
setae Api and Ape appearing thin walled and with drawn

out apices, but otherwise normally acuminate, Aai a rod

sensilla. Eyes 1+1 in a dark patch. Dorsal head chaetotaxy

(Figs. 13A, B) with setae A3, IL1, M4, and L1–3 weakly

spine-like; M5 absent. Apical setae of outer maxillary lobe

bifurcate (Fig. 12G), but basal spine closely appressed

against apical setae and visible only in some perspectives;

sublobular plate with one appendage. Labial palp papilla E

with 4 guard setae (Fig. 12H). Small abdomen without

denticles or spines; chaetotaxy as in Figure 13C: C1

bifurcate, C2–6 smooth, enlarged at base but without

extensions, base of C7-8 not enlarged; seta C2 < 1.23 B2

and C3 < 1.73 D3; setae D7–D8 present; female appendage

(Fig. 13D) palmate, with smooth stem and deep branches,

some of which originate close to the middle of the stem,

appendage sitting on a circular papilla. Metatrochanter

rectangular, with 4 anterior and 1 posterior setae. All claws

with 1 inner tooth (Figs.13E, F), tooth strongest on L3;

Figure 12. Pygmarrhopalites fransjanssens n. sp.: (A) metatrochanter; (B, C) pro- and metathoracic claw complexes,
respectively; (D) complete chaetotaxy of furcula, L = inner column, D = dorsal, ld = laterodorsal, E = outer column.

Pygmarrhopalites incantator n. sp.: (E) fourth antennal segment; (F) third antennal segment; (G) lateral view of outer

maxillary palp and lobe; (H) ventral view of labial palp papilla E, terminal seta omitted.
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dorsal tunica on all legs smooth, covering apical third of

claw on L1-2 and 4/5 of L3 claw. Unguiculus of L1 with a

minute inner tooth, unguiculus of L2–3 toothless, apical

unguicular filament surpassing length of unguis on all legs.
Tenaculum with 2 setae. Manubrium with 5+5 dorsal setae.

Dens dorsally (Fig. 14A) with 3 inner (L) and 6 dorsal (D1-

2, ld1–4) setae; series E with a maximum of 7 setae in females

and 6 in male; setae L1–3, E1, and E3 spine-like. Dens

ventrally with 2 unpaired setae. Mucro with spatulate apex.

Remarks: Both females have one dens with 7 E setae

and one with 6 setae. In both cases the missing seta is E6.

In one female, the dens without E6 also has only 5 dorsal

setae.

This species is distinguished from P. hirtus as described
by Christiansen and Bellinger (1998) and Zeppelini and

Christiansen (2003) by the absence of head vertical seta M5,

by the shape of the female appendage and, perhaps, by the

presence of a smooth tunica on all claws. One individual

from Wisconsin deposited at the INHS and identified as P.

hirtus (Zeppelini et al., 2009) is identical to the specimens

from Wizard cave in having only four vertical head setae in

series M (M5 absent), the number of dorsal manubrial setae,
general shape of female appendage, and the number of

maxillary and labial palps setae.

Pygmarrhopalites sapo (Zeppelini and Christiansen), 2003

— TB S1/G1

Locality: Pautler Cave

The individuals studied have 6+6 dorsal manubrial setae,

maxillary palp with bifurcate apical seta and 3 sublobal
appendages, and labial papilla E with 3 guard setae.

This species is endemic to Monroe County, and it

previously was reported from Frog, Pautler, Jacobs, and

Rose Hole caves (Zeppelini and Christiansen, 2003).

Pygmarrhopalites salemensis n. sp. — TB S1/G1

Material Examined: Holotype: INHS Collection

Number 551,641; Illinois, St. Clair Co, Stemler Cave,
2.7 mi NE of Columbia IL, adult female, slide-mounted,

hand collected on cave floor in dark zone, 28–30 September

2009, SJ Taylor and FN Soto-Adames. Paratypes on slides

with INHS Collection Numbers 551,642-50; same locality

as holotype, 1 slide-mounted adult female and 3 adults of

undetermined sex in alcohol, hand collected on drip pool,

dark zone; Illinois, Monroe Co., Wanda’s Waterfall Cave,

7.4 mi SE of Valmeyer, 2 females and 1 male adults on
individual slides and 1 adult of undetermined sex in alcohol

collected in pitfall traps and by hand on cave floor 15–17

September 2009, SJ Taylor and FN Soto-Adames; Illinois,

Monroe Co., Illinois Caverns, 1 adult female mounted on a

slide, pitfall trap in dark zone, 2 additional adults and 1

juvenile of undetermined sex in alcohol, pitfall and leaf

litter, 24–26 September 2009, SJ Taylor, FN Soto-Adames,

A Kuhns, E Zaborski, J Jacoby, A Paprocki, and M
Pessino; Illinois, Monroe Co., Spider Cave, 6.5 mi S of

Waterloo, 1 slide-mounted adult male, pitfall trap, 15–17

September 2009, SJ Taylor and FN Soto-Adames; Illinois,
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Figure 13. Pygmarrhopalites incantator n. sp., dots, and open circles represent microsetae, and spine-like setae, respectively:

(A) detail of vertical setae of the head; (B) general chaetotaxy of face (C) complete chaetotaxy of small abdomen, lateral view;

(D) female anal appendage; (E, F) pro- and metathoraxic claw complex, respectively.
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Monroe Co., Hidden Hand Cave, 3 mi W of Waterloo, 2
adult females and 1 juvenile, slide-mounted, 7 additional

adults and juveniles in alcohol, pitfall traps in dark zone,

14–16 October 2009, SJ Taylor and FN Soto-Adames.

Etymology: The new species is named after the Salem
Plateau region, where it seems to be widespread in caves.

Description: Largest individual 0.89 mm. Background

color white, with dark orange spots on head covering

Figure 14. Pygmarrhopalites spp., dots represent regular acuminate setae: Pygmarrhopalites incantator n. sp.: (A) complete
dorsal chaetotaxy of furcula, L = inner column, D = dorsal, ld = laterodorsal, E = outer column. Pygmarrhopalites salemensis
n. sp.: (B) complete chaetotaxy of face; (C) fourth antennal segment; (D, E) pro- and metathoraxic claw complex, respectively.
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clypeus, area between antennal bases and vertex; genal and

labral areas white; large abdomen with scattered orange

spots dorsolaterally, sometimes forming ill defined stripes;

small abdomen and all appendages white. Ant. 4 with 5

subsegments (Fig. 14C) with proportions as 40:10:10:10:30

of the total Ant. 4 length. Ant. 4 with 4 well defined whorls

of setae corresponding to the apical whorl on subsegment I

and each one of subsegments II–IV; the number of setae/

sensilla on each whorl as 10/10/12/12; basal whorls missing

2 sensilla present on distal whorls. Ant. 4 subapical sensilla

capitate. Ant. 3 without basal bulge; sense organ with two

rod sensilla in independent shallow depressions, setae Api

Figure 15. Pygmarrhopalites salemensis n. sp., chaetotaxy of female small abdomen, dots and open circles represent micro-

and macrosetae, respectively: (A) series C setae of holotype, Stemler Cave; (B) setae C4 and C5, female paratype from Stemler

Cave; (C) complete chaetotaxy of lower valve, paratype from Spider Cave; (D, E) detail of female anal appendage, paratypes

from Wanda’s Water Fall and Stemler Cave, respectively; (F) organization of complete chaetotaxy of lower valve in holotype.
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and Ape appearing thin walled, basally swollen and with

drawn out apices, but otherwise normally acuminate, Aai a

rod sensilla. Eyes 1+1 in dark orange patch. All vertical

head setae normal (Fig. 14B), M5 absent. Apical setae of

outer maxillary lobe bifurcate; sublobular plate with three

hairs. Labial papilla E with 4 guard setae. Small abdomen

without denticles or spines, chaetotaxy of series C as in

Fig. 15A: C1 simple and smooth or very finely serrate; C2–

6 and C8 with basal serrations, denticles or teeth, and

lateral extensions variously developed according to indi-

viduals and localities (Figs. 15B, C); setae C7 and C9

long but not basally enlarged; seta D2/F351.2 to 1.8

(mode51.6; 3/7) C2/B250.9 to 1.1 (mode51.1; 5/7) and

C3/D351.8–3.1 (mode52.0; 2/7); setae D7–10 present

(Figs. 15C, F); female appendage apically square or

rounded (Figs. 15D, E), with short serrations covering

apical 1/3–2/3 and sitting on a heart-shaped papilla.

Metatrochanter rectangular, with 4 anterior and 1 poste-

rior setae. All claws with 1 inner tooth. Unguiculus with

inner tooth large, single and basal on L1 and L2

(Fig. 14D), and absent or small, duplicated, and distal on

L3 (Fig. 14E); apical unguicular filament acuminate and

surpassing length of unguis on all legs. Tenaculum with 2

setae. Manubrium with 6+6 dorsal setae. Dens dorsally

(Fig. 16A) with 3 inner (L), 6 dorsal (D1-2, ld1-4) and 7

external (E) setae; setae L1-3, E1 and E3 spine-like. Dens

ventrally (Fig. 16B) with 2 unpaired setae. Mucro apically

acuminate and 0.6–0.73 (mode50.7; 4/7) as long as dens.

Remarks: One individual from Wanda’s Waterfall Cave

has 10/11/11/11 setae/sensilla on whorls I–IV. The two

individuals from Stemler Cave are missing dental seta E6

on one dens but not the other. One individual from Stemler

Cave has one proximal and one distal inner unguicular

tooth on L1-2, but only the distal tooth on L3. One

individual from Hidden Hand Cave has 3 tenacular setae.

Pygmarrhopalites salemensis n. sp., belongs to a group

of Midwestern species characterized by having five

subsegments on Ant. 4 and small abdomen series C setae

sculptured or with lateral extensions. The five species in

the group differ in details of the sculpturing of setae in

series C, shape of the female appendage, number of dental

spines, number of ventral unpaired setae on dens, and

number of head vertical setae in series M (Table 4). The

new species seems intermediate between the recently

described P. sapo and P. leonardwoodensis Zeppelini,

Taylor and Slay, 2009. The three species can be

distinguished by dens chaetotaxy, pattern of sculpturing

of small abdomen setae C3-6, and female appendage

according to Table 4. In addition, in P. leonardwoodensis

the inner tooth on the prothoracic claws is basal, while in

P. salemensis the tooth is insert near the middle of the

claw; P. sapo carries 3 guard setae in labial papilla E,

whereas P. salemensis has 4 guard setae. Differences with

other species are detailed in Table 4.

KATIANNIDAE

Sminthurinus henshawi (Folsom), 1896 — EU S5/G5

Locality: Bat Sump Cave

This is a common surface species widespread across

North America. In Illinois, the species has been previously

reported from Jackson, Champaign, Coles, Cook, DuPage,

Kane, Lake, Randolph, Richland, and Woodford counties.

Figure 16. Pygmarrhopalites salemensis n. sp., complete dorsal chaetotaxy of dens: (A) dorsal, L = inner column, D = dorsal,

ld = laterodorsal, E = outer column; (B) ventral.
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Sminthurinus henshawi is common in caves, but this is the

first record from this habitat in Illinois.

BOURLETIELLIDAE

Bourletiella sp.

Locality: Spider Cave

This is an early instar individual not identifiable to

species. Members of this genus are not commonly found in

caves. This is likely an accidental.

DICYRTOMIDAE

Ptenothrix sp.

Locality: Spider Cave

The single juvenile collected is not identifiable to

species. Several species of Ptenothrix frequent caves,

including P. atra, P. marmorata, and P. maculosa. In

Illinois, P. atra is the species most commonly reported

from caves.

DISCUSSION

Sampling of eight caves in the Salem Plateau region

using a combination of methods yielded forty-nine species,

sixteen of which represent new records for Illinois. The new

records include four species described as new, four species

that are likely new, but with insufficient material for proper

descriptions, and three other forms that were assigned

names but are sufficiently distinct that a study of additional

material may show them to also represent new species.

Eighteen species are reported for the first time from Illinois

caves. Seventeen species are ranked as rare for the state

(S1), but eight of these are widely distributed across North

America and the state ranking is either an artifact of the

relatively poor knowledge of the fauna of the state or the

result of unresolved taxonomic issues (e.g., Onychiurus

pipistrellae n. sp.). Some of the other species ranked as rare

are probably truly rare in the state, even if they are

widespread elsewhere on the continent, because they

represent the limit of the distributional range for the

species (e.g., Pseudosinella aera, Folsomia bisetosa, Proiso-

toma sepulcralis, and Megalothorax tristani). Others, such

as Pygmarrhopalites spp., are probably truly rare and

endemic to the region.

Twelve species have morphological characters that

suggest some level of adaptation to caves and are classified

as either troglobionts, or eu- or subtroglophiles. Seven

species (Ceratophysella lucifuga, Onychiurus pipistrellae n.

sp., Lethemurus missus, Pygmarrhopalites fransjanssnes n.

sp., P. incantator n. sp., P. sapo, and P. salemensis n. sp.)

are currently known only from caves, although L. missus

and perhaps O. pipistrellae n. sp. are widely distributed

across unconnected cave systems, suggesting they are able

to migrate through protected surface habitats. Most

collections of Oncopodura iowae have been made in caves,

but recent surface collections in cave bearing areas suggest

a mechanism to explain its widespread distribution. It is

possible that similar mechanisms may support the move-

ment and dispersal of L. missus and O. pipistrellae n. sp.

through surface leaf litter. Folsomia candida, F. stella,

Pseudosinella argentea, P. aera, and Coecobrya tenebricosa

show weak morphological adaptations to caves, all are

widely distributed across North America and surface

populations are not rare.

Seven of the caves surveyed were previously sampled

by Lewis et al. (2003). They published findings relating

primarily to troglobionts, whereas the present study

reports on findings for springtails of all ecological

classifications found in caves. In addition, our study

focused only on springtails, whereas Lewis et al. (2003)

surveyed all cave invertebrates. In all instances each cave

sampled in the present survey yielded more springtail

species than reported by Lewis et al. (2003) (Table 5). Most

species reported by Lewis et al. (2003) were collected again

during the present survey. Five records listed by Lewis

et al. (2003) were not confirmed by the present study

(Table 5). The absences of collections of Pseudosinella

from Wanda’s Waterfall Cave, of Pygmarrhopalites car-

olynae (Christiansen and Bellinger), of Onychiurus ‘‘reluc-

tus’’ from Hidden Hand Cave, and of Sensillanura illina

(Christiansen and Bellinger) from Bat Sump Cave during

the present survey is curious, given that these were the

Table 5. Comparison of springtail species recorded from caves in the Salem Plateau (Monroe and St. Clair counties, Illinois)

by Lewis et al. (2003) relative to the number recorded in the present study.

Cave

Lewis

et al. (2003)

Present

Study

Species in

Common

Lewis et al. (2003) Species

not Found in Present Study

Pautler Cave 2 4 2 0

Wanda’s Waterfall Cave 1 22 0 Pseudosinella sp. nr. argentea

Spider Cave 1 7 1 0

Stemler Cave 1 15 1 0

Illinois Caverns 3 13 2 Lethemurus missus

Hidden Hand Cave 3 4 1 Pygmarrhopalites carolinae

Onychiurus ‘‘reluctus’’

Bat Sump Cave 2 12 1 Sensilanura illina

Total 13 77 8 5
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shortest cave included in the present study and, with the
exception of Wanda’s Waterfall Cave, we sampled nearly

the full length of the accessible passages at these sites.

Pygmarrhopalites carolynae and P. salemsis n. sp., the only

Pygmarrhopalites collected in Hidden Hand Cave, differ

sharply in color pattern, small abdomen setae ornamenta-

tion and female anal appendage, and hind claw morphol-

ogy, and it is not likely the two species could be confused.

Sensillanura illina is probably a trogloxene or subtroglo-
phile, and although the species was not collected inside Bat

Sump Cave during our visits, it was taken in surface leaf

litter sampled near the cave entrance on the same day the

cave was visited.

The absence of Lethemurus missus in samples from

Illinois Caverns is not surprising. Illinois Caverns is a large,

complex system, and most areas of the system were not

sampled during the present study due to time constraints.

Sampling effort focused on those sections of the cave most

impacted by the large number of visitors that tour this system

every year; the cave has since been closed to the public in an
attempt to help manage white nose syndrome of bats.

It is telling about the general state of our knowledge of

the springtail fauna of Illinois that leaf litter samples
collected inside caves at the entrance, have yielded three

new species and six new state records of what are clearly

surface leaf litter species.

It is of some concern that Coecobrya tenebricosa, the
only member of the Sinella-Coecobrya genera complex,

a complex of typically eu/subtroglophile or troglobiont

species, is an invasive species. It is not clear what the role of

this introduced springtail species might be in fragile cave

ecosystems. Caves in the Shawnee Hills, south of the Salem

Plateau region, harbor three native species of eutroglo-

philes/troglobionts in the genus Sinella (Christiansen and

Bellinger, 1998). It is possible that the introduced form
could move south, invade caves, and extirpate the native

springtail species.

The relatively large number of new species and records
for the state and the potential threat to native eutroglo-

philes and troglobionts by introduced species point to the

need for continued detailed, taxon-focused sampling of

cave systems in Illinois. Only through intense sampling will

we be able to identify communities under threat and have

the information needed to make more effective manage-

ment and conservation decisions.
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