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In one of the en.rly numbers of the J onrna.l of the Natural 

History Society there appea.red an art icle on fi reflies and glow

worms in which the author, Mr. K. 0 . Bla ir (1), discussed the phenom

enon ot luminescence quite completely from the natural history 

stn,ndpoint . To r eview t hi s phase of t he subj ect woul d be a need

less repetit ion, n.nd so it is t he intention of the present writer to 

discuss some of t he work '' 'hich has been done on t he physiology of 

luminescence. 
From the earliest times the fl ashing of fire flies, the shining 

ot dead flesh and deca.ying wood, and the phosphorescence of the sea 

has occn.sioned wonder among t hose people who hn,ve obser ved the 

phenomena. How light could exist without an appreciable amount · 

of heat appears almost paradoxical, but when one studies the chem

istry of living light it is quite evident that here is a reaction be

longing to t he large g roup of luminescent chemical processes r equir

ing oxygen for thei r completion, and known as oxiclations. In fact, 

this property of luminescence, its tot al dependency upon a. supply of 

oxygen, was one of the first t u be recognized. By a series of rather 
ingenious experiments, B.obert Boyle (2) was able to demonstrate 

how vital n. part the oxygen of the air played in this phenomenon· 

Taking a piece of shining wood n.nd a li ve coal, he placed both under 

a bell-jar n.nd exhausted the air. He found that the light in both 
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the coal and the p1 ece of wood was extinguished, but, upon the 

readmi :osion of air to the j ar, the wood regained its light where

as tlie coal r em.aincd quite dadc H e very naturally concluded 

that both the tire in the coal and t lie light of the wood were 

r eacti ons depending on a supply of air, but that th e agent pro

uucing th e luminescence of wood was quite different from the fire 

of th e coal, inasm.nch as it was able t•J appear upon the admission 

of m r. Of course, RobCl-t Buyle did not know that the shining 

of the wood was a phcn•Jluenon connected with living process

es for it was not until tw o hundred years lf!,t er that H elier (3) was 

able to identify the organism r esponsible for the light 11nd place it 

u.mong the Fung i. Subset1uent r esearch has shown tha t all lumines

eenc~ of damp wootl is caused by fungi, foe the most part by the 

mycelium of the plu.nt, although in some cases the fruiting parts are 

also concern ed. 
Another ra ther inter esting observation on the light of pl:mts 

is in connection with medicine. Before the days of antiseptic surgery 

for sold iers wounded in bat tle, it was ra tber fr0quently not ed that 
the wounds beca me more or less luminescent after a, time. This was 

considered a . very good sign for inva riably they healed without fur

ther complication s. However, it was not until late in the 19th 

Century. that the ca usit ive n.gent of this luminescence was discovered. 

To Heller (4), again , belongs the credit of being the fir st to identify 

bacteria as the organi sms responsibl e for the shining of flesh, and 

now we know that all of th e luminescence of flesh is due to some 

member of this group of minute plants. 

'l'o people traveling on the tropical seas, the light given off 

by the water when it is di sturbed by the passn.ge of a boat 'is always 

a sight to arouse their admiration and 'voncler. This phenomenon is 
generally spok en of as t.he "phosphorescence of th e sea" L In this 

t '!.'he use of the won l " phosphm·escence" in thi;; connection is 
qui te mislen.ding. 'l'here is a. technica,l meaning fo1· that word which has no 

-ben.ring whatever on t he phenomenon of t he light of the sea,. Strictly 
spen.king, t he word should only be used to describe a physical phenomenon 
occuring wit bin ce1·tn.i11 rLtoms unde1· very pa.rticula.t· conditions of excitation, 
rmd is not to be confused with eit her t he slow oxid,Ltion of phosphorous 
which is accompu.nied by light, ot· with t he production of light by a.nirnals 
aud plant::; . 
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instance, as with the wood and the flesh , the luminescence of the sea 

is clue to the presence of various forms of life. The strong flashes 

of light which one frequently sees in the wake of the vessels may be 

clue to the presence of either luminescent comb-jellies (Ctenophores) 

or j elly-fi sh (M.cdusae), while the steadier [1nd more wide-spread light 

is due to a large number of microscopic one-celled animals, the 

Dinofl[l,gellata. The passage of the boat through the water with its 

attendant light brings up another physiological property of lumin

escent forms. ..It is a general rule that it is necessary to stimulate 
animals in some manner before there is a production of light, 

whereas plants give off a continuous glow. However, a,side from 

this point, there is no difference between Lhe light produced by 
animals and that of plants. 

One of the most l.mporta.nt steps in t he study of luminescence 

was takP.n by Spallanzani ( 5). He found that it was possible to 

r emove lumin escent forms from the sea and, by dryiug them rapidly, 

use them a,s material for latet" sLudies. Not only does this greatly 
facilitate the handling of luminescent, material so that a quite com

prehensive study of the chemical and physical properties has been 

possible, but it also brought out another point with regard to their 

physiology. This dried mate rial vvas non-luminescent as long as 

moisture was kept a,way from it, but as soon as water was allowed 

to come in eonta.ct with it, the substances became as brightly lumin

escent as in the natural state. This pointed to the fact that in the 

animals a,t the moment of light production the photogenic substances 
were in the form of an aqueous solution. 

Comparatively recent researches by Dubois (G) an d Harvey (7) 

have made quite evid ent the reactions which proceed in an animal 

or plant's body. It has been found that the photogenic processes ar e 
very similar to other oxidations canied on by living organisms. 

There is present a specific protein substance which unites with oxy
gen, and it is during this process that li ght is pr-oduced. This sub

stance, luciferin, however, can be oxidized with photogenesis only in 

the presence of a specific enzyme, lncifera&e. The luciferase does 
not unite with t he luciferin, but rath~r plays the part of a substance 

whicl~ hastens t he reaction, a catalyst. If one were to write a very 

general chemical equation for this process, it would appear somewhat 
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as follows: 
luciferin +oxygen + water+ (luciferase) =light+ oxylucife

rin + (luciferase ). 

Oxylucif erin is the product obtained ori the oxidation of 

luciferin , and it is during this process that light is evolved. In the 

animal's body the oxyluciferin can be reduced back into luciferin , 

· and it is thought that the reduction, or loss of oxygen, is accom

plished by the action of an enzyme possibly closely related to luci

f erase. Thus a luminescent form has not only the p~wer of forming , 

the original substance out of the protoplasm of its cells, but it can 

also utilize the products of th e reaction in a most economical manner. 

Taken from a purely chemicaJ standpoint, the name which 

can be given to this form of light production is bio-ox y-chemo-lumi
nescence, or the light produced by living organisms is in the form of 
a chemical ox idation. 

Now to turn to the physical sid e of luminescence. The radia

tions given off by luminescent pbnts or anima ls _differ only slightly 

from those+ produced by non-living light sources. True, the entire 

absence of heat places ·it apart from th e great majority of lumines
cent phenomena, but even in this respect it is not ·without a counter

part, for other similar phenomena are known. The rubbing together 

of crystals, the luminescence of certain compounds when excited by 

radio· active substanceH, and th e light emitted by the skin, lens of 

the eye, and t eeth when struck by ultra-violet radiations are all ex 

amples of "cold light." In fact, this name may be appli ed to any 

luminous radia tions emanat ing from a body, the t emperature of 

which is below that necessary to make steel glow-about six hund

red and sixty-five degrees Centigrade. Above this t emperature, the 

name "incandescence" is usually given to th e production of light by 

a body. 
There is a general rule that as a substance is heated the spec

trum of the radia tions increases on either side of the region of the 

visible rays. The portion of the spectrum containing the wave
leng ths which are too long to produce the sensation of sight when 

they strike the retina of the eye are known as the "infra-red" rays 

t Harvey (8) has found thn.t less t hn. n one-ten thousandth of a .deg t ee 
Cer.tigradc is lib t1r a t ed during this procesf'. 



No. 2, 1927. THOMAS F. MORRISON: Animal Light. 75 

while the corresponding short->vave-lengths are the "ultra-violet" 

radiations. Both of these groups of emanations have a very marked 
• 

effect on living protoplasm, the form er having a heat ing effect., while 

the latter are che~ical in their action. Neither of th.cse, for quite 

obvious reasons, appear in the spectrum of the light of the firefly, or 

any other luminous animal or plant. 

'l'he absence of these two groups of wave-lengths is of consid

erable theoretical importance. It means that the energy required 

for the production of light is almost completely converted into a 

visible form, · o~y a minute amount being need ed for the combina

tion of the substances, and none being wasted in th e formation of 

invisible radiation&. Thus, Coblentz (9) found that th e firefly is a 

92% efficient source of light when one takes into consideration th e 

theoretical amount of energy produced by a given amount of food 

material. The firefly, at least, is far more efficient and economical 

in its production of light than any roan-mad e source of visibl~ radia

tions. Although other luminescent forms have not been studied 

with the same intensity as the firefly, it would not be amiss to 

ascribe to them similar properties, inasmuch as they posse~>s the 

same photogenic substances. 
To those who are interested in the natural history of Siam, 

there is undoubtedly no more thrilling a sight than to see whole 

st.retches of the canal or river bank altern11tely lit up and plunged 
into darkness by the flashing of myriads of fireflies. This phenomen

on, however, is not unique to Siam, but may be found in various. 

places throughout the Far Eastern tropics: in Burma, Malaya, 

Southern India, the Philippines, and elsewhere. Moreover, from 

parts of Italy and America have come reports of occurrences of a 

somewhat similar nature, but whether this can be said to be the . 
same as the eynchronism found here is a question, since, in the fird 

place, it is of rather infrequent occurence in both Italy and America, 

and, secondly, the persons who h&ve observed the synchronism in 
these places apparently have never seen the phenomenon as it is 

found out here. 

In common with the great majority of luminescent forms, 
fireflies have a specjal organ, or series of organs, in which the luci

ferin and luciferase are elaborated! and ip the vicinity of which 
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photogenesis takes place. Among the insects this production of light 

is very intimately connected with their method of respiration. In 

these animals we find that breathings is accomplished by means of a 

series of lateral openings called the spiracles. Tubes running from 

these carry air through all parts of the body directly to the cel lf', 

thereby eliminating, to a great degree, the respiratory function of 

t he blood. These tubes, the i1·achecw, not only regulate the amount 

of air passing into the animal's body, but also tend to keep out th e 

dust and dirt which otherwise would be drawn in. 

Among the fireflies, each photogenic organ is !upplied by two 

large tracheal trunks which meet and anastamose from the two 

opposite sides of the abdominal segment, and give off in their length 

secondary branches, the tracheal 'LLn·its. 

These tracheal units then approach the light mass and either 

deploy on its upper surface, or enter and pass into and between the 

cells. Finally they give off a laTge number of terminal twigs, each 

of whi~h ends in an end ceU, and beyond this are further prolonged 

into several fi ne branches which reach out and between the cells 

which they are to suppl y with air. These fine branches have been 

given the nam e of tracheoles, and it is in them that the production of 

light takes place. 

From the histological standpoint, the photogenic organ con

sists of two kinds of cells, one above the othe r. The upper of tbe 

t wo layers is filled vvith fin e crystals which n.ct as a reflector for the 

light produced by the lower layer of cells. This lower, or external , 

layer is protected on the outside by a t hin layer of chitin which, 

however, is not modified to form a lens as is the case in some of the 

shrimps. Between the various cells which make up this lower layer 

of the photogeni.c organ pass t he trucheoles, and into these is secreted 
the light-pr-oducing materials in th e form of a fluid. When this 
material comes in contact with the ;.tir in the tmcheoles, there is a 

flash of light which is refleetecl to the exterior by th e crystalline 

layer behind it. 

Although the literature on the synchronous flashing of fire 

flies is meagre when compared with that on some other biological 

phenomena, it is, nevertheless, fa irly copious. Through the courtesy 
of Dr. Hugh M. Smith of the Department of Fisheries, I have been 
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able to r eview a great deal of it, and select some of the more im 

portant theories which have been advanced t o expl ain this unusual 

sight. Many ~f the artic1es have been written by tra vellers who 

have visited Siam and the l\'falay Peninsula and ha ve seen th e 

synchronism only once or twice. Th e r esult is th at their observ~

tions wiJl not stand a car eful r evi ew. To give a formnJ r eview of 

all of these papers would be quite outside of the scope of thi s paper, 

and furthermore, a needless repetition of th e papers by Professors 

Gudger (10) and M01·se (11), so it is the intent ion of the writer to 

merely mentio~ some of the theories and point out how they fit the 

observed conditions. 

In general, ther e ar e five points whi ch should r eceive sp ecial 

attention: (1) Practically all of the writers both of th e many popular 

and few scientific a rticles, mention the fact tb a t one sees t he firefli es 
• congregat ed on sma.U trees either al ong the banks of a stream or in 

low swampy ground, and furthermore, as Sir J ohn Bovvering puts it, 

"they have their favourit e trees" (12). (2) Perhaps the most popular 

theory to explain the synchronism is that of "sympathy ." Accord

ing to this idea there is som e particular insect which acts a s a pace

ma.ker for all of the rest of the flies on a tree, and they follow him, 

r egulating their flashes by his, the t empo being taken up by adjoin

ing trees until whole stretches ar e in unison. ( 3) Th e second most 

popular theory deals with the effect slight curren ts of wind ha ve on 

the anima1s. It is h eld that the body of the anim a.l is slightl y t il ted 

from one side to the other, alternat ely exposing and hiding the lumin

ous organs. (4) To some, the rhythmical breathing of t he animals 

explains why all should fl ash in unison , the fl ash, according to these 

,observer s, appearing when the air is taken in to th e body, and dark

ness following on the expulsion of the air. (5) Fi na,lly, Mr. K. 0. 

Bla ir (13) makes the statement th at th e true synchronism is not 

found among animals outside of the Oriental Region. 

When one mak es any observations of a serious nature on the 

synchronous flashing of fir efli es, h e is a t once impressed by the fa ct 

that they are scatter ed all over a tree, some on the upper surface 

of the leaves, and other s on the low er surface, and, around Bangkok, 

one finds them without exception , congregated on the t r ees of the 

species Sonnerq,tia aciclc~ (the "ton lam:poo" of th e Siamese). This 

• 
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condition of their being so generally scattered over a tree excludes, 

with one possibility which will be mentioo1ecl later, the synchronism 

being occasioned by a "pace-maker" and subsequent "follow-the-

• leader" action on the part of the fli es. In fact, it is quite impossibl e 

for such an action to be the case, inasllluch as a ll of the anim als are 

not within sight of any one particular insect , and should there be a 

pace-maker, there would be a wave of light passing over th e tree 

instead of the separate and distinct flashes which one sees t . This 
wave would be occa,sioned by the t ransmission of the signal from one 

animal to another. • 

The second theory, that of the effect of slight wind cun;ents, 

ca.n also be excluded, since the fireflies can be observed to fla sh 

on nights when there is ~bsolutely no wind, and again on nights 

when there is a comparatively high wind. Likewise, Lund (1 4) has 

' shown experimentally that the flashing of a firefly is in no way con-

nected with tl1e respiratory rhy thm, or with the movement of the 

dorso-ventral abdominal muscles. 

There is still one more th eory which should be mentioned 

here, although it has not appeared in the literature on the synchron

ous flashing of fireflies. This theory assumes that the fla shing of th e 

insects is a mateing adaptation. While this has been quite definitely 
proven to btl the case with the forms found in Europe and America, 

there is no reason to believe that this explanation will fit condit

ions here. Am ong the Lampyridae the female is wingless and 

remains on the ground, or low shrubs, while the male flies overhead 

and flashes in response to the flash of the f emal e. The Soneratia 

trees on which the animals congregate frequently grow in the water 

thereby preventing the female from coming nea,r, and, furthermore, 

in all of the observation s which t he writer has made, he has never 
• found a female either on the t ree or in its vicinity . 

A few paragraphs above it was said that there was an un

·likelihood of there being a r esponse on the part of the flies to any 
one particular animal. This is undoubtedly true once the synchron

ism has begun, but to say that it is not at all connected with such a 
phenomenon would be making a rather broad statement. On several 

t By actual timing, the rate of the fi&.shing is 120 per rninute. 

I 
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occ~sions it has been possil.Jle to inhibit the synchronism of a tree 

f ull of fire fli es by turning •'\. strong light on them for a half a minute. 

When flashing was again resumed it appeared to be quite irregular 

u,nd then gra0ually assumed a rhythm, the leader, or leaders, being a • 
closely grouped number of flies, the synchronism spreading from 

them in a wave until the entire tree was fl ashing in unison. 

While this may serve as an explanation of the initiation of 

the process, there is still to be explained t he bet that this synchron

ism, once begun, continues for long periods of time. It may be 

t hat the tree on which these animals are found has some effect which 

produces this remarkable phenomenon. 
In Brandis' "Indian Trees" (15) one fi nds the statement that 

Sonneratia is a gen us peculiar to the tropics of Asia, and, in fact, it 

is only from these tropics that this phenomenon has been reported. 

Whether there is s~netbing in the sap of the tree which attracts the 

u,nimu,ls and continues the synchronism in a manner somewhat 

similar to the rhythmicaJ pulsation of an excised vertebrate skeletal 

muscle when pbced in an isotonic salt solution, or whether the 

phenomenon is purely behavioristic a re the questions to be answered. 

A microscopic examination of the surface of the leaves of the 

Sonneratic6 acida brings to light the fact that they are well-supplied 

with openings. Aside from the usual stomata, there are present a 

large number of accessory structures, the "water stomata". The 

presence of these latter points to an excessive amount of water loss 

over the surface of the leaf. Furthermore, a complex carbohydrate 

which can be easily hydrolized ha s been detected iu the sap of the 
tree, u,nd it may be t his substance which p,ttrn.cts the fireflies. In 

fact, the writer is inclined to look for an effect of the plant on the 

a nimals, rather than consider this phenomenon as purely behavioris-
tic. • 
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