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The signals of bioluminescent communication in fireflies ( Coleoptera:
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Abstract : Bioluminescence is the phenomenon of light production by living organisms. Organisms that are bioluminescent
include certain fungi and bacteria that emit light continuously. Organisms can emit light continuously parasitized by luminous
bacteria. Other bioluminescent organisms have unique light organ and emit light regularly. Functions of bioluminescence
include sexual communication, prey attraction, warning, intimidation of predators, illumination, camouflage and population
regulation. Firefly (Coleoptera: Lampyridae) typically flashes from the species-specific light organs and larvae glow from a
paired light organ. The luminous display of firefly adults serve to communicate an individual’s sex. species and exact location.
Secondary functions for luminescence of other new world Photuris fireflies is mimic other species of fireflies” sexual flash signal
and prey on them, but the primary function of luminous behavior in adults is to facilitate pair formation. Some firefly species do
not produce light as adults and may rely exclusively on pheromones for pair formation.

The sexual flash signal of fireflies normally consists of dependent elements to be considered as light organ shape, spectral
composition, movement and time. The delivery, identification and female answer to male advertising signals appear in a variety
of protocols or systems. Two different views about the classification of flash communication systems of fireflies are presented.
According to the different male flash signals and female answer to male flash pattern of new world fireflies, the firefly flash
communication systems are considered as two types, System [ and System [ . Firefly species in other parts of the world have
mating systems that deviate from those of Signal system I and System I . According to the various male f{lash signals, female
answer and sex pheromone of old world fireflies. One different classification scheme are designated as 6 types, System HP,
LL, LC, PR, CR and LLB. Though the use of light signals imposes certain restrictions upon fireflies, ecological adaptions can

enhance flash communication in fireflies efficiently.
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It’s an established fact that the bioluminescent displays of adult fireflies are used as courtship signals; however, the
survival value of the glowing behavior of their larvae is commonly considered as an aposematic signal upon predators. The
latest hypotheses about the origin of photic behavior and evolution of sexual communication in fireflies is that the ability to
produce and emit photic signals is first gained by larvae and appear to function as an aposematic warning display; it is
subsequently gained in adults and is used as a sexual signal; the pheromonal sexual signal are used basically in Lapyridae, they
are used in conjunction with and then subsequently replaced by photic signals in some Lapyrid lineages. In addition, some
genus Photuris fireflies of new world appear to evolve from congeneric sexual signals to mimic the female sexual answer signals
of other genus fireflies to prey on male fireflies, which called “aggressive mimicry or predation dialogue”. The flash signals of
old world fireflies evolve in different direction with new world fireflies for the absence of the pressure of “aggressive mimicry”.
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Fig. 1 Different light organs of fireflies™’
1. Lychnuris rufa, 5 2. Photinus scintillans , 3 3. Pyractomena sp. » 5 4. Luciola sp. » 3 5. Luciola chinensis, 3 6.
Callopisma sp. » 5 7. Robopus montanus s 8. Luciola cruciata . 5 9. Photuris sp. » s 10. Photinus scintillans, ; 11.
Luciola lateralis, s 12. Pleotomus sp. s 13. Luciola lusitanica, 3 14. Lampyris noctiluca s 3 ( )

1. Lychnuris rufa, female; 2. Photinus scintillans, male; 3. Pyractomena sp. » female; 4. Luciola sp. » male; 5. Luciola chinensis, male; 6.
Callopisma sp. » female; 7. Robopus montanus, male; 8. Luciola cruciata, male; 9. Photuris sp. » female; 10. Photinus scintillans, female;
11. Luciola lateralis, male; 12. Pleotomus sp. , female; 13. Luciola lusitanica, female; 14. Lampyris noctiluca, female; (The dark areas

show the shape of light organ)
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Fig. 3 Flash signals of different species of fireflies

A Luciola s , 3 (1~3) L. japonica : (1)
s (2) , (3) , (4~5) L. cinqulata s (4) s
(5 , (6) L. nrcarinata bl
B Photuris trivittata L“d” Aspisoma sp. ;(a) 3 (b)
5 5 (¢) 8.3 s (D) Aspisoma sp. ; (e)
;s (I, @) 3 (b 3 (~D
4 [18]

A Chart traces of flash signals from Thai Luciola fireflies, Horizontal axis, time as indicated by time-lines; vertical axis, relative
intensity; (1~3) L. japonica: (1) Train of male flashes, fast rate, (2) Sample of variation in bimodal flashes, (3) Flicker of landing
male, (4~5) Flashes of L. cinqulata: (4) Male flash pattern (advertising flash), (5) Two sections of a sputtery flicker emitted by a male
after be received a response to his advertising flash, (6) Simulated flash pattern of male L. nrcarinata™"

B Chart traces of Photuris trivittata flashes, except for “d” an Aspisoma sp. ; (a) Single flash of male; (b) five single {lashes in sequence
emitted by a perched male; (¢) modulated flash of about 8.3 Hz; (d) modulated flash of Aspisoma sp. ; (e) flashes of female with short
train of rapid flashes; (f, g) individual female flashes; (h) train of bimodal rapid flashes of a perched male; (I~1) four types of male

flashes form train from the train of bimodal rapid flashes of a perched male[!®
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