This is an excerpt from James E. Lloyd's 2018 publication, "A naturalist's long walk

among shadow: of North American Photuris -- patterns, outlines, silhouettes... 4
echoes." Self published, Gainesville, FL, 477 pp.
Chapter 2

Some Firefly Natural History

If a photon could talk, we could not understand it.
Jack Kelly

photons speak to me, and ... Barber;
i have understood a little.

Jom Llogd,

Fireflies are beetles (Class Insecta, Order Coleoptera), of the Family Lampyridae (-idae, family ending). Fireflies
that emit light in flashes are termed lightningbugs. Fireflies and kin are currently/recently placed in the Superfamily
Elateroidea (-oidea=superfamily ending) with click beetles (Elateridae). In older literature find them in Cantharoidea,
which included: soldier beetles (Cantharidage), giant glowworm beetles (Phengodidae), net-winged beetles (Lycidae),
and afew poorly known forms such as long-lipped beetles (Telegeusidae). Worldwide nearly 2,000 species of fireflies
(lampyrids) have been formally described and named (McDermott, 1966). About half this number are from tropical
America, where thereis agreat variety of form and flashing. In North America there may be as many as 275-300
(working) species, that is, those that deserve recognition with formal Latinized names (DNA?). The actual number of
firefly speciesin the world that deserve such formal/scientific/utilitarian recognition could be as many as 10,000.

: It is useful to recognize three basic types of North American fireflies, though the fit
of this scheme with evolutionary relationshipsis not congruent: (1) In lightningbug
fireflies, males of nearly all species emit patterns of flashes of light (flash patterns, FPs)
and females respond to these patterns with species-characteristic flashed answers. (2) In
glowworm fireflies females emit the initial soliciting luminescent signals and in some
species they also emit pheromones. Male glowworm fireflies are typically non-lumin-
escent, however, males of our most common eastern glowworm firefly, Phausis reticu-
lata, emit light, and their glows—and that of a penlight—will elicit glow responses
from females that are unlit at the moment. (3) Adults of only one daytime dark firefly is
known to emit light: males of Lucidota luteicollis apparently locate females by their
pheromones during daylight and inactive at night; they glow from their tails and
pronota, which they have been seen to stick beneath the sand when "diggi ng out a

Fi reflles of eastern North America seem to have their genealogical connections
with the American tropics via an old and enduring eastern Mexico passageway, and
show little or no close connection with fireflies of the Caribbean—this in spite of
their seeming proximity and the common occurrence of hurricane winds with bug-
bearing potential, both aloft and aboard drift such aslogs.

The Bahamas apparently have received afew species
from southeastern North America. Some Western North
American fireflies have a connection with western Mexico
(Microphotus) and two, remotely, maybe with Asia or
elsewherein the "OId World" (Brachylampis). Two
somewhat well-represented (speciose) western genera,
Ellychnia and Phausis, have afew formally-named repre-
sentatives in eastern North America. Our oldest archived
Lightningbug firefly, Photinus pyralis ~ specimens from North America are represented by two

SRR N pronota tentatively identified as those of incredibly tiny
Winter Fireflies (Ellychnia corrusca); they were found in
sphagnum/peat with fragments of other insects. These
fossils were collected in what now is southern Ontario,

Canada, but lived near and were buried in a marsh more h g )
ﬁf‘e?ggmf f:n?gTe(O) Luudota than 10,000 years ago, as the glacier melted northward.  pay-time Dar i refly, uciota atra.
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Habiti of fireflies, from left to right: Pleotomodes knulli male, a
glowworm firefly; four daytime dark fireflies,Tenaspis angularis,

Ellychnia corrusca, Pyropyga nigricans (with ticks), and Pyropyga minuta.

Natural History. Lampyrids are holometabolous—have four distinct life stages: egg, larva, pupa, and adult. The
pupal stage is akey adaptation of such insects. At pupation the larva—often the only only feeding stage—"melts down,"
and rebuilds in aform that will be the dedicated reproductive and often emigration stage, the adult.

Eggs. In some lampyrids eggs are deposited afew at a
time over several days or weeks. Thisis probably the casein
those Division |l Photuris species whose females are hunters
and acquire egg-building nutrition and sustenance over an
extended period; some (Florida Ph. harrannorum) may deposit
afew eggsin each of several prey sites. Females of Photinus
pyralis and Photinus umbratus, species of the grass- and herb-
land of early-successional ecological stages, may likewise place
their eggs in two or more different sites. In some species the
eggs are al laid at one time, as in Photinus collustrans, in
which the brachypterous (short-winged hence flightless) females

e 559 live briefly after ovipositing, and die in their burrows (Wing,
Female glowworm firefly, a Phausis, with eggs.  1987). The eggs of some species glow dimly, from luminous
material placed on the eggs in the mother's egg canal, but later with
development of larval light organs, embryos within the eggs are
reported to emit light (Buschman, 1984b).

Larvae. Asfar as known, larvae of al firefliesare
luminescent, even those of daytime-dark species. Severa functions
have been suggested, and aposematism has been demonstrated.
Some are snail specialists (Pyractomena, Micronaspis floridana).

; They stun prey with a poison (anesthetic) that isinjected via bites
\ Photuris = to the neck that render them briefly immobile. Photinus fireflies,
being subterranean, presumably are earthworm specialists. Photuris
larvae are omnivorous and scavengers. A firefly from Sri Lanka
(Ceylonin lit.) was unsuccessfully released as a biological control
agent against the African snail in Hawaii and New Britain in the
Solomon Islands; and two Japanese Luciola species were released in
Hawaii to control snails harboring cattle-attacking liver flukes, but
apparently did not become established (Bess, 1956, and misplaced
ref.). Larvae of Pleotomodes specieslive in ant nests (as do Pelania
larvae in Morocco), perhaps feeding on the food or young of the
Ellychnia ants, or other nest inhabitants (Sivinski et al, 1998).
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Photuris and Pyractomena larvae are often seen luminescing,
Pyractomena especially on damp, rainy nights on twigs and branches of low
woody plants in damp woods. Glowing larvae of marsh and pond inhabiting
Pyractomena have been observed glowing underwater and on emergent
vegetation (see L. Buschman and hisrefs. for Pyractomena and Photuris
larval biology). Py. ecostata larvae glow along damp roadsides within 20
miles of Florida and southern New Jersey coastlines. Photuris larvae are the
most commonly seen, usually along damp roadsides, paths and streams. It
was certainly Photuris larvae that the early botanical explorer Peter Kalm
remarked upon in the report of his“Travels In North America” (1753, Vol. I:
184):

Glowworms. Towards night we found some glowworms in the
wood. ... The color was brown and the segments joined in the
manner as the onisci or woodlice [sowbugs]. ... When the insect
crept, its hindmost segments were dragged on the ground, and
helped its motion by pushing. The extremity of the tail contains
a matter which shines in the dark with a greenish light ... It
had rained considerably all day, yet they crept in great numbers
along the bushes, so that the ground seemed as if it were sown
with stars.

Pyropyga nigricans larvae occur along stony and sandy shores of lakes
and streams, amongst and under stones; Ellychnia and perhaps Lucidota
juveniles occur in leaf litter and rotting logs, especially pine perhaps, near
the horizon with the soil and within. Find them at night with dark-adapted
eyes, by carefully pulling apart logs (also look for the tiny sparks of
luminescent Collembola (springtails) that occur and may interact with them
(?). Micronaspis larvae occur at the edges of black-needle-rush marshesin
coastal Florida; they have diagnostic projections on their dorsal plates.

Pupae. Most larvae seek or make sheltered places to pupate.
Pupation generally lasts from one to three weeks, depending upon the
species and ambient temperature. Photuris and Photinus larvae pupate in
chambers they make at or under the surface of the soil (Buschman,
1984ab). Pyractomena larvae hang up in herbaceous vegetation and on tree
trunks. This seems an adaptation for living in habitats where rising water
would flood chambersin the soil, such asin river forests. Py. borealis
larvae in north-central Florida pupate in cool/cold January-March and select
the southern exposure of larger trees; this shortens pupation time, and
adults are sometimes seen in late February, perhaps avoiding early Photuris
predators; also, their first-stage larvae may avoid competition from larvae
of another species (Py. limbicollis) during early development (jel, 1997).
Py. limbicollis larvae pupate on the north side and lower on smaller trees.
Aspisoma species probably also hang up to pupate; they are almost

exclusively tropical but single speci-
mens of two species have been collected
at southern-most localitiesin Florida
and Texas.
At the far left are two borealis pupae

hanging out of their larval skinsfrom a
& brokentwigin aswamp forest in
'4 Gainesville, Florida. One has just
 emerged and has not yet tanned. At the

(. near left is aborealis pre-prepupa, a
W larvahanging, beginning pupation.
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Adults. The reproductive activities of adult fireflies are: mate-finding

Photinus indictus,
sniffing,

near Lake
Champlain NY

and selection, copulation, oviposition, and dispersal. Females of Photuris
fireflies—and possibly males too, although evidence is equivocal—are
predators of other fireflies. Females of afew Photinus—with none yet
known in Pyractomena or Photuris—are flightless and not known to have
long-winged forms, nor known nor suspected to be transported by males
or other means, other than floodwaters and organic drift, such as sod
islands and logs. Known females of glowworm fireflies are flightless;
those of daytime dark fireflies are winged, excepting those of a certain few
Pyropyga nigricans populations found occasionally along lake-side
strands, wetland sites, and montane valleys (jel, 1999), and Lucidota
luteicollis. There are no documented cases of parthenogenesis, either
obligately or facultatively. Male genitalia are of taxonomic value and are
used to distinguish among working/operational species or species groups.
They are especially useful in Photinus and Pyractomena; extrusion or
extraction of them is simple in freshly-killed specimens. They hold some
promise in Photuris, and voucher series are being examined/compared.
Daytime Dark Fireflies. Habiti of five genera are shown on pages 4
and 5. Malestypically seek mates by homing in on chemical signals or
cues that females emit. In some species (Ellychnia corrusca, Lucidota
atra, Pyropyga nigricans, Photinus indictus), males have been observed to
fly to gauze-caged (captive) femal es—after detecting female pheromones
males fly upwind, which takes them (“crudely?’) toward the source. Then,
some probably use visual cues (reflected light) when they near the source,
such as a black body against a green leaf. Black-body visual orientation
may be the only method used by the Fairy-Ring Firefly (Photinus cooki),
a“recently” evolved day-time dark species that that does not appear to use
long-distance pheromones, but instead has twice been seen in numbers at
the leafy tips of branches near a creek and alake in late afternoon. Support
for such black-body orientation comes from observations on a twilight-
active lightningbug: Theodore Burk found that males of the Big Dipper
AW Firefly (Photinus pyralis) were more apt to aim their FPs toward
SIppI. vegetation that had a female-like dark spot on aleaf. A single specimen of
the male/femal e flightless European Phosphaenus hemipterus was found in the 1950sin Nova
Scotia, presumably its ancestors having been dumped along shore with shipping ballast during
the Napoleonic Wars, along with many other insects and plants. This dark firefly apparently has
spread beyond its initial introduction, or had a separate introduction, for it has since been
collected further west in Canada. Single specimens of a Mexican species, the Broad Black

| Fi refly (Tenaspis angularis), have been collected widely in North America since the mid 1800s,

and until recently were suspected of being merely
occasional immigrants that never successfully colonized.
Collection of an occasiona second specimen within afew
years at afew localities, and the recent discovery of an
apparent active population in Gainesville, Florida,
suggest that this species may actually be established at
certain locations. A climate change that totally eliminates
deep freezesin the deep south could perhaps be the key to

N . Phosphaenus (ﬁ
naturalization. P

Glowwor m Fireflies. Pioneers of firefly communication, Frank McDermott and K. G. Blair, made the distinction
between System |, with an advertising attractor, and System |1, where the attractor waits in the dark and emits her
attractive signal-response when she sees the appropriate FP (originally referred to as systems aand b). In nocturnal
species in which females emit light but mate-seeking males do not (Pleotomodes, Pleotomus, Microphotus, most
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Phausis), males fly about their activity spaces seeking glowing females
(Signal System I). Males of some glowworm fireflies have a distinctive
appearance, with bulging eyes and pale bodies. The glowworm signal
system is analogous to a pheromone system in that females broadcast the
attracting signal, but the range is shorter. Males of Pleotomodes may light
up after they have reached their glowing female; those of Phausis
reticulata glow during aerial search and non-glowing females light up
when they see an illuminated male; such alight-up-response is the key
element of the Lightningbug Firefly flash-answer, signaling system.

In the glowworm firefly Pleotomus pallens a combination of signal
channels may be used, with males first detecting a pheromone at a
distance. Their huge and robust, branched antennae would presumably
increase the surface area available for arrays of chemo-detector organs,
though these may also be used in jousting. Species of Microphotus,
Phausis, and Pleotomodes may also use pheromones, but their simple(?)
antennae yet give no hint of this. Perhaps males of Pleotomodes cue in on
odors emitted by ant nests and then see glowing females at nest entrances.
Males of Phausis, Microphotus, and Paraphausis have a puzzling,
seemingly structureless bead on their terminal antennal articles
("segments"). Two Lamprohiza splendidula specimens, a European
species, turned up in the mid 19th century, onein Illinois and another in
Maryland; perhaps they were hoaxes or from intentional introductions that
failed—and/or were mislabeled. Occasionally large Phausis reticulata
archived in collections have been misidentified L. splendidula.
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Larva, or female, and a male of Celonese Lamprigera tenebrosus,
imported into Hawaii in the 1950s to control the African snail; these
borrowed specimens courtesy of N. Ohba.

Lightningbug Fireflies. Males of many genera throughout the World, especially Americaand Asia, emit their
mate-seeking flash patterns (FPs) as they fly about (patrol about/within) their habitat (activity space) in flight-paths that
are characteristic and often diagnostic of their species. When females of such a species see the FP that is characteristic of
males of their species, they flash the answer that is characteristic of their species. In America north of Mexico, flashing
species belong to the genera Photuris, Photinus, Pyractomena, Micronaspis, and Bicellonycha—also, single specimens
of Aspisoma, a Neotropical genus, were collected in southern Texas and at the southern end of the Florida Keys. There
may also be an undiscovered mystery genus near Luciola (an Eastern Hemisphere lightningbug genus), near Uvalde,
Texas, the original specimens reported by JW. Green have not been relocated, and no populations were found in field
searches during two seasons.

Other Continents/Hemispheres, Other Systems Protocols: Some Asian
lightningbug species have mating behaviors of such apparent complexity that the
use of the term Sgnal System as long understood, seems an inadequate general -
ization. | first used the term protocol when describing complex mating behavior of
New Guinea Luciola and Pteroptyx (now Medeopteroptyx) Lloyd, 1972ab; 1973).
The reason for the evolution of such complexity would seem to be that in the
absence of Photuris predation there has instead been selection for factors relating to
mate competence/quality and competition. Many species form sedentary swarms
where males and femal es presumably examine/evaluate each other at length(?),
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and whatever they are learning islost to the human viewer—humans cannot
easily see, or smell or taste what might be influencing mating decisions.
And, like the Age of Elegance on the Continent, in some species everything
appears programmed and ritual. Photurines, Photuris, Bicellonycha, Pyro-
gaster, and others, would quickly eat such sedentary signal ers—as perhaps
they, that is, their ancestors, once did as they themselves were evolving their
carnivory—were they to occur in the Americas.

Asian species and their protocol s are important to examine because of
the contrast the details their behavior provide for understanding the fireflies
Chao Phraya River, firefly mangroves of history of the Americas, these latter being the products of an “American Wild

' " West.” That is, there is a natural, inter-hemisphere experiment for such
comparison. Here are two examples of easy Eastern-
Hemisphere targets: (1) The mating behavior of the New
Guinea Diamond-Back Firefly (Pygoluciola [nee Luciola]
obsoleta, Madang region) includes an initial, perched-
flashing period, and both agerial races and chases with
bumping (combative dog-fights?) in its protocol; after further
interaction at the landing site (dances), couples join and stay
together until sunset the following day. Example (2): Severa
species of bent-wing firefliesin New Guinea and southeast
Asiagather in large groups, where the more renown species
synchronize their flashes, thus producing alarge beacon
effect to which other fireflies are attracted. After close rap-

s
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Synchronized flashes result in an epiphenomenal* i - i
magnet, composed of spatially integrated local arenas. ,prOChe_ment' males of Pte',’()ptyx Va],lda' a,non Sy,nChromzer
*epiphenomenal: a secondary effect arising from in Thailand, mount and display their genital regionsto
but not causally influencing courted females, perhaps revealing their mating status or

their previous successes, or availability of connubial gifts;
after coupling they clamp femalesin avise that is formed by
the bent tips of their elytra (upper jaw) and sclerites at the
ventral tip of the abdomen. Males then make internal
adjustments and insert a mating plug (Wing et al, 1983;
Lloyd, et al, 1989).

However, of special value and perhaps greatest importance
for comparison with American lightningbugs may be the
mating behavior of those Asian species that outwardly exhibit
behavior similar to that found American species, but as far as
known, have no history of natural selection by Photuris or
Photuris-like predators. It should be reasonable to expect a
compl ete absence of extreme counter-measures and deceptions
in their signaling, excepting those relating to the avoidance of
mate competition and the seduction of prospective partners.

Clamp: elytral tip and ventrite tip (ET, VT), female held, action inside,
Tail bent around, opened in face, clamp sectioning and study by Steve Wing (Symposium Slide)
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