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ON THE l\IAT lNG INSTINCT IN MOTHS. 

BY ALFRED GOLDSBOI10UGJI ~!A \'EH, CA~IDRlDGE, ~!ASS. 

(Annual address of the retiring president of the Cambridge Entomological Club, January 12, 1900.1 

During t ile past su mmer the aut hor 
carried o ut a se ri es of experi ments to 
determine the nature of the mating in
stinct of C;dlosamia promethea. 

A large number of the cocoons of 
this mot h were kindly collected for the 
a utho r hy \ V. L. T ower, Esq ., in the 
neighborhood of Cambridge, i\Iass. ; 
and others were found b\· the writer at 
1\Iaplewood, N. J. Altogether 449 
cocoons were obta ined during the win
ter of rS9S-99· These were allowed to 
remain out of doors in Cambridge 
where they were exposed to the w inter's 
cold, a nd then on .i\Iay 5th they were 
taken to L oggerhead Key, one of the 
Dry T ortugas Islands, Fla. 

This situa ti on was most favorable for 
the prosecut ion of the experiments, for 
the i11 sect does not exte nd south of the 
Caro lina s, ;~nd thus the moths were 
separated many hundreds of mil es from 
oth ers of.th eir species. l\Ioreover L og
gerhead K ey is a small sandy isl;~nd, 

surrounded by many miles of ocean, 
and thu s no interference with the ex 
periments could come from the outside. 

The cocoons were hung und et the 

shade of some trees, where they were 
protected from th e direct rays of the 
sun. It was re m:~rkab l e that all but 
five oft he moths (3 \' a nd z J') issued 
from the cocoons during the ea rly mom
in g hours between sunrise and eleven 
o'clock. 

The foll ow in g tabl e will show the 
tate :tt which the moths issued from the 
cocoons: 

Pate. No. of No. of Total. 
eN 'i''i' 

M'y 18 1 

19 I 

20 I 

Zl 

zz 0 

23 0 0 

2-t 1 0 

:25 1 

26 0 

27 1 

28 0 0 

29 2 

30 0 

3 I 0 

June 1 5 
2 6 

3 3 
4 2 

5 4 
6 j 

7 3 

0 

5 
6 

Date. No. of No. of Total. 
r:N 'i''i' 

J'ue 8 
q 6 
ro 13 
lJ JO 

12 

13 

... 10 

15 s 
16 9 
17 3 
18 4 

19 2 

2 0 l 

Zl 

22 1 

23 0 0 

24 0 

25 0 0 

" 

1 2 

13 

11 

6 

z6 o o 
27 0 

Total 111 65 
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It will be seen that 6:)% of the moths 
were males, and 37% were females. 

.t\s is well known, in this moth the 
wings of the female are reddish-brown 
in color. while in the male the wings 
are black; also the :u1tcnnae of the 
male are large and bushy, while in the 
female they are small and slender. The 
male possesses the ability to seek out 
the female e\·en though she be at a con
siderable distance. The males usually 
fly toward the fem:lles in the afternoon 
hours between two o'clock and sunset, 
and it is a common thing to observe 
5evera I dozen males fluttering about 
the pbce where a fem:1le is resting. In 
seeking the female the male flies up 
against the wind until he comes into 
her near presence, and then he often 
flutters to and fro in a bungling n'anner 
that for want of better words we may 
designate as " ~tu pid" and " aim less." 
Often he may fly into the immediate 
neighborhood of the female, and even 
then he will often flutter away without 
having made any attempt to mate with 
her. At other times, howeve r, a male 
will fly at once to the female, and mate 
with her immediately. 

After issuing from the cocoon the 
female commo1dy remains quiescent for 
some hours until she is fertilized, after 
which she flies acti\'ely about, and de
posits her eggs. During her period of 
rest the female remains with her wings 
closed over her hack, hut when a male 
moth, or indeed any large object, comes 
near her within range of her ,·ision she 
slowly and majestically opens and closes 
her wings several times. The males, 

when resting, react in a similar manner, 
but they are by no means so sensitive 
as the females. In captivity the moth 
lived from three to five days. 

OssERVATIONS A:'>D ExPEHt::ltEXTS. 

The first experiments were directed 
to determine whether the male was 
attracted by the sigiJt of the female. 
or whether Le merely percei\'ed some 
odor which might emanate from her. 

Five females were placed in a large 
clear glass battery jar, having a wide 
cpen mouth. The mouth was covered 
·with coarse-meshed mosquito netting, 
thus allowing a free circulation of air 
between the interior of the jar and the 
outside. Five males were liberated 
about one hundred feet away from th~ 
jar, and immediately fle\\' to it, and 
fluttered about the open mouth. The 
jar was then inverted (placed mouth 
downward) and sand was packed 
around the open end, so as to preYent 
any e~cape of air from the interior of 
the jar. The females thus remai11ed 
visible through the clear glass sides of 
the jar, but no scent could come from 
them. Under these circumstances all of 
the males at once flew away, and soon 
disappeared from sight. \\'hen the jar 
wa~ turned open end up ag:1in. how
ever, all of the males reappeared, and 
flew excitedly around the mouth. This 
experiment was often repeated, and 
alway~ with the same result. The 
males never pay the least nttention to 
females which :He enclo~ed in a her
metically sealed preserving jar of 
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clear glass. A ssuming that the mal es 
are ahl e to see thr01 gh glass which 
appears transpare nt to us, we may 
conclude that sight alone is no t sufli
cient to :lttract the male toward the 
female, o r e1·en so retain him in lwr 
prese nce wh en he is within a few inches 
of her. 

Anothe r expe rime nt \Yhich seems to 
sh o w th :1t th e male depends so lely upon 
scent and not at all upon sight in see k
i11g ou t the rem:lle, may be perfo rm ed as 
foll ows: A female is wrap ped in 
loose raw cotton so as to be invisible, 
and yet all ow some scent to emanate 
from her. Th e males then fly to t he 
cotton and e ra\\ I over it, fluttering their 
wings exc itedly, a nd g ra spi ng the cot
tu n repeated ly with their abdominal 
cla spers. 

In :1110ther ser ies of experiments the 
femal es were incl osed wi thi n :1 woode n 
box h:n ·ing a paper chimney arising 
from one e nd, and the other end being 
open and cove red 11·ith m osqui to net
ting. Thi s box w:1s so :1rr:1 nged tl1:1t 
a current of air blew in through the 
open end, and out of the paper chim
ney. Th e females within were ill\·isi
ble fr o m th e ou tside, ami yet :my scent 
arising fro m them wou ld be carried up 
throug h the chi mney iuto the outer :-~ir. 

\ Yh c11 the m:de5 were libe rated they 
flew to the mouth of the chimney :1nd 
flu ttered about in ih neighborhood . 
N one came to the lm·ge open end o f 
the hox into which the air was blow
ing. I then poured 50ille c~~ in a 
large flat e1·apora ting di 5h and placed it 
near the open end of the box in such a 

manner that the fumes p:1ssed up the 
chimney and mingled with the scent 
from the female moths. The males, 
h o\Ye\·er, paid no ntte ntio n to the 
new odo r and ~till remained fluttering 
around the chimney; nor did they 
seem to be di stracted by the fnmes of 
ethy l mercaptan which possesses a 
most na nseating nnd putrid odor. Evi
dently the scent which arises from the 
fema le is &ullicie nt to overcome the 
fumes of c~2 or ethyl mercnpt:m, if 
indeed the males have nny perception 
of the latter odors. 

The entire abdomens of fi1·e fem:1les 
w ere cut otl' and placed upon a table , 
while the males were pl:lced within a 
la rge mosqnito-net cage about five feet 
a w:1y. Two males \\·ere liberated 
vvi thi11 fi1·e minutes of the time when 
the abdomens were cut oil~ They 
both fl ew to the recently seve red ahdu
mens :lllll paid 110 attention to the abdo
men-less female;; 111 tl1e cage. I 
repeated th is experiment many times 
hut in all sub5equent trial:; the males 
paid no attention either to the severed 
abdomens or to the mutilated females. 
r\s far as positive results go. howe1·er, 
it appea rs that the scent wh ich attracts 
the m:de emnnates from the abdomen of 
the female. 

'\'hen the eggs arc cut out from the 
fem:de she no longer attracts males. nor 
do the ma les p: ty any attention to th e 
deta ched egg~. Dead or dying females 
never attract males, nor tl" they come 
to the empty cocoon from which a 
female has issued. 

\l."hen a fe male has remained for 



18 PSYCHE. [February 1900. 

some time in any pbce she seems to 
impart an odor to the locality, for males 
will continue to come to it for at least 
two hours after she has left. 

It is interesting to notice that the 
females increase in attractiveness as 
they become older. This was repeat
edly demonstrated as follows. Several 
females all of which were about six 
hours old were confined in a large cage 
made of mosquito netting, ::llld whi ch 
allowed a Yery free circulation of air 
through it. The same number of 
females about thirty honrs old were 
placed in another similar cage about 5ix 
feet away from the c:1ge containing the 
younger females. Out of thirty-seven 
males, thirty-five came exclusively to 
the cage containing the older females. 
Of the other two males, one came to 
the ca~e holding the younger females 
and one divided his attention between 
both oges. \VII en the females are 
reversed from one cage to the other the 
males still go to the cage containing the 
older females. Upon testing females 
thirty hours old against females fifty
five hours old, it appears that they are 
about equally attractive . Thus of 
seven males, three came to the cage 
holding the thirty hour old fem;lles , one 
divided his attention between both 
c:1ges, and three came to the fifty-five 
hour females. It thus appears that 
fem::des about six hours old are not so 
attractive as are females one or two 
days old. 

Virgin females are more attractive 
than are fertilized females of the same 
age. \Vhen the virgins are contlned in 

one cage and an equal number of fertil
ized females are pbcecl in another cage 
about five feet away from the former, 
the majority of the males come to the 
cage holding the virgin females. Thus 
out of eleven males eight came to the 
virgin females, two to the fertilized 
fem:des, anrl one to both cages. Fer
tilized females are still quite attractive 
to males, however, and the males will 
readily mate with them. This was 
first observed by J\Iiss Caroline G. 
Soule, in 1894• who had two female 
promethea moths, each one of which 
was m:1ted with four males and still they 
remained attractive to other males. In 
fact as long as she remains alive and in 
lwalth the female attrncts n~ales to her. 

One of my males mated four times 
with three females, and three others 
mated three times each. The males 
will make frantic efforts to mate with a 
female which is at the time coupling 
with another male. 

The m;1le will fly toward the female 
with normal eagerness even though his 
entire abdomen be cut oH~ and he will 
still seek the female when his abdomen 
is cut ofi~ ant! the sides of his thorax 
are covered with impenious glue. It 
is therefore e\·ident that the spiracles 
are not the seat of the organs by which 
the male perceives the female scent. If, 
however, the antennae of the male be 
covered with shellac, glue, paraffin, 
Canada balsam, celloidin, or photo
graphic paste*, he no longer seeks the 

*The photographic paste used in these experiments is 
sold in the market under the name of Stofford"s white 
paste. Probably any impervious paste would serve as well. 
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female, ancl will display no excitement 
even though he be placed within an 
inch of her. In five instances I dis
soh·ed the photographic paste off in 
water, and in four of these cases the 
males readily mated with the females. 
Upon re-covering the antennae with the 
pas~e, however, the males again failed 
to display the kast excitement when 
placed near the females. 

There can be but little doubt th:1t 
the organs by which the male perceives 
the female are situated in the antennae. 
Indeed, it ha~ long been recognized that 
the olfactory organs of insects are found 
chiefly upon the antennae. Hauser, 
rSSo, and Kraepelin, rSS3, have given 
excellent descriptions of the minute 
anatomy of these organs. :1nd Hauser 
has C<IITied out an elaborate series of 
the physiological experiments to deter
mine their function. He c11t otf the 
antennae of a number of species of in
sects, :11HI found that their sense of smell 
was then either greatly impaired or 
totally lost. Covering the antennae 
with melted paraffin gave the same re
sults. Tlauser also found that when the 
antennae of the male Saturnia paYonia 
were removed the moth never makes 
any attempt to mate. 

Packard, rS9S, gives an excellent re
view of all researches 1 ebting to the 
anatomy and physiology of the olfac
tory organs in insects. 

If the eyes uf a male Callosamia 
promethea be covered thickly with pitch 
or Bmnswick black'" so as to preclude 

• This substance is commonly used as a microscopic 
cement, and is of a pitchy consistency and a dense brown
black color. 

the possibility of sight remam111g, the 
male will still mate in a normal manner 
if he be placed near the females. 

It will be remembered that in this 
moth the male is black in color, while 
the female is reddish brown, and in ac
cordance with the well kno\\'n theory of 
Darwin the peculiar coloration of the 
male might be due to sexual selection 
on the part of the female. \Ye might 
suppose, indeed, that the females pre
ierred dark colored males, and thus 
under the influence of sexual selection 
the males bec;1me darker and darker 
u nti I the present melanic coloration had 
been attained. In 1897 the author 
showed that the melanic colowtion of 
the male of this moth is phylogenetic
ally newer than the color pattern of the 
female, and this ±:1ct, :1s far :1s it goes, 
lends support to this theory of Dar
win's. In order to test this hypoth
esis I cut ofr the wings of a mimlJer 
of females lea1·ing only short stumps 
from which all the scales were care
fully brushed. l\l:Jie wings were then 
carefully glued to the stumps, and 
thus the female presented the appear
ance of a male. Under these cir
cumstances the males mated with the 
females quite as readily as they would 
ha1·e done under normal conditions. I 
then tried the converse experiment. and 
g lued female wings upon the males. 
Here again, however, the mating 
seemed to occur 1\'ith normal frequency, 
and I was unable to detect that the 
females displayed any unusual aversion 
toward their effeminate looking con
sort s. lt is also interesting to obsen·e 
that normal males pay no attention to 
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the other males who display female 
wings. In a nother series of experi
ments the wings were cut entirely off 
of both males a nd fe mal ~s , ;mel a lso 
all of the sc:lles were brushed off 
their bodies; a nd yet these sh abby 
looking mal es were readily acce pted by 
normal fe males, nor could I see that 
normal. males d isplayed any aversion to 
mating with the wingless females. \Ve 
are, therefore, forced to conclude that 
the melanic co loration of the male 
h:1s not been brought about through the 
agency of sexu:tl selecti on on the part 
of the fe male. In thi~ connection it is 
interesting to notice that Plateau, 1897, 
conclude::; that insects a re attracted 
only by th e odor of flowers and not 
at a ll by t heir color. 

In concl u~iou it g ives me g reat pleas
ure to express my gratitude to J\liss 
Caroline G. Soule for ath·ice antl a id; 
to"·· L. To wer Esq . fo r hi:-< k indness in 
co llecting many cocoo ns of the moth; 
and to Dr. Robert \V. Fuller who pro
vided me with reagents used jn the 
manufactnre of e thyl mercaptan. 

Summary o_f Conclusions.- The 
male is posi tively chemotactic toward 
some substa nce which emanates from 
the abdomen of the female, and which 
he percei res through olf;1ctory organs 
s ituated upou his a ntennae. 

ExTO~IOLOGY FOR TilE YOUNG .-Ginn 

a nd Co. of Bosto n ha,·e ju,;t issued a second 
se ries of Storie" of Insect Life, by i\Inry E. 
l\Turtfeldt and Cla rence 1\Ioo res \Veed, in
te nded for children. It is a little rending 
book ofF pages. we ll ill ust rated , a nd in its 
few chapters ranges a wide fie ld. 

Females 3o-6o hours old are much 
more att ractive to males than are 
young females 5-10 hours (l ld . Vir
g in females are somewhat more attrac
tive th;n are fertilized ones of the sa me 
nge . 

The male will mate a t least four 
times e ither with the sa me or with dif
ferent females. 

Neither 111ales nor females pay any 
attention to the appearance of their 
partners. The melanic colors of tl!e 
male have not been lJronght about 
through sexual selection ou the part ot 
the female. 
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