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Abstract

Six new species of Collembola of the family Arrhopalitidae are described from the United States (Pygmarrhopalites
leonardwoodensis sp. nov., P. plethorasari sp. nov., P. youngsteadtii sp. nov., P. buffaloensis sp. nov., P. shoshoneiensis
sp. nov., and P. ashcraftensis sp. nov.) from caves in Missouri (2 spp.), Arkansas (2 spp.), Nevada, and Indiana,
respectively. These new taxa, which display varying degrees of troglomorphy, are compared with previously known
species and bring the total described speciesin North Americato 41.

K ey words: cave Collembola, taxonomy, new species, descriptions

Introduction

Thisisthe third in a series of papers dealing with the family Arrhopalitidae in U.S. caves (Christiansen &
Bellinger 1996, Zeppelini & Christiansen 2003). The genera Arrhopalites Borner, 1906 and Pygmarrhopalites
Vargovitsh, 2009 are cosmopolitan, with recent species described from Ukraine (Vargovitsh 2005, 2009),
Spain (Baguero et al. 2005), Brazil (Zeppelini 2006), and Korea (Park & Kang 2007). Of 35 species known
from North America, many occur in caves. Christiansen (1966) described the species P. altus (Christiansen),
P. bimus (Christiansen), P. clarus (Christiansen), P. dubius (Christiansen), and P. hirtus (Christiansen) from
U.S. caves and reported cave records for A. caecus (Tullberg), P. benitus (Folsom), P. pygmaeus (Wankel),
and P. whitesidei (Jacot). Christiansen & Bellinger (1996) described the species P. caedus (Christiansen &
Bellinger), P. carolynae (Christiansen and Bellinger), P. commorus (Christiansen & Bellinger), P. jay
(Christiansen & Bellinger), P. lacuna (Christiansen & Bellinger), P. marshalli (Christiansen & Bellinger), P.
pavo (Christiansen & Bellinger), P. sacer (Christiansen & Bellinger), P. silvus (Christiansen & Bellinger), and
P. texensis (Christiansen & Bellinger) from caves in Oklahoma, Virginia, and Texas. Two years later,
Christiansen and Bellinger (1998) described P. ater (Christiansen & Bellinger) and P. lewisi (Christiansen &
Bellinger) from cavesin Indiana. The most recent descriptions added the species A. incertus Zeppelini &
Christiansen, P. arca (Zeppelini & Christiansen), P. hubbardi (Zeppelini & Christiansen), P. madonnensis
(Zeppelini & Christiansen), P. obtusus (Zeppelini & Christiansen), P. sapo (Zeppelini & Christiansen), and P.
sextus (Zeppelini & Christiansen) from caves in Colorado, Virginia, and Idaho (Zeppelini & Christiansen
2003). The U.S. Arrhopalitidae fauna continues to expand with discoveries of new species. Herein, we
describe six new cave species and report new collections for previously described species. All known species
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TABLE 1. Bretfeld's (1999) grouping and biogeographic distribution (Good 1974) of the North American species of

Arrhopalites and Pygmarrhopalites.

Species State Group Distribution
A. incertus Colorado caecus-group 8

A. caecus Widespread caecus -group 7a,7b, 8
P. ashcraftensis sp.nov. Indiana principalis-group 7a

P. buffaloensis sp.nov. Arkansas pygmaeus-group S. Str. 7b

P. youngsteadtii sp.nov. Arkansas pygmaeus-group S. Str. 7b

P. leonardwoodensis sp. nov. Missouri pygmaeus-group S. str 7b

P. plethorasari sp.nov. Missouri pygmaeus-group S. str. 7b

P. shoshoneiensis sp.nov. Nevada furcatus-group 8

P. altus Kentucky pygmaeus-group S. Str. 7a

P. bimus Indiana pygmaeus-group S. Str. 7a

P. ater Indiana pygmaeus-group S. Str. 7a

P. lewis Indiana pygmaeus-group s. Str. 7a

P. madonnensis Illinois principalis-group 7b

P. sapo Illinois principalis-group 7b

P. carolynae Virginia principalis-group 7b

P. marshalli Virginia principalis-group 7b

P. caedus Virginia pygmaeus-group S. str. 7b

P. commorus Virginia pygmaeus-group S. str. 7b

P. lacuna Virginia pygmaeus-group S. str. 7b

P. pavo Virginia, West Virginia, Missouri  pygmaeus-group s. str. 7b

P. sacer Virginia pygmaeus-group S. str. 7b

P. silvus Virginia pygmaeus-group S. str. 7b

P. texensis Texas pygmaeus-group S. Str. 7b

P. dubius lowa, Minnesota, Arkansas pygmaeus-group S. str. 7b

P. jay Oklahoma furcatus-group 7b

P. obtusus Virginia furcatus-group 7b

P. sextus Virginia furcatus-group 7b

P. hubbardi Colorado principalis-group 8

P. bellingeri Colorado principalis-group 8
P.arca Idaho pygmaeus-group S. str. 8

P. principalis Widespread principalis-group 7a,7b, 8
P. whitesidei Widespread principalis-group 7a,7b, 8
P. benitus Widespread principalis-group 7a,7b, 8
P. hirtus Widespread principalis-group 7a,7b, 8
P. pygmaeus Widespread pygmaeus-group S. str. 7a,7b, 8
P. clarus Widespread pygmaeus-group S. str. 7a,7h, 8
P. amarus Widespread pygmaeus-group S. str. 7a,7h, 8
P. diversus Widespread pygmaeus-group s. Str. 7a,7b, 8
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of the pygmaeus-group s. |. of the family were placed in the genus Pygmarrhopalites Vargovitsh, 2009, even
though the diagnostic feature for the new genus, presence of the FSa seta on the tibiotarso of the first and
second pair of legs, were studied only in the new species described here.

Taxonomy

Six new species are described from caves in the states of Indiana (1), Arkansas (2), Missouri (2) and Nevada
(1). The biogeographic distribution according to Good (1974) and the morphospecies grouping following
Bretfeld (1999) are provided in Table 1 for the six new and all known species which occursin United States
(biogeographic areas 7a, 7b and 8). All body measurements and relevant ratios are given in Table 2. The
system of Nayrolles (1991) is used for labeling the apical organ of the third antennal segment and that of
Lawrence (1979) for the anal valve chaetotaxy. The chaetotaxy of the head and dens follows Christiansen
(1966) and Christiansen and Bellinger (1998), and the analysis of the morphology is based on females only.
For detail s concerning the abbreviations used herein, see Christiansen and Bellinger (1996, 1998).

Abbreviations. Ant. |-|V—antennal segments |- V.

Material deposit. Holotypes and paratypes are deposited at Illinois Natural History Survey (INHS),
Champaign, Illinois.

For each species, the Kdppen—Geiger climate classification is given following Kottek et al. (2006),
physiographic provinces follow Fenneman and Johnson (1946) and Gray (2000).

Pygmarrhopalites |leonardwoodensis sp. nov.
pygmaeus-group s. str.; Fig. 1

Description. Animals white in alcohol. Dorsal body setae short on anterior and posterior part of the great
abdomen, the posterior setae much longer than the anterior (Fig. 1A), posterior setae 0.56 times length of third
unguis (Table 2). Ant. IV of holotype as long as cephalic diagonal, with five subsegments, apex with capitate
sense rod (Fig. 1B). Ant. 111 not swollen basally; sense organ (Fig. 1C) with 2 sense rods in separate sockets;
seta Aai club-shaped, blunt; Api and Ape slender, acuminate; Ae, Ap and Ai normal, elongate setae. 1+1 eyes.
Dorsal cephalic setae not spine-like, M5 absent (Fig. 1D). Metatrochanteral organ (seta D2) elongate (Fig.
1E). Seta FSa present on all tibiotarsi. All ungues with inner tooth, no tunica. All unguiculi with corner tooth,
apical filament reaching unguis tip of first and second claw pairs (Fig. 1F). Corpus tenaculum with two setae
(Fig. 1G). Dens with 7 dorsal E setae, E1 and E3 strongly spine-like, other E setae normal; L1-3 strongly
spine-like, 4 ventral setae rows (3,2,1,1) present (Fig. 1H), dental chaetotaxy in Table 3. Mucro narrow,
gutter-like, with narrow tip, both edges serrate (Fig. 11). Anal valve without cuticular spines (Fig. 1J); setae
C1 swollen, C3—4 dlightly lamellate, C5-6 lamellate, C6 branched at base in all specimens examined, D5
present, D7 absent, chaetotaxy in Table 4. Female subanal appendage unilaterally fringed in distal half (Fig.
1K).

Type material. Holotype (female) (number 2 in the slide): USA, MISSOURI, Pulaski Co., Folly Cave,
12-iv-04, S. Taylor, M. Slay leg. (INHS). Paratypes: female, in the same side with holotype and 5 paratypes
in alcohol: USA, MISSOURI, Pulaski Co., Folly Cave, 12-iv-04, S. Taylor, M. Slay leg. (INHS).

Etymology. Refers to the military installation, Fort Leonard Wood, where the speciesis known to occur.

Remarks. Pygmarrhopalites leonardwoodensis was found in a single cave in Fort Leonard Wood, a
military installation at the physiographic province Salem Plateau of the Ozark Plateaus. The climate is Cfa,
temperate/mesothermal, humid subtropical with uniform precipitation distribution.

This species resembles P. madonnensis from Illinois in the foot complexes, head and apical organ of the
third antennal segment chaetotaxies, and fourth antennal segment subsegmentation. The strongly serrated
lamellae on C4—6 of P. madonnensis, and the short posterior body setae, the female subanal appendages, the
presence of E7 and the L3 strongly spine-like on dens in P. leonardwoodensis can differentiate the species
from each other.
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FIGURE 1. Pygmarrhopalites leonardwoodensis sp. nov.: A, Dorsal body seta (a- anterior part of the abdomen, b-
posterior part of the abdomen); B, Fourth antennal segment; C, Apical sensory organ of the third antennal segment; D,
Posterior dorsal cephalic chaetotaxy; E, Metatrochanteral organ; F, Empodia complex (a— first leg, b—second leg, c—
third leg); G, Tenaculum; H, Dorsal and ventral chaetotaxy of the dens; I, Mucro with narrow tip; J, Chaetotaxy of the
anal valve; K, Subanal appendage of the female.
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TABLE 2. Measurements and ratios for structures of the holotypes of the six new species of Pygmarrhopalites. All
measurements in micrometers.

P. P. P. P. P. P.

Structure or Ratio* ashcraftensis  leonardwoodensis  buffaloensis  youngsteadtii  plethorasari  shoshoneiensis

Antennae and head
apic-antlV 68.86 69.55 - 108.21 79.84 59.49
antlV sub seg 2 42.93 27.01 - 50.34 26.23 20.29
antlVV sub seg 3 31.48 3119 - 50.21 28.40 27.16
antlV sub seg 4 42.02 31.36 - 62.84 28.26 31.07
antlV sub seg 5 58.26 - - 77.92 - 30.10
antlV sub seg 6 - - - 78.94 - 31.42
bas-antlV 319.38 134.96 - 356.74 137.76 130.37
Total AntlV 562.95 294.09 - 785.23 300.52 329.93
Longest Seta AntlV 87.01 51.01 - 132.46 67.08 92.81
Widest Subseg AntlV ~ 24.06 19.80 - 32.46 17.83 21.13
ratio L seta/Wsubseg 3.61 257 - 4.08 3.76 4.39
Ratio AntlV/cep-diag 1.80 1.00 - 1.56 1.32 1.34
cep-diag 312.68 294.06 - 502.93 227.23 244.53
ratio Apical subseg/total

AntlV 0.12 0.23 - 0.13 0.26 0.18
ratio Basal subseg/total

AntlV 0.56 0.45 - 0.45 0.45 0.39

Body
post-bd-st 99.51 29.31 102.49 119.52 58.44 86.61
ung-111 74.39 52.11 83.24 111.81 56.56 62.81
Ratio post-bd-st/ung-111  1.33 0.56 1.23 1.06 1.03 1.37
Total Body Length 1071.67 1048.61 1052.47 1617.66 820.76 1244.59

Legs
Coxallength - 57.45 57.35 114.34 43.49 62.94
Trochanter 1 length 83.31 58.99 68.88 137.39 61.85 54.25
Femur 1 length 188.73 113.98 137.66 269.29 115.83 110.37
Tibiotarsus 1 length 332.19 168.29 281.11 475.49 239.45 210.1
Coxa 1 width - 30.88 41.12 84.11 29.78 47.07
Trochanter 1 width 36.16 28.73 34.06 68.62 29.65 48.93
Femur 1 width 34.99 43.27 55.55 67.89 35.14 36.39
Tibiotarsus 1 width 33.74 25.63 33.64 57.86 26.11 32.73
Coxa?2 length 62.45 45.85 55.04 - 58.81 56.98
Trochanter 2 length 120.36 57.30 72.94 - 58.24 75.65
Femur 2 length 189.19 120.1 165.55 3404 136.33 134.6
Tibiotarsus 2 length 372.86 231.69 290.21 505.95 247.66 240.38
Coxa 2 width 55.48 36.01 53.44 - 26.75 55.65
Trochanter 2 width 36.23 33.56 54.09 - 26.44 30.09
Femur 2 width 34.19 41.48 53.84 87.47 41.21 42.07
Tibiotarsus 2 width 29.78 24.17 38.47 38.35 25.68 25.57

continued next page
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TABLE 2. (continued)

P. P. P. P. P. P.
Structure or Ratio* ashcraftensis  leonardwoodensis  buffaloensis  youngsteadtii  plethorasari  shoshoneiensis
Coxa 3 length - 71.57 68.83 110.83 62.94 67.64
Trochanter 3 length - 72.85 103.49 159.59 85.11 86.31
Femur 3 length 168.19 143.81 178.59 292.04 156.99 161.2
Tibiotarsus 3 length 327.78 281.21 347.68 603.73 323.65 303.45
Coxa 3 width - 48.57 58.46 47.12 31.60 65.39
Trochanter 3 width - 31.83 43.62 65.41 33.71 35.19
Femur 3 width 4518 43.37 53.39 54.50 42.69 51.08
Tibiotarsus 3 width 36.00 33.59 35.30 36.76 25.87 22.73
Length/Width Ratio
Coxal - 1.86 1.39 135 1.46 133
Trochanter 1 2.30 2.05 2.02 2.00 2.08 110
Femur 1 5.39 2.63 247 3.96 3.29 3.03
Tibiotarsus 1 9.84 6.56 8.35 821 9.17 6.41
Coxa?2 112 1.27 1.03 - 219 1.02
Trochanter 2 3.32 1.70 134 - 2.20 251
Femur 2 5.53 2.89 3.07 3.89 3.30 3.19
Tibiotarsus 2 1251 9.58 754 13.19 9.64 9.39
Coxa3 - 1.47 117 2.35 1.99 1.03
Trochanter 3 - 2.28 237 243 252 245
Femur 3 3.72 331 334 5.35 3.67 3.15
Tibiotarsus 3 9.10 8.37 9.84 16.42 12.50 13.34
Dens
Dens Length 328.2 188.11 286.72 467.72 219.96 202.62
Dens Width 4141 31.62 36.86 49.97 30.86 37.43
Length/Width Ratio-
Dens 7.92 5.94 7.77 9.35 7.12 541

'Abbreviations in parentheses are used in the table above: Antennae and head: Apical subsegment of the fourth antennal segment
(apic-antlV), second subsegment of the fourth antennal segment (antlV sub seg 2), third subsegment (antlV sub seg 3), fourth
subsegment (antlV sub seg 4), fifth subsegment (antlV sub seg 5), sixth subsegment (antlV sub seg 6), basal subsegment of the fourth
antennal segment (bas-antlV), total length of the fourth antennal segment (Total AntlV), longest seta of the segment (Longest Seta
AntlV), widest subsegment of the fourth antennal segment (Widest Subseg AntlV), ratio of the longest seta and the widest subsegment
width (ratio Lseta/\Wsubseg), ratio of antlV total length and cephalic diagonal (Ratio AntlV/cep-diag), cephalic diagonal (cep-diag),
ratio of apical subsegment and total length of fourth antennal segment (ratio Apical subseg / total AntlV), ratio of basal subsegment
and total length of fourth antennal segment (ratio Basal subseg /total AntlV);_Body: length of the posterior body seta (post-bd-st),
maximum length of the third unguis (ung-111), ratio of posterior body seta and the third unguis length (ratio post-bd-st/ung-I11), Total
Body Length; Legs: length and width of coxa, trochanter, femur and tibia of al legs, ratio of length and width for each leg segment;
Dens: dens length, dens width, ratio of length and width of dens (Length/Width Ratio-Dens).

Pygmarrhopalites plethorasari sp. nov.
pygmaeus-group s. str. (Fig. 2)

Description. No traces of pigment, dorsal body setae short on anterior, longer on posterior part of great
abdomen, posterior setae about same length as third unguis (Table 2). Ant. 1V of holotype 1.32 times cephalic
diagonal, with five subsegments (Fig. 2A), apex with capitate sense rod. Ant. |11 not swollen basally; sense
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organ (Fig. 2B) with 2 parallel sense rods in single socket; seta Aai club-shaped, acuminate; Api and Ape
short, slender and acuminate; Ae, Ap and Ai normal, elongate setae. 1+1 eyes. Dorsal cephalic setae not
spine-like, M5 present, L1-2 not seen (Fig. 2C). Metatrochanteral organ elongate (Fig. 2D). Seta FSa present
on all tibiotarsi. All ungues with inner tooth, no tunica. First and second unguiculi with conspicuous corner
tooth, third unguiculus slender, lanceolate, with tiny corner tooth in distal third, all unguiculi with apical
filament exceeding unguistip in first and second claw pairs (Fig. 2E). Corpus tenaculum with two setae (Fig.
2F). Denswith 7 dorsal E setae, E1 and E3 strongly spine-like, other E setae normal; L1-3 strongly spine-like,
4 ventral setae rows (3,2,1,1) present (Fig. 2G), dental chaetotaxy in Table 3. Mucro narrow, gutter-like, with
spoon shaped or globular tip, both edges serrate. Anal valve without cuticular spines (Fig. 2H); setae C1
forked, C2 swollen, C3-4 dightly lamellate, C4 branched at base, C5-6 lamellate, D5 present, chaetotaxy in
Table 4. Female subana appendage fringed at tip (Fig. 2I).

TABLE 3. Cephalic and dental features of the six new species of Pygmarrhopalites.

Dental chaetotaxy

Ant.iv  Ant.iii Eyesper Ceph. Id ve ve
Species subd. basal side spines E1 E2 E3 E6 E7 2-3 L1 L2 L3 L4 1 5
P. ashcraftensis 6 1 S + S + + + S S s + +
P. leonardwoodensis 5 1 S + S + + + S S S +
P. buffaloensis 6 1 S + + + + + S + +
P. youngsteadtii 7 1 S + S + + + S s +
P. plethorasari 5 1 S + S + + + S S s +
P. shoshoneiensis 7 1lv S + + + + + S s s +

+= present, -= absent, S= strongly spine-like, s= spine-like, v=vestigial.

Type material. Holotype (femal€) (number 1 in the slide): USA, MISSOURI, Pulaski Co., Big Freeman
Cave, 9-i-04, S. Taylor, M. Slay leg. (INHS). Paratypes: femal e in the same dide with holotype and 3 females:
USA, MISSOURI, Pulaski Co., Ramsey Cave, 9-i-04, S. Taylor, M. Slay leg. (INHS). 8 paratypesin acohol,
same locality as the latter ones (INHS).

Etymology. An anagram of the name of the type genus of the family, Arrhopalites.

Remarks. Pygmarrhopalites plethorasari was found in caves of the Fort Leonard Wood military
installation, close to each other in the physiographic province Salem Plateau of the Ozark Plateaus, the
climate is Cfa This species resembles P. hubbardi from Colorado in the apical filament of feet complexes,
dental chaetotaxy, and the forked C1 seta on the anal valve. The fourth antennal subsegmentation and the
basal swelling of the third antennal segment of P. hubbardi, the female subanal appendages, and the lamellate
C setae on anal valve of P. plethorasari differentiate these species from each other.

Pygmarrhopalites youngsteadtii sp. nov.
pygmaeus-group s. str. (Fig. 3)

Description. Red pigment on and around eyes, one pair red spots on the posterior of head. Orange to red
pigments scattered over anterior dorsal part of great abdomen. Dorsal body setae short on anterior part and
about twice longer on posterior part of the great abdomen, posterior setae about same length as third unguis
(Table 2). Ant. 1V of holotype 1.56 times cephalic diagonal, with 7 subsegments (Fig. 3A), apex with capitate
sense rod. Ant. 111 not swollen basally; sense organ (Fig. 3B) with 2 parallel sense rodsin single, shallow pit;
seta Aai slightly curved and blunt; Api and Ape slender, bristle-like, shorter than Ae; Ap and Ai normal,
elongate setae. 1+1 minute eyes present. Dorsal cephalic setae not spine-like, M4-5 absent, L 1-2 absent (Fig.
3C). Metatrochanteral organ elongate (Fig. 3D). Seta FSa present on all tibiotarsi. First unguis elongated
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FIGURE 3. Pygmarrhopalites youngsteadtii sp. nov.: A, Fourth antennal segment; B, Apical sensory organ of the third
antennal segment; C, Posterior dorsal cephalic chaetotaxy; D, Metatrochanteral organ; E, Empodial complex (a—first
leg, b—second leg, c—third leg); F, Tenaculum; G, Dorsal and ventral chaetotaxy of the dens; H, Chaetotaxy of the anal
valve; |, Subanal appendage of the female.
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without inner tooth, second and third with inner tooth, tunica absent. All unguiculi with conspicuous corner
tooth, first unguiculus slender, all unguiculi with short apical filament, not exceeding unguis tip (Figs. 3E).
Corpus tenaculum with two setae (Fig. 3F). Denswith 7 dorsal E setae, E1 and E3 strongly spine-like, other E
setae normal; L1-2 spine-like, L3 absent, 4 ventral setae rows (3,2,1,1) present, ve4 reduced (Fig. 3G), dental
chaetotaxy in Table 3. Mucro narrow, gutter-like, with spoon shaped tip, both edges serrate. Anal valve
without cuticular spines (Fig. 3H); setae C1, C2, C5 and C6 swollen basally, C3—4 lamellate, D5 present, D7
absent, chaetotaxy in Table 4. Female subanal appendage slightly flattened on distal third, fringed at tip (Fig.
3l).

TABLE 4. Anal valve chaetotaxy of the six new species of Pygmarrhopalites.

Anal valve
Species Cl C2 C3 C4 C5 C6 C7r C8 D5 D7 E8 E9 EI0 BI10 spines
P. ashcraftensis + + + + + + + + + - o+ - + D5 -
P. leonardwoodensis s S W wW L LB + S + - + + + C15 -
P. buffaloensis + s S S S S + + - + + 4+ + B5 -
P. youngsteadtii s s W W S S + + + - + - + C10 -
P. plethorasari F s L LB L L + S + + + + + BCI10 -
P. shoshoneiensis F + s s S S + + - -+ - + E2 -

+= present in normal condition, -= absent, S= swollen basally, s= slightly swollen basally, L= lamellate, W= weakly
lamellate, F= forked, B= branched at the base. Subanal appendage coding follows Christiansen (1966).

Type material. Holotype (female): USA, ARKANSAS, Newton Co., Tom Barnes Cave, 18-ii-05, N.
Youngsteadt, J. Youngsteadt leg. (INHS). Paratypes (2 adults females and 2 juveniles) in alcohol, same
locality as holotype (INHS).

Etymology. The specific epithet recognizes the many years of work by Norman and Jean Youngsteadt
contributing to a greater understanding of cave biotain the Ozarks.

Remarks. Pygmarrhopalites youngsteadtii type specimens were found in a single cave, at Buffalo
National River in the same physiographic province as P. leonardwoodensis and P. plethorasari, is close to the
former based on anal valve setae C1, which is bifid in A. plethorasari. They can be differentiated by features
in Table 4. Despite of having a pair of eyes and pigments on the head and dorsum, this species presents some
very typical cave features. The foot complex is highly troglomorphic, with very elongated unguis and short
apical filaments, dens very slender (measurementsin Table 2). This speciesis easily recognizable by a series
of features. It presents a pair of pigment spots, like a false pair of eyes on the posterior part of the head, a
fourth antennal segment 7-subdivided, and a tiny ve4 seta on the ventral surface of dens, very displaced
towards the base of the dens.

Pygmarrhopalites buffaloensis sp. nov.
pygmaeus-group s. str. (Fig. 4)

Description. No traces of pigment, dorsal body setae short, very scattered on anterior part, more than twice as
long on posterior part of great abdomen, posterior setae longer than third unguis (Table 2). Ant. IV with 6
subsegments (Fig. 4A), apex with capitate sense rod. Ant. |11 not swollen basally; sense organ with 2 parallel
sense rods in separate pits; seta Aai curved, blunt; Api and Ape slender, bristle-like and short, Ae, Ap and Ai
normal elongate setae, more than twice as long as Ape and Api (Fig. 4B). 1+1 eyes present. Dorsal cephalic
setae short, not spine-like, M4-5 present (Fig. 4C). Metatrochanteral organ elongate (Fig. 4D). Seta FSa
present on al tibiotarsi. First unguis slender, elongated, all ungueswith inner tooth, tunica absent. First
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unguiculus slender without corner tooth, apical filament exceeding unguis tip. Second and third unguiculi
with short apical filament, third unguis lanceolate with corner tooth on distal third (Figs. 4E). Corpus
tenaculum with two setae (Fig. 4F). Dens with 7 dorsal E setae, E1 strongly spine-like, other E setae normal;
L1 spine-like, L2-3 present, 4 ventral setae rows (3,2,1,1) present (Fig. 4G), dental chaetotaxy in Table 3.
Mucro narrow, gutter-like, lightly spoon shaped tip, outer edge serrate, inner edge almost smooth. Anal valve
without cuticular spines (Fig. 4H); setae C1 normal, C2—6 swollen basally, D5 absent, D6-10 present,
chaetotaxy in Table 4. Female subanal appendage dightly palmate, deeply serrated distally (Fig. 4l).

Type material. Holotype (female) (number 1 in the slide): USA, ARKANSAS, Newton Co., Walnut
Cave, 29-xii-2003, M.E. Slay, C.J. Bitting leg. (INHS). Paratypes: 1female mounted in aslide and 2 adultsin
alcohol, same locality as holotype (INHS).

Etymology. The type specimens were collected from a cave near the Buffalo River, in northern Arkansas.

Remarks. Pygmarrhopalites buffaloensis was found in single cave at Buffalo National River
approximately 26 km upstream from the cave containing P. youngsteadtii. The climate is Cfa, physiographic
province Springfield Plateau of the Ozark Plateaus. This species resembles P. sapo by presenting the E2—7 not
spine-like, and can be distinguished from this by the subanal appendages, the absence of D5 on anal valve,
and most of its chaetotaxy.

Pygmarrhopalites shoshoneiensis sp. nov.
furcatus-group. (Fig. 5)

Description. No traces of pigment, dorsal body setae short on anterior part and twice aslong on posterior part
of great abdomen, posterior setae longer than third unguis (Table 2). Ant. IV of holotype 1.34 times the
cephalic diagonal, with 7 subsegments (Fig. 5A), apex with capitate sense rod. Ant. |11 not swollen basally;
sense organ (Fig. 5B) with 2 parallel sense rods in separate pits; seta Aai straight, blunt; Api slender, bristle-
like and short, Ape strong, short, acuminate, Ae, Ap and Ai elongate, about twice as long as Ape and Api.
Eyes reduced to pair of smooth round spots in cuticle behind antennae. Dorsal cephalic setae slender, not
spine-like, M4-5 present (Fig. 5C). Metatrochanteral organ elongate (Fig. 5D). Seta FSa present on all
tibiotarsi. First unguis elongate, all ungues with inner tooth, tunica absent. First unguiculus slender, corner
tooth very small or absent. Apical filament exceeding unguistip in first and second unguiculi. Third
unguiculus elongated, with corner tooth and short apical filament (Figs. 5E). Corpus tenaculum with two setae
(Fig. 5F). Denswith 7 dorsal E setae, E1 strongly spine-like, other E setae normal; L1 strongly spine-like, L2—
3 spine-like, 4 ventral setae rows (3,2,1,1) present (Fig. 5G), dental chaetotaxy in Table 3. Mucro narrow,
gutter-like, with narrow tip, outer edge serrate, inner edge smooth. Anal valve without cuticular spines (Fig.
5H); setae C1 forked, C3-6 swollen basally, D5 and D7 absent, chaetotaxy in Table 4. Female subanal
appendage forked with both branches deeply fringed (Fig. 5I).

Type material. Holotype (femal€) (number 3inthe slide): USA, NEVADA, White Pine Co., Model Cave,
24-v-06, S.J. Taylor. JK. Krejca, M.E. Slay leg. (INHS). Paratypes. 2 females (number 1 and 2) in the same
slide with the holotype, and 6 adultsin alcohol, same locality as holotype (INHS).

Etymology. The specific epithet refers to the Western Shoshone, a group of Native Americans who have
visited the caves of Great Basin National Park for many hundreds of years, leaving behind only traces of their
lives. Their tribal homeland encompasses large portions of the Basin and Range province of the Great Basin
region.

Remarks. Pygmarrhopalites shoshoneiensis type specimens were found in a cave at Great Basin National
Park. The physiographic province Basin and Range Province of the Great Basin, climate is BSk, dry, Steppe,
middle latitude. This species resembles P. sextus in many aspects, including the shape of female subanal
appendages and anal valve chaetotaxy, antenna/cephalic diagonal ratio, fourth antennal segment subdivision,
and foot complex. The most important features that split them apart are the presence, in P. shoshoneiensis, of
aforked C1 on the anal valve, the spine-like L1-3 on dens, the mucro with one smooth edge, the stout short
Ape on apical organ of ant. iii, the presence of M5 on head, and the absence of a conspicuous eye.
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| GURE 5. Pygmarrhopalites shoshoneiensis sp. nov.: A, Fourth antennal segment; B, Apical sensory organ of the third
antennal segment; C, Posterior dorsal cephalic chaetotaxy; D, Metatrochanteral organ; E, Empodial complex (a—first
leg, b—second leg, c—third leg); F, Tenaculum; G, Dorsal and ventral chaetotaxy of the dens; H, Chaetotaxy of the anal
valve; |, Subanal appendage of the female.
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Pygmarrhopalites ashcraftensis sp. nov.
principalis-group. (Fig. 6)

Description. No traces of pigment, dorsal body setae short on anterior part, setae on posterior part of the great
abdomen longer than third unguis (Table 2). Ant.IV of holotype 1.8 times cephalic diagonal, with 6
subsegments (Fig. 6A), apex with a capitate senserod. Ant. I11 not swollen basally; sense organ (Fig. 6B) with
2 paralel senserodsin asingle pit; seta Aai straight and blunt; Api slender and bristle-like, Ape short and
bristle-like, Ae, Ap and Ai elongate, about twice as long as Ape. Eyes 1+1. Dorsal cephalic setae dender, not
spine-like, M4 -5 present (Fig. 6C). Metatrochanteral organ elongate (Fig. 6D). Seta FSa present on all
tibiotarsi. All ungues very dender, with atiny inner tooth, tunica absent. First and second unguiculi slender,
with clear corner tooth. Third unguiculus lanceolate, with corner tooth. All unguiculi with short apical
filament, not exceeding the ungues tips (Fig. 6E). Corpus tenaculum with two setae (Fig. 6F). Dens with 7
dorsal E setae, E1 and E3 strongly spine-like; L4 present, L1 strongly spine-like, L2—4 spine-like, 4 ventral
setae rows (3,2,1,1) present (Fig. 6G), dental chaetotaxy in Table 3. Mucro narrow, with spoon shaped tip,
gutter-like, both edges serrate (Fig. 6J). Anal valve without cuticular spines (Fig. 6H); all series of setae C
normal, D5 present and D7 absent, chaetotaxy in Table 4. Female subanal appendage palmate, deeply serrated
(Fig. 6l).

Type material. Holotype (female) (number 2 in the slide): USA, INDIANA, Greene Co., Ashcraft Cave,
20-viii-06, J. Lewis, S. Lewisleg. (INHS). Paratypes: 2 females marked with number 1 and 3 mounted in the
same slide with the holotype, and 6 adultsin alcohol, same locality as holotype (INHS).

Etymology: This speciesis named for the cave from which the types were collected. Ashcraft Cave, inthe
northern part of the Crawford Upland of Indiana, is at least 1851 meters (1.5 miles) in length and serves as a
hibernaculum for the Indiana Bat, Myotis sodalis Miller and Allen.

Remarks. Pygmarrhopalites ashcraftensis was found on riparian mud banks in a cave. The physiographic
province Crawford Upland of the Interior Lowland Plateaus, climate is Cfa. This species resembles P. lacuna
and P. marshalli in different aspects, including the shape of female subanal appendages, fourth antennal
segment subdivision, and foot complex. These species can be differentiated by the number of eyes, pigments,
dental chaetotaxy, and anal valve chaetotaxy.

Arrhopalites caecus (Tullberg, 1871)

Material examined. USA: CALIFORNIA: Siskiyou Co.: Coral Reef Cave, 12-vi-05, S.J. Taylor, JK. Kregjca,
J. Jacoby; NEVADA: White Pine Co.: Snake Creek Cave, 12-v-06, S.J. Taylor, JK. Krejca, M.E. Slay, G.
Baker; Lehman Cave, 26-v-06, JK. Krejca, M.E. Slay, G. Baker, B. Roberts, M. Horner.

Remarks. Thisisthe first record for California and Nevada, the species A. caecus has a world wide
distribution.

Pygmarrhopalites dubius (Christiansen, 1966)

Material examined: USA: ARKANSAS: Marion Co.: Forest Trail Ridge Cave, 5-vi-04, M.E. Slay, E. Frank,
J. Terry.

Remarks. This species was described from caves in lowa and Minnesota (Christiansen 1966), so the
occurrence in Arkansas is intriguing. Although P. dubius may only be a geographic variant of P. pygmaeus
(Christiansen 1966, Christiansen & Bellinger 1998), there is sufficient morphological differentiation to
designate them as a separate species. Additionally, they were collected from the same cave, Forest Trail Ridge
Cave, which provides support for a separate status of the species.
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FIGURE 6. Pygmarrhopalites ashcraftensis sp. nov.: A, Fourth antennal segment; B, Apical sensory organ of the third
antennal segment; C, Posterior dorsal cephalic chaetotaxy; D, Metatrochanteral organ; E, Empodial complex (a—first
leg, b—second leg, c—third leg); F, Tenaculum; G, Dorsal and ventral chaetotaxy of the dens; H, Chaetotaxy of the anal
valve; |, Subanal appendage of the female; J, mucro with spoon-shaped tip.
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Pygmarrhopalites hirtus (Christiansen, 1966)

Material examined. USA: WISCONSIN: Pierce Co.: Crystal Cave, 27-viii-06, J. Lovaas.
Remarks: Thisisthefirst record of P. hirtusin Wisconsin, the speciesiswidespread in US.

Pygmarrhopalites lewisi (Christiansen & Bellinger, 1998)

Material examined. USA: INDIANA: Crawford Co.: Robinson Ladder Cave, no date, J. Lewis, S. Lewis.
Remarks. Previously known from two caves in Crawford County and a cave in Washington County
(Christiansen & Bellinger 1998).

Pygmarrhopalites pavo (Christiansen & Bellinger, 1996)

Material examined. USA: MISSOURI: Pulaski Co.: Henshaw Cave, 18-iv-06, S.J. Taylor, V.R. Block.

Remarks. This troglobiont was previously known only from a few cavesin Virginia and West Virginia
(Christiansen & Bellinger 1996, Fong et al. 2007). Its confirmed presence in Missouri suggests a wider
distribution than previous collections indicate.

Pygmarrhopalites pygmaeus (Wankel, 1860)

Material examined: USA: ARKANSAS: Marion Co.: Forest Trail Ridge Cave, 8-vi-04, M.E. Slay, C.J.
Bitting; Long Ear Mine, 28-v-04, M.E. Slay, W. Baker; Morning Star Mine #5, #6, 29-v-04, M .E. Slay, C.J.
Bitting; Morning Star Mine #7, 7-vi-04, M.E. Slay; Overlook(ed) Cave, 8-vi-04, M.E. Slay, C.J. Bitting;
Square Cave, 25-vii-04, Tony Bend Mine #3, 26-vii-04, M.E. Slay, C. Brickey; Newton Co.: Hutchinson
Waterfall Cave, 29-xii-04, M .E. Slay, C.J. Bitting, C.A. Melhart; NW41bb Cave, 4-iii-06, W. Baker; Toney
Barnes Cave, 16-ix-04, M.E. Slay, C.J. Bitting; Seashell Dome Cave, 11-xii-05, M.E. Slay, C. Brickey;
MISSOURI: Pulaski Co.: Andy’s Cave #1, #2, 11-iv-04, S.J. Taylor, M.E. Slay, J. Jacoby; Breeden Cave, 25-
x-03, S.J. Taylor, M.E. Slay; Brooks Cave, 18-vi-04, M .E. Slay; Chuck’s Virgin Cave, 20-Apr-03, S.J. Taylor,
M.E. Slay; David's Cave, 28-iii-03, Davis Cave #1, 27-iii-03, S.J. Taylor, V.R. Block; Davis No. 2 Cave, 17-
vi-04, Davis No. 3 Cave, 26-x-03, S.J. Taylor, M.E. Slay; Deadman Cave, 19-iv-03, S.J. Taylor, V.R. Block;
Eight Cave, 24-x-03, Joint East Cave, 10-iv-04, Joint West Cave, 10-iv-04, S.J. Taylor, M.E. Slay; Joy Cave,
18-vi-04, M.E. Slay; Kerr Cave, 26-iii-03, K. Lohraff, S.J. Taylor, V.R. Block; Kilman Cave, 25-iii-03, King
Cave, 28-iii-03, Lohraff Cave, 28-iii-03, S.J. Taylor, V.R. Block; Lower Hooten Cave, 14-v-04, S.J. Taylor,
M.E. Slay; Martin Cave, 29-v-03, S.J. Taylor, V.R. Block; Martin Cave, 14-v-04, S.J. Taylor, M.E. Slay, K.
Lohraff; Miller Cave, 22-iii-03, M.E. Slay, S.J. Taylor, V.R. Block; New Arch Cave, 5-ix-04, M.E. Slay, C.A.
Melhart, S.J. Taylor; Paleospring Cave, 21-xii-04, Saltpeter Cave, 9-i-04, S.J. Taylor, M.E. Slay; Turtle Trap
Cave, 6-ix-04, M .E. Slay, C.A. Méehart; Wilson Cave, 8-i-04, S.J. Taylor, M.E. Slay; Wolf Den Cave, 15-vi-
04, S.J. Taylor, M.E. Slay, K. Lohraff; OKLAHOMA: Adair Co.: PeaVine Cave, 2-v-04, GO. Graening, D.B.
Fenolio, M.E. Slay; Delaware Co.: Rock Quarry Cave, 25-vii-05, Surprise Cave, 27-vii-05, G.O. Graening,
M.E. Slay.

Remarks. Nearly al collections were taken within dark zones with the exception of six samples from
twilight zones and one sample collected from an entrance. For a subset of records (n=34), relative humidity
and temperature were recorded (mean *+ SE). Average relative humidity was 94.34 + 0.67%, average
temperature at 2 cm soil depth was 13.6 + 0.35°C, and average temperature 1 m above cave floor was 14.93 +
0.49°C. Of 40 collections where sampling method was noted, 33 (82.5%) were from pitfall traps baited with
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l[imburger cheese (traps were in place for 3—6 days). The remaining 7 (17.5%) P. pygmaeus samples were
collected by hand.

Discussion

The present work brings the number of species of the family Arrhopalitidae in North America up to 41, two
species of the genus Arrhopalites and 39 species of Pygmarrhopalites, but the faunais still poorly known (see
discussion, Zeppelini & Christiansen 2003). Previously, a single troglobite, P. clarus, was reported from
Arkansas and Missouri (Christiansen 1982). Yet, recent inventories by the junior authorsin Missouri and
Arkansas yielded four new species and records for P. pavo and P. dubius increasing the number of cave
Pygmarrhopalites in these states to seven. Such an increase in richness highlights explanations of regional
differences given by Zeppelini and Christiansen (2003), namely collecting biases and the difficulty of
collecting specimens .

Baited pitfall traps proved a successful technique to collect Arrhopalitidae in this study, although a direct
comparison of techniques was not evaluated. The species P. leonardwoodensis, P. pavo, P. plethorasari were
collected using pitfall traps baited with limburger cheese, while the species P. buffaloensis, P. dubius, and P.
youngsteadtii were only collected by hand. No effort was made to use baited pitfall traps at caves containing
P. buffaloensis and P. youngsteadtii, therefore it is unknown whether these two species could be captured by
trapping. The species P. pygmaeus was captured using both techniques.
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