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MR. A. R. W ALLACE has been so good as to forward me the 
extract from the Japan Mail above referred to, together with 
his reply. The article in question bears the title, "Protection 
by Mimicry-a Problem in Mathematical Zoology. " The 
authors, while admitting the broad principles involved in Dr. 
Fritz Muller's theory, fail to see why the advantage derived by 
the mimicking species, in cases where the latter is less numer
ous than the model, should be as the square of the relative 
numbers. They admit that" the ingenious explanation seems 
perfectly satisfactory," but the proportional benefit appeared to 
them exaggerated. Mr. Wallace has now, I think, cleared up 
the misunderstanding with reference to this part of the question, 

but it may be of use in assisting towards the further discussion 
of the problem if I here give the simple algebraical treatment 
adopted in the original paper. 

Let a1 and a2 be the numbers of two distasteful species of 
butterflies in some definite district during one summer, and let 
n be the number of individuals of a distinct species which are 
destroyed in the course of a summer before its distastefulness 
is generally known. If both species are totally dissimilar, then 
each loses n individuals. If, however, they are undistinguish- 

ably similar, then the first loses and the second loses 
a1 + a2

~. The absolute gain by the resemblance is therefore for 
a1 + a2 

the first species, n - = ~; and in a similar manner 
a1 + a2 a1 + a2 

for the second species, ~. This absolute gain, compared 
al +~ 

with the total numbers of the species, gives for the first (A1), 

a2n a1n( )' and for the second (A2), . We thus have 
~ al + a2 a2 a1 + O2 
the proportion, Al : A2 = a22: a12~2. 

With reference to Mr. Wallace's concluding paragraph, I may 
point out that the advantage of the mimic is "measured solely 
by the fraction of its own members saved from destruction." 
Thus, taking his last example, the species c saves only 1/1000 of 
its whole number, and d saves 1/10 of its whole number by the 
resemblance to c. The fact that these numbers stand to one 
another in the ratio of 1 : 10', whilst c : d = 10 : 1, is a mathe
matical necessity from which I do not see how we can escape. 
As the numerical disproportion betwen the species increases, the 
advantage derived by the more abundant insect is practically a 
vanishing quantity; whilst, on the other hand, if the two species 
are equal in numbers, it is obvious that they both derive the 
same advantage, each losing only half the number that it would 
if there was no resemblance between them. 

It must not be forgotten in considering the question of 
mimicry between two nauseous species that the foregoing calcu
lations apply only to the case where the resemblance is perfect, 
i.e. so exact that the insects are absolutely undistinguishable by 
their foes. The initial steps may be hastened in these cases by 
the near blood-relationship of the species, and it is a remarkable 
circumstance that large numbers of species belonging to different 
distasteful genera have a close similarity of wing-pattern, although 
the distinctness of the genera has never been called in question. 
But the genera concerned, although distinct, are very closely 
related, and this is quite in accordance with the views here 
advocated. 

The general question as to the persecution of distasteful butter
flies by young inexperienced birds, &c., is certainly one on 
which much work remains to be done, and very great service 
could be rendered if naturalists residing in the tropics would 
undertake some systematic experiments in this direction. My 
friend, Mr. W. L. Distant, the author of the " Rhopalocera 
Malayana," has already given reasons in these columns (vol. 
xxvi. p. 105) for disbelieving in any such want of experience, 
and I have discussed this phase of the question with him else
where (Ann. and Mag. Nat. Hist., December, 1882). 
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