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ABSTRACT

The larviform females of Microphotus LH (unidentified species) 
wander about in the leaflitter, emitting casual glows, random in their 
duration and interval, from light organs in the terminal abdominal 
sternites. Such emissions are termed "truly larviform light," in con
trast to the uniform, continuous glow of closely related species. The 
nature of these emissions lends support to the hypothesis that adult 
light organs arose from the persistence of the larval Tight organs 
through the pupal stage. Females of M. pecosensis Fall assume a 
motionless "C" shaped posture, directing their continuous glow upward, 
in advertisement to their alate,. searching males. Females of 
M. dilatatus LeConte twist the abdomen 180°5 and wave it to accomplish 

the same effect. These differences are suggested to be the result of 
sexual selection acting upon females that display the most commanding 
lure.
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INTRODUCTION

Green (1959) laid down the foundation for our understanding 
of the taxonomy of Microphotus, recognizing 7 southwestern species 
on the basis of male morphology, and organizing them into a workable 
key. The females are undescribed or inadequately described, and the 
literature holds no mention of the larvae. In his revision, Green 

mentions that the light organs of Microphotus are not apparent in 
the (dead) males and females. McDermott (1958) stated that 
presumably the Microphotus behave in a manner similar to Lampyris 
(see below). He (1964) described the males as being Malate and 

but slightly luminous,n and the females as "brachelytral, larviform, 
and luminous." No prior literature exists to support these 
statements of luminescent ability. Roth (1969) published a feature 
photograph of a luminescent female Microphotus, and Hogue (1974) 
mentioned that the female of the Pink Glowworm (M. angustus LeConte), 
and occasionally the male, gives off a continuous, luminescent glow. 
The only other mention of behavior is by Lloyd (1978, 1979), who set 
out a living female of the California species, M. angustus, in a 
Florida locality for Lampyris knulli Green to see if she would attract 

a contrageneric male. His attempt was thwarted when she was seized 
from her perch and eaten by a southern toad.

The eastern United States and Old World genus Lampyris is a 
morphological analogue of Microphotus, and the mating behavior of
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L . knulli and L. noctiluca L. has been described (Lloyd 1966, Dreisig 
1971, 1974). The females emerge at dark and expose themselves in 
open areas or on perches. They glow continuously from the last 3 
abdominal sternites, in advertisement to the flying males, and dim 
or turn off their lights and retreat into the ground when mated.
This glow-find system of firefly communication is referred to as 

signal system I. Signal system II involves a species-specific 
signal from both sexes (e.g. Photinus), and it is suggested that 
system I is primitive, and the evolutionary precursor of system II 
(Lloyd 1978).

My study began with the generalization that the females 
of Microphotus are probably all larviform, and use their luminescence 
to attract their alate mates, whose enormous, dragonfly-like eyes 

(Figure 1) facilitate their search for what amounts to mere sparks 
bn the ground. This, would place the genus in system I, and 
documentation of their habits may shed light on evolutionary 
considerations.
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Figure 1. Head of M_. dilatatus , male. Line equals 1 mm.



MATERIALS AND METHODS

I visited localities of male specimens'of Microphotus 
pecosensis Fall by day, learning the foot trails, landmarks, paths of 
waterways and how to cross them in the dark. Areas with infrequently 
used roads that parallel streamsides were searched at night by driving 
slowly without headlights so that maximum yardage could be covered.
I found no difficulty in spotting the female luminescence with peri
pheral vision. In this way, I located 9 females at Indian Greek 
Campground, Prescott National Forest, Yavapai County, Arizona 60001 
(1800 meters). I observed their behavior on each consecutive day of 
the week of June 19 to June 23, and on June 28-29, 1980, and recorded 
the mating protocol from observations of 6 male-female encounters. I 
observed 4 more females and 1 male-female encounter on June 26, 1980, 
at Scotia Canyon, Huachuca Mountains, Cochise County, Arizona 60001 
(1800 meters) .

I located a population of Microphotus dilatatus LeConte in 

northwest Tucson, along an ephemeral tributary of the Canada del Oro 
from a report by Gary Nielson, a resident of that area. I observed 
7 females of this species on each consecutive day from July 23 to 
August 6, 1980, and recorded the mating protocol from observations 
of 2 male-female encounters.

Four females of Microphotus LH (unidentified species) were 

collected by Lois Hawk of Riverside County, California, and myself at
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Madera Canyon, Santa Rita Mountains, Santa Cruz County, Arizona 
55001 (1680 meters), 19-21 May, 1980. I have assigned code letters 
as the species epithet since no males were found in association with 
them.

When females were located, they were moved to the center of 
a beating sheet so that observations on male approach could be made. 
This was done very carefully and with minimum help from a flashlight 
to avoid disruption of natural behavior patterns. They emerge from 
holes or crevices, and when these retreats were found, they were 
marked and then later excavated for larval exuviae. Though some 
nights did not yield any males, the females were allowed to retreat 
back into their crevices and watched for the following evening. 
Removing and caging the females usually results in malperformance the 
next night, or death.

Techniques for preserving the soft body of female specimens 
are still in the experimental stage. The larval and female head 
capsule is retracted deep into the prothorax when the animal is 
killed, and KAAD (kerosene, glacial acetic acid, dioxane) injection 
techniques used by lepidopterists are unreliable in preserving the 
specimen with the head extruded. I suggest ether injections followed 
by warming with a low intensity bulb, or gently squeezing the live 
body until the head appears and then spearing the neck with an 
insect pin. The insect can then be dropped into fixative or dried 
by critical point or sublimation techniques.



RESULTS

Microphotus pecosensis Fall 1912
The females of this species are yellow in color, with soft pink 

notal and sternal margins. Their eyes are without any trace of facets. 
Their spiracles are tubular; the tubes are thin-membranous, and sunken 

in pits of the outer of 3 folds of each pleurite. The pits become more 
shallow with each consecutive pleurite from base to apex (Figure 2).
Their mandibles are porrect, flat, soft, and blunt. The mandibular con
dyle is weakly sclerotized. The articles of the maxillary palps are 
fused into large, capitate structures that probe the ground as the animal 
moves (Figure 3). The distal articles of the antennae are fused, result
ing in clavation. These articles are annulated with fusion scars that 
may or may not be complete around their circumference. The fusion is 
stabilized at 6 complete segments. The tarsal formula of the females is 

always no greater than 4-4-4. Reduction of tarsal articles appears to 
occur by gradual shrinkage and deletion rather than fusion, and formulae 
of 4-4-4, 4-4-3, and 4-3-4 were counted. The luminescent patches consist 
of 2 circular areas, one in each pleurite of the 8th abdominal segment, 
and 2 rectangular.areas, each occupying almost the entire length and 

breadth of the ventral surface of the 6th and 7th abdominal segments.
At Indian Creek Campground, the initiation and conclusion of 

the overall mating period was not synchronized between the sexes as 
it is for their European counterpart, Lampyris noctiluca Linn.
(Dreisig 1971). The first females appeared at a time when the number
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Abdominal spiracles and microtrichia of M. pecosensis, female.
A) Third spiracle. Line equals 0.1 mm.
B) Eighth spiracle (arrow) is sunken in the shallowest pit. 

Line equals 1 mm.

Figure 2.



Figure 3. Head of M. pecosensis, female. Dorsal aspect. Line 
equals 0.5 nrrn. 
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9
of males at blacklight reached its peak, and were actively advertising 
for one week after the end of the male flight.

All females were found along the highest banks of streamsides. 
The larvae were not seen, but they probably feed along the shore and 

migrate upward to pupate. The females use a specific rock as their 
retreat; as soon as the sun sets, they emerge from under it thru 
channels in the rock-dirt interface made by rain or fossorial arthopods. 
They are glowing when they first appear and continue to do so as they 
slowly crawl a few centimeters away seeking an area where they are in 
full view from above. The perch they settle for isn't always unob
structed; females were found advertising below the highest layer of 
pine needles or under the dome of bushes. The same perch isn't always 
used each night as is the "home rock." If a flat area is found they 
will stop, grasp the ground firmly, and curl the abdomen under so that 
the terminal sternites face upward. This "C" shaped posture is always 
assumed in this species (Figure 4). If their rock is surrounded by 
leaflitter they may grasp a protruding blade or the flat of a midrib, 

if in a bed of pine needles they may dangle from a horizontal needle 
by hanging the thorax over it and curling the abdomen upward. They 
remain motionless in this posture, glowing continuously and uniformly 
as they wait for a mate to arrive.

In one case, a female settled for a loose pebble as her perch, 

the diameter of which was about the same as the arc of the posture 
she tried to assume. But when the abdomen left the ground to curl 
under, the pebble rolled over. She twisted to right herself, and 
instead of abandoning it, she approached it from 3 other directions,
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Figure 4. Advertising postures and their probable evolution.



falling over on her dorsum each time. Eventually the right counter
balance was achieved, and she began her wait.

After the advertising bout of any given evening, the females 
crawl back along the same short path from which they emerged, and in 
this way return to, or very close to, the original site selected by 

the prepupal larvae. Females travel only a few centimeters from this 
site in their lifetime. The larval wanderings are concluded to be 
responsible for species dispersal.

Males drop out of the night sky from an unknown height, land 
15-30 cm away from the female, and walk-hop to her: They walk for
about 5 cm, then open their wings and flit for about 5 cm, then 
walk, then flit, and so on until she is reached. This was observed 
on the beating sheet where there is no debris in their path. The 

males show no trace of luminescence. When a male reaches a female, 
he continually palpates her thoracic nota while mounting. She 

uncurls her abdomen slightly so that he can copulate, but otherwise 
remains motionless and continues to glow at full strength.

The search for females is on a first come, first served basis; 

late arriving males may quietly linger about the mating pair, but 
were never observed to usurp males in copula. The length of time in 
copula is at least an hour; thereafter, males were observed to dis
mount, take to wing, and be replaced by other lingering males.

Females will retire back under their f,hpme rock” after about 
I k hours whether in copula or not. The stiff, posteriorly directed 
microtrichia (Figure 2) aid in the passage of their soft, pliable 
body thru the narrow channels of the rock-dirt interface, much in the
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same way as a spikelet of foxtail grass. There are no other fossorial 
modifications; the short, fragile legs and thin pronotum cannot do 
anything more than push and aim. If present, a copulating male is 

forced off at this time; females were seen appearing and assuming the 
advertising posture while actually in copula, and these males were 
seen to be lingerers from the night before.

Toward the end of the flight period, females were found 
advertising while so distended with eggs that they could hardly curl 
their abdomen under. Dissection of one female revealed the capacity 
for production of about 50 eggs.

In one case, a male of M. pecosensis landed and approached 
a female in the r,CM shaped posture, crawled about and upon her for 

20 sec, palpating the notal areas continuously without any genital 
exsertion, walked away for 30 cm, then came back, reinvestigated her 

in the same way, and finally flew off. This female is macroscopically 
similar to M. pecosensis, and was probably M. octarthrus Fall.

Microphotus dilatatus LeConte 1866 
This species is the only known desert inhabitant of the genus, 

and the only one known to be active late in the summer, in conjunction 
with the monsoon rains. The females have the same general morpho

logical facies as cited for M. pecosensis.
Females were,observed to use a hole of any sort as their home 

site, emerging from abandoned spider, ant, or rodent burrows that are 
deep enough to protect them from daytime temperature extremes. The 

evening to evening emergence of females is scheduled as with
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M. pecosensis; females were found surfacing to the shadows of the hole 
orifice at dusk, and then proceeding out a few centimeters at dark 
to assume their advertising pose. It might be that the fall in temper
ature initiates their emergence to the surface, where they wait for 
the right ambient light intensity.

The females of this species always advertised by twisting the 
abdomen so that the ventral lights face upward, unobstructed by the 
body (Figure 5). In all cases except one, they crawled a short dis
tance from their hole, sometimes still beneath the dome of a bush, and 

clung to the ground while twisting; one female was found to have 
climbed up into the center of a bush and twisted while grasping a 
slender branch (Figure 4). The females do not remain motionless while 
advertising. Instead, they slowly wave their lights, the abdomen being 
free to do so, and will occasionally reverse their twist from one side 

to the other, most frequently when engorged with eggs.
Males drop out of the sky from an unknown height and touch 

down actually on top of the female. She stops glowing when thus 
jarred and untwists her body to receive him. The male palpates the 
notal areas (Figure 6), copulates for 2% minutes (Figure 7), and then 
flies directly off her body, probably in search of other females.

The male shows no trace of luminescence. Copulated females were 
observed not to readvertise later in the same night * but may possibly 

do so on future evenings. The yellow color of the female's dorsum, 

which is actually derived from yellow fat bodies that can be seen
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Figure 5. "Abdominal twist" of M. dilatatus
equals 1 mm.

female. Line
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Figure 6. Palpating action of male M. dilatatus. Line equals 1 mm.



I— I

Figure 7. Mating pair of M. dilatatus. Line equals 1
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through the translucent integument, turns gray after 6 nights of 
advertising, possibly due to depletion of this food reserve.

Larvae were active during the first week of the study 
(Figures 8 and 9). They emerge at dusk from the leaflitter pockets 
under desert trees, or from the bases of grass bunches along the 
ephemeral waterway. Their habits are typical of lampyrid larvae in 
general (Lloyd 1978) ; they wander about in no apparent pattern, 
covering perhaps several meters in one night, and emit casual glows 
of light from the 8th abdominal pleurites. These glows and the in
tervals between them are random in duration.

When moving, the larvae and females supplement the legs by 
curling under and then straightening out the abdomen. The larvae 

have a group of very sticky, extensile, anal filaments which they 
inflate while the abdomen is being curled under, plant into the 
substrate when that motion is complete, grip the substrate while the 
abdomen is being restraightened, and then release and retract the 
filaments back into the abdomen after each vault. This apparatus 

does not persist into the adult female as it does in Pterotus 
(Dean 1979). Instead, females of M. dilatatus, and also M. 
pecosensis, prod the body along with the same curling motions using 
the posterior margin of the pygidium and the posterior margin of the 
last sternite, the latter of which is bilobed and clothed with rigid 

setae in both species.

?!Larviformu is a very loose term that is applied to any insect 
whose general appearance is more larva-like than adult-like. Female 
Microphotus were termed larviform by earlier authors (McDermott 1964,
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Figure 8. Larva of M. dilatatus. Line equals 1 mm.
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Figure 9. Larval head capsule of M. dilatatus. Line equals 0.5 mm.
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Green 1959, LeConte 1881), although the larvae of the genus were 
unknown prior to this investigation. Table I summarizes the differences 
between the females of M. dilatatus, and their larvae. Presumably all 
Microphotus larvae are consistent in general morphology and behavior.
All known lampyrid larvae are luminescent (McDermott 1958, 1964,
Crowson 1972), and, with a few exceptions (Lloyd 1978), the locations 

of their light organs are the same as mentioned above for M . dilatatus 
larvae.

Microphotus LH (unidentified species)
The antennae of these females have 7 to 9 uniformly moniliform 

articles, with only slight traces of fusion (Figure 10). Their tarsal 
formula is 5-5-5.

These insects emerge from the leaflitter at any time from the 
first to the third hour of dark. They do not assume a characteristic 
advertising pose immediately after emerging; instead, they wander 
about in the leaflitter turning their lights on and off randomly in 
the same manner as do the larvae of M. dilatatus. No other behavioral 
information is presentable at this time.
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Table 1. Distinguishing features of the larviform condition of 
Microphotus.dilatatus.

LARVA ADULT
LARVIFORM IMAGINAL

EYES simple simple
ANTENNAE 2 sclerotized 

segments; 2 
apical dent
icles

1 apical 
denticle

6 sclerotized 
segments

MANDIBLES acute, curved
retinaculum
present

porrect, flat 
blunt

DORSUM no trace of 
wings; undif
ferentiated 
nota; median 
longitudinal 
sulcus present

no trace of 
wings; undif
ferentiated 
nota; median 
longitudinal 
sulcus present

VENTER coxae small, 
cavities wide
ly separate 
1 claw

coxae small, 
cavities wide
ly separate

2 claws
LIGHTS 8th pleurite, 

nowhere else
8th pleurite 6th and 7th pleu- 

rites and sternites
INTEGUMENT soft, pliable, 

black with 
pink margins

soft, pliable
yellow with pink 
margins

MOTION ambulatory 
abdomen; 
filaments 
present

ambulatory 
abdomen;

filaments
absent
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4

Figure 10. Head of M. LH. female. Dorsal view. Line equals 1 mm.



DISCUSSION

The question arises as to whether the random emissions of 
Microphotus LH females are communicatively significant or not. In 
the above reports of M. pecosensis and M. dilatatus, the light is 
manifestly used as a beacon for sex location; such is not the case 

with M. LH. The emissions of the last are whatL I call "truly 
larviform light."

Since all known Microphotus males have eyes of approximately 
the same size as M. dilatatus (Figure 1) (Green 1959), it can be 
argued that those of M. LH do indeed search for and descend to the 
female's transient emissions. Under this premise, natural selection 
would logically operate upon those individual females that are 
capable of sustaining the longest, most commanding lure. It has been 
recognized (Gorham 1880) that in lampyrids, the greatest disproportion 
in the amount of light shown by the sexes is seen in those species 
which have apterous females, and is correlated with the greatest 
development of the male eyes. In the apterous condition the usefulness 
(his emphasis) of light in attracting the more volatile partner is 

greater than ever.

Several points compel me to suggest that these selective 
processes may have been responsible for speciation in Microphotus.
The information flow from a female Microphotus to a searching male 
is simplistic; it conveys sexual receptivity and location only.

23
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Other parameters, such as perch location adjustments and territoriality 
as in katydids and cicadas in response to competition, as well as 
the adjustment of complex song repertoires to outsignal rival neighbors 

(Alexander 1975), are not criteria in the evolution of Microphotus.
The precopulatory palpating action of male Microphotus may be a mech
anism to isolate them from sympatric species, but males must find 
females first, in order for this or any other mechanism to work. The 
chief element of significance to the searching male is the visibility 
of the light. Searching males have a choice as to which "spark" to 
descend to, and can compete with each other only by the rapidity of 

their search and the accuracy of their descent. This is demonstrated 
in the differences between search strategies of M. pecosensis and 
M. dilatatus.

Similarly, females can compete for males only by outsignaling 
each other. Sexual selection may have acted to produce a continuous 
glow and waving action; the non-ambulatory pose probably arose as an 
incidental effect, since when the ventral lanterns are directed into 

the vault of the sky, the body cannot travel.
Fusion and reduction of tarsal and antennal segmentation are 

underlying themes in the evolution of the Microphotus. I consider 

M. LH to be the most primitive of the 3 species discussed because the 
fusion of the female antennal segments is the least pronounced, and 
reduction of tarsal segments is not indicated in the 4 specimens 
collected. Leng (1920) states that the tarsi of any primitive beetle 
must have been composed of 5 equal, unmodified joints and that the 

tarsi of a less number of joints must be regarded as derivatives
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from the primitive form. Since3 according to Dollo’s Law, a part once 
lost or reduced to a vestigial condition cannot be regained in pro
gressive evolution, a 3-jointed tarsus must be a derivative of a 
4-jointed tarsus and not vice-versa. There is as yet no way to 
determine whether or not article fusion and reduction occurred con- - 
comittantly with the evolution of the light mediated mating system, 

from the same selective pressures.
It has been suggested that ancestral lampyrids were actively 

luminous in the larval stage only, and that the development of function 
al organs in the adult stage and their extension to the 6th and 7th 
abdominal sternites came later (McDermott 1964), probably by the per
sistence of the larval light organ through the pupal stage (Crowson 
1972). An argument for this hypothesis is presented by McDermott 

(1964), as follows: Species which are not luminous in the adult stage 
have larvae which are luminous. All known species in many genera are 
nonluminous as adults, but still retain spots or flecks in the location 
of the usual larval light organs on the 8th ventral segment. Many 
species which are luminous in the adult stage retain the larval organs, 
although these may be nonfunctional or only briefly so.

The behavior of M. LH gives new support to this hypothesis 
because it is the first to provide documentation of larviform light 
emission in a larviform female. The light mediated mating system of 
Microphotus may have begun from this pupal carryover, but the lack of 
intermediate steps such as continuously glowing, mobile females, or 
stationary, larviform light emitters places this idea in the realm of 
speculation.
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