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INTRODUCTION

The production of light in living tissue, although confined
to relatively few species, is widely distributed among living
•organisms. It is rather common in molds and bacteria and
it is found in representatives of all classes of animals including
vertebrates where it is especially common among certain groups
of fishes.

In some cases, the molds for example, it is exceedingly diffi-
cult to conceive of any possible biological significance that lumi-
nescence may have. In others it is highly probable that it is
•closely associated with fundamental phenomena in the life of
the organisms. All sorts of suggestions have been offered with
reference to the function of the production of light in different
species. In some it is considered to be mainly a secondary
sexual characteristic; in others it is supposed to serve primarily
AS a lure for prey; and in still others as protection against enemies.
Among the most novel of such suggestions that I have seen is
•one presented by Dubois, a prominent naturalist, who main-
tains that certain tropical birds capture firerflies |ind fasten
them to the soft clay walls of their nests and that the light
which they produce while thus situated protects the nest against
-snakes.

While some of the hypotheses which have been offered will
probably eventually be found to hold for many different species,
•only in very few cases has the function of luminescence thus
far been well founded, in fact, it has been clearly established
•only in one case.1 Galloway found (1908) that in the annelid,

1 After the main part of this paper was completed there appeared an article
by McDermott, in the Canadian Entomologist, Dec, 1911, in which the author
presents strong evidence in support of his contention that luminescence in the
fire-flies, Photinus pyralis, P. scintillans, and P. consanguineus, functions primarily
.as a secondary sexual character. In this interesting paper McDermott also calls
attention to observations made by Osten-Sacken on Photinus pyrahs in Washing-
ton, D. C, 1861. These observations, which were described in the Stettmer Ento-
mologische Zeitung, also demonstrate fairly conclusively that in this species the
production of light functions in mating and this appears to be the first record bear-
ng on the biological function of this phenomenon that is in any way conclusive.
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Odontosyllis enopla, just before mating, which probably occurs
periodically about even.'' 26 days during several summer months,
the females are found at dusk swimming about near the surface
of the water. At first they are only very slightly luminous, but
later they quite suddenly become acutely phosphorescent, par-
ticularly in the posterior three-fourths of the body. At this
phase they swim rapidly through the water in small, luminous
circles two inches or more in diameter. " The male first appears
as a delicate glint of light, possibly as much as 10 or 15 feet from
the luminous female. They do not swim at the surface, as do
the females, but come obliquely up from the deeper water. They
dart directly for the center of the luminous circle and
seize the female with remarkable precision, when she is in the
acute stage of phosphorescence." No more light is produced by
either individual after mating. Galloway leans toward the opin-
ion that the luminosity in the male is useless and that phosphor-
escence is a by product of a form of metabolism. I assume he
would maintain that the origin of this phenomenon was acci-
dental and had no connection with its present function in mating.

In all other instances the conclusions as to the function of
luminescence are either purely speculative or are based mainly
upon structural evidence such as the more highly developed
and larger eyes in the active male fire-flies as compared with
the relatively small ones in the comparatively inactive females.
Mangold says (1910, p. 328), "Leider sind wir in der Frage nach
der okologischen Bedeutung des Leuchtens fast ausschliesslich
auf Hypothesen angewiesen."

It is not my purpose to review the very extensive literature
on the subject of luminescence in organisms in its different
phases. This has recently been very well done by Mangold
(1910) who has brought together in his bibliography 649 titles,
an enormous number, testifying to the general interest in the
subject.

MATERIAL

I took up the study of the behavior of fire-flies 2 in the neigh-
borhood of Smithsburg, Western Maryland, early in June, 1911.

2 Dr. F. H. Chittenden of the Bureau of Entomology, Washington, D. C, kindly-
identified a number of specimens of fire-flies captured at Smithsburg and pro-
nounced them to be Photinus pyralis. Among these specimens there were some
which were much smaller than others of the same sex, and I was of the opinion
that they represented a different species. Dr. Chittenden, however, concluded
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At that time the insects were very abundant. Dozens of them
could be seen at a time flying about over the lawn and garden
every evening. I do not know how early in the spring flight
begins but after the first of August there were onlv very few
seen, usually not more than two or three each evening. In
October some were still seen. They probably continue to appear
until prevented by frost.

The two sexes in the species studied are nearly alike There
is ordinarily but little difference in size, and the wings of the
female, contrary to what is found in many species, are apparently
as fully developed as are those of the male. The eyes, however,
are much larger in the male than in the female and the luminous
area is also much larger. In the male it covers the entire ventral
surface of the three posterior segments, in the female only a
portion of the ventral surface of the third. Thus, while the
two sexes are similar in general appearances, they can readily
be distinguished from each other.

HABITS

During the day time these fire-flies are found in dark crevices
or under ground. In the evening when it is still light enough to
read readily they come out. The males soon take wing and fly
about, glowing fairly regularly at intervals of about five seconds.
Owing to lack of proper instruments I was unable to ascertain
the intervals very accurately. However, I found-none less than
four or more than six seconds. The females climb to the tips
of blades of grass or onto other objects and usually remain
quiet; they do not fly. Among all of the specimens captured
on the wing during the entire season not a single female was
found. My notes contain a record of sixty-one specimens taken

that the small ones were dwarfs and that all are of the same species and identical
with the fire-flies most common in Washington If this identification is correct
my studies were made on the same species as were those of Osten-Saeken and the
major portion of those of McDermott. The reactions of the specimens found at
Smithsburg, however, differ in at least two important respects from those of the
specimens found at Washington judging from McDermott's description. He main-
tains (1) that the glow of the female is clearly of longer duration than that of the
male; and (2) that there is an interval of nearly five seconds between the glow of
the male and that of the female in response to it. I was unable to distinguish any
•difference in the duration of the glow in the two sexes at Smithsburg, and the
interval between the glows is very little if any over one second. It seems quite
remarkable that individuals of the same species should differ so much in their
response, especially when there is so little difference in their environment as is
found between Washington and Western Maryland.
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thus, and there were probably fully as many more captured on
the wing of which no record was kept. The wings of the females
are, however, as previously stated, fully developed and they
appear to have no difficulty in flying.

The males usually start to glow about ten minutes earlier in
the evening than the females. The average time of the first
.glow for seven different days, not successive, between July
12th and 30th was 7:40^ P. M. for the males and 7:51 P. M.
for the females. The time of the day the first glow appeared
was surprisingly constant throughout the season. It was re-
corded on eighteen days between July 4th and 31st and on
nine of these days it appeared between 7:35 and 7:40 P. M.
Throughout the entire time the variation was only from 7 .'35
to 8 P. M.

I have no evidence indicating that the fire-flies, as might be
expected appear earlier on dark, cloudy and rainy tdays than on
bright, clear days. Low temperature, however, seems to
retard their appearance. Specimens kept in darkness or in low
light intensity during the day did not become active earlier
than those under normal conditions. Males in darkness were
never seen to glow spontaneously during the day, although the
females were found to respond to artificial flashes of light at all
times, and on one occasion after several responses of females
to artificial light, a male nearby became slightly luminous and
then ran about in an apparently excited manner and glowed a
few times.

From the time the first flash of light for the evening is seen
in the open the number of glows gradually increases until a
maximum is reached between 8:30 and 9 P. M., after which
there is a rather rapid decrease. Comparatively few flashes
were seen after 9:30 P. M. and only rarely one after 11, although
occasionally one was seen after midnight.

Thus it appears that the activity of these creatures is a periodic
phenomenon to a considerable extent independent of immediate
environmental changes.

REACTIONS

The male insects fly about in a leisurely sort of way, gen-
erally from one to two meters above the ground and glow
as previously stated, at fairly regular intervals of approximately
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five seconds. The relatively long abdomen hangs down nearly
vertically, with the posterior end turned slightly up, so as to-
fully expose the luminous tissue to creatures below. The females,
on the other hand, ordinarily remain quiet and do not glow
unless they are stimulated. If a male glows within a radius of
five or six meters of a female she usually responds almost im-
mediately3 by producing a flash of light. The male then turns
directly toward her in his course and soon glows again. Fol-
lowing this the female again responds by glowing and the male
again apparently takes his bearing, turns and directs his course
toward her. This is repeated usually not more than two or
three times before he gets near her and lights. Then he runs
about in an apparently excited manner, glowing at irregular
intervals, but orienting after each response of the female and
proceeding toward her until his antennae come in contact with
her, after which copulation takes place at once and all lumi-
nescence ceases. It is a veiy simple matter to follow a series
of responses like this ending in copulation. The whole process
as described was seen in very many different cases. There
cannot be the slightest doubt as to the significance of the pro-
duction of light in the creature studied.

If there is no wind the male usually lights within a few centi-
meters of the female, sometimes actually striking her. Thus
they may come together in a very short time. But if it is windy
the male frequently lights some distance from •her-.and, especially
if he becomes entangled in grass and other vegetation, as often
happens, it may require many flashes of light, responses and
reorientations and repeated flights before he actually finds her.
After the male lights he apparently becomes much excited,
as stated above, and usually runs about waving the antennae
quite actively. The intervals between the flashes of light pro-
duced are much more irregular than when he is on the wing.
During or immediately after each glow he stops, raises the an-
tennae, takes an attitude of apparent attention and remains per-
fectly quiet until after the female answers with a flash, then
he turns until he faces the direction in which the flash occurred

3 McDermott says (1911, p. 400): " The answering of the female does not occur-
immediately after the flash of the male, but at a period—apparently approximately
constant for all females of this species—of about three to four seconds after the
flash of the male. This slight delay occurred in every normal case of mating ob-
served with this species, pyralis.''
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and proceeds. If the female does not respond, as frequently
happens, he retains the attitude of attention for approximately
a second and then continues on his course without turning.

The female glows in response to artificial light as well as to
the glow of the male. In fact the response is apparently inde-
pendent of the character of the light. I was able to induce it
by flashes of light produced by means of an electric pocket
lamp, parlor matches, tallow candles, kerosene lamps, sun light,
light reflected from objects of various kinds, light passed through
a plate of ruby glass or through a solution of copper sulfate.
It is, however, dependent upon the duration of the illumination.
The female will respond by glowing only if the light is turned
on, left a certain length of time (a fraction of a second) and
then turned off. She will not glow if it is not turned off after
the proper exposure. This response is then clearly not due to
light in itself but to changes in the intensity of the light. But
it is equally clear that the essential factor in the response of
the female is not changes of intensity but what such changes
of intensity ordinarily represent, that is, the male.

A number of the characteristics in the behavior of the fire-
flies described above, as well as others are clearly brought out
in the following quotation from my note book: On July 8 a
female was caught at 8:15 P. M. and placed on the end of a
pencil. Here she remained for fifteen minutes, almost perfectly
quiet, while I moved the pencil about freely in studying the
orienting reactions of several males on a sheet of paper. She
was then taken to the porch, where I sat a short distance from
the railing holding the pencil in my hand. I watched her care-
fully until 9:15, that is, for forty-five minutes. During this
whole time she retained the same position and glowed only in
response to flashes of light produced by males which occasion-
ally chanced to fly near. The farthest distance of a male to
which she responded was six meters. After I had been on
the porch twenty minutes a male, attracted by the glow of the
female, flew in and lit on the railing. Here he crawled about
for nearly twenty-five minutes, glowing periodically at irregular
intervals. One series of successive intervals recorded in seconds
reads as follows: 35, 8, 12, 16, 5. The male turned toward the
female every time she glowed in response to his illuminations,
which was about two out of three times, but he could not get
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to her without either flying or crawling dowa to the floor and
then up on my leg He did neither and consequently did not find
her, although he was still active when the observations closed
at 9:15. At that time the pencil containing the female was
stuck into a crack in the wall at the back of the porch, about
six feet from the floor, and left. At 2:2o A. M., the following
morning, a male was found copulating with her. At 5:15 the
male had left but the female was still on the pencil and had not
moved. At 6 she was still there but at 7 she had disappeared.

FUNCTION OF LUMINESCENCE

Our description of the behavior of fire-flies demonstrates
conclusively that luminescence functions in bringing opposite
sexes together for the purpose of copulation. The following
experiments show that this is the only factor involved in the
phenomenon, that vision and smell play no part in it.

If a female is placed on the end of a pencil or small twig she
remains quiet, as stated above, sometimes for many minutes
and thus she can be readily transferred to any point desired.
In studying the orienting reactions of the males on a sheet of
paper I frequently made use of this method in handling the
female. Under such conditions both respond normally and if
not disturbed they soon come together and copulate.

In these experiments I repeatedly held the female near the
male and found that if she did not glow there was no indication
of any response unless his antennae actually came in contact
with her. Thus I have often seen a male, in running about,
come within a centimeter of a female without the slightest
appreciable change in his course and then after continuing
several centimeters, sometimes twenty or more, turn about in
response to her glow and proceed directly toward her. Some-
times, however, the males were seen to turn toward the female
when they came near her; but I found that they turned toward
the pencil quite as often when it did not contain a female. Con-
sequently, while the turning of the male in these cases is evi-
dently due to the presence of an object it is clear that he does
not recognize the female by vision and that images of objects,
if such are actually formed, play a very insignificant part in
the process of mating.

In some insects mating appears to be controlled very largely
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by chemical diffusion from the female. Mayer (1900) found
this to be true for certain butterflies. The observations de-
scribed above show that if diffusion of chemicals functions in
the mating of the fire-flies studied, the chemicals must be emitted
only in connection with the production of light. But that
chemicals which may be thus emitted are insignificant in the
process of mating is shown by the fact that if the females are
enclosed in air-tight glass jars as was repeatedly done, the
male finds them quite as readily as when they are free. (See
experiment described below.) It is consequently clear that
aside from actual contact the flashes of light produced by the
fire-flies are alone functional in directing the male to the female
in mating.

However, as previously pointed out for the female, so also
for the male the responses preliminary to copulation are not
primarily due to the effect of light in itself or to the effect of
changes in the intensity of light. The responses are clearly
given with reference to something which the flashes of light
represent, a sexual phenomenon, preservation of the race, etc.
Thus the fire-fly, although probably not conscious, acts with
reference to the future. It may be said to project its present
into the future, to live in the future as well as in the past and
the present.

RECOGNITION OF THE FEMALE GLOW BY THE MALE
In many species the illumination produced by the male

differs markedly from that produced by the female. In some
the glow of the male is much more intense than that of the
female. In others there is a marked difference in the duration
of the glow of the two sexes. In still others the illumination
has certain peculiar distinguishing characteristics, as, e.g., in
Photinus sanguineus in which the male glow consists of two
flashes of light separated by a short interval, while in the female
it consists of but a single flash. In the Western Maryland spe-
cies * I was unable to distinguish between the glow of the two
sexes either in the quality or in the intensity of the light or in
the duration or the nature of the glow. At times it did, indeed,

4McDermott (1911, p. 400) referring to Photinus pyralis says: "The flash of
the female, while of the same colour as that of the male, is easily recognized after
a little practice, being slower—or rather of longer duration—and less intense."
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appear as though the males produced more intense flashes than
the females, but if several of each sex were put into different
glass jars, placed side by side and observed from a distance of
two or three meters, as was repeatedly done, I was never able,
by focusing attention on the character and the amount of light
alone to distinguish one from the other with any degree of
certainty. ,

The male fire-flies, however, seldom if ever respond to the
glow of other males. In some way they appear to be able to
distinguish between the flashes of light produced by the two
sexes, as the following experimental observations clearly indicate.

A number of males were put into one glass liter jar and three
females into another. Both were sealed and set in the garden
50 cm. apart. Thirty minutes later six free males had collected
about the jar containing the females and none around the other
jar. The two jars were then interchanged in position. Ten
minutes later all of the males had again collected about the jar
containing the females. These experiments were repeated with
slight modifications on nine different evenings and the results in
all cases were essentially like those stated above. Moreover, if
a female and several males are put on a plane surface and closely
watched, as was repeatedly done, the males seldom if ever make
the mistake of turning toward other males. And again that
the males recognize the glow of the females is clearly shown by
the difference in the effect produced upon them-«by*-the glow of
the two sexes as shown in the following experiment.

Five males were put into each of two glass liter jars labeled
A and B respectively. The jars were then sealed and placed
50 cm. apart on a sheet of paper spread out on the ground.
Four females were put into a 50 cc. bottle and placed 50 cm.
from each of the two jars. Two free males soon came and lit
on the paper. An opaque screen was then so arranged that the
glow of the females could be seen by the males in one jar (A)
but not by those in the other jar (B). The males in jar (A)
and the two free males soon glowed freely, as did also the females.
In fact they glowed so freely that there was almost a continuous
flashing. The males in jar (B), however, presented a very
different spectacle. They were watched carefully for fifteen
minutes and during this time produced a total of only three
flashes. It should be emphasised here that these males could
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see the numerous flashes given by the males in the other jar
but that they could not see those of the females. The screen
was then removed so as to expose the females and it was found
that the behavior of the males in jar (B) changed almost im-
mediately. They became much more active and gave every
appearance of being much excited; and in three minutes they
produced a total of twenty-eight flashes of light as against
three in fifteen minutes before the females were exposed. Such
a specific stimulation of the male by the glow of the female is
very evident to anyone making observations on these creatures
and cannot be mistaken. It was observed again and again
throughout the season under many different circumstances. A
specific effect of the glow of the female is also attested by the
fact that I was unable to induce the mating responses in the
male by artificial imitation of the flashes oc light produced by
the females. Many attempts were made mainly with an elec-
tric pocket lamp but in only two or three instances was there
any response on the part of the males used in the experiments,
and in these it was not at all definite, although in practically
all cases they responded definitely to t the glows of females.

There are several factors that may possibly be involved in
this phenomenon of recognition. Let us enumerate them:
(i) The female is always at rest when she glows while the male
is ordinarily on the wing; (2) the form of the luminous area
differs in the two sexes; (3) there is always a certain time rela-
tion between the glow of the male and that of the female in
response to it; (4) the quality of light produced by the two
sexes may differ; (5) the intensity may differ; (6) the dura-
tion of the glow may differ.

Many observations and experiments were made in attempting
to ascertain which of these factors are of importance in the
process in question. I shall first describe the results of some of
these and then attempt to interpret them.

(a) The mating responses are quite as precise when both
male and female are at rest as they are when the male is on
the wing, and the males are no more likely to turn toward
other males. It is therefore evident that the fact that the female
is at rest while the male is usually in motion when they glow
can be of no particular value in the phenomenon of recognition.

(b) At different times, as previously stated, a piece of ruby



266 S. O. MAST

glass was held between male and female fire-flies so as to change
the color of the light flashed from one to the other. This change
produced no apparent effect on the mating responses of either.
The female answered the male as promptly and the male turned
toward the female as precisely as they did under normal con-
ditions. The same was found to be true when the ruby glass
plate was replaced by a flat flask filled with copper sulfate, or
with a cylindrical bottle filled with water, or with one, two,
three, or four thicknesses of paraffin tissue paper used in wrap-
ping baker's goods.

These results seem to show that the recognition of the female
by the male may be independent of any possible difference in
the quality or in the intensity of the light produced by the
two sexes, or of any possible difference in the form of the lumi-
nous area. Moreover the fact that males respond to females
at various distances indicates that intensity cannot be of any
special importance in this, and the fact that males hidden from
females were often seen to turn toward glass jars or white paper
from which the light produced by the females was reflected
indicates the same with'reference to form We have left then
as possible distinguishing characteristics seized upon by the
male in the process in question, the time relation between the
glow of the male and the response of the female and possible
difference in the duration of the glow in the two sexes.

(c) Thirteen males were put into one glass liter j&r and three
females into another. These jars were then sealed and placed
25 cm. apart on a sheet of paper spread out in an open place in
the garden Ten minutes later three free males had collected
about the jar containing the females and none around the other
jar, although the thirteen males produced many more flashes
of light than the three females.

One of the free males was captured and so oriented on the
sheet of paper that he proceeded toward point very nearly
midway between the two jars. He was rather sluggish and
moved along slowly without glowing. When he reached a point
nearly between the jars one of the males in the jar glowed.
This did not appear to affect him in the least for he continued
on his course without any apparent change until a female in
the other jar answered the glow of the male, then he suddenly
turned almost at once directly toward the female and imme-
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diately became more active and apparently considerably excited.
Shortly after turning he emitted a flash of light but he did not
stop while he glowed as is ordinarily the case when the males
are not on the wing. Similar reactions were seen many times
in experiments made for other purposes so that there can be
no question as to the accuracy of these observations. Moreover
this experiment was repeated several times with different indi-
viduals and essentially the same responses were obtained in all.

In a few instances a free male turned toward the glow of a
male in the jar, but the response was always much slower and
less definite than an orienting response to a female, and invari-
ably, if a female glowed after he had started toward the jar
containing the males he turned about at once and proceeded
toward her, whereas there was never the slightest indication of
such a response to a male glow after he had once become
directed toward a female.

These observations, especially the fact that the male, without
having glowed at all. sometimes turns at once with scarcely any
interval, toward the flash of light produced by the female,
seems to indicate quite conclusively that the relation in time
between the glow of the two sexes, that is, the fact that the
glow of the female usually follows that of the male at a given
interval, is not of prime importance in the recognition of the
female by the male.

Thus we have excluded all characteristic differences between
the response of the two sexes which might serve the male in
distinguishing between them in the mating reactions save possible
difference in the duration of the glow. But as was formerly
stated no difference in duration could be definitely established.
If the male, then, finds the female owing to unequal duration
in the glow of the two sexes, as is probable, he must be so ad-
justed that he can detect differences too minute to be readily
distinguished by the human eye.

ORIENTATION

The luminous or photogenic tissue in the female as previously
stated is confined to a small area on the ventral surface of the
third segment from the posterior end. Just before the female
glows in response to a flash of light produced by a male she
raises and twists the abdomen so as to direct the ventral sur-
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face, the source of light, toward the male. If the male is directly
above she twists the abdomen nearly through 180 degrees, if
to the right or left through 90 degrees, etc. Only when the male
is directly below does the female glow without first twisting the
abdomen. These responses occur, in the Western Maryland
species, almost invariably and they are so striking that they
cannot readily be overlooked.

In thus directing the luminous surface of the abdomen toward
the male no matter where he is located, it is evident that the
character of the response must depend upon the location of the
stimulus. It is markedly different when the light produced by
the male strikes the anterior surface of the eyes than when it
strikes the posterior or any other surface. To put it anthro-
pomorphically, the female acts as though she recognized the
spadal position of the male. In these responses the female
does not begin to twist the abdomen until some little time
after the male glows. Her reaction takes place in the total
absence of the stimulating agent. After the flash of light which
induced the response has vanished she directs the ventral sur-
face of the abdomen toward the place where it was. It is there-
fore evident that the process of orientation in the female, (a
response resulting in a position of the abdomen bearing a specific
relation to the location of the male), is not regulated by the
continuous action of the stimulating agent as is demanded by
Loeb's theories of orientation (tropisms). The reaction is clearly
due to change in light intensity; but it is without meaning unless
it is referred to what the changes which induce the response
represent, that is, the male and all subsequent occurrences in
the process of reproduction.

In the male we find responses very much like those just
described. The female produces a flash of light in answer to
the glow of a male; then after a short interval, he turns, no
matter what his axial position may be, until he is directed
toward her and then proceeds. Thus if before the reaction he
chances to be directed from the female he turns through 180
degrees, if at right angles to her through 90 degrees, etc. If
the female is suddenly removed after she glows the response
of the male is precisely the same. He turns through the proper
angle and proceeds toward the spot where the female was when
she glowed.
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The accuracy of orientation in these reactions is really sur-
prising. In making observations with reference to this point
the female was usually put into a glass vial 2 cm. in diameter.
This was set over a circle of equal size on a sheet of paper spread
out on the ground. Males flying about were ordinarily soon
attracted by the female and lit on the paper, sometimes very
near the vial or on it, at other times 30 to 40 cm. away. In
orienting after they lit they seldom failed to become directed
toward a point within the circle under the vial no matter whether
the female was removed immedi itely after she glowed or whether
she was not removed at all.

The male usually does not begin to turn toward the female
in response to her glow until the illumination has entirely dis-f
appeared. Thus, in the total absence of the flash of light which'.
caused the reaction he turns through the proper angle, that
is, he orients and proceeds toward the spot where the flash oc-
curred. How is this possible? Does it mean that the male
fire-fly can locate objects in space, that he has a spacial sense,
that he knows and remembers the extent of turning necessary
in order to direct his longitudinal axis toward any given point
in space?

If we assume, just as in the case of the female, that there is
in the male a specific response for the illumination of even'
surface of the eye; that is, that momentary illumination of the
posterior surface is followed by turning through 180 degrees
and then locomotion straight forward, the side of the eye by
turning through 90 degrees and then forward movement, the
front of the eye by forward movement alone, etc. It is not
difficult to conceive all of these reactions to be purely mechan-
ical, reactions of the nature of unconscious reflexes.

Whether or not the production of light in these insects is a
sort of by product of metabolic changes, as maintained by
many, it is evident that it is of fundamental biological sig-
nificance. Indeed it is safe to say that its elimination would
result in the destruction of the race and yet the light in itself
can be of no special importance. The essence in the response
of the male, like that in the response of the female, is not light
but what light represents, that is, an individual of the oppo-
site sex.

Males were at different times exposed in continuous illumi-
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nation produced by means of a pocket electric lamp, a candle
or a kerosene lamp. Only in two or three instances was there
any indication of orientation and in these exceptional cases
the reactions were very indefinite. These results, together with
the fact that orientation in the male ordinarily does not begin
until after the flash of light which induces it has vanished,
demonstrate conclusively that the process of orientation and
the direction of locomotion after orientation are not regulated
by the continuous action of light, and that these reactions are
consequently not in accord with Loeb's theories of tropisms
according to which orientation is, as he puts it (1906, p. 135)
"a function of the constant intensity." Stimulation which
results in orientation in the fire-flies studied is unquestionably
due to changes in light intensity much as it is in Stentor, Euglena
and many other similar organisms (see Mast, 1911, pp. 80-205)
and the. insects remain oriented, not because of continuous
action of light in accord with Loeb's theories, but because they
tend to take a comparatively straight course in the absence of
external stimulation. And since the external stimulating agent
does not act continuously in directing this animal on its course
after orientation, there can be no a priori necessity for assuming
that it does in other animals, as Loeb (1911, p. 478), Parker
(1912, p. 463) and others appear to hold.

The responses to flashes of light in both the male and the
female fire-flies are unquestionably adaptive and, an^ explana-
tion for them must be sought along the same lines as an explana-
tion for any other adaptive characteristic in living organisms.
It is needless to add that the aim of practically all scientists in
explaining natural phenomena, including the psychic, is to
"trace the order of events back to a mechanical basis. But we
may as well face the facts squarely and realize that with reference
to reactions it is questionable whether this has as yet been ac-
complished in even a single case. The assumptions of Loeb-
and Bohn to the contrary notwithstanding.

SUMMARY

1. The Western Maryland fire-flies are found in dark crevices-
or under ground during the day. In the evening, when it is
still light enough to read, they come out; the females climb to
the tips of grass or onto other objects and remain quiet; the
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males fly about and glow fairly regularly at intervals of about
five seconds. The females do not glow unless light from the
males or from some other source is flashed on them.

2. Immediately before a female glows in response to a male
she raises and twists the abdomen, until the luminous area on the
ventral surface is directed toward him, no matter where he is
located, then he ordinarily turns directly toward her and proceeds.
These reactions are repeated until the two come together, after
which copulation takes place at once. There is no other factor
involved in mating. If a female is held near a male he pays
no attention to her unless there is actual contact, showing that
neither vision nor smell is functional in mating.

3. The males very rarely respond to the glow of other males
or to flashes of artificial light. In some way they are able to
distinguish between the illumination produced by the two sexes.
Although no marked difference, either in quality or quantity,
between the male and the female glow, was detected, experi-
mental results indicate that there is probably a slight difference
in duration and that this is the factor primarily involved in the
phenomenon in question.

4. The males do not orient when exposed to continuous
illumination. They respond only to flashes of light and the
reaction does not begin until after the light has disappeared.
Removal of the female immediately after she glows has no effect
on this reaction. Thus orientation may take place in total
darkness, and it is surprising how accurately these animals
turn through the proper angle in the total absence of the stim-
ulating agent that caused the response. Here we have a case
in which it is clearly demonstrated that light does not act con-
tinuously in the process of orientation as demanded by Loeb's-
theories, a case in which it is also clearly demonstrated that
continuous action of the stimulating agent is not necessary to
keep the organisms oriented.
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