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Abstract

We describe Bollmanella amorensis sp. nov. from Labor of Love Cave, White Pine County, Nevada, United
States. From cave explorations in Great Basin National Park and Humboldt-Toiyabe National Forest in
White Pine Co., Nevada, we provide new records of Idagona lehmanensis Shear, 2007, and Nevadesmus
ophimontis Shear, 2009, and ecological notes on Labor of Love Cave, a list of species encountered, and
remarks on the distinctiveness of caves in the Great Basin Desert.
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Introduction

From 2022 to 2025, faunal surveys were undertaken of the caves located in Great Basin
National Park and Humboldt-Toiyabe National Forest, White Pine County, Nevada. The
surveys yielded new records of the cave-limited species, Nevadesmus ophimontis Shear, 2009
(Macrosternodesmidae), and Idagona lehmanensis Shear, 2007 (Conotylidae), as well as the
discovery of the new species Bollmanella amorensis sp. nov. (Conotylidae) from the Labor
of Love Cave. The new species is separated from other members of genus by more than
600 miles (ca. 965 km) and by intervening semidesert grassland inhospitable to millipedes.
While limited to caves by non-suitable surrounding habitat, the three species are only some-
what morphologically adapted to life underground. We speculate that their presence in the
caves is due to relatively recent climatic and ecotope changes associated with the retreat of
the most recent glaciers some 14,000 to 12,000 years ago and aridification of the landscape.

The records from the surveys are given in Tables 1, 2. Because the studied caves
are ecologically sensitive and are of paleontological, archacological and ethnographic

Table I. Animals found in Labor of Love Cave. Many identifications to lower taxonomic levels are pending.

Phylum Subphylum Class Subclass Order Family Species
Annelida Oligochaeta Unknown
Arthropoda Chelicerata Arachnida Acari Ixodida Ixodidae Ixodes sp.
Arthropoda Chelicerata Arachnida Acari Trombidiformes Rhagidiidae Unknown
Arthropoda Chelicerata Arachnida Acari Unknown
Arthropoda Chelicerata Arachnida Araneae Unknown
Arthropoda Chelicerata Arachnida Opiliones Sclerosomatidae Leiobunum sp.
Arthropoda Myriapoda Diplopoda Polydesmida Macrosternodesmidae Nevadesmus sp.
Arthropoda Hexapoda Collembola Unknown
Arthropoda Hexapoda Diplura Rhabdura Campodeidae Unknown
Arthropoda Hexapoda Insecta Coleoptera Leiodidae Unknown
Arthropoda Hexapoda Insecta Coleoptera Staphylinidae Unknown
Arthropoda Hexapoda Insecta Coleoptera Tenebrionidae Unknown
Arthropoda Hexapoda Insecta Coleoptera Unknown
Arthropoda Hexapoda Insecta Diptera Culicidae Unknown
Arthropoda Hexapoda Insecta Diptera Mycetophilidae Unknown
Arthropoda Hexapoda Insecta Diptera Phoridae Unknown
Arthropoda Hexapoda Insecta Diptera Sciaridae Unknown
Arthropoda Hexapoda Insecta Diptera Tipulidae Unknown
Arthropoda Hexapoda Insecta Diptera Unknown
Arthropoda Hexapoda Insecta Hemiptera Gerridae Gerris sp.
Arthropoda Hexapoda Insecta Hemiptera Cixiidae Unknown
Arthropoda Hexapoda Insecta Hemiptera Unknown
Arthropoda Hexapoda Insecta Lepidoptera Unknown
Arthropoda Hexapoda Insecta Plecoptera Unknown
Arthropoda Hexapoda Insecta Psocodea Unknown
Chordata Vertebrata Actinopterygii Salmoniformes Salmonidae Salmo trutta
Chordata Vertebrata Mammalia Carnivora Felidae Lynx rufus
Chordata Vertebrata Mammalia Chiroptera Unknown
Chordata Vertebrata Mammalia Lagomorpha Leporidae Lepus sp.
Chordata Vertebrata Mammalia Lagomorpha Leporidae Sylvilagus sp.
Chordata Vertebrata Mammalia Rodentia Cricetidae Neotoma sp.
Chordata Vertebrata Mammalia Rodentia Cricetidae Unknown
Chordata Vertebrata Mammalia Rodentia Heteromyidae Unknown
Chordata Vertebrata Mammalia Rodentia Muridae Unknown
Platyhelminthes Turbellaria Unknown

Mollusca Conchifera Gastropoda Unknown
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Table 2. Localities for millipedes in caves in White Pine County.

Cave name Date of collection Species recorded
Bristlecone 9/15/2022 Idagona lehmanensis male
Broken 9/6/2022 Idagona lehmanensis female
Cave 24 8/6/2023 Idagona lehmanensis males & females
Cave 24 9/14/2023 Idagona lehmanensis male
Halliday’s Deep Caves 4/23/2023 Idagona lehmanensis female
Drumming, or Miner’s Massacre 10/13/2022 Idagona lehmanensis female, juvenile
Labor of Love 11/7/2022 Bollmanella amorensis sp. nov. types; Nevadesmus ophimontis males, females
Labor of Love 4/13/2023 Bollmanella amorensis sp. nov. male
Lehman 271112024 Nevadesmus ophimontis male, female
Model 2/2712024 Nevadesmus ophimontis males, females
Model 8/10/2022 Idagona lehmanensis juvenile
Monument 71912023 Idagona lehmanensis female
Lower Pictograph 6/8/2025 Idagona lehmanensis juvenile
Pinecone 8/28-29/2020 Idagona lehmanensis male, female
Roaring Wind 9/30/2022 Idagona lehmanensis male
Roaring Wind 8/2/2023 Idagona lehmanensis male
Snake Creek 1/30/2024 Nevadesmus ophimontis male, female
Systems Key 6/13/2025 Idagona lehmanensis female
Water Trough 4/12/2023 Idagona lehmanensis juvenile

importance, we do not provide coordinates for them. All the caves are under the pro-
tection of the National Park Service or National Forest Service of the United States,
and are in the Great Basin National Park or the Humboldt-Toiyabe National Forest.

Materials and methods

Specimens were hand-collected into 95% ethanol. Morphological studies were done
using an Olympus SZH stereomicroscope and an Olympus BX50 compound mi-
croscope equipped with Nomarski optics. For scanning electron microscopy (SEM),
specimens were first cleaned in an ultrasonic cleaner, then mounted on 12.7 mm di-
ameter aluminum stubs using double-sided adhesive carbon discs and allowed to air-
dry. These were sputter coated with a 40-nm thick layer of gold and palladium using
a Cressington 208HR sputter coater and a Cressington MTM20 thickness controller.
SEM micrographs were taken with a FEI Quanta 600 FEG environmental scanning
electron microscope. Micrographs were edited and refined using GIMP, and plates
were composed in InkScape.

We do not give detailed coordinate for the caves mentioned herein, due to their
protected status as paleontological and archeological resources.

Taxonomy

Class Diplopoda de Blainville in Gervais, 1844
Order Chordeumatida Pocock, 1894
Family Conotylidae Cook, 1896
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Genus Bollmanella Chamberlin, 1941
Bollmanella Chamberlin, 1941: 12; Shear 1974: 135; Shear et al. 2020: 30.

Type species. Bollmanella oregona Chamberlin, 1941. Nine species.

Bollmanella amorensis Shear, McCollum, Baker & Krejca, sp. nov.
https://zoobank.org/76976AF4-8B5C-4989-A17F-B5CE28D26019
Figs 1-10

Material examined. Male holotype, male and female paratypes from Labor of Love
Cave, Humboldt-Toiyabe National Forest, White Pine County, Nevada, USA, col-
lected 7 November 2022 by A. Mildice, S. McCollum & J. Krejca. Male paratype from
the same locality, collected 13 April 2023 by S. McCollum, P. Druschke and J. Wurtz.
Types deposited in United States National Museum of Natural History, Washington,
D.C. (USNM).

Diagnosis. Closest to Bollmanella washingtonensis Shear, Richart & Wong,
2020, but differing in details of the gonopods. Bollmanella washingtonensis has sim-
pler, parallel anterior gonopods (Figs 7, 8), while those of Bollmanella amorensis sp.
nov. are divergent and elaborated with spines and processes. Posterior gonopod cox-
ites of B. washingtonensis have a single pseudoflagellum equal in length to the main
process of the coxite, and a decurved basal hook. Those of B. amorensis (Figs 9, 10)
have three long pseudoflagella; the main process is shorter than the pseudoflagella,
and there is no basal hook. Legs five through seven bear femoral knobs in male B.
washingtonensis, whereas only legs three and four have femoral knobs in B. amorensis.
Differing from the sympatric species Idagona lehmanensis in having telopodites on
the posterior gonopods.

Etymology. The species name refers to the type locality, Labor of Love Cave.

Description. Male paratype (Fig. 1). No of rings? Length, 11.0 mm, width
1.0 mm. Tan, with brown pigment primarily on head, collum and anterior rings.
Twenty to 24 pigmented, poorly developed ommatidia. Moderately developed metater-
gal shoulders. Metatergal setae long, acute (Figs 1, 2). Legpairs 3—7 enlarged, pairs 3
(Fig. 3) and 4 (Fig. 5) with distal femoral knobs bearing teeth and small gland pores
(Figs 4, 6). Anterior gonopods (Figs 7, 8) medially divergent, with distinct shelf about
two-thirds their length; shelf with cluster of 6-8 acute spines. Anterior gonopod apex
broadly spatulate, with anterior subterminal process. Posterior gonopods (Figs 9, 10)
with broad, robust sternum; coxae bearing complex process with anterior flattened
branch and three pseudoflagella—all longer than anterior branch. In posterior view,
small pore (Fig. 10) at base of coxal process. Telopodites of typical conotylid form,
with long prefemora and inflated, ovoid distal podomere. Legpair 10 with enlarged
coxae bearing glands. Legpair 11 coxae with hooklike process.

Female (Fig. 2) similar to males in nonsexual characters. Female genitalia not dis-
tinct from congeneric species.


https://zoobank.org/76976AF4-8B5C-4989-A17F-B5CE28D26019
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Figures |, 2. Bollmanella amorensis sp. nov. 1 Male. The posterior of the animal is coiled around a twig,

while the more anterior legs are in contact with the water surface 2 Anterior part of a female.

Notes. All other Bollmanella species are found in Oregon and Washington west of
the Cascade Mountains and Coast Ranges, and occupy moist, forested biotopes that
are very different from the dry woodlands surrounding the type locality cave of B.
amorensis sp. nov. (Shear et al. 2020). Nonetheless, despite the ecological differences
and about 600 miles (965 km) distance from other species of Bollmanella, gonopod
anatomy suggests that we place our new species in that genus. There is precedent for
thinking that Bollmanella may have had a once much wider range, in that the related
genus Complicatella Shear, Richart & Wong, 2020—with most of its species in Oregon
and Washington—also has a cave-limited species in Nevada: Complicatella neili Shear,
Richart & Wong, 2020. Albeit that species is in the Humboldt Range in Pershing
County in the northern part of the state.
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Figures 3-6. Bollmanella amorensis sp. nov., male paratype. 3 legpair 3, posterior view 4 femoral knob of
right leg 3 5 distal podomeres of right leg 4, posterior view 6 femoral knob of right leg 4.

The macrosternodesmid Nevadesmus ophimontis Shear, 2009, is also found in La-
bor of Love Cave (Table 1). Bollmanella amorensis sp. nov., was observed possibly graz-
ing on the surface of the cave stream (Fig. 1).

Subfamily Idagoninae Buckett & Gardner, 1967
Genus Idagona Buckett & Gardner, 1967
Idagona Buckett & Gardner, 1967: 120; Shear 1972: 270; Shear 2007: 4.

Idagona lehmanensis Shear, 2007
Idagona lehmanensis Shear, 2007: 9.
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200 pm

Figures 7-10. Bollmanella amorensis sp. nov., male paratype. 7 anterior gonopods, anterior view 8 ante-

rior gonopods, posterior view 9 posterior gonopods, anterior view 10 posterior gonopods, posterior view.

Type species. Idagona westcotti Buckett & Gardner, 1967. Three species.

Idagona lehmanensis was described from specimens taken in Water Trough Cave.
Table 1 provides numerous additional records, as predicted by Shear (2007). The
species probably can be found in many caves in the general area. Collectors have



50 William A. Shear et al. / Subterranean Biology 58: 43-56 (2026)

found them in caves that are wetter or higher elevation. The species has not been
found in Lehman Caves—despite extensive searching for many years, perhaps be-
cause of lack of water. ldagona lehmanensis is in most of the Baker Creek caves,
which are very close to Baker Creek, and Water Trough Cave, as well as numerous
caves over 9000 feet (2743 m) elevation. These caves have small streams running
through them.

The genus Idagona Buckett & Gardner, 1967, was revised by Shear (2007) and
consists of three species: 1. westcotti Buckett & Gardner, from numerous lava tubes in
the Snake River Plain of south central Idaho; /dagona jasperi Shear, 2007, from two
high altitude limestone caves in northern Utah; and Idagona lehmanensis, from the
localities listed in Table 1. Idagona lehmanensis is the outlier in the distribution, occur-
ring far to the south of the other two species (see Shear 2007: map 1).

Order Polydesmida Pocock, 1887
Family Macrosternodesmidae Brolemann, 1916

Genus Nevadesmus Shear, 2009
Fig. 11

Nevadesmus Shear, 2009: 58; Shear et al. 2025: 435.
Nevadesmus ophimontis Shear, 2009
Nevadesmus ophimontis, Shear, 2009: 59.

Type species. Nevadesmus ophimontis Shear, 2009: 59. Three species.

Notes. Nevadesmus ophimontis was described based on specimens from Model
Cave, Snake Creek Cave, Lehman Caves, Little Muddy Cave, and Wheeler’s Deep
Cave. The records reported here in Table 1 include new collections from those locali-
ties. The species appears to be quite abundant, as seen in Fig. 11, and substantial num-
bers have been collected.

The genus Nevadesmus presently consists of three species, V. ophimontis (Fig. 11),
N. hubbsi (Chamberlin, 1943), and N. superstiona Shear, Pape & Marek, 2025. The
latter species is known from a cave in southern Arizona, distant from the previous two.
Nevadesmus hubbsi is known only from Cave Valley Cave in White Pine Co., Nevada,
but repeated collecting attempts have failed to turn up any mature males. The proxim-
ity of the several localities for N. ophimontis to Cave Valley Cave raises the possibility
that the two Nevada species might be synonyms, with V. hubbsi the older name.

Ecological notes on Labor of Love Cave

Labor of Love Cave (Fig. 12) is located in the lower slopes of the Schell Creek Range
along a low angle normal fault contact called the Schell Creek Range Detachment.
The upper plate consists of Upper Cambrian and Lower and Middle Ordovician lime-
stone, while the lower plate consists of Middle and Upper Cambrian Lincoln Peak
Formation (Great Basin Institute 2025). The vadose cave formed from surface water
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Figures 11, 12. 1| Nevadesmus ophimontis in Labor of Love Cave 12 view of interior of Labor of Love
Cave, Shiloh McCollum and Aria Mildice shown.

infiltrating along fractures to form a stream. The stream runs through most of the
cave, then exits through a passage that is too small for humans. The karst resurgence
resurfaces at Bastian Spring.
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Figure 13. Idagona lehmanensis female from Broken Cave.

Current surface vegetation is typical of Great Basin Desert at about 2000 m el-
evation, with scattered sagebrush species (Artemesia sp.) transitioning into single-leaf
pinyon pine (Pinus monophylla) and Utah juniper (Juniperus osteosperma), with various
forbs and shrubs in the area.

The cave is entered via a manhole-style gate and steel enclosure installed in the
1980s. Then a tight, awkward crawl under highly unstable breakdown is encountered,
before squeezing through a hole that was dug out by local cavers in 1981-1982 to
reach the stream passage. The cave passage is then very linear, with most of it consist-
ing of active stream passage that terminates in impassible breakdown and an upstream
sump. Most of the cave is 3-5 m wide and 2-3 m high, and relatively muddy. The
deposition of abundant stream sediments suggest that this cave is a relict of a wetter
Pleistocene climate. Numerous delicate and active speleothems are found throughout
the cave, some just a meter above the current stream, indicating a lack of high-energy
flooding (Great Basin Institute 2025).

Labor of Love Cave is most well known as a paleontological site with late Pleisto-
cene fossils. One of the most notable fossils is a nearly complete specimen of the short-
faced bear, Arctodus simus, of which a copy of the skeleton is shown at the White Pine
Public Museum in Ely, Nevada. Other animal bones include black bear (Ursus ameri-
canus), grizzly bear (Ursus arctos), yellow-bellied marmot (Marmota flaviventris), Amer-
ican lion (Panthera atrox), Canada lynx (Lynx canadensis), pika (Ochotona principeps),
Harrington’s mountain goat (Oreamnos harringtoni), bighorn sheep (Ovis canadensis),
shrub-ox (Euceratherium collinum), bison (cf. Bison sp.), and more (Emslie and Mead
2020). Several of these animals are now extinct, and others are extant. These animals
would have entered the cave before the entrance collapsed, which then restricted access
and preserved their remains.

Labor of Love is also a biologically significant cave with numerous invertebrate
species (Table 2). The fauna includes the two millipede species discussed above and a
possible new species of flatworm and cave-adapted dipluran (Gilleland 2012). Other
biota include mites (Rhagidiidae), Diplura (Campodeidae), flies (Culicidae, Mycet-
ophilidae, Phoridae, Sciaridae, Tipulidae), springtails (Collembola, unknown fami-
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lies), beetles (Leiodidae, Staphylinidae, Tenebrionidae), and more. Abundant roots
within the cave’s stream passage provide an influx of nutrients to support the biodiver-
sity. Based on limited measurements, it appears that the average cave air temperature
is about 10-12 °C (Emslie and Mead 2020; Great Basin Institute 2025). The water
temperature and levels are unknown year-round, but the cave is known to be sumped
so that no entrance is possible during the spring and high-water years.

Discussion

We describe the new species Bollmanella amorensis sp. nov., (Conotylidae) from Labor
of Love Cave. Cave surveys also yielded new records of the cave-limited species, /Ne-
vadesmus ophimontis Shear, 2009 and Idagona lehmanensis Shear, 2007 (Table 1). Cur-
rently we are aware of many new and unexplored caves, and new species of millipedes
and other cave animals from them await discovery and documentation.

The Wild Caves Project is uncovering new species and fascinating discoveries
of natural heritage every year. This project is part of the Protecting Wild Caves in
White Pine County Project, funded by the Southern Nevada Public Land Manage-
ment Act (SNPLMA). This interagency project is managed by Great Basin National
Park (GRBA) and Humboldt-Toiyabe National Forest (HTNF). The overall study has
multiple components including an ethnographic assessment and report, cave rock art
protection, education and outreach, and a Wild Caves Inventory, which produced the
information covered in this paper.

Over two years, June 2022—October 2023, a team of experts conducted detailed
scientific inventories of paleontological, archeological, biological, hydrological, and
geologic resources in 30 GRBA caves and 15 HTNF caves. The field portion of the
project also included cave cartography, photography, and rescue assessments. Extensive
reports (Great Basin Institute 2025) were written with recommendations for future
work, including additional site visits, which occur sporadically.

White Pine County, Nevada, is located in the middle of the Great Basin hydrologic
region as well as the Basin and Range geologic province. Primary mountain ranges
within the county are the Snake, Schell Creek, and Egan Ranges, each over 80 km long
and separated from each other by basins that are typically 20-40 km wide. The Snake
Range contains the second highest peak in the state, Wheeler Peak, at 3982 m. The
mountain ranges are of a complex geology, primarily consisting of Cambrian-age car-
bonate rocks that have experienced multiple deformational events (Hose et al. 2024).

The caves in White Pine County are numerous and varied, with elevations from
about 2000 to 3400 m. Caves at the lower elevations are typically found in big sage-
brush steppe that transitions to pinyon-juniper woodland. Caves at middle elevations
are found in mixed conifer woodlands, with Douglas fir (Pseudorsuga menziesii), white
fir (Abies concolor), and limber pine (Pinus flexilis) dominant. The highest elevation
caves are near treeline, with Engelmann spruce (Picea engelmannii), limber pine, and
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bristlecone pine (Pinus longaeva) scattered nearby. While the majority of caves have
formed hypogenically, others, like Labor of Love, are epigenic caves, while some are
fracture and talus caves (Hose et al. 2024).

Cave biota within these caves varies, with springtails, flies, and beetles generally the
most numerous as well as mammal species including Western big-eared bats (Corynorhi-
nus townsendii), various Myotis species, and bushy-tailed woodrats (Neotoma cinerea).
Cave-adapted species include the Great Basin Cave pseudoscorpion (Microcreagris grandis
Muchmore, 1962), the Model Cave harvestman (Sclerobunus ungularus (Briggs, 1971),
the Shoshone springtail (Pygmarrhopalites shoshoneiensis Zeppellini, 2009), the White
Pine cave amphipod (Stygobromus albapinus Taylor & Holsinger, 2011), and millipedes.

Millipedes are found in some of the White Pine County caves. Nevadesmus ophi-
montis has been found in Lehman, Model, and Snake Creek Caves, but not other
nearby caves. ldagona lehmanensis is much more widespread. It has been found in
several caves in the Baker Creek area (Model, Halliday’s Deep, and Lower Pictograph
Caves); and Water Trough Cave and Drumming Cave, which have springs running
through them; this species has also been found in high-elevation caves (Cave 24, Pine-
cone, Monument, and Broken), and appears to show a strong affinity for water and/
or high elevations. Finally, Bollmanella amorensis sp. nov., is currently known from just
one cave in White Pine County.

Shear, Richart and Wong (2020) speculated that the occurrence in caves of Com-
plicatella neili was relatively recent and perhaps dated to some 14,000 years ago when
the retreat of the continental glacier resulted in the extensive drying of the area—in-
cluding the disappearance of a large glacial lake in which the Humboldt Range was an
island. The immediate surroundings of the cave in which C. neili dwells are not for-
ested, but stunted trees and low bushes predominate on the otherwise barren limestone
peak. Possibly as the climate dried, forests at higher and sequentially higher elevations
became extinct and along with them species of soil and litter animals. The only popu-
lations of such animals that could survive were those inhabiting caves, where moist
conditions remained. The same model of the restriction of once wide ranges of surface-
dwelling populations can be invoked for the species from west central Nevada we dis-
cuss here. Complicatella neili, Bollmanella amorensis sp. nov. and Idagona lehmanensis
do not show striking troglobitic adaptation, and the latter two species have numbers of
ommatidia similar to those of surface dwelling conotylids in the same size range. This
suggests their occupancy of caves is not of long standing. The surroundings of the caves
studied in the survey would be, or has become in the last 14,000 years, inhospitable for
millipedes, leaving those able to invade and survive in caves as relicts of a past climate.

If so, this history would suggest that the Great Basin once supported a millipede
fauna with affinities to the present fauna of the Pacific Northwest. The drying climate
probably led to the natural extirpation of most of this fauna, leaving behind only pop-
ulations that had become established in caves. This is not the place for further detailed
speculation but it may be noted that some caves in the upper and middle Mississippi
valley are inhabited by millipede species with far western affinities.
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