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Abstract. Coprophagy and probable saprophagy are reported for larvae of two species of chrysaugine moths
(Lepidoptera: Pyralidae). Larvae of Parachma ochracealis Walker are found in rotten pine wood and mulch in
North-Central Florida. Larvae of Basacallis tarachodes (Dyar) inhabit feces of an unidentified small mammal in a
cave in Central Florida and seem to be troglophilic. These behaviors are compared to similar ones in Neotropical
chrysaugines such as Humiphila Becker and Cryptoses Dyar. Saprophagy and coprophagy are predicted to be more
general habits among Chrysauginae.
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Introduction

The first records of larval behavior for two species of North American Chrysauginae (Lepidoptera:
Pyralidae) are reported herein. As far as known, these are also the first non-phytophagous records for
any Nearctic Chrysauginae. Parachma ochracealis Walker (Fig. 1) is common and widely distributed
in central and southern North America, from New Jersey and Missouri to Florida, Texas, and Arizona.
The uncommon species Basacallis tarachodes (Dyar) (Fig. 5), originally described from Panama, is
known from the Carolinas and Gulf Coast states to Texas and New Mexico (North American Moth
Photographers Group 2016; M.A. Solis, pers. comm.).

Cashatt (1984) revised these same two species. Parachma Walker currently comprises P. ochracealis
in the Nearctic, nine Neotropical species, one on Réunion Island, and P. borregalis Dyar from southern
Texas, which Cashatt (1984) synonymized with P. ochracealis but was reinstated by Solis et al. (1995).
Cashatt proposed the separate monotypic genus, Basacallis Cashatt, for Parachma tarachodes Dyar.

Although saprophagy and coprophagy were previously unknown for Nearctic chrysaugines, feeding
habits like these, and even stranger ones, such as nest inquilinism and consuming spines of hemileucine
larvae, are known for the Neotropical fauna (Jordan 1926; da Costa Lima 1950; Becker 1974; Waage
and Montgomery 1976; Munroe and Solis 1998).
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Materials and Methods

Specimens of adult moths were identified by reference to Cashatt (1984) and comparison with
specimens in the Florida State Collection of Arthropods (FSCA). Preserved larvae, pupae, and pinned
adults were deposited in the FSCA (housed in the McGuire Center for Lepidoptera [MGCL], Florida
Museum of Natural History, Gainesville, FL)) and in the reference collection of Lyle Buss (University of
Florida, Department of Entomology and Nematology). Samples of rodent feces and hair were deposited
in the Florida Museum of Natural History Mammalogy Range. Genitalia of B. tarachodes were dissected
following Robinson (1976) and slide-mounted in Euparal (MGCL slide nos. 3249 male, 3250 female).

Some larvae of B. tarachodes were starved for a day to purge gut contents and were preserved in
100% ethanol at -20°C. Total DNA was extracted from each of three larvae of Basacallis tarachodes using
the QTAGEN DNeasy Blood and Tissue kit. A 687-bp region of the mitochondrial COI gene was ampli-
fied with a pair of primers, LepF1 and LepR1 (Hebert et al. 2004), using the following PCR conditions:
94°C for 1 min; 5 cycles of 94°C for 30 s, 45°C for 40 s, and 72°C for 1 min; 35 cycles of 94°C for 30 s, 51°C
for 40 s, and 72°C for 1 min; and 72°C for 5 min. Each PCR contained 2 pl DNA, 1x PCR buffer, 2 mM
MgCl,, 0.4 mM dNTPs, 0.2 uM of each primer, and 0.2 pl Platinum Taq DNA polymerase (Invitrogen)
in a total volume of 20 pl. The PCR products were Sanger sequenced. The COI sequences obtained were
edited using Geneious Pro 5.5.3 and deposited in GenBank (accession nos. KU530230-KU530232).

To identify the mammal associated with B. tarachodes, hairs were isolated under a microscope from
a fecal sample from the cave. DNA was extracted using the OmniPrep Genomic DNA Extraction Kit
and dissolved in 30 ul QIAGEN AE Buffer (10 mM Tris-Cl /0.5 mM EDTA, pH 9.0). A 683-bp region of
the mitochondrial COI gene was amplified with a pair of primers LCO and HCO (Folmer et al. 1994,
Miiller et al. 2013). The PCR products were Sanger-sequenced and analyzed using Geneious.

Photographs were taken with 1) the Auto-montage Pro 5.01 system (Synoptics Litd.) using a JVC
digital camera and Leica Z16APO lens and 2) a Nikon D7000 camera with the Nikon AF Micro-NIKKOR
60mm /2.8D lens plus extension tubes.

Results

Parachma ochracealis Walker, 1866. On two occasions, single larvae of P. ochracealis were found
in pine bark or pine wood in Gainesville, Florida. On 11 March 2007, the second author (LLB) found a
larva under pine bark mulch that was on the ground in front of his house in southwest Gainesville. It
was 16 mm in length, inhabited a silken tent (Fig. 3), and moved backward when disturbed. It pupated
on 15 March and eclosed as an adult on 29 March 2007. Dr. Eileen Buss (UF Entomology) found another
larva of the same size in a rotten pine log at Lake Wauberg (Micanopy, FL) on 25 February 2012 (Fig.
2). It started spinning a cocoon or shelter by 26 February, pupated on 29 February, and eclosed on 20
March 2012. LB did not observe the larvae closely enough to see what they were actually feeding on.
The shed head capsule of one has the normal complement of six pairs of stemmata (Fig. 4).

Basacallis tarachodes (Dyar, 1914). On 3 November 2015, the third author (KS) and Cal Wel-
bourn (FDACS-DPI) sampled the Trail 10 Cave in Withlacoochee State Forest (Citrus Co., FL) for
Coleoptera and Acari. They searched the soil of a latrine of an unidentified small mammal (Fig. 6).
The small cave is situated in karst topography and is roughly U-shaped, extending from the entrance
down a few meters to a sandy floor before turning upward into a rocky chamber, where the rodent ac-
tivity was located. The dung was concentrated in an area about 0.3 m wide and was mostly dried and
heavily decomposed. A midden characteristic of woodrats, Neotoma floridana (Ord), was not observed
(i.e. a nest of sticks separate from the latrine). The cave’s fauna is not extensive, but it harbors large
populations of an uncommon jacobsoniid beetle (Peck 2010).

In the laboratory, KS found lepidopteran larvae in silken tubes in the soil (Fig. 7-8). No larvae
emerged from samples of bat guano taken at the same time. Bats had not inhabited the cave for many
years, and the guano is very dry and degraded.

The first author (JH) identified the larvae as Chrysauginae based on the sclerotized rings around
the D2 seta of the metathorax and the SD1 on the eighth abdominal segment (Neunzig 1987). Last-
instar larvae have four pairs of stemmata rather than six (Fig. 13), and earlier instars have three.
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Since identification resources for chrysaugine larvae are almost non-existent and the success of raising
larvae doubtful, Lei Xiao (LX) PCR-amplified the mtDNA COI “barcode” region and had it sequenced.
Sequences KU530230 and KU530232 are identical, and KU530231 differs in one nucleotide, having
C where the others have T at position 511. All three are >99% similar to a specimen of B. tarachodes
from northeastern Texas (specimen no. BIOUG01466-D12, BOLD BIN ABW0892, www.boldsystems.
org), which differs in six more positions.

JH preserved some larvae (Fig. 11) and found the gut contents to be soil from the latrine. The rest
were kept alive in a glass jar and inspected daily for emergence. They gradually disappeared entirely,
the last one seen on 23 December 2015. The feces dried out, so some may have desiccated. On 17 De-
cember 2015, KS returned to the cave and collected adult males and females of B. tarachodes from the
cave walls, some of which were in copula. Many more caterpillars emerged from the latrine soil in a
Berlese funnel (Fig. 9-10). KS observed one larva consuming another in this sample, which alternatively
explains the attrition in the first sample.

JH separated the larvae individually into small plastic cups and collection vials, ventilated with
holes and supplied with enough of the original soil to tunnel in. Larvae were inspected every two or
three days. Starting on 29 December 2015, JH moistened the soil with a few drops of purified water
every few days. By 4 January 2016, larvae were found in ten containers and absent from four; no bod-
ies were found. Between 4 and 7 January, three more pupated (Fig. 12). Two adults eclosed on 9 and
10 January (Fig. 14), 2 on 11 Jan., 3 by 13 Jan., and a fourth on 15 January.

As in the first sample, the larvae formed silken tubes in the soil. Small to medium-sized larvae could
often be found outside the tubes. The largest larvae were always found inside tubes by gently feeling
with fingertips. They pupated inside the tubes.

On 20 April 2016, JH and KS photographed moths in the cave. Adults of both sexes perched on
the walls near the latrine (Fig. 15). They did not move much in response to motions and lights. A few
larvae were found in additional, moderately fresh scat. The only other moth observed in the cave was
a large Idia lubricalis (Geyer) (Erebidae), the larvae of which are fungivores.

The rodent species could not be identified by sequencing the mitochondrial COI gene from hair. The
chromatogram indicated that different COI sequences were likely co-amplified by PCR. It is possible
that the hairs in the feces might come from different animals or be contaminated by other species. The
LCO and HCO primers are capable of amplifying a variety of species from invertebrates to mammals
(Folmer et al. 1994; Miller et al. 2013).

Discussion

The Chrysauginae are a mostly Neotropical radiation notorious for both taxonomic disarray and
strange feeding records. The New World fauna comprises about 126 genera for fewer than 400 species
(Solis et al. 1995; Nuss et al. 2016). The traditional classification below subfamily level (Hampson 1897)
is of little use because it depends on variable external characters. Many larval Chrysauginae feed in
the shoots or reproductive structures of Bignoniaceae (Neunzig 1987; Heppner 2003). Others mature
in the nests of social insects (Myers 1935; da Costa Lima 1950; Pastrana 1953). Other known records
show little pattern. Cashatt (1984), focusing on Nearctic genera, related Parachma and Basacallis to
Caphys Walker, Acallis Ragonot, and Zaboba Dyar. Caphys biliniata (Stoll) feeds on seeds of palms
(da Costa Lima 1950; Robinson et al. 2016), and Acallis alticolalis (Dyar) has been reared from birch
leaves (Brower 1983). The habits of most genera are unknown. The chrysaugine fauna of Florida in-
cludes seventeen species (Heppner 2003; JH unpubl.). Twelve species are either known phytophages
or predicted to be, based on morphological similarities with the known phytophages. The remaining
five include the two presently treated species and three other unknowns: Heliades mulleolella (Hulst)
and two species of Arta Grote.

Basacallis tarachodes is uncommon in its range, and its habitat may explain why. It may live spe-
cifically in association with rodents, or it may be adapted to live in caves feeding on a wider variety of
organic matter.

One possibility is that B. tarachodes is primarily a coprophagous inquiline in mammal nests.
Coprophagy is uncommon in Lepidoptera because of competition with other insects (Sanchez Pifiero
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and Pérez-Lépez 1998). Pyraloid larvae make silken tubes in dry scat in concealed places. Aglossa
pinguinalis (Linnaeus) (Pyralinae) feeds in tubes in dry animal droppings (Pérez-Lopez 2002). Pyralis
manihotalis Guenée has been raised from bat guano (Munroe and Solis 1998) and occurs with chicken
manure (JH, pers. obs.). The chrysaugine “sloth moths,” currently in the genera Cryptoses Dyar, Brad-
ypodicola Spuler, and Bradypophila Thering, may be the best-known cases. Adult moths live in the fur
of Bradypus Linnaeus species, and the larvae feed on the sloths’ dry, buried fecal pellets (Dyar 1907;
Waage and Montgomery 1976; Waage 1980; Bradley 1982). Pauli et al. (2014) found that the moths
cycle nutrients with the sloths and the algae on the sloths’ fur. Moths oviposit on the dung during burial
(Young 1981). The feces in the cave, like sloth dung and the scat consumed by A. pinguinalis, were
dry and in a concealed environment. The mammal’s identity could not be confirmed. Initially, it was
assumed to be Neotoma floridana (Ord) (Eastern Woodrat), but the absence of a midden casts doubt on
this. The absence of larvae from the bat guano, which consists of insect cuticle, suggests a preference
for substrates containing plant matter. Bat guano has been sampled extensively in North American
caves, so if Basacallis larvae were associated with it, they would probably already have been discovered
(S. B. Peck, pers. comm. Sept. 2016).

Another hypothesis is that B. tarachodes is primarily saprophagous, is able to establish popula-
tions in caves, and consumes scat opportunistically. The larvae have a reduced number of stemmata
(three to four on each side). This can be explained as an adaptation for a troglophilic existence (able to
establish a permanent population in a cave). Saprophagy is supported by a probable relationship with
Humiphila paleolivacea Becker in Central America. The two species are related by genitalic morphol-
ogy (Cashatt 1984) and also by the peculiar fading wing color of pinned specimens. In H. paleolivacea,
“[...] it changes from olivaceous to pale in a few months” in the drawer (Becker 1974). Likewise, the
gray forewing medial area of B. tarachodes turns pink over time. The larvae of H. paleolivacea “[...] feed
on dead bark of the trunk of Carapa guianensis Aublet (Meliaceae). They can also be found in organic
matter in the soil at the trunk base” (Becker 1974). If Basacallis is closely related to Humiphila Becker,
saprophagy would be the shared habit.

Parachma ochracealis, like Humiphila, also inhabits bark and rotten wood. LB did not directly
observe feeding by P. ochracealis—the larvae could be fungivorous, detritivorous, or even predatory.
The association with pine wood, plus the absence of observations on live plant tissue, suggests that the
wood is their natural habitat and that prepupal larvae did not simply wander to the substrate from a
different kind of host. The moths can be attracted to light abundantly in pine forests (JH and KS, pers.
obs.). The shared microhabitat of decayed wood may be synapomorphic for Parachma, Humiphila, and
Basacallis, although the first two genera do not share any unusual morphological characters.

The hypothesized relationships of these three genera must be tested with greater study of the vast
tropical fauna. The Chrysauginae need phylogenetic research to delimit genera, to facilitate identifica-
tion, and to contextualize these unusual behaviors. Feeding-choice tests would inform about diet breadth
(Waage and Montgomery 1976). Other Nearctic chrysaugines may be saprophagous or detritivorous,
especially where phytophagy has not been reported. From an economic perspective, it is as important
to know what taxa do not consume plants as to know those that do.

As a diagnostic addendum, small adult males of Basacallis could be confused with some specimens of
Arta. Female B. tarachodes are larger than males and than any Nearctic Arta species. In Arta, forewing
veins M, and M, are stalked (separate in Basacallis) and hind wing CuA, is stalked with M,+M, (not
stalked in Basacallis) (Hampson 1897; JH pers. obs.). Males of Arta have narrow, rod-shaped valvae,
and in females, the corpus bursae is not reduced. The Nearctic species of Arta are not wholly revised,
despite clarifications by Cashatt (1984) and Solis et al. (2013). At least two occur in the South: A. ol-
ivalis Grote and an undescribed one (Cashatt unpubl.). Specimens from Peninsular Florida, especially
females, are pinkish orange. Unlike Basacallis, the green color of Arta specimens does not fade.
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Figures 1-4. Parachma ochracealis. 1) Pinned moths: A, female (USA, LA, Webster Parish, 27 May 1979, V.A.
Brou, FSCA); B, male (USA, FL, Alachua Co. 22 Apr. 1988, H.D. Baggett, FSCA) (scale lines = 5 mm). 2) Live larva
from pine log (133 Regatta Drive, Micanopy, FL, 25 Feb. 2012, E. Buss) (L. Buss). 3) Larva under silken shelter
from bark mulch (Gainesville, FL, March 2007) (L. Buss). 4) Detail of head capsule of specimen in Fig. 2 (L. Buss).

Figure 5. Pinned adults of Basacallis tarachodes. A, female (USA, FL, Citrus Co. Withlacoochee State Forest, ex
rodent dung, 20 Apr. 2016, K. Schnepp, J. Hayden, C. Werner); B, male (same data as female, caught near latrine,
17 Dec. 2015, K. Schnepp). Scale lines = 5 mm.
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Figure 6. Rodent latrine (indicated) in Trail 10 Cave, Withlacoochee State Forest, 20 Apr. 2016. Collecting bag
for scale.

o | ;
Figures 7-15. Basacallis tarachodes. 7) Silken tubes of composted feces. 8) Larva extracted from tube. 9) Live
larva collected 17 Dec. 2015 on substrate, L. Buss. 10) Same as Fig. 9. 11) Preserved larva collected 17 Dec. 2015.
12) Pupa of a larva collected on same date. 13) Detail of head of Fig. 11 showing four stemmata. 14) Eclosed adult
(10 Feb. 2016). 15) Live adult on wall of cave (20 Apr. 2016). Scale lines = 5 mm.



