is composed of many individual plutons,
which formed deep underground during separate episodes of magma intrusion, long before the
Sierra itself first began to rise (Bateman 1988).

Two major episodes of uplift and tilting ensued in the late Mesozoic, 120-80 Ma, followed by
erosion. A second episode in the late Cenozoic, 10—3 Ma, caused uplift in the form of westward tilt-
ing of the range as a block. Exhumation of the carbonates and subsequent karstification followed
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(Bateman 1988; Stock and Moore 2003). The ages of the karst caves are not well known, but dat-
ing of cave deposits indicates that caves of the southern Sierra began forming in the late Pliocene
and Quaternary, ~5 Ma to the present (Stock and Anderson 2002). In the Mother Lode region
(northern Sierra Nevada) deposits of Pliocene volcanic rocks (5.3 to 2.6 Ma) fill older karst caves
and similar features (Bruce Rogers, pers. comm.). Cave sediments along the Stanislaus River in the
central Mother Lode were dated to about 1.63 Ma by cosmogenic 20A1/19Be burial dating (Stock,
Anderson, and Finkel 2004). Many of the Sierran caves mark former river levels etched into the
bedrock walls of deep river canyons that were uplifted about 3 Ma. Coarse sediments in Clough
Cave, southern Sierra Nevada, are 1.03 +/- 0.13 Ma per cosmogenic 20A1/19Be burial dating, but
the cave could be much older (Stock et al. 2005).

The Sierra Nevada was repeatedly glaciated during the Pleistocene Epoch between 2 Ma to 10
ka (thousand years ago). During the glacial maximum about 22,000-18,000 ka, the Sierra had an
icecap about 430 by 30-50 km. During the most recent glaciation valley glaciers descended to alti-
tudes of 900 to 1,200 m. More than 15 glaciations may have occurred (Stock and Moore 2003).
These glaciations could have caused repeated isolations, colonizations, and extinctions of cave
fauna.

As aresult of the great relief among caves in the southern Sierra Nevada (500-3,350 m above
sea level), archipelagoes of caves and karst occur in a variety of different ecological zones, includ-
ing grass and oak woodlands, pine forests, steep river canyons, and alpine areas. Cave temperatures
range from 0 to 18°C. Few areas in North America display such ecological diversity in cave and
karst areas over such short distances (Stock and Moore 2003).

Lava flows in Siskiyou County range in age from 200 Ma, to 4-3 Ma, and as recent as
114-12.3 ka at Lava Beds National Monument. Subway Cave, in the Hat Creek Lava Flow of Shas-
ta County, is less than 2,000 years old. In many lava flows there has been ample time for animals
to become isolated in the lava flow crevices and tubes and evolve subterranean adaptations.

California’s Cave Regions

Geology and physiography combine to divide the caves into a number of isolated regions and
karst areas. The 12 regions in this paper (Fig. 1) correspond in part to commonly used biological
regions. The Central Valley (Sacramento Valley and San Joaquin Valleys) has very few caves. In
this paper the three coastal regions are treated in tabulations as one region, Coast Ranges. Our eight
primary cave regions are defined to summarize cave geology and cave biogeography, providing a
framework for broader summaries and biogeographic analyses. The descriptions of these regions,
subregions, and cave areas that follow are derived from Halliday (1962), Bateman (1988), Stock
and Moore (2003), Bruce Rogers (pers. comm.), and our own observations. Our relational database
and geographic information system (see Methods) created with this effort will facilitate future bio-
geographic research, including smaller areas with distinctive faunas.

More than 4,600 caves are currently known in California (Bruce Rogers, pers. comm.). We
have general locational data for about 2,776 sites in many rock types; this includes 1,322 caves,
pits, rockshelters, sinkholes, crevices and talus; 451 lava and ash caves; 405 littoral (sea) caves;
260 groundwater sites (including 38 sampled springs, 44 streams and lakes, 49 other hyporheic
habitats below streams, and 6 wells); and 223 mines. Table 1 provides details on regions, types of
sites, and numbers of sites that were biologically sampled.

Cave Region 1 — Klamath Mountains

This region, similar to the conventional Sierra-Klamath region, comprises western Siskiyou,
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TABLE 1. Major types of sites in the regions, of which 997 caves were sampled, 22% of the known 4,600
caves. The total number of California mines exceeds 39,000. See Methods for a description of the Kryptos
database.

Region Caves | Lava Tubes | Sea Caves | Ground-water | Mines Totals
1. Klamath Mountains 197 5 35 237
2. Lava Flows North 1 165 6 1 173
3. Sierra Nevada North 188 29 29 246
4. Sierra Nevada South 143 3 10 23 179
5. Bay Area/Delta 34 31 46 3 114
6. Coast Ranges 55 93 33 27 208
7. Mojave Desert 59 13 4 27 103
8. Colorado Desert 9 1 15 25
9. Sacramento Valley 1 1 2
10. San Joaquin Valley 2 8 10
11. Unknown 3 3
Total biological sites 692 181 124 143 160 1,300
Sites in Kryptos database 1,322 451 405 260 215 2,654

FIGURE 2. An outcrop of McCloud Limestone above Shasta Lake that contains Samwel Cave. Tree roots penetrate the
cave via two entrances and cracks. Jessica Blois.

northern Trinity, and western Shasta counties in the Klamath, Shasta, and Trinity National Forests
(Fig. 1). Mostly the caves are in carbonate rocks — limestone and marble. Table 1 lists 197 caves
biologically sampled. In addition to scattered sites throughout the region, four distinct areas with-
in the Klamath Mountains region contain subterranean sites. The Marble Mountains Karst
contains a group of caves in Klamath National Forest. Elevations generally range from
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1,200-2,000 m. The caves range widely in length, but a nationally important cave exists there: Big-
foot Cave, 20 km long and 367 m deep, which is also biologically rich. The Shasta Lake Karst is
an area developed in the immediate vicinity of Shasta Reservoir in Shasta National Forest, Trinity
County. Samwel Cave (Fig. 2) and Shasta Caverns are important caves with high biodiversity in
this karst. Caves are developed in the Permian McCloud Limestone. Moderate sized caves are pres-
ent with elevations ranging from 300-600 m. Additional sites include the Trinity Alps and the
Hayfork Area, both in Trinity and Siskiyou counties.

Cave Region 2 — Lava Flows North

This region includes volcanic areas within the Southern Cascades and Great Basin physio-
graphic provinces. Extensive basaltic lava flows from Medicine Lake Volcano, including Mam-
moth Crater, and Modoc Crater, are located in northeastern California in the Modoc Bioregion,
mostly in Lava Beds National Monument (LABE) in eastern Siskiyou and Modoc counties, but
also in Modoc National Forest to the south. LABE contains 790 lava tube caves (Jeanette Meleen,
LABE, pers. comm.) and associated features and more than 28 miles of passages; 25 caves have
marked entrances and developed trails for public access. In addition to their geological, anthropo-
logical and historical interest, the caves are home to a variety of cave-adapted organisms (Taylor
and Krejca 2006; Lynn 2014). Two representative lava tubes are pictured in Figures 3 and 4. A map
of the area is in Figure 5.

Many of the lava caves are complex and permanent ice is sometimes present. Most of the flows
are relatively young, ranging in age from 114,000 to 12,300 years old. The oldest lava from the vol-
cano is the basalt of Hovey Point, along the northern boundary of LABE, which is 445,000 +
25,000 years. The basaltic andesite of Callahan Flow is the youngest lava at LABE at 1,120 years.

FIGURE 3. Big Painted Cave entrance, with Schonchin Butte, a cinder cone in the background, Lava Beds National Mon-
ument, Siskiyou Co. Jean Krejca and Steve Taylor.
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FIGURE 4. A caver rappels into Fossil Cave, Lava Beds National Monument. The lava tube has a moist microclimate that
sustains ferns in the entrance. Jean Krejca and Steve Taylor.

About 90% of the lava in LABE is basaltic, a common extrusive igneous rock formed from the
rapid cooling of lava at or very near the surface (Lynn 2014; Bunnell 2013), although some GIS
geological coverage specifies dacite in many areas.

Lava tubes related to Lassen Peak (Mount Lassen) occur south of LABE in eastern Shasta,
Tehama, northern Plumas, and Lassen counties in Lassen National Volcanic Park, Lassen
National Forest and adjacent lands. Lassen Peak, southeastern Shasta County, is quite large, and
it is the southernmost active volcano in the Cascade Range. The Hat Creek Lava Area in eastern
Shasta County is an important focus of lava tubes (map, Fig. 5). Subway Cave is less than 2,000
years old.

We have data on 358 lava tubes in this region. Table 1 lists 165 lava tubes and 1 nonlava cave
in the region that were biologically sampled. The region has 5 single-site endemics. Other, more
isolated lava tubes exist in southeastern Sierra Nevada South and the Mojave Desert.

Cave Region 3 — Sierra Nevada North

We define this important region as southern Plumas County in the north to the Tuolumne-
Mariposa county line in the south. Caves are developed in the Calaveras Formation or Assemblage,
a highly metamorphosed marble of Permian age dating to between (299 and 252 Ma) in its upper
part; it is strung out in many outcrops along the west flank of the Sierra. The Calaveras is often
referred to as a “melange” because it contains many types of rock. The oldest carbonate rocks can
be found along the easternmost portions of this region, closer to the Sierra Nevada summits. These
consist of carbonate rocks from ancient islands, accreted onto the western edge of North America
during the late Permian about 275 Ma. The western carbonate rocks of the region are significantly
younger, from the late Jurassic Period about 150 Ma.
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Sierra Nevada North contains most of “The Mother Lode Region” or “The Gold Country,”
an historic and geologic region of California stretching from El Dorado County to Mariposa Coun-
ty. It is famed for the mineral deposits and gold mines that attracted waves of immigrants, known
as the 49ers, during the California Gold Rush of 1848—1855. Gold mines often were not far from
pockets of karst in the Stanislaus River Canyon. The gold deposits were found in many situations,
such as alluvium processed by placer or hydraulic mining, drift mines excavated through country
rock into ancient river alluvium under volcanics, or hard rock mining. The Transplant Mine in
Tuolumne County was a 1925 hard rock gold mine in Calaveras marble in which the miners fol-
lowed a so-called “quartz vein” that may have showed signs of “color,” probably misidentified cal-
cite crystals. The mine did not produce, and it was abandoned. As described below in Literature
Review and History, in the 1970s the mine was used as an experimental transplant site for threat-
ened cave fauna, particularly the harvestman Banksula melones (Elliott 1978, 2000b).

Mother Lode Karst. This karst area lies on the western flank of the Sierra Nevada North, but
similar outcrops of the Calaveras Assemblage are widespread in the Sierra Nevada South, and form
the most extensive karst in the state. There are many small, isolated karst outcrops, sometimes
referred to as “pods” or “lenses.” Because of the vertically tilted bedding planes, caves are typi-
cally small and vertical, many consisting of simple vertical shafts. Nearly all caves in this region
are in a narrow elevational range between 200 and 600 meters above sea level. No lava tubes are
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FIGURE 6. Forested karst at the entrance to Waterfall Cave, Yosemite National Park, Tuolumne Co. Jean Krejca.

known, although volcanic rocks occur in the region. Karst arecas within the Mother Lode Karst
include: the Stanislaus River Canyon, Calaveras Natural Bridges, Rockpile Area, Toppled Table
Talus Area, Volcano Area, and others. We have data on 409 sites, with 187 biologically sampled
caves (Table 1). Figure 6 is a view of the entrance of Waterfall Cave, at an elevation of 1700 m on
the boundary between Sierra Nevada North and South, Tuolumne Co., in Yosemite National Park.
Two maps (Figs. 7 and 8) depict the insular nature of the Mother Lode Karst, particularly in the
case of the distribution of the harvestman genus Banksula.

Cave Region 4 — Sierra Nevada South

We define this area as Mariposa County in the north to Kern County in the south. There are no
caves in the San Joaquin Valley portion of Fresno, Tulare, and Kern counties. About 300 caves are
generally developed in highly isolated carbonate roof pendants embedded in the Sierra Nevada
Batholith (Joel Despain, pers. comm.). These deposits are of Triassic age. The range of cave ele-
vations is extreme, extending from approximately 500 m to over 3,000 m. Cave development in
this region is diverse because of the large elevational range and differences in metamorphic alter-
ation of individual roof pendants. In Mariposa County a cluster of five important caves lies near
the North Fork of the Merced River, and a few talus caves and karst caves have been studied in
Yosemite National Park. Karst caves receiving the most study are in Tulare County, in Sequoia-
Kings Canyon National Parks (about 35 caves), and the surrounding Sierra and Sequoia
National Forests. This region contains some of the longer caves in the state, nine longer than
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500 m. Lilburn Cave, Kings Canyon National Park, is formed in marble (Fig. 9), and is the largest
cave in the region at 34.6 km long and 155 m deep. There are a few outlier caves in this region:
Microps Cave is a sampled lava tube on the west side of the Inyo Mountains, Inyo County. Other,
unsampled lava tubes are known there and on Crater Mountain, eastern Fresno County. We have
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California. B. grahami, a troglophile/troglobite, is found in 15 caves and one mine in at least 7 clusters over 13 km. B. mel-
ones, a troglophile, occurs in 22 caves in at least 4 clusters over 8 km in the same area. The two species were sympatric in
McLean's Cave, which was inundated by New Melones Lake. Both were introduced to the Transplant Mine.

records of 198 caves, of which 143 were sampled (Table 1), found in the following karst areas:
Kaiser Wilderness/Twin Lakes Area, Kings Caverns Geologic Area, Kings Canyon, Mineral King
Area, North Fork of the Merced River, Sequoia/Kings Canyon, South Fork of the Kaweah River,
Sparking Karst Area, and talus caves in Yosemite National Park.

Cave Region 5 — Bay Area/Delta

All counties in this region have small caves and groundwater sites. The region has 47 caves
and karst features (34 biological sites) and sea caves (31 sampled). Important cave arcas arc Napa
County (3 caves) and the Santa Cruz Karst. Clay Cave, Napa County, an important biological
site, is a soil pipe formed in volcanic ash (Table 1).

Santa Cruz Karst. This small karst area, about 63 km?2, comprises a series of small caves
developed in marble near the city of Santa Cruz and on Ben Lomond Mountain. The outcrop is of
limited extent at an elevation of 100—200 m. There are 44 known caves; we have data on 29 caves
(25 biological sites). This small area has high endemicity and biodiversity (including 3 stygobites
and 2 troglobites), and some of the caves are protected. Empire Cave is an important biological
site.
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FIGURE 9. A caver admires the marble bedrock in Lilburn Cave, Kings Canyon National Park, Tulare Co. Peter Bosted.

Cave Region 6 — Coast Ranges

This large region extends nearly the entire length of the state, and is divided into the subre-
gions North Coast, Central Coast, and South Coast. Included in this category are parts of the Trans-
verse and Peninsular Ranges to the south. Sea caves are covered below, but within the Coast
Ranges carbonate caves are generally rare, and most of the reported caves are a diverse assemblage
of rock shelters and talus caves. In Table 1 we have 55 caves, 33 sampled groundwater sites, and
27 mines (3 biological sites). The Pinnacles Talus in and surrounding Pinnacles National Park,
San Benito County, has at least 9 pseudokarst caves with 4 biological sites.

The 1,350-km California coastline, including the Channel Islands and Farallon Islands, con-
tain an estimated 800 littoral (sea) caves, distributed practically the entire length of the state, but
the majority are on the Channel Islands, especially in Channel Islands National Park, and along
the adjacent coast north to southern Mendocino County. Most are of limited extent and simple in
layout, formed by powerful wave action driving into faults and joints (Fig. 10). Mainland sea caves
are largely formed in Tertiary Period sandstone, mudstone, and shale. On the Channel Islands the
caves are mostly in mid- to late-Miocene basalt (16 to 7 Ma), but some have formed in agglomer-
ate, a coarse accumulation of blocks of volcanic material that contains many volcanic bombs
(Bewley 1988; Bunnell 1988c, 1993a, 1998).

We have data on 405 sea caves, including 93 biological sites (Table 1). These caves often have
dark zones and various communities depending on wave dynamics, nutrient input, light levels, and
bottom substrate. See the overview of Sea Cave Fauna below.
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FIGURE 10. A California sea lion, Zalophus californianus (on rock right of center), watches a kayaker in Painted Cave,
a sea cave on Santa Cruz Island. Dave Bunnell.

Cave Region 7 — Mojave Desert

A limited number of extremely isolated caves are known in the Paleozoic Limestones that crop
out in the mountains of the Mojave Desert in southern California. Most caves are between 1,000
and 1,500 m in elevation. The caves are relatively dry due to the regional aridity. We have data on
207 caves and karst features (59 biological sites), 13 sampled lava tubes, 4 sampled groundwater
sites, and 90 mines (27 biological sites, Table 1). Pisgah Crater and Amboy Crater contain many
lava tubes, but biological studies have only recently begun there. Pisgah Crater has perhaps 200
lava tubes (Harter 1992) with age estimates from 50,000 to 2,000 years, depending on which erup-
tion is dated. Amboy Crater’s age ranges from 100,000 to 18,000 years = 5,000 years (Wikipedia
2016c¢).

Cave Region 8 — Colorado Desert

This region is the northwestern subdivision of the much larger Sonoran Desert, and contains
the valley draining to the Colorado River in southeastern California, sometimes included in the
Mojave Desert. The majority of the Colorado Desert lies below 300 m, with the lowest point at
84 m below sea level at the Salton Sea. Although the highest peaks of the Peninsular Range reach
elevations of nearly 3,000 m, most of the region's mountains do not exceed 900 m. The region
includes all of Imperial and portions of San Diego, Riverside and San Bernardino counties, includ-
ing a narrow swath along the Colorado River (Fig. 1). More than 1,000 mines and a few caves are
known in the region. Biological records are available from nine caves, 15 mines, and one well
(Table 1). Obligate subterranean species are as yet unknown from this region.
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LITERATURE REVIEW AND HISTORY

The first scientific studies and collections of animals in California’s caves were sporadic and
opportunistic, and began with the discovery of California’s rich diversity of bats in various cave
and noncave habitats. Circa 1840, the famous naturalist John Audubon discovered the California
Bat (Myotis californicus (Audubon and Bachman 1842)). In the next two decades, several new
species of bats were discovered: California Leaf-nosed Bat (Macrotus californicus) and the West-
ern Pipistrelle (Parastrellus hesperus) in Fort Yuma (Imperial Co.); the Long-Eared Bat (Myotis
evotis) in Monterey; the Silver-Haired Bat (Lasionycteris noctivigans) in Fort Reading (Shasta
Co.); and the Pallid Bat (Antrozous pallidus) in the Mojave Desert (LeConte 1831; Baird 1858,
1859; H. Allen 1864, 1893). Joel Allen, a mammalogist at the American Museum of Natural His-
tory, described many of these western bat species and in the 1890s added two new species from
California: the Fringed Bat (Myotis thysanodes) from Dulzura (San Diego Co.) and Fort Tejon
(Kern Co.); and the Spotted Bat (Euderma maculatum) from Piru (Ventura Co.) (J.A. Allen 1891).
In this same decade, Clinton Merriam, known as the father of mammalogy and former head of the
U.S. Bureau of Biological Survey, described two more new species of bats from California: the
Western Bonneted Bat (Eumops perotis californicus) and the Pocketed Free-Tailed Bat (Nyctin-
omops femorosaccus) (Merriam 1889, 1890).

Under the tutelage of Joseph Grinnell (Director of the University of California Berkeley’s
Museum of Vertebrate Zoology), Hilda Grinnell published her doctoral studies on the bats of Cal-
ifornia in 1918. This comprehensive monograph described the distribution and habits of 63 bat
species and subspecies, many of which are still valid today (H.W. Grinnell 1918).

In 1879, Franz Steindachner described the blind goby fish (Typhlogobius californiensis) from
dark holes in rocky tidal pools in southern California. Because of its troglomorphic characters
(degenerate eyes, lack of pigment, slow metabolism), this goby was studied by the ichthyologists
Carl and Rosa Eigenmann alongside the typical cavefish that they were studying (R. Smith 1881;
Eigenmann 1890).

In 1866, national attention was brought to the marble caves of Calaveras County when a gold
miner discovered a human skull thought to be very old (Anonymous 1881). Josiah Whitney, then
the State Geologist of California as well as a geology professor at Harvard University, published
that this “Calaveras Skull” was proof of humans’ presence in North America a million years ago
(during the Pliocene Epoch he thought). It was later determined to be a hoax, with the skull, only
a few hundred years old, transplanted from a nearby looted Indian burial. The date of the arrival of
humans onto the North American continent is still debated to this day, with cave deposits being the
primary evidence.

Around this same time, California’s large diversity of cave invertebrates started to be discov-
ered by naturalists and taxonomists who visited some of the well-known caves in the state. In 1868,
L.G. Yates discovered a new genus and species of snail inside Cave City Cave (Calaveras Co.) —
the Tight Coin Snail (4dmmonitella yatesii [J.G. Cooper 1868]). James Cooper, then curator of gen-
eral zoology at the California Academy of Sciences, described this new species, and in the 1870s,
made various collections of his own, including the discovery of the Sierra Sideband Snail (Mon-
adenia mormonum) in Pioneer Cave (EI Dorado Co.) (Pilsbry 1939). In the 1890s, arachnologist
George Marx discovered the California cave harvestman, Banksula californica, and the troglobitic
spider, Usofila gracilis, in Alabaster Cave (El Dorado Co.); about this same time the troglophilic
ground beetle, Anillaspis explanata, was also discovered in the now-destroyed Alabaster Cave
(Packard 1888; Marx 1891; Banks 1900). In 1888, the entomologist and paleontologist Alpheus
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Packard noted that California contained two cave-adapted species in his national checklist of the
cave animals of North America (Packard 1888).

In 1878, a local explorer, J.A. Richardson, descended the pit inside Potter Creek Cave, Shas-
ta Co., via a rope ladder and found a bear skull. He sent the specimen to Edward Cope, who in 1879
described it as a new but extinct species — the giant short-faced bear, Arctodus simus, which has
since been found in many North American caves. In 1901, John Merriam, a paleontologist at U.C.
Berkeley, initiated the first systematic study of California caves with a focus on caves in the Shas-
ta Lake and Mother Lode cave regions, which contained rich paleontological deposits. Many
prominent scientists collaborated with Merriam in the cave surveys, which had generous funding
from the Hearst Family (Munthe 1975). In 1902, Eustace Furlong (Merriam’s assistant) rediscov-
ered the entrance to Potter Creek Cave, and over the next year the U.C. Berkeley team excavated
the pit, which had accumulated organic sediments to a depth of 7.6 m over the millennia. This ani-
mal and sediment trap yielded thousands of bones and fragments, of which 4,600 uniquely identi-
fiable vertebrate specimens were recovered. Over 50 undescribed animal species were discovered,
at least 21 of which were extinct (Sinclair 1904). The Princeton paleontologist William Sinclair
described many of these Ice Age species, and while visiting Potter Creek Cave, discovered five
undescribed extant species: the Potter Creek Cave spider (Nesticus potterius), a crab spider (Xysti-
cus punctatus), Kofoid’s cave isopod (Ligidium kofoidi), a cave centipede (Meinertophilus califor-
nicus), and the troglobitic japygid, Occasjapyx kofoidi (Sinclair 1904; Silvestri 1928; J.C. Cham-
berlin 1930; Maloney 1930; R.V. Chamberlin 1933). In 1911, the Shasta Sideband Snail (Monade-
nia troglodytes) was discovered in Potter Creek Cave (Hanna and Smith 1933).

Potter Creek Cave also yielded human artifacts, such as bone tools, flaked stone, mussel shells,
and charcoal. The anthropologist Frederick Putnam, along with U.C. Berkeley’s Anthropology
Department, was very interested in studying these northern California caves to determine “the
antiquity of man . . . when man first appeared in this region” (Munthe 1975). The nearby Samwel
Cave yielded similar troves of Ice Age animal bones, as well as human remains. A specimen of the
Sierra ground sloth, Megalonyx sierrensis Sinclair, was uncovered in Mercer’s Cave (Calaveras
Co.) while the Berkeley anthropologists searched for ancient human remains. Hawver Cave (El
Dorado Co.) was studied in 1906 by Furlong; extensive vertebrate deposits were uncovered, and
an article on the amazing assortment of bird specimens recovered was published later (Furlong
1907). This cave survey program started by John Merriam was abruptly discontinued in 1913 when
the massive fossil deposits in the Rancho La Brea tar pits were excavated.

Discoveries of new cave invertebrates continued sporadically during the early twentieth cen-
tury. In the 1910s, Phyllis’ false scorpion (Saetigerocreagris phyllisae) was discovered in Eaton’s
Cave, Los Angeles Co., and the troglobitic springtail, Plutomurus californicus, was discovered in
Palser Cave, Santa Clara Co. (Folsom 1913; J.C. Chamberlin 1930). In the 1920s and 1930s, Har-
vard invertebrate zoologist Ralph Chamberlin described many arachnids and myriapods from caves
in California and other cave regions (R.V. Chamberlin 1930, 1933, 1951, 1953a-b; R.V. Chamber-
lin and Ivie 1942, 1943). His nephew, Joseph Chamberlin, a Stanford graduate, continued these tax-
onomic labors, but focused on pseudoscorpions, and described many species from California caves
(J.C. Chamberlin 1930; 1952; 1962; J.C. Chamberlin and Malcolm 1960; Judson and D.D. Cham-
berlin 1998).

By this time, mines were starting to be studied biologically, and the Argus Mountains desert-
snail, Eremarionta argus, was discovered in Iron Cap Copper Mine (Inyo Co.) circa 1910; in 1928,
the Sidewinder shoulderband snail, Helminthoglypta crotalina, was discovered in Sidewinder
Mine, San Bernardino Co. (Edson 1912; Pilsbry 1939). In 1922, H. Barber, a USDA entomologist,
explored Sunnyside Mine and discovered a remarkable assemblage of millipedes, including four
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new species in three new genera: Bdellozonium cerviculatum, Buzonium crassipes, Endere disora
and Plumatyla humerosa (Cook and Loomis 1928; Loomis 1938,1943; Shelley 1997b).

Springs were studied sporadically, starting perhaps with the discovery of the pebblesnail,
Fluminicola seminalis, in springs and lava tube streams in the upper Sacramento River in 1840; in
1912, the Modoc pebblesnail, Fluminicola modoci, and Lost Creek pebblesnail, Fluminicola new
species #20, were discovered in Fletchers Spring, Modoc Co. (Hershler and Frest 1996). This was
just a hint of the large diversity of springsnails that exist in springs of arid regions of California and
neighboring states. All of these groups (Pyrgulopsis, Pristinicola, Tryonia, Vorticifex, Juga, etc.)
are now in danger of extinction due primarily to ground water depletion

The first systematic bioinventories of hot springs in California were performed by the Harvard
entomologist Charles Brues in the late 1920s, who contributed to the knowledge of these heat-tol-
erant, or thermophilous, animals (Brues 1928, 1932). In 1931 entomologist Edward Essig discov-
ered the California cave isopod, Calasellus californicus, in a well in Lake Co. (M.A. Miller 1933).
In 1937, E. Chace collected the Natural Bridge snail, Megomphix californicus, in Shasta Springs,
Shasta Co. (Smith 1960).

California’s vast diversity of spiders continued to be uncovered, above and below ground. In
1934, the sheetweb spider, Bathyphantes diasosnemis, was discovered in the lava tube, Subway
Cave (Ivie 1969; Gertsch 1984). In a single trip to Potter Creek Cave in 1937, Ralph Chamberlin
discovered three new spiders: Cybaeus septatus, the dwarf sheet spider, Hahnia sanjuanensis, and
the sheetweb spider, Arcuphantes potteri (R.V. Chamberlin and Ivie 1942, 1943). Another spider,
Titiotus humboldt, was discovered in Potter Creek Cave in 1950 (Platnick and Ubick 2008).

In the 1940s, several important speleological events occurred. In 1946, Erwin Bischoff (San
Francisco State College) published the first list of the known caves of California. The Sequoia
National Park naturalist, Frank Oberhansley, published a field book on Crystal Sequoia Cave,
Sequoia National Park, which contained the first inventory of the fauna of a California cave (Ober-
hansley 1946). Philip Krutzsch, a master’s student at San Diego State University, published an eco-
logical study of the bats of San Diego County (Krutzsch 1948). California’s first three chapters of
the National Speleological Society were started, including the Southern California Grotto (co-
founded by speleologist Bill Halliday) in 1948. In this same year, the Stanford Grotto was started,
mostly by students of the Stanford Alpine Club and the Geological Sciences Department of Stan-
ford University. For the next ten years, this grotto led a statewide survey of caves and made many
collections of cave fauna, discovering several new species, including the Dolloff Cave spider (Meta
dolloff) in Empire Cave (Danehy 1951b; Levi 1980). Edward Danehy, a co-founder of the Grotto,
published the first checklist of the animals collected in California caves (Danehy 1951b, 1952). The
Stanford Grotto published various other important studies of cave animals (e.g., Lange 1951). Co-
founders Edward Danehy and Arthur Lange discovered a new genus and species of sideband snail
(Speleodiscoides spirellum) in a cave in Amador Co. (Smith 1957). In 1957, Allyn Smith, a mala-
cologist at California Academy of Sciences, published a summary of the snails from California
caves, relying heavily on collections by the Stanford Grotto (Smith 1957). He concluded that there
were no cave-adapted snails in California, although a few species are restricted to limestone caves
and talus in California. In the early 1950s, the Stanford Grotto, along with the Southern California
Grotto and Santa Barbara College, made the first expeditions to caves of the Channel Islands (Orr
1951b).

After the Stanford Grotto disbanded in 1954, some of the members and their associates formed
new organizations that continued speleological studies in California, including the Cave Research
Associates (CRA, 1958-1973) and the Western Speleological Institute (WSI, 1959-1973). These
two organizations published the journals “Cave Studies”, “Cave Notes”, and “Caves and Karst”
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from 1953 to 1973, in which Richard E. Graham published numerous ecological studies about
California cave life (Graham 1960a-b, 1962a—e, 1963a-b, 1966a-b, 1967, 1968a—b, 1969a—c).

Founding members of CRA included Arthur Lange, Richard E. Graham, and Raymond
deSaussure, who discovered and studied many new caves and cave animals. In 1959, Graham dis-
covered the cave scorpion, Uroctonus grahami, and the cave pseudoscorpion, Pseudogarypus
spelaeus, in Samwel Cave. In 1960—1961, Graham discovered a cave millipede, Opiona siliquae,
in Fault Rock Cave, Mendocino Co.; the spider, Nesticus sodanus, in Soda Springs Cave, Plumas
Co.; and Graham’s cave amphipod, Stygobromus grahami, in caves of Calaveras County (Causey
1963; Gertsch and Soleglad 1972; Holsinger 1974; Benedict and Malcolm 1978a-b; Gertsch
1984). In 1963, Graham discovered the cave harvestman, Banksula grahami, in Moaning Cave,
Calaveras Co., and the cave pseudoscorpion, Fissilicreagris imperialis, in Empire Cave (Santa
Cruz Co.) (Briggs and Ubick 1981; Muchmore and Cokendolpher 1995).

Founding members of the Western Speleological Institute included Bill Halliday, Raymond de
Saussure, and Arthur Lange. This Institute was involved in many speleological studies. An exam-
ple was their partnership with Phil Orr of the Santa Barbara Museum of Natural History, and they
assisted the Museum in archaeological excavations in Calaveras Co. and the Channel Islands (Orr
1951a, 1952a-b; Quick 1979; Danehy 2003). In 1962, Bill Halliday published the controversial,
but important “Caves of California,” which included many observations of animals found in caves
and the first grouping of caves by a physiographic system (Halliday 1962).

Two important studies on the reproductive cycles and natural histories of bats were performed
in the 1950s: one by Robert Orr, a curator at the California Academy of Sciences, on the Pallid Bat,
Antrozous pallidus (Orr 1954); and the other by scientists at U.C. Berkeley’s Museum of Vertebrate
Zoology on Townsend’s Big-Eared Bat (Corynorhinus townsendii townsendii) (Pearson et al.
1952). The Pearson study was also important because it was one of the first papers to document the
decline of several bat colonies from scientific activities (banding and specimen collection). In the
1980s, U.C. Berkeley biologists, Dixie Pierson and Bill Rainey, started surveying bats, and in the
decades that followed they documented the decline of Townsend’s Big-Eared Bat, primarily due to
habitat disturbance. Until recently this bat was under consideration for listing as an endangered
species by the California Department of Fish and Wildlife.

During the 1950s and 1960s, two entomologists at the University of California at Davis’
Bohart Museum of Entomology, L. Smith and R. Schuster, made extensive collections of diplurans
(japygids and campodeids) throughout California, and discovered many new subterranean species
in the genera Campodea, Hecajapyx, Holjapyx, and Nanojapyx (Graening et al. 2014). John
Funkhouser, a curatorial assistant at Stanford’s Natural History Museum, published a checklist of
the salamanders in California’s caves (Funkhouser 1951).

Despite all of this published research on California’s caves, the richness of the State’s cave
fauna was still not fully appreciated. The speleologist G. Nicholas Sullivan listed only eight troglo-
bites from California in his national checklist of cave animals (Nicholas Sullivan 1960).

At the beginning of 1960s, Bruce Rogers and Thomas Briggs began their lifelong study of Cal-
ifornia caves. USGS geologist Bruce Rogers, although focused primarily on cave geology and cave
exploration, facilitated many biological studies of California caves over five decades. With arach-
nologist Thomas Briggs, Rogers described the fauna and flora in caves of the Sierra Nevada
(Briggs and GPC 1975). Briggs began studying California caves when he was an instructor at
Galileo High School, and continued as an associate researcher in the Department of Entomology
at the California Academy of Sciences. Briggs specialized in harvestmen, but he also made impor-
tant contributions to other arachnid orders, and trained many students to become productive taxon-
omists. With former student and fellow arachnologist, Vincent Lee, Briggs discovered Banksula
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galilei in 1966 in Lime Rock Caves, Placer Co., and the New Melones harvestman, Banksula mel-
ones, in McLean’s Cave, Tuolumne Co., in 1967 (Briggs and Ubick 1981). In 1965, Lee discov-
ered the scorpion, Uroctonites sequoia, in Clough Cave, Tulare Co. (Gertsch and Soleglad 1972)
and a new species of ice crawler, Grylloblatta, in Lilburn Cave (Lee 1967). In 1971, Briggs dis-
covered four new cave-adapted species in a single visit to Upper Shoshone Cave (Inyo Co.): a cave
cricket (Ceuthophilus n. sp.); a schizomid or short-tailed whipscorpion, Hubbardia shoshonensis;
a cave beetle, Rhadine n. sp.; and the cave harvestman, Texella shoshone (Briggs and Hom 1972;
Ubick and Briggs 1992). With his student Kevin Hom, Briggs discovered the cave harvestman
Calicina sierra in 1966 in Masonic Cave, Amador Co. (Briggs and Hom 1967). Together, Briggs,
Lee, and Hom discovered Calicina cloughensis in Clough Cave (Briggs and Hom 1967). In 1968,
Briggs discovered a new species of cave harvestman, Texella kokoweef, in Kokoweef Crystal Cave,
San Bernardino Co., and in 1980, discovered the cave spider, Calileptoneta briggsi, in Indian Val-
ley Creek Caves, Trinity County (Ubick and Briggs 1992; Ledford 2004). Briggs also documented
the extinction of troglobitic arachnids from Alabaster Cave caused by limestone quarrying (Briggs
1974a). Darrell Ubick joined the arachnology lab at the California Academy of Sciences in 1972,
and has discovered and described many new arachnids, primarily spiders and harvestmen, in his
career. With Briggs, Ubick discovered the harvestman, Banksula tutankhamen, in O’Neil’s Cave
(also known as King Tut Cave), Calaveras Co. in 1991 (Ubick and Briggs 2002).

In the mid-1960s, Briggs and his associates continued the study of the Santa Cruz Karst, a bio-
logically important cave region pioneered by Richard E. Graham and CRA in 1959 (Graham 1967,
1968a-b). They discovered new endemic species of opilionids and other fauna (Briggs 1968, 1971;
Briggs and Ubick 1988; Ubick and Briggs 1989). Since 1988, Briggs and Ubick have urged
wildlife agencies to preserve these caves (Briggs and Ubick 1988; Briggs 1990; Ubick 2001).

In 1966, the National Speleological Society held their annual convention at Sequoia National
Park (Tulare Co.), which renewed speleological interest in this important cave region, especially
Lilburn Cave, which would later be established as California’s longest cave (Quick 1979).

In the 1970s, the Mineral King Conservation Task Force worked successfully to prevent estab-
lishment of a ski resort at Mineral King Valley by adding the area to Sequoia National Park (Quick
1979). This area contains important cave resources. White Chief Cave, Tulare Co., contains a new
species of spider (Pimoa), harvestman (Zaracus), and an ice crawler (Grylloblatta) (Krejca 2006;
Graening et al. 2011).

Cave Research Associate and speleologist, Tom Aley, was among the first to explore the caves
in the Marble Mountains Wilderness Area, Siskiyou Co., in the 1960s. Speleologist Steve Knutson
established the Klamath Mountains Conservation Task Force in 1974 to organize the exploration
and protection of caves in the Marble Mountains karst area. In 1979, Craig Rudolph’s group made
biological collections in these caves and discovered two new spider species, Pimoa mephitis and
Bathyphantes n. sp., and a cave mite, Foveacheles auricularia (Rudolph et al. 1985; Zacharda and
Elliott 1985; Hormiga 1994). From the late 1970s through the early 1980s, Donald Hemphill and
Roy Suggett, two biologists from Pacific Union College, studied the cave fauna of the Marble
Mountains (Hemphill and Suggett 1978; Suggett 1982). This unique cave region is part of a larger
region of endemism (the Klamath-Siskiyou coniferous forests ecoregion) that is a biodiversity
hotspot of North America (Stein et al. 2000). Other endemic species have been found inside the
caves of the Marble Mountains, such as the ice crawler, Grylloblatta marmoreus, and the sideband
snails, Monadenia churchi, M. fidelis leonina, and M. marmarotis (Roth 2001; Shear 2011;
Schoville and Graening 2013).

In 1974, Steve Shimek and Paul Hara discovered the Sequoia cave isopod, Bowmanasellus
sequoiae, in Big Spring, part of the Lilburn Cave system (Bowman 1975; Lewis 2008). These
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cavers also discovered new species of cave amphipods: Stygobromus harai in Pinnacle Point Cave,
Tuolumne Co., and Stygobromus wengerorum in Bower Cave, Mariposa Co. (Holsinger 1974). In
1976, in conjunction with the Cave Research Foundation cartographic project of Lilburn Cave, a
biological survey was also initiated, with assistance from biologists from Fresno State University
(Campbell and Juarez 1979). Other biologists made occasional collections from the 1960s through
the 1990s in Lilburn Cave and other caves in Redwood Creek, including by the Academy’s arach-
nology group, Briggs, Lee, and Ubick; in Clough Cave by Rudolph’s group (Rudolph 1979); and
some by acarologist Cal Welbourn (Lee 1985; Despain 1993, 1994).

In addition to Mineral King, two more National Speleological Society conservation task forces
were established in the 1970s: the New Melones Task Force and the Klamath Mountains Conser-
vation Task Force. The former was organized by Ralph Squire of the Stanislaus Speleological Soci-
ety to establish a cave protection program in the Stanislaus River basin (Calaveras and Tuolumne
Counties) from the impacts of the New Melones Reservoir (Squire 1971, 1972; Quick 1979). Pre-
viously, in 1971, Thomas Briggs had alerted the U.S. Army Corps of Engineers (USACE) of the
endangered status of the cave harvestman species and the importance of the subterranean resources,
especially McLean’s Cave (Elliott 1978). In 1974-1975, USACE contracted Briggs to transplant
fauna to a surrogate cave habitat — the Transplant Mine (Briggs 1975). In 1977, USACE con-
tracted Southern Methodist University’s Archaeological Research Program to evaluate the 30 caves
to be inundated on the Main and South Forks of the Stanislaus River (McEachern and Grady 1978).
Andy Grubbs, cave biologist, discovered a new species of cave harvestman (Banksula grubbsi) in
Black Chasm Cave, Amador Co. (Briggs and Ubick 1981).

McEachern and Grady’s study, the previous studies by the New Melones Task Force, and cave
inventories by Elliott, then Rudolph, revealed the biological importance of these caves in the Moth-
er Lode karst region (Squire 1971, 1972; McEachern and Grady 1978; Elliott 1978, 1981b, 2000b;
Rudolph 1979).

Unsure of the success of the first transplant project, USACE contracted with cave biologist
William R. Elliott from Texas to transplant Banksula melones, B. grahami and other fauna from
McLean’s Cave to the Transplant Mine (Von Trump Mine) in 1977-78. He was assisted by Andy
Grubbs, Steve Winterath, Thomas Briggs, David Cowan, and Bob Martin (Elliott 1978). The trans-
plant project (Fig. 11) was temporarily successful in establishing Banksula in this cave-like habi-
tat, however the population eventually dwindled as predicted by Elliott because of a lack of con-
tinued food input to the mine (Elliott 1981b, 2000b; Ubick and Briggs 2002).

In 1979, cave biologist and ecologist D. Craig Rudolph (now with USFS), working under a
contract with the U.S. Fish and Wildlife Service, assembled a group of cavers from the Mother
Lode Grotto and other affiliations, and made important contributions to the study of California cave
life; the members were David Cowan, Steve Winterath, E. van Ingen, Barbara Martin, and for two
weeks William R. Elliott, and James R. Reddell (Texas Memorial Museum taxonomist and cave
biologist). Rudolph’s team discovered two new cave amphipod species (Stygobromus imperialis
and S. mackenziei) in Empire Cave, Santa Cruz Co., and they discovered the Trinity County amphi-
pod, S. trinus, in Hall City Cave, Trinity Co., and S. rudolphi in Monterey Spring, Santa Barbara
Co. (Wang and Holsinger 2001). They also discovered the cave harvestmen, Banksula martinorum,
in Heater Cave, Calaveras Co., and B. rudolphi in Chrome Cave, Amador Co.; the cave mite,
Poecilophysis melanoseta, in the Mother Lode cave region; and expanded the range of several cave
isopods (Holsinger 1974; Briggs and Ubick 1981; Zacharda and Elliott 1985; Lewis 2001; Wang
and Holsinger 2001).

In 1979, Rudolph, Elliott, Briggs, and Reddell began to assemble all available information into
a manuscript on the cave fauna of California (Rudolph et al. 1985); this unpublished checklist doc-
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FIGURE 11. Transplant Mine, Tuolumne Co., Andy Grubbs at transplant site “T2”, January 1978. William R. Elliott.

umented about 650 species in caves and springs in the State, with about 75 being troglobites. Elliott
et al. (1985, 2003) reported on California’s high cave biodiversity at biospeleology meetings, but
the forerunner of the current contribution remained unpublished, although it was available to inter-
ested cave biologists. In the ensuing decades, Elliott maintained a California cave fauna list and
Reddell made many taxonomic determinations of additional specimens from California caves
(Briggs 1990; Elliott 2003). The arachnologist Willis Gertsch of the American Museum of Natural
History identified California as a hotspot with at least 20 troglobitic spiders known at the time of
publication (Gertsch 1992). In 1998, the cave biologist and coleopterist Stewart Peck identified the
Sierra Nevada foothills as a troglobitic hotspot in North America, and listed 60 troglobitic species
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from California in his national checklist of cave animals (Peck 1998). Peck also documented the
diversity of fungus beetles (Leiodidae) in caves of California and the world in general.

The contributions of several other taxonomists must be mentioned. From the 1960s to the pres-
ent, William Shear, who began at Harvard’s Museum of Comparative Zoology, has described hun-
dreds of cave invertebrates, including nine new millipedes and harvestmen from California caves
(Shear 1969, 1974, 2010, 2011). Rowland Shelley (North Carolina State Museum of Natural Sci-
ences) has described hundreds of new species of millipedes and centipedes, including several cave
millipedes from California caves (Shelley 1994, 1995, 1996, 1997a-b). In 2002, he published a
checklist of the millipedes of California, which established California as a biodiversity hotspot for
this invertebrate class (Shelley 2002). From the 1960s to the present, William Muchmore, an arach-
nologist at the University of Rochester, has described the diversity of pseudoscorpions in caves in
California and the world in general.

Beginning in 1977, Rolf Aalbu, a coleopterist with the California Academy of Sciences, began
extensive pitfall trapping in caves across the State. This method of collection revealed a different
assemblage of invertebrates than those collected by the traditional method (opportunistically, by
sight). Besides documenting the hidden diversity of caves in the southwestern desert regions, Aalbu
discovered at least 14 new California cave species, including a new genus of cave pseudoscorpion,
Tuberochernes aalbui, new cave spiders, and new genera and species of beetles (Muchmore 1984,
1997; Aalbu and Andrews 1985, 1992; Aalbu 1990; Aalbu et al. 2012; Peck and Gnaspini 1997;
Platnick and Ubick 2005; Triplehorn 2007).

Since the 1990s, aquatic entomologists from the U.C. Berkeley Essig Museum of Entomolo-
gy have been documenting the biodiversity of springs in California. Cheryl Barr, for example, dis-
covered new species of subterranean amphipods, Stygobromus cherylae, S. cowani, etc. in springs
in the counties of Modoc, Napa, and Sonoma (Wang and Holsinger 2001; Graening et al. 2012).
William Shepard discovered a new amphipod species in a spring in Sonoma Co., and has docu-
mented many new aquatic invertebrates, especially riffle beetles, that are limited to springs in the
arid regions of California (Shepard 1992; Graening et al. 2012). Other researchers continue to doc-
ument this diverse and endangered fauna; recent genetic studies have shown that at least twelve
species of amphipods in the genus Hyalella are limited to springs in the southern Great Basin
ecoregion of California (Baldinger, Shepard, and Threloff 2000; Witt, Threloff, and Hebert 2006).

In the early 2000s, Joel Despain, a National Park Service speleologist, organized and secured
funding for bioinventories of the caves in California’s national parks. Under these contracts, cave
biologist Jean Krejca and colleagues inventoried over 35 cave and spring sites in Sequoia, Kings
Canyon, and Yosemite National Parks between 2002 and 2004, and accumulated nearly 6,000 tax-
onomic observations and collections (Krejca 2006, 2007, 2009a). Krejca’s team discovered 40 new
invertebrates, including new genera and species of cave millipedes, Amplaria muiri,
Pratherodesmus despaini, Taiyutyla loftinae, and Sequoiadesmus krejcae, a new species of Gryl-
loblatta ice crawler, and a new cave pseudoscorpion, Parobisium yosemite (Shear and Krejca 2007,
2011; Cokendolpher and Krejca 2010; Schoville and Graening 2013). The study was featured in
National Geographic magazine (September 2007). In 2010, an intensive ecological study of Clough
Cave was funded (Tobin et al. 2013).

The National Park Service also funded biological studies of the caves of Lava Beds National
Monument. This important cave region (Lava Flows North region, Medicine Lake highlands)
received some previous studies and discoveries in the last century. In 1951, Joseph Kamp discov-
ered the Monument’s endemic ice crawler, Grylloblatta gurneyi (Kamp 1963). In 1959, two species
of cave diplurans (Haplocampa) were discovered by Vince Roth, who made other collections in the
Monument’s caves (Graening et al. 2014). In the early 1970s, Peck reported the troglobitic milli-
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pede, Plumatyla humerosa, in caves of the Monument, and summarized the fauna in these and other
volcanic caves in western North America (Peck 1973). In 1982, dipluran taxonomist Lynn Fergu-
son (Longwood College) discovered a third species of Haplocampa (Ferguson 1992).

Bat populations at Lava Beds have been monitored since at least 1988 by various researchers,
including Dixie Pierson, Bruce Rogers, and David Cowan; that same year, the Cave Research
Foundation established a long-term scientific study of the Monument’s caves. Under contract in
1989, Rod Crawford (University of Washington), with colleagues Clyde Senger and David Cowan,
bioinventoried some of the caves. In 1993, Christopher Richard, of the Oakland Museum of Cali-
fornia, documented the diversity of ferns that exploited the microhabitats of the Monument’s caves.
Under contract in 2005, Jean Krejca and Steve Taylor (Illinois Natural History Museum) invento-
ried 29 caves in the Monument; these surveys revealed several new cave invertebrates that await
taxonomic identification (Taylor and Krejca 2006; Shear et al. 2009). Diana Northup, National
Cave and Karst Research Institute, and fellow microbiologists performed studies in the Monu-
ment’s caves and other California caves to determine how microbes had adapted to these extreme
environments (Northup and Boston 2006).

Arachnologists at the California Academy of Sciences continue to make important contribu-
tions to our understanding of cave faunas within California and beyond. Joel M. Ledford is docu-
menting a huge diversity of species and adaptations in cave spiders in the genera Usofila and
Calileptoneta, and with Charles Griswold, has described many new cave spiders in the family
Leptonetidae (Ledford 2004; Ledford and Griswold 2010a-b). Griswold and colleagues also
described a new family of cave spiders — Trogloraptoridae (Griswold et al. 2012); this new spider
was first collected by G.O. Graening and fellow caver Ron Davis in a cave on the California-Ore-
gon border in 2011.

Cave biologist G.O. Graening, Sacramento State University, began studying California caves
in 2009. Teaming with cavers from California’s NSS (National Speleological Society) grottos and
researchers from various museums and universities, Graening has performed bioinventories in
more than 140 caves and springs in 18 counties. Discoveries to date include a new troglobitic
silverfish, Speleonycta, from Crystal Stanislaus Cave, Calaveras Co.; a new cave amphipod,
Stygobromus n. sp., from springs in Pinnacles National Park; a new genus and three new species
of cave millipedes from the Marble Mountains, Opiona graeningi, etc.; and a new species of
dipluran, Campodeidae (Shear 2011; Graening, Scherbanyik, and Arghandiwal 2012). Graening
and colleagues published checklists of California’s isopods and amphipods and of North America’s
ice crawlers that also summarized the distribution and diversity of these groups in subterranean
habitats (Graening, Rogers, Holsinger, Barr, and Bottorff 2012; Graening and Rogers 2013;
Schoville and Graening 2013). Graening created a statewide cave fauna occurrence database,
Kryptos, and is collaborating with the other authors of this monograph and other scientists and
conservationists.

Recent taxonomic works include Gomez, Reddell, Will, and Moore (2016) on molecular
systematics of the ground beetle Rhadine; Marek, Krejca, and Shear (2016) on the new millipede
Illacme tobini; and Shear and Warfel (2016) on new species and revisions of Oskoron and Taracus
harvestmen.

METHODS

Besides the many literature records detailed above, collectively we have accumulated a large
number of collections since the 1970s. Most collections were made by hand by the authors, their
assistants and associates, cavers and entomologists working under permits or permissions from
landowners. Most invertebrates were preserved in ethanol or other fluids appropriate for a particu-
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lar taxonomic group. Early records of bats and other vertebrates generally were reported in the
literature from field collections; later from observations or net/release, and not from collected spec-
imens. Some invertebrates were collected using pitfall traps with or without bait.

There has been no organized sampling of groundwater fauna in California. Instead, ground-
water fauna have been opportunistically discovered during other aquatic sampling programs, either
for stream bioassessment or for cave bioinventories. These sampling programs employed kick nets
during benthic sampling or harvest by hand net when visually detected. Nevertheless, these meth-
ods have uncovered a unique and diverse assemblage of macrocrustaceans, primarily amphipods
and isopods. Meanwhile, microcrustaceans remain largely undocumented, except for bathynel-
laceans discovered while sorting benthic grab samples. When modern sampling techniques are
employed and groundwater habitats are systematically sampled in California, a similarly diverse
microcrustacean fauna probably will be found.

Our collective data were maintained in computer documents as species lists, cave lists, and
bibliographies. In 2009, G.O. Graening created the Kryptos database in Microsoft Access®. Kryp-
tos is a privately owned relational database with data primarily on California’s subterranean
species, locations, and occurrences, including field collections, observations, and literature records.
Other tables cover taxonomists and literature. Kryptos was developed further with William R.
Elliott and others, and queries were designed to generate summary tables for this paper. The data
in this monograph are dated December 16, 2016.

Biodiversity, how diverse the species are in a defined area, may be measured in different ways.
We were interested in examining biodiversity in California caves by using a multivariate metric
including troblobite endemism, which we knew to be high in many caves. We calculated a biodi-
versity score, B, a composite value of several statistics of interest, as done by Elliott (2007). We
examined the number of species (species richness or SR) per site, the number of troglomorphic
species per site (T), and troglobite endemism, e (troglomorphic species with limited distribution)
per site. The value e is the reciprocal of the number of known sites for an obligate cave species,
e.g., 1/5 sites = 0.20. We also calculated SE, “site endemism,” that is the sum of e per site. B; = SR
x T x SE was used to rank 38 top caves in descending order. In all 38 cases SE was > 0. We trun-
cated the final dataset to the top 20 caves because SR fell below 12 after 20 caves, and we thought
that insufficient sampling could be a problem in the caves with low SR. B,, a similar measure of
biodiversity, was calculated as SR x T x SST (SST is the number of single-site troglomorphic
species in the cave).

Linear regression analysis and statistical tests were performed in the Excel® spreadsheet pro-
gram of B, vs. cave elevation, SR vs. cave depth, and T vs. cave depth.

For this paper and beyond, Elliott developed a geographic information system (GIS) using
QGIS (Quantum GIS), a free, open-source, multi-platform computer program that uses many for-
mats and tools to build maps for publication. Attribute tables and geotiffs were drawn from Kryp-
tos and many online sources: California Polytechnical University/Pomona, California Department
of Conservation, Caltrans GIS Data, Free California GeoTIFF Maps, Geospatial Innovation Facil-
ity at University of California/Berkeley, State of California Geoportal, University of California/
Davis, USDA Forest Service Geodata, USGS National Geologic Map Database, and USGS Nation-
al Map small scale. Point, polyline, and polygon shapefiles were developed as layers in the GIS.
Researchers needing assistance with data and GIS layers may contact G.O. Graening through The
Subterranean Institute at http://www.subinstitute.org/California/index.html or graening@csus.edu.

Many taxonomists were enlisted in identifying species and describing new species, and we
have listed them in Acknowledgments. Most of the collections eventually were deposited in these
museums: American Museum of Natural History, New York; California Academy of Sciences, San
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Francisco; Illinois Natural History Survey, Urbana; University of Texas, Biodiversity Collections,
Austin (about 1,000 California records are deposited in the Biospeleology collection); and the U.S.
National Museum of Natural History, Washington, D.C.

OVERVIEW OF FAUNA

Sea Cave Fauna

California’s sea caves sometimes have dark zones, and may contain many marine invertebrates
and fishes that are attracted to dim light, darkness, or the shelter that crevices provide. California
sea lions and harbor seals sometimes shelter in the caves (Fig. 12 in the contiguous photographic
section). A troglobitic isopod has been found in two caves.

Henderson (1983, 1988) described in detail the marine ecology of two caves on Santa Cruz
Island. Diablo Anchorage Cave has two entrances and is subject to the prevailing, violent north-
west swell, which enters the west entrance and exits the smaller east entrance, a blowhole. The cave
is usually submerged and the bottom is floored with boulders, influencing the variety of inverte-
brates. The high flow of seawater and nutrients support filter feeders such as white sponge (Fig.
13), blue sponge, corals, barnacles, rock mussels, polychaete worms, and their predators, such as
California spiny lobster. Resident fishes include rockfish, opaleye, perch, sheepshead, blacksmith,
senioritas, spiny dog shark, and swell shark (scientific names are listed in Appendix 1). The two
sharks are night or dim-light feeders especially attracted to this cave, forming tangled masses of
many sharks.

Fry’s Harbor Cave has one entrance in the lee of Santa Cruz Island, calmer water than Dia-
blo Anchorage Cave, less nutrient input, and a silty bottom with breakdown false floors creating
upper and lower galleries. This environment attracts a different community. There are few lobsters,
but many black abalone feeding on algal bits and kelp drifting in from the entrance. Green
anemones grade from green near the entrance to translucent white with pink highlights, owing to a
loss of symbiotic green algae in their tissues in the darkness. Commonly seen are giant rock
scallops and nudibranchs, including a new species discovered there, Jorrunna pardus, the leopard
spot nudibranch.

Two mainland sea caves, Brigadune Cave (Cliff House Cave) and Sutro Baths Cave (Sutro’s
Cave), San Francisco County, contain an undescribed troglobitic terrestrial isopod, “Undetermined
Oniscidea.” Cliff House Cave’s entrance is usually partly blocked with granitic beach sand and tree
trunks. These are the only records of a troglobite from California sea caves.

A few caves on the Farallon Islands contain the troglophilic rhaphidophorid cricket, Faral-
lonophilus cavernicolus, a genus unique to those islands. The cricket colonies are moderately large
(see Crickets overview below). The Farallon Islands were connected to the mainland during the
low sea level stands in the late Pleistocene Epoch between about 25,000 and 15,000 ka and/or
about 125,000 ka. Perhaps the crickets were distributed from the mainland to the present islands,
and became isolated there relatively recently. The arboreal salamander, Aneides lugubris, is also
known from sea caves on the Farallons and mainland caves (see Herpetofauna overview and
Appendix 1).

Another troglophile, Brackenridgia heroldi (Fig. 14), may have originated from littoral envi-
ronments; the Oniscidea were ultimately derived from marine ancestors (Broly et al. 2013). This
terrestrial isopod, though blind and depigmented, was originally known from the seashore at San
Mateo, San Mateo County, and up to 1,200 m in Muir Woods, Marin County, where it occurs in
leaf litter and other organic debris. It is known from 39 terrestrial caves in eight counties from the
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TABLE 2. The 57 troglobitic arachnids of California. D = described, unD = undescribed species. KM: Kla-
math Mountains; LFN: Lava Flows North; SNN: Sierra Nevada North; SNS: Sierra Nevada South; MD:
Mojave Desert; BD: Bay Area/Delta.

Order Family Genus species D unD County (Cave) KM | LFN | SNN [ SNS | MD | CR
Scorpiones Vaejovidae Uroctonus grahami 1 Shasta (Samwel Cave)
Chthoniidae Aphrastochthonius 2 Calaveras
Chthoniidae Apochthonius grubbsi 1 Calaveras
Neochthonius 2 2 Calaveras, Tuolumne, Tulare, Santa Cruz
Pseudogarypidae | Pseudogarypus 2 Shasta, Calaveras, Tuolumne
Australinocreagris 1 1 Calaveras, Tuolumne
Pseudo- Neobisiidae Fissilicreagris 1 4| Tulare, Santa cruz
scorpiones
"Microcreagris" 2 Calaveras, Tuolumne, Mariposa
Parobisium yosemite 1 Mariposa
Chernetidae Tuberochernes 1 1 Tulare, Inyo
Larcidae Larca laceyi 1 Calaveras
unplaced unplaced 1 Siskiyou (Lyon's Road Cave)
Taracidae Taracus fluvipileus 1 Shasta
Opiliones Ban'k‘su/a 8 Placer, El Dorado, Amador, Calaveras, Tuolumne
Pt i Calicina 1 Tulare
Texella 1 Inyo (Titus Canyon Cave)
Telemidae Usofila 1 Shasta, El Dorado, Calaveras, Tuolumne, Tulare
Leptonetidae Calileptoneta 1 2 Trinity, Calaveras, Tulare
Erigoninae 1 Amador, Tuolumne
Linyphiidae Linyphiinae 1 Tulare (Lilburn Cave)
Oaphantes 1 Tulare (Paradise Cave)
Araneae Spirembolus 1 Tuolumne, Tulare
Nesticidae Nesticus potterius 1 Shasta
Cybaeidae Cybaeozyga 2 | shasta
Cybaeus 1 Shasta Co (Samwel Cave)
Dictynidae Blabomma 6 Shasta, Amador, Calaveras, Tuolumne
Yorima 1 Tulare
Hubbardiidae Hubbardia shoshonensis 1 Inyo (Shoshone Cave)
pigradi Pr I Prok i 1 | Amador, Calaveras
Acari idii Foveacheles titanica 1 Calaveras, Tuolumne
unplaced unplaced 1| Tulare
26+ 31 =57 Total

Mojave Desert to Sierra Nevada North, but not from a sea cave. It was transplanted from McLean’s
Cave to the Transplant Mine. Other species in the genus, all troglobitic, are known from Arizona,
New Mexico, Texas, and eastern Mexico.

Arachnids

Members of the Class Arachnida are primitively cryptozoic organisms and denizens of moist
dark habitats such as leaf litter, rock undersurfaces and crevices, including caves, where they con-
stitute a significant part of the cavernicole fauna. Of the 928 terrestrial troglobite species recorded
north of Mexico, 334 (36%) are arachnids (Peck, 1998). Similar results were found for the south-
ern Cumberland Plateau, where the 52 arachnid troglobites are 35% of the fauna (Zigler et al.
2014). The Appalachian karst has fewer arachnids, only 42 species or about 23% of the total, and
in sharp contrast to that of Texas, which has 73 species, or 68% of its total (Culver et al. 2003). In
California, arachnid troglobites are well represented and the 57 species (see Tables 2 and 3) repre-
sent 57% of the fauna. This richness in species extends to higher taxonomic diversity; 7 of the 11
arachnid orders in California caves are represented by at least one obligate cavernicole. In descend-
ing order the common troglobites are pseudoscorpions (23), followed by spiders (18), and harvest-
men (11). The same trend was found in the above studies, but with differing proportions: 161, 124,
42 for the entire United States (Peck 1998) and 39, 8, 4 for the Cumberland Plateau (Zigler et al.
2014); 62, 12, 5 for the Interior Low Plateau; and 23,15, 0 for Appalachia, which is unusual in lack-
ing troglobitic harvestmen (Culver et al. 2003). In contrast, only 9 arachnid troglobites occur
among Missouri’s 33 troglobites. Missouri is a mesic state with aquatic species being 60% of its
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TaBLE 3. Cave spiders of California. Gray highlights families without cavernicoles, green probable acci-
dentals, light blue troglophiles, and dark blue troglobites. For species tallies: CV-cavernicole; ?-unresolved;
AX-accidental; TX-trogloxene; TP-troglophile; [C]-TP known only from caves; TB-troglobite.

group  Family cV [? AX TX TP |[C] TB group  Family cv ? AX TX TP [C] TB
Antrodiaetidae 1 1 - Amaurobiidae 7 a 3 3
2 Mecicobothriidae 0 % Agelenidae 1 il
g Dipluridae 0 %- Hahniidae 7 1. 6 [1]
E Nemesiidae 1 1 B Cybaeidae 7 2 2 3
§ Ctenizidae 0 £ Dictynidae 21 1 13 :
€ Euctenizidae i 1 £ Amphinectidae 0
Theraphosidae 1 i © Desidae 0
Hypochilidae 2 2 Zoropsidae 10 10 [2]
Filistatidae 1 1 - Miturgidae 0
Caponiidae 1 1 g Pisauridae 0
Trogloraptoridae 0 E’>._ Lycosidae 2 2
Segestriidae 0 - Oxyopidae 0
8 Dysderidae 0 Thomisid: 1 il
;>~o Oonopidae 0 Selenop-idae 0
=  Pholcidae 9 2 7 Sparassidae 0
2 | Plectreuridae 1 Eutichuridae 0
Diguetidae 0 Clubionidae 0
Sicariidae 3 3 " Anyphaenidae 1 1
Scytodidae 0 _¢:u Liocranidae 1 1
Telemidae 2 al, ? it ;>’. Philodromidae 1 i,
L idae 7 4 3 ._g Salticidae 1 il
Oecobiidae 0 Corinnidae 0
2 Titanoecidae 0 Phurolithidae 1 il
€  Homalonychidae 0 Trachelidae 0
Zodariidae 0 Gnaphosidae 2 2
Uloboridae 1 1 Prodidomidae 0
Theridiidae 11 6 5
Mimetidae 0 Species Totals 146 16 27 4 80 5 19
% Araneidae 1 il % 100 11 18 2 54 3 13
&  Anapidae 1 a
% Mysmenidae 1 1 Family Totals 61
° Tetragnathidae 5 2 3 [1] Cavernicoles 35
Nesticidae 3 2 [1] il AX only 12
Linyphiidae 27 | 6 al 16 ? 4 TP+TB 17
Pimoidae 3 8 B 6

obligate subterranean fauna (Elliott 2007). A different trend occurs in Texas (16, 44, 13), where spi-
der troglobites predominate (Culver et al. 2003).

In all, about 250 arachnid species are recorded from Californian caves, with the troglobites
representing about 24%. Most of the remainder are troglophiles (about 100 species), which
exhibit varying degrees of troglomorphy and cave fidelity; the rest (about 80 species) are troglox-
enes or accidentals.

Scorpions, schizomids and palpigrades each have one troglobitic species. Although several
species of scorpions occur in caves, only Uroctonus grahami is a troglobite, and is known from a
single cave in the forested karst of Shasta County. The troglophile Uroctonites sequoia (Fig. 15),
occurs only in Clough Cave, Tulare County; the median eyes are small and the third lateral eye is
obsolete. The scorpion Uroctonus mordax also occurs in Clough Cave and other caves and epigean
localities (Fig. 16). The schizomid, Hubbardia shoshonensis, is also known from a single cave, but
from the Mojave Desert of Inyo County (Fig 17). An unidentified schizomid, probably a species of
Hubbardia, was observed in Clough Cave. A palpigrade species, which remains to be described,
has been collected in two caves in Sierra Nevada North.

Mites are very abundant and diverse in caves, but most are parasites associated with mammal
residents. Only two troglobites have been recorded, a predatory rhagidiid, Foveacheles titanica,
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from the Sierra Nevada North, and an undescribed species from Tulare County, Sierra Nevada
South. A rhagidiid was photographed in a cave at Lava Beds National Monument (Fig. 18).

Harvestmen (Opiliones) are common cavernicoles in California, with the exception of the
most primitive members, the mite-like Cyphophthalmi, which have not yet been recorded from
Californian caves, although ranging in proximity of karst areas. Nine representative harvestmen of
six families are illustrated in Figures 19-27. The Eupnoi, by comparison, are the most conspicuous
cave harvestmen, especially the long-legged Leiobunum species (Fig. 19), or “Daddy longlegs,”
sometimes referred to as “cave hair” because of their dense aggregations. Members of this subor-
der are trogloxenes and not cave restricted. The Dyspnoi are moderate-legged forms, represented
by several probably troglophilic species in five genera, but with only a single troglobite in
Taracus, T. fluvipileus, which is the only troglobitic arachnid from lava tubes and is characterized
by much longer appendages than its troglophilic relatives, such as 7. audisioae (Fig. 20). The Lani-
atores family Phalangodidae, our shortest-legged harvestmen, is most diverse in the Californian
region and is richly represented in caves. Of the 23 species (6 genera) so far recorded, 10 are troglo-
bites, with eight in Banksula (Figs. 21-22), an endemic of Sierra Nevada North, and one each in
Calicina (Fig. 23) from Tulare County, Sierra Nevada South, and 7exella from Inyo County,
Mojave Desert. Maps in Figures 7 and 8 illustrate the highly insular distribution of Banksula in the
Sierra Nevada North region. Each of these genera also includes at least one troglophilic species
known only from caves and likely cave restricted. The remaining eight troglophiles are of species
with largely epigean distributions. With the exception of Calicina, which is the basal lineage of
Phalangodidae, all other troglobites (including all Texan and eastern U.S.A. phalangodids) belong
to the same, derived lineage, the bifurcate clade. The intermediate species, the sitalcinoid complex,
are represented by several genera and many epigean species in California, but with only a few
troglophiles in Sitalcina (Fig. 24) and Megacina (Ubick 2007).

Pseudoscorpions have the highest cave diversity, with 23 troglobites distributed mostly among
the Neobisiidae (10) and Chthoniidae (7), followed by Pseudogarypidae (2), Chernetidae (2), Lar-
cidae (1), and a species not placed to family. Most of the troglobites are in the Sierran karst (17),
and the two species in the Santa Cruz Karst are the sole representatives of troglobitic arachnids in
the Bay Area/Delta Region. The highest diversity of U.S. troglobites is in the Interior Low Plateau,
which has an astonishing 62 species (Culver et al. 2003), although the pseudogarypid troglobites
are strictly Californian. Eight representative pseudoscorpions of four families are shown in Figures
28-35.

Spiders are very common cavernicoles in California (Tables 2 and 3) and about 145 species
are recorded from caves. Most of these species are troglophiles (79) and troglobites (19), and the
remainder largely accidentals (27). Cavernicoles are recorded in 35 families, or just over half of the
61 families known for the region; 17 families include troglophiles and troglobites, 12 are repre-
sented only by accidentals. Troglobites are found in six families which represent three major
spider groups. Twenty representative photographs of 15 families are shown in Figures 36-55.

The first spider group contains the haplogyne families, which are at the basal branches of true
spider phylogeny (Araneomorphae), and are extremely well represented in caves with troglobites
recorded from most of the families. In California, haplogyne cavernicoles are known in 8 families
(29 species), mostly troglophiles, but with four troglobites recorded for Telemidae and Leptoneti-
dae, both small spiders that construct delicate sheet webs. Telemids are represented by Usofila
(Figs. 36-37), a wide-ranging genus in the western Nearctic of mostly epigean species, but with
troglobites known only from California. The genus is in need of revision as the currently recorded,
undescribed troglobite is widely-distributed and probably represents a species complex which has
yet to be resolved (Ledford and Griswold 2010b). Leptonetids are represented in California by two
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genera and 7 species of cavernicoles, which includes three troglobites in Calileptoneta. Unlike
telemids, which are restricted to the Californian region, leptonetids range into the eastern Nearctic,
with many troglobitic species in Texas (Tayshaneta) and the Appalachians (dppaleptoneta).

The second group with troglophilic spiders are the orbicularians, orb weavers and their rela-
tives, and is also represented by eight families of cavernicoles, but with more species (40). All of
the families have troglophilic representatives but only two, Linyphiidae and Nesticidae, have
troglobites. Linyphiidae are well-known as troglobites, especially the numerous species of Troglo-
hyphantes in the Mediterranean region, as well as several genera with troglobitic species in
Appalachia. Troglobitic linyphiids (Figs. 38—39) are very rare in California, mostly discovered in
recent surveys in the Sierra Nevada, and known by four undescribed species belonging to different
genera. By contrast, California’s Nesticidae are well known and the three species of Nesticus all
occur in caves, but only N. potterius is troglobitic; the other two species (Figs. 40-41) are
troglophiles, with one mostly epigean in distribution (N. silvestrii) and the other restricted to caves
(N. sodanus). The family is common in caves globally and troglobitic species occur in both the
Appalachian region, represented by a different species group of Nesticus, and in Texas, by Eid-
mannella. The families Pimoidae (Fig. 42) and Tetragnathidae include strongly troglophilic
species, but are without troglobites in California. The tetragnathid genus, Meta, occurs in caves
across the Holarctic and is known in California by Meta dolloff (Figs. 43—44), a species showing
little troglomorphic modification but nonetheless appears to be cave restricted.

The third group includes spiders related to funnel weavers, the Amaurobiodea and Dic-
tynoidea, or amauro-dictynoids, and is represented in California by 38 species of cavernicoles in
five families, with 9 species of troglobites in two, Cybaeidae and Dictynidae. Cybacidae (Fig. 45)
are widespread in the Nearctic but have their greatest diversity in the Pacific NW, especially at the
California-Oregon border where the three known troglobites occur (in Cybaeus and Cybaeozyga).
By contrast, cavernicolous Dictynidae (Figs. 46—47) are widespread in the Nearctic, in California
by 17 species, mostly troglophilic, but with 6 troglobites in Blabomma and Yorima, both genera
endemic to the Californian region (Ubick et al. 2017). Troglobitic dictynids also occur in the Texan
and Appalachian karst, but in California the genus Cicurina is only troglophilic. In addition to these
families, troglophiles also occur in Amaurobiidae and Hahniidae, especially the very common
Calymmaria species (Fig. 48) with their conspicuous webs near cave entrances.

Related to this group are the lycosoid spiders, which are typically large-eyed hunting spiders
and only incidentally associated with caves. One exception is Zoropsidae, where the several
species of Titiotus (Fig. 49) and Anachemmis are common troglophiles throughout the Californian
karst. Although no troglobites are known from these genera, at least two species (of Anachemmis)
show significant troglomorphy and are known only from caves.

The two large groups of spiders not represented by troglobites are, interestingly, the most
primitive and most derived. In the former group are mygalomorphs, sister to all remaining spiders
(araneomorphs), with only one troglophilic genus, Calisoga (Fig. 50), and three species (3 fami-
lies) of accidentals. Troglobitic mygalomorphs do occur in southern latitudes, such as Mexico.
Even more poorly represented in caves are the Dionycha, 2-clawed hunting spiders that have aban-
doned web-building and successfully radiated into a dozen families and thousands of species, but
whose presence in Californian caves are 6 species (5 families) of accidentals.

The cavernicolous arachnid fauna of California agrees well with that of the other major karst
areas in the Nearctic, those of Texas and the greater Appalachians. Gertsch (1992) tabulated the
spider troglobites of the three regions and recorded 20 from California, 18 from the Appalachians,
and a whopping 61 from Texas, of which 46 are blind Cicurina species. Currently, by our count,
there are 75 troglobitic spiders, including 53 Cicurina. The three regions also share troglobite taxa
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to varying degrees and four spider families (Leptonetidae, Linyphiidae, Nesticidae, and
Dictynidae) are represented in all regions, but with different genera. One exception is Nesticus,
which also has troglobites in the greater Appalachians. Pseudoscorpion troglobites are much more
diverse in greater Appalachia, which has about 100 species in 9 genera, or about 5 times that in
California. The families Chthoniidae, Neobisiidae and Chernetidae occur in all regions, with some
shared genera. In addition to California, troglobitic Aphrastochthonius and Apochthonius also
occur in Texas and Appalachia, respectively. In Opiliones, troglobitic Taracidae are represented by
Taracus (Fig. 26) in California and Hesperonemastoma in the Interior Low Plateaus. The family
Phalangodidae is well represented in the three regions with endemic genera, except for Texella,
which occurs in both California and Texas.

Myriapods

Myriapods (“many feet”) are an ancient Subphylum of arthropods grouped in four Classes.
The first terrestrial arthropod was a millipede from the middle Silurian Period, about 428 Ma, its
fossil discovered in Scotland (Wilson and Anderson 2004). But all myriapods may be descended
from a basic body plan established in the late Cambrian period about 500 Ma. The evolutionary
relationships of these classes are still being researched.

Myriapods are common in moist forests and caves. In caves millipedes are usually found near
moist organic matter. Most are detritivores, but centipedes are generally nocturnal predators. These
characteristics have led many species to adapt to caves (Table 4).

Myriapods have a single pair of antennae and, in most cases, simple eyes. Some groups, such
as polydesmoid millipedes and geophilomorph centipedes, lack eyes even if not troglobitic. The
mouthparts lie on the underside of the head, with an “epistome” and labrum forming the upper lip,
and a pair of maxillae forming the lower lip. A pair of mandibles lie inside the mouth.

Class Chilopoda, centipedes, predators, one pair of legs per body segment, first pair of legs
modified as venomous fangs under the head. The Orders Geophilomorpha and Lithobiomorpha are
illustrated in Figures 56—58. One Californian troglobite, the geophilomorph Stenophilus californi-
cus, is known from two caves in two regions: Brown Deer Cave, Calaveras County; and Potter
Creek Cave (type locality), Shasta County. It is described from one male specimen, about 90 mm
long and pale yellow. The legs were described as “short.” This may be the “large myriapod”
referred to by Sinclair (1904). An undescribed lithobiomorph is known from Porcupine Cave
Tuolumne County. This species is depigmented, eyeless, and has elongated appendages. Cen-
tipedes prey on small cave invertebrates, as shown in Figure 57.

Class Symphyla, garden centipedes, one pair of legs per segment, white and eyeless endo-
geans (soil dwellers). Undetermined species of tiny endogeans have been collected in 29 caves and
9 counties across the state, except in the deserts. Symphylella oviceps was found in gravelly Trans-
plant Mine tailings, Tuolumne County. At least four species of Scutigerellidae have been found in
caves of the Mother Lode Region (Sierra Nevada North). Scutigerella causeyae is known from
three caves, and it was introduced from McLean’s Cave to the Transplant Mine. It is also found in
the mine tailings and on the surface in the vicinity. It ranges widely throughout the United States.
Figure 59 is a symphylan from a cave in Sierra Nevada South, in Sequoia-Kings Canyon National
Parks.

Class Pauropoda, dwarf millipedes, tiny endogeans rarely found in caves, possibly the most
primitive myriapods, with semi-fused body rings and a short body. An undetermined species of
endogean was found in Overhang Cave, Tulare County, the first pauropod record from a Califor-
nia cave.
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Class Diplopoda, millipedes, two pairs of legs per most body rings (fusion of two segments).
Many cave and eyed forms exist, and are illustrated in Figures 60—66. Millipedes are among the
most commonly seen members of the cave community, and larva are preyed upon by centipedes in
some cases (photo). At least six species of large, brown, troglophilic or trogloxenic paeromopids
are recorded, some up to 150 mm long (Fig. 60). Many millipedes are troglophilic, and there are at
least 18 troglobitic species from 4 or more orders and 7 or more families. The orders Chordeumat-
ida and Polydesmida contain the most troglobites. Chordeumatids (Figs. 61—63) are northern in dis-
tribution in the families Caseyidae, Conotylidae, and Striariidae. Polydesmids (Macrosternodesmi-
dae, Polydesmidae, and undetermined) do not occur in Lava Flows North, but in other regions.

The caseyid Opiona graeningi is known from 11 caves in the Klamath and Marble Mountains
Region. Most other troglobitic millipedes are known from only a few sites; 11 are single-site
endemics and 9 are from 2 to 5 sites.

The largest range for a troglobite in California is that of the conotylid Plumatyla humerosa,
with 43 known sites in Lava Flows North, in a north-south strip 194 km long and 8—10 km east-
west (Figs. 5 and 62). The type locality is Sunnyside Mine, excavated in mafic lava in the south-
ern part of the range. Since there is continuous lava throughout its range, it could be a crevice
dweller also found in caves. The species was taken from wooden mine props throughout the type
locality, an old placer mine. This species has a reduced number of ocelli (eye spots) and is depig-
mented. Causey (1961) thought it to be a troglobite that infiltrated the mine from surrounding cav-
ernous limestone, but geologic maps show no limestone within 100 km of the mine, and all occur-
rences of this species are in lava. Shear (1971) reported a population with some morphological dif-
ferences from a lava cave far to the north. Shear (1972) stated that “. . . no other conotylid is as
strongly modified for cave life.” Nelson and Smith (1976) collected this millipede from a Neotoma
cinerea nest in a cave in Lava Beds National Monument, and Taylor and Krejca (2006) collected
it from numerous caves at Lava Beds. Perhaps this species is a relatively recent cave form, and it
may not have differentiated much from cave to cave.

The striariid Amplaria shastae, from Ancient Palace Cave and Samwel Cave (type locality),
Shasta County, has pigmented eyes, is nearly white, has elongated legs and antennae, and a large
body (a similar species is shown in Fig. 63). These probably are indications of cave adaptation.
Fossils of this species were found in a Pleistocene stratum in the cave with several extinct mam-
mals. Although Causey thought that the two fossil Julus species described from Samwel Cave by
Grinnell (1908) may not be the same as this species, Grinnell’s material needs to be restudied as
indicated by Graham (1960b).

The first record from a cave in California of the unusual Order Siphonophorida is represented
by a possible new species of //lacme from Lange Cave, Tuolumne County. The genus contains
more legs than any other millipede in the world with 318 to 750 legs (Krejca 2009b).

Colactis utorum (Callipodida, Schizopetalidae) is limited to three sites in the Mojave Desert.
Shear (1974) described C. briggsi (later syonymized with C. utorum), and speculated that it may
be troglobitic because of its reduced pigmentation and the harsh desert environment surrounding
the cave. The species does possess numerous black ocelli, and we consider it a troglophile. Two
polydesmids and an undetermined species occur in Mojave Desert caves as well.

Collembolans

The collembolans (Class Collembola, Figs. 67-69) are known as springtails because of their
peculiar, spring-like appendage, the furcula, which is folded beneath the body and used for jump-
ing when the animal is threatened. The furcula is held under tension by a small structure called the
retinaculum and when released, snaps against the substrate, flinging the springtail into the air.
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Collembolans are primitive arthropods similar to insects except that they lack wings, they have
internal mouth parts, and most have no tracheae.

Collembolans, usually less than 6 mm long, are soil and cave detritivores, free-living organ-
isms that prefer moist conditions. They frequently are found near bacteria and fungi growing on
biofilms, roots, wood, detritus, and feces. They provide the base of cave food chains, and are often
consumed by micropredators such as rhagidiid mites, tiny spiders, harvestmen, and pseudoscorpi-
ons.

California caves have 43 verified, and up to 58 potential species of collembolans to date, sum-
marized in Table 5. The various orders and families are distributed across most California cave
regions. The largest group, the Family Entomobryidae with up to 18 species, has one described,
probable troglobite, Sinella tecta, from five caves in Calaveras County, Sierra Nevada North
(arelated species is in Fig. 67). The Onychiuridae have two undescribed, probable troglobites from
Clay Cave, Napa County, Bay Area/Delta Region, and three caves in Siskiyou County: Lava Flows
North. Several undescribed, undetermined collembolans from three regions appear to be troglo-
bitic.

Few collembolans in California caves are troglobites, and many are common epigean species
or troglophiles. The Tomoceridae are an important family with 14 species in most regions, and are
noticeable as larger, gray to pale springtails (Tomocerus, Figs. 68 and 101). Hypogastruridae (Order
Poduromorpha) are another important family with 5 species (Fig. 69). So far the Isotomidae seem
to be limited to Lava Flows North, the Neanuridae to Sierra Nevada North, and the Katiannidae to
Sierra Nevada South, but their true ranges probably are much larger. The round-shaped Order
Symphypleona, Family Arrhopalitidae (3 potential species), are found in Lava Flows North and
Sierra Nevada South caves. Both Oncopuridae and Arrhopalitidae contain troglobitic species in
other parts of the United States, but are not known as such in California.

It is apparent that we are just beginning to understand collembolans in Calfornia caves. Prob-
ably many new species will be found, and studies will be needed to delineate their roles in the cave
ecosystems.

Diplurans (Class Diplura)
Campodeids (Order Rhabdura)

Campodeids (Fig. 70) are small, eyeless, white creatures with two long, filamentous cerci
(tails). California has a remarkable dipluran fauna with about 8% of global richness (Graening et
al. 2014). Members of the family Campodeidae are abundant as troglobites and troglophiles in
caves throughout much of the world. One described species, Campodea (Campodea) californien-
sis, has been recorded from a few California caves. The only troglobites or likely troglobites are
several undescribed species of the genus Haplocampa, which are the dominant taxon in volcanic
caves of western North America (Graening et al. 2014).

Japygids (Order Dicellurata)

Japygids (Fig. 71) range up to 50 mm in length, but most are much smaller. They are all eye-
less and the body is light-colored and have heavily sclerotized unsegmented cerci, shaped much
like that of the earwigs (Dermaptera), which are not closely related. They are usually found in soil
and leaf litter and under rocks. Most japygids from California caves remain undetermined or unde-
scribed. The only species identified is Occasjapyx kofoidi (family Japygidae), known only from
two caves in Shasta County. It is possible that it is a troglobite. The only definitely troglobitic
japygid in the U.S.A. is Mixojapyx reddelli from Texas.
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TABLE 5. Summary of collembolans from California caves. Counts of genera and species are the maximum
potential, but 15 taxa are as yet undetermined beyond order or family. Ecol. Class. is Ecological Classifica-
tion. KM: Klamath Mountains; LFN: Lava Flows North; SNN: Sierra Nevada North; SNS: Sierra Nevada
South; CR: Coast Ranges; BD: Bay Area/Delta; SV: Sacramento Valley.

Order Family Num. Nun.l' Genera Ecol. Class. Regions
Genera | Species
Drepanura, Entomobrya,
. Entomobryoides, Pseu- » | BD, KM, LFN, SNN,
Entomobryomorpha | Entomobryidae 6 18 dosinella, Sinella, EP, TP, TB? SNS
Undetermined
Entomobryomorpha| Isotomidae 1 1 Undetermined TP LFN
Entomobryomorpha | Oncopoduridae 1 2 Oncopodura TP CR, SNN
Plutomurus, Pogonog-
. nathellus, Tomocerina, BD, CR, KM, LFN,
Entomobryomorpha| Tomoceridae 5 14 Tomocerus, TP, EP SNN, SNS
Undetermined
Ceratophysella,
Poduromorpha | Hypogastruridae 4 5 Hypogastrura, Xenylla, EP SNN, LFN, KM, SV?
Undetermined
Poduromorpha Neanuridae 1 1 Morulina EP SNN
Poduromorpha Poduridae 1 1 Undetermined BD, LFN, SNN
Deuteraphorura,
Poduromorpha Onychiuridae 3 4 Psyllaphorura, EP, TP, TB? | KM, BD, LFN, SNN
Undetermined
Symphypleona Dicyrtomidae 1 4 Ptenothrix BD, KM, SNN, SNS
Symphypleona Sminthuridae 1 1 Undetermined BD, KM’SII:IEN’ SNN,
. Pygmarrhopalites,
Symphypleona Arrhopalitidae 2 3 Undetermined EP LFN, SNS
Symphypleona Undetermined 1 1 Undetermined SNS
Symphypleona Katiannidae 1 1 Sminthurinus SNS
. . . BD, CR, KM, LFN,
Undetermined Undetermined 1 1 Undetermined MD, SNN, SNS
Undetermined Undetermined 1 1 Undetermined TB BD, LFN, SNN
Totals 4 13 30 58

Insects (Class Insecta)

Nineteen orders of the Class Insecta have been found in California caves. Of these, three
(Archaeognatha, Isoptera, and Thysanoptera) are only accidentals in caves. Six orders
(Ephemoptera, Odonata, Megaloptera, Neuroptera, and Trichoptera) are occasionally found in
caves, either as aquatic or terrestrial immatures or as adults in entrance areas. At least in Califor-
nia caves, they do not appear to be significant to the cave fauna. Of the remaining orders, two have
troglobites (Zygentoma and Coleoptera), five have troglophiles (Psocoptera, Orthoptera,
Notoptera, Hemiptera, and Diptera), three have trogloxenes (Orthoptera, Lepidoptera, and
Hymenoptera), and one is represented only by parasites (Siphonaptera, fleas). The more important
orders are discussed separately below.
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Silverfish (Order Zygentoma)

Silverfish are rare in California caves, but two undescribed troglobitic species of the genus
Speleonycta (Nicoletiidae) have been recognized, one known only from Clough Cave, Tulare
County, and the other from caves in Calaveras and Tuolumne counties. The genus is otherwise
known only from one troglobitic species in Arkansas and Oklahoma. Speleonycta is most closely
related to Texoreddellia, which is ubiquitous in Texas caves.

Several undetermined specimens of the family Lepismatidae are known from California caves
but show no cave adaptation, and are common in moist soils and forest litter.

Barklice (Psocids, Order Psocodea)

Only two species of tiny barklice have been identified from California caves. One, Psyllipso-
cus ramburii, is a species known from caves throughout the U.S.A. and other parts of the world.
The second, P. kintpuashi, is known only from five lava caves in Siskiyou County and one cave in
Sequoia National Park. Both are troglophiles (Mockford 2011). Elliott (1978) discovered in feed-
ing experiments that Banksula harvestmen would attack psocids and springtails in confinement.

Crickets (Order Orthoptera)

Camel or cave crickets (Rhaphidophoridae, Figs. 72—73) are common to most American caves.
Most are trogloxenes that forage outside at night, but some are more troglophilic and may remain
within the cave for extended periods. The distributions of California cave crickets are shown in
Table 6. Ceuthophilus (Fig. 72) is the most widespread genus in North America. Pristoceuthophilus
has about seven species in the Sierra Nevada, at least four of which are new species, including two
troglophiles. Tropidischia xanthostoma (Fig. 73) is the dusky, slender trogloxene that is common
in Tulare County, but it ranges to Marin and Trinity counties.

Most population counts of cave crickets recorded in California are <50 individuals. The
largest colonies on record are 100—1,000 (mean of 620) of the troglophile Farallonophilus caver-
nicolus in each of five caves on the Farallon Islands, San Francisco County (Steiner 1989; Anony-
mous 2011c; Valainis 2014). About 50 Ceuthophilus n. sp. were counted in Lower Shoshone Cave,
Inyo County, Mojave Desert. One of us (Aalbu) has observed a cricket colony of perhaps 500 in a
Sierra County cave. Most colony sizes are small compared to those of several species of
Ceuthophilus in Central Texas (up to 2,500, Elliott 2000a) or Hadonoecus and Euhadenoecus in
Kentucky (up to 5,000, Lavoie et al. 2007). In contrast to Texas, Kentucky, Tennessee, and other
states, California lacks cave beetles that prey on cave cricket eggs, but it has cave beetles that make
a living as micropredators or detritivores. Some specialize on mammal dung and the fauna around
the dung.

Grylloblattids (Ice Crawlers, Order Notoptera)

Grylloblattidae (Fig. 74) are a family of cold-loving, wingless insects that typically live on
mountains and near glaciers. Some have been observed under snow crusts or on the walls of
glacier caves. Only 32 species in 5 genera are known in Northeast Asia and North America. At least
thirteen species of Grylloblatta occur in California. Formerly placed in the Order Orthoptera with
crickets, they are now placed in the Order Notoptera, Suborder Grylloblattodea.

Grylloblattids, commonly called ice crawlers or icebugs, are an ancient group. They look like
a cross between a cricket and a cockroach, hence the Latin name meaning “cricket-roach.” Their
eyes are either missing or reduced and they have no ocelli. They are nocturnal and typically found
in leaf litter and under stones in cold environments, usually at higher elevations in periglacial areas,
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TABLE 6. Distribution of crickets (Order Orthoptera) in California caves and mines. Up to 6 species occur
within a region. Most are trogloxenes or epigean, but 5 species are troglophiles (designated TP).

Region Species Total Sites
Bay Area/Delta Ceuthophilus sp. 3
Bay Area/Delta Pristoceuthophilus pacificus 1
Bay Area/Delta Rhaphidophoridae 3
Bay Area/Delta Stenopelmatus sp. 1
Bay Area/Delta Tropidischia sp. 1
Bay Area/Delta Tropidischia xanthostoma 1
Coast Ranges Rhaphidophoridae 1
Klamath Mountains Ceuthophilus sp. 3
Klamath Mountains Pristoceuthophilus sp. 4
Klamath Mountains Pristoceuthophilus n. sp. no. 4 TP 1
Klamath Mountains Rhaphidophoridae 2
Klamath Mountains Tropidischia sp. 1
Klamath Mountains Tropidischia xanthostoma 1
Lava Flows North Ceuthophilus inyo 12
Lava Flows North Ceuthophilus sp. 1
Lava Flows North Pristoceuthophilus celatus 5
Lava Flows North Rhaphidophoridae 26
Mojave Desert Ceuthophilus n. sp. (Shoshone Cave) TP 3
Mojave Desert Ceuthophilus n. sp. (Titus Canyon Cave) TP 1
Mojave Desert Orthoptera 2
Mojave Desert Rhaphidophoridae 2
Sea Caves Farallonophilus cavernicolusTP 7
Sierra Nevada North Aglaothorax oratus 1
Sierra Nevada North Ceuthophilus sp. 1
Sierra Nevada North Gryllus sp. 2
Sierra Nevada North Orthoptera 1
Sierra Nevada North Pristoceuthophilus n. sp. no. 1 1
Sierra Nevada North Pristoceuthophilus n. sp. no. 3 TP 1
Sierra Nevada North Rhaphidophoridae 2
Sierra Nevada South Ceuthophilus sp. 1
Sierra Nevada South Gryllacrididae 1
Sierra Nevada South Orthoptera 11
Sierra Nevada South Pristoceuthophilus marmoratus 1
Sierra Nevada South Pristoceuthophilus n. sp. no. 2 1
Sierra Nevada South Rhaphidophoridae 2
Sierra Nevada South Tropidischia sp. 2
Sierra Nevada South Tropidischia xanthostoma 13
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where they feed on detritus. At lower elevations they can live in lava tubes that produce perennial
ice, and almost all California ice caves that have been studied contain Grylloblatta. In California
Grylloblatta occurs in caves from the Lava Flows North to the Sierra Nevada South, Tulare Coun-
ty, where Mays Cave is the second-most southern record for any grylloblattid to date (Lee 1967).

Grylloblatta marmoreus is restricted to caves and snow fields in the Marble Mountains.
G. gurneyi is restricted to lava tube caves in or near Lava Beds National Monument, with the pos-
sible addition of a few records on the ice fields of Mount Shasta. One new species of Grylloblatta
(Fig. 74) is found only in the caves and snow fields of Sequoia National Park. Another species,
G. chandleri, is widespread in the Modoc Plateau and Basin Ranges of Eastern California (Kamp
1963, 1973). All are glacial relicts from times when montane glaciers descended to lower eleva-
tions than now (Schoville and Graening 2013).

Beetles (Order Coleoptera)

Worldwide, one of every five species is a beetle (Figs. 75-81, 84). They are easily the largest
group of animals in California. Cave Coleoptera comprise a number of families, most of which
happen to be found in caves incidentally. Others are both habitual and occasional trogloxenes often
being found in caves. A number of troglophiles exist with an even smaller number of troglobites.
Many take advantage of the sometimes rich organic matter that is brought in either from under-
ground streams or by bats, birds, or mammals often associated with caves. California cave beetles
are poorly known as only a few publications have concentrated on caves or have included cave bee-
tles as part of a larger study.

Most troglobitic cave beetles in California only recently have been formally described. In our
experience the general diversity of beetles in the western United States is higher than the eastern
U.S.A., and so far western cave beetles are about as diverse as in the east. According to the latest
taxonomic studies, some of which are not yet published, the diversity of California’s troglobitic
beetles may eventually prove to be higher than in the east.

In California, cave Coleoptera can be divided into three groups:

1. Accidentals or incidentals, which contain families such as Bostrichidae, Cantharidae,
Carabidae, Coccinelidae, Cerambycidae, Chrysomelidae, Dytiscidae, Elateridae (adults), Elmidae,
Gyrinidae, Hydrophilidae, Lampyridae, Meloidae, Melyridaec, Monotomidae, Psephenidae, Scir-
tidae, Scydmaenidae, Trogidae and Zopheridae. Scaphinotus sp., a snail-eating carabid beetle, is an
example of an accidental or incidental species. One unusual discovery in this group was finding the
fungus-feeding Usechimorpha montanus, a rare species found at much higher elevations, deep in
Sutter Creek Cave, Amador County, at a much lower elevation of about 707 m.

2. Trogloxenes, which include the families habitually found in caves, such as Agyrtidae, some
Carabidae, Cleridae, Cryptophagidae, Curculionidae, Elateridae (larvae), Dermestidae, Histeridae,
Lathridiidae, Phengodidae, Ptiliidae, Scarabaeidae, Silphidae, and Staphylinidae. Trechus sp.
(Fig. 75) is a trogloxenic or troglophilic carabid, member of the Tribe Trechini, with important cav-
ernicoles in the eastern U.S.A. The discovery of the carabid (ground beetle), Amblycheila
schwartzi, prompted a study of the entire ecosystem of Mitchell Caverns. Someone found a “rare
large tiger beetle” in the cave (tiger beetles are now classified in the Carabidae as the Subfamily
Cicindelinae). This species is neither rare nor limited to caves, and it is often encountered at night
in the Mojave Desert’s Providence Mountains, San Bernardino County, and other eastern Califor-
nia ranges, or in caves. The staphylinid subfamily Pselaphinae, the ant-like litter or mold beetles
(Fig. 76), is a group with important troglobites in Texas and the eastern U.S.A. Two species of tene-
brionid (darkling) beetles in the genus Schizillus are found in the Providence Mountains:
S. laticeps and. S. nunenmacheri. The latter has more elongate appendages and reduced eyes
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compared to S. /aticeps, and it was collected only in caves whereas S. laticeps was collected at
night outside the caves. Furthermore, S. nunenmacheri has perhaps one of the largest eggs of any
tenebrionid in the world.

3. Troglophiles and troglobites include Anobiidae (Ptininae, spider beetles), Carabidae, Leio-
didae, Staphylinidae, and Tenebrionidae. Common species include the leiodid, Ptomaphagus
nevadicus (Fig. 77) and rove beetles (Staphylinidae, Fig. 78), which are found near dung. Table 7
lists the known troglobites. From just a few concentrated cave studies in California, remarkable
troglophilic and troglobitic cave beetles are already known or are in the process of being described.
Notable examples include the Anobiidae (Ptininae), Niptus arcanus, a troglobite endemic to
Mitchell Caverns, San Bernardino County, Mojave Desert (Fig. 79). Despite having connected two
adjacent caves in 1969 by a tunnel to facilitate tours, this species is still restricted to only one side
of Mitchell Caverns: El Pakiva. Among the Carabidae are three noteworthy species, two of which
are from the Anillina subtribe. Anillines are often completely blind beetles found in deep soil
deposits often associated with groundwater. The completely blind, undescribed anilline troglobite
from Clay Cave, Napa County, Bay Area/Delta, is a rather large member of this group and repre-
sents a new genus and species. The completely blind undescribed anilline troglobite (Fig. 80) from
the Sierra Nevada North, in Moaning Cave, Calaveras County, and Crystal Palace, Tuolumne
County, also represents a new genus and species. This giant new species is the largest known
species in this tribe in the world! (D. Kavanaugh, in /it.). A third carabid, Tribe Pterostichini, from
Paul Gibson Cave (limestone), Trinity County, Pterostichus (Leptoferonia) enyo Will, 2007, has
very small eyes, and represents an endogean (soil interstitial species) that occasionally occurs
under deep rocks/logs or in caves.

Among the Tenebrionidae, the genus Eleodes with about 200 species ranging from the West-
ern U.S.A. to northern Guatemala, and the subgenus Caverneleodes contain a number of cave
endemics from Mexico to California. Many are cave-adapted with long appendages and reduced
eyes. The tenebrionid species from Clay Cave represents a new tribe of Tenebrionidae, along with
another found under a rock at a spring mouth in Marin County. Both species are troglobites that
prefer wet soil. The California species E. (Caverneleodes) microps (Fig. 81), a troglobite, has the

TABLE 7. Ten troglobitic beetles of California; only four are described species

Family/ Subfamily Species Cave Ecol. Class.
.. .. . San Bernardino Co.: Mitchell Cav- .
Anobiidae, Ptininae Niptus arcanus emns (El Pakiva Cave) troglobite
Carabidae, Trechinae Anillaspis explanata El Dorado Co.: Alabaster Cave troglobite
Carabidae, Trechinae Anillina n. gen., n. sp. 1 Tuolumne Co.: McLe.an s Cave, troglobite
Transplant Mine
Carabidae, Trechinae Anillina n. gen., n. sp. 2 Tulare Co.: Lost Soldier's Cave. troglobite
Carabidae, Trechinae Anillina n. gen., n. sp. 3 Napa Co.: Clay Cave troglobite
. . e Calaveras Co.: Moaning Cave. .
Carabidae, Trechinae Anillina n. gen., n. sp. 4 Tuolumne Co.: Crystal Palace troglobite
Curcul{onlda;, Gilbertiola sp. Tulare Co.: Clough Cave troglobite
Raymondionyminae
Leiodidae, Leiodinae Ptomaphagus inyoensis Inyo Co.: Poleta Cave troglobite
Tenebrionidae, . . .
Lagriinac Eschatoporis n. sp. Napa Co.: Clay Cave troglobite
Tenebrionidae, Tene- . Inyo Co.: Microps Cave, Defense .
brioninac Eleodes (Caverneleodes) microps Cave, Poleta Cave troglobite
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most reduced eyes of any species of Eleodes, although it is still a dark color. Pitfall trapping has
not found E. (C.) microps outside of Poleta Cave, Inyo County. A typical troglophile or trogloxene,
Eleodes dentipes, is seen in Figure 84.

Flies (Order Diptera)

Common dipterans include Heleomyzidae (sun flies, Fig. 82), Mycetophilidae (fungus gnats,
Figs. 83, 86), and crane flies in the families Limoniidae (Fig. 87), Tipulidae (Fig. 88), and
Trichoceridae (the smaller winter crane flies). See the Ecology section below for a discussion of
Graham’s studies of these groups.

Bees and Ants (Order Hymenoptera)

No California hymenopterans are troglobites, although a few ants are likely troglophiles and
others are trogloxenes; one species in Laos may be a troglobite (Pape 2016). The honey bee, Apis
mellifera, has been recorded from the entrance area of a few caves in California. Although eight
species of ant have been found in California caves, most are accidental. Prenolepis impairs, how-
ever, has been taken from caves in Amador, Calaveras, Mariposa, and Tuolumne counties. In some
it has been present in all parts of the cave. It is considered a trogloxene.

Moths (Order Lepidoptera)

Two moth species frequent the entrance area of caves in California. The most common is the
twilight moth, Triphosa haesitata (Family Arctiidae, Fig. 89). This species has been found in
numerous caves at varying elevations and terrains. It was the subject of careful study in Empire
Cave by Graham (1962b, 1968d). It seems to be absent from most Sierra Nevada caves, but it may
occur in many more caves than are listed. The second species is Scoliopteryx libatrix (Family
Geometridae), known from three caves in the Marble Mountains, Siskiyou County, but widespread
across the U.S.A. Both hibernate in caves. Undetermined specimens of the clothes moth Family
Tineidae have been recorded from caves. This family is frequently found in caves and some appear
to be troglophiles.

Fleas (Order Siphonaptera)

At least sixteen species of fleas have been recorded from rodents or their nests in caves in Lava
Beds National Monument, but without specific caves being recorded. These were obtained during
a study of plague in rodents in the monument (Nelson and Smith 1976; Stark and Kinney 1969).
Three species in the genus Myodopsylla were taken from bats in mines and crevices.

Groundwater Fauna

California’s known groundwater fauna comprises crustaceans, flatworms, and aquatic snails.
Groundwater collects underground in soil spaces, bedrock pores and cracks, constituting another
kind of subterranean habitat in which life flourishes. Groundwater habitats are similar to cave habi-
tats in that they are totally dark and have less variation in temperature than the surface above, but
groundwater habitats differ from caves because there are fewer food inputs from the surface.

There has been no organized sampling of groundwater fauna in California. Instead, ground-
water fauna have been opportunistically discovered during other aquatic sampling programs, either
for stream bioassessment or for cave bioinventories (see Methods).
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In California, 431 aquifers (groundwater basins) have been delineated, underlying about 40
percent of the surface area of the State. Of those, 24 basins are subdivided into a total of 108 sub-
basins, giving a total of 515 distinct groundwater systems (California Department of Water
Resources 2003).

The top of the groundwater is called the water table or piezometric surface. Between the water
table and the land surface is the unsaturated zone or vadose zone. In the unsaturated zone, mois-
ture moves downward to the water table to recharge the groundwater. The water table can be very
close to the surface (within a few meters), or very deep (up to a few hundred meters). In most Cal-
ifornia regions, the water table is 3 to 30 m below the land surface; in some Southern California
desert basins it is as deep as 100 m. Overall, ground water supplies one-third of the water used in
California in a typical year, in drought years as much as one-half.

Groundwater occurs everywhere in California, but it is not continuously focused along river
corridors. Along fault lines and where there are abrupt changes in bedrock on steep slopes,
groundwater can emerge as seeps and springs. The hyporheic zone is in sediments below surface
waters in valleys. The hyporheos (“below flow”) is the biological community in the hyporheic
zone.

It is in California’s numerous valleys and intermontane basins that groundwater exists in the
greatest quantity. The basins are like large bathtubs enclosed by the rocks of surrounding moun-
tains. Over millions of years, these “bathtubs” were filled with many hundreds of meters of sedi-
ment and debris that were carried into the basins by rivers and floods. In these so-called alluvial
basins, groundwater fills small, often microscopic pores between the grains of gravel, sand, silt,
and clay. Groundwater is also quite common in the hills and mountains surrounding these valleys,
although in most cases not nearly as plentiful. In these rocks groundwater occupies practically
every fracture and fissure below the water table. However, unless fractures are large and numer-
ous, little water can be extracted.

We have compiled biological data on 260 groundwater sites including 142 springs (38 biolog-
ical sites); 52 streams and lakes (44 biological sites); 58 other hyporheic habitats below streams (49
biological sites), and 8 wells (6 biological sites).

We have many groundwater species in our database, but we omitted many of them from our
species list here (Appendix 1) and included only phreatobites, which are obligate, generally troglo-
morphic groundwater species. California differs from eastern states in having no obligate subter-
ranean snails, either in groundwater or in caves. There is high endemicity in aquatic snails of the
families Hydrobiidae and Physidae in California springs, but none are more than stygophilic.

However, 32 phreatobites from 59 groundwater sites (Table 8) have been discovered in Cali-
fornia. Of these, 23 species (72%) are single-site endemics. Phreatobite sites that were studied are
concentrated in the Bay Area/Delta and Coast Ranges and in a few desert oases; most are not in
karst.

Stygobromus (Fig. 90) is a genus of crangonyctid amphipod crustacean that is an important
component of many subterranean habitats in North America and Eurasia, with a total of 148
described species. Twenty-five species of Stygobromus are known from California, seven of which
are stygobites and 18 are phreatobites; six are undescribed phreatobites, most of which are single-
site endemics. Stygobromus tahoensis and Stygobromus lacicolus inhabit the dark depths of Lake
Tahoe, along with the eyeless Lake Tahoe flatworm, Dendrocoelopsis hymanae and the endemic
flatworm, Phagocata tahoena. Lake Tahoe is 501 m deep and about 2 million years old. There are
10 other stygobitic flatworms in California caves. The collection, preservation, and identification
of flatworms is difficut.

The asellid isopod Calasellus californicus occurs in 24 groundwater sites and Empire Cave,
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Santa Cruz County. Calasellus longus occurs in one spring in Fresno County. Calasellus sp. occurs
in 12 groundwater sites and Pinnacle Point Cave, Tuolumne County. Bowmanasellus is a genus
endemic to California with its only species, B. sequoia known only from 8 caves and springs in
Sequoia National Park.

The crustacean Order Bathynellacea (Fig. 91) live interstitially in groundwater. Bathynel-
laceans are minute, blind, worm-like animals with short, primitive legs, reaching a maximum
length of 3.4 mm. Since 1997, a rich fauna of 10 species in two families has been discovered in the
hyporheos, springs, and streams in the coastal zone of Los Angeles, San Diego, and Marin coun-
ties. None have yet been found in caves.

We examined high-biodiversity groundwater sites by tabulating the number of phreatobites per
site and their single-site endemic scores (SSEs). Table 9 details 12 high-biodiversity groundwater
sites, in which seven regions are compared. A site score was calculated by multiplying phreatobites
by SSEs (single-site endemics). A regional score was summed from the site scores in each region.
The top regional score of 24 is Sierra Nevada North because of Lake Tahoe’s 4 phreatobites and
2 SSEs. The Coast Ranges ranked second with 7 sites and a regional score of 16; Bathynellaceans
weighed heavily there. Bay Area/Delta ranked third with five sites and a regional score of 10 with
a variety of species and sites. These scores are for general comparisons only, but it is apparent that
the pattern of phreatobite biodiversity differs from that of caves in California (see below).

Herpetofauna

California supports a diverse array of amphibians and reptiles consistent with its latitude, com-
plex geology, and diverse climatic regimes. Our numbers are approximate because of taxonomic
flux: 14 genera and 64 species of native amphibians and 42 genera and 87 species of native, non-
marine reptiles recorded from the state (Stebbins and McGinnis 2012). Despite this diversity, rela-
tively few species have been reported from caves and related habitats. Records reported herein are
limited to 13 species of salamanders in 6 genera, 3 species of anurans (frogs and toads) in 3 gen-
era, one species of turtle, 5 species of lizards in 5 genera, and 8 species of snakes in 7 genera.

All of these records likely represent individuals of the local epigean population that become
trapped in caves or use caves for behavioral thermoregulation. With the notable exception of sala-
manders, cave-restricted species of amphibians and reptiles are extremely rare or nonexistent glob-
ally. Reptiles in particular, are precluded from occupying most cave environments due to low tem-
peratures, which cause torpor. This is especially true in California where the maximum cave tem-
perature is 18°C or less, typically much less. This is at the lower limits or below the preferred active
temperature requirements of California reptiles. There is use of cave entrances as hibernacula by
reptiles, a phenomenon widely observed in caves in many areas. Some of the records reported here-
in likely represent hibernation sites. Most reptile records, however, represent transient animals near
entrances or animals trapped in caves.

Amphibians often tolerate lower temperatures and, therefore, have more potential to exist in
temperate cave environments. There is no evidence of troglophilic or troglobitic adaptation to a
cave environment among California species. Anurans (frogs and toads), due in part to their jump-
ing locomotion and visual prey detection, are much less able to maneuver and thrive in deep cave
habitats (Graham 1962d; Lannoo 2005). The primarily herbivorous diet of anuran larvae also poses
a significant obstacle to the evolution of cave-adapted anurans. Consequently anurans are, like rep-
tiles, generally lacking in cave environments except as transient animals from epigean populations.
An exception would be populations seasonally restricted to a moist cave environment, typically
near entrances, in a generally more arid surface environment, such as Pseudacris sierra (formerly
Hyla regilla), the Sierran treefrog (formerly Pacific treefrog, Fig. 92). Graham (1962d, 1963a)
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TaBLE 8. List of 32 phreatobites from 80 groundwater sites in California. Of these, 23 species (72%) are

single-site endemics.

Region County Species Common Name Sites

Bay Area/Delta Contra Costa, Napa Stygobromus sp. nr. cowani 2
Marin Pacificabathynella sequoiae 1

Stygobromus hyporheicus Hypoheic Amphipod 1

Napa Stygobromus cowani Cowan's Amphipod 1

Sonoma Stygobromus cherylae Cheryl's Amphipod 1

Stygobromus n. sp. no. 1 Ne/:vnif}ficpisz of 1

Coast Ranges Los Angeles Califobathynella teucherti 1
Hexabathynella muliebris 1

Stygobromus n. sp.(hubbsi group) Ne/\\vrsgkficpizz of 1

San Benito Stygobromus n. sp. no. 2 Cave A;;E?iig:d’ new 2

San Diego Bathynella fraterna 1

Bathynella germanitas 1

Califobathynella noodti 1

Californibathynella californica 1

Hexabathynella hessleri 1

Hexabathynella otayana 1

Texanobathynella sachi 1

Santa Barbara Stygobromus rudolphi Rudolph's Amphipod 1

Santa Clara Stygobromus n. sp. cf. mackenziei NeXr:;)}fi(;)i:fi of 3

Klamath Mountains Siskiyou Stygobromus mysticus Secret Amphipod 1
Lava Flows North Modoc Stygobromus n. sp. aff. sierrensis NCX;I?;:;SZ of 1

Alameda, El Dorado, Lake,
Northern California | Marin, Mendocino, Napa, Calasellus californicus California Cave Isopod | 24
Santa Clara, Santa Cruz

Madera, Napa, Tuolumne Calasellus sp. Isopod 13

San Joaquin Valley Stanislaus Stygobromus n. sp. aff. mackenziei Ne/\%vr:;)}ficpigz of 1
Sierra Nevada North Butte Stygobromus gallawayae Gallaway's Amphipod 1
Lake Tahoe: El Dorado, Stygobromus tahoensis Lake Tahoe Amphipod 5

Placer

Nevada, Sierra Stygobromus sheldoni Sheldon's Amphipod 4

Lake Tahoe: Placer Dendrocoelopsis hymanae Lake Tahoe Flatworm 1

Stygobromus lacicolus Deep Lake Amphipod 1

Stygobromus sierrensis Sierran Amphipod 2

Sierra Nevada South Fresno Calasellus longus Isopod 1
Inyo Stygobromus myersae Myers' Amphipod 2
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TaBLE 9. Twelve high-biodiversity groundwater sites with 26 species and 21 SSEs (single-site endemics).
*The site score is the number of phreatobites X SSEs. The regional score is the sum of site scores within a
region.

. . Phreato- Site |Regional| Reg.
Region County Site Type bites SSEs Score*| Score |Sites
unnamed spring on .
Bay Area/Delta Butte Rock Crock Spring 1 1 1
Marin Cronan Creek Stream 2 1 2
. Redwood Creek, Muir
Marin Woods Hyporheos 1 1 1
Napa unnamed spring Spring 2 1 2
unnamed spring, just east .
Sonoma of Maacama Creek Bridge Spring 2 2 4 10 S
Coast Ranges Los Angeles Malibu Creek Hyporheos 2 1 2
. San Clemente Canyon Park,
San Diego La Jolla Hyporheos 3 3 9
. dry stream bed in San
San Diego Clemente Park, La Jolla Hyporheos ! ! !
San Diego Otay Reservoir Hyporheos 1 1 1
San Diego San Diego River Hyporheos 1 1 1
San Diego stream in Otay Reservoir | Hyporheos 1 1 1
Santa Barbara Montgomery Spring Spring 1 1 1 16 7
Klamath Mountains |  Siskiyou subterranean habitat at Well 1 1 1 1 1
Greenview
unnamed spring at the
Lava Flows North Modoc Stough Reservoir Spring 1 1 1 1 1
Campground
. . Tuolumne River
San Joaquin Valley Stanislaus (River Mile 31.5) Hyporheos 1 1 1 1 1
Sierra Nevada North Placer Lake Tahoe, center of lake Lake 4 2 8 24 1
. unnamed spring at .
Sierra Nevada South Fresno Shaver Lake Spring 1 1 1 1 1

studied P, sierra in 13 caves, and he found that the frog used the crepuscular zone of caves to
escape hot, dry conditions and nearby streams that dried out seasonally, making a good case that
the frog is a trogloxene. This frog vacates the caves during winter rains and returns to its streams.

Salamanders are the major amphibian group that can adapt to the cave environment. A rela-
tively large number of American salamander species are highly specialized stygobites, as neotenic
species or populations. The only terrestrial/amphibious troglobitic salamander is Eurycea spelaea
(grotto salamander) of the Ozark Plateau in Missouri and Arkansas, where water resources are
abundant.

The geologic context of caves in California is not conducive to the evolution of troglobitic ver-
tebrates. There is a lack of large cave systems due to the very limited extent of soluble rock and
lava flows. As a consequence, cave habitats are extremely fragmented in California. This situation
is illustrated by the observation that approximately 50% of California subterranean obligates are
single-site endemics. In addition, aquatic habitats that would allow the evolution of stygobites, are
also quite limited.
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Due to the transient use of caves by reptiles and anurans in California these taxa play a very
minor role in cave ecosystems, and caves are of minimal importance to populations of these taxa.
Most salamander species recorded from caves in California, Ensatina eschscholtzii (ensatina) and
species of Aneides, Batrachoseps, and Taricha, presumably fill a similar role. Two genera, how-
ever, may have the potential to play a larger role in cave ecosystems. Dicamptodon, specifically
D. ensatus (Pacific giant salamander, Fig. 93) from caves in the Santa Cruz Karst, is regularly
recorded both as larvae and adults (Anonymous 1964). They may be important predators in these
caves. This genus also has neotenic representatives, but these have not been recorded in caves to
date.

The genus Hydromantes is represented by three species endemic to California. Two, H. brunus
(limestone salamander) and H. shastae (Shasta salamander, Fig. 94), are restricted to limestone
substrates including caves. Although the bulk of the populations are presumably epigean, they reg-
ularly occur in caves, especially during dry periods and are potentially an important component of
cave ecosystems. H. shastae has been reported using caves as ovipositing sites for their terrestrial
eggs (Gorman 1956). A sister genus, Speleomantes, occurs in Italy (including Sardinia) and France
in similar habitats. These two genera are a remarkable example of disjunction within the Family
Plethodontidae, a taxon that is, except for two small genera, restricted to the New World, where it
is quite diverse.

One additional geographic anomaly is the occurrence of Aneides lugubris (arboreal salaman-
der) on Southeast Farallon Island, including a sea cave (Lee et al. 2012). The Farallon Islands are
approximately 48 km west of the mainland opposite San Francisco. The maximum water depth is
approximately 60 meters, and the islands were consequently connected to the mainland during the
low sea level stands in the late Pleistocene Epoch, as discussed above regarding Farallonophilus
cavernicolus cave crickets. The Farallon population is not currently recognized as taxonomically
distinct from the mainland populations, and is most closely related to populations from the adja-
cent mainland. The Farallon Islands were potentially colonized by 4. lugubris when the Farallon
Islands were connected to the mainland. Alternatively, Aneides lugubris may have rafted to the Far-
allons on vegetation, potentially in large logs that are frequently washed out of the large rivers of
the mainland. Rafting most likely accounts for the presence of Aneides lugubris on Catalina Island,
one of the Channel Islands off southern California. Salamanders of the genus Batrachoseps and
several additional amphibians and reptiles are also found on several of the Channel Islands. The
California Channel Islands are separated from the mainland by deep water and have not been con-
nected to the mainland during the Pleistocene, if at all.

Despite the richness of the California cave fauna, the relative rarity and lack of cave-adapted
amphibians in California is what should be anticipated given the ecological conditions that prevail.

Bats (Class Mammalia, Order Chiroptera)

At least 19 of the 27 species of bats in California have inhabited California’s caves, mines, and
tunnels (see Table 10 and Appendix 1). Early observations often were of collected bats from sci-
entific surveys, while many later records tended to be sightings in which the species or even the
genus and family could not be reliably identified. Reliable identifications and counts of bats are
few, but are becoming more common as bats decline and conservation-based studies are support-
ed. Since the 1980s mist net and harp trap surveys at some cave entrances have identified and
released several species of bats. Some workers have used night vision scopes or infrared cameras.
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Family Species Common Name
Molossidae Eumops perotis Western Mastiff Bat
Molossidae Tadarida brasiliensis Mexican Free-tailed Bat

Phyllostomidae Macrotus californicus California Leaf-nosed Bat

Vespertilionidae

Antrozous pallidus

Pallid Bat

Vespertilionidae

Corynorhinus townsendii

Townsend's Big-eared bat

Vespertilionidae

Eptesicus fuscus

Big Brown Bat

Vespertilionidae

Euderma maculatum

Spotted Bat

Vespertilionidae

Lasionycteris noctivagans

Silver-haired Bat

Vespertilionidae

Myotis californicus

California Myotis

Vespertilionidae

Mpyotis ciliolabrum

Western Small-footed Myotis

Vespertilionidae

Myotis evotis

Long-eared Myotis Myotis

Vespertilionidae

Myotis lucifugus

Little Brown Myotis

Vespertilionidae

Myotis melanorhinus

Dark-nosed Small-footed Myotis

Vespertilionidae

Myotis occultus

Arizona Myotis

Vespertilionidae

Myotis thysanodes

Fringed Myotis

Vespertilionidae

Mpyotis velifer

Cave Myotis

Vespertilionidae

Mpyotis volans

Long-legged Myotis

Vespertilionidae

Myotis yumanensis

Yuma Myotis

Vespertilionidae

Parastrellus hesperus

Western Pipistrelle, Canyon Bat

Family Molossidae, Free-tailed bats

Free-tailed bats are represented in California caves and mines by two species: Eumops pero-
tis, Western Mastiff Bat, with six cave and crevice records from San Diego to Calaveras County in
the Sierra Nevada North, and Tadarida brasiliensis mexicana, Mexican free-tailed bat. Although
the latter is the most common cave bat in the southwestern United States, west coast populations
inhabit caves infrequently (Barbour and Davis, 1969) and are thought to be nonmigratory (Cock-
rum 1969). The literature and cavers reported Mexican free-tailed bats in four mines and 11 caves
from San Diego to Colusa County in the North Coast Range. An uncounted cluster was observed
in Painted Rock Cave, San Luis Obispo County in 1911 (Grinnell 1918). An emergence flight of
about 95,000 was observed at Bat Cave No. 1, LABE, Siskiyou County, in 2003 (U.S. Geological
Survey 2016b), probably the largest bat colony in the state.

Family Phyllostomidae, Leaf-nosed bats

The California leaf-nosed bat, Macrotus californicus, was reported in 11 mines in the Mojave
Desert and several caves in southern California. The largest colonies were 500 in a mine in Impe-
rial County in 1924 (U.S. Geological Survey 2016b), 300 in caves in Coachella Valley, Riverside
County, Mojave Desert, in 1908 (Grinnell 1918); 150 in an unnamed mine, and 30 in an unnamed
cave, both in Imperial County in 1918 (Howel 1920). The most recent report was 200 seen in a
mine in San Bernardino County in 1983. This is the only leaf-nosed bat in the U.S. with large ears.
They forage by gleaning larger insects off the ground and other surfaces. They are susceptible to
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human disturbance, which can be especially detrimental to the species during summer months,
when these bats are rearing young. Human disturbance of caves in which they roost is a major
threat. Because they often roost in abandoned mines, reclamation and re-working of old mines can
severely impact populations. Because California leaf-nosed bats do not hibernate or migrate, the
relatively warm mine shafts are critical for its survival in the northern portions of its range
(Wikipedia 2016a).

Family Vespertilionidae, Evening bats

Antrozous pallidus, Pallid Bat, was formerly thought to be common in caves of central and
southern California, but few recent records are available. A colony on the order of 100 was seen in
Painted Rock Cave, San Luis Obispo County, in 1911 (Grinell 1918). It is known from three aban-
doned mines in Inyo County (Ellison et al. 20003; U.S. Geological Survey 2016b). Perhaps 50
were seen in Swordfish Cave on Santa Cruz Island, Santa Barbara County, in 1997-99, the only
bats reliably reported from a California sea cave. Pallid Bat has been found in seven mines, two
crevices, and 15 caves across the state. This species probably is a permanent resident in most of its
range (Barbour and Davis 1969). Pallid Bat roosts in small colonies in rock crevices and buildings,
and occasionally caves, mines, and tree cavities. (See, for example, a photo of a colony of roosting
Pallid Bats (4dntrozous pallidus) at Madera Canyon, Santa Rita Mountains, southeastern Arizona.
(Photo by Geoff Gallice — <http://www.flickr.com/photos/dejeuxx/4844640621/>, CC BY 2.0,
<https://commons.wikimedia.org/w/index.php?curid= 1216592 1>).

Corynorhinus townsendii, Townsend’s big-eared bat (Fig. 83), has several subspecies with
two in California: C. t. fownsendii, western big-eared bat or Pacific Townsend’s big-eared bat, and
C. t. pallescens, pale Townsend’s big-eared bat. The subspecies C. t. intermedius was synonymized
with C. t. pallescens.

Townsend’s big-eared bat is by far the most commonly reported bat in California’s caves and
mines. Few of the recorded field identifications noted the subspecies, which are difficult to distin-
guish, so our species list lumps the two subspecies. Generally C. t. townsendii occurs in most of
northern California on the west side of the Sierra Nevada, and C. t. pallescens in the deserts. Our
species list has 308 localities, including 123 mines and 185 caves from 31 counties in most regions
of the state, from Klamath and Marble Mountains to Mojave Desert, Coast Ranges to Sierra
Nevada.

Corynorhinus t. townsendii has been a Species of Concern in California since 2013, and it was
considered for listing by the state because of a significant loss of population size, maternity
colonies, and hibernation colonies throughout the state. Few sites were protected, but colonies that
have come under protection at Lava Beds National Monument, Pinnacles National Park, and
Sequoia National Park have increased again. California denied a petition to list the subspecies as
threatened or endangered (California Department of Fish and Wildlife 2016; Pierson and Fellers
1998).

Large colonies of C. ¢. townsendii used to exist. A colony of 1,000 was seen on July 1, 1935
in Alice Mine, Riverside County, Mojave Desert, the largest count of this species yet reported in a
California mine or cave. The second largest colony was 425 on June 1, 2002 in Bear Gulch Cave,
Pinnacles National Park, San Benito County, Coast Ranges (Pierson and Fellers 1998). Two
colonies of 210 and 230 were observed in Inyo County mines in 1992—-1993 (U.S. Geological Sur-
vey 2016b).

Graham (1966) reported that disturbance by humans had caused the abandonment of several
nursery (maternity) colonies in limestone caves. He thought that C. fownsendii did not roost in
many California limestone caves, especially for hibernation, because most of the caves are at lower
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elevations and thus are relatively warm. Pierson and Rainey (1994) and Pierson and Fellers (1998)
reported a significant decline in big-eared bats in California caves, mines, and buildings; there has
been a 52% decline in the number of known maternity colonies. The species is sometimes fright-
ened out of caves by humans, but it may re-establish later, especially bachelor colonies. There are
few sites that have had regular, long-term bat counts. Parrish Cave, a lava tube in Shasta County,
had winter bat counts in 1948-1951, 1955, 1957, 1960, 1966, 1987, 1988, 1991, and 2015. The
largest count was 201 in 1948, the smallest was 11 in 1988 and 1991. A graph of the counts,
grouped by decades, could be interpreted as a long-term decline except that there were two data
gaps of 21 and 24 years, then the colony peaked again at 177 in 1987. The cave is heavily visited
by tourists.

Although C. t. townsendii was being considered for listing, it is still listed as Least Concern by
TUCN because of its wide distribution, presumed large population, occurrence in a number of pro-
tected areas, and because it is unlikely to be declining at the rate for listing in a threatened catego-
ry. There are two subpopulations/subspecies that are listed as endangered by the U.S. Fish and
Wildlife Service (ingens and virginianus) (International Union for the Conservation of Nature
2016). A series of further, regular hibernation and maternity colony counts at a few sites would help
in monitoring the status of this species, but they must be done carefully by professionals to limit
disturbance.

Eptesicus fuscus, Big Brown Bat, is common across North America, and it has been reported
from five caves, one crevice, three mines, and two tunnels across California. Suggett (1982) report-
ed the subspecies E. f. bernardinus Rhoads in Upstairs-Downstairs Cave, Siskiyou County. Most
summer roosts are attics, barns, bridges or other man-made structures; they move into caves, mines
and crevices to hibernate only during the coldest weather conditions, and they usually vacate with-
in weeks.

Euderma maculatum, Spotted Bat, was reported from a spring cave, San Bernardino County,
in 1948 by Parker (1952) and V. Johnson (1990). It is otherwise known from southern California
from a few buildings and a cliff face, and in one instance from a garage in Shasta County.

Lasionycteris noctivagans, Silver-haired Bat, is widespread in North America but has only
been found in a mine in Inyo County (V. Johnson 1990; Szewczak et al. 1998). The bat is solitary,
dark-colored, and difficult to identify on cave or mine walls.

Myotis californicus, California Myotis (Fig. 95 and front cover), is known in small numbers
in eight caves and five mines from the Mojave Desert to northern California. The species also
roosts in rock crevices, tree cavities and loose bark, and buildings.

Myotis ciliolabrum, Western Small-footed Myotis, seeks cover in crevices, caves, mines and
buildings. Besides five mines in the Mojave Desert, it is known from two lava caves in Siskiyou
County, where five to 12 bats were caught with harp traps in 1990 and 1999. One was a lactating
female in Heppe Ice Cave. These records hint that many cave bat colonies are still unidentified in
California.

Myotis evotis, Long-eared Myotis, has daytime roosts in buildings, tree cavities, caves, mines,
and rock crevices. The species has been found in one tunnel, one mine, and ten caves.

Mpyotis lucifugus, Little Brown Myotis, is widespread in the U.S. and Canada, although it has
declined greatly in the east because of White Nose Syndrome, and it is being considered for listing
as endangered. The disease was found in this species in March 2016 in King County, Washington
(U.S. Geological Survey 2016a). In summer M. lucifugus inhabits attics or other shelters near
water, and it hibernates in caves and mines, formerly in large numbers in the eastern U.S.A. In
California it has been found in small numbers in six caves and one mine, from the Mojave Desert
to Lava Flows North.
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Myotis melanorhinus, Dark-nosed Small-footed Myotis, roosts in rock-face crevices and
riverbanks, and may use talus, tree bark or buildings; hibernation sites include mines and caves.
The species has been seen in two mines in far southern California.

Mpyotis occultus, Arizona Myotis, another obscure vespertilionid, it has only been seen in an
abandoned copper mine in the Riverside Mountains, Mojave Desert.

Mpyotis thysanodes, Fringed Myotis, known only in small numbers from seven mines from San
Diego to Lake County. Danehy (1952) noted that this bat occurs in caves in central and southern
California; roosts in caves, mines, and buildings.

Mpyotis velifer, Cave Myotis, is common across the southwestern U.S. to Central America.
Danehy (1952) reported that this bat is common in the summer in sandstone and conglomerate
caves near the Colorado River (Imperial, Riverside, San Bernardino counties). The subspecies
M. v. brevis barely ranges into southeastern California. In summer, it congregates in caves and
mines, and less often, buildings; winter roosts are primarily caves. California populations may be
migratory, however we only have scant records from four mines in Riverside County.

Myotis volans, Long-legged Myotis. Danehy (1952) reported that this was an uncommon bat
in central and southern California caves, but is sometimes found with M. thysanodes. Barbour and
Davis (1969) claim that this bat uses caves as night roosts only. Primarily inhabits forested moun-
tain regions, where it roosts in trees, rock crevices, stream banks, and buildings; hibernation sites
are primarily caves and mines. Records consist of three caves and three mines from southern to
northern California.

Myotis yumanensis, Yuma Myotis. Danehy (1952) notes only that this species is sometimes
found with M. velifer in caves. Maternity colonies utilize buildings, caves, mines, or bridges. In
1918 600 were observed in Old Senator Mine, Imperial County (U.S. Geological Survey 2016b).
Fifty Yuma bats were counted in a Dam Canyon cave, San Diego County, in 2003. Our records
include six mines, two tunnels, and five caves from southern to northern California.

Parastrellus hesperus, Western Pipistrelle or Canyon Bat. Danehy (1952) reports that this bat
is found in cracks in caves, but uncommonly. Primarily a desert species, it inhabits a variety of
habitats from rocky canyons, cliffs, and outcroppings, to creosote bush flats; day roosts usually in
rock crevices, mines, or buildings; hibernates in mines, caves, and rock crevices. Records include
small numbers from nine caves and seven mines from southern to northern California.
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FIGURE 12 (top left). California sea lions huddle on a ledge in Painted Cave, a sea cave on Santa Cruz Island. DB.

FIGURE 13 (top right). Sea cave life on Anacapa Island, Ventura Co.; white anemones and sponges have lost their
mutualistic algae in the cave’s darkness. Image 25-30 cm wide. DB.

FIGURE 14 (center left). Brackenridgia heroldi, 6 mm, Trichoniscidae, troglophile, Clough Cave. JK.

FIGURE 15 (center right). Uroctonites sequoia, 4 cm, Vaejovidae, troglophilic scorpion, Clough Cave, Tulare Co.,
Sequoia National Park. JK.

FIGURE 16 (bottom left). Uroctonus mordax scorpion, 5 cm, trogloxene, Clough Cave. JK.

FIGURE 17 (bottom right). Hubbardia pentapeltis, about 5 mm, a male schizomid or short-tailed whipscorpion from
southern California, similar to Hubbardia shoshonensis from Shoshone Cave. The male’s flagellum (tail) is sculpted, the
female’s is simple. MH.

Photographers: Dave Bunnell, Marshal Hedin, Jean Krejca.
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FIGURE 18 (top left). Rhagidiid mite, 0.5-1.0 mm, a predator of springtails, Lava Beds National Monument, Siskiy-
ou Co. JK and ST.

FIGURE 19 (top right). Leiobunum exilipes, 10 mm, Sclerosomatidae, cluster of “Daddy longlegs™ harvestmen, Stearns
Cave, Santa Cruz Co. JML.

FIGURE 20 (center left). Taracus audisioae, about 12 mm including chelicerae, Taracidae, a troglophilic harvestman
with huge chelicerae, Forscythe Cave, Tulare Co. JK.

FIGURE 21 (center right). Banksula melones, 2 mm, Phalangodidae, a harvestman transplanted from McLean’s Cave
to the Transplant Mine, Tuolumne Co. WRE.

FIGURE 22 (bottom left). Troglomorphic Banksula grahami, 1.5 mm, Phalangodidae, Pinnacle Point Cave, Tuolumne
Co. The one on the right is catatonic. WRE.

FIGURE 23 (bottom right). Calicina cloughensis, 1 mm, Phalangodidae, troglobitic harvestman, Hidden Cave, Tulare
Co., Sequoia National Park. JK.

Photographers: William R. Elliott, Jean Krejca, Joel M. Ledford, Steve Taylor.
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FIGURE 24 (top left). Sitalcina californica, 1.7 mm, Phalangodidae, troglophilic harvestman, Stearns Cave, Santa Cruz

Co. JML.
FIGURE 25 (top right). Ortholasma colossus, 4 mm, Nemastomatidae, troglophilic harvestman, Bear Den Cave, Tulare

Co. JK.
FIGURE 26 (center left). Sabacon briggsi, Sabaconidae, 3 mm, trogloxene?, Empire Cave, Santa Cruz Co. JML.
FIGURE 27 (center right). Zuma acuta, 1.5 mm, Sclerobunidae, troglophilic harvestman, Empire Cave, Santa Cruz Co.

JML.
FIGURE 28 (bottom left). Chernetid pseudoscorpion, 3 mm, Walk Softly Cave, Tulare Co. JK.

FIGURE 29 (bottom right). Undetermined troglobitic pseudoscorpion, 2mm, Lyon's Road Cave, Siskiyou Co. JK, ST.
Photographers: Jean Krejca, Joel M. Ledford, Steve Taylor.
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FIGURE 30 (top left). Undetermined species, Chthoniidae, 2 mm, a new species of troglobitic pseudoscorpion, Kaweah
Cave, Tulare Co., Sequoia National Park. JK.

FIGURE 31 (top right). Neochthonius imperialis, 1.4 mm, Chthoniidae, troglobitic pseudoscorpion, Chthoniidae.
Empire Cave, Santa Cruz Co. JML.

FIGURE 32 (center left). Australinocreagris grahami, 4 mm, Neobisiidae, troglobite, McLean’s Cave, Tuolumne Co.,
Sierra Nevada North. WRE.

FIGURE 33 (center right). Fissilicreagris imperialis, 3 mm, Neobisiidae, troglobite, Empire Cave, Santa Cruz Co.
JML.

FIGURE 34 (bottom left). Parobisium yosemite, 3 mm, Neobisiidae, troglobite, Indian Cave, Tulare Co., Sequoia
National Park. JK.

FIGURE 35 (bottom right). Pseudogarypus pseudoscorpions, 3 mm, Pseudogarypidae, trogloxenes, Indian Rock Shel-
ter, Mariposa Co., Yosemite National Park. JK.

Photographers: William R. Elliott, Jean Krejca, Joel M. Ledford.
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FIGURE 36 (top left). Usofila sp., 1.7 mm, Telemidae, troglobitic spider, adult female of an undescribed species sus-
pended from a silken line in Clough Cave, Tulare Co. JD.

FIGURE 37 (top right). Usofila sp., 1.5 mm, Lyons Road Cave, Siskiyou Co. JK and ST.

FIGURE 38 (center left). Oaphantes n. sp. 1, 3 mm, Linyphiidae, female of a blind troglobitic species from Paradise
Cave, Tulare Co. JK and ST.

FIGURE 39 (center right). Oaphantes n. sp. 2, 2.5 mm, female of an eyed troglophilic species from Bear Den Cave,
Tulare Co. JK.

FIGURE 40 (bottom left). Nesticus silvestrii, 3.5 mm, Nesticidae, male suspended from web in Indian Cave, Yosemite
National Park. JK.

FIGURE 41 (bottom right). Nesticus silvestrii, 3.5mm, male, Overhang Cave, Tulare Co. JK.

Photographers: Joel Despain, Jean Krejca, Steve Taylor.



54 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Series 4, Volume 64, Supplement 1

FIGURE 42 (top left). Pimoa hespera sub-adult male, 7 mm, Pimoidae, Beulah Cave, Tulare Co. JK.

FIGURE 43 (top right). Meta dolloff female, 15 mm, Tetragnathidae, Dolloff Cave, Santa Cruz Co. This troglophilic
species is not modified for cave life, but has not been collected outside of caves. JML.

FIGURE 44 (center left). Meta dolloff male, 11 mm, Empire Cave, Santa Cruz Co. JML.

FIGURE 45 (center right). Cybaeus sp., 8 mm, Cybacidae, female spider preying on a two-pronged bristletail (Japyg-
idae), Clough Cave, Tulare Co., Sequoia National Park. JK.

FIGURE 46 (bottom left). Blabomma n. sp. no. 2, 3 mm, Dictynidae, juvenile of the troglobitic species from Windeler
Cave, Tuolumne Co. WRE.

FIGURE 47 (bottom right). Yorima n. sp., 5 mm, Dictynidae, female of a troglobite from Clough Cave, Tulare Co. JK.

Photographers: William R. Elliott, Jean Krejca, Joel M. Ledford.
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FIGURE 48 (top left). Calymmaria sp., 8 mm, Hahniidae, Stearns Cave, Santa Cruz Co. JML

FIGURE 49 (top right). Titiotus gertschi, 15 mm, Zoropsidae, troglophile, McLean's Cave, Tuolumne Co. WRE.

FIGURE 50 (center left). Calisoga sp., 2 cm, Nemesiidae, a false tarantula, Overhang Cave, Tulare Co. JK.

FIGURE 51 (center right). Hypochilus petrunkevitchi, 8 mm, Hypochilidae, in typical flattened resting posture, juve-
nile, Beulah Cave, Tulare Co. JK.

FIGURE 52 (bottom left). Trogloneta paradoxa, lmm, Mysmenidae, female in the hub of her 3-D orb web, Lava Beds
National Monument, Siskiyou Co. JK and ST.

FIGURE 53 (bottom right). Physocyclus sp., 6 mm including palpi, Pholcidae, troglophile, male with well-developed
pedipalps, Kaweah Cave, Tulare Co. JK.

Photographers: William R. Elliott, Jean Krejca, Joel M. Ledford, Steve Taylor.
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FIGURE 54 (top left). Thymoites sp., 1.7 mm, Theridiidae, Lava Beds, Siskiyou Co. JK and ST.

FIGURE 55 (top right). Uloborus diversus, 4 mm, Uloboridae, a cribellate orb weaver in standard posture, a female
from Windy Pit, Tulare Co. JK.

FIGURE 56 (center left). Strigamia sp., Linotaeiidae, 6 cm, geophilomorph centipede on a marble wall, Kaweah Cave,
Tulare Co., Sequoia National Park. JK.

FIGURE 57 (center right). Lithobiomorph centipede, 3.5 cm, preying on a young millipede, Big Painted Cave, Lava
Beds National Monument. JK and ST.

FIGURE 58 (bottom left). Lithobiomorph centipede, 4 cm, troglophile, in Lange Cave, Tulare Co. JK.

FIGURE 59 (bottom right). A symphylan (Symphyla), 3 mm, from Hidden Cave, Tulare Co. JK.

Photographers: Jean Krejca, Steve Taylor.
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FIGURE 60 (top left). Paeromopus cavicolens, 10-15 cm long, Paecromopodidae, a julid millipede common in the

Stanislaus River caves. WRE.
FIGURE 61 (top right). Taiyutyla loftinae, 9 mm, troglophile, Chordeumatida, Conotylidae, Indian Cave, Yosemite

National Park. JK.
FIGURE 62 (center left). Plumatyla humerosa, 9 mm, troglobitic conotylid millipedes mating in Fossil Cave,

Siskiyou Co. JK and ST.
FIGURE 63 (center right). Chordeumatida, Striariidae, probably Amplaria muiri, 15 mm, troglophile, Lange Cave,

Tulare Co. JK.

FIGURE 64 (bottom left). Pratherodesmus despaini, 9 mm, Polydesmida, Macrosternodesmidae, troglobite, known
only from Kaweah Cave, Tulare Co., Sequoia National Park. JK.

FIGURE 65 (bottom right). Sequoiadesmus krejcae, 6 mm, troglobitic macrosternodesmid millipede, Clough Cave,
Tulare Co., Sequoia National Park. JK.

Photographers: William R. Elliott, Jean Krejca, Steve Taylor.
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FIGURE 66 (top left). Cambalid millipede, Spirostreptida, Cambalidae, Kaweah Cave Tulare Co., Sequoia National
Park. JK.

FIGURE 67 (top right). Sinella sp., 2 mm, Entomobryomorpha, an entomobryid springtail, Hidden Cave, Tulare Co.,
Sequoia National Park. JK.

FIGURE 68 (center left). Tomocerus springtails (collembolans), 3 mm, Tomoceridae, are typically grayish and rela-
tively large, Hidden Cave. JK.

FIGURE 69 (center right). Poduromorph collembolan, 2 mm, Kaweah Cave. JK.

FIGURE 70 (bottom left). Haplocampa sp., Campodeidae, a new species of two-pronged bristletail, probably troglo-
bitic, Nirvana Cave, Lava Beds National Monument, Siskiyou Co. JK and ST.

FIGURE 71 (bottom right). Two-pronged bristletail (Japygidae), about 5 mm long, McLean’s Cave, Tuolumne Co.
WRE.

Photographers: William R. Elliott, Jean Krejca, Steve Taylor.
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FIGURE 72 (top left). Ceuthophilus sp, Rhaphidophoridae, about 20 mm, cave cricket, trogloxene, Lava Beds Nation-
al Monument. JK and ST.

FIGURE 73 (top right). Tropidischia xanthostoma, about 30 mm, trogloxene, rhaphidophorid cricket, Crystal Sequoia
Cave, Tulare Co., Sequoia National Park. JK.

FIGURE 74 (center left). Grylloblatta n. sp. 3, 12-20 mm, Notoptera, is known only from Lilburn Cave and Mays
Cave, Tulare Co., the farthest south of any icecrawler. JK.

FIGURE 75 (center right). Trechus sp., 4 mm, Carabidae, Trechinae, Trechini, troglophile or trogloxene beetle, Empire
Cave, Santa Cruz Co. JML.

FIGURE 76 (bottom left). Ant-like litter beetle or mold beetle, 5-6 mm, Staphylinidae, Pselaphinae, Yosemite Nation-
al Park. JK.

FIGURE 77 (bottom left). Ptomaphagus nevadicus, 6-7 mm, a round fungus beetle, Leiodidae, McLean’s Cave,
Tuolumne Co. WRE.

Photographers:William R. Elliott, Jean Krejca, Joel M. Ledford, Steve Taylor.
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FIGURE 78 (top left). Unidentified rove beetle, 7-10 mm, Staphylinidae, Lava Beds National Monument. JK and ST.

FIGURE 79 (top right). Niptus arcanus, 3 mm, a troglobitic spider beetle (Anobiidae, Ptininae) known only from the
El Pakiva section of Mitchell Caverns, San Bernardino Co. RA.

FIGURE 80 (center left). A new species of blind carabid beetle, 8§ mm, Subfamily Trechinae, Tribe Bembidiini, Sub-
tribe Anillina, in a pitfall trap, Crystal Palace, Tuolumne Co. RA.

FIGURE 81 (center right). Eleodes (Caverneleodes) microps, 16 mm, Tenebrionidae, blind darkling beetle, Microps
Cave, Inyo Co. RA.

FIGURE 82 (bottom left). Sun flies (Heleomyzidae) mating, 4 mm, Crystal Sequoia Cave, Tulare Co. JK.

FIGURE 83 (bottom right). A fungus gnat larva makes a web (Mycetophilidae), 15 mm, Lost Soldier's Cave, Tulare
Co. JK.

Photographers: Rolf Aalbu, William R. Elliott, Jean Krejca, Steve Taylor.
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FIGURE 84 (left). Eleodes dentipes, trogloxenic or troglophilic tenebrionid beetle, about 25 mm long, Crystal Palace,
Tuolumne Co. Photographer: William R. Elliott.

FIGURE 85 (right). Corynorhinus townsendii townsendii, Western big-eared bat, about 10 cm long, Coral Reef Cave,
Lava Beds National Monument. The torpid bat’s right ear is rolled up to conserve body heat. Photographers: Jean
Krejca and Steve Taylor.
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FIGURE 86 (top left). A mycetophilid fungus gnat adult, 6 mm, Empire Cave. JML

FIGURE 87 (top right). Limonia nubeculosa, a limoniid crane fly, 10 mm, Empire Cave. JML.

FIGURE 88 (center left). A large crane fly, Tipulidae, about 50 mm wingspan, Windy Pit, Tulare Co. JK.

FIGURE 89 (center right). Triphosa haesitata, 16 mm, Geometridae, twilight moth, Stump Cave, Santa Cruz Co. JML.

FIGURE 90 (bottom left). Stygobromus sp., 4-8 mm, Amphipoda, Crangonyctidae, a widespread amphipod genus with
many phreatobites and stygobites. JK.

FIGURE 91 (bottom right). A bathynellacean, <1 to 3 mm, phreatobitic (groundwater inhabiting) crustacean. KA.

Photographers: Kym Abrams, Jean Krejca, Joel M. Ledford, Steve Taylor.
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FIGURE 92 (top left). Pseudacris sierra, 19-50 mm, Hylidae, the Sierran chorus frog or tree frog. JK.

FIGURE 93 (top right). Dicamptodon ensatus, 30 cm total length, Dicamptodontidae, the Pacific giant salamander, IXL
Cave, Santa Cruz Co. JML.

FIGURE 94 (center left). Hydromantes shastae, 7.5-11 cm total length, Plethodontidae, salamander from the Shasta
Karst. GN.

FIGURE 95 (center right). Myotis californicus, 7-9 cm body length, Vespertilionidae, California bat. SC.

FIGURE 96 (bottom left). Trichoniscid isopod, 5 mm, Trichoniscidae, Ligidium or Brackenridgia sp., in Maze Cave,
Lava Beds National Monument. JK and ST.

FIGURE 97 (bottom right). Roots in Clough Cave support planthoppers (center) and other fauna. JD.

Photographers: Stan Cunningham, Joel Despain, Jean Krejca, Joel M. Ledford, Gary Nafis, Steve Taylor.
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FIGURE 98 (top left). Planthopper nymph on roots, about 5 mm, Achilidae, Windeler Cave, Tuolumne Co. WRE.
FIGURE 99 (top right). Planthopper adult, 5-10 mm, McLean's Cave, Tuolumne Co. WRE.

FIGURE 100 (center left). Roots with a planthopper and spider in Overhang Cave, Tulare Co. JK.

FIGURE 101 (center right). Roots with a Tomocerus collembolan in Crystal Sequoia Cave, Tulare Co. JD.

FIGURE 102 (bottom left). Horsehair worm, 5-10 cm long, Nematomorpha, a parasite that probably erupted from a
cave cricket in Lilburn Cave, Tulare Co. JK.

FIGURE 103 (bottom right). Submerged roots in Big Spring, the lower part of Lilburn Cave, Tulare Co. JK.
Photographers: Joel Despain, William R. Elliott, Jean Krejca.
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FIGURE 104 (top left). Bowmanasellus sequoia, about 5 mm, Asellidae, the Big Spring Isopod, on a submerged root,
Tulare Co., Sequoia National Park. JK.

FIGURE 105 (top right). Bowmanasellus sequoia isopods, Big Spring, Tulare Co. JK.

FIGURE 106 (center left). Stringy fungus on mammal scat, Tulare Co. JK.

FIGURE 107 (center right). A fungus in a lava tube, Lava Beds National Monument. JK and ST.

FIGURE 108 (bottom left). Fungus in a nutshell with collembolans, harvestman nymph, and a large mite. JK.

FIGURE 109 (bottom right). Mayfly naiad (immature) in stream, Waterfall Cave, Tuolumne Co., Yosemite National
Park. JK.

Photographers: Jean Krejca, Steve Taylor.
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B1OGEOGRAPHY AND BIODIVERSITY

Here we summarize the geographic patterns of cave biodiversity in California and recognize
the top caves for biodiversity. As mentioned above, we have compiled biological data on 1,301
sites, including many carbonate caves, lava tubes, sea caves, groundwater sites, and mines. At least
1,366 taxa are recorded, including 102 terrestrial troglobites (terrestrial cave obligates), 12 stygo-
bites (aquatic cave obligates), and 32 phreatobites (troglomorphic groundwater forms), a total of
146 obligate subterranean species, detailed in Table 11. Of those 146 taxa, 11 are still undetermined
beyond the level of Order or Family, and represent an uncertain number of true species, although
some are likely new species. Half (74) of the obligates are undescribed species, comprised of 63
troglobites, 3 stygobites, and 8 phreatobites (Table 12). Our species list includes 111 undescribed
species of all types.

The high number (72) of single-site endemic species is indicative of the insular distribution of
karst, large differences in elevation, and the many river systems cutting across the Sierra Nevada.
Sierra Nevada North has 18 single-site endemics, Sierra Nevada South has 16, and Klamath and
Marble Mountains have 11. In contrast, Lava Flows North has but 5 single-site endemics. The lava
flow conotylid millipede Plumatyla humerosa has the largest range of any troglobite in California
(194 km).

Table 13 provides statewide counts of sites with subterranean species; these counts are not
exclusive, but are the numbers of sites with each ecological class (the same site may be counted
again for another class). The distinction between phreatobite and stygobite is sometimes blurred:
three caves contain phreatobites that normally occur in groundwater sites, while 11 groundwater
sites contain stygobites that typically occur in caves.

Table 14 shows the ranked regional counts of obligate subterranean species. Sierra Nevada
North (SNN) has the highest number of obligate subterranean species at 41, Sierra Nevada South
(SNS) has 32, Klamath Mountains (KM) has 18, Bay Area/Delta (BD) has 13, Coast Ranges 13,
Lava Flows North (LFN) 11, and Mojave Desert (MD) 6. Some undescribed species seem to range
across several regions, indicated in the table as California, Northern California, and Sierra Nevada,
but that is not likely, and those species probably will turn out to be multiple species with further
taxonomic study. These current rankings may partially reflect the amount of study that has gone
into each region. However, the pattern of biodiversity in individual caves is somewhat different,
discussed below.

Table 15 also shows obligates, but with regional and county counts. The table shows the num-
ber of obligates within each county (the same species may be counted again in other counties).
These counts convey an impression of how the areas rank in subterranean species richness. Lead-
ing counties are Calaveras in SNN (31 species); Tulare (27) in SNS; Tuolumne in SNN (23); Shas-
ta in two northern regions (21, with 14 karst and 7 lava); Siskiyou in two northern regions (19, with
12 karst and 7 lava); Santa Cruz in BD (6); SNN counties Amador (9) and El Dorado (7); SNS
county Mariposa (5); SNN’s Placer (5); Coastal Ranges’ San Diego (7); and Napa (9) in Bay
Area/Delta.

Table 16 focuses on caves, stygobites, and troglobites, providing a regional view of the num-
bers of sampled caves and the occupancy rate of stygobites and troglobites in the sampled caves.
The BD region (especially Santa Cruz Karst and Napa County) has the highest occupancy (cave
obligates/cave) at 0.88. The ranking is the natural occupancy by cave forms combined with the
amount of field work that has been done in each region. Only two sea caves out of 800 have a
troglobite, for example, and probably very few of the other sea caves have been searched for small
terrestrial invertebrates.
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Overall, 105 cave obligates occupy 291 caves (36% of sampled caves). Occupancy provides
some measure of the success in finding obligate species in each region, and the potential for pro-
ductive future work. Occupancy is high in the Sierra Nevada South (SNS) (0.64) and moderate in
the Sierra Nevada North (SNN) (0.41). This also reflects the high endemism and biodiversity with-
in SNS caves, discussed below.

TaBLE 11. List of 146 obligate subterranean species in California. TB is troglobite, SB is stygobite, and
PB is phreatobite. Twelve species are designated TB?, indicating that the status as a troglobite is not yet

certain.

Species Adaptation Class Order Family Total Sites
Amplaria shastae TB Diplopoda Chordeumatida Striariidae 2
Anillaspis explanata TB Insecta Coleoptera Carabidae 1
Anillina n. gen., n. sp. no. 1 TB Insecta Coleoptera Carabidae 2
Anillina n. gen., n. sp. no. 2 TB Insecta Coleoptera Carabidae 1
Anillina n. gen., n. sp. no. 3 TB Insecta Coleoptera Carabidae 1
Anillina n. gen., n. sp. no. 4 TB Insecta Coleoptera Carabidae 2
Aphrastochthonius grubbsi TB Arachnida Pseudoscorpiones Chthoniidae 1
Aphrastochthonius similis TB Arachnida Pseudoscorpiones Chthoniidae 1
Apochthonius grubbsi B Arachnida Pseudoscorpiones Chthoniidae 4
Australinocreagris grahami TB Arachnida Pseudoscorpiones Neobisiidae 15
Australinocreagris sp. TB Arachnida Pseudoscorpiones Neobisiidae 4
Banksula californica TB Arachnida Opiliones Phalangodidae 1
Banksula galilei TB Arachnida Opiliones Phalangodidae 1
Banksula grahami TB Arachnida Opiliones Phalangodidae 18
Banksula grubbsi TB Arachnida Opiliones Phalangodidae 1
Banksula martinorum TB Arachnida Opiliones Phalangodidae 1
Banksula rudolphi TB Arachnida Opiliones Phalangodidae 1
Banksula tuolumne TB Arachnida Opiliones Phalangodidae 1
Banksula tutankhamen B Arachnida Opiliones Phalangodidae 1
Bathynella fraterna PB Malacostraca Bathynellacea Bathynellidae 1
Bathynella germanitas PB Malacostraca Bathynellacea Bathynellidae 1
Bidentogon n. sp. TB Diplopoda Polydesmida Polydesmidae 5
Blabomma n. sp. TB Arachnida Araneae Dictynidae 1
Blabomma n. sp. no. 1 TB Arachnida Araneae Dictynidae 4
Blabomma n. sp. no. 2 TB Arachnida Araneae Dictynidae 6
Blabomma n. sp. no. 3 TB Arachnida Araneae Dictynidae 1
Blabomma n. sp. no. 4 TB Arachnida Araneae Dictynidae 1
Blabomma sp. TB Arachnida Araneae Dictynidae 3
Bowmanasellus sequoiae SB Malacostraca Isopoda Asellidae 9
Caecidotea n. sp. SB Malacostraca Isopoda Asellidae 1
Calasellus californicus PB Malacostraca Isopoda Asellidae 24
Calasellus longus PB Malacostraca Isopoda Asellidae 1
Calasellus sp. PB Malacostraca Isopoda Asellidae 13
Calicina cloughensis TB Arachnida Opiliones Phalangodidae 4
Califobathynella noodti PB Malacostraca Bathynellacea | Parabathynellidae 1
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TaBLE 11 (continued). List of 146 obligate subterranean species in California.TB is troglobite, SB is
stygobite, and PB is phreatobite. Twelve species are designated TB?, indicating that the status as a troglobite

is not yet certain.

Species Adaptation Class Order Family g?::;
Califobathynella teucherti PB Malacostraca Bathynellacea Parabathynellidae 1
Californibathynella californica PB Malacostraca Bathynellacea Parabathynellidae 1
Calileptoneta briggsi TB Arachnida Araneae Leptonetidae 2
Calileptoneta n. sp. 1 TB Arachnida Araneae Leptonetidae 1
Calileptoneta n. sp. 2 TB Arachnida Araneae Leptonetidae 4
Cybaeozyga n. sp. 1 TB Arachnida Araneae Cybaeidae 2
Cybaeozyga n. sp. 2 TB Arachnida Araneae Cybaeidae 1
Cybaeus 1. sp. TB Arachnida Araneae Cybaeidae 1
Dendrocoelopsis hymanae PB Turbellaria Tricladida Dendrocoelidae 1
Eleodes (Caverneleodes) microps TB Insecta Coleoptera Tenebrionidae 3
Erigoninae TB Arachnida Araneae Linyphiidae 4
Eschatoporis n. sp. TB Insecta Coleoptera Tenebrionidae 1
Fissilicreagris imperialis TB Arachnida Pseudoscorpiones Neobisiidae 4
Fissilicreagris n. sp. 1 TB Arachnida Pseudoscorpiones Neobisiidae 1
Fissilicreagris n. sp. 2 TB Arachnida Pseudoscorpiones Neobisiidae 1
Fissilicreagris n. sp. 3 TB Arachnida Pseudoscorpiones Neobisiidae 1
Fissilicreagris sp. TB Arachnida Pseudoscorpiones Neobisiidae 2
Foveacheles (Usitorhagidia) titanica TB Arachnida Acari Rhagidiidae 3
Gilbertiola sp. TB Insecta Coleoptera Curculionidae 1
Haplocampa "Helfer's Cave Dipluran" TB? Diplura Rhabdura Campodeidae 4
Haplocampa "Roth's Cave Dipluran" TB? Diplura Rhabdura Campodeidae 1
Haplocampa n. sp. no. 1 TB? Diplura Rhabdura Campodeidae 1
Haplocampa n. sp. no. 2 TB? Diplura Rhabdura Campodeidae 2
Haplocampa n. sp. no. 3 TB? Diplura Rhabdura Campodeidae 3
Haplocampa sp. TB? Diplura Rhabdura Campodeidae 15
Haplocampa n. sp."Lava Beds N.M" TB? Diplura Rhabdura Campodeidae 26
Hexabathynella hessleri PB Malacostraca Bathynellacea Parabathynellidae 1
Hexabathynella muliebris PB Malacostraca Bathynellacea Parabathynellidae 1
Hexabathynella otayana PB Malacostraca Bathynellacea Parabathynellidae 1
Hubbardia shoshonensis TB Arachnida Schizomida Hubbardiidae 2
Larca laceyi TB Arachnida Pseudoscorpiones Garypidae 3
Ligidium kofoidi TB Malacostraca Isopoda Ligiidae 14
Linyphiinae n. gen., n. sp. TB Arachnida Araneae Linyphiidae 1
Lophomus sp. or new genus TB Diplopoda Chordeumatida Conotylidae 2
"Microcreagris" n. sp. TB Arachnida Pseudoscorpiones Neobisiidae 1
"Microcreagris" spp. TB Arachnida Pseudoscorpiones Neobisiidae 15
Neochthonius imperialis TB Arachnida Pseudoscorpiones Chthoniidae 1
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TaBLE 11 (continued). List of 146 obligate subterranean species in California. TB is troglobite, SB is
stygobite, and PB is phreatobite. Twelve species are designated TB?, indicating that the status as a troglobite

is not yet certain.

Species Adaptation Class Order Family g(i)tt:sl
Neochthonius n. sp. TB Arachnida | Pseudoscorpiones Chthoniidae 3
Neochthonius sp. TB Arachnida | Pseudoscorpiones Chthoniidae 4
Neochthonius troglodytes TB Arachnida | Pseudoscorpiones Chthoniidae 10
Nesticus potterius TB Arachnida Araneae Nesticidae 4
Nevadesmus 1. sp. 1 TB Diplopoda Polydesmida Macrosternodesmidae 1
Nevadesmus n. sp. 2 TB Diplopoda Polydesmida Macrosternodesmidae 1
Niptus arcanus TB Insecta Coleoptera Anobiidae 1
Oaphantes n. sp. 1 TB Arachnida Araneae Linyphiidae 1
Occasjapyx kofoidi TB Diplura Dicellurata Japygidae 2
Opiona graeningi TB Diplopoda Chordeumatida Caseyidae 11
Opiona n. sp. no. 2 TB Diplopoda Chordeumatida Caseyidae 1
Pacificabathynella sequoiae PB Malacostraca | Bathynellacea Bathynellidae 1
Parobisium yosemite TB Arachnida | Pseudoscorpiones Neobisiidae 2
Plumatyla humerosa TB Diplopoda Chordeumatida Conotylidae 43
Plumatyla sp. TB Diplopoda Chordeumatida Conotylidae 2
Polycelis sp. SB? Turbellaria Tricladida Planariidae 6
Pratherodesmus despaini TB Diplopoda Polydesmida Macrosternodesmidae 1
Pratherodesmus n. sp. TB Diplopoda Polydesmida Macrosternodesmidae 1
Prokoenenia sp. TB Arachnida Palpigradi Prokoeneniidae 2
Pseudogarypus orpheus TB Arachnida | Pseudoscorpiones Pseudogarypidae 2
Pseudogarypus spelaeus TB Arachnida | Pseudoscorpiones Pseudogarypidae 1
Ptomaphagus (Adelops) inyoensis TB Insecta Coleoptera Leiodidae 1
Sequoiadesmus krejcae TB? Diplopoda Polydesmida Macrosternodesmidae | 3
Sinella tecta TB Collembola Collembola Entomobryidae 5
Speleonycta n. sp. no. 1 TB Insecta Zygentoma Nicoletiidae 1
Speleonycta n. sp. no. 2 TB Insecta Zygentoma Nicoletiidae 4
Speoseya grahami TB Diplopoda Chordeumatida Caseyidae 3
Sphalloplana (Sphalloplana) californica SB Turbellaria Tricladida Kenkiidae 1
Spirembolus sp. TB Arachnida Araneae Linyphiidae 2
Stenophilus californicus TB? Chilopoda | Geophilomorpha Himantariidae 2
Stygobromus cherylae PB Malacostraca Amphipoda Crangonyctidae 1
Stygobromus cowani PB Malacostraca Amphipoda Crangonyctidae 1
Stygobromus gallawayae PB Malacostraca Amphipoda Crangonyctidae 1
Stygobromus gradyi SB Malacostraca Amphipoda Crangonyctidae 5
Stygobromus grahami SB Malacostraca Amphipoda Crangonyctidae 8
Stygobromus harai SB Malacostraca Amphipoda Crangonyctidae 4
Stygobromus hyporheicus PB Malacostraca Amphipoda Crangonyctidae 1
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TABLE 11 (continued). List of 146 obligate subterranean species in California. TB is troglobite, SB is
stygobite, and PB is phreatobite. Twelve species are designated TB?, indicating that the status as a troglobite

is not yet certain.

Species Adaptation Class Order Family g(i)tt:sl
Stygobromus imperialis SB Malacostraca Amphipoda Crangonyctidae 1
Stygobromus lacicolus PB Malacostraca Amphipoda Crangonyctidae 1
Stygobromus mackenziei SB Malacostraca Amphipoda Crangonyctidae 1
Stygobromus myersae PB Malacostraca Amphipoda Crangonyctidae 2
Stygobromus mysticus PB Malacostraca Amphipoda Crangonyctidae 1
Stygobromus n. sp. (hubbsi group) PB Malacostraca Amphipoda Crangonyctidae 1
Stygobromus n. sp. aff. mackenziei PB Malacostraca Amphipoda Crangonyctidae 1
Stygobromus n. sp. aff. sierrensis PB Malacostraca Amphipoda Crangonyctidae 1
Stygobromus n. sp. cf. mackenziei PB Malacostraca Amphipoda Crangonyctidae 3
Stygobromus n. sp. no. 1 PB Malacostraca Amphipoda Crangonyctidae 1
Stygobromus n. sp. no. 2 PB Malacostraca Amphipoda Crangonyctidae 2
Stygobromus rudolphi PB Malacostraca Amphipoda Crangonyctidae 1
Stygobromus sheldoni PB Malacostraca Amphipoda Crangonyctidae 4
Stygobromus sierrensis PB Malacostraca Amphipoda Crangonyctidae 2
Stygobromus sp. nr. cowani PB Malacostraca Amphipoda Crangonyctidae 2
Stygobromus tahoensis PB Malacostraca Amphipoda Crangonyctidae 5
Stygobromus trinus SB Malacostraca Amphipoda Crangonyctidae 1
Stygobromus wengerorum SB Malacostraca Amphipoda Crangonyctidae 2
Taracus fluvipileus TB Arachnida Opiliones Taracidae 9
Texanobathynella sachi PB Malacostraca | Bathynellacea Parabathynellidae 1
Texella n. sp. TB? Arachnida Opiliones Phalangodidae 1
Tuberochernes aalbui TB Arachnida | Pseudoscorpiones Chernetidae 1
Tuberochernes 1. sp. TB Arachnida | Pseudoscorpiones Chernetidae 1
Undetermined Acari TB Arachnida Acari Undetermined 2
Undetermined Chordeumatida TB Diplopoda Chordeumatida Undetermined 4
Undetermined Collembola TB Collembola Collembola Undetermined 3
Undetermined Diplopoda TB Diplopoda Undetermined Undetermined 27
Undetermined Lithobiomorpha TB Chilopoda | Lithobiomorpha Undetermined 1
Undetermined Oniscidea TB Malacostraca Isopoda Undetermined 7
Undetermined Onychiuridae TB? Collembola | Poduromorpha Onychiuridae 4
Undetermined Polydesmida sp. no. TB Diplopoda Polydesmida Undetermined 1
Undetermined Polydesmida sp. no. 2 TB Diplopoda Polydesmida Undetermined 1
Undetermined Pseudoscorpiones TB Arachnida | Pseudoscorpiones Undetermined 1
Undetermined Tricladida SB Turbellaria Tricladida Undetermined 3
Uroctonus grahami TB Arachnida Scorpiones Vaejovidae 1
Usofila n. spp. TB Arachnida Araneae Telemidae 16
Yorima n. sp. TB Arachnida Araneae Dictynidae 9
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TABLE 12. Numbers of subter-
ranean species and their ecologi-
cal classification in California.
Half (74) of the obligates are
undescribed species.

TABLE 13. Sites with obligate subterranean species. At
least 275 caves of all types (28% of sampled caves) con-
tain obligates. Three caves contain phreatobites that nor-
mally occur in groundwater sites, while 11 groundwater
sites contain stygobites that typically occur in caves.

Ecological classification | Species Location Type Phrefxtobite Stygobite Trog}obite Totals
Sites Sites Sites
Phreatobite 32 Caves 3 2 142 | 168
Stygobite 12
Troglobite 102 Groundwater 56 11 67
Obligates Subtotal 146 Lava Tubes 112 112
Troglophile 192 Mines 1 6 7
Trogloxene 86 Sea Caves 2 2
Stygophile 8 Totals 59 35 262 356
Accidental 56
Other terrestrial 362
Other groundwater 22
Unclassified 494
Total 1,366
Table 14. Ranked regional numbers of obligate subterranean species.
Region Phreatobites Stygobites Troglobites Totals
Sierra Nevada North 6 3 32 41
Sierra Nevada South 2 4 25 31
Klamath Mountains 1 1 16 18
Bay Area/Delta 6 3 4 13
Coast Ranges 13 13
Lava Flows North 2 9 1
California 1 5 6
Mojave Desert 5 5
Northern California 5 5
Sierra Nevada 1 1 2
San Joaquin Valley 1 1
Totals 32 12 102 146
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TABLE 15. Records of obligate subterranean species per region and county.

Region County Total Obligates | Phreatobites | Stygobites | Troglobites

Bay Area/Delta Alameda 1 1

Contra Costa 2 1 1

Marin 3 3

Napa 9 4 5

Santa Clara 2 2

Santa Cruz 7 1 3 2

Sonoma 2 2
BD Subtotal 25 14 3 8
Coast Ranges Lake 1 1

Los Angeles 3 3

Mendocino 1 1

San Benito 1 1

San Diego 7 7

Santa Barbara 1 1
CR Subtotal 14 14 0 0
Klamath Mountains Shasta 14 14

Siskiyou 7 1 1 5

Trinity 4 1 3
KM Subtotal 25 1 2 22
Lava Flows North Lassen 2 2

Modoc 3 1 2

Plumas 2 2

Shasta 7 7

Siskiyou 12 12

Tehama 1 1
LFN Subtotal 27 1 0 26
Mojave Desert Inyo 6 1 5

San Bernardino 3 3
MD Subtotal 9 1 0 8
San Joaquin Valley subtotal Stanislaus 1 1 0 0
Sea Caves subtotal San Francisco 1 0 0 1
Sierra Nevada North Amador 9 2 7

Butte 1 1

Calaveras 31 1 30

El Dorado 7 2 1 4

Nevada 2 1 1

Placer 5 3 1 1

Plumas 1 1

Sierra 2 2

Tuolumne 23 1 2 20
SNN Subtotal 83 11 8 64
Sierra Nevada South Fresno 2 1 1

Inyo 4 1 3

Madera 1 1

Mariposa 5 2 3

Tulare 27 3 24
SNS Subtotal 39 3 5 31
Total Records 224 46 18 160
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TABLE 16. Ranked regional view of 291 caves with stygobites and troglobites. Occupancy (cave obligates/
caves) is highest in the Bay Area/Delta (Santa Cruz Karst and Napa caves).

Region Stygobite Sites | Troglobite Sites | Cave Obligates | Caves Occupancy
Bay Area/Delta 1 7 7 8 0.88
Mojave Desert 9 6 9 0.67
Klamath Mountains 2 26 18 28 0.64
Sierra Nevada South 15 32 30 47 0.64
Sea Caves 2 1 2 0.5
Sierra Nevada North 17 69 35 86 0.41
Lava Flows North 112 9 112 0.08

Coast Ranges 0

Totals 35 257 105 291 0.36

TABLE 17. High biodiversity caves as measured with B; (Elliott’s biodiversity value, 2007) and B, (based
on single-site endemics). B; = SR*T+SE, B, = SR*T+SST. Caves are ranked on B;. Abbreviations: KM, Kla-
math Mountains; LFN, Lava Flows North; SNN, Sierra Nevada North; SNS, Sierra Nevada South; BD, Bay
Area/Delta; CR, Coast Ranges; SC, Sea Caves; MD, Mojave Desert ; CD, Colorado Desert.

Rank Cave Region County Type SR | T | SE B, SST | B,
1 Clough Cave SNS Tulare Cave 58 | 11 | 5.04 | 3216 3 1914
2 Samwel Cave KM Shasta Cave 44 | 11 | 592 | 2865 4 1936
3 Empire Cave BD Santa Cruz Cave 76 | 6 | 429 | 1956 4 1824
4 Clay Cave BD Napa Ash Cave 68 | 5 | 3.08 | 1047 2 680
5 Lilburn Cave SNS Tulare Cave 71 | 5 | 2.14 | 760 1 355
6 Transplant Mine SNN Tuolumne Mine 5317|135 | 501 0 0
7 Hurricane Crawl Cave SNS Tulare Cave 51| 5| 176 | 449 1 255
8 Music Hall Cave SNN Calaveras Cave 32 | 6 | 221 | 424 1 192
9 Lost Soldier's Cave SNS Tulare Cave 81 | 2 | 2.00 | 324 2 324
10 McLean's Cave SNN Tuolumne Cave 98 | 4 | 0.72 | 282 0 0
11 Hidden Cave SNS Tulare Cave 52 | 3 | 1.58 | 246 1 156
12 Bower Cave SNS Mariposa Cave 76 | 2| 1.5 228 1 152
13 Carlow's Cave SNN Calaveras Cave 26 | 5 | 1.57 | 204 1 130
14 Kaweah Cave SNS Tulare Cave 45 | 2 | 2.00 | 180 2 180
15 Lost Piton Cave SNN Calaveras Pit 37 131127 | 141 1 111
16 O’Neil’s Cave SNN Calaveras Cave 20 | 3 | 2.14 | 128 2 120
17 Walk Softly Cave SNS Tulare Cave 43 | 2 | 1.25 | 108 1 86
18 Subway Cave LFN Shasta Lava Tube | 30 | 3 | 1.09 98 1 90
19 Shasta Caverns KM Shasta Cave 17 | 3 | 1.75 89 1 51

20 Poleta Cave SNS Inyo Cave 12 | 3 | 233 84 2 72
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B, (see Methods) was used to rank 38 top caves in descending order for a final list of 20 caves
(Table 17). Only the top 20 are given in Table 17 because of our concerns over low sampling in the
others. B,, a similar measure of biodiversity, is calculated as SR x T x SST (SST is the number of
single-site troglomorphic species in the cave). Out of the top 20 caves thus ranked, only 2 fell
below 20t in position by using B, instead of B,. Therefore, B, and single-site endemics are high-
ly predictive of overall biodiversity. Caves with high SR tend to also have more obligate cave
species and SSTs, but not always. For example, McLean’s Cave, Tuolumne County, had 98 species,
but only 4 troglobites and no endemics, but it ranks 10th with B, and 37t with B,.

With either B, or B, the top 20 caves are concentrated in SNS, BD, SNN, and KM (see Table
17 for regional abbreviations). Although SNN has more troglomorphic species, SNS has higher
biodiversity and endemicity in individual caves. The top five caves are Clough Cave (SNY),
Samwel Cave (KM), Empire Cave (BD), Clay Cave (BD), and Lilburn Cave (SNS). Complete
species lists for these top five caves are given in Tables 18-22, and they are discussed in Ecology
below.

The rankings of the top 20 caves may have been influenced by sampling intensity and mois-
ture conditions at the time of sampling. Cave faunas are like soil faunas, and apparent abundances
of cave creatures change with moisture conditions. Many of the small arthropods retreat into cracks
during dry conditions. Most of California has an annual dry/wet cycle (Mediterranean climate) and
is prone to severe droughts. The first intensive cave biology studies in the Stanislaus River basin
in 1977 were during a drought, and it was not until studies during wetter conditions in 1978-1979
that many Banksula populations and other fauna were discovered in some of the caves (McEach-
ern and Grady 1978; Elliott 1978; Rudolph 1979).

In California caves we find species with boreal and tropical origins, sometimes in the same
vicinity. Boreal forms include some rhagidiid mites, which may be relicts related to species much
farther north, even subpolar areas (Zacharda and Elliott 1982, 1985), although some species are
found in Mexico (Elliott and Strandtmann 1971; Zacharda 1980). Grylloblattids, boreal forms,
reach their most southern localities in May’s Cave and Lilburn Cave, Tulare Co. Upper Shoshone
Cave is the site of the second-most northern schizomid record in North America; schizomids are a
basically tropical arachnid Order. The Arizona and California species are more closely related to
Asian schizomids than to those elsewhere in the New World. These occurrences reflect past isola-
tions of ancestors in caves and crevices caused by glaciation, warm periods, and droughts.

To summarize, high biodiversity caves are found in many regions of California, and tend to be
those caves with many species found during multiple trips by cave biologists, but a few caves also
have up to 11 troglomorphic species and up to 4 single-site endemics. We examined the possible
relationship between biodiversity and elevation of caves, but found no significant linear regression.

The 9 SNS Region caves in the top 20 caves (Table 17) are at higher elevations than other
regions, but they may have also have good depth and moisture. They are near the edges of former
alpine glaciers.

Figure 113 (graph; see p. 77) is a scatterplot and linear regression of SR (species richness) for
221 caves vs. vertical cave depth. Although the slope of the regression is low, the positive regres-
sion is statistically significant (two-tailed test, p = 0.008). However, the true ecological relationship
may be between SR (species richness) and moisture and humidity rather than cave depth. Shallow
caves may tend to be warmer and drier. A linear regression analysis of T (troglobites) vs. cave depth
in 104 caves was not significant, but most caves had few troglobites, so this analysis begs for a
larger dataset.

The only ash and lava caves in the top 20 are Clay Cave, BD region, and Subway Cave, LFN
region. Tulare County (SNS) has 7 caves in the top 20 at higher elevations of 500—1600 m, but the
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number of troglobites per cave varies between 2 and 11 within that range. Calaveras (SNN) has
4 caves in the top 20, Shasta (KM) 3, Tuolumne (SNN) 2, and the following with 1 each: Inyo
(SNS), Mariposa (SNS), Napa (BD), Santa Cruz (BD). Looking at new species of obligates, SNN
has 9 while SNS has 18. The Sierra Nevada has 15 caves in the top 20, with 6 in SNN and 9 in
SNS.

EcoLoGy

This section focuses on ecological studies, especially of cave communities. Some ecological
topics were covered in previous sections. Figures 96—113 and previously mentioned figures illus-
trate cave community ecology over several regions.

Richard E. Graham published many small studies of California cave ecology, generally on
trogloxenes, troglophiles, and the twilight zone. He provided some of the earliest published data on
temperature, humidity, zonation, and communities in California caves, as well as biogeography. As
mentioned in Literature Review and History, he discovered seven new cave species, including the
troglobitic scorpion, Uroctonus grahami. Most of his work was published in Caves and Karst (for-
merly Cave Notes) by Cave Research Associates, a journal that is now extinct, but digital copies
can be downloaded from the Karst Information Portal at http.//www.karstportal.org/.

As mentioned in Herpetofauna, Graham (1962d, 1963a) established that Pseudacris sierra
(formerly Hyla regilla), the Sierran treefrog (Fig. 92), is a trogloxene that dwells in cave entrance
areas during hot, dry weather, and returns to nearby streams during the winter rainy season. This
behavior differs from the pickerel frog, Rana palustris, in the Ozarks region, which overwinters in
caves and takes temporary refuge in wet caves from hot and cold weather (Elliott 2003). These
strategies are adaptive with respect to the climates of these two very different regions.

Graham studied the use of caves by the twilight moth, Triphosa haesitata (Fig. 89), a troglox-
ene also known from caves in Nevada. The species occupies entrances to deep caves in a varied
geographic area from nearly sea level to 3,000 m elevation, in deserts and humid forests, and in all
seasons, but it seems to be absent from most Sierra Nevada caves so far (Graham 1962b). Two
other Triphosa species are known to inhabit caves in Great Britain, Europe, southwest Asia, and
Japan (Graham 1968b). Suggett (1982) observed a woodrat preying on this moth in one Marble
Mountains cave and reported different roosting behavior as compared to that reported by Graham
for the low elevation Santa Cruz caves.

Graham studied the fauna of Subway Cave, a lava tube in the Hat Creek Lava Flow of Shasta
County. Despite the cave being less than 2,000 years old, it has an extensive fauna list, including
at least two troglobites, a host of troglophiles, and two species of bats. Graham reports, “Since
cooling, it has developed many cracks and fissures, and the ceiling has collapsed in two places. At
present, tree roots, wood rat nests, and bat guano provide food for an arthropod fauna which
fluctuates according to the cyclic availability of moisture. Most of the species of Subway Cave are
normally found in other northern California caves. . . the millipede [Plumatyla humerosa] and the
isopod Ligidium [kofoidi] (Fig. 96) are restricted to damp, dark places and are two species which
have dispersed into the Hat Creek flow since it cooled. . . .” Subway Cave runs close to the sur-
face, has a wide temperature range, and contains a variety of habitats (Graham 1962d).

Graham (1963b) studied rove beetles, Staphylinidae (Fig. 79), and their burrowing and feed-
ing habits in caves related to wood rat nests, including Subway Cave. He thought that many
staphylinids are troglophiles, such as Lobrathium subseriatum and Quedius (Microsaurus)
spelaeus. According to his studies these two species are the only ones whose larvae are found in
all cave zones. Q. spelaeus may feed on small arthropods associated with feces, nesting materials,
or other organic matter. Most other rove beetles are in the deep entrance zone or just within the dark
zone.
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FIGURE 113. Scatterplot and linear regression of SR (species richness) for 221 caves vs. their vertical cave depth.
Although the correlation is low, the positive regression is statistically significant (two-tailed test, p = 0.008) indicating that
deeper caves are richer in species than shallow caves. However, the true ecological relationship may be with
moisture/humidity rather than cave depth. Shallow caves tend to be warmer and drier, which are less hospitable for mois-
ture-sensitive arthropods.

The use of caves by porcupines was another subject studied by Graham (1962¢). Porcupines
nest in at least 38 caves in all California regions except the coastal regions and Sierra Nevada
South, using a bed of quills and scats just inside the dark zone. The caloric value of the scats from
these plant feeders may be low.

Graham (1966a) documented the crane flies, Tipulidae (including Limoniidae, Figs. 87-88)
and winter crane flies, Trichoceridae, in California caves. The trichocerids, which are smaller, are
found in remote, dark portions of caves on the floor amongst debris as well as in the entrances; tip-
ulids are limited to twilight, and favor high, open walls and overhangs. The largest species is
Holorusia hespera, giant western crane fly, formerly H. rubiginosa.

Graham (1966b) reported observations on the roosting habits of the Townsend’s big-eared bat,
Corynorhinus (formerly Plecotus) townsendii (Fig. 85). He thought that this bat did not often use
Sierra Nevada caves, but was more drawn to cooler caves for hibernation, and warmer caves for
nursery colonies. He reported on guano deposits as clues to former colonies, and the loss of this bat
from some caves caused by human disturbance.

In Graham’s 1967 study of the orb-weaving spider, Meta dolloff (formerly Pseudometa bio-
logica, Figs. 43—44), in Empire Cave, Santa Cruz Karst, he mapped the occurrences of webs and
prey from the cave mouth into deep twilight, and he estimated the potential catch of flying and
jumping insects. He noted a shift in web locations owing to the near-closure of the cave by a con-
creted gate at the entrance. His studies of the twilight moth, 7riphosa haesitata (Fig. 89), in the
same cave mapped the clustering behavior of this geometrid moth in twilight to deep twilight, and
he applied biometric methods (Graham 1968a-b). The concreted gate had caused a change in moth
roosts owing to the reduction in light, possibly damaging the cave community. This is one of the
first papers to document an ecological shift in a California cave from human activity, in what is one
of the most heavily abused caves in the state.

Graham conducted an overall study of Bower Cave, Mariposa County, in three parts
(1969a—c), all dealing with the outer vault, an unusual ecotonal sinkhole entrance with trees,
columbine, animals falling in, and a deep lake with fauna.
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Elliott (1978) provided temperature and humidity data, transplanted species counts, and pop-
ulation estimates for Banksula grahami, B. melones, and the beetle Ptomaphagus nevadicus in
McLean’s Cave and Transplant Mine, SNN, and feeding experiment data for B. melones. The mean
air temperature in McLean’s Cave in December/January 1977-78 was 14.1°C with a range of 2.0°C
(13.6°C in the main level to 15.6°C in the highest level). Relative humidity (RH) ranged from
82-97% in McLean’s as measured with wet and dry bulbs on a digital IMC thermometer. Condi-
tions in the cave were generally dry and dusty because of a drought until January 1978, when con-
siderable dripping began. Afterwards the atmosphere was saturated in most places except in the
Entrance Room. From December 1977 to May 1978, the Transplant Mine air ranged from 12.2°C
at the entrance gate to 15.1°C in a side passage where fauna was transplanted (Fig. 11). RH ranged
from 80 to 100%. Temperature and humidity data were recorded in 3 other caves in the same inter-
val, and ranged from 15.7-16.3°C in Moaning Cave (a show cave with electric lights);
10.0-15.5°C air and 13.1°C in the amphipod stream in Crystal Palace; and 11.2—11.3°C air in
Windeler Cave.

Rudolph (1979) reported population evaluations for B. melones (Figs. 7, 8 and 21) in 18 caves,
and conducted faunal surveys in 80 caves in northern California. More localities for B. melones
were found in the Stanislaus River basin, partly because the drought had broken and the ground
and caves were wetter, consequently more cave fauna was visible than during the surveys of
McEachern and Grady in 1977 and Elliott in the winter of 1977-1978.

Taylor and Krejca (2006) reported on their extensive studies in 29 lava tubes at Lava Beds
National Monument. Environmental data showed that most of the lava tubes have a dark zone vary-
ing from just above freezing to about 12°C. Relative humidity varies from about 85-100%. Many
tables and graphs are presented in their report, three of which are reproduced here (Figs. 110-112).
The preferences for light, RH, temperature, and substrate type were graphed for a rhagidiid mite,
the millipede Plumatyla humerosa, a Haplocampa dipluran, a tomocerid collembolan, the cricket
Ceuthophilus inyo, and the bat Corynorhinus townsendii. The fauna and caves were extensively
photographed, providing a valuable record and photographic guide for future ecologists monitor-
ing the fauna. At least 3 undescribed species were discovered among 25 caves: 2 Haplocampa cam-
podeid diplurans (Fig. 70) and a telemid spider in the genus Usofila (Fig. 37).

Krejca (2006, 2009a) conducted similar studies of 35 caves in Sequoia National Park, Kings
Canyon National Park, and Yosemite National Park (SNS), providing extensive faunal surveys and
photographs, some of which show previously unknown species interactions. Twenty-seven new
species were found. Two granitic talus caves in Yosemite ranged from 8.0-11.0°C. The high cave
biodiversity of the two parks was not fully realized until these studies were done.

Our present study has much more information than was available to early researchers regard-
ing the total fauna of some caves. Tables 1822 give us the opportunity to compare and contrast
the cave communities.

Clough Cave. The map of Clough Cave, Sequoia National Park, Tulare County, SNS Region,
is shown in Figure 114. A marble cave, Clough is at 1,311 m above sea level (among the 6 highest
caves), in a cliff 40 m above the South Fork of the Kaweah River. The cave is only 277 m long
with 13 m of vertical relief. A minimal age for the cave is 1.03 +/- 0.13 Ma as dated by cosmogenic
26A1/19Be burial dating of coarse sediment deposited in the cave (Stock et al. 2005), but it is prob-
ably much older. The cave probably retains moisture year-round because the entrance is at the
lower end, thus limiting the invasion of cold, dry air in the winter. Cold air flows into down-slop-
ing caves because it is dense, often causing winter drying for some distance. The cave was abused
for many years, as evidenced by broken speleothems throughout, but it has been somewhat restored
and is doubly gated.
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This region has a mediterranean climate marked by extreme seasonality in temperature and
humidity, with low temperatures (< 0°C) and high precipitation (700 mm) in winter (November-
April) and seasonal drought and high temperatures (> 40°C) in summer (Tobin et al. 2013).

Clough Cave has 58 species, including 11 troglobites with 3 single-site endemics, and the top
B, score, which is a composite of SR, T, and SE. It is ranked second using the B, score, which
incorporates SR, T, and SST. Either way, it is a very important cave for biodiversity. Clough Cave
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apparently escaped the glaciations of the higher elevation caves in that area, and it is regionally
important in the western U.S.A. despite its modest size.

Table 18 is the species list for Clough Cave. The cave has a large list of micropredators, includ-
ing 15 spiders, a harvestman, a schizomid, 3 pseudoscorpions, 2 scorpions, 2 centipedes, 3 beetles,
and perhaps other arthropods. The detritivores include 1 mite, 3 collembolans, 6 millipedes, a
bristletail, a silverfish, a japygid, 2 beetles, 2 flies, 2 hemipterans, 2 psocids, and a terrestrial iso-
pod. Vertebrates include raccoon, 4 bats, a rodent, and a snake. This is amazing diversity, especially
as there are no aquatic species or crickets. Other food inputs to Clough Cave include extensive tree
roots, animal feces, fungi, pack rats, raccoons, bats, and small arthropods. The roots in Clough
grow into the cave from the parallel canyon, supporting an associated fauna such as collembolans,
planthoppers (Figs. 97-101), and arachnids. Many California caves have extensive root systems.

Clough Cave was the site of an intensive ecological study involving five surveys of terrestrial
fauna between May and December 2010 (Tobin et al. 2013). The cave was divided into six quadrats
and temperature was continuously logged in each; humidity was logged at the entrance and in the
deep cave. With increasing distance from the entrance, temperature changes were increasingly
attenuated and lagged relative to surface temperature changes. The temperature ranged from
2-28°C at the entrance and 12—18°C in the cave. Quadrat 6, at the far, upper end of the cave, was
relatively stable with a range of 15.5-17.2°C over the study (May to December 2010). Linear
regressions were created to determine the relationship between measured environmental variables
and diversity for cavernicoles (troglobites and troglophiles) and trogloxenes cave-wide and in the
transition zone. Diversity for cavernicoles and trogloxenes peaked in the entrance and deep cave
zones, respectively. Quadrat, date, 2-week antecedent temperature average, 2-week antecedent
temperature range, and trogloxene abundance explained 76% of cavernicole diversity variability as
measured by the Shannon-Weaver index, H'. Quadrat explained 55% of trogloxene diversity vari-
ability. In the transition zone, trogloxene abundance explained 26% of cavernicole variability and
2-week antecedent temperature and 2-week antecedent temperature range explained 40% of
trogloxene variability. In the transition zone, trogloxene diversity was inversely related to 2-week
antecedent temperature average and 2-week antecedent temperature range, suggesting that species
were moving into the transition zone when temperature was most stable. In a canonical correspon-
dence analysis of cavernicole distribution data and environmental variables, 35% of variation in
species-specific distributions was attributable to quadrat, and nonsignificant percentages were
explained by date and environmental variables.

Samwel Cave. A map of Samwel Cave (Fig. 115), Shasta County, Shasta National Forest, Kla-
math Mountains Region, and Table 19 detail its structure and fauna. With 44 species, 11 troglobites
(including 4 single-site endemics), and a site endemism score of 5.92, the cave ranks second for B
and first for B,. It has the most single-site endemics of any California cave, probably because of
the isolation of the Shasta Karst and because it has received extensive study. Samwel has 8 spiders
with 4 troglobites, 2 pseudoscorpions (1 troglobite), 2 scorpions (including the only troglobitic
scorpion in the state), 4 collembolans, 5 millipedes (3 troglobites), 1 japygid (troglobite), 3 beetles,
3 dipterans, a moth, a new species of cricket, a psocid, a terrestrial isopod (troglobite), a salaman-
der, a bat, 7 snails, and has had a porcupine and a puma. Samwel Cave has been studied by many
scientists since 1903, yielding interesting late Pleistocene fossils (Feranec et al. 2007) and new
species of arthropods (see History section). It sits at 438 m elevation, is 300 m long and 30 m deep
with a significant drop to the bottom. A tree grows at the entrance and roots are prominent in sev-
eral parts of the cave. The roots support many arthropods, including Zitiotus spiders, as observed
by Darrell Ubick. A recent paleontological excavation in the top level of the cave (Putnam Hall)
found roots down to 1.1 m below the floor level (Jessica Blois, pers. comm.). Unfortunately,
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TaBLE 18. Clough Cave, Sequoia National Park, Tulare County, Sierra Nevada South Region, species list
(58 species). Site endemism (SE) scores are for troglobites only, based on the number of sites statewide.

Phylum/ Class Order Family Species cl];i ::ilt(':cg;?(:n SE
Arthropoda
Arachnida Acari Undetermined Acari
Araneae Anapidae Gertschanapis shantzi Troglophile
Cybacidae Cybaeus sp. Epigean
Dictynidae Blabomma n. sp. no. 4 Troglobite 1.00
Dictynidae Yorima n. sp. Troglobite 0.11
Hahniidae Calymmaria sp. Epigean
Hypochilidae Hypochilus petrunkevitchi Epigean
Leptonetidae Archoleptoneta schusteri Troglophile
Leptonetidae Calileptoneta n. sp. 2 Troglobite 0.25
Linyphiidae Arcuphantes sp. Troglophile
Linyphiidae Linyphiidae
Nesticidae Nesticus silvestrii Troglophile
Pholcidae Physocyclus sp. Troglophile
Telemidae Usofila n. spp. Troglobite 0.06
Tengellidae Titiotus sp. Troglophile
Undetermined Araneomorphae
Opiliones Phalangodidae Calicina cloughensis Troglobite 0.25
Pseudoscorpiones Chthoniidae Neochthonius n. sp. Troglobite 0.33
Chthoniidae Neochthonius sp. Uncertain
Neobisiidae Fissilicreagris sp. Troglobite 0.50
Schizomida ?Hubbardiidac ?Hubbardia sp.
Scorpiones Undetermined Scorpiones
Vaejovidae Uroctonites sequoia Troglophile
Vaejovidae Uroctonus mordax Epigean
Chilopoda Lithobiomorpha Undetermined Lithobiomorpha Uncertain
Undetermined Undetermined Chilopoda
Collembola Collembola Sminthuridae Sminthuridae
Tomoceridae Pogonognathellus celsus Troglophile
Tomoceridae Tomoceridae
Undetermined Collembola
Diplopoda Chordeumatida Conotylidae Taiyutyla sp. Troglophile
Striariidae Amplaria adamsi Troglophile
Julida Paeromopodidae Californiulus yosemitensis Endogean
Polydesmida Macrosternodesmidae Sequoiadesmus krejcae Troglobite? 0.33
Polydesmidae Bidentogon n. sp. Troglobite 0.20
Undetermined Undetermined Diplopoda
Diplura Dicellurata Japygidae Japygidae Cave-limited
Insecta Archaeognatha Undetermined Archaeognatha
Coleoptera Carabidae Carabidae
Monotomidae Hesperobaenus abbreviatus
Raymondionymidae Gilbertiola sp. Troglobite 1.00
Undetermined Coleoptera
Diptera Mycetophilidae Mycetophilidae
Undetermined Diptera
Hemiptera Achilidae Juniperthia succinea
Aphididae Aphididae
Psocoptera Psyllipsocidae Psyllipsocus ramburii Troglophile
Undetermined Psocoptera
Undetermined Undetermined Insecta
Zygentoma Nicoletiidae Speleonycta n. sp. no. 1 Troglobite 1.00




82 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Series 4, Volume 64, Supplement 1

TABLE 18 (continued). Clough Cave, Sequoia National Park, Tulare County, Sierra Nevada South Region,
species list (58 species).

Phylum/ Class Order Family Species cllz ::ili(“:cg;i?oln SE
Malacostraca Isopoda Trichoniscidae Brackenridgia heroldi Troglophile
Chordata
Mammalia Carnivora Procyonidae Procyon lotor Epigean
Chiroptera Molossidae Tadarida brasiliensis Trogloxene
Vespertilionidae Antrozous pallidus Trogloxene

Vespertilionidae | Corynorhinus townsendii townsendii | Trogloxene

Vespertilionidae Myotis evotis Trogloxene
Rodentia Undetermined Rodentia
Reptilia Squamata Colubridae Lampropelltis sp.

SE Score 5.04

Samwel Cave has a steel plate gate inside that is a barrier to wildlife. Samwel is an important cave
for the entire western U.S.A.

Empire Cave. Figure 116 is the map and Table 20 is the species list for Empire Cave, Santa
Cruz County, Bay Area/Delta Region, including 76 species with 6 troglobites, 4 single-site
endemics, and a rank of number 3 in the state. The cave contains roots, and it is heavily used and
abused, but also was well-studied by biologists. Its moist environment harbors 2 tubificid worms,
3 salamanders, 5 snails, occasional slugs, 2 stygobitic amphipods unique to the cave, a new species
of stygobitic Caecidotea isopod, and a phreatobitic Calasellus isopod. The terrestrial arthropods
include 1 mite, 7 spiders, 6 harvestmen, 2 troglobitic pseudoscorpions (1 known only from there),
3 centipedes, 7 millipedes, an unidentified cricket, 12 beetles, 12 dipterans, and a symphylan. More
than half of the fauna is epigean to trogloxenic (26 species) or troglophilic (16 species).
Townsend’s western big-eared bat formerly occurred there, but not since increased usage of the
cave since the opening of the surrounding college campus. Empire Cave’s fauna is quite different
from caves in other regions.

Clay Cave (Fig. 117), Napa County, Bay Area/Delta Region, ranks 4th and is the most geo-
logically odd of the top 20 caves, formed in Miocene Sonoma Volcanics, a continental packet of
rhyolitic to andesitic volcanoclastic sediments and tephras (ash). Figure 117 is the map of Clay
Cave and Table 21 details its fauna of 68 species, 22 of which are beetles (much of the field work
was done by coleopterists). Five species are troglobites and 2 are single-site endemics. There are
1 mite, 10 spiders, 3 harvestmen, 2 pseudoscorpions, 2 centipedes, 5 millipedes, 7 collembolans,
22 beetles (2 troglobites in unusual families), 4 dipterans, 3 hemipterans, 1 ant, 1 moth, 1 cricket,
1 terrestrial isopod, 1 salamander, a rodent, 2 snails, and a horsehair worm (Fig. 102). Sitting at 750
m elevation, the cave is 229 m long and 38 m deep. The moist cave is formed by an underground
steam that has eroded a soil pipe through the cemented ash. The cave may have originated along
root casts in the bedded sediments that are mostly altered to smectite clay, locally stained with iron
oxides. Subsequent invasion by seasonal streams has integrated the initial fist-sized soil pipes into
vadose canyon passages (Bruce Rogers, pers. comm.) The cave descends steeply, and there are a
number of squeezes along the narrow winding stream passage. There usually is standing water or
a flowing stream with a seeping spring. The cave has roots, and there is a small number of crick-
ets near the entrance.

Lilburn Cave (Fig. 118), Kings Canyon National Park, Tulare County, is one of the two very
large caves of California at 33.5 km long and 155 m deep, with an entrance elevation of 1,600 m.
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TABLE 19. Samwel Cave, Shasta County, Shasta National Forest, Klamath Mountains Region, species list

(44 species).

Ecological

Phylum/Class Order Family Species classification SE
Arthropoda
Arachnida Araneae Amaurobiidae Callobius tehama Epigean
Amaurobiidae Pimus nawtawaketus Troglophile
Cybaeidae Cybaeozyga n. sp. 2 Troglobite 1.00
Cybaeidae Cybaeus n. sp. Troglobite 1.00
Leptonetidae Calileptoneta sylva Troglophile
Nesticidae Nesticus potterius Troglobite 0.25
Telemidae Usofila n. spp. Troglobite 0.06
Tengellidae Titiotus humboldt Troglophile
Pseudoscorpiones Chthoniidae Neochthonius sp. Uncertain
Pseudogarypidae Pseudogarypus spelaeus Troglobite 1.00
Scorpiones Vaejovidae Graemeloweus iviei Troglophile
Vaejovidae Uroctonus grahami Troglobite 1.00
Chilopoda Lithobiomorpha Undetermined Lithobiomorpha Uncertain
Collembola Collembola Dicyrtomidae Ptenothrix maculosa
Entomobryidae Entomobryoides guthriei Troglophile
Tomoceridae Plutomurus californicus Troglophile
Tomoceridae Pogonognathellus bidentatus Troglophile
Diplopoda Chordeumatida Conotylidae Plumatyla sp. Troglobite 0.50
Striariidae Amplaria shastae Troglobite 0.50
Julida Paeromopodidae Californiulus dorsovittatus Epigean
Parajulidae Bollmaniulus sp.
Undetermined Undetermined Undetermined Diplopoda Troglobite 0.04
Diplura Dicellurata Japygidae Occasjapyx kofoidi Troglobite 0.50
Insecta Coleoptera Staphylinidae Aleocharinae
Staphylinidae Sepedophilus castanea Epigean
Tenebrionidae Eleodes productus Epigean
Diptera Tipulidae Dactylolabis postiana Trogloxene
Tipulidae Dicranoptycha sp. Trogloxene
Tipulidae Tipula grahamina Trogloxene
Lepidoptera Geometridae Triphosa haesitata Trogloxene
Orthoptera Rhaphidophoridae Pristoceuthophilus n. sp. no. 4 Troglophile
Psocoptera Psyllipsocidae Psyllipsocus ramburii Troglophile
Malacostraca Isopoda Ligiidae Ligidium kofoidi Troglobite 0.07
Chordata
Amphibia Caudata Plethodontidae Hydromantes shastae Trogloxene
Mammalia Carnivora Felidae Puma concolor
Chiroptera Vespertilionidae | Corynorhinus townsendii townsendii Trogloxene
Rodentia Erethizontidae Erethizon dorsatum Trogloxene
Mollusca
Gastropoda | Stylommatophora | Bradybaenidae Monadenia churchi Epigean?
Bradybaenidae Monadenia mariposa Epigean?
Bradybaenidae Monadenia troglodytes Troglophile
Haplotrematidae Haplotrema keepi Epigean?
Helminthoglyptidae Helminthoglypta cypreophila Troglophile
Pristilomidae Pristiloma cavator Troglophile
Pristilomidae Pristiloma sp. Epigean?
SE Score 5.92
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TaBLE 20. Empire Cave, Santa Cruz County, Bay Area/Delta Region, species list (76 species).

Ecological

Phylum/ Class Order Family Species classification SE
Annelida
Clitellata Tubificida Naididae Phallodrilinae n. sp.
Naididae Rhyacodrilinae n. sp.
Arthropoda
Arachnida Acari Trombiculidae Tecomatlana watkinsi Epigean
Araneae Anyphaenidae Anyphaena sp. Epigean
Cybaeidae Cybaeus sp. Epigean
Hahniidae Calymmaria sp. Epigean
Linyphiidae Bathyphantes alameda Troglophile
Nesticidae Nesticus silvestrii Troglophile
Telemidae Usofila n. sp. Troglophile
Tetragnathidae Meta dolloff Troglophile
Opiliones Nemastomatidae Ortholasma rugosum Troglophile
Phalangiidae Leiobunum exilipes Trogloxene
Phalangodidae Sitalcina californica Troglophile
Sabaconidae Sabacon briggsi Epigean
Taracidae Taracus ubicki Troglophile
Triaenonychidae Zuma acuta Troglophile
Pseudoscorpiones Chthoniidae Neochthonius imperialis Troglobite 1.00
Neobisiidae Fissilicreagris imperialis Troglobite 0.25
Chilopoda Geophilomorpha Geophilidae Geophilidae Epigean
Undetermined Geophilomorpha
Scolopendromorpha Undetermined Scolopendromorpha
Collembola Collembola Dicyrtomidae Ptenothrix maculosa
Entomobryidae Entomobryidae
Entomobryidae Sinella baca Troglophile
Tomoceridae Plutomurus californicus Troglophile
Tomoceridae Plutomurus wilkeyi Troglophile
Tomoceridae Tomoceridae
Diplopoda Chordeumatida Rhiscosomididae Rhiscosomides sp.
Striariidae Amplaria sp. Uncertain
Glomerida Glomeridae Glomeroides primus
Julida Pacromopodidae | LTS SIS | pggtopyi
Polydesmida Macrosternodesmidae Macrosternodesmidae
Polydesmidae Polydesmidae
Spirobolida Spirobolidae Tylobolus sp. Troglophile
Insecta Coleoptera Carabidae Bembidion iridescens Accidental
Carabidae Pterostichus sp.
Carabidae Pterostichus sp. no. 3
Carabidae Scaphinotus sp. Epigean
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TaBLE 20 (continued). Empire Cave, Santa Cruz County, Bay Area/Delta Region, species list (76 species).

Ecological

Phylum/Class Order Family Species classification SE
Carabidae Trechus ovipennis californicus Trogloxene?
Carabidae Trechus sp. Trogloxene?
Curculionidae Curculionidae Epigean
Leiodidae Leiodidae
Phengodidae Phengodidae
Staphylinidae Aleocharinae
Tenebrionidae Tenebrionidae
Undetermined Coleoptera
Diptera Muscidae Muscidae
Myecetophilidae Mycetophilidae
Piophilidae Piophilidae
Psychodidae Psychodidae
Sciaridae Sciaridae
Sphaeroceridae Leptocera sp. Epigean
Tipulidae Dicranoptycha sp. Trogloxene
Tipulidae Limonia maculicosta
Tipulidae Limonia rubeculosa sciophila Trogloxene
Tipulidae Limonia sp. Trogloxene
Tipulidae Tipulidae
Undetermined Diptera
Hemiptera Cixiidae Cixius n. sp. Troglophile
Lepidoptera Geometridae Triphosa haesitata Trogloxene
Orthoptera Rhaphidophoridae Ceuthophilus sp. Trogloxene
Malacostraca Amphipoda Crangonyctidae Stygobromus imperialis Stygobite 1.00
Crangonyctidae Stygobromus mackenziei Stygobite 1.00
Isopoda Asellidae Caecidotea n. sp. Stygobite 1.00
Asellidae Calasellus californicus Phreatobite | 0.04
Trichoniscidae Brackenridgia heroldi Troglophile
Symphyla Cephalostigmata Scutigerellidae Scutigerella sp. Troglophile
Chordata
Amphibia Caudata Dicamptodontidae Dicamptodon ensatus Epigean
Plethodontidae Ensatina eschscholtzii Epigean
Salamandridae Taricha torosa Epigean
Mammalia Chiroptera Vespertilionidae | Corynorhinus townsendii townsendii | Trogloxene
Mollusca
Gastropoda Stylommatophora Arionidae Ariolimax sp. Accidental
Haplotrematidae Haplotrema minimum Epigean?
Undetermined Stylommatophora Uncertain
Undetermined Undetermined Gastropoda (slug)
Undetermined Gastropoda (terrestrial snail)
SE Score 4.29
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TaBLE 21. Clay Cave, Napa County, Bay Area/Delta Region, species list (68 species).

Phylum/ Class Order Family Species clls z:ili(':cgzili?(:n SE
Arthropoda
Arachnida Acari Undetermined Acari
Araneae Cybaeidae Cybaeus sp. Epigean
Hahniidae Calymmaria sp. Epigean
Linyphiidae Bathyphantes sp. Troglophile?
Telemidae Usofila n. sp. Troglophile
Tetragnathidae Metellina curtisi Epigean
Tetragnathidae Metellina mimetoides Troglophile?
Undetermined Araneomorphae
Undetermined Araneomorphae sp. no. 2
Undetermined Araneomorphae sp. no. 3
Zoropsidae Zoropsidae
Opiliones Phalangiidae Leiobunum sp. Trogloxene
Phalangodidae Megacina cockerelli Endogean
Undetermined Opiliones Uncertain
Pseudoscorpiones Neobisiidae Globocreagris theveneti
Undetermined Pseudoscorpiones Uncertain
Chilopoda Geophilomorpha Undetermined Geophilomorpha
Lithobiomorpha Undetermined Lithobiomorpha Uncertain
Collembola Collembola Entomobryidae Entomobryidae
Poduridae Poduridae
Sminthuridae Sminthuridae
Tomoceridae Tomocerus sp.
Undetermined Collembola
Undetermined Undetermined Collembola Troglobite 0.33
Poduromorpha Onychiuridae Undetermined Onychiuridae Troglobite? 0.25
Diplopoda Chordeumatida Conotylidae Plumatyla sp. Troglobite 0.50
Platydesmida Andrognathidae Mitocybe auriportae Troglophile
Polydesmida Undetermined Polydesmida n. gen.
Spirobolida Spirobolidae Tylobolus sp. Troglophile
Spirostreptida Cambalidae Nannolene sp. Accidental
Insecta Coleoptera Agyrtidae Necrophilus hydrophiloides Epigean
Anthicidae Anthicidae
Carabidae Anillina n. gen., n. sp. no. 3 Troglobite 1.00
Carabidae Bembidion sp. Troglophile
Carabidae Carabidae
Carabidae Carabidae sp. no. 2
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TABLE 21 (continued). Clay Cave, Napa County, Bay Area/Delta Region, species list (68 species).
Phylum/ Class Order Family Species Eco.logic?l SE
classification
Carabidae Scaphinotus interruptus Epigean
Cryptophagidae Cryptophagus sp. Troglophile
Leiodidae Agathidium virile Accidental
Leiodidae Catops basilaris Troglophile
Leiodidae Pinodytes minutus Troglophile
Leiodidae Ptomaphagus californicus Troglophile
Ptiliidae Acrotrichis sp.
Scydmaenidae Scydmaenidae
Silphidae Silphidae
Staphylinidae Batrisodes (Empinodes) mendocino Troglophile
Staphylinidae Pselaphinae
Tenebrionidae Eleodes sp. Epigean
Tenebrionidae Eschatoporis n. sp. Troglobite 1.00
Tenebrionidae Tenebrionidae
Undetermined Coleoptera
Zopheridae Phloeodes plicatus
Diptera Mycetophilidae Mycetophilidae
Trichoceridae Diazosma subsinuata Trogloxene
Undetermined Diptera
Undetermined Diptera sp. no. 2
Hemiptera Achilidae Achilidae
Cixiidae Cixiidae Edaphic
Undetermined Fulgoroidea
Hymenoptera Formicidae Formicidae Fossorial
Lepidoptera Tineidae Tineidae
Orthoptera Rhaphidophoridae Rhaphidophoridae Trogloxene
Malacostraca Isopoda Porcellionidae Porcellio dilatatus Exotic
Chordata
Amphibia Caudata Plethodontidae Ensatina eschscholtzii Epigean
Mammalia Rodentia Muridae Neotoma sp. Trogloxene
Mollusca
Gastropoda msatt};llg)}r:; _ra Arionidae Ariolimax sp. Accidental
Helminthoglyptidae Helminthoglypta nickliniana Epigean
Nematomorpha
Gordiacea Gordioidea Undetermined Nematomorpha Parasite
SE Score 3.08
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TaBLE 22. Lilburn Cave, Kings Canyon National Park, Tulare County, Sierra Nevada South Region,
species list (71 species).

Phylum/ Class Order Family Species Ecosli(;igci::lilofllas- SE
Annelida
Clitellata Haplotaxida Undetermined Haplotaxida Edaphic
Arthropoda
Arachnida Acari Undetermined Acari
Acari Undetermined Undetermined Acari Troglobite 0.50
Araneae Cybaeidae Cybaeus sp. Epigean
Linyphiidae Bathyphantes diasosnemis Troglophile
Linyphiidae Bathyphantes sp. Troglophile?
Linyphiidae Erigoninae
Linyphiidae Linyphiidae
Linyphiidae Linyphiinae n. gen., n. sp. Troglobite 1.00
Linyphiidae Oaphantes sp. Cave-limited
Nesticidae Nesticus silvestrii Troglophile
Pimoidae Pimoa hespera Troglophile
Pimoidae Pimoa n. sp. Troglophile
Tetragnathidae Tetragnatha sp.
Opiliones Sclerosomatidae Nelima paessleri Epigean
Taracidae Oskoron spinosus Troglophile
Taracidae Taracus audisioae Troglophile
Undetermined Opiliones Uncertain
Chilopoda Lithobiomorpha Undetermined Lithobiomorpha Uncertain
Undetermined Undetermined Chilopoda
Collembola Collembola Entomobryidae Entomobryidae
Tomoceridae Pogonognathellus celsus Troglophile
Tomoceridae Tomoceridae
Tomoceridae Tomocerus sp.
Undetermined Collembola
Diplopoda Chordeumatida Conotylidae Taiyutyla loftinae Troglophile
Striariidae Amplaria muiri Troglophile
Julida Parajulidac Bollmaniulus sp.
Polydesmida Macrosternodesmidae Sequoiadesmus krejcae Troglobite? 0.33
Polydesmidae Bidentogon n. sp. Troglobite 0.20
Polydesmidae Bidentogon sp.
Polydesmidae Calianotus yosemitensis Epigean
Undetermined Undetermined Diplopoda
Insecta Archaeognatha Undetermined Archaeognatha
Coleoptera Carabidae Carabidae
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TABLE 22 (continued). Lilburn Cave, Kings Canyon National Park, Tulare County, Sierra Nevada South
Region, species list (71 species).

Phylum/ Class Order Family Species cl];i :soilgf;ct?;n SE
Carabidae Omus californicus Epigean
Carabidae Pterostichus lama Epigean
Carabidae Pterostichus sp.
Carabidae Scaphinotus riversi Epigean
Hydrophilidae Hydrophilinae
Ptiliidae Acrotrichis sp.
Staphylinidae Aleocharinae
Staphylinidae Homaeotarsus sp.
Staphylinidae Lobrathium sp.
Staphylinidae Pseudopsis obliterata
Staphylinidae Quedius sp.
Staphylinidae Staphylinidae
Undetermined Coleoptera
Undetermined Coleoptera sp. no. 2
Diptera Heleomyzidae Heleomyzidae
Heleomyzidae Oecothea specus Epigean
Mycetophilidae Mycetophilidae
Tipulidae Limonia rubeculosa sciophila Trogloxene
Tipulidae Limonia sp. Trogloxene
Tipulidae Tipulidae
Undetermined Diptera
Undetermined Diptera sp. no. 3
Hemiptera Macroveliidae Macrovelia hornii Epigean
Undetermined Hemiptera
Hymenoptera Formicidae Formicidae Fossorial
Undetermined Hymenoptera
Lepidoptera Undetermined Lepidoptera
Notoptera Grylloblattidae Grylloblatta n. sp. "Lilburn Cave" | Troglophile
Orthoptera Rhaphidophoridae Tropidischia xanthostoma Trogloxene
Undetermined Orthoptera
Plecoptera Undetermined Plecoptera (larva)

Malacostraca Isopoda Asellidae Bowmanasellus sequoiae Stygobite 0.11
Symphyla Cephalostigmata Scutigerellidae Scutigerella inculta Endogean
Chordata
Amphibia Caudata Plethodontidae Ensatina eschscholtzii Epigean
Mammalia Rodentia Undetermined Rodentia
Mollusca

Gastropoda Undetermined Undetermined Gastropoda (terrestrial snail)
SE ScoreScore 2.14
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Lilburn (Table 22) has 71 species, 5 troglobites (1 single-site endemic) and ranks 5th in cave bio-
diversity in California. The cave is formed in marble (Fig 6) and has extensive roots growing in
from the forest, especially at the lower resurgence (Big Spring) where submerged roots have cave
isopods on them (Figs. 103—105), but also in the upper level Tree Root Room. The rich fauna
includes 1 earthworm, 2 mites, 11 spiders (2 troglobites), 2 centipedes, 5 collembolans, 8 milli-
pedes (2 troglobites), 1 bristletail, 15 beetles (none troglobitic), 8 dipterans, 1 new species of
troglophilic grylloblattid, 2 hemipterans, 2 hymenopterans, 1 moth, 2 crickets, 1 stygobitic isopod,
1 symphylan, a salamander, a rodent, and a terrestrial snail.

To compare and contrast the fauna of the top 5 caves is challenging. They are quite different
in their origins, elevations, and faunal make-up. Generally speaking there is only a small aquatic
component in California caves, unlike many eastern U.S.A. caves. There is scant presence of crick-
ets; some are in Samwel, Empire, Clay, and Lilburn, but none have yet been observed in Clough
Cave. There is a diversity of collembolans, four to seven species in the top five caves, providing a
good food base for micropredators. Other food inputs are varied, including roots (Figs. 97-101,
104-105), feces (Fig. 106), amphibians and mammals, detritus with fungi (Figs. 106-108), and
accidental invertebrates (Fig. 109), but these have only been quantified in Clough Cave. All are in
forested or chaparral areas, which suggests important nutrient input from plant production and
roots. However, interesting cavernicoles are now known from the Mojave Desert, presumably with
few roots penetrating the caves.

Aside from the Transplant Mine, an artificial environment, the leading high-biodiversity site
of the SNN Region is Music Hall Cave, Calaveras County, providing another region for compari-
son. The cave ranks 8t in California for overall biodiversity, and it has 32 species, 6 troglobites, 1
SST, and 2.21 SE score. The cave has 1 mite, 6 spiders (1 troglobite), 3 harvestmen (1 troglobite),
4 pseudoscorpions (all troglobites), 3 centipedes, 1 springtail, 3 millipedes, 3 beetles, 1 fly, 1 moth,
1 lacewing, 1 isopod, 1 bat, and 3 terrestrial snails. Roots protrude into the cave, as in Grapevine
Gulch Cave, Calaveras County (also known as Hanging Gardens Cave). In adjacent Tuolumne
County roots are seen in McLean’s Cave and Windeler Cave, both having rich faunas, and others.

McLean’s Cave, Tuolumne County, before it was inundated, would have ranked tenth, and had
98 species including 4 troglobites, the most species of any cave in California. That was partially
the result of months of intensive collecting to rescue the cave community, which was doomed by
inundation caused by construction of the New Melones Dam. McLean’s fauna was moved to the
Transplant Mine (Fig. 11), now ranked sixth in biodiversity, with 53 species, 7 troglobites, but a
low SE of 1.35. McLean’s was remarkable for its species richness insofar as it lies at only 366 m
elevation near the South Fork of the Stanislaus River, had been inundated in the past, but had no
aquatic fauna. The cave was rich in river silt and roots.

CONSERVATION

Karst, lava field, and littoral caves are vulnerable to a diverse array of threats in California.
The threats impact the caves and their faunas, and are primarily a consequence of high population
density and the demands for water and food. This section will primarily concentrate on impacts on
cave fauna, but direct impacts on caves are a related and important issue.

Information in this paper expands the breadth of cave resources first compiled by Halliday
(1962). Our annotated checklist (Appendix 1) and tables detail the diversity of the cave fauna of
California and permit a comparison of the state’s cave fauna with other geographic areas. As we
shall see in the discussion that follows, we believe that California now ranks about third among
U.S. states in total number of obligate subterranean species. An appreciation of these factors under-
scores the importance of efforts to preserve cave habitats and their faunas in California.
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The three major threats to cave faunas in California are 1) the massive development of water
resources driven by the demands of an expanding population and agricultural development,
2) degradation of the cave environment because of increased visitation by uninformed people, and
3) destruction of caves by quarrying and land development.

The scope of development of California’s water resources is phenomenal, involving damming
of most major and minor rivers, extensive extraction of groundwater, and massive transfers of
water across the length and breadth of the state (Carle 2009). As a consequence, some caves are
vulnerable to inundation. For example, the construction of the New Melones Dam in the Sierra
Nevada inundated approximately 30 known caves, including McLean’s Cave (Elliott 1981b,
2000b; Anonymous 2009b), a biologically significant cave, which contained four cave-restricted
species (Table 15). Dewatering of caves, as well as other subterranean aquatic habitats, due to
depletion of groundwater is also possible. Numerous springs throughout the state have ceased to
flow as a consequence of declining water tables, with resulting detrimental impacts on resident fau-
nas.

Quarrying activities in both karst and volcanic rocks also pose a direct threat to caves and their
faunas. Limestone is in demand for cement, road material, and construction/decorative stone. Cin-
der cones and associated lava flows are also exploited for road material and decorative stone.
Alabaster Cave in El Dorado County, the type locality and only known site for two troglobites (the
opilionid Banksula californica and trechine beetle Anillaspis explanata) has been nearly eliminat-
ed by quarrying, and the remnant was sealed with concrete. The two troglobites have not been
observed in recent decades, and may be extinct (Briggs 1974 and our data). The population of the
troglobite Banksula melones in McNamee’s Cave in Tuolumne County apparently was extirpated
by explosives used in quarrying (Briggs 1974; our data; Bruce Rogers, pers. comm.). The Pisgah
lava flow in the eastern Mojave Desert contains a significant array of lava caves, estimated at 200—
300 caves. The fauna has not been extensively documented. The cinder cone was subject to past
quarrying activities beginning in 1948, although the actual caves are located at some distance from
the quarry area (Harter 1992b).

Surface development (urbanization, agriculture) also threaten cave environments. Sealing of
entrances, pollution (especially of groundwater), and increased disturbance all contribute to
increased impacts on cave environments and their faunas as a direct consequence of surface devel-
opment. The Santa Cruz Karst is in a highly developed urban area and has been significantly
impacted. Empire Cave, in that karst region, ranks third in biodiversity among California caves, but
it has been trashed by numerous visitors for many years. A concrete barrier greatly reduced the
entrance dimensions with impacts on the fauna (Graham 1967). Although gated in the past,
attempts to control access have been unsuccessful and significant disturbance continues.

Improperly designed cave and mine gates of the past were detrimental to fauna. Bats are most
sensitive to this activity, however other taxa may be impacted from alteration of air flow, nutrient
inputs, or exclusion. Gate designs have greatly improved in recent decades, and wildlife-friendly
gates are now the norm. Airflow, nutrient inputs, and movement of small animals are increasingly
taken into account. For example, by ensuring that the bottom bar of a steel gate is attached to the
angle-iron columns a small distance above the floor, even small amphibians may come and go
while excluding humans. Where there is a soil substrate, human intruders are prevented from tun-
neling under the gate by placing an expanded metal mat in a shallow trench below grade and build-
ing the gate on top of it, then backfilling the trench. Authorized visitors may enter via a hidden,
removable bar with a protected lock. With this design there is little air dam or water dam effect
(Elliott 2012). Bat Conservation International, an NGO, provides excellent information on the
topic of cave and mine gating (Fant et al. 2009). Sealing off caves is obviously detrimental and
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should be avoided. Sealing and gating of cave and mine entrances because of safety concerns or
perceived liability remains controversial. Many states protect owners of natural features (caves)
from liability for injuries to visitors unless admission tickets are sold, but man-made mines are a
different matter and the “attractive nuisance” legal liability may exist unless barriers or gates are
installed. It has been estimated that over 39,000 abandoned mines exist in California (California
Department of Conservation 2000), and there are ongoing programs to properly gate or seal mine
entrances. Managers of these programs are aware of the need to provide environmentally sensitive
gates that allow the passage of bats in mines that they occupy. In recent years mines have become
a valuable asset for bat conservation, especially as bats have been run out of some caves by recre-
ational use. Mine owners have increasingly become involved in installing bat-friendly mine gates.

Numerous sources of pollution of the state’s waters have the potential to negatively impact
cave faunas. Mining activities, extending back to the Goldrush, are a source of mercury and other
pollutants, some that bio-accumulate, which can impact cave organisms, especially those higher in
the food chain. Agricultural residues (fertilizers, pesticides, sediments) can also degrade the aquat-
ic environments of caves. Inadequate treatment of wastewater, including system failures, can intro-
duce an extremely diverse array of pollutants into the cave environment that can have direct toxic
effects and/or lead to eutrophication of cave waters. This would especially apply to a biologically
rich cave as Clay Cave in Napa County, which is near large areas of human habitation and where
the fauna is dependent on a clean source of water.

Disturbance from human use of caves, especially if frequent and/or by individuals lacking an
understanding of the fragile nature of the resource, is a constant conservation concern. In Missouri
heavily used caves, once properly gated, often showed an increase of fauna during organized
follow-up counts (Drees 1995; Elliott and Ireland 2001). Vandalism is, unfortunately, frequent in
California caves, and, although the overall extent is unquantified, the consequences in many areas
are obvious to experienced cavers (Bruce Rogers, pers. comm.). However, 9 of the 20 California
caves with the highest biodiversity have experienced significant vandalism (Table 23). Bats are
arguably the taxon most susceptible to disturbance, especially as they are often viewed negatively
by the public. Many examples of harm to bat populations are known (Elliott 2000b). However, all
taxa are potentially at risk from excessive levels of disturbance. Education and limitations to
visitation (proper gates, permits with numerical quotas, etc.) can effectively address these issues if
the specific problem is recognized and the owners/managers take appropriate actions.

Exotic and invasive species are a rapidly increasing threat to nearly all ecosystems worldwide.
Caves are no exception. To date serious impacts have not been detected in California cave com-
munities. However, several pathogens are on the horizon. White nose syndrome, caused by the
exotic fungal pathogen Pseudogymnoascus destructans of European origin, has resulted in over 6
million bat deaths in eastern North America, primarily affecting hibernating bats. The pathogen is
rapidly spreading west across the continent, and has recently been reported in King County, Wash-
ington (U.S. Geological Survey 2016a). It is only a matter of time before California bat populations
will be impacted. The South American imported red fire ant (Solenopsis invicta) has caused seri-
ous impacts on cave faunas in Texas (Elliott 2000b). The species has now colonized California and
the potential exists for impacts on cave faunas. Amphibians are experiencing a global extinction
crisis from numerous factors including an array of exotic and invasive diseases (Whittaker et al.
2013). One of these organisms, chytrid fungus (Batrachochytrium dendrobatidis) has been report-
ed in Missouri cave amphibians (Elliott 2012). Although amphibians are not generally major com-
ponents of cave faunas in California, potential impacts on the Hydromantes species are of concern.
Because of the tremendous global trade network and lax regulation of potential introductions of
exotic species, the impact of invasive and exotic species will undoubtedly increase in the future.
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TaBLE 23. Conservation status of the top 20 biodiversity caves in California.

Biodiversity Rank Location County Type |Owner Class|Vandalism? | Gated? Access

1 Clough Cave Tulare Cave Federal i:ggé Yes | Permit required
2 Samwel Cave Shasta Cave Federal Yes Yes | Permit required
3 Empire Cave Santa Cruz| Cave State Yes Defunct| Unrestricted
4 Clay Cave Napa | Ash Cave Private Yes No Unrestricted
5 Lilburn Cave Tulare Cave Federal Minor Yes SCienzﬁg] study
6 Transplant Mine Tuolumne | Mines Federal Yes Neglected

7 Hurricane Crawl Cave| Tulare Cave Federal Yes | Permit required
8 Music Hall Cave Calaveras | Cave Federal Yes No Unrestricted
9 Lost Soldier's Cave Tulare Cave Federal Yes Yes | Permit required
11 Hidden Cave Siskiyou Cave Federal Minor No Unrestricted
12 Bower Cave Mariposa Cave Federal Yes Yes | Permit required
13 Carlow's Cave Calaveras | Cave Federal Yes No Unrestricted
14 Kaweah Cave Tulare Cave Federal Minor No Unrestricted
15 Lost Piton Cave Calaveras | Cave Federal Minor No Unrestricted
16 O'Neil's Cave Calaveras | Cave Private Minor No Restricted
17 Walk Softly Cave Tulare Cave Federal No Yes | Permit required
18 Subway Cave Shasta |Lava Tube| Federal Yes No Unrestricted
19 Shasta Caverns Shasta Cave Commercial Yes Yes Entrance Fee
20 Poleta Cave Inyo Cave Federal Yes Yes | Permit required

TaBLE 24. Ownership of subterranean sites in California. NGO means nongovernmental organizations,
usually nonprofits.

Type Commer- cial | Federal | NGO | Private | State Unknown Totals
Caves 10 436 3 56 25 792 1322
Groundwater 1 48 1 5 11 195 261
Lava Tubes 255 1 7 188 451
Mines 4 74 1 8 10 121 218
Sea Caves 1 162 242 405

Totals 16 975 6 76 46 1,538 2,657

California is fortunate to have substantial public lands that provide basic protection to many
caves. They are managed by the National Park Service, Bureau of Land Management, U.S. Forest
Service, and various state agencies. Private conservation organizations also provide protection for
caves, including The Nature Conservancy, which owns many littoral caves on Santa Cruz Island;
Peninsula Open Space Trust and Sempervirens Fund, which owns several major caves in Santa
Cruz County; and the Western Cave Conservancy, which owns a cave in Amador County. In addi-
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tion, the California Coastal Commission has regulatory authority over coastal landscapes that pro-
vide limited protection for sea caves throughout the state. Our cave database lists the category of
ownership for 1,119 caves. Of these 975 (87%) are federally owned, and a total of 1,043 (93%) are
in some category of conservation ownership (Table 24).

Various laws, regulations, and policies mandate protection of caves and their associated fau-
nas in California. Important in this regard is the Federal Cave Resources Protection Act of 1998
(FCRPA-16U. S. C. 4301-4309) which mandates that federal agencies ... secure, protect, and pre-
serve significant caves on federal lands ....” In addition, the California Penal Code, Section 263,
The California Cave Protection Act, protects all caves and cave features, and includes prohibitions
against disturbing bats and other organisms in the state. Federal and state agencies also have poli-
cies to prevent destruction of caves and disturbance of bats and other organisms, i.c., The Federal
Land Policy and Management Act of 1976 (P.L. 94-579) at Sec.102 (a) 8. There are also a number
of cave management plans in existence that detail the management of specific caves or cave
regions. Examples include Shoshone Cave (whip-scorpion habitat) Wildlife Habitat Management
Plan (Anonymous 1982b), and Sequoia and Kings Canyon National Parks Cave Management Plan
(Anonymous 1998b). These are important documents in the conservation of cave resources.

The highly fragmented distribution of cave resources because of the state’s geology poses sub-
stantial conservation challenges. Nearly all troglobitic and stygobitic species are narrow endemics
(49% are known from single sites). The most extensive range of a cave-restricted species in Cali-
fornia is only 194 km. Consequently, by some criteria, most are potentially endangered even in the
absence of additional threats. An important benefit of our annotated species list is the ready avail-
ability of the known distributions of cave species that provide a resource base for conservation
planning. It is of interest to contemplate an alternative outcome of the McLean’s Cave controver-
sy if the biological importance of this cave (greatest number of species in any California cave) had
been widely recognized prior to the initiation of construction of the New Melones Dam. More
palatable mitigation options might have been seriously considered, such as adjustments of the
reservoir pool level, resulting in the preservation of McLean’s Cave and its associated fauna, which
was near the top of the pool anyway. Ironically, the modern era of California cave biology began
with study contracts let by the agency responsible for the destruction of the 30 caves, followed by
more studies sponsored by conservation-minded individuals and agencies.

Few cave species (six) are listed on Federal and California threatened and endangered species
lists. Of these only four are potentially dependent on caves to the extent that threats to caves rep-
resent a conservation issue for these species. The two Hydromantes salamanders (State threatened)
are frequent cave inhabitants (especially H. shastae), which combined with their extremely limit-
ed ranges suggests that threats to caves also could represent a threat to these two listed species.
Similarly, two bat species (Macrotus californicus and Corynorhinus townsendii — both state
species of concern) are habitual cave occupants, and caves represent critical habitat. The IUCN
(International Union for the Conservation of Nature 2016), using quite different criteria, lists addi-
tional cave species in California at various levels of threat. Regardless of formal listing criteria, the
high degree of endemism among the cave-restricted species, especially the many species known
from single localities, strongly suggests that the actual number of potentially endangered species is
much greater than formally recognized.

DisSCcUSSION

California’s subterranean fauna is distinctly different from the eastern U.S.A., but has some
similarities to neighboring states. Recognition of the high biodiversity of California’s caves came
slowly at first. Peck (1973) reported the troglobitic millipede, Plumatyla humerosa, in caves of
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Lava Beds National Monument, and summarized the fauna in these and other volcanic caves in
western North America. Elliott et al. (1985, 2003a-b) reported on California’s cave biodiversity at
biospeleology meetings. The arachnologist, Willis Gertsch, of the American Museum of Natural
History identified California as a hot spot with at least 20 troglobitic spiders (Gertsch 1992). Peck
(1998) identified the Sierra Nevada foothills (our Sierra Nevada North) as a troglobite hotspot in
North America, and listed 60 troglobitic species from California in his national checklist of cave
animals. Peck also documented the diversity of fungus beetles (Leiodidae) in caves of California
and the world in general.

Culver et al. (2000) mentioned the Mother Lode karst region as having a significant cave obli-
gate fauna on the continental scale, but gave no details. Culver, Christman, Elliott, Hobbs, and Red-
dell (2003) included the Mother Lode in an analysis of nine North American karst regions based
on genera. The 2003 paper found that the Mother Lode grouped generally with Texas, the
Guadalupe Mountains of New Mexico, the Black Hills, and the Driftless Area of lowa, but was fair-
ly dissimilar to other regions. At that time only 20 troglobites and 3 stygobites were known from
the Mother Lode region. The Mother Lode (Sierra Nevada North) now harbors 32 troglobites,
3 stygobites, and 6 phreatobites, nearly doubling what we knew in 2003.

The California cave fauna lacks the troglobitic vertebrates and larger crustaceans that occur in
many eastern U.S.A. and Mexican faunas, presumably because of limited aquatic habitats in caves,
but California is rich in minute phreatobites. Crickets, ecologically important trogloxenes and
troglophiles in most U.S. cave faunas, are sparse or absent in many California caves. An important
cave, Clough Cave, may lack crickets while Lilburn Cave, also important, has two species!

Some of the genera present in Californian subterranean habitats are widespread in the U.S.
(e.g., Stygobromus, Foveacheles, Poecilophysis, Oncopodura, and the isopod Caecidotea). Twelve
genera exhibit considerable California endemism or are limited to the western U.S. Eight genera
(the isopods Bowmanasellus and Calasellus, the pseudoscorpions Australinocreagris and Fissil-
iceagris, the harvestman Banksula, and the millipedes Sequoiadesmus, Speoseya and Speostriaria)
are endemic to California. The millipede Plumatyla is found in a limited range in California and
Oregon. The millipede Nevadesmus is limited to Nevada and a cave in the SNS, and
Pratherodesmus is limited to the SNS and caves in Arizona. The scorpion genus Uroctonus is lim-
ited to the western U.S. So, California has eight state endemic cave genera, but shares some gen-
era with Oregon, Nevada, and Arizona.

Several groups exhibit significant range disjunctions, some of which relate to ancient vicari-
ance events, such as continental drift. 7elema spiders are known from the western U.S. and the
Pyrenees, and Meinertophilus centipedes are known from California and Portugal. A third genus,
the pseudoscorpion Pseudogarypus, is represented by four species in the western U.S. and related
genera in Tasmania. In contrast the rhagidiid mite genera Foveacheles and Poecilophysis have
many species of troglophiles and trogobites in American caves, relicts of forms that probably dis-
persed circumboreally during the Quaternary across northern North America and Europe.

The cave fauna of the Mojave Desert exhibits a distinct zoogeographic pattern. The fauna is
extremely restricted because of the limited number of caves and extreme aridity, but the limited
fauna exhibits a close zoogeographic affinity to the caves of Arizona, New Mexico, Texas, and
northern Mexico. Seven genera of troglobites are known from the region. The opilionid Zexella is
known only from California and Texas. The schizomid Hubbardia and the troglophilic millipede
Colactis are genera with distributions extending south and east of California; the closest relatives
of the two California species are from Arizona. Three troglophilic species of the beetle Rhadine
represent a widespread genus with troglobitic species restricted to Texas and northern Mexico, and
troglophiles from there to New Mexico and California. In addition, the only troglophilic pseudo-
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scorpion known from the Mojave Desert, Larca aalbui, is related to cave-adapted species in Ari-
zona and Texas.

In this paper the top 20 California caves for biodiversity are found in many regions, which rank
as follows: Sierra Nevada South 9, Sierra Nevada North 6, Klamath and Marble Mountains 2, Bay
Area/Delta 2, and Lava Flows North 1. Overall the Sierra Nevada has the largest share of high bio-
diversity caves, the northern half with the most single-site endemics, but the southern half with
individual caves having higher site endemism and overall biodiversity. Bay Area/Delta has two
very different caves with high biodiversity. Klamath and Marble Mountains (Samwel Cave and
Shasta Caverns) have outstanding biodiversity. Subway Cave in Lava Flows North is remarkable
in ranking 18t in biodiversity despite being in a lava flow less than 2,000 years old, which sug-
gests that some of the troglobites, like Plumatyla humerosa, have invaded caves and cracks from
adjacent, older lava flows, analogous to the lava tube fauna in Hawaii (Howarth 1972). As in other
high biodiversity caves, tree roots enhance energy inputs and habitat complexity.

With the data then available, Elliott (2007) ranked California as ninth among U.S. states in
subterranean biodiversity, with 7 phreatobites, 8 stygobites, and 42 troglobites, a total of 47 obli-
gate subterranean species, which this paper has increased to 146 species. Table 25 is a comparison
of numbers of obligate subterranean species in leading states, with data sources cited. California
currently ranks third nationally if phreatobites are included (phreatobite data are not easily avail-
able from other states and definitions vary among authors.) These rankings are not precise, but
California’s subterranean biodiversity is high on the national and the continental scale.

Many mechanisms have allowed cavernicoles to become isolated in California’s caves. We
have presented examples of geology, elevation, drainage basins, aridity, and climate change. In his
1973 paper on lava tube faunas in the western U.S., Peck said, “Among the terrestrial invertebrate
troglobites and obligate troglophiles, at least, the cave occupation seems certainly to have been
motivated by a search for cool, moist habitats. Such habitats are those occupied by the species most
closely related to the troglobites. This conclusion is reinforced by the observation that caves with
cooler air and with standing water or ice contain a richer fauna . . . Much of the fauna probably

TABLE 25. Comparison of numbers of obligate subterranean species in leading U.S. cave states.

State Ref. ;jn(:r.l;:::is All Species | Phreatobites | Stygobites | Troglobites Su(l))?lsif)tt:ites Rank
Texas Reddeuzpoelrz COMM-1 4002 | 1,519 4 49 200 291 1
Tennessee | TViomiller and Zigler | ¢, 40 160 200 2
2013
California This study 1,293 1,366 32 12 102 146 3
Alabama Elliott 2007 2 23 120 145 4
Virginia Elliott 2007 12 38 89 139 5
Kentucky Elliott 2007 0 29 90 119 6
West Virginia | Fong et al. 2007 282 33 53 86 7
Missouri Elliott 2007 960 927 13 36 33 82 8
Arkansas Graening et al. 2011 72 9
Indiana Elliott 2007 3 22 32 57 10
Oklahoma | Graening et al. 2011 48 11
Georgia Elliott 2007 0 16 24 40 12
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came from higher elevations, reaching the caves overland by migration during the cooler and more
moist conditions of the last glaciation . . . As the glacial ice retreated and the warming and drying
trends of the present interglacial continued, some of the populations retreated into the suitable envi-
ronments offered by the cave. This mechanism certainly is true for Plumatyla and Idagona, and for
the species of Grylloblatta, all of which show no special cave modification. The modified . . .
troglobites, may have occupied caves during earlier interglacials.” He continued, “Some of this
fauna has affinities with the faunas of limestone caves in the United States to the south and east,
such as Stygobromus, Apochthonius, Microcreagris, Rhagidia, Bathyphantes, and Plusiocampa.
However, some of this fauna is unique and is limited to the cave or to the general cave-containing
region of the Pacific Northwest. A conclusion which may be drawn from this observation is that,
although the caves themselves have histories different from those of caves in limestone regions,
their internal conditions have attracted, isolated, and supported faunas in the same way as those of
limestone caves.”

To Peck’s general conclusion that cavernicoles were isolated during interglacials, we must add
the likely opposite effect in the southern Sierra Nevada and Mojave Desert, in which southern
forms colonized caves after expanding in the general area during warm, wet periods, but survived
underground during glacials or extremely arid periods. This could apply to schizomids, scorpions,
certain spiders, Texella harvestmen, Rhadine beetles, and other associated fauna. This is perhaps
why there is a mix of boreal and tropical elements in the caves of the Sierra Nevada South region.

Ecological, biogeographical, and evolutionary questions continue to draw the attention of cave
biologists to California. We expect that many more species will be discovered in California’s
diverse cave regions. To what degree is cave biodiversity related to root systems in caves and the
adjacent topography? What food chains are related to different roots? How were boreal and tropi-
cal species isolated in caves? Why are there so many phreatobites, even at this early stage of knowl-
edge, and so few stygobites in California? Why do rhaphidophorid crickets rarely form large cave
colonies, or are absent from some caves?

Conservation of California’s caves and their diverse fauna benefit tremendously from the pre-
vailing land ownership pattern within the state, with many caves on federal and state lands,
although some of those caves are still abused. There also are opportunities to improve cave con-
servation on private lands. Pressures from an expanding human population and intense water usage
present challenges to effective conservation of these resources. The authors hope that the informa-
tion we have presented will be useful in identifying specific conservation issues, informing the dis-
cussions, and ultimately result in better conservation outcomes.
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APPENDIX 1
ANNOTATED CHECKLIST OF CALIFORNIA CAVE FAUNA

Records without citations are unpublished data from this study. Most sight records are designated with an asterisk (*). See
Appendix 2 for list of biological sites listed by county, island, site type, name, and synonyms

KINGDOM ANIMALIA
PHYLUM PORIFERA (sponges)
Undetermined

Records: Mendocino Co.: *Cave of Lost Soles; *Hitchhiker Cave. San Francisco Co.: Farallon Islands: *Jewel Cave
(more than 20 species). San Luis Obispo Co.: *Cave-in-Rock. Santa Barbara Co.: Santa Cruz Island: *H Cave; *Lady’s
Harbor Cave; *Little Scorpion Bay Cave No. 4; *Mussel Cave; *Point Arguello Cove East Cave; *Point Arguello Cove
West Cave; *Seastack Cave; *Seal Canyon Cave; *Sponge Cave; *Varicolored Sponge Cave. *Surging “T” Cave. Santa
Cruz Co.: *Mussel Cave; *Technicolor Dream Cave; *Whale of a Cave. Ventura Co.: Anacapa Island: *Catacombs Cave;
*Cathedral Cave; *Cliff Chasm Cave; *Treasure Chest Cave; *Urchin’s Lair Cave.

Bibliography: Bosted (1991a, 2000); Bunnell (1982, 1988b, 1988c, 1989b, 1990, 1993a, 1993b, 1994, 1998, 1999a, 1999b,
2000a); Bunnell and Vesely (1986, 1990); Danehy (1952), Halliday (1962); Orr, P.C. (1951b, 1952b); Vesely and Bunnell
(1985).

Acanthancora sp. (blue sponge) (marine)

Records: Santa Barbara Co.: Santa Cruz Island: *Diablo Anchorage Cave.
Bibliography: Bunnell and Vesely (1983a); Henderson (1983).

CLASS DEMOSPONGIAE
ORDER TETRACTINELLIDA
Family Ancorinidae
Stelletta sp. (white sponge) (marine)

Records: Santa Barbara Co.: Santa Cruz Island: *Diablo Anchorage Cave.
Bibliography: Bunnell and Vesely (1983a); Henderson (1983).

ORDER POECILOSCLERIDA
Family Microcionidae
Ophlitaspongia sp. (marine)

Records: San Francisco Co.: Farallon Islands: *Low Arch Cave.
Comment: This species was found 25 m from the entrance.

PHYLUM BRYOZOA
Undetermined

Record: San Luis Obispo Co.: *Nudibranch Cave.
Bibliography: Vesely (1987, 1991).

PHYLUM CNIDARIA (jellyfishes, anemones, corals, hydrozoans)
CLASS HYDROZOA
ORDER ANTHOMEDUSAE (jellyfish)
Undetermined

Record: Santa Barbara Co.: Santa Cruz Island: *Cave of the Bird’s Eggs.
Bibliography: Bunnell (1988b, 1993b, 1999a).
Family Porpitidae
Velella velella (Linnaeus) (by-the-wind sailor jellyfish) (marine)

Record: Marin Co.: *Faulty Jellyfish Cave.
Bibliography: Rogers (2010e, 2010f).
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CLASS ANTHOZOA
ORDER ACTINARIA (anemones)
Undetermined (marine)

Records: Marin Co.: *El Reyes Cave. Mendocino Co.: *Peters Creek Cove Cave; *Starfish Sea Cave. Santa Barbara
Co.: Santa Cruz Island: *Mussel Cave, *Painted Grotto. San Diego Co.: *one of the Sea Cliff Caves; *Little Blowhole
Cave; *Sea Surprise Cave. San Francisco Co.: *Sutro Baths Cave. San Luis Obispo Co.: * Anemone Swiss Cheese Cave;
*@Grotto Rock Cave; *Sea Dome Cave; *Sea Maze Cave. Santa Cruz Co.: *Davenport Area Sea Cave No. 20; *Surfing
Tunnel Sea Cave; *Technicolor Dream Cave. Ventura Co.: Anacapa Island: *Sea Lion Cave; *Treasure Chest Cave.
Comment: Sea anemones have been reported in littoral caves at Punta Banda, Baja California, Mexico by Bunnell and
Vesely (1984). The anemones from Punta Banda were pink and white, indicating a loss of the usual mutualistic algae.
Bibliography: Bailey (2008); Bosted (1984, 1991a, 1992, 2000); Bunnell (1984, 1985, 1988b, 1988c, 1993b, 1994b, 1998,
1999a, 1999b, 2000a); Bunnell and Vesely (1983a; 1983b, 1984); Halliday (1957); Leissring (2010); Linn (2013); Mele
(1994); Vesely (1982, 1983, 1991); Vesely and Bunnell (1982a, 1982b, 1986).

Family Actiniidae
Anthopleura artemisia (Pickering) (buried sea anemone) (marine)

Record: San Luis Obispo Co.: *Cave-in-Rock.
Bibliography: Vesely (1987, 1991); Vesely and Bunnell (1985).

Anthopleura elegantissima (Brandt) (aggregating sea anemone) (marine)

Records: Marin Co.: *Millers Point Cave. San Francisco Co.: Farallon Islands: Little Murre Cave. San Luis Obispo
Co.: *Cave-in-Rock.
Bibliography: Rogers (2013c, 2005¢); Vesely and Bunnell (1985).

Anthopleura xanthogrammica (Brandt) (giant green anemone) (marine)

Records: San Francisco Co.: Farallon Islands: Little Murre Cave. San Luis Obispo Co.: *Cave-in-Rock; *Nudibranch
Cave.
Bibliography: Rogers (2014); Vesely (1987, 1991); Vesely and Bunnell (1983, 1985, 1991).

PHYLUM PLATYHELMINTHES (flatworms)
CLASS TURBELLARIA (planarians)
ORDER TRICLADIDA
Undetermined

Records: Fresno Co.: Boyden Cave. Inyo Co.: Grapevine Springs; Sponge Cave. San Benito Co.: Bear Gulch Cave.
Siskiyou Co.: *Francis’ Folly Cave. Tulare Co.: Kuala Spring; White Chief Cave.
Bibliography: Sluys (2009); Wolff, L. (2007a).

Undetermined Tricladida (stygobite)

Records: Siskiyou Co.: Planetary Dairy Cave. Tulare Co.: Crystal Sequoia Cave; Mossy Spring.
Bibliography: Broeckel (2010e); Sluys (2009); Graening (2011a, 2011c¢).

Family Dendrocoelidae
Dendrocoelopsis hymanae Kawakatsu (phreatobite)

Record: Placer Co.: Lake Tahoe, center of lake (type locality).
Comment: This depigmented, eyeless species was taken from a depth of 474-495 m (1554 to 1623 ft.).
Bibliography: Gourbault (1986); Kawakatsu (1968); Kenk (1972, 1973, 1974).

Family Kenkiidae
Sphalloplana (Sphalloplana) californica Kenk (stygobite)

Records: Mariposa Co.: Bower Cave (type locality).
Comment: Divers collected this planarian at depths of 10 to 30 m. It is known only from Bower Cave.
Bibliography: Gourbault (1986); Holsinger (1974); Kawakatsu and Mitchell (1981); Kenk (1977).
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Family Planariidae
Phagocata crenophila Carpenter (stygophile?)

Records: Siskiyou Co.: Skunk Hollow Cave?; Trail Junction Cave.

Comment: This species was originally described from springs in California, Nevada, and Utah. The cave population is a
lighter color than the usually darkly pigmented spring populations (R. Kenk, pers. comm.).

Bibliography: Carpenter (1969).

Polycelis sp. (stygobite?)

Records: Tulare Co.: Cirque Cave; Crystal Sequoia Cave; Panorama/Sink Cave System; White Chief Cave.
Bibliography: Despain (2006); Krejca (2006, 2009b); Sluys (2009).

PHYLUM NEMATODA (roundworms)
Undetermined

Records: Fresno Co.: Church Cave; Millerton Lake Cave System. Siskiyou Co.: Bigfoot Cave; Frozen Falls Cave. Tulare
Co.: Hurricane Crawl Cave.
Bibliography: Despain (1993); Graening (2011c).

PHYLUM NEMATOMORPHA (Gordian or horsehair worms)
Undetermined (parasite)

Records: Tulare Co.: Lilburn Cave.
Comment: In 2004 a horsehair worm was photographed by Jean Krejca in Lilburn Cave near water. The parasite probably
erupted from a cave cricket (Figure x).

PHYLUM ANNELIDA
CLASS CLITELLATA (segmented worms)
SUBCLASS OLIGOCHAETA
ORDER HAPLOTAXIDA (earthworms)
Undetermined

Records: Calaveras Co.: *Cave City Cave. Fresno Co.: Boyden Cave; Church Cave; Millerton Lake Cave System. Santa
Cruz Co.: Vanished River Cave; Dolloft Cave; IXL Cave; Vanished River Cave. Shasta Co.: *Potter Creek Cave. Siskiy-
ou Co.: *Lyon’s Road Cave; Sugar Pine Butte Ice Cave. Tulare Co.: Crystal Sequoia Cave; Eighteenth Hole; Harry’s Bend
Cave; Hurricane Crawl Cave; Kaweah Monkeyflower Cave; Lange Cave; Lilburn Cave; Overhang Cave; Panorama Cave;
Paradise Cave; Seldom Seen Cave; Ursa Minor Cave; White Chief Cave.

Comment: The earthworms and microdrile oligochaete families have been poorly documented, and deserve further study.
Most of the records above were reported as Lumbricidae or Lumbricus.

Bibliography: Bowers (2008a); Danehy (1951); Krejca (2006, 2009¢); Lange (1954); Sinclair (1904); Taylor and Krejca
(2006); Ubick (2001); Weaver (2008).

ORDER LUMBRICULIDA
Family Lumbriculidae (aquatic worms)
Stylodrilus californianus Rodriguez (phreatophile)

Record: Kern Co.: well RLSA 2204 W (type-locality).
Bibliography: Rodriguez (1996).
ORDER TUBIFICIDA
Family Naididae

Comment: These undescribed species recently collected in Empire Cave appear to belong to the following subfamilies, but
they are not clearly attributable to existing genera. Phallodrilines have not yet been reported in Nearctic caves, although
many stygophilic species and genera have been described in Europe. (S.V. Fend, pers. comm.)

Phallodrilinae n. sp.
Record: Santa Cruz Co.: Empire Cave.

Rhyacodrilinae n. sp.

Record: Santa Cruz Co.: Empire Cave.
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SUBCLASS HIRUDINEA (leeches)
Undetermined

Record: Tulare Co.: Crystal Sequoia Cave.
Bibliography: Krejca (2006).

ORDER RHYNCHOBDELLIDA
Family Glossiphoniidae
Helobdella stagnalis (Linnaeus)

Record: San Benito Co.: Bear Gulch Cave.

CLASS POLYCHAETA
ORDER CANALIPALPATA
Family Sabellidae (feather duster worms)
Phragmatopoma californica Kinberg (honeycomb worm)

Records: Marin Co.: *Point Resistance Cave. Ventura Co.: Anacapa Island: *Cat’s Eye Cave No. 6; *Cat’s Eye Cave
No. 7. *Honeycomb Worm Cave; *Rippling Reflections Cave; *Shipwreck Cave.
Bibliography: Bunnell (1993a, 1993b, 2003); Rogers (2012).

PHYLUM NEMATOMORPHA (horsehair worms)
Undetermined

Records: Napa Co.: *Clay Cave. Siskiyou Co.: Bigfoot Cave; Broken Down Palace. Tulare Co.: Hurricane Crawl Cave.
Bibliography: Bunnell (2007); Krejca (2006).

PHYLUM MOLLUSCA
CLASS POLYPLACOPHORA
SUBCLASS NEOLORICATA
ORDER CHITONIDA (chitons)
Undetermined

Record: Santa Cruz Co.: *Surfing Tunnel Sea Cave.
Bibliography: Bosted (1984).

Family Mopaliidae
Tonicella lineata (Wood) (lined chiton)

Record: Marin Co.: *Rippled Window Grotto.
Bibliography: Rogers (2010¢).

CLASS BIVALVIA
SUBCLASS PTERIOMORPHIA (mussels)
Undetermined (marine)

Records: Marin Co.: *El Reyes Cave. Santa Barbara Co.: Santa Cruz Island: *Deathtrap Cave; *Mussel Cave. Santa
Cruz Co.: *Davenport Area Sea Cave No. 20; *Needle Rock Sea Caves; *Technicolor Dream Cave; *White Mussels Sea
Cave. San Luis Obispo Co.: *Caverns of Mystery.

Bibliography: Bosted (1991a, 1992, 2000); Bunnell (1988a, 1988b, 1988c, 1993b, 1999a); Bunnell and Vesely (1982);
Leissring (2010).

CLASS GASTROPODA (snails, slugs)
Undetermined slugs

Records: Santa Clara Co.: Joaquin Murrieta’s Cave. Santa Cruz Co.: Dolloff Cave; Empire Cave; IXL Cave; Stearns
Cave; Stump Cave. Siskiyou Co.: Skunk Hollow Cave; Streambed Cave. Tuolumne Co.: *Toppled Table Talus Cave. Trin-
ity Co.: *Del Loma Cave; Paul Gibson Cave.

Bibliography: Broeckel, B. (2005b, 2008¢); Graham (1968a); Rogers (2005b); Schmitz (2012); Wolff, J. (2008).

Undetermined snails

Records: Amador Co.: Helbing Ranch Caves; Rippled Cave; Skeleton Cave. Calaveras Co.: Bobcat Cave; Carlito’s Cave;
Cave City Cave; *Cave of the Crystal Snail; Escargot Cave; Gastropod Cave; *Grapevine Gulch Cave (Hanging Gardens
Cave); *Heater Cave; Moaning Cave; Snail Cave; Wool Hollow Cave. Fresno Co.: Beauty Cave; Church Cave; Millerton
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Lake Cave System; Saturday Cave; unnamed cave in Kings Caverns Geological Area. Monterey Co.: Willow Creek Cave.
Santa Cruz Co.: Bat Cave; Empire Cave; Stearns Cave; Stump Cave. Shasta Co.: Discovery 1 Cave. Siskiyou Co.: *It ta
Choo-mah Cave; Stiletto Cave. Tuolumne Co.: McNamee’s Cave; Transplant Mine. Trinity Co.: *Del Loma Cave; *Trin-
ity Natural Bridge and Cave; Paul Gibson Cave (2 species). Tulare Co.: Bear Den Cave; Dehydrated Cave; Hidden Cave;
Hurricane Crawl Cave; Lange Cave; Lilburn Cave; *Lost Soldier’s Cave; Kaweah Monkeyflower Cave; Overhang Cave;
Pet Cemetery Cave; Pine Grosbeak Cave; *Popcorn Pit; Stand Up Cave; Ursa Minor Cave; Walk Softly Cave; Weissraum
Cave. Ventura Co.: Clear Springs Cave.

Bibliography: Baumann (2012); Briggs (1991); Broeckel, B. (2008¢); Damon (1963b); deSaussure (1953a); Doerr (1972);
Fan (2010b); Graham (1968a); Halliday (1962); Halliday and Hedlund (1960); Johnson, E. (1996¢); Johnson, V. (1990);
Klette (1972, 1980); Lange (1954); McBride (1971); Merritt (2009); Poppoff (1980); Quick (1980c); Rogers (2005b,
2005e); Rogers and Johnson (2012); Russo (1992); Schmitz (1996a); Sharp (1990, 2000a); Ubick (2001); Wolft, L. (2013b);
Wolff and Wolff (1990); Zidell (1987).

ORDER PATELLOGASTROPODA
Family Lottiidae
Collisella instabilis (Gould) (unstable limpet) (marine)

Record: Marin Co.: *Millers Point Cave.
Bibliography: Rogers (2014).

Lottia digitalis (Rathke) (fingered limpet)

Record: Marin Co.: *Rippled Window Grotto.
Bibliography: Rogers (2010e).

Lottia limatula (Carpenter) (file limpet) (marine)
Record: Marin Co.: *Millers Point Cave.

Bibliography: Rogers (2014).

ORDER ARCHAEOGASTROPODA
Family Tegulidae
Tegula brunnea Philippi (brown top shell) (marine)

Record: San Francisco Co.: Farallon Islands: Funky Arch Cave.

Family Haliotidae

Haliotis sp. (abalone) (marine)
Records: San Diego Co.: *White Lady Cave. Ventura Co.: Anacapa Island: *Green Abalone Caves.
Bibliography: Bunnell (1988); Orr P.C. (1951b, 1952b); Halliday (1962); Vesely and Bunnell (1982b, 1986).
Haliotis cracherodii Leach (black abalone) (marine)
Record: Santa Barbara Co.: Santa Cruz Island: Fry’s Harbor Cave.
Bibliography: Henderson (1983).
Haliotis fulgens Philippi (green abalone) (marine)

Record: Santa Barbara Co.: Point Arguello Cove East Cave.
Bibliography: Bunnell (1989b; 1990).

ORDER NEOGASTROPODA
Family Nassariidae
Nassarius mendicus (Gould) (lean western nassa) (marine)

Record: Santa Barbara Co.: Santa Cruz Island: cave 0.5 mi. W of Pelican Bay.
Bibliography: Hewatt (1946).
ORDER NUDIBRANCHIA (nudibranchs)

Undetermined

Records: Mendocino Co.: *Hitchhiker Cave. San Luis Obispo Co.: * Anemone Swiss Cheese Cave; *Green Algae Cave.
Bibliography: Broeckel, B. (2006¢); Vesely (1987, 1991).
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Family Cadlinidae
Cadlina limboughorum Lance (Conrad Limbough’s nudibranch) (marine).

Record: Santa Barbara Co.: Santa Cruz Island: Fry’s Harbor Cave.
Bibliography: Henderson (1983).

Family Chromodorididae
Felimida macfarlandi (Cockerell) (three-stripe doris) (marine)

Record: Santa Barbara Co.: Santa Cruz Island: cave 0.5 mi. W of Pelican Bay.
Comment: This was reported as Chromodoris macfarlandi.
Bibliography: Hewatt (1946).

Family Discororididae
Jorunna pardus Behrens and Henderson (leopard spot nudibranch) (marine)

Record: San Diego Co.: La Jolla subterranean canyon. Santa Barbara Co.: Santa Cruz Island: Fry’s Harbor Cave.
Bibliography: Behrens and Henderson (1981); Bunnell (1988c); Henderson (1983).

Montereina nobilis McFarland (sea lemon)

Record: San Luis Obispo Co.: *Nudibranch Cave.
Bibliography: Vesely (1987, 1991).

Family Facelinidae
Hermissenda sp.

Record: San Luis Obispo Co.: *Nudibranch Cave.
Bibliography: Bunnell (1998); Vesely (1987, 1990).

ORDER VETIGASTROPODA
Family Fissurellidae
Diodora aspera (Rathke) (rough keyhole limpet) (marine)

Record: Marin Co.: *Millers Point Cave.
Bibliography: Rogers (2014).

ORDER BASOMMATOPHORA
Family Physidae
Undetermined

Record: San Diego Co.: Midnight Creek Cave.

Family Planorbidae
Gyraulus parvus (Say)

Record: Fresno Co.: Boyden Cave.

Family Trimusculidae
Trimusculus reticulatus (Sowerby) (marine)
Record: Santa Barbara Co.: Santa Cruz Island: cave 0.5 mi. W of Pelican Bay.
Bibliography: Hewatt (1946).

ORDER STYLOMMATOPHORA
Family Arionidae
Ariolimax sp. (banana slugs)

Records: Calaveras Co.: *Cave of the Catacombs; Two Bit Pit. Monterey Co.: *Willow Creek Cave. Napa Co.: Clay
Cave. Santa Cruz Co.: Empire Cave; Stearns Cave; Stump Cave. Siskiyou Co.: *Gate Lake Cave; Skunk Hollow Cave.
Trinity Co.: Paul Gibson Cave. Tuolumne Co.: Crack of Doom Cave; Toppled Table Talus Cave.

Bibliography: Besse (1972); Briggs and Ubick (1988); Broeckel, B. (2005a); Conover (2013a); Graening (2011c);
McBride (1971); Weaver (2007).

Ariolimax columbianus Gould (Pacific banana slug)

Record: Calaveras Co.: *Sink Cave.
Bibliography: Rogers (1994a, 1999d).
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Ariolimax dolichophallus Mead (slender banana slug)

Record: Santa Cruz Co.: *Empire Cave.
Bibliography: Rogers (2013b).

Family Discidae
Discus selenitoides (Pilsbry) (file disc snail)

Record: Mariposa Co.: Bull Creek Cave.

Speleodiscoides spirellum Smith (glass coil snail)

Records: Amador Co.: Black Chasm; Fiddler’s Cave; Hummingbird Cave; Rippled Cave; Violin Cave (type locality).
Calaveras Co.: Sink Cave.

Comment: Live specimens have been found on the surface southeast of Coloma, El Dorado County, along a wooded, leaf-
covered, rocky slope. The species, though eyeless, is apparently a troglophile or trogloxene.

Bibliography: Briggs (1974a); Miller, W.B. (1972); Rogers (1994a, 1999d); Roth, B. (1972); Smith, A.G. (1957).

Family Gastrodontidae
Zonitoides arboreus (Say) (quick gloss snail)
Records: Amador Co.: Root Cellar Cave; Skeleton Cave; White Room Cave. Fresno Co.: Boyden Cave.
Family Haplotrematidae
Ancotrema sportella (Gould) (beaded lancetooth snail)

Records: Amador Co.: Santa Claus Cave; Skeleton Cave. Fresno Co.: Boyden Cave.

Ancotrema zopherum Roth (lancetooth snail)

Record: Amador Co.: Sutter Creek Cave (type locality).
Comment: This species is known only from empty shells.
Bibliography: Roth, B. (1989).

Haplotrema sp. (lancetooth snail)

Record: Amador Co.: Skeleton Cave.

Haplotrema costatum Smith (costate lancetooth snail)
Records: Tulare Co.: Cave No. 12-19 (type locality); Crystal Sequoia Cave; Lost Soldier’s Cave.
Bibliography: Smith, A.G. (1957).
Haplotrema (Ancomena) minimum (Ancey) (California lancetooth snail)
Records: Santa Cruz Co.: Empire Cave.
Bibliography: Briggs and Ubick (1988); Graham (1968a).
Haplotrema (Haplotrema) alameda Pilsbry (Alameda lancetooth snail)

Records: Amador Co.: Sutter Creek Cave. Fresno Co.: Cave No. 12-1. Tulare Co.: Cave No. 12-1. Tuolumne Co.: Small
Cave; Snell’s Cave; The Catacombs.
Bibliography: Smith, A.G. (1957).

Haplotrema (Haplotrema) keepi (Hemphill) (glassy lancetooth snail)

Records: Shasta Co.: caves at headwaters of Brock Creek drainage; Ancient Palace Cave; Elk Antler Cave; Samwel Cave.
Siskiyou Co.: Corkscrew Cave.

Family Helminthoglyptidae
Eremarionta argus (Edson) (Argus Mountains desertsnail)

Records: Inyo Co.: Graham Jones’ Mine; Iron Gap copper mine.
Bibliography: Edson (1912); Pilsbry (1939).
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Helminthoglypta sp. (shoulderband snail)

Records: Kern Co.: Harrington Cave. Mariposa Co.: Barber Cave; Bull Creek Cave; Pool Pit. Tulare Co.: Lost Soldier’s
Cave. Tuolumne Co.: McLean’s Cave; Scorpion Cave.
Bibliography: Smith, A.G. (1957); Krejca (20006).

Helminthoglypta allyniana (Berry)

Record: Tulare Co.: Lost Soldier’s Cave.
Bibliography: Krejca (2006).

Helminthoglypta allyniana allyniana (Berry)
Records: Mariposa Co.: Barber Cave; Bull Creck Cave; Pool Pit. Tuolumne Co.: McLean’s Cave.
Bibliography: Smith, A.G. (1957).
Helminthoglypta crotalina Berry (sidewinder shoulderband snail)

Records: San Bernardino Co.: Sidewinder Mine. Tulare Co.: Lost Soldier’s Cave.
Comment: All individuals collected in the mine were dead.
Bibliography: Graening (2010); Ingram (1946); Krejca (2006); Pilsbry (1939).
Helminthoglypta cypreophila (Binney and Bland) (foothill shoulderband snail) (troglophile)

Records: Amador Co.: Connie’s Cave; Hare Cave; Rippled Cave; Santa Claus Cave. Calaveras Co.: Cataract Gulch Cave;

Cave City Cave; Cave of the Catacombs; Cone Cave; Eagle View Cave No. 1; Fenceline Cave; Grapevine Gulch Cave;

Heater Cave; Kenney’s Grotto; Music Hall Cave; Sink Cave. El Dorado Co.: *Pink Grotto. Fresno Co.: Millerton Lake

Cave System. Mariposa Co.: Bull Creek Cave. Shasta Co.: Elk Antler Cave; Samwel Cave. Tuolumne Co.: Crystal

Tuolumne Cave; McNamee’s Cave; Mine Cave; Pinnacle Point Cave; Railing Cave; Small Cave; The Catacombs.

Bibliography: McEachern and Grady (1978); Readdy and Damon (1962); Rogers (1994a, 1999d); Smith, A.G. (1957).
Helminthoglypta exarata (Pfeiifer) (San Lorenzo shoulderband snail)

Records: Santa Cruz Co.: Santa Cruz City Cave; Stearns Cave.

Helminthoglypta ferrissi Pilsbry (Kings shoulderband snail)

Records: Fresno Co.: Boyden Cave; Church Cave.
Bibliography: Smith, A.G. (1957).

Helminthoglypta hertleini Hanna and Smith (Oregon shoulderband snail)

Records: Shasta Co.: Ancient Palace Cave; Bat Cave.

Helminthoglypta napaea cf. H. n. yosemitensis (Pilsbry)

Records: Mariposa Co.: Bower Cave.

Helminthoglypta nickliniana anachoreta (Binney)

Records: Napa Co.: Clay Cave.
Helminthoglypta nickliniana nickliniana (Lee) (Coast Range shoulderband snail)
Records: Santa Cruz Co.: Sea cave 8 km west of Santa Cruz; Coral Grotto.

Helminthoglypta proles (Hemphill) (Yosemite shoulderband snail)
Records: Plumas Co.: Juniper Cave.
Bibliography: Smith, A.G. (1957).
Helminthoglypta talmadgei Roth (Trinity shoulderband snail)
Record: Trinity Co.: Del Loma Cave.
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Helminthoglypta tularensis (Hemphill)

Records: Fresno Co.: Children’s Cave. Tulare Co.: Cave 12-19; Crystal 67 Cave; Lost Soldier’s Cave; Ursa Minor Cave.
Bibliography: Smith, A.G. (1957); Whitfield (1963, 1965).

Rothelix cuyamacensis (Pilsbry) (Cuyamaca shoulderband snail)

Record: San Diego Co.: San Diego Mines.
Bibliography: Pilsbry (1939).

Family Megomphicidae
Ammonitella yatesii Cooper (tight coin snail) (troglophile)

Records: Calaveras Co.: Cave City Cave (type locality for genus and species); Cave of the Catacombs; Mercer Caverns.
El Dorado Co.: Pioneer Cave. Fresno Co.: Boyden Cave; Church Cave.

Bibliography: Chamberlin and Jones (1929); Cooper, J.G. (1868); Danehy (1951b); Hanna and Rixford (1923); Ingram
(1946); McEachern and Grady (1978); Packard (1877); Pilsbry (1939); Roth, B. (1972); Smith, A.G. (1957); Yates (1903).

Megomphix californicus Smith (Natural Bridge megomphix)

Records: Trinity Co.: Trinity Natural Bridge and Cave (type locality).
Comment: Only empty shells were found.
Bibliography: Smith, A.G. (1960)

Family Monadeniidae
Monadenia sp. (shoulderband snail)

Records: Calaveras Co.: Lost Piton Cave; Scat Cave. Mariposa Co.: Sprinkle Cave. Siskiyou Co.: Bigfoot Cave.
Tuolumne Co.: Crack of Doom Cave; McLean’s Cave; Scorpion Cave; Toppled Table Talus Cave.

Monadenia (Coryadenia) circumcarinata (Stearns) (keeled sideband snail)

Records: Tuolumne Co.: Cave Man Cave; Sauna Pit.
Bibliography: Krejca (2006); Smith, A.G. (1957).

Monadenia (Monadenia) fidelis leonina Berry (Pacific sideband snail)

Record: Siskiyou Co.: Corkscrew Cave.

Monadenia (Corynadenia) mariposa Smith (Mariposa sideband snail)

Records: Fresno Co.: Boyden Cave. Mariposa Co.: Barber Cave; Damp Cave; Pool Pit. Tuolumne Co.: McLean’s Cave.
Bibliography: Smith, A.G. (1957); Sphon (1971).

Monadenia (Corynadenia) mormonum (Pfeiffer) (Sierra sideband snail) (troglophile)

Records: Amador Co.: Lulu Bell Cave; Santa Claus Cave. Calaveras Co.: small cave near Shaw’s Cave; Bay Cave; Beta
Cave; Bobcat Cave; Bone Cave; Brown Deer Cave; Buckeye Cave; Carlow’s Bat Cavern; Carlow’s Cave; Cataract Gulch
Cave; Cave City Cave; Cave of Skulls; Cave of the Catacombs; Cliff Cave; Cib Cave; Clutch Cave; Creek Cave; Crystal
Stanislaus Cave; Eagle View Cave No. 1; Eagle View Cave No. 2; Fenceline Cave; Grapevine Gulch Cave; Gray Pine Cave;
Keith’s Chasm; Kenney’s Grotto; Linda’s Cave; Lost Piton Cave; Men Cave; Music Hall Cave; Porcupine Cave; Secret
Cave; Shaw’s Cave; Snail Cave; Wool Hollow Cave. El Dorado Co.: Pioneer Cave. Fresno Co.: Boyden Cave; Church
Cave; unnamed cave in Kings Caverns Geological Area. Mariposa Co.: Damp Cave; Millipede Cave; Pool Pit. Placer Co.:
Lime Rock Caves. Tulare Co.: Lost Soldier’s Cave. Tuolumne Co.: “small cave”; Border Pit; Cable Pit; Crystal Palace;
McLean’s Cave; McNamee’s Cave; Mine Cave; Pine Log Cave; Pinnacle Point Cave; Railing Cave; Robber’s Cave; Scor-
pion Cave; Small Cave; The Catacombs; Tube Cave.

Comment: Most of these records are propably the subspecies M. m. mormonum (Pfeitfer).

Bibliography: Danchy (1951a); Bosted (1994b); Broeckel (2012d); Elliott (1978); Hanna and Rixford (1923); Ingram
(1946); McEachern and Grady (1978); Pilsbry (1939); Rogers (2011b); Smith, A.G. (1957).

Monadenia (Corynadenia) tuolumneana Berry (Tuolumne side-band snail)

Records: Tuolumne Co.: Crystal Butterfly Cave; Crystal Tuolumne Cave.
Bibliography: Roth, B. (1972); Smith, A.G. (1957).
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Monadenia (Shastelix) churchi Hanna and Smith (Klamath side-band snail) (troglophile?)

Records: Shasta Co.: Ancient Palace Cave; Elk Antler Cave; Monadenia Cave; Samwel Cave. Siskiyou Co.: Broken
Down Palace; Echoplex Cave; Hoyle’s Half-Dollar Hole; Planetary Dairy Cave; Skunk Hollow Cave; Stash Talus Cave;
Trail Junction Cave; Wahashin Cave. Trinity Co.: Del Loma Cave; Hall City Cave; Trinity Natural Bridge and Cave.
Bibliography: Graening (2011c); Roth, B. (1981).

Monadenia (Shastelix?) marmarotis Berry (troglophile?)

Records: Siskiyou Co.: Bighorn Cave; Marble Gap Cave; Planetary Dairy Cave; Skunk Hollow Cave; Trail Junction Cave;
Upstairs-Downstairs Cave.
Bibliography: Roth, B. (2001); Rudolph et al. (1985); Suggett (1982).

Monadenia (Shastelix) troglodytes Hanna and Smith (Shasta sideband snail) (troglophile)

Records: Shasta Co.: Bat Cave

Comment: Danehy (1951b) cited Hanna and Smith (1933) as believing this species to be extinct. It has been collected in
many caves in recent years and we have also collected it on the surface 48 and 56 km northeast of Redding, Shasta Coun-
ty.

Bibliography: Danehy (1951b); Hanna and Smith (1933); Pilsbry (1939); Smith, A.G. (1957).

Monadenia (Shastelix) troglodytes troglodytes Hanna and Smith (troglophile)
Records: Shasta Co.: Chute Cave; Crystal-Shasta Cave; Potter Creek Cave; Samwel Cave (type locality); Shasta Lake

Caverns.
Bibliography: Danehy (1951b); Hanna and Smith (1933); Pilsbry (1939); Roth, B. (1981); Smith, A.G. (1957).
Monadenia (Shastelix) troglodytes wintu Roth (troglophile)

Records: Shasta Co.: caves at headwaters of Brock Creek drainage; unnamed cave in Brock Creek Limestone; shelter
below and to left of Goblin Shelter; unnamed cave in gray rocks on NE-SW trending ridge; unnamed cave between two
limestone buttes at south end of Gray Rocks (type locality); caves above Pit River arm of Shasta Lake; Elk Antler Cave;
Monadenia Cave.

Bibliography: Roth, B. (1981).

Family Polygyridae
Trilobopsis roperi (Pilsbry) (Shasta chaparral snail)

Records: Shasta Co.: Elk Antler Cave.

Vespericola shasta (Berry) (Shasta hesperian snail)
Records: Shasta Co.: Monadenia Cave.
Comment: We have also collected this species in McCloud River Canyon, 56 km northeast of Redding.
Family Pristolomatidae
Pristiloma sp.

Records: Shasta Co.: Shasta Lake Caverns. Tuolumne Co.: Snell’s Cave; Windeler Cave.

Pristiloma cf. nicholsoni Baker
Record: Santa Cruz Co.: IXL Cave.
Pristiloma cavator Roth (excavator snail)

Record: Shasta Co.: Samwel Cave (type locality).
Comment: The species is known only from empty shells.
Bibliography: Roth, B. (1998).

Pristiloma chersinella (Dall) (black-footed tight coil snail)

Record: Tuolumne Co.: McLean’s Cave.
Bibliography: Smith, A.G. (1957).
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Pristiloma gabrielinum (Berry) (waxy tightcoil snail)

Records: Fresno Co.: Boyden Cave; Church Cave; Windy Cliff Cave.
Bibliography: Smith, A.G. (1957).

Pristiloma spelaeum (Dall) (tightcoil snail) (troglophile)

Records: Amador Co.: Black Chasm; Connie’s Cave; Fern Frond Cave; Fiddler’s Cave; Lulu Bell Cave; Mushroom Cave;
Rippled Cave; Santa Claus Cave; Violin Cave. Calaveras Co.: Carlito’s Cave; Carlow’s Bat Cavern; Cave City Cave (type
locality); Eagle View Cave No. 1; Music Hall Cave. Plumas Co.: Juniper Cave (= Kloppenberg Caverns) (type locality of
Pristiloma juniperum).

Comment: Binney (1885) reported Zonites indentatus Say from “caves at Cave City.” This almost certainly refers to this
species, which is common in the limestone areas of Calaveras County and was not described until 10 years after Binney’s
citation. Zonites indentatus (now assigned to genus Retinella or Glyphyalinia) is not otherwise known from California. Dall
distinguished spelaeum from indentata in the original description (B. Roth, pers. comm.).

Bibliography: Binney (1885); Bosted (1994b); Dall (1895); McEachern and Grady (1978); Smith, A.G. (1957).

Family Punctidae
Punctum californicum Pilsbry (ribbed spot snail)

Record: Calaveras Co.: Mercer Caverns.
Bibliography: Ingram (1949); Pilsbry (1948).

Family Vertiginidae
Vertigo sp.

Records: Shasta Co.: unnamed cave in Gray Rocks. Tuolumne Co.: Vulture Cave.

CLASS CEPHALOPODA
ORDER OCTOPODA
Undetermined

Record: Marin Co.: *El Reyes Cave (dead). San Diego Co.: *White Lady Cave.
Bibliography: Leissring (2010); Vesely and Bunnell (1982b, 1986).

PHYLUM ARTHROPODA
SUBPHYLUM CRUSTACEA
CLASS MAXILLIPODA
SUBCLASS COPEPODA
Undetermined

Record: Siskiyou Co.: Adam’s Homestead Cave.
Bibliography: Hammond (1994).

SUBCLASS THECOSTRACA (barnacles)
Undetermined

Records: Mendocino Co.: *Sanctuary Cave. Santa Barbara Co.: Santa Cruz Island: Baby’s Harbor Cave; *Deathtrap
Cave; *Painted Cave; *Surprise Blowhole Cave. San Luis Obispo Co.: *Caverns of Mystery. Ventura Co.: Anacapa
Island: *Happy Lobster Cave.

Bibliography: Broeckel, B. (2006¢); Bunnell (1982, 1988c, 1993b, 2000a); Bunnell and Vesely (1982); Orr, P.C. (1951b,
1952b).

ORDER PEDUNCULATA (gooseneck barnacles)
Undetermined

Records: Marin Co.: *Seal Sleep Cave. San Francisco Co.: *Creeping Ceiling Cave. San Luis Obispo Co.: *Sea Maze
Cave. Santa Barbara Co.: Santa Cruz Island: *Mussel Cave; *Shipwreck Cave. Santa Cruz Co.: *Surfing Tunnel Sea
Cave.

Bibliography: Bosted (1984); Bunnell (1985, 1987, 1988a, 1988c, 2013); Rogers (2013d).

Family Lepadidae
Lepas anatifera Linnaeus (pelagic gooseneck barnacle)

Record: Marin Co.: *Pink Anemone Cave.
Bibliography: Rogers (2013c).
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Family Pollicipedidae
Pollicipes polymerus (Gmelin) (marine)

Records: Marin Co.: *El Reyes Cave; *Millers Point Cave; *Pink Anemone Cave; *Seal Sleep Cave. San Francisco Co.:
Farallon Islands: Breaker Cove Cave.
Bibliography: Rogers (2010d, 2010e, 2013c, 2014).

ORDER SESILLA (acorn barnacles)
Family Balanidae
Balanus glandula Darwin (marine)

Record: Marin Co.: *El Reyes Cave; *Grotto 249; Millers Point Cave; *Seal Sleep Cave.
Bibliography: Rogers (2010d, 2010e, 2013c, 2014).

CLASS MALACOSTRACA
ORDER BATHYNELLACEA
Family Bathynellidae
Bathynella fraterna Cho and Kim (phreatobite)

Record: San Diego Co.: San Clemente Canyon Park, La Jolla (type locality).
Comment: This species was taken from a 60 cm deep pit in a dry stream bed in San Clemente Park, La Jolla.
Bibliography: Cho and Kim (1997).

Bathynella germanitas Cho and Kim (phreatobite)

Record: San Diego Co.: San Clemente Canyon Park, La Jolla (type locality).
Comment: This species was taken from a 60 cm deep pit in a drained stream bed.
Bibliography: Cho and Kim (1997).

Pacificabathynella sequoiae Schminke and Noodt (phreatobite)

Record: Marin Co.: Redwood Creek, Muir Woods National Monument (type locality).

Comment: This species was taken from a 50 cm deep pit on the gravelly bank of Redwood Creek. The site is not in Mt.
Tamalpais State Park as stated in the description, but in the adjacent National Monument.

Bibliography: Camacho, Newell, and Reid (2013); Schminke and Noodt (1988).

Family Parabathynellidae
Califobathynella noodti Cho (phreatobite)

Record: San Diego Co.: dry stream bed in San Clemente Canyon Park (type locality).
Comment: This species was taken from a 60 cm deep pit in coarse sand.
Bibliography: Cho (1997).

Califobathynella teucherti Cho (phreatobite)

Record: Los Angeles Co.: Hot Spring River, Los Angeles (type locality).
Comment: This species was taken from a 60 cm deep pit in gravel.
Bibliography: Cho (1997).

Californibathynella californica (Schminke and Noodt) (phreatobite)

Record: San Diego Co.: Otay Reservoir (type locality, “Otay-Reservoir”).
Comment: This species was taken from a 1.2 m deep pit on the gravelly bank of a stream discharging into the reservoir.
Bibliography: Schminke and Noodt (1988).

Hexabathynella hessleri Cho (phreatobite)

Record: San Diego Co.: San Diego River, 500 m downstream from dam of El Capital Reservoirs (type locality).
Comment: This species was taken from 1 60 m deep pit in a dry river basin.
Bibliography: Camacho (2004); Cho (2001); Cho and Schminke (2006).

Hexabathynella muliebris Cho (phreatobite)

Record: Los Angeles Co.: Hot Spring River, under the bridge of interstate highway 15, ca. 1 km from the junction of inter-
state 15 and 15E (type locality).
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Comment: This species was taken from a 50 cm deep pit in gravel.
Bibliography: Camacho (2004); Cho (2001) Cho and Schminke (2006).

Hexabathynella otayana Cho (phreatobite)

Record: San Diego Co.: stream in Otay Reservoir (type locality).
Comment: This species was taken from a 120 cm deep pit, 5 m from the inner margin of a gravel bank.
Bibliography: Camacho (2004); Cho (2001); Cho and Schminke (2006).

Texanobathynella sachi Cho (phreatobite)

Record: San Diego Co.: San Clemente Canyon Park, La Jolla (type locality).
Comment: This species was taken from a 60 cm deep pit on a drained stream bed.
Bibliography: Camacho, Stanford, and Newell (2010); Cho (1996).

ORDER ISOPODA
SUBORDER ASELLOTA
Family Asellidae
Undetermined

Records: Tuolumne Co.: Experimental Mine Cave. Ventura Co.: Clear Springs Cave.

Bowmanasellus sequoiae (Bowman) Big Spring Isopod (stygobite)

Records: Tulare Co.: Big Spring; Crystal Sequoia Cave; Hurricane Crawl Cave; Kuala Spring; Lange Spring; Lilburn Cave
(type locality); Mossy Spring; spring below Hurricane Crawl Cave.

Bibliography: Bowman (1976); Campbell and Juarez (1979); Despain (1993, 1994, 2003a, 2006); Despain and Fryer
(2002); Graening and Rogers (2013); Henry, Lewis, and Magniez (1986); Krejca (2006, 2008, 2009b, 2009¢); Lewis (2001,
2008, 2009a, 2009b); Lewis, Martin, and Wetzer (2003).

Caecidotea n. sp. (stygobite)

Record: Santa Cruz Co.: Empire Cave.
Bibliography: Graening and Rogers (2013); Rogers (2010c); Wang and Holsinger (2001).

Caecidotea tomalensis (Harford) Tomales Bay Isopod

Record: Humboldt Co.: well.
Bibliography: Graening and Rogers (2013); Holmes (1904); Lewis (2001).

Calasellus sp. (phreatobite)

Records: Madera Co.: Rock Creek Spring, adjacent to Minarets Road near Rock Creek Campground.

Napa Co.: Bell Creek Site BE0O3; Cyrus Creek Site CY-03-01; Diamond Mountain Creek; Heath Canyon; Milliken Creek
at Westgate; Nash Creek; Pickle Creek Site PI-03; Rector Creek; Ritchey Creek; Soda Creek Site SO-03; upper Napa
River at Tubbs Lane (Calistoga). Tuolumne Co.: Pinnacle Point Cave.

Comment: The Madera County record may be an undescribed species or belong to C. longus.

Bibliography: Graening and Rogers (2013).

Calasellus californicus (Miller) (phreatobite)

Records: Alameda Co.: arroyo in Livermore, Wente St. near Concannon Winery. El Dorado Co.: Knickerbocker Creek
spring tributary, 1 mi. W of Hwy. 49. Lake Co.: well on William Tuttle Ranch near Kelseyville (type locality). Marin Co.:
gravel bed of Cronan Creek. Mendocino Co.: Sugar Creek, Angelo Coast Range Reservoir; Garcia Creek. Napa Co.:
mouth of spring under house in Napa; Napa River at Bale Lane; unnamed spring 9 mi. N of Napa; Bell (Canyon) Creek;
Cyrus Creek; Diamond Mountain Creek; Heath Canyon; Milliken Creek at Westgate; upper Napa River at Tubbs Lane (Cal-
istoga); Nash Creek; Pickle Creek; Rector Creek; Ritchey Creek; Soda Creek. Santa Clara Co.: springs of Black Creek on
Black Mountain SW of Los Gatos; Coyote Creek at Gilroy Hot Springs; Los Gatos Creek below Lake Elsman. Santa Cruz
Co.: Empire Cave; Stump Spring, Wilder Ranch State Park.

Bibliography: Bowman (1974, 1976, 1981); Chappuis (1950, 1953, 1955); Clifford and Bergstrom (1976); Cole and
Minckley (1972); Fleming (1973); Graening and Rogers (2013); Henry and Magniez (1970); Henry, Lewis, and Magniez
(1986); Lewis (2001, 2009a); Lewis, Martin, and Wetzer (2003); Miller, M.A. (1933); Miller and Hoy (1939); Nicholas
(1960); Steeves (1963, 1969); Ubick (2001); Van Name (1936, 1940); Vandel (1950); Wang and Holsinger (2001).
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Calasellus longus Bowman (phreatobite)

Record: Fresno Co.: unnamed spring at Shaver Lake.

Comment: Shaver Lake is an artificial reservoir on a tributary of the San Joaquin River in Sierra National Forest. This
species presumably inhabited springs or caves now inundated.

Bibliography: Bowman (1981); Roth, J. (1999); Graening and Rogers (2013); Henry, Lewis, and Magniez (1986); Lewis
(2001, 2009b); Lewis, Martin, and Wetzer (2003).

SUBORDER ONISCIDEA (terrestrial isopods)
Undetermined Oniscidea (troglobite)

Records: Calaveras Co.: O’Neil’s Cave (King Tut Cave). Contra Costa Co.: rockshelters on Carquinez Strait shoreline.
San Francisco Co.: *Brigadune Cave, *Sutro Baths Cave. Siskiyou Co.: Harris Mountain Cave. Trinity Co.: Paul Gibson
Cave. Ventura Co.: *Clear Springs Cave.

Bibliography: Bailey (2008); Jorgensen and Rogers (2008); Krejca (2006); Rogers (2005c¢).

Oniscidea n. sp.?

Records: Inyo Co.: Lower Shoshone Cave; Upper Shoshone Cave.
Bibliography: Briggs and Hom (1972); McFarlane (1990).

Family Armadillidiidae (pillbugs)
Undetermined

Record: San Benito Co.: Balconies Cave.

Family Ligiidae (rock lice, wood lice)
Ligia occidentalis Dana (marine)

Record: San Mateo Co.: Your Fault Cave.
Bibliography: Rogers (2009b).

Ligidium kofoidi Maloney (troglobite)

Records: Shasta Co.: Alien Space Cave; Ancient Palace Cave; Bat Mummy Cave; Burnt Elderberry Cave; Christmas Tree
Cave; Elisha Cave; North Christmas Tree Cave; Planetarium Cave; Potter Creek Cave (type locality); Rusty Cave; Samwel
Cave; Subway Cave; USFS Cave #32; Wilcox Cave.

Bibliography: Danehy (1951b); Graham (1962d); Jass and Klausmeier (2000); Maloney (1930); Miller, M.A. (1938);
National Park Service (2004); Nicholas (1960); Schultz (1964, 1970); Sinclair (1904); Van Name (1936); Vandel (1950);
Wolf (1934-1937).

Family Porcellionidae (sow bugs)
Porcellio cf. scaber Latreille

Record: Shasta Co.: Potter Creek Cave.
Bibliography: Sinclair (1904).

Porcellio dilitatus Brandt

Records: Napa Co.: Clay Cave. San Bernardino Co.: old mine near Mitchell Caverns; Medicine Cave. Sant