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Abstract

Twenty-nine Pacarina (Hemiptera: Cicadidae) adults, 12 males and 17 females, emerged from the soil
of a potted Dracaena trifasciata (Asparagaceae) in Arraijdn, Republic of Panama, providing the first
rearing records and the first definitive host plant records for any species of Pacarina. These reared
Pacarina appear to be morphologically distinct from all known species of Pacarina and likely repre-
sent an undescribed species. In light of this finding, we also discuss the taxonomy, biogeography, and
ecology of Pacarina.
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Introduction

As far as is known, all cicadas are herbivores that spend the vast majority of their
long life cycles as nymphs, living deep underground and feeding on the xylem sap of
plant roots (Beamer 1928; Cheung and Marshall 1973; White and Strehl 1978). Be-
cause of their relative inaccessibility to researchers, very little information is availa-
ble about the host plant associations of juvenile cicadas. Consequently, even though
adult cicadas are among the most conspicuous and familiar of all insects, the host
plants of most cicada species’ nymphs remain unknown.
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Positive rearing records are one of the few ways to establish with certainty which
plants are suitable hosts for a particular cicada species Although many species have
been broadly associated with particular plant communities or ecoregions (e.g.,
Tinkham 1941; Young 1980; Kondratieft et al. 2002; Phillips and Sanborn 2007;
Sanborn and Phillips 2013), such data can only suggest potential hosts. Records of
which plant species female cicadas choose for oviposition are undoubtedly more
useful, but oviposition sites do not necessarily match the plant species on which the
nymphs will eventually feed (Newell 1906; Beamer 1928).

Unfortunately, cicada nymphs are quite difficult to maintain in captivity (Beam-
er 1928; Myers 1929; Moulds 1990), and this, combined with their long, multi-year
life cycles, means that few researchers have attempted to rear them. Among the
hundreds of species of Nearctic and Neotropical cicadas, we are aware of rearing
records for only about a dozen species, nearly all from North America (Table 1).
Furthermore, of these, nearly all were partial rearings that covered only one or a
few nymphal instars. Only Diceroprocta apache Davis, Magicicada sp., and Quesada
gigas (Olivier) have been successfully reared from egg to adult (Table 1).

We report here the first known captive rearing of the genus Pacarina Distant
(1905b). Cicadas identified as Pacarina nr. puella Davis (1923) were reared in cen-
tral Panama on the host plant Dracaena trifasciata (Prain) Mabb. (Asparagales:
Ruscaceae). Because Dracaena trifasciata is not native to the Americas, our results
clearly represent a novel host relationship for this cicada. Furthermore, although the
cicadas reared in this study are morphologically similar to Pacarina puella, there is
reason to believe that they represent an undescribed species, so we also discuss the
taxonomy of the genus and previously published records of Pacarina in Panama.

Methods

When exuviae from six cicada nymphs were found on a potted D. trifasciata plant
kept on AA’s front porch, it was decided to enclose the plant, pot and all, in a win-
dow screen and hardware cloth cage (Fig. 1) [photos P01878-P01880 taken 29 De-
cember 2006.].

The window screen was sewn into a cylinder with fishing line, and reinforced by
an external hardware cloth cylinder sewn with wire. The cage was capped with the
cover from a white plastic 5-gallon tank. The finished cage was 29.2 cm (11.5”) in
diameter and 91.4 cm (36”) high. The diameter was chosen to fit the tank cover. The
height corresponded to the original width of the hardware cloth.

Exuviae were pointed. Adults were captured in vials and frozen, and later pinned.
All specimens are labeled as Aiello lot 2006-25, plus an individual number. When
two or more individuals of the same sex emerged on the same day and it wasn't pos-
sible to match the exuviae to their adults, the exuviae were labeled with all possible
individual numbers. Individual #7 (male) and its exuviae were deposited in MIUP
(Museo de Invertebrados G. B. Fairchild de la Universidad de Panamd), individual
#8 (male) and its exuviae were deposited at the University of Colorado Museum of
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Table 1. Published rearing records of Nearctic and Neotropical cicada species. “Rearing type” indi-
cates whether rearing was complete from egg to adult (“C”) or a partial rearing that included only one
or a few nymphal stadia (“P”).

Cicada species Rearing type References
Cicadetta calliope (Walker) P (Beamer 1928)
Diceroprocta apache Davis C (Ellingson et al. 2002)
D. vitripennis (Say) P (Beamer 1928)
Hadoa bifida (Davis) P (Beamer 1928)
Magicicada sp. C,P (Marlatt 1907; Beamer 1928; Karban et al. 2000)
Magicicada tredecassini Alexander & Moore P (English et al. 2006)
Megatibicen dealbatus (Davis) P (Beamer 1928)
Megatibicen dorsatus (Say) P (Beamer 1928)
Megatibicen pronotalis (Davis) P (Beamer 1928)
Neocicada hieroglyphica (Say) P (Beamer 1928)
Neotibicen auriferus (Say) P (Beamer 1928)
Neotibicen pruinosus (Say) P (Beamer 1931)
Quesada gigas (Olivier) C,P (Kubota 2013; Andrade 2018)

Natural History, and the remaining reared specimens are in the Aiello collection at
the Smithsonian Tropical Research Institute, Panama (STRI).

Other material examined were 25 specimens at STRI. Of these, 23 are in the
Henk Wolda Collection, and two are in the STRI Synoptic Collection. The two Syn-
optic Collection specimens were collected at a UV light on Barro Colorado Island
(BCI). Among the Wolda specimens, 21 were captured in light traps at three loca-
tions: Las Cumbres, BCI, and Coco Solo Hospital. The other two Wolda specimens
are from a Malaise Trap in Curundu, and from the canopy on Pipeline Road. The
early Wolda material was determined by Michel Boulard in 1975. Later Wolda spec-
imens have not yet been examined critically. The reared specimens at STRI were
determined by BJS. To aid in determination, we compared the reared specimens of
Pacarina to high-resolution images of the type specimens of Cicada signifera Walk-
er (1858; = Pacarina puella Davis) and Pacarina schumanni Distant (1905a), both
housed in the Natural History Museum, London.

Results

The original three cicada nymphal exuviae (2 male, 1 female) were found 16 De-
cember 2006, on the leaves of a potted D. trifasciata plant on AA’ front porch, Pan-
ama: Arraijan, Loma del Rio (8.9407N, 79.6568W; elevation ~154 m). They were
followed by two more (1 male, 1 female) on 22 December, and a sixth (female) on 23
December. Each nymph had climbed a leaf to a point several centimeters above the
soil, and anchored itself by grasping the rigid leaf margin with the legs of one side
of its body, and hooking the tarsi of the opposite side into the smooth leaf surface.
Because the pot was isolated by several meters from any other soil, except for
that of a potted Calathea veitchiana ]. H. Veitch ex Hook. f. (Marantaceae), 5 meters
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Figure 1. Cage to capture cicadas, Pacarina sp., emerging from soil, where they fed on Dracaena tri-
fasciata roots (left image: host plant without cage; right image: host plant with cage), with exuviae from
an emerged cicada photographed in situ (inset image). Panama: Arraijan, Loma del Rio, 29 December
2006. Aiello lot 2006-25.

away, on which no exuviae ever were found, it was obvious that the cicadas truly
were associated with the D. trifasciata plant. This became even more obvious when,
after the cage was installed, 21 additional adults emerged.
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Figure 2. Male Pacarina sp. reared from Dracaena trifasciata: a) dorsal view; b) dorsolateral view; c)

ventral view; d) lateral view of terminalia. This specimen is individual #8 in Table 2.

The only individual for which we have a precise emergence time is #22, which
surfaced as AA watched at 09:31 hours. Its wings expanded in a matter of seconds.
Three other individuals had preceded it, possibly minutes before, because they were
positioned among the leaf bases and were rather inactive. It is our impression that
adults emerge in the morning and stay among the leaf bases and don’t move into the
upper area of the cage until much later. Usually they were found near the top of the
cage in late afternoon or early evening.

The cage was removed on 3 February 2007 because no eclosions had occurred
since 14 January 2006. However, two more (#28 and #29, both females) did emerge
on 7 February and we have their exuviae only. In total, 29 cicadas, comprising 12
males and 17 females, emerged (Table 2).

The cicadas reared from the D. trifasciata clearly belonged to the genus Pacari-
na, but we could not identify them as any of the known species in the genus (Fig. 2).
Instead, comparison to type material strongly suggested that our reared Pacarina
represent an undescribed species. Of the described species of Pacarina, the reared
Pacarina are most similar to P. puella.

Discussion

Ecology and life history of Pacarina in Panama

Our results provide the first definitive host plant record for any species of Pacarina.
Although we did not directly observe any female Pacarina ovipositing in the potted
Dracaena trifasciata, there is no other convincing explanation for the presence of
so many nymphal Pacarina on the plant. It is conceivable that oviposition occurred
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Table 2. Emergence dates and times for Pacarina sp. reared as Aiello lot 2006-25 from potted Dra-
caena trifasciata (Asparagaceae) in Loma del Rio, Arraijan, Panama. “Catalog number” refers to the
identifier for each specimen in the Smithsonian Tropical Research Institute’s online Symbiota collec-
tions data portal, accessible at https://stricollections.org/portal/collections/index.php.

Individual Sex Found as Date Time Catalog number

1 3 exuviae 16 Dec. 2006 ? STRI_ENT_0121962
2 Q exuviae 16 Dec. 2006 ? STRI_ENT_0121964
3 <) exuviae 16 Dec. 2006 ? STRI_ENT_0121966
4 Q exuviae 22 Dec. 2006 ? STRI_ENT_0121963
5 1<) exuviae 22 Dec. 2006 ? STRI_ENT 0121965
6 Q exuviae 23 Dec. 2006 ? STRI_ENT_0121967
7 3 adult 24 Dec. 2006 19:15 STRI_ENT_0121968
7 IS} exuviae 24 Dec. 2006 19:15 STRI_ENT_0121969
8 3 adult 25 Dec. 2006 19:21 STRI_ENT_0121970
8 3 exuviae 25 Dec. 2006 19:21 STRI_ENT_0121971
9 Q adult 26 Dec. 2006 18:39 STRI_ENT _0121972
9 Q exuviae 26 Dec. 2006 18:39 STRI_ENT_0121973
10 <) adult 27 Dec. 2006 19:35 STRI_ENT_0121974
11 1<) adult 27 Dec. 2006 19:35 STRI_ENT_0121975
10/11 <) exuviae 27 Dec. 2006 19:35 STRI_ENT_0121976
10/11 <) exuviae 27 Dec. 2006 19:35 STRI_ENT_0121977
12 3 adult 28 Dec. 2006 19:09 STRI_ENT_0121978
12 IS} exuviae 28 Dec. 2006 19:09 STRI_ENT_0121979
13 Q adult 28 Dec. 2006 19:09 STRI_ENT_0121980
14 Q adult 28 Dec. 2006 19:09 STRI_ENT_0121981
13/14 Q exuviae 28 Dec. 2006 19:09 STRI_ENT_ 0121982
13/14 Q exuviae 28 Dec. 2006 19:09 STRI_ENT_0121983
15 Q adult 29 Dec. 2006 19:36 STRI_ENT_0121984
16 Q adult 29 Dec. 2006 19:36 STRI_ENT_0121985
15/16 Q exuviae 29 Dec. 2006 19:36 STRI_ENT_0121986
15/16 Q exuviae 29 Dec. 2006 19:36 STRI_ENT_0121987
17 3 adult 02 Jan. 2007 <12:00 STRI_ENT_0121988
18 <) adult 02 Jan. 2007 <12:00 STRI_ENT_0121989
19 3 adult 03 Jan. 2007 <09:31 STRI_ENT_0121990
17/18/19 3 exuviae 03 Jan. 2007 <09:31 STRI_ENT_0121991
17/18/19 3 exuviae 03 Jan. 2007 <09:31 STRI_ENT_0121992
17/18/19 3 exuviae 03 Jan. 2007 <09:31 STRI_ENT_0121992
20 Q adult 03 Jan. 2007 <09:31 STRI_ENT_0121994
21 Q adult 03 Jan. 2007 <09:31 STRI_ENT_0121995
20/21 Q exuviae 03 Jan. 2007 <09:31 STRI_ENT_0121996
20/21 Q exuviae 03 Jan. 2007 <09:31 STRI_ENT_0121997
22 Q adult 03 Jan. 2007 09:31 STRI_ENT_0121998
22 Q exuviae 03 Jan. 2007 09:31 STRI_ENT_0121999
23 IS} adult 04 Jan. 2007 morning STRI_ENT_0122000
23 1) exuviae 04 Jan. 2007 morning STRI_ENT_0122001
24 Q adult 04 Jan. 2007 19:42 STRI_ENT_0122002
24 Q exuviae 04 Jan. 2007 19:42 STRI_ENT_0122003
25 Q adult 08 Jan. 2007 <09:30 STRI_ENT_0122004
25 Q exuviae 08 Jan. 2007 <09:30 STRI_ENT_0122005
26 Q adult 14 Jan. 2007 morning STRI_ENT_0122006
26/27 Q exuviae 14 Jan. 2007 morning STRI_ENT_0122007
27 Q adult 14 Jan. 2007 ? escaped

26/27 Q exuviae 14 Jan. 2007 ? STRI_ENT_0122010
28 ? exuviae 06 Feb. 2007 ? STRI_ENT_0122008
29 Q exuviae 06 Feb. 2007 ? STRI_ENT_0122009

' Smithsonian Tropical Research Institute, Panama, Rep. de Panama.
2Florida Museum of Natural History, University of Florida, USA.
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elsewhere and the hatchling cicadas were carried to the D. trifasciata by the wind,
but given the pot’s relative isolation from any nearby vegetation and the large num-
ber of cicadas that emerged from it, this is highly unlikely. In any case, there can
be no doubt that the D. trifasciata was the food source for the developing nymphs.

Dracaena Vand. ex L. (Asparagaceae, but formerly of the Ruscaceae) is a genus
of about 60 species of both terrestrial and epiphytic plants, mostly from Africa and
south Asia, with two species endemic to the Neotropics and only one, D. americana
Donn. Sm., a tree, found in Central America, including Panama (Zona et al. 2014).
In Panama, D. americana appears to be limited to the extreme western part of the
country (Zona et al. 2014). If we assume that D. trifasciata is at least distantly related
to the natural host plants of the reared Pacarina species, the most likely candidates
in Panama include three Agave species (angustifolia, hurteri, seemanniana) and Fur-
craea cabuya, all belonging to the Asparagaceae (s.1.). D. trifasciata is terrestrial and
is native to South Africa. It is among the most popular pot plants worldwide.

Though no information is available about native hosts in Panama, Young (1974)
studied the possible host relationships of Pacarina in grasslands in western Costa
Rica. He observed that nymphal exuviae were found among patches of Rhynchos-
pora (= Dichromena) ciliata (Vahl) (Cyperaceae) and inferred that this sedge was
the probable food plant. The only similarity between Dracaena and Rhynchospora
is that both are monocots, which could be a significant relationship in this case.
Young did not identify the species of Pacarina he studied and suspected that it was
undescribed.

The Pacarina in our study eclosed over a 53-day period from December 16,
2006 to February 6, 2007, but 21 of the 29 total individuals (= 72%) eclosed dur-
ing the 14 days from December 22 to January 4. This timing matches well with
the emergence phenology of P. puella in Las Cumbres (Wolda and Ramos 1992), a
lowland residential area in south central Panama that is only ~20 km away from our
study location and expected to have qualitatively similar habitat.

The total life cycle length of the reared Pacarina is unknown. However, the D.
trifasciata on which the cicadas were reared was divided from a parent plant and re-
potted on 5 August 2005. No cicada nymphs were observed in the soil at that time,
although it is possible that early instars were present and overlooked due to their
small size. We think that is unlikely, though, for two reasons. First, early stage ci-
cada nymphs are extremely fragile and vulnerable to desiccation (Beamer 1928) and
could have easily been killed while dividing and re-potting the parent plant. Second,
no cicadas are known to have emerged from any of the other plants derived from the
original parent, which strongly suggests that no cicada nymphs were present on the
roots of the parent plant. If the nymphs entered the soil after the parent plant was
divided, this places an upper bound of 498 days on the nymphal development time
of the earliest-emerging cicadas. Assuming that all of the reared Pacarina derived
from the same oviposition event, the 53 days between the first and last adult cicada
eclosions indicates considerable variability in egg and/or nymphal development
times for this species of Pacarina.
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Taxonomy and biogeography of Pacarina

The genus Pacarina is distributed from the southwestern United States (US) south-
ward through Central America, including Panama, and presently comprises three
described species: puella Davis, schumanni Distant, and shoemakeri Sanborn &
Heath (Sanborn et al. 2012; Sanborn 2018). All three species are small cicadas that
resemble each other in general appearance. Two species, P. puella and P. schumanni,
have previously been recorded from Panama (Sanborn 2018). Pacarina puella is re-
ported as the most widespread species in the genus, having been collected as far
north as the state of Oklahoma in the US, in Mexico, and in Central America as far
south as Panama (Drew et al. 1974; Wolda and Ramos 1992; Sanborn et al. 2012).

Although the recent key to Pacarina published by Sanborn et al. (2012) would
identify our specimens as P. schumanni, the wing morphology does not match Dis-
tant’s description (1905a) and the general habitus and genitalia are markedly differ-
ent from that of the P. schumanni holotype. Similarly, the terminalia of the holotype
of P. puella differ from those of the reared specimens, especially in the form of the
pygofer and uncus. The northern geographic range and restricted habitat require-
ments of P. shoemakeri (Sanborn et al. 2012) exclude it as a possibility.

Until more complete data are available for Pacarina in Panama and elsewhere
in Central and North America, we prefer not to describe our specimens as a new
species and risk further confusion. More complete morphological, ecological,
and bioacoustic data for P. puella and P. schumanni from at or near their type
localities would be especially useful, as would a reexamination of existing speci-
mens in various collections. The labels from the holotype of P. schumanni give
the collecting locality as “Atoyac, Vera Cruz” but the labels from the holotype of
P. puella only state that the collecting locality was “Mex.” However, Walker, in his
original description of Cicada signifera (= P. puella), reported “Orizaba, Mexico”
as the holotype locality (Walker 1858). These two type localities are both near
the western border of the modern Mexican state of Veracruz, separated by only
about 35 km. We were unable to examine any other specimens of P. puella or P.
schumanni from these locations, and no ecological or bioacoustic data is available
for either species from their type localities. Sueur (2002) studied P. schumanni
in eastern Veracruz, but virtually all published natural history information for P.
puella comes either from the northern limit of its range in the United States or
the southern limit of its range in Panama. Bioacoustic data would be particularly
valuable, because cicada species’ unique calls provide the single most important
mechanism for pre-zygotic reproductive isolation (Alexander and Moore 1958;
Boulard 2006) and there are numerous examples of morphologically cryptic ci-
cada species that are most easily distinguished by their calling songs (e.g., Davis
1922; Alexander and Moore 1962; Popov 1989; Marshall and Cooley 2000; Quar-
tau and Simdes 2005; Sueur and Puissant 2007; Cole 2008; Gogala et al. 2008;
Popple 2013; Stucky 2013; Ewart 2018).

We also note that the striking ecological divergence between northern and
southern populations of P. puella suggests that P. puella, as currently recognized,
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might not even be a single species. In North America, P. puella is typically found in
relatively dry habitats on or near mesquite (Fabaceae: Prosopis spp.) (Davis 1917,
Sanborn et al. 2012, Sanborn and Phillips 2013), which led Sanborn et al. (2012)
to conclude that mesquite was its host plant. In fact, this ecological association is
one of the diagnostic features that separate P. puella from the recently-described
P. shoemakeri, which instead is found primarily on junipers (Sanborn et al. 2012).
Although at least one species of Prosopis does occur in Panama (Condit et al. 2011),
Prosopis evidently is not found on Barro Colorado Island (Croat 1978), where cica-
das that have been identified as P. puella are nevertheless relatively common (Wolda
1989). Either Prosopis is not an obligate host for P. puella or the northern and south-
ern populations represent different species, either of which might be true P. puella.
Again, a critical re-examination of previous literature records for Pacarina, com-
bined with more thorough ecological and bioacoustic data, are needed to properly
resolve the taxonomy of this genus.

Conclusions

Our results provide the first definitive host plant record for any species of Pa-
carina, and one of the few captive rearing records for any species of cicada. The
cicadas we reared appear to be an undescribed species. We suggest three direc-
tions for future work on Pacarina. First, it would be useful to ascertain the host
plants of “P. puella” in both the US and Panama. In particular, does P. puella in the
US actually use mesquite as a host, or is the relationship merely coincidental? We
have demonstrated that Pacarina can be reared in a relatively small space, so fu-
ture investigations of potential host plants should be feasible by enclosing females
with candidate plants to see whether they oviposit, and if so, whether the nymphs
successfully develop on them. Second, more complete morphological and bio-
acoustic data for P. puella and P. schumanni, especially from their type localities,
are needed to facilitate a critical re-evaluation of previous literature records of
Pacarina and to determine the status of purported P. puella in the US and Panama.
Third, molecular data from representative specimens throughout the geographic
range of Pacarina could be used to provide a phylogenetic context for interpret-
ing morphological, ecological, and bioacoustic data and to further guide species
delimitation. Together, these data would allow us to finally untangle the taxonomy
of these enigmatic little cicadas.
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