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ON MECHANICALSELECTION AND OTHEK PROBLEMS.
By KARL JORDAN, Dr. Phil.

[Plate.s XVI., XVII,, XVIII,, and XIX].

THEpeculiar kind of variation I have to deal with in thi.< paper concerns .some

accessorv organs of the reproductive system of a group of insects, and bears

closely upon Komanes's theory of Physiological Selection. It is a jyrlorl evident

that the demonstration of the occurrence of an extensive variability in any part of

those organs which are the most important for the preservation of animated natm-e

must be of far-reaching consequence in respect to the origin of species. As the mere

statement of the facts would be unintelligible to the general reader who has no

special knowledge of the animals in question, I shall endeavour to interpret the facts.

However, before I begin to give the details, it is necessary to come to an understand-

ing about some questions of a general character, and this necessitates my entering,
rather reluctantly, upon a ground which nowadays has so often been traversed, with

and without success : I should not do so, if the facts I bring forth, and the con-

clusions I have to derive from them, did not put me in contraposition to a good

many naturalists. Being surrounded by cabinets full of specimens, I shall, during this

excursion on a theoretical ground, always be reminded that ])Ossibilities arrived at

by general reasoning are often impossibilities in natm-e, in so far as what is a jjviori

possible or even probable may be found not to occur in nature.

I.— INTRODUCTORYNOTES.

Everybody who is a little acquainted with the diagnostic works on Zoology or

Botany will know sufficiently that a continuous question of contest amongst us

species-makers is whether a given form of animal or plant is a " distinct species
"

or

not
;

and he will also have become aware that in many cases the contending parties

do not come to an understanding, because, though using the same term "
species," the

mutual conception of that term is widely different. And this is so not only amongst
us species-makers, but we meet with the phenomenon also in the es.^ays of a more

philosophical kind which bear upon the theor^y of evolution. It would almost appear,
in fact, as if a "

species
"

is that which a respective author chooses to consider a
"

species." It is not necessary to give any illustration taken from systematic works,

first, since we do not think it does much harm to the value of purely diagnostic articles

whether the term "species" is always applied in the .«ame sense by the same or

various authors
; .secondh', because illustrations can be found in any volume containing

descriptions of varieties and species. In natural philosophy, however, so far as it

endeavours to explain by theories the diversities in animated nature, it is all important
that an author has a fixed idea of that diversity wliich he in his writings calls

a "species," and therefore we will give here an illustration of the before-mentioned

l)henomenon taken from this side of our science.

In a short article in which he claims priority over Romanes with regard to

physiological selection, Dahl *
proceeds to say that a separation of tlie varieties of

one species into more species within the same locality is not possible, if (he various

•
Zool. Anzeigrr 1889. p. 262.
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varieties did not possess, besides the (morphological) distinguishing characters, either

antipathy against mutual intercrossing, or mutual sterility, or both qualities; and
he gives the following illustration :

—
" The caterpillars of the two closely allied species of butterflies Gonopteryx

rhamni and G. eleopatra became adapted to different species of plants, the one

to Rhainnus frangul.a [and cathartica], the other to Rhamnus alpina, i.e. the

apparatus of digestion became so modified that those species of plants could be made
use of [physiologically] in the best possible manner. With the condition of the organs
of digestion was associated, perhaps indirectly, a somewhat different yellow coloiu' in

the imago-state, and here the preference could begin to act. . . . Against a thousand

butterflies adapted to Rhamnus alpina there occurred perhaps two which were pre-

possessed in favour of a deeper yellow colour, two which jireferred a lighter yellow

tint, while those thousand were indifferent [to the deeper or lighter tint of vellow].
The first-named [two] specimens copulated with individuals adapted to Rhamnus
alpinn, and gave birth only to ftilly fertile offspring. The second group [two speci-

mens] copulated with light-coloured individuals adapted to Rhamnus frangula, and

gave birth to non-fertile intergraduates. Of the thousand specimens one half copu-
lated with specimens adapted to Rhamnus alpina, the other half with specimens

adapted to Rhamnus franffula ;
of the two halves, therefore, onlj'the first gave birth

to fully fertile offspring. ... It is easily to be seen that the number of those indi-

viduals which were prepossessed in favour of closely allied specimens [in colour] would

grow very quickly, and that the number of the others must very soon become reduced,
even if this number at the beginning [of the selection] is still more preponderating

[than in the above illustration]."

As the author expressly states that the divarication of species at the same locality

is not possible if together with the "
development of the distimjuishing characters

there did not take place a developjment of dislike," etc., we must take it as the meaning
of the illustration that Gonopteryx rhamni and G. cleopiatra have developed from

a common ancestor into two species b}- means of psychological selection. Or, to put
it figui'atively, the species A developed into two varieties, .^1' and A-, in consequence
of the caterpillars becoming changed by the influence of "the different food-plants;
then psychological selection on the part of some females set in and modified those

two varieties more and more, so that the varieties A^ and A^ became in the course of

time two "
species" B and C. \\'Tiich characters does the author attribute to the two

varieties A' and A'- at the time when .selection commenced to act ? There were foiu'

distinguishing characters : (1) A' and A'- were different in the chemistry of their

body ; (2) they were so different in colour that the females could perceive the

difference
; (3) A^ produced only pale specimens, and A' only deeper-coloured speci-

mens, i.e. they bred true
; (4) the cross-products were not fit to propagate. Now, if

forms so widely distinguished moqihologically and physiologically as ^1' and A" are

not •'

species," then we fear there are no species at all. The author apparently con-

founds the transmutation of one species into one other and the separation of a

species into two or more. The illustration does not show how by means of psycho-

logical selection (or any other modifying factor) G. deopjatra and G. rhavini have in

the same locality developed from one conmion ancestor into two species, but shows

how the two "species" eleopatra and rhamni might become the one a paler and

paler, the other a deeper and deeper yellow
"

species." At the time when selection

set in in Dahl's illustration there were already two "
species," and hence the specific

distinctness of the two is not the outcome of psychological selection.
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In order to avoid similar confusion we have to come to a conclusion which
definition of the term "

species
"

as opposed to the lower degrees of variation we will

accept, before we discuss the variability of the genital armature within the limits of

a "
species."

As most of us pretend to be evolutionists, let us take it as an axiom, which we
need not discuss here any more, that the great divergency exhibited in animated
nature is the result of the development of the various forms of animals and

plants from a common ancestor. Before Darwin brought forward his theory of

evolution naturalists had to solve one question : which are the differences found to

exist among the various forms of animals and jjlants ? The question which is put to

naturalists nowadays is, however, twofold : (1) which kinds of divergency do we find

to exist in nature ? (2) how has this divergency come about ?

It seems to us to be a rather general assumption amongst naturalists, no matter

whether they treat animated nature fi-om the point of view of a philosopher, or

whether they work with the individual specimens, that the variation of the individuals

which belong to a complex called species is such that, with the exception of marked
di- and polymorphism, we can draw up a series of specimens which form a con-

tinuous chain from one extreme variety to the other, the differences between the

adjoining links being extremely slight. And it is almost natural that the assumption
should be so general. The question which governs zoological work is one of specific

differences on the side of us systematists, and one of the causes of the specific and

non-specific characters on the side of the biologists, and over the. consideration of
" characters

"
it has been lost sight of that speaking of a specific character and the

variabiUty of characters means, in fact, speaking of abstracta, while our work must

be based upon concreta, upon the individual specimens. The variation of an organ

may be continuous
;

in a series of individuals a certain organ may even be con.staut
;

but that does by no means imply that the individuals as opposed to one of their

organs form a continuous chain. An individual has many "
characters," and these

do not var}' in the same manner and degree in the various specimens ;
some indi-

viduals may be almost identical in one or some characters, while they are widely
different in other respects, and this will at once become manifest to everybody who

actually tries to put together a " continuous "
series of specimens. An illustration will

bring the fact more closely to mind. A, B, C, D may represent individuals
; a, b, c,

three characters
; a}, a', ii?, a', etc., V, b\ etc., c', C", (?, etc., may be minute degrees

of development of the characters. Now, if we arrange the individuals according
to the gfradual development of the character a, and thus have a continuous series in

respect to this character, the chain of individuals will nevertheless be discontinuous,

as in the following diagram :
—

A B C D . . . .

«' «- a' a' . . . .

6'° i' i« 6" .... *

c' c' c' c" . . . .

If we further arrange the series according to the continuity of character b or c,

not only will the individuals A, B, C . . . stand in other places within the new

series, but also new individuals must be introduced to make the chain again con-

tinuous. Hence it will be sufficiently clear that, notwithstanding the variation of every

organ of a species may be continuous, the individuals each being a sum of organs
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form a discontinuous seriet-. Wecan exju'ess this phenomenon in other words as the

law of independent variation of organs as op])osed to the correlative variation

of organs.
There are many species in which not only the individuals form discontinuous

series, but which exhibit also one or more discoutinuously variable characters
;

and it

is especially tlie appearance of such discontinuity which Bateson so amply illustrates

in Materials for the Study of VariaHon (London, 1894). In this case the specimens

belonging to a species can be arranged into groujjs according to a discontinuous

character, each group containing individuals in which that character is continuous or

nearly so, while from one group to the other that character exhibits a more or less

wide gap. In diagnostic zoology the groups of individuals of polymorphic animals

have often been mistaken for distinct species. The study of independent discontinuous

variation of two or more organs can, however, often help us to distinguish poly-

morphism from specific distinctness. In the following diagram the specimens are

first an-anged into grou[is according to character «, and then into groups according
to character b :

—
. .1
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The independent variability of organs found to exist among the individuals

derived from one/p//i((7e, or among the individuals flying in the same locality— in

short, among specimens about the specific identity of wliich there is no doubt —leads

us to the conclusion that the same organs of the same species vary also independently

in other localities. The distinguishing characters of a geographical race thus can be

shown to be independent of one another, and that the association of distinguishing

characters is not correlation of these characters, which is of the greatest inii)ortance,

if we come to consider the caiises of the divergence exhibited by such races, the

degree of relationship of the races, and the probable history of their geographical

distribution. Wemention in this place only that, as the wing-form and wing-pattern

of the Papiiios vary independently of the copulatory organs, we shall find in the body

of this paper ample illustrations of those three phylogenetical and biological jiheno-

mena. The first we have to do is in every case to study the individual variation in

order to know which characters are correlated and which not in respect to variation,

then to study the characters of the same organs of the geographical representatives

of the same species, and finally to compare the results we arrive at, if we draw from

each single independent character conclusions as to subspecific and specific distinctness,

the influence of the evolutionistic factors, and the history of this influence.

The occasional apjiearance of individuals, mostly single or in \-ery small numbers,

amongst the normal specimens, differing widely from the latter in one or more

points, we have to classify as a peculiar kind of di- and polymorphism. The so-called

sports and monstrosities, between which terms there is no line of delimitation, as

there is also no such line between normal and abnormal varieties, belong to this kind

of discontinuous variation, and it is a rather general assumption that the characters of

such sports and monstro.sities get swamped away by intercrossing. Is this really true

in the verbal sense ? If swamped away means " not appearing in the direct ofifsjiring
"

of that abnormal specimen, it might often be correct
;

but if it means disappearing

for ever, never reappearing among.st the individuals constituting the species, it is not

true. Many sports and even monstrosities are found again and again, as every collector

knows ;
and when an exceptionally abnormal variety has been found once, there is no

reason for the assumption that it will not be fmmd a second time. In fact, the

collectors, who work with individuals, expect and hope to come across sucli a variety

themselves. If, for example, somebody had published this year that from one of his

pupae of Acherontia atropos (death-head moth) a specimen with entirely ochreous

wings had emerged, we are quite sure that all those who are in possession of a con-

siderable number of pupae of this insect would look forward to the emergence of the

imagines with the eager expectation to find such an individual among tlieni."

The repeated occurrence of the same abnormal variety is, to our mind, of the

greatest importance, as the repetition of the phenomenon is a proof that the variety,

how abnormal and rare it ever may be, is not entirely swamped away from the species,

and that the constitution of the individuals of the respective species, taken as a whole,

is such that under certain circumstances, whichever they may be, the variety will be

produced, or even must be produced. It is, therefore, quite intelligible that, when

those certain circumstances become more frequent, the variety which we now call

abnormal might become normal. From this point of view, the record of unusual

varieties, including monstro-sities, is by no means so unimportant as it ai)pears to

be to the systematist who recognises only "distinct" species. On the contrary, we

 For illuiitrations see Tiateson, Mnteriah hr i fitudy of Variatwii. London. 1891.
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maintain with Eimei- that abnormal varieties show distinctly the directions in which a

species is able to develop. Wegive an illustration. For certain reasons which we cannot

explain here, as they concern details of structure, we must consider Papilio sarpedon
to be derived from a form which had green spots within the cell of the forewing and

a submarginal row of green markings, and that P. sarpedon is now on the way to lose

the green markings altogether. The specimens of P. siirpiedon from the Solomon

Islands have preserved some of the additional spots, while in the forms from other

localities the forewing has only a median macular band
;

in South India and Ceylon
the first spot of this band disappears very often, and in China the band of the hind-

wing is often reduced to a costal patch. Now, Mr. de Nic(^\ille figures a "
sport

" from

Sumatra* in which the median band of both wings has disappeared, except a small

spot, and which therefore has an almost entirely black upperside. The specimen is now
in the Tring jNIuseum, which contains also another individual of P. sarpedon (from

Sikkim) that has the median band of the forewing dusted over with black scales,

which conceal jiartly the green ground-colour of the wing-membrane. The direction

of development indicated by these two "
spoi'ts

"
coincides with that which we are led

by structural characters to consider the real direction of development of P. sarpedon,
and the importance of this coincidence is obvious.

Apart from polymorphism among the individuals in the same locality, we

observe very commonly a polvmorphism in which the various forms are sejiarated

geographically. This geographical polymorphism we shall have to deal with later

on, and therefore we restrict ourselves here to the remark that the various geographical
varieties are, just like the forms of ordinary polymorphism, often not connected by

intergradations, and thus are likely to mislead us species-makers to treat them as

"distinct species"; in the latter respect geographical and non-geograpliical poly-

morphism have much in common, because they are homologous phenomena, as we

shall soon see
;

and we may add that geographical separation of different forms

cannot be an a pjriori criterion of specific distinctness, though this has often enough
been alleged.

The individual variation including non-geographical and geographical polymor-

phism, as dealt with in the preceding lines, concerns especially the individuals which

exist as contemporaries ;
now let us liriefly consider the historical side of the

variation. According to the theory of evolution, the descendants have in the course

of time (gradually or per saltum, in respect to the distinguishing characters as well

as to time) become dissimilar to their ancestors; we assume generally that a long

period was necessary to bring a considerable change in an animal or plant about. A

period of one or two hundred years is by many systematists considered quite in-

sufficient to alter in nature a form of animal or plant so far that the change is

obvious, or that any transformation has taken place at all within the same localilv.

Though we accept the theory of the transmutation of the species in the course of time

as the base of scientific work in Natural History, we nevertheless identify the forms

found in our days with the forms which our forefathers in science had before them
;

without hesitation we treat the forms, whether they be species or variety, captured
in 1896, as identical with those which Linne received a hundred and fifty years ago, or

which Merian or Seba obtained aliont two hundred years back. And when we observe

a difference between our recent specimens and the old pictures, differences which are

by no means always explainable by the assumption of incorrectness of the drawings,

• Joiim. Bomhay N. II Soc. 18!i:!.
ji.

r,l. t. I., f^ 11 1,0-
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the very last we thiuk of in systematic work is that the form we now receive from a

particular locality has actually changed during the last fifty or two hundred years.
Of course, oiu' knowledge of a single specimen of a certain form preserved from the

collections made during tiie last century, and our knowledge of an old figure of that

form, does not enable us to draw any conclusions as to the extent of variation of that

form at the time of its capture, nor does such i)oor knowledge admit any conclusion as

to a probable transformation. The evidence is gone, and that is very much to be

regretted.* But should not the want of evidence from the past be a hint to us to

procure more evidence for the scientists who come after us ? It is all important to

j)rove that tlie transmutation of species upon which the theory of evolution is based

actually takes place ;
and it would be a good object for small prorincial museums to

preserve long series of specimens, with exact dates, at least of the species of those

families of the respective district which are known to be easily influenced by the

transmutating factors, families which moreover are easily preserved, such as butter-

flies and moths, wingless beetles, and landshells
;

museums with such collections

wotild not be simply a sight for the public, but they would be of scientific value,

and their scientific success would be far superior to that which they can obtain by

gathering sjiarse material from all countries of the globe. There would certainlv be

no want of voluntary help from the side of private collectors in civilised countries.

The study of the local fauna and flora and their variation carried out in this sense,

though many systematists and species-makers (which terms are not always syn-

onymous) look down upon the study of aberi-ations as being unscientific, stands far

above the mere descriptions of new species, which mostly do not help the least to

solve the all-governing questions of evolution, but add simply some more "species"
to the hundreds of thousands of "

species
"

already made known.

However, we are not entirely left wnthout evidence that transformation is

actually going on under our eyes. We know from many plants f and a small

number of animals that geographical races, when reared under conditions other than

those of the country where the race lives, change in characters
;

we refer to the Porto

Santo rabbits.J and Poh/ommatus phlnens,^ and Pieris brnssicae. I And a striking

' Since the above was written I h.ivc received Oberthiir's Etuili:i d^ EntomologU XX. lS9(i. Here
Oberthiir tries to demonstrate from copies of old figures of Lepidoptna ami figures of recently caught specimens
that no change has taken place in these insects since Linml^'s time. The differences, however, which are

exhibited by these old drawings ,ind the figures of the refent specimens are nt)t only so conspicuous that

identity is entirely out of the question, but the differences arc such that if they actually were found in  

contemporary specimens, many prominent I.epidopterists, including Mr. Ch. Oberthiir himself, would tieat

these differences as being of '•

specific
"

value. In fact, Clerck's figure of Papilio deiphohux resembles much
more that insect which Felder separated as a distinct species (Papilio driphontes) than it docs Oberthiir's

figure of a sixjcimen of detphohttx caught in lSi»3, Oberthiir must have been led by that kind of reasoning
indicated in the above text, el.se he could not have spoken of a ''proof" that the species in question have

not undergone
" the least modification." This kind of reasoning is : first the figures of Clerck are mentally

corrected according to the characters of recent specimens, then the characters thus corrected are

pronounced to be identical with those of recent specimens.
I by no means will say that the particular species in question have been transformed since Linni's

time ; but I maintain that if there is any evidence as to transformation or non-transformation, the

evidence is certainly in favour of transformation.

t Kerner, Oute und gehlechU Arten, gives many illustrations of the transformation of plants.

J Darwin. Variation of Animalx and Plants under Domrstictttioit. 2nd edition, London, 1888. p. III).

§ VVeismann. Shidien in the Thiory of Descent. From pupae of the southern form of Polijommatut

phlaeaA brought from Italy to Germany imagines emerged which were intermediate between the Italian

and German forms.

II
Scndder. Hiitterflie/i of MwEnglaml II. 1S89. p. 1175, gives a detailed account of the gradual

spread of Pierui rapae, which butterfly was first noticcil in Canada in 18G0. and describes a new variety

(jiovanejliae^ into which rapae has developed.
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illustration of the fact that in a certain district a transformation of a species takes place
has been published during recent years from different sides. A moth of the family

Geometridae, Amjjhidasis heiulariv.s, has a black and a white form (with intergrada^

tions) : the black form (douhledayamus), which for a long time was known to occur

in Great Britain, was very rarely found in North- Western Germany ; during the last

ten to twenty years, however, the black form has become more frequent, and is at the

Lower Khine now nearly as common as the white form. Without tr^'ing to give an

e.xplanation of this phenomenon, which speaks for itself, it is of interest to note that

in countries with a rational cultivation of the soil the changes in the immediate

neighbourhood of the animals are very varied : the disapjiearance of swamps, planting
of new forests on barren hills, artificial watering of pasture land, and so on, will not

only destroy many forms, and give opportunity for other forms coming into the

district
;

but these changes will most probably also have a certain amount of influence

on those animals and plants which remain residents, at least on those forms which,

like butterflies and plants, are very sensible to a change in the biological factors
;

and it would be highly interesting to have correct data whether perhaps a visible

transformation of some animals and plants would be effected in a shorter time in a

country with an intensive cultivation of the soil (like France) than in a country (like

J^nglaud) in which agriculture is more stagnant. Certainly we will not maintain that

all the forms of animated nature have changed during the last hundred and fifty

years, but will only draw attention to the historical side of the question, which

cannot be entirely neglected. Palaeontology teaches us that there are forms which

for a very long time have not changed, at least not in those parts which have been

pi-eserved ; while, on the other hand, we know from palaeontology that in most cases

a change must have taken place.
At subsequent geological epochs the earth has been inhabited by different

faunas and floras
;

that we know. If we had now before us all the specimens of

animals and plants which ever have existed, and tried to group them as we do with

the specimens in our collections, what would be the result ? The gaps between the

various forms would all be filled up bv intergradations ;

* the Gorilla would be as

different from the Giraffe as he is now; but tracing both animals back to their

common ancestral form, we could draw up a series of individuals which would perfectly

connect the two animals, and which would not allow us to draw a line of division :

Gorilla and Giraffe thus would appear to be merely the extremes of the series. If, as

• we mostly iiiactically do, the "
species

"
are based only upon morphological differences,

all the animals and plants would belong to one variable species. Any definition,

therefore, based solely upon morjihological differences must necessai'ily be a failure, and

it follows also that the allegation that a certain form is a " distinct species
" because

there are no intergradations between it and the allied forms is in discordance with

the theory of evolution, according to which the intergradations did occur-, but are

perhaps now extinct.

If we trace the line of ancpstrals of two given types back to the form from which

both have descended, wo have for each type a separate line until we come to the

primordial type in which both lines combine. The line of ancestors of every species

comprises the different steps of development from the primordial form down to tlie

recent form, and represents the historical polymoqihism of the species, in opposition

to contemporary polymoi-phism. Are the differences between the steps of develop-

ment "
specific

'"

differences ? Hipparion and Eqmcs, though assumed to stand in

* Koinanes, Darwin and After Darwin TI. London, 1895.
|).
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the relatiouship of ancestor and descendant, are treated as members of different

families
;

if it is right to keep ancestor and descendant, in spite of the iutergradations
which have existed according to the theory of evolution, in separate families in this

case, why do we not do it in the case of the horses which our forefathers rode and

those which live now ? Tf it is the presence of morphological ditferonce which leads

us to split uj) in the one case, and the absence of such difference in the otlier case to

unite, why then are Distomum, Media, and Cercaria
;

Rhahdonema and Rhabditia
;

Vanessa levana and its offspring prorsa, the same species ? IMorphological difference

alone is not a criterion of siiecific distinctness.

Besides the morphological differences among animals we observe a mental or

psychological difference. It has often been noticed that in mixed flocks of sheep
•

or cattle the individuals belonging to the same race often keep separate from the rest,

and it is also well known that in the state of nature strangers are driven away or

even killed. Though psychological selection, as manifested in these cases, is of

importance to accelerate the transformation of a variety and to fix the varietal

characters, we believe that among domesticated animals it is very often not racial

community that keeps the individuals together, but the circumstance of being
accustomed to one another. In some districts of Germany all the geese of a village

are driven to pasture in one large flock
;

when on the pasture ground, the individuals

belonging to each house keep together, even if they are not the offspring of the same

parents, but are brought together from different villages as goslings : this keeping

together is an expression not of community of characters, nor of community of descent,

but of community of the stable.

For us systematists that kind of psychological variation is of more interest which

is the immediate outcome of morphological differences in the organs of sense and in

the organs which are destined to affect the senses. The variability of the organs of

sense among higher animals, and the difference of discriminating power among the

individuals of the same species and race, are facts so weU known that it is sufficient to

remind the reader of the variability in the eyesight of men, or of the difference between

dogs in regard to the ])ower of smell. Among lower animals the senses are often very

differenth' developed in the various families; in insects the power of discriminating
form and colour seems generally to be rather weak, while in some families the organ
of smell is highly developed. Carrion- and dung-beetles are able not only to smell the

carrion or dung from a great distance, but, what is more important, they distinguish
between the scent of carrion and that of dung. The sexes of Lepidoplera and

Coleoptera are brought together by differences in the scent of the sexual scent-glands
of the various forms

; females of certain moths attract great numbers of males, even

if the /ema/e is kept in a box with holes, and there is not the least doubt that the

males of the various species of a genus follow the scent of the respective females and

not that of allied species. As individuals of one species sometimes come to a femaU
of another species, and as, further, dung-beetles are occasionally attracted by carrion,

wo must conclude that the specimens of dung-beetles really perceive the scent of

dung and carrion, and that the males of insects not only perceive the scent of the

/errt«?es of their own species, but also that of other species. The phenomenon that

dung-beetles come to dung, and that the males of a given species of insect follow the

scent oi the females of their species, cannot be explained by the assumption that the

organ of smell of the specimens is so constructed that the insect is not able to per-

ceive any scent but that particular one. The specimens of allied species, therefore,

*
D.-invin, Variation nf Animah, etc.. 2nri Kil. London, 1888. p. Uo.
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D.-invin, Variation nf Animah, etc.. 2nri Kil. London, 1888. p. Uo.
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discriminatp between the various scents, and follow that scent which, to put it more

personally, incites them most. We have here a psychological selection. Now, if a

variation takes place in the organ of smell and in the scent-producing glands, it

seems to us evident that the effect will be such that the varietal individuals do not

follow the same scent as that to which the normal specimens give preference, but select

a varietal scent. (.'areful observations about psychological variation are extremely
scarce; but we can give a beautiful iUustration on the authority of Professor Standfus.s,*

who says that at Zurich males of CalliTnorpha domimda came very rarely to females
of the Italian variety persona, while they were attracted in great numbers by the

females of dominidd.. We see here that morphological and psychological variation

can go hand in hand. If the power of discriminating scent is so highly developed

throughout the order of Lepidoptera as in the case of Caliimorpha domimda, we
have a ready explanation of the phenomenon that the scent -organs, compared with the

colour and pattern of the wings, are so constant in Lepidojjtera. It is readily con-

ceivable that the relative constancy of the scent-organs of Lepidoptera is a con-

se(juence of psychological selection based upon the difference in the organ of smell

and in the scent-glands. And if we must admit the probability of the influence of

this kind of mental selection, we arejustified in concluding that psychological selection

takes place in all animals which have one or the other organ of sense highly

developed. As, however, wnih the various organs of sense only certain kinds of

characters are perceivable, it is obvious that in different groups of animals psycho-

logical selection will affect different sets of characters according to which organ of

sense lias a high power of discrimination. Thus it seems to us intelligible tliat there

exists such a strong contrast between Lepidoptera and birds in respect to the

constancy of colour and markings. The great variability in colour in the order of

Lepidopjtera and the relatively slight variability f in scent-organ.< can be accounted

for by the presence of selection as to scent-organs and the absence of selection as to

colour,J while the surprisingly great constancy even in the shade of colour among
birds may largely be due to the sharp eyesight of these animals rendering them

capable of distinguishing between shades of colour, and hence inducing them to

associate with specimens of their own colour and to drive differently coloured indi-

viduals awa}-.

The effect of the variation of psychical qualities as dependent on the variability
of the organs of .sense can, like the variation of morphological characters, be

classified in individual, geographical, and historical iiolymorphi^m. The considera-

*
Standfuss, JIandhurh fiir Schmctterling.'isainmlfr. ^iiW.i, ls9(j. p. 107.

t The scent-organs rif Lrpidojitera. especially those of the mah's, are not constant in every case
;

there

.are even s])ecies in which they are very variable; and the colour of birds is also not constant in every

sjjecies.

t Eimer, Artbililvmj und W-ru-andtscha/t liri Schmctterlim/en, tries to '
prove

" on the ground of his

studies on the wing-pattoin of Papilios that the transmutation of animated nature takes place without

natural selection. ISut even it'this be true as regards a direct effect of selection on the wing-pattern, it is

conceivable that psychological selection, which is a jiart of natural selertion, can have, besides the direct

influence on ''structural" characters, an indirect influence on the distribution of colour on the wings
Eimer is in so far rpiite right as he says with Darwin (not against Darwin) that incipient varieties cannot

have been oiiginated by natural selection ;
where a ' selection

"
takes place, there must already be a

difference amongst the individuals. As Eimer expressly says that natural selection cannot produce species
but only preserve species, and as, further, Eimer actually does not show how s|)ecies (conforming to Eimer's

definition of si)ecies) but only how varieties oiiginate, I cannot perceive why we should not attribute to

natural selection the preservation of nirirtnl characters. Variation is, according to Darwin, not the out-

come of natural selection, but is the premiss of natural selection ;
vaiietal characters can be preserved by

selection and increased by survival of the fittest. I do not perceive any great contrast between Darwin
snd Eimer in respect to these points.
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tion of these three kinds of polymorphism in the previons lines led us to the

conclusion that morphological differences of any kind and degree are not decisive

criteria as to specific distinctness
;

the systcmatist actually sinks his species in

spite of distinguishing characters as soon as it is j)roved that the morphologically
different forms appear among the offspring of the same female. The most general
case of bodily difference which is not regarded as being specific is the difference

between males and females; notwithstanding the great dissimilarity which the

sexes so often exhibit, not only in the reproductive organs, but also in other

moi-phological characters, the systematist puts Diale and fem,ah together in one

species, and hence makes at once the concession that his term "species" is not a

pureh" morphological one, but that the higher criterion of the term is of a

physiological kind.

Although moqjhological identitv means also specific identity, the inverse that

specific identity means morphological identity is not correct. The question, there-

fore, is now, which physiological divergence we will take as the real criterion of

specific distinctness.

Wehave seen above that the line of ancestors of a given type can be divided

into a recent portion which is independent of the lines of ancestors of all other types,

and into a remote portion in which the lines of several tvpes are combined. The

specific difference which now keeps allied types separate was absent from them in

remote times
;

what now is specifically different was formerly specifically identical.

Hence a definition of "
species," i.e. a definition of what makes two types specifically

different, has to exclude any relation to the ancestral forms of the given t3'pes, but

has to take into consideration the contemporary types and their descendants. For

the sake of argument let us assume all types of animals and plants were monogamic.
so that every individual would produce offspring without copulation with anotTier

individual. The question as to the characters of the descendants would be twofold :

first, the descendants of a type (taken as a whole) become under certain conditions so

changed that the gap which separates them from the descendants of another type is

entirely filled up by intergradations, or that the descendants of both types entirely

fuse together in characters
; or, second, the sum of the descendants of each type

remains under all conditions separated b}' a morphological gap from all other sums

of descendants, whether the characters change or not. We have already referred to

the transplantation of plants and animals by which it has been proved that forms

which were unhe.'^itatingly considered specifically different became identical. The

divergency in the development of forms has in these cases been annihilated, and we

must conclude that similar divergencies will in nature also be annihilated when the

necessary conditions arise. If, therefore, all the various types in animated nature were

different only to that degree, it follows that under favourable circumstances all these

different forms would fuse together to one single type. Divergency would change
into convergency and identitj', and there would be no question as to species. As we,

however, observe that fusing together is restricted to the nearest allied types, and

that with the greater divergency of allied forms the possibility of fusing decreases

until the forms remain separate nnderany condition, the term "s[)ecies" as an expres.sion

of the divergency in nature must be an expression of that divergency which, though

starting from identity in the ancestral forms, will never again develop into identity.

In the case of sexual propagation the question is more intricate in consequence
of the intercrossing whicli takes place between different types. The question as to

the lines of descendants is threefold : the line of descendants of a given tj'pe
fuses
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comijletely together with that of one or more other types under certain con-

ditions, and the descendants are qualified for propagation ; secondly, the line of

descendants remains separate under every condition
;

and thirdly, the lines of

descendants are partly fused by the appearance of cross-products, which, however, are

not fully qualified for propagation. The two first points are the same as those

mentioned under monogamic propagation. The third case is of little consequence ;

the cross-products, though often obscuring the fact of the independence of the

descendants of two given types, have really no influence upon the lines of descend-

ants, as the offsjiring of the cross-products soon become extinct, and therefore do not

affect the characters of those descendants of the present types which are not cross-

products. In asexual and in sexual propagation we observe that the lines of

descendants of the various types exhibit this contrast, that they are either capable of

fusion or not capable of fusion : in the first case divergent development changes
under certain conditions into convergent development, and ends in identity ;

in the

second case the development ends under every condition in divergency.
In order to see clearly which kind of divergency in animated nature we shall

have to term specific, we will shortly recapitulate those jJoints which have to be taken

into consideration.

1. The presence of morphological distinguishing characters is not a final criterion

uf specific distinctness
;

a definition of species based solely upon such dift'erences not

only would not take into account individual, geographical, and historical polymorphism,
but would, if consequently applied, make every individual specifically distinct, as we
have seen that the sum of the characters of every individual is different from the

sum of the characters of every other individual.

2. Though according to the theory of evolution every species is the outcome

of the transmutation of another, ancestral sjiecies, we have only morphological
characters to distinguish ancestral and descendant species by. Therefore, considering
what is said under 1, a final criterion whether the difierent types which form tiie

. direct line of ancestors of a given type are "
specifically

"
different is wanting ;

palaeontology provides us with morphologically different specimens, which can never

be proved to have been specifically distinct. And as, further, allied species have at

a former period not been specifically different, a definition of the term "
species

"

based upon evolution must leave the line of extinct ancestors altogether out of

consideration.

o. As the theorj' of evolution further implies that a species can in the course of

time develop into one or more descendant species, the term "
species

"
rigorously

applied must be restricted to contemporary individuals. Hence the definition of the

term "
species

"
as designating a certain kind, and always the same kind, of diversity

throughout animated nature, has to be arrived at by comparing the divergency of

coexistent types.

4. The theory of creation explains the diversity in animated nature by

assuming that every species from the time of its special creation to its extinction

is a unit separate from every other unit
;

allied species have never been and will

never be the same. The theory of evolution, abandoning special creation of each

species, puts in its place divergent development from a common form, but to explain
the actually existing great discrepancy in nature must assume, like the theory of

creation, that when a certain degree of divergency is attained the form of animal or

plant exhibiting this divergency can never become one with any other form. This

degree of divergency stands in the same contraposition to all lower degrees of
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development, whicli allow a fusion of the lespoetive forms, as the nej;a(ive does to

the affirmative, and therefore is diflerent from the lower degrees of development not

only as to degree, but also as to kind.

5. From the fourth point it follows that if specific difference means a difference

of kind, not only of degree, the chief criterion of specific distinctness of a given form

of animal or plant is the impossibility of fusion with other forms.

Hence we have to accept the following definition of the term "
species

"
:
—

A species is a ijroup of individuals xvldch is differentiated from all other' cooi-

teniporary groups by one w more characters, and of ivhich the descendants which

are fvlly qualified for propaijation fo')'ni again under all conditions of life cme or

more groups of individuals differentiated from the descendants of all other groups

by one or more characters.

The reasons why we do not accept one of the definitions of species as given by
other authors are best stated by shortly discussing the definitions of Eimer,
Romanes, and Wallace.

I. Eimer"s definition
*

is a purely jjhvsiologifal one :
—

"
Species are groups of individuals which are so modified that sexual intercourse

does no longer take place between them and other groujis, or that successful inter-

course is not unlimitedly possible."

Apart from the criteria of the term •'

si)ecies" in tliis di-)inition being negative,
we cannot accept the definition simply because it is not a definition in consequence of

its allowing us a choice between two different criteria. I..et us discuss these criteria

separately :
—

1.
"

Species are groups of individuals which are so modified that sexual inter-

course does no longer take place."

According to this definition the prevention of intercrossing is a con.secjuence

of the modification of the groups of individuals. From several sides attention has

been drawn to the occurrence of psychological selection among the individuals of the

same species, especially among specimens belonging to varieties of domesticated

animals. As in these cases intercrossing does not take place on account of a dislike

of the respective varieties, i.e. as the prevention of intercrossing is a consequence
of the modification of a species into varieties, these varieties would conform to

Elmer's definition, and therefore would have to be considered as distinct species.

2.
"

Species are groups of in(li\iduals which are .so modified that successful sexual

intercourse is not unlimitedly possible."

In the second part of his studies on Papiliosf Eimer claims priority over

Romanes as to the principal idea ujwn which Romanes based his theory of Physiological

Selection. The chief j)remiss of this theory is the occurrence of such a variation

among the individuals of the .same species tliat a group of specimens does not only

not cross with the rest of the individuals on account of dislike, but is infertile or

restrictedly fertile with them, whereas the specimens of that group are inter se com-

pletely fertile. If such a physiological variation occurs, and there is no i-eason wliy

it should not occur, that group of individuals would constitute a species according to

Elmer's definition, in spite of the absence of morphological distinguishing characters,

and in spite of the offspring of the phy.siological variety belonging partly to the

* Kinier. ArthiUhmri mid VcriraiuUgchaft hi-i Schmettrrliinjtn. 1881).
j).

16. Konuiiiti-fl, in Darwin ami

A/O'r Darwin, 1895. p. 229, says that the *•

purely physiological (ictinition is not nowa^tays PTitertainc^l li.v

any naturalist."

t Eimer, Artbilduny unil Verwamltirliaft bri Schmrtterlimjen !I. .lena, IS9.5. p. 14.
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normal form of the species. Even if the physiological difference is accompanied by a

morphological difference, the variety cannot be considered a species as long as some

of its offspring are of the normal form ; A and B are not specifically distinct as long

as A produces B, and B produces A.

II. Romanes's definition *
is as follows :

—
"A group of individuals which, however many characters they share with other

individuals, agree in presenting one or more characters of a peculiar and hereditary

kind, with some certain degree of distinctness."

This definition, if the words "and hereditary" were left out, would be based

solely upon the presence of morphological difference, "
Evolutionists," says Romanes,

" have more and more grown to lay stress on the hereditary character of such

peculiarities as they select for diagnostic features of specific distinctness. Indeed it

is not too much to say that, at the present time, evolutionists in general recognise
this character as, theoretically, indispensable to the constitution of a species." f Our

objection against the word "
hereditary," which does not "

supply exactly that objective

and rigid criterion of specific distinctness
" which we necessarily require, is two-

fold :—
1. There are characters of an hereditary kind which are not specific. Indeed

many of those peculiarities of individual varieties which regularly appear in every

brood are hereditary, but do not make the individuals which exhibit them specifically

distinct. Among the individuals o{ Papilio S(irpedon,X to give an illustration, appear

specimens (in New Britain legularly) which have one or two additional green spots

on the forewing ;
in specimens from the Solomon Islands additional green spots

are always present ;
as for certain reasons we consider Papilio sarpedon to be the

descendant of a species with a greater number of markings than sarpeiiojinowhas, the

presence of such additional markings we have to explain by the assumption that these

markings are inherited from the ancestors. We observe here restricted inheritance

of a peculiar character in the individuals from various parts of the Indo-Australian

regions, and constant inheritance of that character on the Solomon Islands. Not-

withstanding that it is an hereditary character which distinguishes the respective

individuals, these specimens are not specifically distinct from those individuals which

are devoid of that character.

2. Specific characters are not unrestrictedly hereditarj'. It is a well-known fact

that the various forms of some polymorphic species of butterflies are so distributed

that the species is polymorphic in one, monomorjihic in other districts. PapAlio

aegeu,s has a number of different /e?na/e-forms in New Guinea, the Aru and Key
Islands, while in Australia there is only one kind of female. Papilio c/y^ia is remark-

ably dimorphic in India in both sexes —the varieties are called clytia-iorm. and

*
Romanes, Darwin and After Darwin II. 1805. p. 231.

t Ibid.

X In this article I have given the names of species ami varieties without jidding the " author" for two
reason?. (I) The original meaning of a name has mostly changed, its application h.aving become restricted

or extended. The reference to the original author, therefore, would give us quite an erroneous idea about
the extent in which the name is used in this article. Various writers apply the same nauie with the same

original author to different forms of Li'jjidojttera ; hence it is necessary, in order to avoid confusion, to say

precisely in which sense a name is hero made use of. (2) As it is the contents of a name anti not the name
I have to deal with, the mere annexation of an author's name to the specific or varietal name would not

convey to the reader any idea about the meaning of the n.ime ;
it is, therefore, necessary to give a reference

to a book where the respective form has been figured or sufficiently dcscribcfl. Instead of giving the

reference behind each name, I .-mnex to this article, for the sake of simplicity, an alphabetical list of the

species and varieties with the necessary references.
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dissirailis-form —wliile on the Andamau Islands only a dissi'inilis-fonn and on t lie

Philippines only a ciytia-iorm occurs; both the Andaman and the Philippine tnono-

morphic insects are not specifically distinct from the Indian dimorphic insect. The
nearest ally of Papilio clylia is the very variable Papilio paradoxus* If we assume

that the Andaman and Philippine insects are the descendants of the Indian dimorphic

clytia, or the latter the descendant of the former, or all three the descendants of a

common ancestor, it is evident that the characters by which formerly (before the

separation into three geographical races) the species was distinguished from prira-

doxiis are not the same as those by which all forms from the three localities togetlier

(which forms now constitute the species) are at present distinguished from paradoxus.
Wemay add a few more illustrations from otlier well-known butterthes. The large

Papuan butterflies usually called Omithoptera are in the tnaie sex of an orange,

green, or blue colour. For the sake of argument let us assume that the green

priainiis, orange croeaus and lydius, and blue urvillianus were derived from a

common ancestor which had an orange inale. The nearest ally is 0. tithonus, which

has a green nude. In the diagnosis of the gi'een ancestral forms of tithonus tlie

diS'erence in colour between it and the orange ally would have been a specific

difference
;

the recent tithonus cannot be differentiated from imarnus by the shade

of colour, as both insects are green. This one specific character has not remained a

specific character in tithonus, though perhaps the ancestral tithonus and the recent

one are identical in colour, and though the character itself, therefore, has proved to

be hereditary; on the other side, that one distinguishing character of the orange
ancestor of pi'iaraus, croesus, lydius, and urvillianus has been inherited only by

lydius and croesus, not hj pinamus and urvilliaiius, and therefore has proved to be

only restrictedly hereditary.

One of the characters by which Piipiiio eiirypylus is distinguished, for instance,

from P. sarpiedon, is the position and extent of the red costal mark on the underside

of the hiudwing. This mark is in eurypylus a small red spot before the costal

nervure, while in sarpedon the spot is extended beyond the costal to the subcostal

nervure. Quite recently Mr. Walter Eothschild received a series of specimens of

P. eurypylus from the Kei Islands,t among which is one that has the red mark

extended to the subcostal vein. The extent of this spot, which until now was a

specific character of eurypylus, is no longer of specific value, and cannot serve to dis-

tinguish eurypylus from sarpedon or viacfarlanei : in respect to the latter two

species the form of the spot is hereditary, but no longer s[)ecific ;
in respect to

eurypjylus it is not unrestrictedly hereditary, and also no longer of specific value.

Now, if it should happen that all specimens of eurypiylus acquired the extended red

mark and became at the same time in other characters still more different from

sarpiedon and macfarlanei, would then carypylus, surpedon, and macfarlanei of

our daj's not be specificall}' different, because their offspring exhibited other distin-

guishing characters ?

The objection against the use of the word "
hereditary

''
in the definition of the

term "species" wliich we have here raised is based immediately upon the assumjition

of the transmutation of species and their components (varieties). The species A and

B, to put it figuratively, may have as sjiecific characters a and b respectively; in the

*
J'apiliii echidna £rom the lesser Sunda Islands is a dwimilis-toTm, but is perhaps specifically distinct ;

1 do not take this insect into account here.

t Collected by Captain Caylcy Webster. The importance of the record of individual aberrations is

here again evident.
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course of time, which need not be long, the species A and B develop into A^ and B',

with the characters a.' and b^ respectively ;
this change in characters may perhaps be

due to the respective areas occupied by the species being suddenly extended or

restricted. The characters a and b are, therefore, not inherited by A^ and B'
; hut

A and B (and A^ and B') are nevertheless specifically distinct.

III. Wallace's definition of the term "
species

" *
is a combination of definitions

I. and II., with the addition that the specific characters are of an adaptive kind. As
the objections raised under I. and II. apply also to Wallace's definition, we can restrict

our remarks to a short discussion of that latter point. As a species is not only

opposed to every other species, but is also to be distinguished from variety, the

definition of the term "
species

" must be a guide for the distinction of species from

variety. The kind of characters, therefore, to be mentioned in the definition must

exclusively be distinctive of species ;
a certain quality alleged to be required to make

a group of individuals specifically distinct must not be a quality that distinguishes

variety from variety. The question is, therefore, are there varieties (as opposed to

species) the distinguishing characters of which are adaptive ? The theory of Natural

Selection, so much supported by Wallace, gives an aflirmative answer. All the

varieties which are selected as the fittest are varieties with special adaptive char-

acters. If we accept Natural Selection as a factor in evolution, we have consequently
to concede that both sjjecies and varieties are "

adapted to slightly different con-

ditions of life." Hence it is evident that Wallace's definition of the term "
species

"

includes a quality which is not exclusively specific, but applies also to the term
"

variety," and that we have to cancel altogether the restriction that specific characters

are of an adaptive kind.

The principal objection here raised against those three definitions, which may
be taken as fairly representing the various views of modern authors, is that the

definitions, even when accepted as giving the general distinction between any two

species, do not furnish us with a general criterion between species and varieties.

This sounds baroque, but is a fact. There are varieties (as opposed to "
species ")

which do no longer have sexual intercourse with the other individuals of the same

species, and we must also assume that sometimes such an intercourse is not jiossible ;

there are varieties which exhibit hereditary distinguishing characters; and there are

also varieties with adaptive distinguishing characters. The consequence of accepting
a definition of the term "

species
" which does not exclude every kind of variety (yarietas

as opposed to species) leads naturally to the conclusion that there is no real dis-

tinction between "
species" and "

variety," and that it is purely conventional whether

we call a form species or variety, an opinion by no means rarely met with even

amongst us species-makers. For example, Butler says : f
" For some years past I

have held the view that what is generally understood by the term "
species

"
(that is to

say, a well-defined, distinct, and constant type, having no near allies) is non-existent

in Lepidopter a, a,m\ that the nearest approach to it in this order is a constant, though
but slightly differing, race or local form —that genera, in fact, consist wholly of a

gradational series of such forms."

According to our definition there is, however, a real distinction between the

• Dariolnhm 1S8U. p. 1(!7.

t Ann. Mat/. A'. JI. (5). XIX. p. Iu:i. It is easily pcTceivable fioiii Dr. Hutler's work on Li-pidoptcm,
for instance from liis revision of a group of butterflies callctl Euphkinai', that what Butler regards above

as '*

species
"

is subspecies or geographiavl variety, the gradational series of which constitute the *'

species,"

and that his "
genua

"
is the species.

ao
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terms "species'' and "
v<aiiety," a distinction which indeed everybody silently accepts

who considers the enormous numbers of difierent forms of animals and plants to be
the outcome of divergent development, and expresses this development by the con-

ventional figurative tree. If the specimens represented by any given portion of a

branch of this tree were so constructed that under favourable circumstances they
would be identical with the specimens represented by a portion of another branch,
i.e. if any two branches could, and can, long after the common origin, merge together,
then branch off again, merge together again, and so on, it would be preposterous to

assume that this should never have happened. J5ut if we thus should have to concede

the possibility that the lines of ancestors of any two forms of jilants or animals, say
of the lion and the giraffe, were such that they first became widely divergent, then

identical, then again widely divergent, not only the figurative tree, but also the

kind of evolution it is meaiit to illusti'ate, would be pure nonsense. Therefore we take

it that we are actually agreed upon that part of our definition which says that from

a certain point a branch of the tree cannot merge together again with any other

branch ; now, if we call every form which has reached this degree of development
specifically distinct, we have an absolute distinction between species and the lower

degrees of development.
The question of specific distinctness or non-distinctness is therefore twofold :

first one of morphological, and second one of physiological difference. As the

systematist is practically not able to test hy experiment the presence of the second

distinction, it is obvious that he never can pi'ove with certainty from the sj^iecimens
alone whether the distinguishing morphological characters they exhibit are of specific
value or not. However, we are able to arrive at a probably correct conclusion without

testing in each case the specific distinctness, if we take into account the way in which
divarication of species comes about, and if we further com[iare the characters of such

forms as have been tested to be specifically distinct.

Yoi- owe present purposes it is quite irrelevant whether the causes of the trans-

mutation and divarication of species are those factors which are maintained by the

Neo-Darwinians to be the sole agents, or those which the \eo-Lamarckians consider

to be alone effective. Hence we shall abstain from any discussion of the much
contested final causes of divergent development, and shall simply ask, which is the

way that leads from variability of a species to divarication of this species into more

species ? Our purpose allows us to simplify the question still more and to restrict the

discussion to the two jioints: first, can a species develop into two (or more) species
without i.solation ? secondly, can isolation as such transmute one species into two

(or more) ?

The most extreme kind of variability of a sjiecies logically possible is that in

which the varieties composing the .species are not only morphologicallv but also

physiologically different. As upon the occurrence of such variation Romanes's theory
of Phj'siological Selection, which we have had to allude to several times, is founded,
we may be allowed to annex our notes to a short discussion of this theory as far as

it bears upon our particular question.
In order to explain the infertility or restricted fertility between different species

Romanes assumes that the divarication of one species into more species has something
to do with the occurrence of such a variation that some individuals of a given species
are not fertile with the rest of the species, but are fully fertile inter se. That

variety, though living in the same district as the normal form of the species, will

develop divergently, according to the theory, and give rise to a new species, as it
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is physiologically so separated from the normal individuals that interero.'^siug is

excluded. Is this conclusion correct ?

Wehave seen above that aberrational individuals occur again and again among
the normal specimens ;

if therefore a physiological variety such as Romanes's theory
demands occurs once, a species is able to piroduce it again and again, as long as the

circumstances under which the species lives do not change. But to make the case

as favourable as possible we will assume that the normal individuals, which mav be

designated as iV, gave birth to the variety Fonly once, so that if all the specimens
of the variety were killed the variety would never reappear. Now, the offspring of

the variety Fwill in the first and following broods belong either all to the variety V,

or partly to the variety Fand partly to the normal form X. The first assumption

nobody can admit to occur, as this would mean that V is a species suddenlv branched

off from N, and as further we should have, instead of the explanation of the phenomenon
of sterility between species which it is the aim of the theory to give, merelv the

statement that species V has sprung up among the individuals of species N with

which it is infertile. Hence we have to do only with the second case, that part of

the offspring of V, at least part of the first brood after the origin of V, belong to X
;

these offspring of l^we will designate Nv in order to indicate that, though they are

normal, they are the immediate descendants of parents with varietal characters. Xv
cross inter se and with iV, not with V; which characters will the offspring of Kv
have, which itself, we repeat it, is the descendant of V? The offspring of Xv could be

either all identical with X'v (=iV), or partly identical with Xv and partly with V. The
first alternative means that each specimen of V produces two groups of individuals,

Vv and Xv, of which one group (Xv) never will give rise to a form similar to its

parent-form I", while the other group {Vv) produces both the parent- and grand-

parent-form. Although the assumption here made, that some of the offspring of one

specimen breed perfectly true (Xv), while the other offspring do not breed true, is

quite at variance with our experience, and therefore not acceptaljle to any naturalist,

we will nevertheless accept the assumption for the sake of argument. As V breeds

in and in, according to that assumption, it is argued that in the course of time V will

become so modified that it will also breed true like X and then be specifically

distinct. Apart from X'v and V here being already two species from the beginning,
one (Xv) breeding true, the other (V) producing per saltum in every generation
some specimens of Xv, an illustration will show at once that before the above-

mentioned modification is effected the variety V will altogether be swamped awa\'.

Let us assume (1) that in an isolated district two hundred specimens of a certain

species (one hundred of each sex) could find subsistence
; (2) that each female would

produce ten females and ten males
; (3) that at a given time one-tenth of the

specimens conformed to the variety V, i.e. were sterile with the other nine-tenths

(X), but fertile inter se
;

and (4) that 80 per cent, of the offspring of V belonged
to V, the other 20 per cent, to X, which breeds true, —for convenience we shall take

into account only the females, —the numbers of the forms X and Fin the successive

broods would be as follows :
—
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Fmust soon be the result, if at the first appearance of Fthe number of individuals

of this variety was not very great. With every successive brood the percentage of

varietal specimens produced by F will become higher, and to make up for this we have

assumed that the very first specimens of V produced already 80 per cent, of the

varietal form.

There remains now only the second alternative, that Kv as the descendant of V
produces both F and N, which agrees with what we know of the propagation of

varieties which occur among normal specimens, and hence is the onlj- acceptable
alternative. The offspring F^i of iVu crossing with Fwill bring the blood of iV\' and

N, which interbreed, into F, just as ^v (as the offspring of F) brings the blood of F
into iV, and this would go on as long as Fand iV^ exist together in the same locality.

Though Nand Fare mutually sterile, the blood of Ncomes into Fby means of Vn, and

the blood of F into N by means of Nv
;

this indirect intercrossing will completely
annihilate the efifect of the assumed mutual sterility of N and F. The following

diagram will serve to illustrate these lines :
—

It can easily be shown that after a certain time X and V will occur in equal

numbers.*
The physiological selection will, therefore, in no case result in divarication of

a species into two, but the outcome of the physiological variation will be either

dimorphism of the species, when both the normal and the varietal form are equally

favoured in respect to the circumstances of life, or extinction of that form which is

the least favoured. If however the most favouralde kind of variation docs not lead

to the origin of a new species beside the parent one, no other variation will lead to

this end. Hence we must conclude that a divarication of a species into two or more

species cannot come about so long as the divergent varieties live so together that

a direct or indirect intercrossing is not jjreventcd.

Having thus disposed of the possibility of the divarication of species

without the help of some kind of local separation, we have to consider the other

question : whether local separation as such can be able to give origin to a variety

and to transform a variety into a species. The theory of isolation as promoted

by Wagner says that the peculiar characters of some isolated sj)ecimens will by

breeding in and in finally be transmitted to all the descendants of those specimens,

and their degree of divergency become in the course of time so much higher that

these descendants represent a new species.

Experiments teach us that aberrant specimens of a species occurring amongst
the normal specimens produce, when crossed together, ofl'spring which jjartly are of

the normal, partly of the varietal form of the species ; from black specimens of the

moths Ampliidasis betularius and Lijjaris monacha are obtained both black and

white individuals. To make the circumstances most favourable for the eventual

.Mui|)hy, Habit and JiiUlliyeiiCf, Loudon, IU'V. p. 241.
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divergent development of the variety we will assume (1) tliat a number of varietal

specimens are completehj isolated from the rest of the species ; (2) that 80 per cent.

of the oifspring of these specimens belong to the varietal form. The specimens
now have to propagate under the further premiss (3) that the normal and the
varietal forms exist under exactly the same conditions of life, so that every other

transmuting factor besides mechanical isolation is excluded. By mechanical
isolation we understand a sei)aration of the animals or plants in question by a

mechanical barrier, so that an intercrossing with the original stock is prevented;
experimentally the case could be demonstrated by rearing wingless animals side by
side, but separated by an adequate fence. Under the above premisses ten femalrs of

a variety, each producing twenty females, kept in an enclosure rejiresenting the

isolated locality, would give birth to a hundred and sixty females of the varietal

(T') and forty of the normal form (iV). If the latter produce also each twenty
females, of which 80 per cent, might be taken as normal and 20 per cent, as

varietal, and if the locality is fit to provide food for a thousand females (and a

thousand males, which are not taken into account), the numbers of both forms would
in the succeeding broods be as follows :

—
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Characters like these, common to a mnltitnde of racial forms living in one isolated

district, cannot be accounted for by a direct effect of isolation : it would be almost

ridiculous to assume that the first specimens of a great number of species which

came to Celebes had all long and falcate wings, while the specimens dispersed over

the neighbouring groups of islands had short wings ; or that the first specimens

which came to Sumatra and Borneo were dark, while the individuals of the same

species which migrated to Java were in so many cases less black.

Wenow have seen that the geographical isolation of aberrant specimens has not

been and is not the means of the divarication of species, and that the effect of the

transmuting factors acting upon the sjiecimens of a sjjecies within the same locality

is at the liighest marked polymorphism ; therefore there is only one way possible

by which the divarication of a species into two or more can come about —that is, the

combination of isolation and transmuting factors. The isolation of one or more

(Neo-Darwiuiau and Neo-Lamarckian) /ac^ora is the means by which the specimens

of a species which are subjected to these isolated factors, whichever they may be,

become different from those specimens which stand under other influences, no matter

whether the first specimens which became isolated as to the transmuting factors

were normal or alierrational. This assnmirtion corresponds completely with the

resuU of experiments, and explains all the peculiarities in the characters of geo-

graphical races and representative species. And we shall see in the third part of

this paper that there are instances in which the geographical isolation can be very

incomplete, and in which, nevertheless, the divergent development will lead to specific

distinctness of the biologically isolated specimens.

The geographical races thus produced we must assume to be first inconstant, to

become more and more constant and divergent by the incessant influence of the

transmuting factors, and to develop finally into a form which is so modified that it

never will fuse either with the parent-form or the sister-forms, and that it therefore

agrees with the definition of the term "
species."

As this kind of divarication of species is the only possible
*

one, and hence

geographical jiolymorphism of a species the beginning of the ramification into more

species, the study of localised varieties is of the greatest importance in respect to

the theory of evolution ; the study of geographical races, or subspecies, or incipient

species, is a study of the origin of species. The meaning of the term " sub-

si3ecies,"f nowadays generally apjilied to geographical or localised forms, is

evolutiouistic, and, in fact, the only evolutionistic idea wliicli has penetrated

into that work of systematists which is purely diagnostic. Every scientist

who pretends to be an evolutionist must perceive the importance of subspecies.

Whoever persistently ignores the existence of subspecific characters ought to

have the courage which I admire in Charles Oberthiir— great courage it certainly

requires to defend a standpoint against the bulk of naturalists— to define the

species as a created entity.

Eimer, Artbildung iind Verwandtschaft bei Schmetterlingen, gives beautiful

examples of the various degrees of divergency of localised varieties. Whether only

one or a few specimens exhibit in a given locality a character not found elsewhere ;

whether a greater number of individuals in a certain district are characterised by a

• It is scarcely necessary to add that the area to wliich a certain transmuting factor is restricted

need not be a political or physiographical district.

t This teim had alrcaily been applied to geographical races before the appearance of Darwins Onym
(/ Spi'cirx.
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pecnliarity not met with, or rarely met witli, iu otiier districts ; wliether all the

localised si)ecimens are different from the rest of the species ; whether a localised

variety is or is not connected with the other varieties by intergraduate specimens,—
in every case the presence of a localised pecnliarity indicates that the iudividnals

inhabiting the respective locality are on the way to develop divergently in con-

seqnence of some biological peculiarity of the locality. All these degrees of

divergency are distingnishcd from that higher degree which we have taken as the

criterion of specific distinctness by not conforming to the physiological part of

onr definition of species. By experiments it has been proved
* that geographical

forms lose their distinguishing characters and fuse together with other forms of

the same species. Therefore, if all the coexistent specimens of a species were at

our disposal, the definition of the term "
subspecies

" wonhl l)e as follows :
—

A subspecies is a localised group of individuals of a species the mean of the

characters of which is different from the mean of the 'characters of all the other

localised groups, and ivhich ivill, under favourable circumstances, fuse together tcifh

other groups.

However, the material contained in collections is, compared with the actual

number of specimens existing of each variety, extremely meagre, though nowadays

systematists comprehend more and more that a few specimens of each species

are insufficient for a serious study, and hence try to briug together long series from

every locality. The conclusions, in respect to variation, which we draw from the

inadequate material we have to work with, must necessarily often be erroneous. If,

for example, our series shows a variation of a character (expressed in numbers)
between twenty and fifty) there may, in fact, exist individuals which stand outside

these limits. Rare varietal specimens, which hitherto have been found only in a

certain locality, may very well occur elsewhere ; a certain variety may appear to us

more common in one locality than in another, and hence the mean of the characters

in the first locality to be different from the mean in other localities, because a

collector paid more attention to varietal specimens in the first locality. This imjier-

fectness of our knowledge we have to take into account, and we must, therefore,

restrict the ap])lication of the term "
subspecies

"
in order to avoid deception as far

as possible.

The above definition has not had regard to the degree of divergency attained by
the localised form. Now, we ask, which then is the lower limit of application of the

term "
subspecies

"
? The diversity which tlie sexes exhibit in respect to localised

variation gives us the answer. We know a good many cases iu whicli the w^fe.s

are in various districts not distinguishable, while the females are very different,

and cases in which the variation takes jilace in the male sex and not in the

fenuile sex. For illustration we refer to the following insects : Papilio semperi, from

the Philippine Islands, varies in the female sex according to locality, while the

males from the various islands, in spite of individual variability, are not distinguish-

able ; Papilio oenomaus, from Timor and Wetter, is on tliese two islands the same

in the male sex, while the females are conspicuously different ; and so it is with

Papilio phestus, from New Britain, New Ireland, and the Solomon Islands. If we

api)ly in these cases, the importance of which we shall soon endeavour to show, the term
"

subspecies," we have a rule which can guide us in all otlier cases—namely, as the

numbers of specimens of eacli sex can be taken as being (roughly) equal, we shall

have to use the term "
subspecies

" when a localised variation is such that about half

* Kerncr Giitc und Schlechtr ArU-n ; Weismanii Sliidiin zur m-siindenztluorie,
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oftbe individuals belong to the varietalform. A lllower degrees of localised variation

may be termed " localised aberration
"

(ab. loc. = aberrritio alictiim loci).*

We have already referred to some observations which show that localised

divergent development is going on under onr eyes. There are certainly species

which are at present stationary, and perhaps have been so for a long time ; but so

much is certain that nearly all the si)ec.ies which have a wider distribution (except

a number of "
globe-trotters ") exhibit some kind of local variation, and that, there-

fore, since local variation is the beginning of the divarication of a species into more

species, the more widely distributed species are at the present period actually in

a state of divergent development. Wehave examined a great many Lepidoptera,

both butterflies and moths, in regard to this question, and find tiiat tliere arc very

few species which are not split up into geographical races, although the diiferences

between the subspecies are often extremely minute. The degree of divergency

depends especially on the sensibility of the species in respect to the transmuting

factors, and on the degree of isolation and intensity of the latter, as well as on the

degree of geographical isolation. Wingless animals, and plants without means of

dispersal, are generally more easUy affected and on smaller areas than animals and

plants with good means of dispersal. Wingless beetles, for example, such as

Carabus, vary enormously according to locality; in the Alps, for instance, there

are a great many subspecies of Carabus each confined often to one mountain.

The number of subspecies into which the Indo-Australian Papilios have

developed is very great,t and, when studying these insects, we were surprised to

find that, in opposition to the general view, not the males but the females appear

to be the fir.st affected by localised transmuting factors. In all cases, without

exception, where the distinguishing characters of a subspecies are found only in one

sex, it is ihe^ female and not the inale which exhibits them ; and further, in those

subspecies which are obviously different in all specimens of one sex, slightly or even

only occasionally diflerent in the other sex, it is again the/cw/fc that is the more

aberrant sex. If we further take into account the local aberrations as far as they

constantly and commonly appear among the normal specimens, we have thirty-six

cases among the ludo-Australian Pajjilios in which the localised variation is entirely

or almost entirely restricted to the female sex, while there is not a single subspecies

which is in the male much more ditfercnt from the allies than in t\\<i female. In

seasonal forms of Papilios tha females again exhibit a greater amount of diver-

gency than the males, a phenomenon which is strikingly illustrated by the Japanese

Papilio maeliaon hippocrates. The variability is in the females of the Indo-

Australiau Papilios altogether greater than in the males, or, to express it biologically,

the females are more easily affected by the causes of variation than the other sex.

If localised variation is the beginning of the divarication of a species into more

species, and we have seen that this is the only possible way by which divarication

can come about, those phenomena, which relate especially to pattern, admit no

other explanation than that, at least in all cases where the localised variation is

restricted, or nearly so, to the females, the transmutation of the species begins in

the. female sex, and that, therefore, the female is in advance of the male in respect

of the development into new species. Eimer and Fickert in their studies on the

Papilios come to the opposite result ; and that is, we think, due to tlieir nssnnii)tion

that the original pattern of the wings of Pajjilios consisted of "
longitudinal

"
I'aiids

• See this journal, IRil."). p. ISO.

t See Rothschild, Nov. ZooL. 1895. p. 4G3.
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standing at right angles to the veins ; if Eimer had assumed that the original

pattern of the wings consisted of "
longitudinal

" bands running in the direction

of the veins,* he would have arrived at a "
jireponderance

"
of i\\& female sex.

The degree of divergency is, in many subspecies, so minute that the peculiarity

would escape even a skilled eye but for a carefully working systematist having
drawn attention to it, and having fixed, so to say, the minute peculiar character

by naming the subspecies. Romanes has severally referred to minute specific

characters in order to confute Wallace's opinion that all specific characters are

useful; as specific characters are only higher degrees of development of subspecific

characters, the question whether subspecific characters have originated and are

accumulated by Natural Selection is no less important than the same question in

respect to sjiecific characters. Dixon t and Allen % give ample illustrations of the

question as regards birds. Of Lepidoptcra we mention, out of hundreds of cases,

only two : Papilio nomius has a western subspecies (Ceylon to Assam) and an

eastern subspecies (Burma, Tenasserim, Tonkin, Hainan) which are constatitb/

differentiated by one minute character, namely a brown line situate in the eastern

form on the praecostal vein on the underside of the hindwing, which short and thin

line is absent from the specimens of the western subspecies ; that this distinguishing
character is indeed minute will be admitted if we add that, though it is the only
constant difierence of the two subspecies we can find, it has never been mentioned

by any specialist until 1895, in Mr. Walter Rothschild's Revision of the Eastern

Papilios.§ Papilio agamemnon argynnus from the Kei Islands and P. agamemnon
neopommeranius from Neu-Pommern differ from all the other subspecies of

agamemnon in the hiudwings being above nearly devoid of markings, which renders

the two subspecies extremely similar ; but there is one constant character, which
can easily be perceived with the help of a lens, that distinguishes neopommeraniui
and argynnus : in neopommeranius the spots of the median row of the forewing
beneath are scaled all over, while in arqi/nnus the outer portion of each spot is

scaleless. Though nobody can very well entertain the opinion that such differences

are due to the direct action of Natural Selection, one can evade the weight of the

minute distinguishing characters by the assumption that these minute characters are

correlated to some other, unknown, character which is of a useful kind. Lepidoptcra,,

however, furnish us with the means to repudiate this evasive answer. All those

species which are said to be mimetic, and which have been quoted again and again
as excellent illustrations of the marvellous effect of Natural Selection, have certain

characters of colour or form which are attributed to the direct (not indirect)

influence of Natural Selection. Now, if such a character varies geographically in

the mimetic species and at the same locality in the imitated species by minute

degrees, the minute difiference between the geographical forms of the mimetic

sjjecies ought logically also to be attributed to the direct action of Natural Selection.

Such cases are, however, not rare among insects. Werefer, for the sake of illus-

tration, to one of the most striking examples of mimetic adajitation. Papilio
caunus of the Malayan region has a style of marking (piite unusual for a Papilio,
and resembles another, nauseous, butterfly, Euploea rhadamanthus, to a surprising

*
According to Eimer, the costac and rows of punctures on the elytra of beetles are transverse, while

the bands (iif Ciramhijciflae, Cantharidae, etc.) which stand at right angles to those rows, and which are

often continuations of the transverse bands of the sterna and abdomen, must be called longitudinal.

t Erolntiim without Natural Sdrction, London, 1885.

X On the Mammalt and Winter Birds af Jiast Florida, in Bull. Miis. Comp. Zool. II. 1871.

§ Nov. ZOOL. 18'J5. p. 422.
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degree. The three Mahiyau subspecies of Papilio caunus, inhabiting the first

Malacca and Sumatra, the second Borneo, and the third Java, differ from one

another by closer examination in the size of the white markings ; the differences

are, however, so slight that they do not affect the general aspect of the specimens;

in fact, the Java caunus resembles the Bornean rhadamanthus just as much as the

Bornean caunus does. The difference between the three caunus4orm?, are certainly

Dot such that if the differences were altogether absent the specimens would be less

protected; there are, to be sure, very few cases of mimicry in which the resemblance

of the mimetic and imitated species is greater than that of any of the three caunus-

forms witli any of the three //ladnmrinthus-forms. If, therefore, mimicry is of value

to the imitating species in all cases where the resemblance is of a much more

superficial kind, we cannot see why it was necessary at all to have the white mark-

ings of the Borneo caunus, compared with the Malacca and Java caunus, a little

reduced. Further, though the resemblance between the species in question is very

great, there are still differences in markings between the mimetic and the imitating

species in each locality which are greater than the differences between the three

caunus-ioxmi. It certainly reqtiires a great deal of faith in the omnipotency of

Natural Selection to believe that the slight reduction of the white markings in the

Borneo form of Papilio caunus is due to a survival of those specimens of caunus in

which the white markings were a little smaller than usual; the enemies of caunus

to which we attribute the execution of the selection then must have been possessed

of a mncb keener power of discrimination of markings than the entomologists who,

until the appearance of Mr. Walter Rothschild's Revision of the Eastern Papilios,

treated the Bornean caunus as identical with the Java caunus as figured by

Westwood ! If we, however, admit that the slight distinguishing characters of

the three Llalayan caunus-iorm?, cannot possibly be due to the action of Natural

Selection, but must be the effect of some other transmuting factor, it is evident

that also in all other cases of mimitc distinguishing characters we need not refer to

Natural Selection as the cause of the minute ditl'erence. The presence of minute

distinguishing characters allows, therefore, a restriction of the possible causes of the

divergency of the respective forms; and, as we thus have to admit the importance

of insignificant distinctions in respect to evolution, it will be obvious that the

importance increases as the degree of distinctness decreases.

Wehave said above that we take as the lower limit of the application of the

term "
subspecies

" such cases in which about half of the individuals are characterised

liy some peculiarity : which is the upjx'r limit? or, wlieu have we to begin to call

a form specifically distinct ? According to our definitions of the terms "
species

" and

"
subspecies," the distinction between subspecies and species is a biological one, the

presence of which, as mentioned on p. 442, we systcmatists are not able to directly

prove or disprove from the material we are working with. As we know now from

experiments and careful field observations that mori)]u)logically very different forms,

connected or not by intergradations, can, in spite of the conspicuous dilferences,

be one species (individual and seasonal ])olymorphism, heterogenesis, etc.), it is

a priori evident that also geographically separated forms, in spite of their being

morphologically distinct and in spite of their not behig connected with one another

by intergradations, can very well l)e subspecies of one species, i.e. can under lavour-

able circumstances fuse into one form. The actual jmiof of specific distinctness the

systematist as such cannot bring ; we species-makers do, in fact, not pretend, at

least manv of us do not, that in everv case the fi>rm whicli we ])ronounce to be
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a species is really a species ; we work, or ought to work, with the mental reserva-

tion that the specific distinctness of our species novae deduced from morphological
differences will be corroborated by biology (in the widest sense). The work a

systematist has to do is twofold : above all, he is a registrar of facts observed upon
the body of individuals, and secondly he has to draw conclusions from those facts.

All our knowledge of nature is based upon the knowledge of single

phenomena. In Isatural History the base of our knowledge is the individual : the

characters of individuals and sums of individuals are the ABCof this science ; they
are to the naturalist what words are to the philologer. To render the characters

clear is the first task to lie solved ; before this task is completed we are not able to

draw correct conclusions. Although nowadays the recorder of facts, the diagnos-

ticist, does not rank high in science, every theory in Natural History depends

especially on the correctness of the facts furnished by the diagnusticist ; when that

record lacks correctness the theory based upon it must break down. As an

excellent illustration of this we may regard Weismanu's theory
* of "

Phyletic
Parallelism in Metamorphic Species," as far as it asserts the existence of an

incongruity in the classification of Lepidoptera based on larval or based on

imaginal characters. The "
Rhopalocera

"
are by no means a sharply defined group

in the imago state ; neither the erect position of the wing of the resting Ijutterfly and

the colour of the wings, nor the clubbed antennae, are characters applying to all

''Rhopalocera
" and exclusively to Rhopalocera ;

and as there is no single character

by which all the Rhopalocera are distinguished from all other Lepidoptera, we can

also not expect that the larvae of Rhopalocera form a sharply defined group

distinguished as a whole from all other Lepidopterons larvae. The apparent

incongruity in the classification according to the larval or imaginal state of
"

Bomhycidae
" and " Xotodontidae

"
again is not due to an incongruent development

of larvae and imagines, but to the fact that Lepidopterists have placed in these

(and other) families the most heterogeneous things in consequence of an entirely

inadequate knowledge of the forms classified.

Welearn from this illustration first that diagnostic work is the true basis of

evolutionistic theories and hence of the highest importance, and secondly that the

record of facts must be exact. Huxley says that the record of facts is not scientific

if the facts do not permit of the drawing of general conclusions. In the above case

the blame is much more on the side of the systematists who gave the clubbed

antennae as distinguishing character of butterflies, than on the side of Weismann
who accepted this statement as correct. If, therefore, diagnostic work is intended

to meet the claim of furnishing facts from which general conclusions as to evolution

(classification, variation, etc.) can safely be drawn, or if a diagnosticist claims to

have his work regarded as scientific, it mnst be well distinguished lietween the

description of the characters of individuals and the statement of an oi)iuion deduced

by the diagnosticist from the characters of the individuals ; the record of the

characters of individuals, or the statement of facts, ought to precede the statement

of the personal conclusion, which perhaps is entirely wrong. In the case of species

and lower degrees of divergency diagnosticists mostly lose sight of this ; when we

describe a number of individuals as belonging to a new species we present very often

to the reader, not the characters of the specimens, but a ready-made conclusinn which

asserts (1) that the specimens are sjiecifically identical, and (2) tliat the species

varies in colour, markings, structure, and si/.e to such and sucli an extent. The specific

Weismann, Studies in tlir 'flicorij of DesfiiU, London, 1S82. II. p. 4:t2.
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Weismann, Studies in tlir 'flicorij of DesfiiU, London, 1S82. II. p. 4:t2.
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identity and the specific distinctness of the specimens are certainly onr deduction,

and the variation of the species thns erected is also onrs. It is not rarely that one

meets with diagnoses of species which give the average of some character of the

individnals— for example, the average size —which perhaps is not fonnd in any of the

specimens measured, or if found may occur very rarely compared with the greater

abundance of large and small individuals.* Most deceptive are those diagnoses which

contain statements like these :
" Colour brown to black ; size 50 to 60 mm. ;

habitat India to New Guinea." In such diagnoses the facts are veiled, and we are

easily deceived by taking the diagnosis as being the record of facts, while it is

a mere statement of an opinion. The erroneous view expressed by Romanes t that

geographical races are less abundant among animals than among plants, and

Pagenstecher's view J that moths do not vary to any extent according to locality, are

the consequence of such deceptive statements on the side of the diagnosticists. The

description of a species or variety, therefore, ought to be a pure statement of facts ;

as said above, the facts which the diagnosticist deals with are the characters of

individuals ; a pnre statement of facts, with the exclusion of any statement arrived

at by reasoning, we should have when the characters of the different individnals

were recorded in such a way that from the description it would be plainly visible

which characters belong to each single individual. When this is done, the state-

ment of our opinion as to the specific identity of the specimens, the variation and

distribution of the species, etc., cannot aflect the facts, and, therefore, cannot do

much harm, even if our opinion should be wrong. Hence we take it that the

description of a species or variety being intended to be a statement of facts, not of

conclusions, ought to be the description of one individual to the characters of which

the different characters of other individuals are so annexed that a mistake as to

which individual a respective character belongs cannot occur. That specimen round

which the others are grouped in the description is the type-specimen of the

description, and as the description is the description of the species or variety (as far

as the individuals of the species or variety are known at the time), in the same

sense as a figure of an individual is meant to represent the species or variety, that

specimen is correctly called type-specimen of the species or variety respectively.

Besides the pure record of morphological facts, the diagnosticist has to draw

inferences from the facts ; and as the recorder of facts ought to know the facts best,

the conclusions the diagnosticist arrives at ought to be generally correct if the method

of reasoning is correct. The inferences which concern us here are such as to the

specific or non-specific distinctness of groups of imlividuals, and hence we shall

restrict our discussion to this kind of conclusions.

If we received a bird of Paradise with conspicuous ornamental feathers, even

if the species were quite unknown to ns, we should at once pronounce the specimen

to be a male, thougli we know nothing about its having been a physiological male ;

and if the quills of the ornamental feathers were surnmndod by a horny sheath, we

should conclude that the individual was not yet in full iilumage. As Dr. Martin

has succeeded in breeding tailed and tailless females of Papilio memnon from the

eggs of one female in Sumatra, we must conclude that also in other districts where

the two female forms occur botli can be produced by each of the two. What is

found to be true in a number of cases we are bound to conclude to be true in all

• See Bateson 4: Brindley, P. Z. S. 1892. pp. .'iSn ff.

t Darwin and Affrr Sanrin, I^ondon, II. 18'Jo. p. 209.

t Jatirb. Vtr. .VaM. 1896. p. 158.
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similar cases. This inductive method of reasoning may often lead to wrong
inferences, as the correctness of the latter depends first ou the premiss that there

are cases which are really proved to be trne, and secondly that the cases which we
believe to belong to the same category as those proved are really similar cases.

If we apply this to our question as to specific or non-specific distinctness, it is

evident that the conclusion of the diagnosticist can be correct only under the

condition that the specific or non-specific distinctness of some forms is proved by
experiment, and that he is so well acquainted with the morphology of the forms
in question that he can with great probability of correctness decide whether the

required similarity is actual or superficial. If in a given group of forms the

specific distinctness of any form is not proved, we have to resort to a proved case

in an allied group of forms
;

of course, the more dissimilar the forms referred to

for comparison are, the more it becomes probable that our inference is not correct.

In most cases it is, therefore, circumstantial evidence we have to judge from, and,
as many an innocent man has been condemned by a competent judge on the ground
of circumstantial evidence, we cannot very well expect to be always right in our

judgment of the specific value of the difl'erences of forms. Thongli the special
evidence furnished by morphology and biology is to be carefully considered in every

single case, there are nevertheless some general arguments which apply to a

multitude of cases. The question as to specific identity or non-identity concerns first

forms which occupy the same area, or whose areas overlap, and secondly forms

which inhabit localities separated from one another by districts that are not in-

habited, or not inhabitable, by them.

We have above tried to show that a species can develop into more species only
with the help of isolation of the varietal forms. If, therefore, two allied s])ecies are

found to inhabit the same district, no matter whether the areas are totally or only

partly the same, it is obvious that at a former period, when the species in question
were not yet so far advanced in divergent development, they must have occupied

separate areas. From the fact of cohabitation (in a wide sense) the farther inference

must necessarily be drawn that the possibility of cohabitation without fusion is due

to the forms having become so divergent that they are indift'erent to one another.

The time which has elapsed since the two forms now living together became

specifically different must therefore be much greater than that elapsed since the

formation of the geographical representatives of those two species. If comparative

anatomy and morphology are of any value as to the judgment of the phylogeuy of

species, the morphological difl'erences between a species and an ally which branched

off at an early period must be greater than the differences between the same species
and its younger geographical representative species, and still greater than the

differences between the geographical forms of the species. If in a given case we
have to decide whether A and B, which live together, are two different species, or

two forms of one species, the morphological characters of A compared with those

of .Band the geographical representatives of i? will have to guide us in our judgment.
There are three possibilities resulting from the comparison. First, the morphological
differences between A and B are greater than those between B and its representa-
tives ; in this case A and B must be considered sjiecifically distinct, until experiment

proves the reverse. Secondly, the morphological differences between A and B are

less great than those between B and any one of its representatives ; in this case

xl and B are specifically identical. Thirdly, the differences between A and B are

e(|ual in morphological value to those between B and any one of its representatives ;
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in this case .4 lias to be jmt in the same relation to B iu which that respective

representative stantls to B, i.e. it must be considered cither as specifically different

or as specifically identical with B, according to the specific distinctness or uou-

distinctness of that representative.

The same kind of evidence we may employ when we have to come to a decision

as to the specific distinctness of geogra])hically se])arated forms wliich are not

connected by intergradations. But when that endence is not conclusive enough, we

may have recourse to the evidence furnished by the variation of the forms. We
must accept as a general law that forms which are connected by all intergradations,

or forms which overlap in characters, are specifically identical ; geogra])hical form,

agreeing with this law are, therefore, to be accei)tcd as specifically non-distinct. If

we now compare the various organs of the species in respect to the effect which the

causes of variation have upon them, we shall find that a number of characters are

easily affected and show a variation between wide limits, while other characters

remain comparatively constant. Organ a varies, for example, in sjiecies A, as far as

we know at the time, from ten to a hundred, while organ b varies only from thirty to

thirty-five. Nowif it is proved that in a nimiber of allied species a similar difference in

respect to the variability of the organs a and h takes ])lace, we can with great proba-

bility of correctness conclude that a form B similar to A is specifically distinct from

.1 if the character of the organ h is far outside the range of variation observed in A,

and, on the other hand, that jB is a form of the species A if the character of the

organ b comes within the limits of variation observed in -4, no matter whether A
and B are very similar or very dissimilar in respect to the variable character of the

organ a.

As long as the special evidence does not force us to conclude otherwise, the

diagnosticist has to go by the following two general rules :
—

1. If is found that A and B stand in a certain relation to one another (sexes,

aberrations, seasonal forms, subspecies, sjiecies), and that the allied forms (' and D
differ from one another in a similar way as A does from B, C and D have to be

put into the same relation to each other in which A stands to B.

Illustration. —Weknow by breeding ex])eriments that in Japan the spring brood

of Papilio sarpedon is smaller and has a wider band than the summer broods : in

North India we find an insect very similar to the Japanese one, and observe that in

April and May a form flies which is small and has a wide band, and that later in the

year all the specimens belong to another form which is somewhat larger and has a

narrower band : as in Japan the smaller and the larger forms are proved to be

seasonal forms of one species, we are logically bound to regard also the smaller and

the larger forms in India as belonging to the spring and summer broods respectively
of one species. A good number of allied Papilio.i show in India the same

phenomenon ; specimens collected during the first lialf of the year are smaller and

have wider bands than the specimens collected later on ; thongli it has not been

proved by rearing that we have here actually to do with spring and summer forms,
it would be illogical to regard the spring and summer specimens as specifically

distinct.

2. If it is found that A and B stand in a certain relation to one another, which

relation is either proved by experiment or arrived at by general reasoning, a

specimen or specimens differing from A and j5 in a similar way as A does from B
have to be considered as a third form C standing in the same relation to A and B
as A does to B.
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Illustration. —The islands of Sambawa, Alor, Wetter, Timor, Letti, tiic Teniuiljer

Islands, North Australia, and the New Ilebridos, are each iuliabited by a subspecies

of Papilio canopus; the subspecies differ from one another in the shape of the

hindwing, and in the extent, presence, and partial absence of the wing-markings.

Latel}' Mr. Rothschild received a specimen of Papilio from the island of Sumba

difTeriug from the Sambawa and the Alor forms oi canopus in a similar way as these

do from one another and from the Timor form, namely in the jjartial absence

and in the extent of the markings. The only logically possible way, accepted by
Mr. Rothschild, was to treat the Sumba specimen also as a form of canopus.

When the evidence leads to the conclusion that the diiferences exhibited by a

number of sjiecimens, or forms represented by specimens, are not specific, it is self-

evident that the various forms belong to one species. This species, then, consists of

a number of different varieties, every single individual of which, however aberrant it

may be, represents the species, and every single peculiarity of any individual is a

pectiliarity of the species : all the specimens of all the various forms taken together
are " the species

"
as ojiposed to every other sjiecies. The diagnosis of this species,

which must not be confounded with tlie description of the species, is therefore a

diagnosis of a sum of varieties
;

and as a diagnosis is analogous to the definition of

a term, it must contain all the distinguishing characters comm(jn to all the

specimens, and hence must ap])ly to each single specimen. Besides the specific

distinguishing characters each variety has one or more characters of its own which

form the diagnosis of each respective variety. The discovery of a new variet}-,

which was hitherto unknown on account of the incompleteness of our knowledge,
or which has sprung uj) in consequence of the area of the' species having recently
become extended (Pieris rapae ab. loc. nocangliup, for example), may necessitate an
alteration of the diagnosis of the species to which the new variety belongs. As
the forms diagnosticated for the sake of convenience are fixed by a name given
to each of them, it is obvious that the only way logically possible to name a

species and its subordinate com])ouents is to give a name of its own to the species,

one to each subspecies as subordinate to the species, and one to each indi\'idnal

aberration as subordinate to the subspecies. Diagrammatieally it can be illustrated

thus :
—

Species A <- subsp. •«
\jjij ^.

ab. £
subsp. B^Zlab. E»

\ab. C

= species A.

Every individual forms together with other individuals a grouji cliaractcriscd by
a ])eculiarity not met with in the rest of the individuals, wliich, tlierefbre, form

another group (or more), termed here inditidual aherration = ab. A number of

individual aberrations are the components of a subspecies, and a number of sub-

species the components of a species. Each specimen will require in this case a

specific, a subsjiecific, and an aberrational name. In many cases, however, the

nomenclature will become much simplified by aberrational names being unnecessary,
because the individuals do not vary to sucli an extent witliiu a subspecies that

aberrational names are required ; the simplification will be still greater when,
besides the aberrational names, the subspecific names are not required. In order
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to avoid grave mistakes it is necessary that we insert liel'ore the aberrational name
some sign to indicate tliat the name is meant for an aberration. For, in species

wbicli do not vary according to locality we often have important individual variation,

and therefore have to designate individnals with aberrant characters, besides by the

generic name, by a specific and an aberrational name only, thus : Papilio gambrisius
ab. abbreviatus ;

P. gambrisius abb/'cviatiis would have au entirely difl'ercnt and

erroneous meaning. The abbreviations employed as a sign may be ab. for the

usual individual aberration, ab. loc. for localised individual aberration, i-ab.

and 9-a6. for aberrations occurring only in one sex, ?-/. for a constantly

appearing form of polymorphic species, ^-/. loc. when the form is localised,

gen. vern. and ^en. aest. for seasonal forms. In this way the various kinds of

individual variation can be distinguished by the special sign employed, which

would not be possible if the aberrational name were simply annexed to the sub-

sjjecific or specific name.

Since the diagnosticist when describing a form very often docs not know
whether this form will ultimately turn out to be cospccitic with other forms, or

whether it is actually specifically distinct, and as, further, a great many forms have

been diagnosticated as species which now are known to be subspecies (and the

reverse), the question arises how the above system of nomenclature must be carried

out. For the sake of simplicity we shall take into account solely a species with its

subspecies ;
then we have the following possible cases :

—
1 . The first diagnosis and description are so general that they apply very well

to a certain species A, but do not give any character from which we could see which

one of the subspecies (i?', B-, B') of ^4 the author has had before him. In this case

the name given by the author must be kept for the species A, and each subspecies

requires another name.

2. The first diagnosis and description apply to two or more forms (but not to

all) which are now known to be subspecies of a certain sjiecies, and are so general
that we do not know whether the author had one or more forms before him. In this

case again the first name must be employed for the species, and each subspecies

requires another name.

3. The diagnosis applies not to one entire species A, but to one particular

subspecies B^ of A ; the other subspecies B- and B^ of A either were not known to

the respective author, or their specific identity with iJ' was not recognised by him.

£' may be the first described of the three forms. Which name must be used for the

species A ? Illustration : Linni^ described the Amboina form of a beautiful insect

under the name of Papilio priamus ;
we know now that this Amboiua form is a

subspecies of a species which ranges over nearly the whole of the Papuan region and

has developed into several subspecies. Linux's name of priamus was given, not to

the entire species, but to one particular subspecies, and there is not the least doubt

that this name must be kept to designate that particular subspecies. Now, how
have we to call the entire species ? A short consideration of what a name is meant

for and how systematists employ a name will give a satisfactory answer. A
diagnosticist describes a species x from a number of individnals ; further researches

show that the characters in the original description a])ply only to a certain number
of specimens ; aberrant specimens are found, and the result is that the original

description of the species has to be largely modified ; but, in sjjite of this, the

original name is kept for the species. Illustration : Linnd's description of Papilio

poclalirius does not apply to certain aberrations which occasionall}' occur among the
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normul specimens ; nevertheless we include tliesc aberrations under Linne's name,
and thus extend the meaning of the name.

As the nnmber of specimens at the disposal of the author is always compara-
tively small, a name will, in consequence of further research, always cover a larger
field than it did when first applied. If we keep this extension of the meaning of a

name in view, it is obvious that the name of a certain form has to include all sub-

sequently discovered forms wliich are specifically identical with the first form.

Just as the name of I'apiUo j/ot/alirius comprises tlie so-called normal as well as

the aberrational specimens, the name of Papilio prianms comprises the particular

subspecies priamns described by Linne as well as all the more recently discovered

forms called poseidon, euphorion, richmondius, etc., as the following diagram
shows: —

rtamtiii.r prk
... . I poseidmi.

I'Upliol'tOll,

I etc.

That is to say, the first name given to any member of a species is to be taken as the

name of the entire species. The consequence is that the name of the species must
be repeated when the respective component to which it originally was given is to be

designated. Thus it miglit very often happen that a particular individnal aberration

had to be called after this pattern : Papilio jwh/tes poh/tes ¥ -f. poli/tes. The

meaning of this name is exclusive and hence precise, and that is the highest jiraise

we can give to a name : ? -f. jwbjtes shows that the female sex of the subspecies

poli/te.'< is polymorphic, ? -f. pohjtes being co-ordinate to one or some other

aberrations of that sex (?-f. c^/rus, ?-f. romulus); pobjles ?-f. liohjtes means that

the particular yg»ia^e form was the first described ; pobjtes pohjtes has again the

meaning that the particular subsjiecies was the first described of all those which

belong to the sjjccies pol;/tes.

A few illustrations will more especially show the convenience of this method of

nomenclature. Boucard described one of those beautiful Central-American beetles

which belong to the genus Flusiotis under the name of aurora ; the specimen has

remained unique as far as we know, while many individuals have afterwards been

found which, though specifically identical witli the first-described specimen, ditt'cr

from the latter very conspicuously in colour, being green instead of aurora-colour.

The aurora-coloured individual is apparently a so-called accidental aberration, while

the green individuals are the normal (or morphologically typical) ones. According

to the old style of nomenclature the two forms would have to stand as Pl/isiotis

aurora (accidental aberration) and Plasiotis aurora ab. ckri/sopedila (uoi-mal form).

How absurd this kind of nomenclature is will easily be understood if we take,

instead of these beetles, an albinistic specimen and normal individuals of a mammal
or bird. Our method treats both forms as forms of one species, Plusiotis aurora

ab. aurora and PL aurora ab. cliri/sopedila, the species aurora tlius being composed
of a normal form (ab. chrijsopedila) and an aberrant form (ab. aurora).

A European moth of the genus Hepialus has developed into two subspecies, one

with c? and ? nearly the same in colour {hetldandicus), and the other with c? and ?

very difterent in colour {Itumuli); the first is said to be phylogeneticaliy the older

form, and therefore represents morj)hologicaliy the typical one of the two ; tlie first

described, liowever, is the sexually dimorphic form liumuli, and tiiercfore the typical
;u
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ouc ill a nomenclatorial sense. Mor])hology and nomenclature come into contest if

we employ tbe old style of naming the forms, while the contest is entirely avoided

by accepting our method, according to which the species Ilepialua humuli comprises
two forms, Hepiulus humuli humuli and Hepialus humuli hethlandicus.

A sjiecies of Pieiis was described by Linnd in 175S as Pierii »api, while

the Alpine and boreal variety of it, which has a different appearance, received

in 1808 the name of Pieris bryoniae. From the experiments with this insect

carried out by Weismann and others, the inference has been drawn * that bryoniae is

phylogenetically the older one of the two forms, and that, therefore, the species ought
to bear the younger name of bryoniae instead of the older name of napi. As the

meaning of Pieris napi var. bryoniae, which is the name of the Alpine and boreal

butterfly according to the old style of nomenclature, is that bryoniae is a variety

originated in consequence of the variation oi napi, an alteration is indeed necessary
if the above iuterj)retation of the experiments is correct, and thus evolutionists would

have to phi}' havoc with the names of all those numerous species of which a younger
form happens to be described first. Wehave, however, endeavoured to showf that the

species is represented neither by the white form napi, nor by the darker form bryoniae,
but is composed of napi and bryoniae ; the species is not congruent with the

ancestral form of the recent forms, but is congruent with the sum of the recent

forms, and its name is, therefore, independent of the name of that form whicli

is supposed to be phylogenetically the oldest of the component forms. According
to our method of nomenclature the name of the species in question would be

Pieris napi, the name of the Aljnne and boreal form P. napi bryoniae, and that

of the form inhabiting the rest of Central and Northern Europe P. napi napi.
If in theoretical treatises it is necessary to distinguish nomenclatorially the oldest

from the younger forms of a species, it conld be done by adding (f. prim.) = forma
primiyenia, or some such sign, to the name—P. napi bryoniae (f. ])rim.).

The various jioints in these introductory notes have been very cnrsoril}- dealt

with: but we are in hopes that the remarks, in spite of their shortness, will serve to

explain our interpretation of the facts of variation we are now going to bring before

the reader.

II.— THE VARIATION OF THE GENITAL AUMATUltE OF
CERTAIN PAPILIOS.

The prehensile organs situated round the orifice of the sexual system of insects

liave for about fifty years been made use of for diagnostic purposes, and it was, and

is, a general belief tliat the genital armature is of such gre.it constancy in every

species that peculiarities exiiibited by certain individuals in these internal

ectodermal organs, and not found in other individuals which otherwise are very

sliglitly different from those, are of specific value. As we have shown in the

introduction that every individii.il lias its individual ])ecnliarities, a slight dis-

tinguishing character of an individual, besides the sexual armature, can alwjiys be

found, and therefore the above opinion leads practically to the assertion that

a specimen with some kind of peculiarity in the sexual armature is specifically

distinct from the specimens which do not have that peculiarity. On the other hand,

•
Weismann, Stiidiet in the Theory of Dctcent I. London, 1882. pp. 61 ff.

t Compare also Lorenz, Sitz.-Ber. zool. int. On. Wien 1892. p. 17
; .Jordan, Nov. ZoOI.. ISK. p. 1S2 ;

Hartert, Jbit 1896. p. 363.
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comparative!}' very few antliors * have given expressiou to tlie opiuiou, not only
tlaat tliere is a certain amount of variability fonnd in those organs, bnt that one

can by no means rely upon them iu the judgment of specilic distinctness or uou-

distinctuess. During our researches on the Eastern Papilios f we came across some

striking cases of variability of the copulatory organs wliicli made it evident to us

that the above assertion of an extensive variability was not the ontcome of sujjer-

ticial research, and this induced tlie Honourable Walter Rothschild to charge me
with investigations in the matter. As Mr. Rothschild knew from the study of

the external characters of the Eastern Papilios that a decision about the specific

distinctness of these variable insects with some certain degree of correctness could

not be arrived at unless one had ascertained with some probability of correctness

the limits of individual variation of each form (no matter whether the form was
described as species or variety), and hence in order to come as nearly as possible
to the knowledge of the limits of variation it was necessary to compare a great

many specimens, he liberally pnt the long series of individuals of his collection at

my disposal, and to this the results of our investigations are largely due. It seemed
to us that in the first place the aim of our researclies had to be to ascertain whether
the alleged constancy of the genital armature was, at least iu most species, real,

especially as compared with the distinguishing characters derived from the wing-

pattern. A little consideration, however, showed ns that this was scarcely

necessary. First, if we accept the statement that every specifically distinct form
is to some degree different from the allied forms in the genital armature as

being true, it by no means follows that the inverse is correct, namely that forms

presenting in the sexnal organs some diflVrences from the allied forms are specifically

distinct. Hence the proof of the variability of the organs in question would not

imply that these organs .are useless for diagnostic purposes, though their taxonomic

value would certainly be lessened. Secondly, if two or more allied species arc

diiferent in the sexual oi'gaus we have to conclude from the theory of evolution

that the present differences are the outcome of divergent development of the

allied species from a common ancestral species which itself had the sexual organs
either different from all its descendant sjiecies, or from all but one ;

if we concede

this, and all followers of Darwin have to do so, it is self-evident that the ancestral

species must have been variable in the sexual armature. As, therefore, in the

ancestors of our present sijecies the genital armatm'e must be assumed to have been

so variable that the variation could lead to specific separation, we cannot l)nt assume

((.priori that in all the species of the present which are iu the state of diverging into

varieties the genital organs must exhibit not only some varialiility, but also variation

to such an extent that the genital characters of a certain variety could be increased

by the factors of evolution and ultimately be transformed into specific characters,

unless one tries to avoid these consequences eitlier by abandoning evolution alto-

gether, which would be acceptable, or hy maintaining tliat «'volution is not going
on during the present epoch, which would be ridiculous.

This consideration made it jiretty clear to us that the more important part
of our investigations would have to be, not to prove the occurrence of variation

of the organs in question, but to ascertain the kind of variation, esjiecially to

accumulate such facts from wliicli couhl be seen wlielhor there is individual,

*
reres-, Ann. Sue. Kid. h'l: p. r-1 i^ls'.H) ;

Eil\v:ircis, Camid. JCnt. p. ."iG (1S94) ; Kolbe, JEnt. Naehr

p. 133 (IS!- 7).

t is'ov. zo )!,. p. 2i;;i (^is95).
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ssasouii], and geogriij)liical polj'morphism in the sexual armature. Ami if" sueh

variation be iband, tlie next task would be to compare this variation with that

of the external organs, especially with that of the wings, in order to see, first,

whether the genital organs and the pattern of the wings were independent of one

another in respect to their variation ; secondly, whether, in sjiite of this independ-

ence, there are certain kinds of varieties wliich are characterised by more or less

constant pecnliarities in the wing-pattern associated with, but not correlated to,

peculiarities in the geuital armature. As such varieties couhl easily bo mistaken (in

fact, have largely been mistaken) for distinct species, and hence would have tlie

ajipearance of incipient species, and as, further, the divarication of a sjiecies can come
about only by means of branching into subspecies, we could a priori expect to find

such a combination of characters in geographical races or subspecies.
As the present paper stands in close connection with the classificatory investiga-

tion on the Papilios we are carrying on, the researches here demonstrated are

restricted to that group of insects ; and this we deem the more necessary,
because the correctness of the results of sxich work depends to a great extent on

the full acquaintance with the various forms dealt with. Though in a monograj)]!
of the Papilios all the forms of all the species must be taken into consideration, we
have abstained from treating ujion all the Palaearctic and ludo-Australian Papilios
in this paper for the good reason that, as in every form at least all the more

prominent varieties in the genital armature have to be described and figured,

the detail of the paper would be so immense that in consequence of the great
amount of detail the single facts of variation would be much obscured. Hence we
have thouglit it best to demonstrate the variation of the genital armature on a small

number of species which have been so selected that they very well illustrate, first,

the amount of variation ; secondly, the kind of variation ; and thirdly, both tlie

amount and kind of variation within several, morphologically very dilierent, gronjis

of Papilio.
As far as we know, systematists have, as regards Lepidoptera, only made nse of

the male genital armature for diagnostic purposes. Salvin * mentions the j)resence

of a kind of armature at the orifice of the vagina, but lias not succeeded, in conse-

quence of an inadequate method of preparation, in bringing it forward for the

purpose of classification. We first came across the vaginal armature when we
studied the morphology of the abdomen of the Papilios with a view of discovering
characters which could lielj) us in coming to a decision about the extent of the genera
into which the Pajiilios must be classified, and soon found out, on the one side, that

the morphology of the abdomen of iha females, including the vaginal armature,

presents excellent generic characters to the systematist (compare PI. XIX., f. 181,

182), and, on the other side, that tlie detail of the structure was of the highest
taxonomic value as to the dciiniitation of sjiecies. Therefore we have selected a few

of the species examined to illustrate the peculiar structure and the variaticm of the

vaginal armature, and the form of tlie eighth abdominal segment.

A. Mai,k Genital Akmati-re.

The clasping ajiparatus of the mnln comjirises three organs : (1) a dorsal hook

<-alle(l by Gosse luu-us : (2) the lateral rn/rrs or rlnspcrs, bearing on the inner side

ridges, teeth, ami hooks called hnrpc\ and (3) the scajikium, which is situated

• Jihl. Cmtrall-Amer., niiop. II.
ji.

18(1 (1890).
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immediately below the anus and above the i)enis, and becomes visible when the
valves are removed. The homology of these organs has been explained by Dr.

Peytoureau in his work entitled Contribution d I'ctude de la Morphologic, de
VArnmre (jinitah: des hisectes* and we therefore refer the reader to that work ; it is

here suffieient to mention that Dr. Peytoureau comes to the result that the valves
are lateral wings to the ninth segment, which itself becomes visible only by
dissection, and that the dorsal uncus and the ventral scaphium, between which the
anus is found, rei)resent the anal or tenth segment ; the penis, therefore, has its

position between the niritli and tenth segments.
The uncus, scaphium, and the cake with the harpe are of classificatorv value,

and if we intended to explain here the complete morphology of the genital armature
of the Papilios we certainly should have to take all three organs as well as the penis
into account ; merely for the sake of simplifying matters we have restricted our notes
almost to the valce and harpe.

The harjje of the Pajiilios is a fold of the iuuer sheath of the valve partly raised

to ridges, teeth, hooks, rod-like jjrocesses, etc., which are sometimes of rather a

complicated structure. Wehave generally given a figure of the harpe and valve as

they appear when viewed with the eye perpendicularly above the i)laue of the

valve, while the figures representing the harpe or parts of it are so drawn that the

planes of harpe and paper are the same. Very much depends on the jjosition in

which the eye is to the harpe, if the comjwrative study of these organs is to be of

any nse
;

a curved or twisted ridge or process ajipears very difl'erent when viewed
nnder a different angle ; and hence we have endeavoured to represent the same organ
of the various species and subspecies in the same position, so that a comparison of
the figures gives an exact idea of the differences in the organs.

1. Papilio machaon ; t f- 3V) to -l.S.

This species occurs nearly all over the Palaearctic Region, inclusive of China
and Japan, and is found also on the Indian side of the Himalayas at hio-hor

elevations, as well as in the Nearctic Region. The lines of delimitation between the
Old A^'orld forms of P. machaon are veiy difficult to draw, in fact cannot be drawn,
as the forms overlap in characters. TJie most remarkable varieties are the summer
brood of the Japanese machaoti, and the subspecies from the interior of Sikldm
and the higher parts of Western China. As we shall have to describe and figure the
sexual armature of the various forms of P. machaon in another i)aper, we intro-
duce the species here merely because it is the only British representative of the
entire group, and therefore will enable the British entomologist to verify our
observations.

The i-ahe of /'. machaon is of a triangular shajie, and, though somewhat
variable in outline according to the individual sjiecimens, does not present any
obvious differences in the specimens of the different subspecies.

The harjie is a longitudinal fold lying along tlie ventral margin of the valve ;

it is distinctly raised and leans somewhat over dorsally. The basal half or so is

rcmnded and simple, whereas the apical half is compressed, with the upper free edge
•lenticulate, so that it resembles the blade of a saw (f. ;{»— 43, ventral view). The

*
Rcviic Jlioloijiqiie du JVonl VII. 1H!).5. The author trivcs on pp. 13 to 50 a list of works dealing with

the abdomen of insects.

t See note un p. -liiO.
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b;isal. rod-like, portion either iimueiliately nui>; ont iiitii the saw ff. -i'-V),
or has to

cnrve a little dorsally to join the saw, the latter beinfr a little more dorsal than

the former; this variation is independent of locality.

a. P. machfionjinvus from Great Britain.

The denticulate portion of the harpe is generally longer than in machaon

machfjon from Germany and in machaon xjili^/riis
from 8onth ICnrope and Asia Minor.

F. 39, 40, and 41 are taken from three British sjieoimens, iind represent the amount
of variation found by ns in onr series. The proportion of the length of the saw to

the entire harpe is in the three speeimens 19 : 30, 15 : 30, and 13 : 30 ; the variation

in the length of the denticulate jiortion amounts therefore to almost oil per cent,

of the length of the saw figured in f. 141.

The U71CUS of the British specimens (f. 44, dorsal view) is nearly always slenderer

than that of the Continental individuals (f. 45), and agrees very well with that of

the Japanese subspecies (spring and summer broods).

b. /'. macliaon machaon.

In f. 45 the wncus of an individual from Switzerland is represented to show the

divergence from f. 44.

c. P. machaon gphi/nis.
The harpe of this southern subspecies as well as the harpe of machaon machaon

agrees on tlie whole with f. 40, but in some specimens from Asia Minor and

Palestine the denticulate portion is remarkably short. F. 42 represents an extreme,

the proportion of saw to entire harpe being 11 : 30 : the saw is in this individual

from Syria more than 70 per cent, shorter than in the British specimen represented

by f. 39, an amount of variation which  is higher than we anticipated. The harpe
of a Palestine specimen, as drawn in f. 43. is abnormal in so far as the saw does

rise gradually, not abraptly.

d. /-. machaon hipjmo-ates from Japan.
Besides the uncus mentioned before, we do not see any difference between the

genital armature of this remarkable form and the European machaon. Tlie spring
and summer broods, though so consjacuously different in size and pattern, also do

not exhibit, to our knowledge, any distinguishing character in the organs in question.

As tlie swallow-tails found in the ^Vicken Fens, near Cambridge, are doubtless

one species, the variation of the species in the length of the denticulate jiortion of

the harpe, or, in other words, of the prehensile part of the harpe, amounts to nearly
50 per cent. As further the Syrian specimens do not differ in the wing-pattern so

much from British sj)ecimens as in (Jermany and in Syria the individuals of the first

brood very often differ from those of the second brood, and as a line of separation
between the characters of British and Syrian specimens is altogether absent, we
have also to admit that f. 39 and 42 are taken from the same species, i.e. that

the variation of the preiiensile organ amounts to 73 per cent.

Onr conclusions arc : (1) The genital armature of machaon does not afford any
characters by which the various geographical races, distinguished especially by
differences in the wing-markings, can be constantly differentiated from one another.

The iiarpc of the British form has, liowever, on the whole, the longest jirehensile part.
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while the specimeus from Syria and Palestine have that denticulated portion ou an

average shorter than specimeus from England, Central Europe, Sikkini, China, and

Japan ; the tincus is thinner in nearly all British and Japanese individuals than in

most individuals from the interjacent countries.

(2j The spring and summer broods are not different in the genital armature.

(3) The prehensile portion of the harpe varies considerably in length ; the

amount of variation is 73 per cent.

2. Papilio aegeus : f. 1 to 11.

According to the wing-pattern the sj)ecies comprises a subspecies inhabiting
New Guinea and Aru (cieyeus ormeniis), another found in Australia (aniens aegeiis),

a third inhabiting the Kei Islands (itegeus keicmus), a fourth foiind on the Banda
Islands {itcgeiis a<lntstus), and a fifth is met with in New Britain {aegcuH

hismarcldanus).

Of these we could dissect very long series of the first two forms, while the male-i

of the three other subspecies we have not examined for want of sulticient material.

P. aegeus ormeiuis is in both sexes a very variable insect as regards colour,

while the Australian form aegeus aegeus is rather constant in that respect.

The vulce (f 1, seen from above) is of the nstial triangular sha])e ; its ventri-

apical angle is sometimes more, sometimes less rounded, regardless of locality as

well as of wing-pattern.
The harpe lies as in P. inachuon along the ventral edge of the valve, extending

from the base to the apex ; it is a rather thin blade with the free upper edge sharp,
but not conspicuously dentate, bearing only a fine denticulation at the projecting

])ortions, and leans over dorsally. Before the middle it widens out triangularly to

form the submediun projection, and its free apical portion is raised above the level

of the margin of the valve and forms the apical projection. The length and form

of these two projections vary individually and subspecifically.

a. ./''. aegeus ortnenus; f. 1 to 6.

According to the development of the subapical white band of the forewing the

males belong to three varietal forms : S-wh. ormeniis, with the band complete on

upper- and underside ; c?-ab. pamlion, with the spots of the band partly obliterated;

(?-ab. Othello, with the band absent. The three forms occur together in the same

locality and are connected by all intergradations. The variation of the sexual

armature is entirely independent of that of the variation of the band ; individuals

of c?-ab. Othello are different inter {se, while some of them agree with certain speci-

mens of (J-ab. pandion or J-ab. ormenm, and so it is with the latter aberrations.

Tlie following remarks, therefore, refer to every form of the male.

V. 1 is taken from an individual from Dutch New Giunea (coast near the

Arfak Mountains) ;
in this perjieudicular view the apical projection of the harpe,

being more erect than the shorter submediau one, appears to be short. The har])e

of tjic same individual is represented in f. 2 ; the submedian projection is broad and

triangular, and differs obviously from the same projection of f. 3 to 5, which are

taken from individuals from the same locality and represent very well the amount
of variation we have found in aegeus ortnenus. In f. 5 the submedian 2)rojection is

very small, in f. 4 very high, in f 3 and 4 much slenderer than in f. 2. A si)ecimen

(f (5) from Finschhafen, (Jerman New Guinea, has the projection as broad as it is in

f. 2, and nearly as high as it is in f. 4. The usual form of the projection met with
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in most examples frmu all parts of New (ininea is tliat off. 2. The length of the

]irojectiou varies about from 1 : 2.

The free apical projection of the harjie varies iu a similar way Iq outline aud

height, as will be seen by comparing f. 2 to 6 ; the extremes which came under our

notice are shown in f. 4 and 5, the length varying about from 2 : ;5. The normal

size of the apical projection is that of f 2.

The specimens from British New Guinea, the D'Entrecasteaux Islands, and

Woodlark Island have in the harpes no character by which we could distinguish them

from the individuals from Northern New Guinea.

b. P. aegeus aegetis from Queensland and New South Wales ;
f. T to 11.

Though the Australian form of aegeus is in respect to the wing-pattern very

constant as compared with aegeus ormenus, the variation in the genital armature is

just as great as in the New Guinean subspecies. The male corresponds in the

2iattern of the forewing to aegeus ormeiius c?-ab. ormenus.

The commonest forms of the submediau projection met with are shown in

f. Sand 11; on the whole, the basal edge of the projection is more vertical than

in aegeus ormenus, but this does not apply to every specimen ; the character is

especially often obvious in the individuals from New South ^Vales and Southern

Queensland. The apical projection is in a few examples a little higher than in

aegeus ormenus. F. 7 and 8 are taken from two specimens from Cairns, North

Queensland ; f. 9 represents an individual from Cedar Bay, thirty miles south of

Cooktown ; f. lit, with an abnormally high and slender submediau projection, is

taken from a Queensland individual without exact locality, while f. 11 represents

a New South Wales individual. The variation in the length of the submediau pro-

jection is iu this selected series not so great as in f. 2 to 6, as we did not find an

individual in which the submediau projection was as feebly developed as iu f. 5.

The importance of the differences exhibited in f. 2 to 11 will at once become

obvious when we compare the harpes of the two nearest allied species.

3. Papilio iuopinatus; f. 12.

P. aegeus is on the Tenimber Islands represented by an insect which is

comparatively very constant in external characters, and is iu colour aud imttern

always separated from P. aegeus by a wide gap. Though the absence of inter-

mediate specimens is not a proof that the Tenimber insect named inopinatus is

specifically distinct from P. aegeus, we have to treat inopinatus as a species for the

following reasons : the external diflf'erences between inopinatus and aegeus are greater

than, or as great as, the differences between the relative forms which are regarded

as distinct species ;
if lowi and mai/o are kept separate from memnon—rumanzo-

rius, (leiplionte.s, and deipghts as distinc't from deiphohus
—

gamhrisiiis sjiecifically

separate from aegeus, then inopinatus is likewise to be treated as a distinct species.

Further, the variation within the male sex of P. aegeus from New (iuinca,

Australia, Aru, Kei, and Baiida Islands takes place between such limits that the

difference between the extremes is not so great as that between aegeus and

inopinatus ;
the same aj)plies to the variation oi i\iaX female form of ormenus which

corresponds to the/eynale of inopinatus.
Thus we think it fairly safe to consider inopiiuitus specifically distinct. The

evidence is to some extent corroborated by the difference exhibited by the harpe. A\ a
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have examined (Uily a few individuals, all of whieh have the median thin jiortion nf

the harpe (f. 12) longer than it is iu aegeus, especially than we fonnd it to be in

aegeus ormenus ; the suljmediati projection is broad and low, and the apical pro-

jection is likewise shorter than in aegeus. A comparison of f. 2 to 11 with 12

evidently shows, however, that the distinguishing points iu the liarjie of inopinatus
are of much less weiglit in the judgment of the speeilic distinctness of the insect

than the external features ; the difference between f. 4 and 5 and f 8 and 11 is far

greater than that between f. 12 {inopinatus) and 8 or 3 (rtegeus).

4. Papilio tydeus : f. 13 to 10.

This is the representative species of acgruti on the Northern Moluccas
;

the

same reasons which induce us to treat inopinatii.s as specifically distinct apply also

to this insect. The external differences from aegeus are iu tgi/eus not (piite so great

as in inopinatus ; in opposition to this the harpe of tydeus differs much more widely
from that of aegeus. The clasper or valve of tydeus (f. 16) is larger than that of

aeqevs, and the harpe therefore longer. The submedian and apical projections

of the harpe are more bent over dorsally, as will be seen by comparing f. 1 and Ki.

The submedian projection is broad and high, and the apical one is conspicuously

higher and more erect than in the allies.-

Wehave examined four individuals from Halmaheira aud tliree from Batjau ;

there is no localised difference in the harpe of tydeus. F. 13, 14, and 16 are taken

from Halmaheira individuals
;

f. 15 represents the harpe of one of the Batjau

specimens. The variation in the form and length of the projections is obvious
;

tlie

apical projection in f 15 is almost half as broad again as that in f. 14.

The facts here illustrated are as follows :
—

(1) The variation of the pattern of tlie wings of P. aegeus ormenus is entirely

independent of the variation of the harpe.

(2) The difference in the harpes of aegeus ormenus and aegeus aegeus is vei-y

slight and applies only to scarcely half of the number of specimens examined.

(3) P. inopinatus, though in external characters very different from aegeus,
exhibits in the harpe only a slight, but according to the specimens examined rather

constant, difference from aegeus.

(4) P. tydeus, which'^is in colour and pattern separated from aegeus by a less

wide gap, has the harpe in all the specimens examined conspicuously different from

that of aegeus and inopinatus.

(5) If we take the length of the harpe = 100, the ]>rojections measured from

the plane of the valve to the tip of the projections vary iu length as follows :
—

P. aegeus : submedian projection from 18 to 33
; apical projection from 33 to 45.

P. inopinatus „ „ )>
18 ; ,, „ „ 32.

P. tydeus „ „ „ 30 to 33
; „ „ „ 51 to 63.

Or, iu aeycws the variation of the submediau projection amounts to 50 jier cent, of

the length of longest submedian jirojectiou observed, wliil(> the variation of the

apical projection is 27 per cent.

(0) P. aegeus and tydeus differ somewhat iu the size au<l outline of the valve.
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i). Papilio polytes ; f. 1 7 to 37.

Tlic male sex of tliis iusi-ct is in the pattern of the wiug not very varialile, while

the female exhibits a very great amount of individual and local variation. The

species ranges in a good number of subspecies over the Indian and Malayan Sub-

regions, and goes as far as the Moluccas; in New Guinea, the Arn Islands,

Queensland, and the islands farther east it is represented by /'. amhrax an 1 P.

p/iestiis respectively.
The valre is more or less triangular (f. 17 and ;!lj, and varies individually.

The harpe has the same josition as in /'. aegens; it is a ventral InnL'itndinal fold; the

basal half (or so) is stick -like, while the apical ])ortion is abruptly raised into a thin

blade, which leans over dorsally so that its ventral surface is visible when the valve

is viewed with the eye above the plane of the valve (as in f. 17 and 31); the

harpe thus has the appearance of a liatchet; the upper free edge of the blade is ver}'

finely denticulate; the tip of the blade projects free for a short distance, and is some-
what curved dorsally, often forming a blunt hook. The outline of the harpe varies

according to locality and to the individual specimen.

a. r. poll/tea polfftex from N.W. India to Malacca. Natuna Islands, Tonkin;
f. 17 to 26.

The blade of the harpe is highest near its basal (subperpeudicular) edge,
where it is slightly angulate ; a second, more distinct, angle is formed just before

the edge slopes down towards the apex of the harpe. The apex is scarcely produced
or very slightly so. The degree of variation found by us in the specimens from
Continental India is represented by f. 18 to 21.

The form of the harpe as shown in f. IS is that found in most specimens ; the

figure is taken from a Kumaon individual (canglit in .June ISOH). Tlic blade of the

harpe of the individual from Bankipore (caj)tnred Marcli 2(>th, 1S03) (f. 19) is

much less steep basally than usual, its dorsal edge being much reduced in length ;

the two angles are conspicuous. The two Burmese (Bassein) examples from which
f. 20 and 21 are drawn are especially remarkable for tlie develojinjcnt of the free

apical jirojection.

In external features P. poli/tes from the Natuna Islands (between Malacca and

Borneo) forms a transition from polytes polijtes to poh/ten theseus. From a long
series of individuals examined (captured by A. Everett in September and October

1893) the three most diflerent harpes are here figured (f 24, 2.5, 20); tlie blade

agrees very well in shape with that of Indian indiriduals. The thin carina running
from the upper edge of the handle of the harjie along the base of the Idade varies

from being absent to being well marked.

b. P. polijtcs borealis from Cliina.

All the specimens examined agree in the harpes with pohjtcs poli/tes. The
individuals of the interesting variety P. polijtes borealis c?-ab. t/iibeta?ius, in which
the white discal markings of tlie hindwing are jiartly obliterated, also do not exhibit

any peculiarity in the genital armature.

As said in Mr. Kothschild's Revision of the Eastern Papilios, the specimens of

P. polytes from the Loo CJhoo Islands (south of Japan) stand intermediate in pattern
between /'. poli/tes borealis and the Malayan P. pob/tes thescus. The harpe of the

IjOO C\\oo poli/tcs i^ in so far remarkable tiiat it difiers from tlic baqie ol poh/tes
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poh/les and poh/tes theseus in being (in individnals of equal size) larger (f. 22 and

23); the angles of the blade are less prominent than in poh/tes polijtes, hy which
character it leads over to P. pohjtes theseus (f. "^'s).

c. P. polytes nikoharus from the Nicobars and Andamans
;

f. 27.

We have now received more material from these islands, and find that polytes
nikoharus can very well be kept separate from poh/tes polytes, as the greater pro-

portion of the specimens from the Andaman and Nicobar Islands are somewhat
different from /joh/tes polyti'S. The harpe confirms tliis ojiinion ; the outline of its

blade is more rounded (f. 27), not exhibiting the two angles found in polytes polytes

(f. 18), and resembles somewhat that of P. polytes theseus from Java (f. 29), except
in the apex being obviously truncate.

d. P. polytes theseus from the larger and lesser Sunda Islands ; f. 28 to :W.

This subspecies differs in the male from P. polytes polytes in being generally
smaller and in having the tail to the hindwing more or less obliterated. The harpe
of /'. polytes theseus is distinguished from that of polytes polytes by being in the

blade absolutely longer, less raised, much more evenly rounded, and by the aj)ex

being more pointed.

Sumatra and Borneo individuals have the blade shorter and higher than Java

examples, and hence lead over to polytes polytes ;
f. 28 is talceu from a small

examj)le from the Kina Balu (North Borneo). Timor specimens agree generallv
with the Javan individuals in the form of the harpe; f 30, however, is aberrant

in having the second angle of the edge of the blade faintly marked and the apex
distinctly truncate in a ventral view.

e. P. polytes alcindor from Celeljes and Saleyer: f. 34.

1\\e. female of this subspecies is very aberrant, the vinle much less so. Tiie

male bas one character in common with P. polytes polytes and P. polytes theseus,

namely the presence of bine scales on the underside of the hindwing outside the

macular white band, which scales are absent from the subspecies flying on the

Philippine and Moluccan Islands. So insignificant as this cliaracter is, it becomes

interesting wlien we see that the harpe of polytes alcindor (f. 3-t) comes closer in

outline to that of polytes polytes (compare f. 25) than to that of jwlytes alphenor
from the Sulla Islands (f. 33) or from the Philippines (f 32). Weobserve, however,

that the tip of harpe of polytes alcindor (f. 34), though short, is visibly curved

upwards in a similar way as in polytes ul/ihenor.

f P. polytes permrsus from the islands of Sangir and Talaut; 1. 35.

In external features this form combines to a certain extent in the male the

characters of polytes alcindor (Celebes) and polytes nicanor (Halmaheira). The

harpe comes nearest to that of alcindor; has the tip, however, a little more hook-

shai)ed.

g. P. polytes a//;/iC/«3r from the Philippine Islands (inclusive of Palawan), tlie

Sulla Islands, and the Southern Moluccas; f 31 to 33.

The males from tliese various islands agree very well with one another in

external characters
;

the \^o\ymovii\\\c females, however, are partly different accord-

ing to locality, thus showing that the insect is on the way to develop into several

local races. The harpes of the males are, according to locality, slightly diflerent.
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111 all the specimeus examined the blade of the iuirjie is coiispiouuusly longer
iind slenderer than in all the other subspecies of 1\ pobjtes, and reaches close to the

apical martfin of the valve (f. 31, taken from a Mindoro examjile); tlie narrow

apical portion is especially long, and often rather strongly hook-shaped, the hook

jirojecting above the level of the raised vent ri-apical edge of the valve.

The harpc of the average example from the Philipjunes is represented in f. 82;
it has a very different ap])earance from the harpe represented in f. 18 to 26, while

the difference between f. 32 and 29 is less conspicuous; the variation of the Philippine

ixamples takes place in such a direction that some individuals a]iproach f. 35.

Of the males from the t^ulla Islands Mr. Rothschild says that they are not

exactly identical with the Pliilippiuc alphenor in wing-pattern, but approach a little

P. poh/tes perversus. The harpes of the Sulla 7nales (f. 33) are, on the contrary,
still slenderer than in Philippine alphenor, thus indicating that a relationship in

wing-jisittern is not necessarUy corroborated by the development of tlie genital

armature.

From the Southern Moluccas we had uufortimately only one individual at our

disposal ; the harpe of this sjiecimen is shaped nearly as in pobjtes pertersus

(f. 35).

In the harpes, therefore, the males of alphenor from the tliree Incalities

(Philippine Islands, Sulla Islands, and Southern Moluccas) . are I'airly well ilistiu-

guishable, though there is no distinct line of sejiaration.

h. P. pobjtes nicanor from Halmaheira and Batjan; f. 36.

The blade of the harpe is much higher than in pobjtes alphenor, and in this

respect nicanor comes nearest to the Indian pobjtes polytes; the apex of the harpe is

produced, nearly as in alphenor. F. 36 is taken from a Halmaheira individual.

6. Papilio ambrax
;

f. 37 and 38.

The outline of the valve (f. 3^) of this species varies individually. The harpe
is generally formed as in f. 37, but is sometimes somewhat slenderer and at the

apex less hooked.

Wemerely give the two figures of the valve and harpe of an ambrax individual

(from German New Guinea) in order to enable the reader to compare them with

f. 18 to 36. The differences between f. 37 (aml/raj) and 36 or 34 {/wli/tes),

belonging to two species, are not so conspicuous as the divergeuc'y exhibited by
various harpes within the species pobjtes.

The facts of variation observed in P. pob/tes are as follows :
—

(1) The valve is variable in the individual s]iecimens, but does not exhibit in

the specimens examined any obvious variation according to hjcality.

(2) The conspicuous individual aberration /'. pobjtes borealis J-ab. thihetanas

has no peculiarity in the genital armature.

(3) The individual variation in the blade of tlie har]>e of the individuals from India

is such (f. 18 and 111) that the extremes stand further apart tlian many individuals of

poljte.'S pob/tes do from many individuals o{ pob/tes ihescus.

(4) The harpe of pob/tes theseus from Java and the lesser Snnda Islands is well

distinguished from that of the Indian pob/tes pob/tes, but there is no parting line

on ac'count of the intermediate form of the harpe of pobjtes theseus from Borneo

and Sumatra.
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(5) C'evtain Timor individuiils of poh/tes theseus come in the liarpe (f. 30)

very near poh/tes pcrirrsus from Sangir and Talant (f. 3o), and tliis again is very

cloi-:e to polijtes alcindor from Celclios (f. 34).

(0) The harpe of polytes ulplienor from the Pliiliijpiuc and Sulla Inlands is in

the height of the blade nearer related to poh/tes theseus from Java and the lesser

Snnda Islands than to poh/tes theseus from Borneo and alcindor from Celebes,
ivhich subspecies are geographically the nearest to ulj^henor ; while, on the other

hand, the apex of the harpe is in all the stibspecies inhabiting Celebes, the

Philippines, f^angir and Talaut, the Snlla Islands, and the Moluccas, somewhat
curved upwards (and towards the dorsal margin of the valve), and not turned up, or

rarely so, in poh/tes theseus.

(7) The subspecies most cousjiiouously different in the harpe is P. poh/tes

alphenor, while the subspecies most conspicuously different in the shape and pattern
of the wing is P. poli/tes niranor.

' Papilio euchenor; f. 51 to 04.

This insect is purely Pajman, being found in New Guinea, the Aru and Kei

Islands, the D'Entrecasteaux Islands, Woodlark Island, and ou New Britain and New
Ireland; it has uo near relative. Up to 189.5 the specimens from these various

locahties had been treated as identical; Mr. Rothschild in his Revision found,

however, that the individuals in his collection from the Bismarck Archipelago are

in both sexes conspicuously different from the New Guinea specimens, and that, on

the other side, the individuals from Aru are in the Jemaie sex, not in the »iafe, also

constanth/ diiferent as far as the great material examined can be taken as furnishing

a proof of a constancy of distinction. Lately, Mr. Rothschild observed, moreover,
that the specimens from New Ireland arc again in lioth sexes distinguishable from

the individuals from New Britain
;

so that there are four well recognisable forms,

to which is to be added a fifth from Woodlark Island * described as a distinct

species some forty years ago, but scarcely different in the c? iu external features

from the New Guinea form. The question is now, are the five forms one species,

or do they belong to more species ? An answer is in this case extremely difficult to

give : first, because euchenor stands quite isolated amongst the Indo-Australian

Papilios, and thus does not allow us to compare the distinguishing characters of

other forms assumed, or j)roved, to be specifically distinct ; secondly, because the

main portion of New Britain, which geographically is nearest to New Guinea and

hence may perhaps be inhabited by an euchenor form intermediate between the

New Guinea form and the New Britain form, is entomologically an entire blank, all

the specimens received from New Britain being caught in the north-east of the

island. The external characters of the various forms, however, allow us to set at

rest the question ; as ohsolescens from Aru and Kei, and yodarti from Woodlark,
are in the male not always distinguishable from euchenor from New Guinea, these?

three forms have to be treated as subspecies of one species (the name of which is

euchenor').

The two forms from the Bismarck Archipelago, de/iiUs from New Britain and

no(ohibernicus from New Ireland, have several conspicuous characters in comnK)n

by which they are diffcientiated from euchenor euchenor, euchenor ohsolescens, and

euchenor i/odarti, while the differences between depilis and novohibernicus are

• And perhaps a sixth from the D'Entrecnstoau.x Islands.
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qnantitatively much slighter; hence depilis aud novohibernicus must (on the ground
of external features) be considered as nearer related to one another than to the other

euchenor fw'ms. As in tlic present paper it is onr purpose to demonstrate the

variation of the genital armature within the limits of a species, and as therefore we
have to avoid, as far as possible, any error as to the actual specific identity of the

forms included l)y us in tlie limits of a resjiective species, we will, merely for the

sake of being on the safe side, assume that depilix is a species distinct from euchenor.

The external characters by which novohibeniicus is distinguished from depilis are

found in every specimen of our short series ; if, therefore, the constant presence of

a distinguishing cliaracter is considered sufficient to make the respective fonn

specifically distinct (as some naturalists do), norohibernicus is also a distinct species-

However, the distinguishing characters of nocohibernicus mnoxmi quantitatively not to

more—about the qualitative amount of these characters we know notlung —than the

differences do whicli are observed between New Guinea individuals, differences

in the extent of the yellow markings which are not tliought to indicate any-

thing else but individual variability within the same species ; consequently we

must assume that the differences between tlie individuals from New Britain and

those from New Ireland being quantitatively the same are also qualitatively the

same, i.e. do not indicate more than divergency of individuals of the same sjiecics.

Hence the characters distinguishing depilis and novo/iibernicus must correctly be

considered as" not being of specific value. The various forms in question are

therefore to be grouped as follows :
—

{euchenor

; New Guinea and islands near it.

(/odarti ; Woodlark Island.

ob.^olescens ; Aru and Kei Islands.

r, , -J. ( depili.i ; New Britain.
'

\novokibernicus ; New Ireland.

The genital armature of the five forms is in accordance witli this division.

The vahe of ]'. euchenor (f. 51) is very large, strongly convex outwardly, witli

the apical margin rounded, the ventri-apical angle not being triangularly produced as

in P. aecjeus and most other species ; it exhibits some individual variability in the

outline, especially in the ventri-ajiica! portion. The armature of the valve consists

of a fohl running along the ventral margin of the valve in a slightly oblique

direction, turning near the apex round towards the dorsal edge of the valve, running
from here as a thin fold backwards to the base, fir.st in a directly basal, then in a

dorso-ventral direction, and thus returning to the starting-point ; from the basal

dorso-ventral portion an oblique fold (f .51, tf) starts, traverses the (concave)

valve, and widening out joins the ventral longitudinal ridge. The ventral portion is

raised into a ridge, armed at both ends witli a process, of which the first (c) is here

called " basal hook," tlie second (/;)
"

ventri-apical hook "; the basal ridge leans over

ventrally, so that in a view perpendicular to the valve the dorsal snrfiic'e of the ridge
is visible (as in f. 51); it is higliest near the basal hook (f. 52); the outline is

not constant. The ventri-apical hook is directed in a basi-apical direction leaning

over ventrally, with the tip jirotruding above the elevated edge of the valve. The

vertical, ventri-dorsal, portion of ihc fold is less high than the ventral ridge, tliinuer

and denticulate ; it leans over ajiically, so tliat iu a perpendicular view the Imsal

surface of the ridge is visible ; at the dorsal end it is produced into a slender

and very sharp hook ('/), the " dorsal hook," wliicli is curved in an apici-ventral
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direction; just undcrnefitli the liook tlie riilge is bigliest; the nnmbcr of teeth is

variable.

The variation according to locality affects especially the length of the longi-
tudinal (ventral) and the ventri-dorsal ridges, their outline and armature, and the

height of the oblique fold.

a. I', cuchenof euchenor: f. 51 to 54, 59 to 61.

The variation noticed by us in the ventral ridge of New Guinea individuals is

represented in views from the dorsal side in f. 52 to 54. The usual form of the

ridge is given in f. 62, taken from an example from Constantinhafen, .German
New Guinea (f. 51 is taken from the same individual). In f. 53, representing a

specimen from the same localitj-, the ridge is very high in the basal third and then

rather suddenly diminishes in height ; and iu f. 54, taken from a specimen from

Simbang, near Finschhafon, Huon Golfe, the iibrujitly raised liasal portion is rather

angnlate.
Our sjiecimens from the D'Entrecasteaus group of islands, east of New Guinea,

as well as those from Waigen, west of New Guinea, come iu respect to the ventral

ridge within the limits of variation as illustrated by f. 52, 53, 54. All tlie

specimens have the angle formed by tlie sudden break iu the outline of the ridge

jiroduced into the beak-like basal hook.

The vertical (ventri-dorsal) ridge is Tepresented separate from the ventral ridge
in order to be able to give the exact outline ; f. 59, 60, 61, are taken from the

same individuals as f. 52, 53, ^4 respectively. As f. 59 to 61 are drawn from
a basal view of the ridge, the veutri-apical hook (/>) has a difierent appearance from

that iu f. .52 to 54.

The higher dorsal (left-hand side in figure) portion of the ridge is dentate;

just at the highest point, or close to it, stands nearly always a stronger tooth, which

in f. 59, however, is obsolete. The sj)ecimens from the D'Entrecasteaux Islands

have nearly all the ridge toothed similarly to f. 61, a character which becomes
more obvious in the individuals from WooiUark Island. The interesting aberration

from Jobi Island, P. euclienor euchenor ab. eutropin/i, does notpresent any peculiarity

in the valval armature.

b. P. encltenor gotlarti ;
f. 58.

We have examined three specimens of this form, which is all known to exist in

ccdlections, except Montrouzier's tj^pe-specimen which is perhaps (? !) preserved iu the

Paris Musevmi. Tlie only distinguishing character in the valve and its armature

found in all tliree individuals concerns tlie oblique fold ('/), which is higher than in

either euchenor obsolescens or euchenor euchenor; the valval cavity before and behind

the fold is consequently deeper. The ventral and ventri-dorsal ridges are not con-

stantly different from those of the New Guinea individuals ; the dentition of the

vertical fold is, however, in all three examples rather plentiful. The more aberrant

harpe of the three is represented by f. 58 and 64 ; the ventral ridge (f. 58) is

distinguisliol by the long basal and relatively short veutri-apical hook, and by the

upper edge of the ridge being feebly and widely bisinuate ; the ventri-dorsal ridge

is multidentate.

c. 1'. euchenor obsolescens; f. 55, 56, 57, and 62, 63, 64.

In Aru individuals the ventral (longitudinal) ridge is somewhat shorter than in

euchenor euchenor, and the vertical ridge accordingly longer, as will be seen by
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comj)aniig f. 55, 50, and 62, 63, with f. 52 to 54 and 50, 60 respectively. In

outline the longitudinal ridge is on the whole not different from that of New Guinea

examples, but the usual form of the ridge is not that represented in f. 56, whicli

is similar to f. 52, representing the usual form of the ridge iu eiichcnor ruclienor,

liut a form resembling f. 55. In tlie latter figure there is an additional tooth ujion

the crown of the basal dilatation of the ridge, which we have seen only in this one

individual. The veutri-apical hook is in the specimens examined shorter than in

euchenor euclienor. The vertical ridge (f 62 and 63) shows a certain amount of

variability in the dentition. The ventri-apical hook ajipears to be somewhat more
curved towards the right-hand side than in f. 59 to 01 ; this is due to the hook

being more erect than in euchenor euchenor, less leaning over ventrally and apically.

From the Kei Islands three individuals have been examined which, in external

features, do not exhibit obvious differences from the Ara specimens in the Tring
Museum. The harpe presents, however, in the three examples some slight distin-

guishing characters. The longitudinal ridge is (f. 57) still shorter than in Am
individuals, the ventri-apical hook stands still more erect to the plane of the valve

and the upper edge of the ventral ridge (as will be seen both from f. 57 and

f. 04), and the vertical ridge (f. 04) is provided with many strong teeth.

8. Papilio depilis; f. 05 to 71.

The valve is ventrally a little more rounded than in P. euchenor, Init this

character is not constant. The armature of the va_lve (f 05) is, however, obviously
different. A comparison of f. 51 and 05 will show that the valves with the

armature arc in both species closely related ; there are the same folds, ridges, and

hooks in depilis which we have found in euchenor, but the organs have differently

developed. The ventral (longitudinal) and ajiical (vertical) ridges of euchenor

stand in depilis both so oblique that the angle formed by them in euchenor has

almost disappeared. The ventri-apical hook does not lean over to the ventri-apical side

of the valve, but to the dorsal side, so that the point of the hook will in depilis meet

in copulation iinite a different spot in the vaginal region of the femnle. than in

euchenor. The dentate vertical ridge is much shorter (f. 70, 71), sinuate iu or

near the middle, with the two higher parts at the side of the sinus dentate. The

oblique fold (f/) joins the ventral ridge near the apex (f. 66 to 69), not in the

middle as in f. 52 to 58, and is basally not rounded but strongly compressed.

a. P. depilis depilis; f. 05 to 07, and 70.

The ventral ridge is throughout its length very high; its outline is variable.

In f. 60 the ni)per edge of the ridge is undulate; the basal angle (e) is without

the beak-like hook found in every specimen of euchenor. In a second individual

(f. 67) the basal hook is indicated by a very minute tooth: in the middle the

ridge is triangularly dilated. In a third specimen (not figured) the ridge is again
without the basal hook, and is in the middle also higher than at the basal angle,
but not so triangularly dilated as in the second example.

The ventri-dorsal dentate ridge (f. 70) leans strongly over tcT tlie apical

side of the valve, and hence ap])ears less high than in euchenor, but there arc

specimens of euchenor which in this respect are scarcely different from depilis.

Besides the dorsal hook («) there are three longer subdorsal and two smaller sub-

ventral teeth separated by a sinus; in a second specimen these teeth are all obsolete,

while in a third only two are present.
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b. /'. (h'pilis nocohibernkus; f. 68, '19, and 71.

The liarpe is ven' slightly diflferent from that of (lepHi:! di'piUs; the portion of

the veatral ridge which is produced into the ventri-apical hook foi'ms a slight angle
with the basal portion of the ridge, being a little more curved dorsal Ij' than in

depilis depilis; the vertical dentate ridge is shorter than in that subspecies.
In three out of four examples the ventral ridge is highest beyond the middle,

as iu f. 68 and 69 ; while in the fourth specimen the dilatation takes place before

the middle in a somewhat similar way as in f. 53. The basal hook (e) is in f. 68

scarcely indicated; in f. 68 it is as strong as in many ei.ichenor. The dorsal ridge is

generally shaped as in f. 71, but tlie teeth are sometimes much feebler than hi

the figure.

The facts of variation illustrated by f. .51 to 71 are as follows :
—

(1) In the two closely allied species P. euchenor and P. depilis the armature of

the valve is built up after exactly the same plan, but in the detail of structure there

are consjiicuons differences.

(2) The subsjiecies of euchenor from New Guinea an<l that from "Woodlark

present iu the specimens examined no constant difi'erence except iu the oblicj[ue fold

(r/) ; the subspecies from Aru is so slightly different that the distinguishing
character is scarcely noticeable if one does not compare several specimens; the Kei
Island individuals are more obviously different than the Aru specimens (and represent

probably another local form). The two subspecies of depilis are, according to the

seven specimens examined, slightly different in the male genital armature.

(3) The individual variation within each subspecies is such that the differences

between the harpes of several individuals from the same place (and hence most

certainly belonging to the same spccie.s) are more obvious than those of the

subspecies inter se.

(4) The only specimen known of tlie aberration P. euchenor euchenor ab.

eutropius, which is abnormal in the pattern of the forewing, does not present any
peculiarity in the genital armature.

9. Papilio cloanthus ;
f 14'.i to l.Jo.

The range of this insect is rather widely interrupted, the species being found all

over North India, Upper Burma, and Central and Western China, and again iu the

mountainous regions of N.E. Sumatra; from the mountains of Malacca, Tenasserim,
and Siam P. cloanthus is not known. The external features of the specimens from
the various localities are such that we can group the individuals according to

locality in three forms: an Indian, a Chinese, and a Sumatran form. The first two
are not always distinguishable in i)attern, and hence are <'ertainly not sjiecilically

distinct from one another. The Sumatran specimens, at least all individuals of our

long series (forty odd examples), are constantly different in the colour and extent

of the markings; the divergency from Indian s])ecimens is, however, not very con-

spicuous, which will be admitted if we call to raiud that de Niceville* especially

says that the Sumatran insect is
" identical

" with the Indian one. As the minute-

ness of the distinguishing characters of the insect is, according to what has been

said in the introductory notes, a priori no objection to the constantly found charac-

ters being of sjiecific value, there must be other reasons brought forward which

• Jnurn. .!.«. Sm-. litntj. p. 52ii. ii. (i07 (ISilli).
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force ns to treat the Sumatraii form not as a separate sjiecios. North Indian

cloanthus occur in several broods
;

the iudivichials of tlie s])ring and those of the

summer broods are in the extent of the markings rather obviously different, and
this proves that the species is in pattern easily modified by the transmuting
factors

;
the extreme individuals of the spring brood difl'er in the extent of the

markings more from the extreme examples of the summer brood than certain Indian
individuals do from certain Sumatran ones. Further, the differences of certain

Chinese specimens from Indian individuals are quantitatively greater than those

between Indian and Sumatran examples. Hence it is correct to accept Mr.
Rothschild's opinion

* and to treat the three insects in question as three subspecies
of P. cloniitliiis.

The valve (f. 149) of P. cloantJius is, as in nil the iillied species, rather small:

iit the ajies it is deeply sinuate. The siuns divides the apical third of the valve

in a smaller dorsal lobe (fi) and a larger ventral lobe (a). The ventral edge of the

valve is angulate (/'), and from this angle to tlie tip of the ventral lobe densely
l)eset with irregular rows of thin and sharp teeth. The internal sheath of the valve

is raised into a distinct fold (e), which begins ventrally at the base—in f. 149

and ISO the right-hand side is the ventral side of the valve —runs for a short

distance along the ventral margin of the valve, turns in a rather even curve round

towards the dorsal side, forms a subdorsal tooth (e), and then traverses longitudinally
the dorsal lobe, being liere raised into a short dentate ridge {d), the " dorsal ridge

'"

which stands almost perj)endicular upon the ])laue of the lobe leaning very feebly
over ventrally. In f. 149 and 1.50 the subdorsal tooth («) is visilile almost in

its entire length, because it is bent over apically, while the dorsal ridge aj)pears
mtich less high than it really is.

The variation of the species according to locality relates especially to tlie form
of the valve, the length of tlie sulidorsal tooth, and the form of the dorsal ridge.

a. P. cloanthus cloantliu.s from Kulu to the Shan States, at higher elevations :

f. 149, 151, 152.

The sinus of the valve is J mm. deep. The ventri-dorsal fold (<;) is slightly

curved. The subdorsal tooth (c) is high, simple, and when seen from the dorsal

side, as in f. lol and 152, reaches so far that its tij) ajipcars to be above the

dorsal ridge. The length of the tooth is variabh; : the lower extreme met with by
ns is re])resented by f. 1 52 (Shan States) ; in a second individual from the Shan
States the tooth is nearly as long as in f. 151, which is taken from a Sikkim

specimen and represents tl\e usual form uf the tootli. As both the Chinese and

Sumatran subspecies have the tooth generally considerably shorter, the mountainous

regions of Siam, Tenasserim, and Malacca on the one side, and of Upper Tonkin on

the other, will most probably yiehl (if inliabitcd by cloanthus) individuals more

often, or even constantly, intermeiliatc between the three subspecies in respect to

the length of the tootli.

Tlie dorsal ridge (f. 151, 152) of cloanthus cloanthus is a little longer than

high, and is in all our si)ecimens rather strongly denticulate.

The individuals of the spring brood are not different in the valvf and Iiarpe

friini the indiviihi;ils of the later broods.

b. P. cloanthus cli/mcnus from Western and Central China ; f. 153.

In tlie outline of the valve all the inilividuals examined agree with sj)ecimens
• Nov. Zooi.. p. 44:. (18!!.-.).
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of cloaiitliKs doanthus, and so they do in the form of the veutri-dorsal fold. The sub-

dol•^^al tooth is in every specimen shorter than that off. l.il (normal length of tooth

of doanthus cloonthiis), bnt there occur individuals wliich have the tooth nearly
as long as it is in f. I.j2. A s])ecimen of doanfhiis d>/menus with the tooth of a

length which is normal for d>/nicnus is represented by f. 1.53. We have examined

some individuals which externally are not different from Sikkim specimens, and

observed the highly interesting fact that in these individnals the tooth is as short

as in f. I.jS, wliile in some other examjjles whicli differ in the extent of the black

colour on the wings considerably from doanthus doanthus the tooth approaches
in length that of f. 152. This is a remarkable illustration of what we have said

in the introduction, namely that specimens can be similar or identical in one set

of characters, while in another, independent, set they are dissimilar ; the Chinese

individuals of doanthus which in pattern are like Indian doanthus doanthus are

nevertheless individuals oi doanthus dymenus, distinguished from doanthus doanthus

by a character of the genital armature not found, to our knowledge, in any
individuals from India. "We shall have to refer again to this fiict later on.

The dorsal ridge of the Chinese doanthus is similar to that of the Indian

specimens ; we have not found any ditference that can be pronounced constant ;
in

many individuals the ridge is a very little longer, and the teeth are often more
numerous and smaller.

c. P. doanthus sumatranus from the mountainous districts of N.E. Sumatra:
f. 1.50, 154, 155.

The sinus of the valve is much smaller than in tlie two jireceding subspecies ;

the dorsal edge of the dorsal lobe is more rounded, and the ventral lobe is con-

siderably blunter. The dentition of the ventral edge of the valve is, e.si)ecially near

the bhmt angle (/), extended upon the outside of the valve to such a degree that

five or six small, but strongly chitinised, teeth stand irregularly one above the other.

The ventri-dorsal fold (e) is straighter and more raised than in doantliux

rlounthus and doanthus cbjmcnus, its edge is less rounded off and, especially near

the subdorsal tooth, slightly notched or faintly denticulate.

The subdorsal tooth is as short as in doanthus dymenus, l)ut at the bas(>

broader, in conse(iuence of the fold, of whicii it is a process, l)eing liiglier ; mostly
it bears two or three faint teeth at the ventral edge.

The dorsal ridge is obviously shorter than in the rest of the species, but is of

the same height; the free edge is less dentate, often simply sinuate. F. 154 and

155 illustrate the degree of variation in the dorsal ridge and the subdorsal tooth

noticed by us.

The princijjal facts of variation as illustrated liy f. 149 to 155 are as follows:.^

(1) The three subspecies of P. doanthus agree in the valve and its armature,

but exhibit some differences in the detail of structure.

(2) The Indian and tiie Chinese forms differ constantly in rlio lengtli of the

subdorsal tooth, though the extremes come very close.

(3) The Sumatran form is aberrant in the form of \\u'. valve, the ventri-dorsid

ridge, the subdorsal tooth, and t he dorsal ridge.

(4) In the length of the subdorsal tooth the Sumatran and Chinese forms agree

with one another, while thry ilisagree with thi' Indian subsiiecirs wiiich inhabits

interjacent countries.
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(;")) The iiiiliviilu;il variation nt" the genital armature in the Chinese sul)species

is entirely independent of external eharactors.

(0) The seasonal dimorphism in external characters obviously niari<ed in the

Indian P. cloanthus cloanthus does not affect the genital armature in any way, as

far as we conld ascertain.

HI Papilio sarpedon; f. 90 to \A^.

Though some jieojile have treated I\ sarpedon and /'. cloanthus as belonging
to two diiferent genera, the insects are, nevertheless, very closely allied to one

another, more closely than to any other species. This does not only follow from a

careful comparison of the wing-]iattern of the two Papilios, but also from the

structure.

The range of /'. sarpedon eomjirises the whole of the Indo-Australian llegiou,

including Jajian ((^xce])t the north of it). The number of subspecies into which

the insect has develojied is very great. As it is one of the commonest species we
could examine a large number of specimens, and to this it is due that we here came
across an individual which stands in the genital armature far outside the usual

limits of variation of the subspecies to which it belongs.
If we select some of the extreme forms here treated as subspecies of one sjjccies,

for example the Indian, Celebensian, and the Solomon Island forms, their external

differences are so very conspicuous that one might easily be misled to consider

these forms sjiecifically distinct. A comparison of the representatives from all the

various h'calities, however, conviuces us that the differences in colour, ])atteru,

shape, and size between every two nearest allied forms are very slight, and do in

some forms not even apply to every specimen ; and we observe further that, where

the differences are constantly met with, the characters amount- quantitatively not

to more than the differences between the seasonal forms of Jajianese sarpeilon,
or than the differences found between certain Indian exam])les. Hence we think

it to be quite correct to accept Mr. Rothschild's statement that mH the forms dealt

with in the fidlnwing lines are subspecies of one species.
As we now are acquainted with the more simjile armature of the valve of

P. cloa/if/ius, that of P. sarpedon will ])e more easily understood. A comparison
of f. '.)6 and 149 will at a glance show the great similarity in tlie apparatus
of the two species. The valve, though differing in outline from that of i'. cldanthus,
has the same a])ical sinus, and the armature has nearly the same ]iosition.

The ventral lobe of the valve (f. 90, a) is longer, mostly broader, than, the

dorsal one (i) ; its ventral edge is denticulate, as in cloanthus, but there is only
one row of teeth, and the toothed portion extends farther down towards the base.

There is a good deal of variation
.
in the shape of the lobes and the depth of the

sinus, both in respect to individuals and to geographical races.

The fold ((') formed by the inner sheath of the valve begins ventiully at the

base of the valve, as in cloatit/ius, runs in an oblique direction to somewhat beyond

half-way to the apex, turns round here towards the dorsal side, forms, when having
arrived at a level with the ventral margin of the dorsal lobe, a subdorsal tooth (c),

and then is continued in a longitudinal direction to form a dorsal ridge ((/). The

homology of the organs is obvious. The fold e is homologous to tlie fold e in

cloanthus, but is here less raised, takes a somewhat different course, and is at the

jioint where it curves round towanls the dorsal side often feebly toothed. The
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There is a good deal of variation
.
in the shape of the lobes and the depth of the

sinus, both in respect to individuals and to geographical races.

The fold ((') formed by the inner sheath of the valve begins ventiully at the

base of the valve, as in cloatit/ius, runs in an oblique direction to somewhat beyond

half-way to the apex, turns round here towards the dorsal side, forms, when having
arrived at a level with the ventral margin of the dorsal lobe, a subdorsal tooth (c),

and then is continued in a longitudinal direction to form a dorsal ridge ((/). The

homology of the organs is obvious. The fold e is homologous to tlie fold e in

cloanthus, but is here less raised, takes a somewhat different course, and is at the

jioint where it curves round towanls the dorsal side often feebly toothed. The
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subdorsal tootli corresponds to that of cloanthan, liut is here much less chitiuised,

nsuiilly l>r(jaJenod at the ti[), and is iu fact a dilatation of the fold e partly rolled
in so as to form a half-cylinder ; thongh this tooth is variable, we shall not refer
to it under each subspecies. The dorsal ridge corresponds to the dorsal ridge of

cloanfliKS, but is here of a more complicated structure. Iu a view from the dorsal
side (f. 97) it will be seen that the dorsal ridge off. 96 consists of a dentate higli
basal ])ortiou and a free rod-like apical process (,7), the dorso-apiml jiroct'.s.s,

which is curved ujjwards— that means towards median plane of the abdomen is

denticulate at the tip, aud protrudes beyond tlie tip of the dorsal lobe. At the
ventral side of the dorsal ridge a longitudinal fold (f. 96, /, and 98, i) will be
noticed which is continued to the apex of the dorsal lobe ; tliat vertical portion
of the fold (f. 98, h) which runs up to the upper edge of the ridge is of hio-h

importance, as it develops in most subspecies to a peculiar organ.

a. P. sarpeilon sarpedon ;
f. 96 to 114.

This form occurs all over India (except S. India aud Ceylon) to Java, the

Philippine Islands, and Japan ; in China it is replaced by another subspecies. There
are some external (characters by which the individuals from Java, Borneo, and the

Pliilijipines can lie distinguished from the individuals from N.W. India and
N. India, but these characters are very slight ; besides, the Malayan individuals
lead over to the more different forms from the lesser Sunda Islands, and hence
remain best included in sarpeilon S'lrpcdon. The genital armature is entirely in

accordance with this statement.

We have examined specimens from N.W. India, Siiddm, Assam, Burma,
Shan States, Tenasserim, Cochin (Jhina, Sumatra, Nias, Java, Natuua Islands,

Borneo, Palawan, Mindoro, Imzon, the Bin Kin Islands (
= Loo Choo Islands), and

Japan. The specimens from all these localities agree so well with one another,
apart from individual peculiarities, that we did not succeed in finding in the genital
armature any character by which the specimens from one or the other j)lace could be

recognised.
Tlie outline of the valve normally met with in sarpcdon sarpedon is represented

by f. 96, which is taken from a Kumaou individual. The siuus is about i mm.
deej) ; the dorsal lobe is rounded at the apex ; the ventral one is also rounded, its

ventral edge feebly incurved. The dorsal ridge is iu the dentition very variable ;

the imjiortant featnre is that normally the lateral fold h of f. 98 is very slight and

incomplete, as in f 99, or even absent.

The variability in the form of the valve is illusti-atcd by f 96, 97, 11:!, and
114. In f. 97, taken from an example from the Shan States, tlie sinus is narrow,
and the apex of the ventral lobe also very narrow. F. 113 and 114 re[)reseut two
other Shan States specimens : one has the ventral lobe much jirodnced, aud the
sinus accordingly deep ; in the other the same lobe is very short and broadly
riiundeil. In the individuals from the JVIjilayaii region the ventral lobe is often, but

by no means regularly, more produced aud slenderer than iu the average Indian

specimen ; aud this is not surprising, as in the various subspecies from the lesser

Sunda Islands the lobes are constantly long and sleii<ler.

The variation of the dentition of the dorsal ridge is very great, as will be seen
from f. 98 to 100 and 104 to 110. Sikkim specimens are represented by f. 99,

100, and 108; individuals from tlie Shan States by f. lO.) and 106; a Malacca
specimen by f. 107; two Bornean examples (from Mount Mulu) by f. 109 and 110,
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Kvery iudividual specimen examined exhibited some peculiarity in the number, size,

and ibrm of the teetli of the dorsal ridge.

The lateral (ventral) fold (/;) of the dorsal riilge (f. 08) is in f. lOT (Taiping,

Malay Peninsula) absent, in f. 99 (Sikkim) very short, in f. 106 (Sbau States)

complete but very slightly raised, aud is more distinct in f. 98 (Kumaou). In

f. 100 (Sikkim) the fold runs up to a small tooth, which has a somewhat transverse

])osition to the longitudinal ridge ; in f. 108 the fold is raised to a low but olivious

dentate ridge, which we shall call " transrerse ridyeT
In a Mindoro specimen caught by Mr. A. Everett in December 1894 the

additional transverse ridge is raised above the level of the dorsal ridge, and forms

a conspicuous, broad, tooth-like prominence; in f. Ill the dorsal ridge with the

transverse prominence is represented in a view vertical ujjon the j)lane of the valve;

and in f. 112 we give a view of the same organ from the apical side (with the eye
a little above the valve).

Still more aberrant is a specimen from the Shan States caught by Mr. Roberts

in the same district where the individual was obtained from which f. 100 is taken.

The increase in the size of the transverse ridge, as illustrated by f. 107, 99, 106,

98, 100, 108, 111, and 112, reaches in f. 101 to 103 the maximum. The transverse

ridge h is higher, strongly dentate, and more extended than the dentate portion of

the dorsal ridge (/; in f. lOl the organ is seen from above, in f. 102 from the

ventral side, and in f. 103 from the ajiical side (comj)are f. Ill aud 112).
Wehave examined more than a hundred specimens of P. sarpedon sarpedon,

and found only one that has the additional transverse ridge so extraordinarily

developed; the significance of this variation is obvious if we compare the sjjecial

structure of the dorsal ridge of /'. sarpedon anthedon, milon, choredon, teredon, etc.

AVe shall have to refer to this particular case again.

b. P. sarpedon semifasciatus from (!hina.

The Chinese subspecies of sarpeil.on is in the markings not always distinguish-
able from sarpedon sarpedon, but the greater number of the individuals from

Central and Western CUiina have a very remarkable character in the band of the

liindwing being more or less obliterated. Snch specimens with almost entirely black

hindwings are, in res])ect to jiattcrn, quantitatively more dillVrent from sarpedon

sarpedon than the individuals of any other subsjiccies are. Though we dissected a

long series of Chinese individuals, we did not perceive any character in the genital
iirmature by which they could be differentiated from sarpedon sarpedon ; and this

concerns the examjiles which are most aberrant in j)attern,as well as sjiecimens with

the ordinary sarpedon sarpedon pattern. The fact is of high interest, as it distinctly

shows that a great external discrepaiu:y of a localised form does not necessarily

imply that there is also a peculiarity in the genital armature of the form.

c. P. sarpedon adonarensis from Adonara and Sambawa ; f. 127.

The interesting external features of this form are pointed out by Mr. Rothschild

on p. 324 of this volume. In pattern it comes near the subspecies from the

neighbouring islands of Sumba, Timor, and Wetter ; and we were rather surprised
when we found tluit in the armature of the valve the specimens from Sambawa and

Adonara disagree with those sid)species, and agree much better with the Indo-

Malayan sarpedon sarpedon, as the dorsal ridge is dentate and has the transverse

ridge as feebly developed as it normally is in Indian examples. F. 127 represents
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tlie dorsal ridge of an Adonara individual from the ventral side; it will lie noticed

that the dentate part of the ridge is markedly less extended than in sarjiedon mrpedon,
and that the transverse fold It has not developed to a i-idge, as in f. 123 (Sumba),
or f. 128 (Wetter) and f. 129 (Timor). The valve of ni/o/ia/rnsis stands in shape
intermediate between sarpedon sarpedon and sarpedon jm/ans, the lobes being
slenderer than in the former, and shorter and broader than in the latter.

The individuals from the island of Lombok approach in external characters and
in the genital armature still more the Indo-Malayan form.

d. I', sarpedon /eredo/i i'rom South India and Ceylon; f. ll.j to 120, 13:!, 13-1.

Tlie range of this snbspecies is separated from that of sarpedon sarpedon by a

wide area wliere most probably the species does not occnr. Wehave examined above

thirty specimens of P. sarpedon teredon from South India and Ceylon, all of which

are in external features and in the genital armature well distinguishable from all

other forms of sarpedon.
The valve is much narrower and the sinus considerably deeper than in sarpeAon

sarpedon. The ventral lobe (f. 115, 133, 134) is usually slender in its apical

half, and curved towards the median axis of the abdomen, thus forming almost a

hook-like organ ; the dorsal lobe is sometimes strongly pointed (f. 133). The

inconstancy of the outline of the lobes is illustrated by f. 133 and 134, which are

taken from Ronth Imlian individuals.

The ventral (longitudinal) portion of the valval fold extends farther towards the

apex of the valve than in the preceding forms, and hence the ventri-dorsal jiortion

has a more oblique direction. The dorsal ridge is much less raised than in sarpedon

sarpedon; the deuticulatiou is absent; only the middle portion of the ridge, which

corresponds to that part of the ridge of sarpedon sarpedon in f. 98 and IU2 which

bears the transverse fold or transverse ridge respectively, is elevated; it has, com-
bined with the transverse fold (Ji of f. 98), developed in a vertical and transverse

direction to a strong tooth-like transverse ridge, which slightly leans over basally
and dorsally. As inf. 115, taken from an examj)le from Trichopolis, the transverse

ridge is too inconspicuous, we give an enlarged tignre of the dorsal ridge of the same

specimen in the same position (f. 116), and also a figure of the organ from the

ventral side (f. 117). In f. 118 to 120 the transverse ridge alone is represented
from the apical side ; mostly the ridge is shaped as in f. 119 ; its edge is usually
not dentate, but there occur specimens, like that from which f. 118 (South India)
is taken, which have the transverse ridge dentate

;
in one of the Ceylonese examjiles

(f. 120) the ridge is considerably smaller than in f. 110.

The individuals which belong to the ab. f/iennodusa have no character in the

valve and its armature that is peculiar to them.

In external features and in the genital armature teredon comes much closer to

the forms from the lesser Sunda Islands than to sarpedon .narpedon, which inhabits

the interjacent countries.

e. /'. sarpedon jwjans from Sumba.; f. 121 to 12').

"Tin's form combines to a certain extent the characters of .sarpedon sarpedon
iuid sarpedon tirnorensis" and its ''genital armature resembles more that of

timorensis than that of sarpedon and adonarensis
"

(Rothschild, this volume,

p. 324).

The sinus of the valve (f. 121) is deep. Tlie ventral lobe is very slender, often
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of almost rod-like appearance, sometimes even narrower than that of sarpedon
teredon. The apex of the dorsal lobe is mostly rounded. The dorsal ridge is deuticn-

late in the fonr specimens in the Tring Mnseum, but a comparison of f. 123 with

f. 108 shows that the basal half of the ridge is very feebly raised; as in tciedon

(f. 117), the elevation is restricted to the median part of the ridge and the

transverse ridge. F. 121, 132, 123, 125 are taken from the same indi\ndual ;

122 and 123 give a view from the apical and ventral sides of the valve respec-

tively, while f. 125 represents tlie median part of ridge alone in a view from

above (as in f. 121). The dorsal ridge of anotlier individnal is rcjiresentcd from

the ajncal side in f. 124
;

the transverse ridge is here much less developed than in

the other specimen, in fact not more than in the Mindoro example represented by
f. 112; the ridge d of the latter is, however, scarcely indicated in f. 124; the

transverse ridge of f. 124 is enlarged in f. 120, which gives it in a view from

above. The differences between f. 122 and 124, and 125 and 120, are very con-

spicuous.

f. P. sarpedon timorensls from Timor and AYetter; f. 128, 12!i.

We have only two specimens of this interesting form, one from Dili,

Portuguese Timor, and the other from Wetter ; the two individuals disagree
somewhat with one another in external characters as well as in the form of the

transverse ridge, but tlie differences are such that they may very well be individual

and not subsin-cific.

The valve agrees with tiiat oi jt/i/aitx, but the ventral lobe is less slender. The
dorsal ridge, as in teredon from Ceylon and South India, is not denticulate ;

the

transverse ridge is tooth-like, nearly as in teredon ; f. 128 (Wetter) and 129

(Timor) rejiresent the transverse ridge in a view from above ; the figures may be

compared with f. 125 and 120 (Sumba), 132 (Queensland), 138 (New Britain), 143

(Celebes), and 148 (Guadalcanar, Solomon Islands).

g. P. sarpedon choredou from Australia and New Guinea (including the islands

near its coast); f. 130 to 132, 135 to 137.

The specimens from Waigen and the northern parts of New Guinea are '\\i'

external characters sometimes slightly different from ordinary individuals from

Australia, and lead over to the next subspecies, which inhabits the Bismarck

Archii)elago.

The sinus of the valve is very deep (f. 135, Queensland). The ventral lobe is

very prominent, its upper edge straight, its ventral (denticulate) edge evenly rounded;
in breadth the ventral lobe is intermediate between timorensis and Juf/ans on the

one side, and sarpedon sarpedon on the other
;

in some examples the lobe is a third

broader than in others. Tlie dorsal lobe is in all examples we have seen rounded at

the apex. The fold e of f. 135 is more curved than in sai-pcdon sarpedon, and

takes about the same course as in sarpedon teredon.

The dorsal ridge divides liasally in a dorsal
(;•) and a ventral (.s) jiortion wliich

correspond to the two slight folds marked / and .s in f. !)6. Now, in very many
specimens both from Australia and New Guinea, only the ventral branch of the

ridge participates in the formation of a high transverse ridge, as in f. 135 and in

f 130 ; the latter figure is taken from an individual from Redscar Bay, British

New Guinea, and is a highly enlarged view of the transverse ridge and the

adjoining parts of the dorsal ridge. In this case the dorsal ridge is rounded off.



( 480 )

of almost rod-like appearance, sometimes even narrower than that of sarpedon
teredon. The apex of the dorsal lobe is mostly rounded. The dorsal ridge is deuticn-

late in the fonr specimens in the Tring Mnseum, but a comparison of f. 123 with

f. 108 shows that the basal half of the ridge is very feebly raised; as in tciedon

(f. 117), the elevation is restricted to the median part of the ridge and the

transverse ridge. F. 121, 132, 123, 125 are taken from the same indi\ndual ;

122 and 123 give a view from the apical and ventral sides of the valve respec-

tively, while f. 125 represents tlie median part of ridge alone in a view from

above (as in f. 121). The dorsal ridge of anotlier individnal is rcjiresentcd from

the ajncal side in f. 124
;

the transverse ridge is here much less developed than in

the other specimen, in fact not more than in the Mindoro example represented by
f. 112; the ridge d of the latter is, however, scarcely indicated in f. 124; the

transverse ridge of f. 124 is enlarged in f. 120, which gives it in a view from

above. The differences between f. 122 and 124, and 125 and 120, are very con-

spicuous.

f. P. sarpedon timorensls from Timor and AYetter; f. 128, 12!i.

We have only two specimens of this interesting form, one from Dili,

Portuguese Timor, and the other from Wetter ; the two individuals disagree
somewhat with one another in external characters as well as in the form of the

transverse ridge, but tlie differences are such that they may very well be individual

and not subsin-cific.

The valve agrees with tiiat oi jt/i/aitx, but the ventral lobe is less slender. The
dorsal ridge, as in teredon from Ceylon and South India, is not denticulate ;

the

transverse ridge is tooth-like, nearly as in teredon ; f. 128 (Wetter) and 129

(Timor) rejiresent the transverse ridge in a view from above ; the figures may be

compared with f. 125 and 120 (Sumba), 132 (Queensland), 138 (New Britain), 143

(Celebes), and 148 (Guadalcanar, Solomon Islands).

g. P. sarpedon choredou from Australia and New Guinea (including the islands

near its coast); f. 130 to 132, 135 to 137.

The specimens from Waigen and the northern parts of New Guinea are '\\i'

external characters sometimes slightly different from ordinary individuals from

Australia, and lead over to the next subspecies, which inhabits the Bismarck
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in breadth the ventral lobe is intermediate between timorensis and Juf/ans on the
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;
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and lias no teeth, except at the tip of the apical rod-like processus, which is longer
than in all the preceding subspecies. F. 137 represents the dorsal ridge with the

transverse ridge of a Eedscar Bay individual in an ajncal view. Another extreme
in the structure of the dorsal ridge is represented by f. 130 to 132, which are

taken from an example from Cairns, North Queensland. F. 130 gives a view

from the a])ical side ; the dorsal ridge d is provided with teeth, and the transverse

ridge /; is joined to the dorsal ridge, and is not a sei)arate structure as in f. 136;
f. 131 gives the ridges in a ventral view, while f. 132 is taken from above. Tiie

intergradations between the extremes figured here are eipially aliundant in Australia

and New Guinea.

The individual variation of cliorrdon in the direction from f. 130 to 137, iVom

the transverse ridge forming one piece with the dorsal ridge (as in sarpcdoti

sarpedon, tefedoti,ju(/ans), to the other extreme where the transverse ridge stands

isolated, will serve to comprehend the still more exaggerated development of the

transverse ridge in some of the following subspecies.

h. P. sarpedon imparilis from New Britain ;
f. 138.

The external difl'ereuces between this subspecies and the preceding one, though

slight, are prominent enough to enable ns to distinguish all our New Britain indi-

viduals from clioredon. In the genital armature imparilis comes again very close

to ckoredon ; the lobes of the valve are, however, more pointed (f. 138) ; the

transverse ridge is smaller, stands less obli([ue, and leans over towards the base of

the valve ; the dentition of the transverse ridge is as variable as in clioredon.

The specimens with additional spots on the forewing have no character in the

valve and the armature peculiar to them.

i. P. sarpedon impar from New Georgia, Solomon Islands.

The male of this insect is unknown; i]ie, female is in pattern midway between

the preceding and the following form.

k. P. sarpedon isunder ivom Guadalcauar and Bougainville, tSolomou Islands:

f. 148.

Though this form is so very aberrant in markings that it has been described

by Godman & Salvin as a distinct species, and has also been kept separate from

sarjjedon by Mr. Rothschild in his Revision (who, however, informs me now

that, in consequence of the receipt of more specimens, he must sink it to the rank

of a subspecies of sarpedoti), the valve and its armature are only slightly different

from that of imparilis. The ventral lobe of the valve is broader, blunter, and

shorter. The transverse ridge is not sc])arated from the dorsal ridge ; it is high,

mostly simple, and seldom notched or faintly dentate. F. 148 is taken from an

individual from Guadalcauar.

1. P. sarpedon dodinyensis from the Northern Jloluccas (Halmaheira and

Batjan); f. 13U and 140.

The sinus of tiie valve (f. 13ii) is very deep and especially narrow, being about

twice as deep as broail. The ventral lobe of the valve is shaped nearly as in

imparilis. The dorsal ridge is bifurcate as in clioredon, but the bifurcation takes

place not far from the apex of the valve; the ventral part of the ridge is raised and

forms the usual transverse ridge. From f. 140, which is taken from the same
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specimen as f. 139 and gives a view of the dorsal ridge from tlie apical side, it

will be observed that the dentate ridge differs essentially from the transverse ridge

of f. 103, 130, 137, 142, 144, in so far as it is not homologous to the fold h of

f. 98, but to the middle portion of the dentate dorsal ridge to which that fold is

joined. In a Batjan example the ridge, which in f. 140 is tridcntate, is much
reduced. The apical process of the dorsal ridge is long.

m. 1'. mrpedon antltedon IVoin the Southern M(i]u<Tas (Amboina, Ceram);
f. 141 and 142.

The sinns of the valve is twice as broad as in mrpedon dodimiensis, bnt not so

deep as in that form. The ventral lobe of the valve varies a good deal individually,

and has generally the outline of that of choredon or dodingcnsis ; the dorsal lobe is

broader than the ventral one, and rounded at the apex. The dorsal ridge has the

apical (rod-like) process prolonged, as is the case in dodingensis. The transverse

ridge is always strongly developed, and nearly always so obviously detached as in

f. 142, which is taken from a Ceram individual of which f. 141 represents the

valve and harpe from above.

In external features anthedon is much more closely allied with dodhu/ensis than

with choredon; in the valve and its armature the difference between the former is, on

the contrary, much greater than that between anthedon and choredon. Anthedon is

distinguished from choredon only in the free apical process of the dorsal ridge

being longer, and in the transverse ridge leaning more evidently over basally, as

will be seen from comparing f. 135 and 141, and 137 and 142; while it differs

from dodingensis in having a broader dorsal lobe, a much wider sinns, and a differ-

ently shaped and differently situate transverse ridge. The relationship indicated by

pattern is therefore not the same as that which we must deduce from the structure

of the genital armature.

u. P. sarpcdon monticolus from Bonthain Peak, S. Celebes ; f. 14<) and 147.

The discovery of a mountain form of sarj)edon in Celebes which is in general

ajipearance very different from the form inhabiting the lower districts of the

island is highly interesting. The subspecies resembles on superficial examination

Indo-Malayau individuals of sarpcdon sarpedon ; the actual affinities of the sub-

sjiecies are, in respect to the external characters, as follows: In the green colour

of the markings monticolm —it ought to be monticola! —
agrees with sarpedon

sarpedon, sarpedon jugans, sarpedon adonarensis, and sarpedon tinwrensis, and
differs conspicuously from its compatriot 7nilon and the Moluccan races. In

the shape of the wings it resembles sarpedon sarpedon from the Sunda Islands.

In the shape of the median band of the forewing it comes nearest to sarpedon

dodingensis from the Northern Moluccas, except in the third spot being larger
than the fourth, in which character it agrees with fimorenxis. The underside of tlie

hiudwing is in monticolus, milon (Celebes), and dodingensis (Jsorthern Moluccas),
in opjiositioii to all other subspecies, provided with a red mark before the median
cell between veins and 7. And, lastly, the genital armature of monticolus stands

intermediate in structure between that of milon and that of dodingensis, and hcMcc

is obviously different from that of sarpedon sarpedon.
Wehave to lay great stress upon the mixture of characters found in 1'. sarpedon

monticolus. As the relationship to 7nilon from Celebes, .mrpedon from the Sunda

Islands, and dodingensis from the Northern Jfoluccas is equally great in the
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characters of the wiug and valve, we have no reason whatever to say that monticolus

is derived from sarpedon sarpeclon, or from H'lrpcdon dodinyenKix, and not from

mrpedon milon; and hence a conclusion, based upon the occnrreuce of a special form

of F. mrpedon on Bonthain Peak, as to the proltable geological history of Celebes —
connection with the Snnda Islands or with the Northern Moluccas —would lack the

necessary facts. Weshall have to refer again to monticolus in the last chapter of

this paper.
The valve is nearly shaped as in .-Mrpedon milon, i.e. the ventral lobe is mnch

longer and narrower than in .mrpedon .virpedon. The dorsal ridge (f 146, from

apical side) bears a transverse dentate ridge, similar in position to that of dodingensis

(f. 140), but differently shaped; the dentate ridge is much less extended than in

ordinary examples of milon (f. 144). F. 14() gives a dorsal view of the ridge.

0. P. mrpedon milon from Celebes, the Sulla Islands, and the island of

Talaut ;
f. 14:j, 144, and 145.

This long-winged and narrow-banded subspecies has the blue cnlour of the

wing-band in common with the Moluccaii races
;

the nearest ally in respect to the

pattern of the wing is dodingensis, which has, like milon and monticolus, an

additional rod spot before the cell on the underside of the hindwing, and has the

median band of both wings also obvinusly narrower than it is in the subspecies

from Amboina and Ceram.

The sinus of the valve of milon (f. 143) is deep and broad ; the ventral lobe

of the valve is very slender and long, resembling somewhat that oi jugans from

Sumba (f. 121) and teredon from Ceylon and S. India (f 13:3). The apical

])rocessus of the dorsal ridge is nearly as long as in the two Moluccan races. The

transverse ridge has developed to a broad saw-like organ, which when seen from

above sometimes almost extends to the sinus of the valve. In the ventral view of

the dorsal ridge (f. 14.j, Celebes specimen) the denticulate portion of the dorsal

ridge itself (jl) is jjlainly visible
;

this portion of the ridge is not developed in the

Moluccan races, but in monticolus from Bonthain Peak (f 147). The transverse

ridge (/<) is in this specimen almost perpendicular. A view of the same organ from

the apical side of the valve is given in f 1 44
;

the ridge is larger than in any
other subspecies, but there is some iudividiwl variation iu the size of the ridge.

AVe have only one S from the island of Maugiola (Sulla Islands), which, like

the female, differs from the Celebes individuals in having a narrower median band

to the wings. The valve and its armature is in this tj very slightly different from

that of our Celebes examples; but, of course, we cannot tell from one individual

whether the difference is duo to individual or to local variation.

The more prominent facts of variation illustrated by f 9(i to 148 are as follows:—

(1) The genital armature varies according to locality; the ('hinese subspecies

agrees in the apparatus, however, with tlie Indo-Malayan one, in spite of very

prominent external differences.

(2) The distinguishing characters in the genital armature of the subspecies are

found in the valve as well as in the harpe.

(3) The individual variation within the Indo-Malayan subspecies, of which a

large material has been examined, is so great that the difference between every two

nearest allied subspecies is small compared with the difference exhibited by the

extreme individuals of tlic Indo-Malayan subspecies.
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(4) The Ceylouese and South ludiaa subspecies is iu the geuital armature and

in the shape of the wing nearer related' to the forms inhahiting Sumba, Wetter,

and Timor, than to the Indian form.

(5) The subspecies which are in colour and j)attern nearly allied
*

{xarpedon

mrpedon from India, sarpcdon cAorct/on from Australia, itarpfdon monticolus from

Celebes) need not be similar in respect to the genital armature.

(6) The sjiring and summer broods in North India and Japan are not ditferent

iu the genital armature.

11. Papilio bathycles : f. 4(1 to 50.

"We have selected this species out of a number of "
green

"
Eastern Papilios for

two reasons : first, because the harpc of the sjiecies has long spines and processes

the variation of which is more easily demonstrated ; secondly, because the throe

subspecies of the species (Java ; IMalacca, Sumatra, Borneo ; North India and

Burma), though in external characters not always distinguishable (at least as

regards those two of them of which we have a long series), are in the harpes,

according to our material, always different. Webelieve that the great gap between

the harpe of the North Indian form and that of the Malayan form, and the smaller

gap between the Malayan and the Java subspecies, are due to the circumstance

that we have not examined specimens from the interjacent countries, Tenasserim and

South-West Sumatra.

As the valve of P. bathycles does not vary to any extent, we figure only the

harpe. The harpe consists of a fold extending ventrally from the base of the valve

to near the apex, and from here to near the dorsal edge of the valve ; the fohl is

apically produced into a ventral spine («), <i ventral ridge (Ij), and into a dorsal

ridge (c), all of which extend iu an apical direction; the fold between the dorsal

ridge and the ventral ridge is very slightly raised.

a. P. buthycles bathydm from Java ; f. 46.

Wehave examined but four individuals, the harpe of one of which is represented

by f. 46. In all fmr specimens the ventral spine (a) is simple, without denticula-

tion ; the ventral ridge is dentate, either of the form as represented iu f. 46, with

a small dentate^ dilatation at its dorsal edge, or the place of this dOatation is

occupied by some small teeth ; the dorsal ridge is broad, denticulate, and has

generally one larger tooth, as in f. 46
;

tlie surface of tlie ridge is basally limited

by a faint fold.

b. J', bathycles bathycloidex from Sumatra, Malacca, and Borneo ; f. 47.

F. 47 is taken from a Bornean exam])le. The ventral spine is either simjile,

or, as in figure, denticulate at the tip ; the ventral ridge is longer and basally much

narrower than in the Java form, being there without dilatation or denticulation ;

tlie (h)rsal ridge is nearly shaped as in bathycles bathycles, but the fold e is more

obviously marked and has a different direction.

c. P. bathycles chiron from Sikkim, Assam, Burma ;
f. 48, 40, 50.

The material of this form which stood at our disiKisal was much larger than

that of the two jjreceding subspecies, and consequently the amount of variability

• The words " allied
" aud " related

"
iccan here simjily

"
siinilarify." not phylogcnctic relationship.
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"
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"
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observed in cluron greater tliau the aiuount observed in kit/n/cloidi-.'i and Ijatln/rli-x.

As in wing-pattern batki/cloidcs and cluron are not always distingnishable with

certainty, while Ijathi/cles is more easily recognisable, the dissimilarity in the harpes
of hatlii/doidi'.s and i-Jnron is much greater than the difference between the haipes
of bathycloides and batlu/cles. Comparing f. 46 (bathi/cles) and 47 (Jjathi/(doide.s)

with f. 48 to 50, which represent chiron, we observe as main character of the

harpe of chiron that tlie dorsal ridge (e) is reduced to a small triangular tooth.

Besides, the dorsal tooth c stands nearer the ventral ridge owing to an increase in

iireadth of the ventral portion of the harpe ; the ventral spine has a somewhat
different direction, and the ventral ridge is differently shaped.

The division of the ventral ridge of bathi/cles into twd lobes (f. 4*;) is in

f. 48, taken from a Shillong (Assam) example, more obvious ; in f. 49 (Sikkimj
the bifurcation is complete and the dentienlation is much reduced ; in an individual

from the Shan States (f. 50) the ridge is divided into tliree teeth.

The ventral spine is either simple (f. 49), or denticulate at the tip.

The dorsal, triangular, ridge varies a good deal in size, Imt to our knowledge
this variation is independent of locality, as is also the variation of the ventral ridge
and ventral spine of chiron.

There often occur specimens of cliiron in which the ochreous costnl mark on

the underside of the hindwiug is wanting (ab. chironides), a character by which

also batlii/cloidi's is distinguislied from batlii/clcs; in the genital armature of

ab. chifonides there is no peculiarity, and we also failed to find any distinguishing
cliaracter in the genital armature of the spring specimens from Sikkim (broad-

banded) as comj)ared with the summer specimens (narrow-banded).

The facts of variation illustrated by f. 40 to 50 arc as follows :
—

(1) The three subspecies of P. bathyclex, the Javau {bathi/cles), the Jlalayan

(bathycloides)^ and the Indian (chiron), have tlie harjie built up after the same plan,
Init the detail of the structure fnrnishes in the specimens e.xamined obvious dis-

tinguishing characters.

i^Z) The Malayan and the Indian forms are nearest related in pattern, wliile the

Malayan and the Javan forms are nearest related iu the structure of the harpe.

(3) The individuals of the sjiring and summer broods of chiron, and tlie specimens
of chiron ab. chiron and chiron ab. chironides, are in the genital armature the

same.

1"-'. Papilio aristeus; f. Tti to s;i.

This species ranges from Sikkim all over the Indo-Austialiau Arehipehigo, and

is replaced on Celebes and some islands south of it by a close ally (P. r/tesus), and on

the islands of the Bismarck Archipelago by another close ally (P. paron). Mr. Hotli-

schild, Xov. ZooL. I^95.
]>. 418, distinguishes four snl)s])ecies, which, arranged

according to the geograjihical position of thiMlistrict wlii(^h each of f hem inliabits,

are as follows :
—

(1) P. aristeus anticrates in Xnrthcrn India (Sikkim and .\ssam).

(2) P. aristeus hermocrates from Upjier Burma to Timor and the rhiliii]iine

Islands.

(3) P. aristeus aristeus on the Moluccas.

(4) P. aristeus parmatas in (^>ueenslaud, on New (xuinea and AVaigen.
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That these four forms are really (me species there can scarce!}' be any donbt, for

the distinguishing characters are hy no means jjerfectly constant.

P. aristeus, rliesm, paron, antiphatcs, etc., ami all the green Eastern Papilios
have in nenration a prominent character in common : in all of them the first sub-

costal branch is incariahbj anastomosed to the costal nervnre. The relationship
indicated by this phenomenon is doubtless blood-relationship, not simjily form-

rolatioushij), as the strncture of the larvae, pnjiae, and the morjiholoufy of the

imagines point in the same direction. The form of the ninth abdominal segment in

the male, and especially that of the eighth in the female, is in several groups of

Inxlian Papilios with that peculiarity in the nenration morphologically similar, while

those segments arc in /'. podalirhcs, ajax, and allies, wliich have a siijierficial

resemblance to arisfeus, antipltates, etc., of quite a different form (compare f. ISI.

podulirius ?, and 182, sarpec/on ?).

The peculiar form of the valve of P. aristeus will easily be nnderstot)d if one

compares with f 72 {aristeus anticrates) the valve of P. sarpedon (f. 06).

The apical sinus which in sarpedon occuj)ies the middle of the ajiex is in

aristeus more dorsal and is very narrow ; in a view perpendicular on the ))lane of

the valve, as in f. 72, the sinus is concealed by a brush-like orgau (b) ; but in

f. 75, which represents the brush-like orgau from the veutral side {minus the

bristles), the narrow sinus between a and b is visible.

The organ h is homologous to the dorsal lobe of the valve of sarpedon, and
therefore will here be called so. The ventral lobe of the valve {a) is very broad

and rounded, or somewhat triangular. The position of the two lolies against
one another can easily be imitated with the thumb (representing the dorsal

lobe) and the four other fingers (representing the ventral lobe) by moving the

thumb inwards.

The middle portion of the inner edge of the thick an<l raised ventral margin of

the valve is furnished with short bristles.

The armature of the valve is also homologous to that of sarpedon. The usual

•old of the inner sheath begins ventrally at the base of the valve, is soon curved a

little dorsally, and then suddenly raised into a strongly chitinised, denticulate,

ridge (c) ; from here the fold turns dorsally and becomes soon dilated into a long

process (e), the subapieal tooth of sarpedon, whicli we shall call subapiral

process ; this process leans strongly over dorsally and ajiically, is curved, and

penetrates between the dorsal and ventral lobe of the valve, so that its tip is visible

when the valve is viewed i'rom the dorsal side. The 2)Osition of the subdorsal

])rocess will become clear from f. 75 aud 82.

The variation according to individuals and according to locality atl'ects the

dorsal Idbe {b), the ventral denticulate ridge (c), and the subdorsal process (c).

a. /'. aristeus anticrates from Sikkim and Assam; f. 72, 73, 75.

The dorsal lobe of the valve is always very broad
;

its free ajucal jjortion is

ovate. The outline is not always tlie same : sometimes the lobe is a little slenderer

tlian in f 75, which rej)resents tlie average form and is taken from a Sikkim

(.xamjile ; sometimes it is a little shorter.

The ventral ridge appears in the view from above (f. 72, Sikkim individual)
almost straight; the ridge is concave dorsally, its middle jiortion being more
ventral than the basal and apical edge. When seen from the dorsal side (f 73)

the denticidatiim of the ridge is more prominent ;
in all specimens examined



( 486 )

That these four forms are really (me species there can scarce!}' be any donbt, for

the distinguishing characters are hy no means jjerfectly constant.

P. aristeus, rliesm, paron, antiphatcs, etc., ami all the green Eastern Papilios
have in nenration a prominent character in common : in all of them the first sub-

costal branch is incariahbj anastomosed to the costal nervnre. The relationship
indicated by this phenomenon is doubtless blood-relationship, not simjily form-

rolatioushij), as the strncture of the larvae, pnjiae, and the morjiholoufy of the

imagines point in the same direction. The form of the ninth abdominal segment in

the male, and especially that of the eighth in the female, is in several groups of

Inxlian Papilios with that peculiarity in the nenration morphologically similar, while

those segments arc in /'. podalirhcs, ajax, and allies, wliich have a siijierficial

resemblance to arisfeus, antipltates, etc., of quite a different form (compare f. ISI.

podulirius ?, and 182, sarpec/on ?).

The peculiar form of the valve of P. aristeus will easily be nnderstot)d if one

compares with f 72 {aristeus anticrates) the valve of P. sarpedon (f. 06).

The apical sinus which in sarpedon occuj)ies the middle of the ajiex is in

aristeus more dorsal and is very narrow ; in a view perpendicular on the ))lane of

the valve, as in f. 72, the sinus is concealed by a brush-like orgau (b) ; but in

f. 75, which represents the brush-like orgau from the veutral side {minus the

bristles), the narrow sinus between a and b is visible.

The organ h is homologous to the dorsal lobe of the valve of sarpedon, and
therefore will here be called so. The ventral lobe of the valve {a) is very broad

and rounded, or somewhat triangular. The position of the two lolies against
one another can easily be imitated with the thumb (representing the dorsal

lobe) and the four other fingers (representing the ventral lobe) by moving the

thumb inwards.

The middle portion of the inner edge of the thick an<l raised ventral margin of

the valve is furnished with short bristles.

The armature of the valve is also homologous to that of sarpedon. The usual

•old of the inner sheath begins ventrally at the base of the valve, is soon curved a

little dorsally, and then suddenly raised into a strongly chitinised, denticulate,

ridge (c) ; from here the fold turns dorsally and becomes soon dilated into a long

process (e), the subapieal tooth of sarpedon, whicli we shall call subapiral

process ; this process leans strongly over dorsally and ajiically, is curved, and

penetrates between the dorsal and ventral lobe of the valve, so that its tip is visible

when the valve is viewed i'rom the dorsal side. The 2)Osition of the subdorsal

])rocess will become clear from f. 75 aud 82.

The variation according to individuals and according to locality atl'ects the

dorsal Idbe {b), the ventral denticulate ridge (c), and the subdorsal process (c).

a. /'. aristeus anticrates from Sikkim and Assam; f. 72, 73, 75.

The dorsal lobe of the valve is always very broad
;

its free ajucal jjortion is

ovate. The outline is not always tlie same : sometimes the lobe is a little slenderer

tlian in f 75, which rej)resents tlie average form and is taken from a Sikkim

(.xamjile ; sometimes it is a little shorter.

The ventral ridge appears in the view from above (f. 72, Sikkim individual)
almost straight; the ridge is concave dorsally, its middle jiortion being more
ventral than the basal and apical edge. When seen from the dorsal side (f 73)

the denticidatiim of the ridge is more prominent ;
in all specimens examined



( 487 )

the longest, most bas.al, tooth (right-hand side in figure) is nearl}- horizontal. The
subdorsal process is simple, without denticnlation.

Tliere is no difference in the genital armature between the darker and the less

dark specimens from Sikkim and Assam.

1). P. aristcus hermocrates from Burma to Timor, Borneo, Palawan, and the

Philippine Islands ; f. 74, 7fi to 80.

Wehave examined individuals from the Shan States, Borneo, Palawan, the Philip-

piine Islands, Sumba, Kalao, Wetter, and Timor. The individual variation in the

jiattern of the wings and in the size of the specimens is considerable, bnt we cannot

find distinguishing characters which would necessitate a division of hermocrates into

more subspecies ;
the Wetter and Timor individuals, from which islands we have

only three altogether, are faintly different in the sha]ie of the forewing, and may
perhaps, on receipt of more material, be separable from hfrtnocrates. An examina-
tion of the genital armature likewise did not furnish us with characters by which

specimens from the various localities could be recognised, except the Shan States

individuals, which are more similar in jiart of the genital armature to the North
Indian anticrates.

The chief distinction in the genital armature of hermocrafes concerns the form
of the dorsal lobe, which normally is shaped as in f. 78, and the form of the

ventral ridge, which has the basal tooth (f 74) less horizontal than it is in

anticvates.

We have two individuals from Muong Gnow, Shan States, one darker than

many Philippine Islands specimens, one intermediate in the develojjment of the

bands befween antienites and ordinary Philippine hermocratfis. The dorsal lobe of

the dark specimen (f. 70) is scarcely different from that of anticratfs, being mucli

broader tlum it normally is in /lermocrates (compare f 76 to MJ) ; in the whiter

individual, which in the wing-pattern is scarcely different from dark Sikkim

examples o{ anticrates, the dorsal lobe is considerably narrower (f. 77).

The series of f. 76 to SO represents the variation of the dorsal lobe. F. 78

is taken from a specimen from Kudat, North Borneo; the lobe is still narrower than

in f 77
;

the next two figures (79 and 80) represent the lobe of two Palawan
individuals. The specimens from Kalao, Timor, Wetter, and Sumlia have the lobes

as in f. 78 to 8o.

The yradudl decrease in the size of the dorsal lobe from f. 7;") (aiiticrates) to

f. 76 {henmc rates), and from there to f. So, is evident; and it is further obvious

that the difference between the extreme form of the lobe of hermocrates (f. 80) and

the lobe of aristevs, as well as the difference between the other extreme of liermo-

rrateti (f. 76) and antirrates (f. 75), amounts (|uautitatively to much less than the

difference lietweeu the extremes oi hermocrates (f. 7() and %0).

c. P. ar/fteus ar/steiis from the Southern and Nortlieni Jloliiccas ; f. 81 to 83.

The individuals from the various islands of tlie Jloluccas, though individually

variable, exhibit neither in the wing-i)attern nor in the genital armature any
character confined to one or the other of the islands, or group of islands. This sub-

species is in jiattern most nearly related to hermocrates. bnt is easily distinguished

by the groiuid-colour of the underside being obviously darker.

The dorsal lobe of the valve (f. 81 and 82) is in all sjiecimens examined

slenderer than in hermocrates ; tlie individual variation is slight. The ventral ridge



( 487 )

the longest, most bas.al, tooth (right-hand side in figure) is nearl}- horizontal. The
subdorsal process is simple, without denticnlation.

Tliere is no difference in the genital armature between the darker and the less

dark specimens from Sikkim and Assam.

1). P. aristcus hermocrates from Burma to Timor, Borneo, Palawan, and the

Philippine Islands ; f. 74, 7fi to 80.

Wehave examined individuals from the Shan States, Borneo, Palawan, the Philip-

piine Islands, Sumba, Kalao, Wetter, and Timor. The individual variation in the

jiattern of the wings and in the size of the specimens is considerable, bnt we cannot

find distinguishing characters which would necessitate a division of hermocrates into

more subspecies ;
the Wetter and Timor individuals, from which islands we have

only three altogether, are faintly different in the sha]ie of the forewing, and may
perhaps, on receipt of more material, be separable from hfrtnocrates. An examina-
tion of the genital armature likewise did not furnish us with characters by which

specimens from the various localities could be recognised, except the Shan States

individuals, which are more similar in jiart of the genital armature to the North
Indian anticrates.

The chief distinction in the genital armature of hermocrafes concerns the form
of the dorsal lobe, which normally is shaped as in f. 78, and the form of the

ventral ridge, which has the basal tooth (f 74) less horizontal than it is in

anticvates.

We have two individuals from Muong Gnow, Shan States, one darker than

many Philippine Islands specimens, one intermediate in the develojjment of the

bands befween antienites and ordinary Philippine hermocratfis. The dorsal lobe of

the dark specimen (f. 70) is scarcely different from that of anticratfs, being mucli

broader tlum it normally is in /lermocrates (compare f 76 to MJ) ; in the whiter

individual, which in the wing-pattern is scarcely different from dark Sikkim

examples o{ anticrates, the dorsal lobe is considerably narrower (f. 77).

The series of f. 76 to SO represents the variation of the dorsal lobe. F. 78

is taken from a specimen from Kudat, North Borneo; the lobe is still narrower than

in f 77
;

the next two figures (79 and 80) represent the lobe of two Palawan
individuals. The specimens from Kalao, Timor, Wetter, and Sumlia have the lobes

as in f. 78 to 8o.

The yradudl decrease in the size of the dorsal lobe from f. 7;") (aiiticrates) to

f. 76 {henmc rates), and from there to f. So, is evident; and it is further obvious

that the difference between the extreme form of the lobe of hermocrates (f. 80) and

the lobe of aristevs, as well as the difference between the other extreme of liermo-

rrateti (f. 76) and antirrates (f. 75), amounts (|uautitatively to much less than the

difference lietweeu the extremes oi hermocrates (f. 7() and %0).

c. P. ar/fteus ar/steiis from the Southern and Nortlieni Jloliiccas ; f. 81 to 83.

The individuals from the various islands of tlie Jloluccas, though individually

variable, exhibit neither in the wing-i)attern nor in the genital armature any
character confined to one or the other of the islands, or group of islands. This sub-

species is in jiattern most nearly related to hermocrates. bnt is easily distinguished

by the groiuid-colour of the underside being obviously darker.

The dorsal lobe of the valve (f. 81 and 82) is in all sjiecimens examined

slenderer than in hermocrates ; tlie individual variation is slight. The ventral ridge



( 488 )

is much more extended than in the two ])receding subspecies ; when seen from

above, as in f. 82, it is a kind of half- ring ;
f. 83 gives the same organ in a view

from the dorsal side of tlie valve. The difference between the ridge of arisfeiis and

that of hermocrates and anticrates is obvious enough without further comment.

Intergradations in the form of tlie organ are unknown to us. F. 81 to 83 are

taken from a Halmaheira individual.

The subdorsal process is denticnlate, and is longer tlian in Iwrmocratets and

anticrates, projecting distinctly beyond the upj)er edge of the ventral lobe of the

valve (f. 82).

d. P. aristeus parmutus from Queensland, New Guinea, and Waigeu.
This subspecies agrees externally so well witli the Indian /-*. aristeus anticrates

that Professor Eimer did not perceive the slight differences in colour and pattern
which generally separate parmatus from anticrates, and whit:h Mr. Rothschild

]iointc<l out on
]>.

419 of Vol. II. of this journal.

Although we know from several sjiecies that in forms wliich in the wiug-colonr
and pattern are the most closely allied the genital armature is more different than in

externally less closely allied forms, we were nevertheless much surprised to find

that aristeus parma.tus has, in opposition to aristeus anticrates, the same genital

armature as aristeus aristeus ; we dare say exactly the same, as we hare not founil
a simjle character by which the apparatus of parmatus could be distinguished from

that of the Moluccan iusect. This discovery is very important, as it shows evidently

that, in order to understand the relation of a form, it is necessary to compare sets of

entirely independent charai'ters, and as it further proves that a form externally
similar to another can be dissimilar in the genital armature, while it agrees in these

organs with an externally very different form.

1-5. Papilio rhesus from Celebes, Saleyer, and Djami)ea; f. 84, 85.

Though Eimer removes this iusect from aristeus and puts it into another group
of sjiccies along with American species, such as ajax, all the characters l)y which

P. rhesus is distinguished from P. aristeus are developments of the cliaracters of

aristeus. The only argument in favour of a relationship with ajax is the number
of the black bands on the forewiug ; in rhesus there is one band less than in

aristeus ; but even this argument is not valid, as there very often occur specimens
in which the usually absent band is indicated by a black spot, and as tlicrc are even

examjilcs in which this sjjot has developed to a distinct band. All the other

characters of the wing-pattern speak against a relationship with ajax, and this

statement is corroborated by the moridiology of the male sexnal armature and \t\ the

form of the eighth abdominal segment of the female. To begin with the latter, it

will be sufficient to say that the eighth segment in rhesus is complete, as in aristeus,

agamemiwii, .sarpcdon, etc. (see f. 182, sarpedon sarpedon ; f. 185, aristeus

pai-matus; f. 187, mac/arlanei) ; whereas in ajax j the eighth segment is

incomplete, as in f. 181 (podaliriu.s). The similarity in the armature of the valve

<if rhesus with that of aristeiM will become evident by comjiarini;- f. 84 and 85

with 75 and 8;!.

The dorsal lobe of the valve of rhesus (f. 84j is much broader than even in the

Indian aristeus anticrates, except the free apex, which is comparatively narrower;

the subdorsal process is thin, ioul. as in anticrate.t, not dentate ; fli(> ventral ridge
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is almost shaped as in iir/s/r//s aris/i'>/.s aii<l an'sti'/z-s jjarwit //•', luit the basi- dorsal

portion of tlie half-ring is much hij;'her than in these subspecies ; f. 84 gives a

dorsal view of the ridge.

The affinities of rkesiis are as follows : in the pattern of the wings it comes

nearest to hrmocratcs, in the form of the dorsal lobe of the valve and the subdorsal

process nearest to rmticrafen and hiTmocrates, in the form of the ventral ridge
nearest to aristeus and /xtrmufNs.

Tiie facts of variatiim illnstrated liy f. 72 to 85 are as follows: —
(1) P. aristeus hermocrates exhibits obvious variability in the shape of the

dorsal lobe of the valve ; the extreme specimens come very near anticrates and

aristeus respectively.

(2) That Shan States in<lividual of hermorfotes which is most "
typical

"
in

pattern has the dorsal lobe nearly identical with anticrates., while a specimen from

the same locality which in pattern is almost identical with certain North Indian

individuals of anticrates has the dorsal lobe much narrower.

(3) There are no intergradations between the form of the ventral ridge of

aristeus i/itnnatiis, ar/ste/it< aristeii.i, and rhesus on one side, and aristeus anticrates

and aristei/.-: hermocrates on the other.

(4) The two Eastern sulispecies, parmatus and aristeus, geogra])hieally the

nearest related, are identical in the genital armature and cons]ncnonsly diit'ereut in

pattern.

(5) The two subspecies, anticrates and parmatus, iuhal)iting the extreme parts

of the I'ange are in pattern closely related, and in the genital armature very
different.

14. Papilio alciuous from Jajian, the Loo Choo Islands, Formosa, and China;
Nov. ZooL. 189.5. t. VI.

China is inhabited by several forms related to the Japanese alcinous, namely
confusus, iinpediens, plutoniiis, and mencius. Of these we shall taki? here into

consideration only the first, confusus, which differs externally in the S from the

Jajianese Papilio in the body being more extended red, especially in the front of

the head being clothed with red and with black hairs (while in the Japanese insect

the head is all black), and in the submarginal spots of the hindwing being generally
more brilliant red. The Formosa siJecimens agree with this Chinese form in colour,

and so do the individuals from the Loo C!hoo Islands. The examination of the

harjies of a long series of Chinese and Japanese indiNiduals led to remarkable

results which are laid down in Vol. II. of this journal. Tlie results were as follows: —
The harjie of the lilack-headed Japanese insect is, in all specimens examined,

very different from the har])e of the (.'hinese individuals, except in one individual

which has the harpe like tlie Chinese sjiecimeus.
The red-headed Loo Choo specijneus have the harpe like tlie black-headed

Japanese specimens. We have here, therefore, a combination of the external

characters of the Chinese form with the genital characters of the Japanese form.

Amongst the red-lieaded Chinese specimens one was found in whicli the harpe
has tlie dentate ridge of tlie Japanese firm and the free apical process of the

normal Chinese form, and hence combines the characters of the iiarjie uf the red-

headed Chinese and black-headed Japanese Piqulios.

33
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The facts are briefly as follows :
—

(1) Japan : lload black. Harjio with dentate ridge, witlwnt free ajiical

process ; one specimon like (:?).

(2) Loo Choc Islands : Head as in (3). liarpe as in (1).

(3) China and Formosa : Head red. Harpe without dentate ridge, with free

apical process ;
one specimen with dentate ridge (=1) and with free apical

process (= 3).

Tlie only inference from these facts logically possible is that neither the red colonr

of part of the hairs of the head, nor the form of the harpe, is in the Papilios in

question of specific value. The present case reminds one strongly of that of

P. sarpedon as explained on p. 478.

15. Papilio aristolochiae
;

f. 86 to 95.

The gronji of Papilios to which the present species belongs has tlie valve much
reduced ; the harpe does not vary to any extent, while the uncux (dorsal ]iart of the

tenth segment, according to Peytoureau) is very variable. To show the amount of

variation in one of the species, we figure the uncus of three Sikkim individuals

of P. ariMolflchiae. aristolochiae (f 86 to 88), of three Sambawa specimens of

P. aristolnchiae austrosKndanus (f. 89 to 91), and of four Buuguran examples
of P. aristolorliiai' anfiphus (f. 92 to 95). The variability of the uncus within each

subspecies of arixtolochiae is so great that we fail to jjerceive any character in that

organ which could serve to distinguish the three (in external features easily recognis-

able) subspecies by.

B. Female Gexital Armature.

Peytoureau,* in his researches on the morphology of the last segments of the

abdomen of i\i& female Lepidoptera, comes to the conclusion that there are, as in the

mule, ten segments, the anal segment of the femole imago, consisting of two lateral

pieces comparable in form to the valves of the male and liaving the function of a

protector of the anus and the orifice of the oviduct, being homologous to the ninth

and tenth segments of the pupa and larva ; the orifice of the oviduct has the same

position as the penis underneath the anus between the ninth and tenth segments.
The variation of the anal segment is of no importance for our present purposes. The

orifice of the vagina is separated from the orifice of the oviduct, and is situated

between the seventh and the eighth segments; in consequence of the development of

the copulatory apparatus the eighth, not the seventh, segment has undergone great

changes. The fin'in of the segment, as well as of the vaginal armature, is in a live

specimen easily perceivable when one gently presses the abdomen
;

in a dried-up
individual the apparatus is concealed, being entirely removed into the vaginal cavity,

the opening of which is closed by the seventh and eighth segments being in contact.

As it was, in the iirst jilace, not the aim of onr researches to find characters in

the morphology of the abdomen by which the higher divisions in the system of

Lepidoptera, such as families and subfamilies, could be distinguished, but to try

wliether the morphological characters of the last segments could be made use of in

diagnostic work relating to the lower degrees of division, genera and species, and

particularly whether within the limits of a species there was in the copulatory

apparatus a variation similar in kind and extent to that of the wa/e organs of coi)ula-

tion, it was necessary to study the organs in question i?> situ, in order to be able to

• See note, p. 461.
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fompiiir the jKisiridii and (lircutiou and the outline of the homologous ])arts ut' the

apparatus of the allied insects, and thus to be able to observe minute differences in

the most nearly related forms. As in live specimens, or in individuals sliortly after

death, a pressure of the abdomen sufficed to bring the organs in question fully in view,

it was e^ndent that a method of preparation of dried specimens would be successful,

if the intersegmental membranes of the eud of the abdomen were so relaxed that the

whole apparatus conld be jiushed out without destroying tlie connection between the

several organs. The method of jireparation we employ is quite sufficient for our

purpose, and has the great advantage of being very simple. Wecut off the last four

segments, soak them in hot alcohol and water, remove the eggs, scales, etc., with the

help of a pin and brush, press the segments gently, and leave the abdomen in alcohol

and water until the segments are freely moveable ; then we ])ress the head of a pin

from the inside of the abdomen against the vaginal bulb, and push it gently out,

taking care that tlie meniliranes do not get torn. The eggs an<l tlie hursii cojniliitfix

onght to be preserved.
While in a live specimen the membraneous and the more chitiuised parts in the

vaginal region are easily distinguished by their colour, in a dry individual all the

parts are more or less brown, and, though the strongly chitinised organs are recog-
nisable by their gloss, the exact limits between the membrane and the chitinised

pieces which it connects are often obscured.

According to the development of the eighth segment the Eastern Papilios can

be divided into two groups —such in which the eighth segment forms a complete

ring without longitudinal sutures (f. 182), and snch in which the ventral plate is

absent. To the first group belong nearly all those Indian and African species exa-

mined in which the first subcostal nervule of the forewing anastomoses witli the

costa, except P. mandariniis and allies, and to the second group all the other Papilios

examined, inclusive of Troides = Ornithoptem. The combination of an obvious

character in neuration with a still more conspicuous particularity in the development
of the eighth abdominal segment of ihe females of the species allied to agamemnon.
sarpedon, codriis, ciristeus, and imtiphutes of the Indo-Australian Region, and of

antheus, leonidas, pijlades, etc., from Africa, indicates certainly more than mere

similarity in form.

The special copulatory apparatus consists of processes, ridges, tubercles, an<l

folds near the vaginal orifice, all more or less chitinised, often dentate and hook-

shaped. It is not a modification of the ventral plate of the eighth segment, but is an

independent structure of the intersegmental membrane. The variety of the apparatus
in the various species is startling, as a glance at f. 156 to 182 will show. Tiie

orifice of the vagina, marked ' in the figures on PL XIX., has in the diverse grou])s

of I'apiUo a difierent position ; in I'. (ilelnouH, pliiloxeiius, and allies, it has a

ventral (j-ecte basal or anterior) (f. 179), in podalirius and allies (f. ISl) a more

dorsal (recfe apical or posterior) position.

The variability of the copulatory apparatus we explain by figures only of four

species ; this must suffice for the present. P)Ut to demonstrate |the classificatory

value of the armature we give figures of seven more species.

10. Papilio machaon: f. l">r, tci ]."i',i.

The figures are taken from a British individual. W'licn examining the inter-

segmental membrane which l)ears the orifice of the vagina and the chitinised prc-

liensile ajiimi-atus we perceive (f. 157) a somewhat lyriform or horseshoe-shaj)e(l
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bnckle (i), Which is a chitinised portion of the membrane itself, and does not protrude

free
;

its ventral and lateral ed^es form a sliglitly raised ridge, as can be seen in

f 156. The ventral part of this Inu-kle is produced into two processes («), which

are thin in a dorso-ventral sense, but divided longitudinally into a left and a right

half, which stand at a blunt angle to one another in consequence of the middle line

of the process being more dorsal than the lateral edges. At the base each pro-

cess is constricted (f. 158), while the edge of the apical half is armed with teeth.

In a side view the process (f. 156 and 159) ajipcars plainly as a dilatation of

the bnckle b. The vagina v (f. 159) is behind the middle of the median jjiece of

the buckle, and marked in f. 157 behind the two processes as a black spot.

The scries oi ffinalen examined has not been very great, and hence we do not yet

know whether there is not some variation in the form of the armature in the various

subspecies. From what we have seen we must conclude that if there is such a varia-

tion it must be very slight, as neither the European and Asiatic nor some American

forms of P. machaon presented any obvious deviation from what we have figured on

PI. XIX. And this would be entirely in accordance with what we have found in the

/««7f' genital armature of /««f/<aow, asfar as a distinction between the genital armature

of the various subspecies of this species goes. Wecan safely say that in P. machaon

from Europe and Asia —
(1) There is no character iu the genital armature of botli sexes of any of

the subspecies by which the greater percentage of the individuals

could be distinguished ;

(2) There are obvious characters in the colour and pattern of the wing
and body of each subspecies by which the greater percentage of the

individuals, but not every specimen, can be distinguished.
The genital armature of P. xuthuA is entirely different from that of machaon.*

17. Papilio polytes; f. 160 and 161.

lYiQ female of this species is polymorjihic; we have examined the three female
forms from Ceylon and North India, the two forms from Borneo, the three from

the Philijijiine Islands, and also a single specimen of each of the subspecies from

Celebes, Saugir, Sulla Islands, Amboina, and Halmaheira.

There is a good deal of individual variation in the apjjaratus of P. jjoli/tes, but

this variation is entirely indejieiulent of the colour and jiattern of the wings, and
hence the various forms oiiVi' female of each subspecies must be pronounced to be

identical in the genital armature ; ?-f. romulm, ?-f ci/rxs, and ^ -L pohjles do not

])resent any character iu the vaginal armature by which one form is distinguished
from tlie otiier, and so it is with ? -f. theseus and ?-f. viriUs, and so on.

The intersegmental membrane (f. 160) is just underneath the eighth segment
at each side thickened and corrugated, the corrugated jjortion having an elongate-
ovate outline ; round the orifice of the vagina there is a low ridge continued

ujjwards to the hinder end of the corrugate mark ; this ridge is raised into five

processes, one ventral and two on each side lateral. The form of the processes is

visible in f. 161, which represents the apparatus flattened out and viewed from the

anal side ; the ventral process is rounded, the lateral ones are sharjily pointed,
the lower one is the longest. The length of the lateral processes is variable.

Above the vagina there is a rounded tubercle, t, present in all allies.

• This confirms Dr. Scitz's opinion that xidhus is not a very near relation of machaon. See Soc. Eat.,
18a.">. p. 130.



( 492 )

bnckle (i), Which is a chitinised portion of the membrane itself, and does not protrude

free
;

its ventral and lateral ed^es form a sliglitly raised ridge, as can be seen in

f 156. The ventral part of this Inu-kle is produced into two processes («), which

are thin in a dorso-ventral sense, but divided longitudinally into a left and a right

half, which stand at a blunt angle to one another in consequence of the middle line

of the process being more dorsal than the lateral edges. At the base each pro-

cess is constricted (f. 158), while the edge of the apical half is armed with teeth.

In a side view the process (f. 156 and 159) ajipcars plainly as a dilatation of

the bnckle b. The vagina v (f. 159) is behind the middle of the median jjiece of

the buckle, and marked in f. 157 behind the two processes as a black spot.

The scries oi ffinalen examined has not been very great, and hence we do not yet

know whether there is not some variation in the form of the armature in the various

subspecies. From what we have seen we must conclude that if there is such a varia-

tion it must be very slight, as neither the European and Asiatic nor some American

forms of P. machaon presented any obvious deviation from what we have figured on

PI. XIX. And this would be entirely in accordance with what we have found in the

/««7f' genital armature of /««f/<aow, asfar as a distinction between the genital armature

of the various subspecies of this species goes. Wecan safely say that in P. machaon

from Europe and Asia —
(1) There is no character iu the genital armature of botli sexes of any of

the subspecies by which the greater percentage of the individuals

could be distinguished ;

(2) There are obvious characters in the colour and pattern of the wing
and body of each subspecies by which the greater percentage of the

individuals, but not every specimen, can be distinguished.
The genital armature of P. xuthuA is entirely different from that of machaon.*

17. Papilio polytes; f. 160 and 161.

lYiQ female of this species is polymorjihic; we have examined the three female
forms from Ceylon and North India, the two forms from Borneo, the three from

the Philijijiine Islands, and also a single specimen of each of the subspecies from

Celebes, Saugir, Sulla Islands, Amboina, and Halmaheira.

There is a good deal of individual variation in the apjjaratus of P. jjoli/tes, but

this variation is entirely indejieiulent of the colour and jiattern of the wings, and
hence the various forms oiiVi' female of each subspecies must be pronounced to be

identical in the genital armature ; ?-f. romulm, ?-f ci/rxs, and ^ -L pohjles do not

])resent any character iu the vaginal armature by which one form is distinguished
from tlie otiier, and so it is with ? -f. theseus and ?-f. viriUs, and so on.

The intersegmental membrane (f. 160) is just underneath the eighth segment
at each side thickened and corrugated, the corrugated jjortion having an elongate-
ovate outline ; round the orifice of the vagina there is a low ridge continued

ujjwards to the hinder end of the corrugate mark ; this ridge is raised into five

processes, one ventral and two on each side lateral. The form of the processes is

visible in f. 161, which represents the apparatus flattened out and viewed from the

anal side ; the ventral process is rounded, the lateral ones are sharjily pointed,
the lower one is the longest. The length of the lateral processes is variable.

Above the vagina there is a rounded tubercle, t, present in all allies.

• This confirms Dr. Scitz's opinion that xidhus is not a very near relation of machaon. See Soc. Eat.,
18a.">. p. 130.



( 493 )

Tlie varions snbsjiedes do not exhibit an_v obvious difference in the form of the

ridge, except perhaps the forms from the Molnccas. Weliave examined only one
individual of the two subspecies from Amboina and Halmaheira. These individuals
showed some difference in the length of the lateral teeth ; but as in the Indian,
Bornean, and Philippine insects, of which we have examined several specimens, the
teeth vary according to the individual specimens, the difference in the Halmaheira
and Amboina examples can just as well be due to individual as to subspecific
variation. In the male sex we have found that the various subspecies are in the

genital armature connected by intergradations, but that nearly all the specimens of
each subspecies are pretty well recognisable by the form of the harpe. In i\\e.fcm'.de
sex the difference in the vaginal armature, if present, is certainly much fainter; but
we shall see later on that the difference corresponding to that in the harpes does not
exist in the chitiuised processes, but in the folding of the membrane, and is, when
slight, not perceivable in consequence of the shrivelling of the membrane in the dry
specimens.

18. Papilio ambrax : f. 103.

Though in pattern the female of this species comes very near that of P. jjolytes

nicanor, so near indeed that entomologists like Kirsch and Snellen have mistaken
it for polyfen, there is a constant and very conspicuous difference in the vaginal
armature of the two species. F. 162 represents the apparatus of a specimen
from New Guinea

;
the ventral jirocess a of f. 101 is here wanting, and this

character we have found to be constant in all the twenty o<M. females of ambrax
examined. Besides, the lower lateral tooth is generally somewhat shorter than in

poh/fes. The variability of the ridge is similar to that oi polytes. The Queenslandian

subspecies does not, to our knowledge, present any distinguishing character from the

New Guinean subspecies in the form of the ridge.
The representative species from the Bismarck -Archipelago and the Solomon

Islands we have not yet examined.

19. Papilio aegeus ; f 103 to 109, 170.

The individual variability of the vaginal armature is in this species verv

great, while an examination of a longer series of specimens from New Guinea

{aegeus ormeniis) and Queensland {aegcus aegeus) proved that the variation accord-

ing to locality is very slight. The vagina is surrounded by three high processes
which are dilatations of a high ridge. The position and general form of the armature
is rejiresented by the half-diagrammatic figure 10.5. The ventral process is the

largest, and is narrowed from the middle towards the base and the apex ; the apical
half is dentate, divided by a median sinus into two lobes of variable length (f. 106
and 107), and is curved dorsally (f. 163); veutrally the ridge is, like the processes
of r. machaon, longitudinally concave, and is provided with a rounded middle keel

(f. 104, m) which does not reach the apex. The lateral process b is seldom

simple in outline; mostly it is more or less strongly dentate (f. 106). Above the

orifice of the vagina » there stands the supravaginal tubercle t. The intersegmental
membrane is, moreover, raised into a vertical fold/(f. 103 and 164), wliich stands

in connection with the vaginal ridge.

a. P. aegeus ormeniis-. f. 10.3 to 100, ITii.

The female of this subspecies is polymor|ihic. As in the case of P. polytes,
we have found no cliaracters in the genital armature peculiar to one or the other of
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the/emale forms. The specimeus figured are from near Dorey, Dntcli New (ininea.

In f. 166 the left lateral ridge is not drawn ; tlie ventral process of this

specimen is at the aj)e.\ much deeper sinuate than that of f. 104, and the lateral

process is much broader and multidentate, while the process is not dentate in

f. 163 and 104. The anal segment and the supravaginal tubercle t is represented
by f. i:0.

b. P. aegeus aegeus : f. lOT to lO'.i.

The female, of this subspecies is monomorphic in colour and pattern. The

variability of the vaginal armature is illustrated by f. 167 to 169. The ventral

process is slenderer at the base than in aegeus ormenus, and the lateral process
has mostly on the outer side a slightly raised carina (f. 108 and 160). In f. 107

the teeth of the lateral and ventral processes, and in f. 10!) those of the lateral

process, are mostly obliterated ; the dentition of the lateral process represented
in f. 168 is restricted to the upper edge.

20. Papilio rumanzovius ; f. 1 70 and 1 78.

There are four series of species of Papilios whicli are closely allied to one

another, tlie groups of P. mcmnoii, P. acgrm, P. di'iphohus, and P. lampmcua. We
represent for comparison the female sexual armature of a species of the first three

groups; the close relationship of the insects in question finds an expression in tlie

similarity of the genital armature oi male itudjemale.
F. 170 is taken from a specimen of P. rumanzonus ?-f. rumanzni-im. The

ventral jjrocess is broadest towards the base, its ajiex is irregularly truncate,
the dentition of the process of aegem (f. 166 to 169) is absent ; the median keel

on the ventral side of the process of aegeus is here separated into a number of

irregular, longitudinal, slightly raised folds and wrinkles. The lateral ])rocess is

less high and leans over dorsally. The supravaginal tubercle, which in aegeus
(f. 176) is small, and near whirh the membrane is inobviously folded, is in

rumanzovius large (f 17S), iin<l rhc membrane between it and the anal segment
(ix. + X.) is regularly and heavily folded transversely, the folds being limited

laterally by a longitudinal fold.

21. Papilio memnon; f. 171 to 17.5, 177.

Like I', polijfi'x and /''. aegeus oimeuHS, this species has a polymorphic /ewafe
in most localities; we have examined a number of tailed and tailless individuals from
Korfli India, Java, Nias, and Borneo, and come to the same conclusions as in the

case of the two before-mentioned Papilios, that the subspecies are extremely

slightly different in ihi? female genital armature, and that the various forms of the

female of each sub.species do not e.\hil)it any (characters in the vaginal apparatus
peculiar to one or the other of the forms. Tlie individual variability is as great, or

even greater, than in ormenus.

The chief features by which the vaginal armature of memnon can be distin-

guished from tliat of aegeus, to which it comes rather near, are as follows : the

ventral process is broader basally, and tlie median keel of the underside (ventral

side) is widened out laterally into two ridges wjiich rise under a small angle from
the plane of the main process (f. 173, m). The lateral process (J)) is higher
than in /'. aegenx. and divides very often at its ilorsal edge in an outer (f. 174 and
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175, o) anil iuner ridge (//j. The ontliue of the ventral and lateral ridges is very

variable, as f. 172 to 175 show.

The supravaginal tnbercle and the anal segment are represented in f. 177;

the tubercle is similar to that of P. aegeus, but it is surrounded bj' two rather heavy
folds which in aegeus are scarcely marked.

22. Papilio alcinous; f. 179 and 180.

The vaginal orifice is more ventral than in the preceding species, and the

armature is very simple. Just above the vagina the membrane is smooth and more

strongly chitinised, and bears a roundish impression (f. 179, /). From the lower

edge of the eighth segment downwards extends a broad fold, /, which is also more

chitinised than the rest of the intersegmental membrane, especially at two points

wliere the fold has a bulbose ap]iearance.

Wehave examined but two individuals each of the Chinese P. alcinous conftisus

and the Japanese P. alcinous alcinous, and find some obvious distinguishing

characters between the two subspecies. In the Chinese form (f. ISO) the mem-

brane underneath the orifice of the vagina is strongly folded longitudinally, in the

Japanese insect tlie membrane is smootli there ; the supravaginal impression i is in

confusus small, in alcinous large; the lateral fold is in confusus extended down to

the ventral side as a conspicuously raised fold, while in alcinous the ventral portion

of the fold is only slightly raised. A specimen from the Loo Choo Islands we unfor-

tunately could not compare.
In the so-called nauseous species of Papilio allied to alcinous, pliiloxenus. and

aristolochiae the vaginal armature is as a rule very simple.

23. Papilio podalirius ;
f. ISl.

Wefigure the end of the abdomen of this European species for two reasons :

first, because it enables the reader who is not acquaiuted with the exotic Papilios

to com])ave the two common European species; and secondly, because the form of

the eighth segment is entirely dirterent from that of the Asiatic P. antiphatex.

aristeus, etc., which bear a superficial resemblance in pattern to P. podalirius.

The vaginal orifice is more dorsal, or rather apical, than in the preceding and

following species here dealt with ;
the membrane round the orifice is strongly

chitinised, forming a round jilate-like organ, the edge of which is raised ;
the

middle portion of the organ gradually raises and is highest just underneath the

vaginal orifice; near the ventral edge of the eighth segment the edge of the discus-

like organ fuses together with a strong oblique fold which is parallel to the ventral

margin of that segment. The latter itself is incomplete, there being no ventral

plate to it, but the posterior lateral angles almost meet above the vagina ;
the

segment thus stands in development intermediate between the preceding species and

the species here following. In the American allies of P. podalirius {P. ajax, etc.)

the eighth segment is as in podalirius (or nearly so), and not as in antiphntcs

and aristeus, which have it as in f. 182 (or nearly so). In P. leosthenes from

Australia the segment agrees on the whole also with that of podalirius, and has also

in P. mandarinus no ventral i)late. Hence, in the development of the eightii

abdominal segment podalirius, leosthenes, ajax, would be more nearly related to

one another than to aristeus, antheus, etc., a statement which stands in direct

opposition to the kind of relation at which Professor Eimer arrives by his inter-

pretation of the wiug-pattern ; while, on the other hand, the absence of a ventral
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connection of the lateral plates of the suiumit in porhlinus, mandarinus, ajax,

leosthenes is, to a certain extent, in favour of Elmer's opinion that there is a

close relationship between the first two and between the last two species.

24. Papilio sarpedon: f 182 to 184.

The ventral portion of the eighth segment covers the vaginal region roof-like.

The intersegmental membrane bears a vertical strong foM ( /'), and there is between

the fold and the vaginal orifice a strongly ciiitiuiscd, smooth, impression (i). The

margin of the orifice of the vagina is slightly raised laterally and produced ventrally

into a process {a), the form of which will be seen from f 183, which represents

the organ viewed from the dorsal side. F. 182 and 183 are drawn from a

Japanese individual. F. 184 is taken from a sjiecimen of l^. Hnrpi'clon rhoredon

from Queensland; the process is broader at the base, and the angles at the apical

sinns are more ronnded ; the difi'erence between f. 183 and 184 is slight, but seems

to be fairly constant. We have not found any diflference between the processes

of P. sarpedon aorpedon, mrpedon M)nijdscintus, xiirpedon teredon, and sarpedon

milon (!). The individual variation in the form of the process is extremely slight

in the specimens examined.

25. Papilio aristeus; f. 185 and 186.

Wehave examined some Queenslandian females of P. aristeus parmatus, and a

female of P. aristeus hermocrates from Kalao (between Celebes and Flores); both

subspecies agree in the form of the eighth segment and in the genital armature, but

in hermocrates the outline of the ventral (median) piece of the summit is indicated

by a fine ridge. F. 185 and 186 are taken from a Queensland example.

The vaginal armature consists of two chitinised lappets (f 186, a and a') which

protrude ventrally, and of which the lateral edge runs upwards as a strong ridge,

which is homologous to the vertical fold of f 182, to the ventral margin of the

eighth segment.

26. Papilio macfarlanei : f 18T and 188.

At each side of the vagina there is a broad and strongly chitinised ridge {/),

homologous to the vertical fold of f. 182, and bearing on the upperside a covering

of irregularly folded small lappets. The margin of the vaginal orifice is ventrally

produced into a bifurcate process (« in f 187 and 188} which corresponds to the

two lappets of fig. 186.

27. Papilio agamemnon; f. l^'-'.

The apparatus is similar to that of 1\ macfarlanei, but the fork-like process

has no stem and is connected with the folded intersegmental membrane («) by a

short bar visible in f. 189 between the two branches of the fork. We have not

noticed any variability in the armature of this species.

Though our researches on the genital armature (A \}&^ female sex of Papilio are

quite incomplete, we are nevertheless justified in drawing some general conclusions

from the facts of variation illustrated by f. 156 to 189.

(1) The prehensile ajiparatus consists of the armature of the orifice of the

vagina, and the sjiecial folding of the intersegmental membrane.



( 496 )

connection of the lateral plates of the suiumit in porhlinus, mandarinus, ajax,

leosthenes is, to a certain extent, in favour of Elmer's opinion that there is a

close relationship between the first two and between the last two species.

24. Papilio sarpedon: f 182 to 184.

The ventral portion of the eighth segment covers the vaginal region roof-like.

The intersegmental membrane bears a vertical strong foM ( /'), and there is between

the fold and the vaginal orifice a strongly ciiitiuiscd, smooth, impression (i). The

margin of the orifice of the vagina is slightly raised laterally and produced ventrally

into a process {a), the form of which will be seen from f 183, which represents

the organ viewed from the dorsal side. F. 182 and 183 are drawn from a

Japanese individual. F. 184 is taken from a sjiecimen of l^. Hnrpi'clon rhoredon

from Queensland; the process is broader at the base, and the angles at the apical

sinns are more ronnded ; the difi'erence between f. 183 and 184 is slight, but seems

to be fairly constant. We have not found any diflference between the processes

of P. sarpedon aorpedon, mrpedon M)nijdscintus, xiirpedon teredon, and sarpedon

milon (!). The individual variation in the form of the process is extremely slight

in the specimens examined.

25. Papilio aristeus; f. 185 and 186.

Wehave examined some Queenslandian females of P. aristeus parmatus, and a

female of P. aristeus hermocrates from Kalao (between Celebes and Flores); both

subspecies agree in the form of the eighth segment and in the genital armature, but

in hermocrates the outline of the ventral (median) piece of the summit is indicated

by a fine ridge. F. 185 and 186 are taken from a Queensland example.

The vaginal armature consists of two chitinised lappets (f 186, a and a') which

protrude ventrally, and of which the lateral edge runs upwards as a strong ridge,

which is homologous to the vertical fold of f 182, to the ventral margin of the

eighth segment.

26. Papilio macfarlanei : f 18T and 188.

At each side of the vagina there is a broad and strongly chitinised ridge {/),

homologous to the vertical fold of f. 182, and bearing on the upperside a covering

of irregularly folded small lappets. The margin of the vaginal orifice is ventrally

produced into a bifurcate process (« in f 187 and 188} which corresponds to the

two lappets of fig. 186.

27. Papilio agamemnon; f. l^'-'.

The apparatus is similar to that of 1\ macfarlanei, but the fork-like process

has no stem and is connected with the folded intersegmental membrane («) by a

short bar visible in f. 189 between the two branches of the fork. We have not

noticed any variability in the armature of this species.

Though our researches on the genital armature (A \}&^ female sex of Papilio are

quite incomplete, we are nevertheless justified in drawing some general conclusions

from the facts of variation illustrated by f. 156 to 189.

(1) The prehensile ajiparatus consists of the armature of the orifice of the

vagina, and the sjiecial folding of the intersegmental membrane.



( 19' )

(2) The folds of the iutersegmental membrane canaot be studietl from the dried-

np individuals iu snch a manner that one perceives the minute differences between the

folds of the individuals; to this pnrpose it is necessary to compare live specimens,
or material preserved iu an adequate fluid. The armature of the valve of the male
is during copulation pressed against the intersegmental membrane of the fcinalf,

and the spines, hooks, processes, etc., of the valve find a hold on the ridge-like folds

of the intersegmental membrane ; this is plainly visible in a cJ and ? of P. memnon
in the Tring Museum which are still united to one another. The special armature of

the vagina takes hold on tiie internal portion of the ninth segment of the male and
on the scaphium. There is sometimes a peculiarly shaped, broad, vertical, chitinons

plate underneath the scaphium, for example in the males of the yellow Troidrs

(= Ornithoptera?), such as T. helenus, to which a long and strong ventral hook in

the/e)»al/' corresponds.

(3) One would expect that the variation of the harpe in the male is iu the

same species accompanied by a corresponding variation in the/em.ale in those parts
which during copulation are in contact with the harpe ; hence the variation in the

female genital apparatus parallel to the variation in the male harpe must be

searched for in the special kind of folding of the iutersegmental membrane, while

the variation in the outline of the processes and ridges at the mouth of the vagina
can have nothing to do with an adaptation to the special form of the harpe.

(4) In the only species examined iu which the harpes vary very conspicuously

according to locality, in P. alrdnotis, the iuter.segmental fold of the ? on which
the harj)c takes a hold is found to be different in the Chinese and the Japanese
subspecies.

(5) Though the individual variation of the vaginal armature is often great

(P. aegeiix and memnon), a variation according to locality is not observed, or is

slight.

(6) In species with polymorphic females the vaginal armature is the same in

the various /mf/i't'.? (apart from individual variability).

III.— CONCLUSIONS.

The demonstration of the kind and the extent of the variation of the genital
armature in both sexes of some species of PaiJilio which is contained in the pre-

ceding chapter, notwithstanding the fact that our researches are still incomplete and
our notes on the vaginal apparatus even preliminary, enables us to compare the

variation of the genital armature with that of other organs and to draw witli

safety some general conclusions. If we almost restrict the comparison to the

colour, pattern, and shape of the wings, mentioning only the prominent characters

of the respective insects, we do so in order to avoid unnecessary detail, and

secondly, because the distinguishing ciiaractevs of species, subspecies, and aberra-

tions of butterflies as given in the works of Lcj)idopterists refer especially to the

wings.
As the true basis of work in Natural History is the comparison of specimen

with specimen of the lowest classificatory entity, the species, a study of the genital
armature has to begin with the comparison of the armature of snch individuals

as are doubtless sjiecifically the same. To di>terniine the limits of variation of

the genital armature of a species is a dUficnlt ta'^k. Though the number of

specimens of the commoner species could easily be enlarged without any great
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pecuniary sacrifice, the student of the variation of an internal organ, wiiicli is not

visible without dissection, is at a great disadvantage compared with the student of

external characters, because his series of individuals is always taken at random ; he

has no secnrity wliatever that, among the hundreds of specimens whicli perhaps
are at his disposal, there are really individuals which in the genital armature

represent the extremes of that species, or come near the extremes ; while, on the

other hand, the specimens conspicuously aberrant in wing-pattern, or colour, or

shape, are recognised and preserved by collectors, which gradually results in an

accumulation of individuals which fairly rei>resent the various degrees, inclusive of

the more extreme ones, of the variation of the species in external characters.

Hence it is by no means to be wondered at that there are so many individuals

known which in external characters stand far outside the ri.'oifil limits of variation

of the respective species, while the internal genital armature seemed to vary only

within very narrow limits. On the contrary, it must surprise us that we neverthe-

less did succeed in finding among our specimens such individuals as exhibit in the

genital organs characters so widely divergent from the normal of the respective race

of Pfipilio that the individual not only ibrtns a transition to another geographical

representative, but goes in the development of the peculiar character even beyond
allied forms. The specimen of P. sarpedon sarpedon (f. 101, 102, 103) and those

of P. (dcinous figured on PI. VI. of Vol. II. of this journal (f 1 1 and 1 3) are such
" unusual "

varieties, which perhaps are in nature not rarer than individuals that

in external characters come close to, or are identical with, one of the allied forms;

and we have no doubt that a continued investigation in the matter will bring to light

varieties in the genital armature which in the degree of divergency are equal to so-

called sports. The individual variability found in onr series of British P. machaon to

amount to 40 per cent, in the gradual increase of the length of the prehensile portion

of the harpe, and in Palaearctic machaon to 70 per cent., is quantitatively scarcely

inferior to the variation exhibited in external characters, and the same applies to the

other Papilios dealt with in the preceding chapter. In the female genital armature

we meet with an equally great variiibility in many of the species, especially in all

those which have a more complicated armature ; the variability of the complicated

apparatus, which consists of spines, hooks, dentate ridges, and so on, appears

generally to be greater than that of a simpler armature, because the diflFerence

i)etween the apparatus of two individuals is more easily perceivable in a com-

plicated than in a simple organ, even if tlie dilference in the latter expressed in

proportional numbers is greater than in the former.

If we group the individuals of a species from one locality according to the

similarity in the genital armature, and then again according to a conspicuous
external character, the first series of groujis and the second are not the same ; we

have found again and again that specimens similar in a certain character in colour,

pattern, or shape of wings have no particularity in the genital armature in common

by which they are distinguished from the individuals that do not possess that

external character; specimens aberrant in wing-iiattcrn may be normal in the

genital armature, and individuals abnormal in the latter may be normal in the

former. The harpe of /-". aegeus ormenua with a band on the forewing is the same

as in the aberration without the band; P. cuchenov i-xrlienov ab. eutropius does not

differ in the harjie from the ordinary male
;

/'. poli/tes horealis ab. ikihet'inufi has a

normal harpe, and so on. Still more obvious is the independence of the variation of

the genital armature in the species with polymorphic females ; the various females
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of 7nemnon, tailed and tailless, those of jxib/tes, and also those of aegem ormenus,

though iudividnally ver)- variable in the vaginal armature, agree with one another

(respectively) in these organs. Miirked dimorphism, in which the two forms are not

connected by intergradations (tailed and tailless female of P. mcmnon), we have noi

noticed in the genital armature, unless f. 171 and 173, in which the lateral ridge
is not divided, and f 174 and 175, in which the lateral ridge is divided into the

two ridges o and u, represent a kind of dimorpliism ; both the simple and the

divided ridge occur in tailed as well as in tailless individuals of P. memnon : inter-

gradations between the two develojiments of tlie lateral ridge are unknown to us,
but may occur.

Of e(jually great interest are those cases in which a specimen of a certain

subspecies resembles another subsjiecies externally, but stands further away from
this subspecies in the genital armature than another specimen does that externally
is dissimilar to the subspecies. Werecall to mind the two individuals of/", ar/steus

kermocrates from the Shan States mentioned on p. 487, and add that, if variation

in pattern and variation in the sexual organs were in any way connected with one

another, one would have expected that the paler individual resembling certain

Sikkim specimens of anticrates had the dorsal lobe of the valve broader than the

other individual, wliich in pattern is like dark Philippine examples ; as, however,

just the reverse is the case, the broader dorsal lobe of the valve and the narrower
and shorter black bands of anticrates, and the naiTower dorsal lobe and more extended
black bands of hermocrates, must be considered as independent characters.

It is possible that there are species in wliich a great variability, resp. constancy,
of the ])attern of the wing is associated with a great variability, resp. constancy,
in the sexual armatnre, but so much is certain that in all the species we
have examined there is no correlation between the directions in which the wings and
the sexual armatnre vary. Hence we may pronounce it as a general law that the

direction of the cariatioii of t/ie ijenital armature within a species of Papilio is

entirely independent of the variation of the irim/s.

Weneed scarcely mention that this law applies also to other Lepidoptera ; our
researches in groups other than Papilio are, however, so limited that wc prefer for

the present to express the law as above. It would be of great interest to study the

variation of the genital armature of specimens which have artiticially been exposed
to transmuting factors, such as heat and cold, and to compare the results with

those arrived at by the examination of the individuals roaming at large. Most

jHYibably the artiticially produced colour-varieties will be normal in the genital
armatnre. To this conclusion we are led by the experience gained from the

examination of seasonally dimorphic s]ieeies. AVe paid special attention to the

copulatory apparatus of such species with the hope of finding in one or the otlier

Papilio differences in the apparatus of tiie sj)ring and summer brood (or broods),
hut completely failed to come across a species wliich, both in the wing-markings
and in the sexual organs, showed seasonal dimorphism. The spring forms of the

Japanese P. machaon, P. xuthus, and P. sarpedon are in the harpe and the vaginal
armature the same as the differently coloured respective summer forms, and so it is

with the Sikkimese species which exhibit in the wings a marked seasonal di-

morphism (7-". sarpedon, chianthus, ean/pyhis, bathi/cles). In the case of winter

and summer forms it is therefore evident that the influences which bring about a

cliange in the wings have no apparent elfect on the sexual armatnre. This cor-

roborates the above statement of the independence of the variation of the sexual
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organs and the wintr-pattern. and opens a wide field for theoretical researeli.

inviting at the same time to a comparison of the seasonal with the geographical

variation.

In the introduction we have mentioned the degrees of geographical variation

observed in Papilios ;
the lower degrees, called above localised aberration, concern

the colour, pattern, and shape of the wings, and cannot be expected to be noticeable

in the genital armature without long-continned research: we have therefore to do

only with the higher degrees of geographical variation of a species which is termed

subapecific variation.

The valve, when of the usual more or less triangular outline, does not exhibit

obvious snbspecific variation
;

while the variation according to locality is con-

spicuous, when the valve is divided into lobes, as is the case in F. srirpfdo)),

«?7s<<'Ms, and others. The variation is such that the specimens from a certain locality

are generally well distinguished from the specimens of a certain other locality;

but if we take individuals from all the \arious districts inhabited by the respec-

tive species, the lines of delimitation of the various forms become mostly obscure and

disappear. North Indian specimens of sarpedon and individuals from Sambawa are

at once distinguished by the form of the valval lobes, but examples from Lombok,

Java, and Sumatra overbridge the gap; Quecnslandian and Sikkim aristeus w& in the

dorsal lobe of the valve qnite dissimilar, bnt specimens from the interjacent countries

form-a continuous series of intergradations between those two extremes. The armature

of the valve varies in a similar way. Wehave cases in which the prehensile organ
of part of the individuals of the various localities has some peculiarity; thus in

Great Britain the prehensile portion of the harpe of a good many specimens of

P. machaon is long, while in many individuals from Syria the dentate portion is

very short
;

the subspecific difference in the harpe of P. aegeus from New Guinea

and Australia is very slight and applies only to part of the specimens. In other

species the differences between the individuals from various districts become more

constant, so that with very few exceptions it is possible to tell from the examination

of the harpe from which place a respective specimen came. While in other cases

again, such as P. bath/cles, the iudividnals examined were constantly different in

the harpe according to locality.

The localised peculiarity in the harjie is, therefore, found in many, or in

nearly all, or in all the individuals from the respective locality, and when the

distinguishing character applies to all the specimens, there occur intergradations
cither in other jjlaces (P. ariateus), or intergradations are unknown (P. bathychs).

In i\m female sex the armature at the mouth of the vagina does not vary so

obviously according to locality as the harpe of the 7)uil(> does ; but when the

difference in the harpes of the subspecies is very consj)icuous, as in P. nlrinom

alcinous and P. alcinous confusus, the difference in the corresponding j)art of the

vaginal bulb is also prominent.
If we keep in mind that the variation of the copulatory organs is independent

of the variation of the wing-characters, it is to be expected that a division of a

species into sn1)species will result in a different number of subspecies according
as we take for the basis of division solely the wiug-cliaracters, or the genital

armature, or both united; and it would likewise not be surprising if in a certain

case the number of subspecies inhabiting a certain region would by both divisions be

the same, bnt the lines of division be different. Among the species we have

examined the latter phonomenon did not occur ; when the numbers of the subspecies
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were the !<iiiuc, the limits of division were also the same, whether the delimitation

of each subspecies was carried out according to the wiug-characters, or according to

the ajii)ai-atus of copulation. This result is most probabl}- owing to the areas to

which the various subspecies of the Papilios examined are restricted being mostly
islands.

Hence we can accept it as a general rule applying to most subspecies that the

distinguishing characters taken from the wings are associated with distinguishing
characters in the genital armature, at least in the »iale sex. There are, however,
many exceptions to this rule, in so far as a good number of subspecies characterised

by some certain peculiarity in the wings have no peculiarity in the apparatus of

copulation. The Chinese specimens of P. mrppclon, so very conspicuously aberrant
in pattern, are in the valve and harpe identical with the Indian and .Japanese form
of sarjiec/o/t; the Moluccau subs])ecies of P. aristeus, though in the extent of the

markings very difi'erent from the Queenslaiidian representative, is in the sexual

organs the same
;

so that in an arrangement of the forms according to the develop-
ment of the apparatus of copulation of the male, P. aristeus aristcm and 7^. aristeiis

pannatas, and P. sarpedon sfirpcdon and P. sarpechn semijasciatits, would have to

be united. We meet, further, many subspecies which in external characters are

conspicuously and almost constantly different, while there is only a slight and very
inconstant character of distinction in the genital ajjparatus. We have found it

correct in all the species examined that, if in a given species the character of

distinction of a certain subspecies lies in one only of two independently varying
organs, wings and apparatus of copulation, it is invariably the wing which exhibits

the character by which the subspecies is distinguished. This coincides in a remark-
able manner with the above observation that seasonal dimorphism does not affect

the sexual armature in the case of the North Indian and Japanese Papilios, and
renders it certain that the effect of (seasonally or geographically) isolated trans-

muting factors is first noticeable in the wing-markings, and that accordingly the

transmutation of a sjjecies begins wth a change in the wing-markings. Hence it

is also correct to say that in an evolntionistic sense the wiug-markings are less

constant than the genital armature, and that conseipiently a difference in the latter

constantly met with in the individuals of two forms of Papilio is much more likely
to be of specific value than a difference in the wing-pattern, a conclusion which
borders closely ujion one of the main objects of our researches, the question as to

the classificatory value of the sexual armature, which we will now briefly discuss.

A. Taxongsiic Value of the Organs of Oopclation.

As our researches have proved that there is a certain amount of individual varia-

tion in the sexual armature, the limits of which can, as we have seen above, only be

determined by continued examination of a large material, and as we further have
found that there is geographical polymorphism in the organs in tpicstion in which the

localised forms are connected by intcrgradations (P. sarpedon sarpedon and adonar-

ensis, P. aristeus hermocrates and anlicrates), the premisses of tlie discussion of

the question which characters are and which are not of specific value arc precisely
the same as in the case of external characters. Referring to what we have said in

tlie introduction aliout our means of recognition of specific distinctness, it will be

sufficient to recall to mind the fact that the presence of a character in a certain form

not met with in other forms is a priori not a proof of the respective form being
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specifically distinct from its allies, and that it is circnmstantial evidence which has

to guide us, in the absence of experiments, iu onr judgment. Now, what is the

evidence we derive from the examination of the organs of copulation ?

We know the larval and imagiual state of a good many Papilios, and are able

to base on our knowledge of their organisation, quite apart from the characters of the

organs of copulation, a classification in which the most nearly allied species are,
with a certain degree of correctucss, grouped together. If we now compare of a
well-stndied group such forms about the specific distinctness of whicli we do not

entertain any doubt —
if, for example, we examine the sexual armature of P. nicmnoit,

mayo, oenomans, polymnestor, lampsacus, /•umanzocius, etc., which in their general

organisation are all more or less closely allied to P. memnon, or take for examination
P. anfiplintes and undrocles, or P. aristolochiae and P. pobjdorus, or the various

yellow species of Troidcf- ( =
Or/iit/iopti'/ri)

—the first thing we notice is that the

imagines of each species exhibit, besides the distinguishing characters in colour and
structure externally visible, also characters iu the genital armature peculiar to the

resj)ective species. As we have not found amongst all those sj)ecies the specific
ilistiuctness of which we could de<Iuce from characters other than such of the organs
of copulation a single exception to that rule, we hope we are justified in generalis-

ing the statement that every species of Papilio is different from every other

species in the sexual armature ;
aud this generalisation we believe the more con-

fidently to be correct as also iu other groups of Lepidopti'ra sjiecifically distinct

forms are characterised by some peculiarity in the copulatory organs, although the

difference between allied species is sometimes —for example, among Aganaidae —
very slight. If the generalisation is correct— i.e. if every form that is, according to

onr definition of the term "
species," specifically distinct, whicli, we repeat, can only

be prori'd by experiment, and we will assume the generalisation to be correct —then

it follows necessarily that ft)rms which are identical in the genital armature are also

s]iecifically identical. If we apply this conclusion to the species of Papilio exter-

nally polymorphic, it is evident that the genital armature of male and female is an

excellent criterion of specific identity. The various varieties of the male, of

P. aegeas ormenus from New Guinea, of Troidcs priama.% poseidon from the same

country, of P. memnon, and so on, many of which have been described as distinct

species, are thus easily demonstrated to be specifically the same. Still more

important is the application to t\\e, female sex. The numerous species with poly-

morphic femalea which so often are quite unlike each other, as in the case of

P. memnon, P. aeyeus ormenus, P. poh/tes, and the African P. pkorcas and merope,
aud some American species

—an examination of the genital apparatus of a number
of specimens wUl at once make it clear whether the forms in ipiestion belong

certainly to one species, or whether they eventually cau belong to more sjiecies. We
say intentionally

" a unmber of specimens," for the examination of one example of

each form is (|uite inadecjuate, aud may lead to entirely erroneous conclusions.

F. 171 aud 17;i give au excellent illustration, the first being taken from a tailless

example oi P. memnon agenor from Sikkim, and the other from a tailed sjiecimen

from the same locality. Now, considering that f. 167 represents a species very

different from memnon, it would by no means be preposterous to conclude, if one had

to judge only from the three figures and the conspicuous external differences of the

specimens, that f. 171 and 173 represented likewise specifically diftereut Papilios.

It will generally -be quite sufficient to examine a number of individuals of one of the

forms, and til determine thus the probable limits of variation : the vaginal ap])aratns
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of a specimen of another form, if [specifically the same as the first, then will most

probabl}' come within the limits of variation of the first ; if it stands outside those

limits one has to examine some more specimens. It is perhaps not unnecessary to

repeat that the tailed and taillessyb/«afe of P. menmonhave been proted by rearing
to belong to one species.

The second point which strikes one when comparin«; the sexual armature of

species of the same group or closely allied groups, and which is of no less great

practical consequence, concerns the fact that the species which we mnst regard as

more or less close relatives on the ground of their general organisation bear in

the structure of the organs of copulation (inclusive of the modified eighth segment
of {)!& female) a greater resemblance to one another than to the sjaecies which stand

further away in the system. Representative species, such as P. aristeus and rhnsus;

aegeus, tydeus, gambrisius, iriopinatus ; euckenor and depilis, etc., have the organs in

question built up after exactly the same plan, and the differences exhibited by these

representative species in the organs of copulation are often not only far less obvious

than the external diflerences of the species, but are sometimes so slight that the

degree of divergence between two species is less than the degree of diver-

gency between the extreme individuals of one of the two species; we refer for

illustration to the figures given of the harpes of P. aef/eus and inopiiiiif(i.<, poh/tes
and amhrax. lu less closely related species the similarity in the sexual armature

is not so great as in those representative species which are phylogenetically younger
forms

;
the organs are more divergently developed, and the peculiar modification of

one or the other part of the apparatus often obscures the actual homology, so that

the organs superficially compared are very dissimilar in appearance. Nevertheless

a comparative study at once shows that the superficially dissimilar apparatus are

developments of the same type. In P. tiii.rpedon and cloanthus the close relationship
of the valves and harpes (f. 96 and 140) is obvious. In aristeun (with rhesus,

f. 72 to 82) the oi'gaus are more strongly modified, but the homology of the single

parts with those of P. cloanthus is not difiicult to perceive ; antiphates has the organs

again similar to those of aristeus, and the externally very dissimilar P. delesserti,

leucothoe, and xenocles resemble aristeus in the structure of the male organs to a

surprising extent, the principal prehensile parts of the valve consisting in these

species, as in aristeus and antiphates, of a ventral dentate ridge, a subdorsal pro-

cess, and the dorsal lobe of the bipartite valve, which parts respectively are

homologous to e, c, h of f. 72 (aristeus). The vaginal armature agrees in this

resjiect with the male armature ; here again the most closely allied species have a

greater similarity in the organs in question to one another than to less nearly related

species: P. ambrax ami poli/tes (f. 161 and 160); /". aegeas, rumanzocius, and

memnon (f. 166, 170, and 171) ; P. sarpedon, aristeus, agamemnon, and mac/arlanei

(f. 182 to 187) illustrate this fact sufficiently. Although it would seem to follow

from these statements that the degree of blood-relalionsliip of two species to a third

could easily be made out from the degree of similarity in the form of their organs of

copulation, this inference of the facts would nevertheless be hasty and most probably

erroneous, if we generalised the conclusion so as to apply to every species. Our
researches convince us that it is true that in every grouj) of closely allied species of

Papilio the characters of the three independently variable organs, wing, harpe of

male, and the vaginal armature oi female, are such that each of these organs
of every species is morphologically closer related to the respective oi'gan of every
other species of tiie group than to that of any species standing outside the group.
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But within the group a species could very well be noarly ivlated to another in the

pattern of the wing, while it comes in the structure of the co])ulatory organs of the

male ov female closer to a third species, so that the relationship of the sjoecies inter se

would appear to be different according as we take as the standard of arrangement
the deviation in the one or the other organ.

If, however, it is true that the species which belong to the same group (of
allied sjiecies) are in the genital armature more similar to one another than to the

species of other groups, we have consequently to conclude that the organs of copula-
tion are a safe guide to determine to which group a species belongs, which means
that these organs can be made use of in generic classification. The great helj) which
the genital armature affords to the systematist is beautifully illustrated by those

species which bear to each other a superficial resemblance in pattern, such as

F. clytia and leucotKo'c or macaietis, P. i-hesus and jjliilolaus, which on the ground of

the alleged relationship in pattern have been considered allied species. Though a

careful examination of the wing-markings soon convinces ns that we have here and
in many other Fapilios to do with au analogous develojjmeut in pattern, as in the

case of mimetic forms, which does not indicate blood-relationship, the demonstration

of the dissimilarity in the morphology of the organs of copulation of those super-

ficially simOar species will be a more convincing guide in which direction the actual

relationship is to be sought for.

Having thus arrived at the two conclusions, firstly, that identity in the sexual

armature means specific identity, and secondly, that close relationship in these

organs points to generic identity, the question arises, whether there are in the

organs of coi)ulation of specifically distinct Papilios, as opposed to specifically non-

distinct forms, characters which a priori could be recognised as being of specific

value, and hence would enable us to draw up a general rule applying to every case

by which specifically distinct forms could be distinguished from specifically identical

forms. The occurrence of individual and geographical variation in the ('opidatory

organs, the latter kind of variation always associated with an independent variation

in the wing-markings, renders it alone highly improbable that a general distinction

between specific and subspecific characters is possible. A comparison, however, of

the degree of divergency between subspecies with the degree of divergency between

closely allied species proves that the quantilative amount of divergency between

specifically identical forms can be superior to the quantitative amount of divergency
between allied species. 1'. itiopiimtus differs in the harpe (f. 12) not so much

from certain examples of F. aegetis as some of the latter do from one another

(f. 4, 5) ;
the difference between the harpe of P. poli/tfs pohjtes (f. 18) and

F. polytes alphenor (f. 33) is greater than that between F. polytes and F. amhrax

(f. 35, 37) ; the difference between F. aristeus parmatm and P. aristeiis anticrates

in the harpes (f. 73, 75, 81, 83) is not inferior to the difference between F. aristeus

anticrates and F. rhesvs, which latter is considered to be a species distinct from

aristeus (f. 82, 84). If, however, there are such cases like these in which that

difference which is the greater in quantity is the smaller in quality (in respect to
.

specific distinctness or non-distinctness), it conseiiuently follows that it is impossible

to say a priori which degree of quantitative divergence in the organs of copulation

is in all Papilios of specific value. Hence a peculiarity observed in the sexual

armature of an individual can be au aberrational, a subspecific, or a specific

peculiarity; which of the three it actually is, we can learn only from a careful

weighing of all the evidence. \Ve liuve said in the introduction that the evidence
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remains quite iucomplote as long as we do not know tLie limits of variation of the

forms in question ; as these limits, however, can be made out, to a certain degree of

correctness, onlv by comparing- many inilividnals, it becomes self-evident that the

question whether a certain jieculinr character found in the genital armature of an

individual or a number of individuals indicates specific distinctness or not, can only
be decided with a certain degree of correctness when the variation of the sexual

armature of the allied forms is known, i.e. after the examination of a great material.

Whenwe said above that the degree of relationship between a number of closely
allied forms could ver\' well appear different according as we take the sexual

armature or the wing-pattern as a guide in the arrangement of the forms, we did

not give illustrations, because we had to recur to the jihenomenon. If it really is

true that there are cases in which two forms are in colour and markings the most

closely related, while the structure of the genital armature stands in opposition
to this relationship, pointing in quite a different direction, a comparison of the

characters of the wings and the characters of the apparatus of copulation of the most

closely allied forms, wliich are always geogra.i)liical representative forms, with the

aim of deducing the different relationship as indicated by similarities in the one or

in the other organ, must throw a highly interesting light upon those questions which
relate to the jirobable history of the geographical distribution and the origin of those

forms.

B. Phenomena in the Variation' of the Organs of Copulation Kelating to

Some Questions of the Geogeaphical Distribution of Aximals.

When we speak here of representative forms, we do so regardless of their being

specifically distinct from one another or not
;

whether a geographical representative
has reached the degree of divergent develojiment which we call specific, or is still

a subspecies, is of no importance for the following discussion ; the imjiortant point

is, that there are differences between the representative forms.

Now, when we see that some Indian and Australian representatives are very
similar in colour to one another and dissimilar to the forms inhabiting the inter-

jacent countries, does that mean that the Indian and the Australian forms have

separated after the more dissimilar representatives had branched oft'? When we
find the (Jelebensian mountain form of P. sarpedon to bear a much greater resem-

blance in colour to the form inhabiting the Sunda Islands than to the form found on

Celebes at lower elevations, is it correct to conclude that the Celebensian mountain
form is a descendant of the Sunda Island form and iuilicates that there was at a

former period a closer connection between Celebes and the Sunda Islands ? When
we observe in a great number of cases tliat the Javanese forms are similar to those

from Malacca, while the forms from Sumatra and Borneo again are similar to one

another, have we to infer from this fact that there was at one time a land-connection
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Central America, while the form of the Greater Antilles is an immigrant from
Venezuela ? AVe are not going to deny that in a given ease applying to one or the

other of those questions an affirmative answer eoukl be in accordance with the actual

history of the origin of the respective form ; but we shallendeavour to exj)lain that

similarities between representative forms are capable of being explained otherwise,
and that there are many cases in which the agreement of two forms in respect to a

certain character must be explained otherwise. Let us then in(|uire into the facts

brought to liglit by our researches on the Eastern Papilios. As in the body of this

paper the facts we have to refer to have been more fully dealt with, it will suflSce

to mention them hero briefly without going in fur a description of the organs
concerned.

Papilio alchious alcinous from Japan is represented on the Loo Choo Islands

by P. alcinous loochooanus and in China by F. alcinous confusus. There are two

prominent characters by which the forms are distinguished : alcinous has a black

head and a dentate harpe, loockooanus a red head and a dentate harpe, and confusus
a red head and a non-dentate harpe. In the colour of the head, therefore,

loockooanus agrees with confusus, while in the harpe it agrees with alcinous ; hence

tlie relationship deducible from the similarity in colour of the head is directly

opposed to the relationship indicated by the liarj)e, and it would be e([ually incorrect

to say that loockooanus is a descendant of confusus on account of the similarity in

colour, or to conclude that it has descended from alcinous because the harpes are

the same ; there would be just as much probabUity of correctness, if we consider

only the naked facts here adduced, in the assumption that alcinous is the offspring
of loockooanus, which Itself descended from confusus, or that the reverse exjiresses

the phylogeuetic connection between the three forms, or that the three localities

were inhabited at a former period by one form which later on became differentiated

into the present three Papilios.

Papilio batkycles ckiron from Sikkiiu, Assam, and Burma, and P. hath;/cles

batkycloides from Malacca, Sumatra, and Borneo, are not always distinguishable iu

pattern, there occurring often specimens which, according to the wing-markings,
could be regarded as belonging either to the one or to the other subsj)ecies.

The Javanese representative P. hathjcles hathjclcs stands in 2>attern not so

close to hathi/cloides as this does to ckiron. In the harpes batkycloides and batkycles
come very near each other, while ckiron exhibits a conspicuous difference from

both iu the development of the dorsal process (f. 46 to 60). Here again the

form inhabiting the interjacent districts is more similar in tlie male copulatory

organs to the one, in colour to the other representative.
Tlie three subspecies of P. cloantkas inhabiting respectively China (ilymenus).

North India and Burma (cloantkas), and Sumatra (sumatranus), when arranged

according to the similarity in pattern, would stand thus : clymenus —cloantkus —
sumatranus, whereas in an arrangement according to the development of the harpe
cloantkus would come first : cloantkus— cly menus—sumatranus.

The numerous subspecies of P. sarpedon provide us with a number of inter-

esting facts. The Papuan form ckoredoti of sarpedon inhabiting Australia and
New Guinea (inclusive of the islands near it) bears in colour and pattern a rather

close resemblance to the specimens of the spring brood of sarpedon sarpedon from
North India, bnt is distinguished from the Indian form in the shape of the valve

and harpe, in which organs ckoredon is similar to anthedon from the Southern
Moluccas. The latter, however, differs in colour from ckoredon, agreeing in that
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fesj)eot with (lodiiiqensis from tUe Northern Moluccas, which agiiiu has the liarpe

and valve different from those of anthedon, aud is moreover distinguished from its

colour-ally by the presence of au additional red spot on the underside of the hind-

wing. This spot is presL'ut only in (hdingensis and the two Celebensian forms,

milon found at lower elevations, and monticolus discovered recently at higher
elevations on Mount Bonthain. The mountain form monticolus agrees in colour

with sarpedon sarpedon from India and the Suuda Islands, also with the three

representatives from the lesser Sunda Islands, comes in the shape of the liand of

the forewing near dodingensis, agrees in the size of the third spot with timorensis,

stands in the male genital armature intermediate between milou aud dodingensis,
and hence differs in this resjiect obviously from sarpedon, has the before-mentioned

red spot like milon and dodingensis, and differs from milon conspicuously in the

shape of the wings, in which it agrees with sarpedon from the greater Sunda

Islands. Would it really be possible to infer from such characters which contradict

each other, pointing each in a certain direction of its own, the history of the origin

oi c/ioredon, dodingensis, monticolus, etc.? Does not such a mixture of relations in

opposite directions rather indicate that the similarities and dissimilarities found in

representative forms are no signs of a closer or less close phylogenetic connection,

and that we have to search for another explanation of the phenomena which will

meet the contradiction of the characters ?

Fapilio aristeus anticrates from North India resembles the Quceuslandian

representative parmutus so much in pattern that Professor Eimer in his somewhat

superficial work on the Papilios allied to podalirius (" Schwalbeuschwanze '") did

not perceive the slight differences ; whereas in the development of the valve and

harpe anticrates and parmatus are opposite extremes. The forms inhabiting the

interjacent countries are all much darker, and therefore have a closer resemblance to

each other than to anticrates and parmatus (apart from some intergraduate examples).

Hence the forms geograj)hically widest apart would, according to the colour, be the

nearest " related." The valve and harpe, however, are in parmatus exactly as in

the externally different aristeus from the Moluccas, which again could be inter-

preted as being au expression of close relationship. In hermocrates from Burma,

Borneo, the Philippine Islands, and the lesser Snnda Islands, the genital armature

stands somewhat intermediate between that of anticrates and parmatus, but agrees in

the form of the ventral dentate ridge obviously better with that of the first. As
liermocrates and aristeus are connected by intergradatious (occurring in Burma) in

the wing-pattern as well as in the genital armature, au arrangement of the four

allied forms according to the similarity in pattern would be thus : parmatus

(Queensland and New (jixxxxi^s^— anticrates (India)— /ier««)c';-rtte (Borneo, Philippines,

lesser Suuda Islands)
—aristeus (Blolnci-is) ;

while the arrangement according to

the similarity in the organs of copulation would be this : a/tticratea —hermocrates —
aristeus —

parmatus.
The representative occurring on the island of Celebes (and some islands south

of it) is treated as a distinct species (by Eimer even as belonging to a widely

different group). In the wing-markings it agrees best with hermocrates, but has

mostly one band less ; in the forewings being falcate it comes again closer to

hermocrates, which is also geographically the nearest form, than to aristeus,

anticrates, or parmatus. As rhesus is au exaggerated development of P. aristeus,

differing from it in a similar way as androcles (Celebes) does from untiphates (India

and Malayan Islands, Philippines, Moluccas), it sounds very reasonable to consider
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it to have developed from that form of P. aristeus to which it comes nearest in the

before-mentioned points, namelj' from P. aristeus hermocrates. Au examination of

the valve of the male shows, however, that there is also very good reason to deduce

rhesus from P. aristeus aristeus or pannatus. The ventral dentate ridge is in the

eastern forms (rhesus, aristeus, pannatus) half-ring-shaped (f 83, 84), and at a

glance distingnishable from the smaller, onl}' slightly curved, ridge of the western

forms (anticrates and hermocrates, f. 73, 74) ; as intergradations in the two kinds

of ridge are unknown (akhough we have examined a great many individuals), the

constant difference in the ridge would be regarded by many systematists as justi-

fying a specific separation of the western forms from the eastern ones, in which case

P. rhesus agreeing in the ridge very well with the eastern forms, apart from minor

differences, would ajjpear to be closer allied to aristeus and parmatus than to

hermocrates and anticrates, and hence could be considered a descendant of P. aristeus

aristeus from the Moluccas.

If we take A, B, C as three geograpliical representatives, «, and a-, as the

different degrees of development of the wings of these forms, and i, and b-, as the

different degrees of development of the organs of copulation, the several cases above

adduced, which we think sufficiently illustrate the questions we are to deal with, can

be put diagrammatically as follows :
—

A \ B \ C

b, I b.,
1 b.

The dilemma arising from the contradiction of the characters of geographical

representatives allows a satisfactory solution, if we take into account, firstly, lluit

according to the theory of evolution the peculiar modifications of the organs of

a certain animal are partly inherited and partly acquired, and that therefore a

similarity between two forms, and a dissimilarity, a priori neither prove nor

disprove a close phylogenetic connection of the forms ; and secondly, that when
the similarity between two forms is due to inheritance the character common to

the two forms is inherited either by both independently from the common ancestor,

from which also other forms which have lost that character have descended, or

by one of the two forms from the other. The conclusions generally deduced in

systematic and other works from the similarity and dissimilarity of geograi)hical

representatives in respect to the Geographical Distribution of Animals as a science

(not as a mere statement of facts) are to our mind mostly based on the erroneous

assumptions, firstly, that every similarity is due to inheritance, and secondly, that

the presence of a pecnliarity in two forms must necessarily be due to the common
character being inherited by one of the two forms from the other. Let us, then,

briefly inquire into the question of the probable origin of the similarities and dis-

similarities of allied forms, and try to arrive at a correct estimate of their actual

value in our judgment of the relationshij) of the forms in which they are observed.

If we recall to mind that the develojiment of a species into more species is

possible only by means of isolated transforming factors associated with a more
or less complete prevention of the affected portion of the species from interbreeding
with the original stock, the distinguishing characters of locally separated allied

forms, which we must regard as the outcome of the transformation of a common
ancestral form, must be due to the eftect of isolated evolutionistic factors of any
kind present in the district inhabited by each single representative form. It is quite

jpossible that when a species separates thus, first into subspecies and then into
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representative species, one of the descendant forms remains identical with the

original form ;
bat considering that in all widely distributed groups of representative

forms a considerable time must have elapsed before the insects could spread over

the whole area —for instance, from North- West India to the Solomon Islands —it

is at least in such cases more probable that the form now inhabiting the country

where the ancestral form lived has also more or less changed in characters. And
this is the more likely to be true as we know from experiments that the time required

to bring about a change in colour in Lepidoptn-a is very short, and as we further

know that a change, within a short time, has taken place in the famous Porto Santo

rabbits, some birds, and a great number of plants. From the comparison of

Beasonal forms, which are the more different the greater the contrast of the seasons

is, with artificially produced varieties, we can with safety conclude that the

degree of divergency of representative forms largely (not entirely) depends
on the intensity of the transmuting factors, and that therefore a wider gap
between two otherwise allied forms does not necessarily imply that the two animals

or plants have been separated for a longer time than less different allies. As

it is also well known that the intensity of the biological factors does not gradually

increase or decrease as we proceed from one (geographical) extremity of the range

of a group of representative forms to the other extremity, it is evident that the

degree of diversity of two forms can be independent of the geographical position

of the areas inhabited, and that the more similar forms can live widely apart, while

the more dissimilar forms may live closer together.

Though the differences between representative forms are the effect of the

action of some kind of local biological factors, it does not follow with necessity that

the respective factors are found in every place where a certain form now occurs ;

on the contrary, we have instances that species when living under different con-

ditions do not show any change in their characters. For example, the island of

Kalao, south of Celebes, is inhabited by the Celebensian Papilio rhesus, and the

Kalao individuals are to our knowledge not distinguishable from the Celebes rhesus.

The other species of Papilio found on Kalao (and Djampea, which is close by) are

all conspicuously different from the Celebensian representatives, and have mostly

developed to peculiar forms not known (as such) from anywhere else ; hence there

must be biological factors peculiar to those islands which have not had any effect

on P. rhesus. That rhesus is a true Celebensian insect (i.e. originated from the

ancestor of P. aristeus on Celebes) is virtually proved by its characters being (luite

analogous to those of many other Celebensian forms. Curiously enough, on the

island of Djampea, which lies north of Kalao and therefore is somewhat closer to

Celebes, Mr. A. Everett obtained no specimens of rhesus, but a long series of the

Malayan representative P. aristeus hermocrates, during the same mouth when

he found a good series of individuals of P. rhesus and no hermocrates on Kalao.

The fact that rhe.ius is the same on Celebes and Kalao admits three explanations:

(1) The biological (trausmntiiig) factors are in respect to rhesus the same on both

islands, which would mean that uu Djampea, as iniiabited by a representative, the

corresj)onding factors must be different. (2) The biological factors are different on

Celebes and Kalao, but the characters acquired by rhesus under the action of the

Celebensian factors have become inlieritable. (3) The characters oi rhesus and its

representatives are not acquired under the influence of biological factors.

If, however, a change in the biological factors does not necessarily imply that

a change in the characters of every liwng being will take jilace, it is intelligible
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that in geographical representatives, wliich live nniler the iuflnence of different

biolosrical factors, one or the other character can remain nuaffected. When this

takes place indejieuclently iu several forms which represent each other, the preserved
character of the common ancestor renders those forms more similar to each other

than to the other representatives which live nnder conditions that have modified

the respective character, while the actual blood-relationship is the same between

all the forms. On the other hand, it conld also be thonght possible that, when a

species gradually sjjreads over a larger area and deveIoj)s into a number of repre-

sentative forms, now and again a character acquired by a new form A occurring in

locality M will remain unaltered in form B living in locality ^V which is a

descendant of .1
;

in this case the presence of the same character in forms ^l and B
would imjdy that the forms are closer connected with one another than li is with

any other ally except its own descendants. However, if we admit this case to occur,

we should maintain that an acquired character is inheritable when the conditions

which have brought it into appearance are absent, and we thus should decide

offhand tlie much-contested question whether acquired characters are or are not

inheritable. Notwithstanding we believe that ultimately the inheritance of acquired
characters will be proved, the contest clearly shows that it is in every case a mere

assumption, if we conclude from the presence of the same character or similar

characters in two representative forms that one of the two is tlie parent, the other

the daughter form.

If divergency is the effect of transmuting factors, could not similarity also be

the outcome of biological factors in different districts ? Many facts, for instance

the similarity of desert forms, point to an affirmative answer; but we have an almost

certain proof furnished us by tlie experiments
* of Standfuss, who succeeded in

breeding under artificial conditions from ordinary European Lepidoptera such forms

as come close to their geographical representatives. As Standfuss was able to pro-
duce from our common Vanessa antiopa specimens similar to tlie Central American

form (thomsoui), there can no longer be any doubt that a similarity iu a cliaracter of

the representative forms of a species can come about in widely separated countries,

and will come about when the conditions are favourable.

Taking into account all the points here adduced, it seems to ns obvious that all

the evidence points to one end, namely, that the similarities and dissimilarities

exhibited liy representative forms are not an expression of closer uv less close phylo-

genetic connection, but an expression of the similar or dissimilar effect of the action

of the different and similar biological factors on the organs in every locality. If we

apply this conclusion, which is a necessary consequence of the assumption that the

theory of evolution is correct, to the facts observed in the Papilios, there is no

longer any contradiction in the characters of the wing and the characters of the

organs of copulation. That Papilio ariateus anticrates from India .agrees with the

Pajiuan representative in the colour, but disagrees with it entirely in the harpe,

that the Chinese /'. c/oantkus is in the harpe more similar to the Suraatran than to

the North Indian form, that P. mrpedon teredon from Ceylon and South India

agrees best in the wings and genital armature with the forms occurring on the lesser

Sunda Islands and disagrees widely with the form inhabiting all the interjacent

countries, that the Nicobar form of /'. (ujamemnon is in the jiresence of a series of

red spots on the underside of the hindwing similar to the representative from the

•
St.nndfiiss, Hanilhiichfiir SchwetterlingniammJer 189(>,
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Solomon Islands (!j, and so on, is no more miracnlous than the fact that there is

seasonal and local variation.

Now, when we observe, for instance, that the Chinese P. ewypi/lus agrees best

with the Andaman form of that species, and that tlie Chinese P. antiphatrs comes
close to the (.'eylon form, while in both cases the representative inhabiting North

India, Burma, and Tenasserim is different, it would certainly sound preposterous to

explain the similarity in characters by assuming that there was at a former period
a land-connection between Ceylon, the Andaman Islands, and China independent of

Continental India. If we concede that this explanation cannot possibly be accepted,
and that consequently the similarity finds a correct explanation in the assumption
that it is merely the consequence of the similar eifect of the biological factors —the

effect is positive in respect to the characters which are modified, and negative in

respect to the characters which are not modified —of Ceylon, the Andamans, and

China, it is not difficult to perceive what great bearings the questions here discussed

have on the Geographical Distribution of Animals. Before proceeding to draw the

consequences, let us for a moment consider what is the aim of the study of the

Distribution of Animals.
" If we keep in view . . . that the present distribution of animals upon the

several parts of the earth's surface is the final product of . . . the wonderful

revolutions in organic and inorganic nature," says Wallace,* ..." it will be

evident that the study of the distribution of animals and plants may add greatly to

our knowledge of the past history of our globe. It may reveal to us, in a manner
which no other evidence can, which are the oldest and most permanent features of

the earth's surface, and which the newest. It may indicate the existence of islands

or continents now sunk beneath the ocean, and which have left no record of their

existence save the animal and vegetable i)roductions which have migrated to

adjacent lands. It thus becomes an important adjunct to geology. . . . Our present

study may often enable us, not only to say where lands must have recently dis-

appeared, but also to form some judgment as to their extent, and the time that has

elapsed since their submersion." Indeed, the distribution of animals and plants,

especially if the extinct forms are also taken into account, illustrates wonderfully
the past history of the earth's surface, and the main object of the study of the dis-

tribution of animals and plants is to arrive at conclusions as to the probable past

changes in the geological features of the earth. This has so plainly been recognised

by nearly all recent systematists, as a glance in a volume of the Proceedings of
the Zoological Society or of the This will show, that, when dealing with a certain

group of animals from a certain locality, they endeavour to draw from the affinities

in tlie fauna of the respective district witli that of other districts conclusions

relating to tlie geological history of the locality, and it is very generally assumed

that similarity iu the components of the fauna of two areas means close

geological connection, while great dissimilarity means long geological separation.

So true this is in a great many cases, so erroneous is the generalisation. Nevertlie-

less it has very often been entirely lost sight of that the present distribution of

animals and jilants is, to use Wallace's words,
" the final product of revolutions iu

inorganic and onjanic nature," and that accordingly the differences iu the fauna of

neighbouring districts and the similarities in the fauna of geographically widely

sejiarate areas can be quite indciiomlent of the geological history of the region iu

(juestion. If we now recall to mind what we have said above about the similarity
* Piitrihution of AnimaU 187<*. ]>. 7.
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and dissimilarity in the characters of representative forms, it wUl be evident that the

difference iu the fauna of neighbouring districts is dne to two kinds of eutirel}'

dift'erent factors, geological and biological factors, and that the study of the

geographical distribution of animals and plants consists of two branches —the

geological branch, which has to do with sucli discrepancies in the fauna and flora

as allow conclusions to be drawn as to the geological transformation of the

districts in question, and the biological branch, which has to do with those other

differences from which we can draw conclusions as to the transformation of the

animals and plants in question. And now we can extend our former conclusion that

differences in the characters of representative forms which stand in close phylo-

genetic connection are an expression of the differences in the biological factors of

the districts concerned, to those forms which are representatives in a biological
sense and exclude each other in conse()n('nce of a similarity in habits, and again to

those which cannot exist beside one another in the same district, because they are

so different in habits that they require a resj)ectivply different environment. It is

certainly conceivable that the absence of woodpeckers, which abound in the Indo-

Malayan Region, from the lesser Snnda Islands (and all the islands farther east)
could be due to the presence of cockatoos, which are, like those, hole-breeders, though
we do not maintain that this similarity in habits is tlie actual reason of the two

widely different groups of birds excluding each other in that region ; while, again,
the discrepancy in the composition of the West African from the East African fauna

is readily explained by the former being a wet forest country, the latter an open and

dry country, and the affinities which the West African forest region has in the fauna

with the ludo-Malayan Region, and the analogous affinities of East Africa with

Western India, are consequences of similar physiographical conditions of the

countries, just as the difference in the characters of the West African, East

African, and Malagassic morphologically allied representative forms —which I shall

call morphological representatives, as distinctive of biological representatives
—are

due to differences in the transmuting factors of the respective districts. The con-

trast in which these explanations of faunistic discrepancies stand to the explanation
of those discrepancies which are caused by geological factors is strikingly illus-

trated by a comparison of the fauna of Madagascar witli that of Africa, iu so far as

we have rightly to conclude from the absence of the large Carnicora ami Ungidata,
so abundant iu Africa, from Madagascar tluit this island must already have been

isolated from Africa by a wide sea-arm at tliat time when those animals immigrated
from the North into the Aethiopian Region.

The difference in tlie fauna of various districts is further dependent on the fact

that different animals are, as said before, affected by the transmuting factors of a

certain locality in a different degree, so that often some forms are, while some are

not, modified in characters. We have consequently to take into account also the

physiological constitution of the animals when treating upon zoogcographical

questions. Hence it is evident that the result of the division of the earth's surface

in zoogcographical areas must be ditt'erent according as we take the faunistic dis-

crepancies depending on the geological factors as the base of division, or those

differences which are caused by the biological factors; and again, if we take the

biological division, it is obvious that tlie extent of the areas must be quite different

according as to which animals are taken into consideration.

Although Wallace has emphasised, throughout his Geographical Distribution of
Animals, the high importance of tlie geological branch of zoogeography relating to
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the past history of the earth and its inhabitautt
,

the minor zoogeographical districts

have by most authors been delimitated according to differences which are the effect

of biological factors. Considering, however, that different environment, such as

forest, open land and desert, fresh and salt water, naturally gives subsistence to

different animals, and that therefore physiographically different districts a py-iori
are known to have a different fauna, the division of the earth's surface in

such zoogeographical districts as are identical with physiographical districts

(Sharpe's West African Subregion = district covered with forest ; Merriam's

Sonoran Subregion of North America = arid country) is as snch of very little value,

concerning more the geographer than the zoologist. And taking further into

account that we now know perfectly well that in every district where the physio-

graphical (and meteorological) conditions are different from those of other districts

these differences are accompanied by modifications of the characters of some of the

animals, the simple statement that a certain number of the inhabitants are different

from the representative forms of the adjacent districts is, like the mere record of

the discrepancy in the composition of the fauna, of little conserpience for science, as

from those statements as such no new general conclusions can be drawn. The

biological branch of the study of the geographical distribution of animals, therefore,

must have another aim, and that is to be to Zoology what the geological branch is

to Geology, namely an adjunctive science which, by a comparative study of the

differences in the environment and those in the animals, may help greatly to find

the causal connection between the modifications in the organs of the animals and in

the environment (in the widest sense), and thus conld reveal to us the history of the

descent of the forms of animals.

For the sake of illustration let us apply these conclusions to the Papilio fauna

of a small area, for instance the lesser Sunda Islands. We select this group of

islands for two reasons : firstly, because the discrepancy existing between their

fauna and that of the larger Sunda Islands has been accounted for by Wallace by

geological factors ( Wallace's lifie) ;
and secondly, because our conclusions derived

from the Papilios stand in ojjposition to those which Wallace derived from the

avifauna. As a complete exposition of the zoogeographical relations of the islands

between Lombok and Timor* would be much too extensive for our present purpose,
we will restrict the discussion chiefly to the two questions : (1) what conclusions can

we draw from the' composition of the Papilio fanna of the lesser Sunda Islands with

respect to the geological history of the group of islands ? and (2) is there anything
in the distinguishing characters of the Papilios which can serve to solve a question

relating to the phylogeny of animals ?

The islands of Lombok, Sambawa, Sumba eastward as far as Lctti and Moa, are

inhabited by fifty odd different forms of Papilio, which we can arrange in eighteen
series of closely allied representatives. Of these eighteen series one (cafiopiis-series)

is distributed farther east over the Tenimber Islands and North Australia to the

New Hebrides, but has also some allies in the Indo-Malayan Region; the perant/ius-

series occurs from Java to New Guinea, but is aljseut from Australia
; another,

halipkron-SitviGs, is found in Celebes and not in the lndo-;\Iiilayan Region ; a fourth,

antiplmti's-aeviiiii, is found all over the Indo-Malayan Region, Celebes, and the

Northern Moluccas, but is absent from the Southern Moluccas, Australia, New

Guinea, and the islands farther east. Seven series reappear in the ludo-JIalayau

•
Compare also Doheity, Thr HiittirtlUn of Siimba ami Sambawa, in Juiini. As. See. licng. 1S!)1:

Pagenstecher, Uiber die LeyiduptirLn von Humba vnd Sambawa, in Julirb. A'asit. T'cr. .V«/. 1896.
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and Papuan Regions ;
while again seven series are found in tlie Indo-Malayan

Region, three of them iilso in Celebes, all seven being absent from the Papnan

Region.
The lesser Snnda Islands have therefore not a single series of representatives

which is purely Australian. From tliis fact we have to conclude that the immigration
of the Papilio fauna cannot have taken place from Australia ; and as the physio-

graphical and meteorological conditions of the islands resemble in many respects

more those of Northern Australia than those of the larger Sunda Islands, the reason

why no Australian types immigrated cannot lie in the biological conditions of the

islands, and hence must be accounted for by the assumption of another barrier

against immigration. This barrier most probably was, at the time wlieu the lesser

Sunda Islands became first populated by Papilios, the same which we perceive at

the present epoch, namely the wide Timor Sea separating Timor from Australia.

If we leave out of consideration as being iudiHerent the types which occur in

the Indo-i\Ialayan and Papuan Regions, there remain eight series of representatives
which the lesser Sunda Islands have in common with the Indo-Malayan Region,
and which are absent from Australia and New Guinea, four of them being repre-
sented also on Celebes, and one also on the Northern Moluccas ; opposite these eight

types stands one single Celebensian type that is absent from the Indo-Malayan

Region. The Indo-Malayan element, therefore, is so strongly predominating that

we must assume that there never existed any mechanical barrier of consequence

preventing migration of the Papilios from the greater to the lesser Sunda Islands

(or in the opposite direction).

Nevertheless there is a marked discrepancy in the fauna of the nearest of tlie

larger Sunda Islands, Java, and the lesser Sunda Islands, as fourteen Javan

types are not represented on any of the islands east of the Strait of Lombok, while

six types occurring on the lesser Sunda Islands (except Lombok) are not known to

have a representative on Java. From the fact that out of the eighteen series of

representatives of the lesser Sunda Islands twelve occur on Java it is evident that

the absence of fourteen Javan tvpes from the lesser Sunda Islands, and the absence

of six lesser Sunda Islands tyi)es (five of which are represented in other ])arts of the

Indo-Malayan snbregion) from Java, cannot acce])tably be explained by the sugges-
tion that there existed at a former period a very much wider strait between the

lesser Sunda Islands and Java than there is now. And taking into account the

Papilio fauna of Lombok alone,* whicli island has not a single Papilio type that

is absent from Java, it is obvious that there is no evidence in favour of the as-

sumption that the Strait of Lombok has changed in width since tlie appea;rance of

the Pajnlios on the Malayan islands. If we exclude Lombok from the lesser

Sunda Islands, and comj)arc the Papilio fauna of the rest of the islands with that

of Java, there is an important numerical discrepancy whicli amounts to more than

60 per cent, of the total number of the series of representative forms (as opposed to

the total number of representative forms) inhabiting Java and the lesser Sunda

Islands. As this amount t is very high compared with the numerical discrepancy

* The island has recently been visited by three explorers (W. Uolierty, A. Everett, and

n. Fruhstorfer).

t As Flores is lepidopterologieally almost a blanlc the numbers m.ay become quite difiercnt in con8(Squence

of the exploration of this large island. The al)sencc of many types from small islands which are found on

neighbouring large islands is quite natural, considering that the small islands do not afford so great a

variety in the conditions of life as would be required by a multitude of diverse inhabitants.
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between Sumatra aud Java (about 3« per cent, of the total nnmber), and that

between Sambawa and Timor (33 per cent, of the total nnmber), and is not mnch
inferior to the amount of discrepancy between the lesser Sunda Islands and
Australia (65 per cent.), the lesser Sunda Islands can be considered as a faunistic

district in opposition to the greater Sunda Islands and Australia ; and it is very

interesting to note that almost the same amount of numerical discrepancy must in

the case of the lesser Sunda Islands and Java be accounted for by biological

factors, while in the case of the lesser Sunda Islands and Australia the only

acceptable explanation is the assumption of the existence of a geological barrier

between Australia and Timor at the time when the lesser Snnda Islands became

populated by Papilios.

Turning now our attention to the second (|uestion proposed above to be

discussed, we note that the characters of tlie fortj'-seven specifically or subspecifically
different representative forms of Papilio occurring ou the lesser Sunda Islands are

such that forty-one of the forms are not found (as such) outside the group of islands,

and hence are "
peculiar

"
to the group. As these forty-one forms are so distributed

that every island has some of its own and otiiers in common with other islands of

the group, while not a single form is identical on all the islands and at the same
time distinguished by some peculiarity from the representative occurring on Java,

Borneo, or in Australia, each island is in fact a small faunistic district, and the

question arises whether the faunistic peculiarity exhibited by each island is not due,
instead of to differences in the biological conditions existing on each island, to

the mechanical separation of the islands by arms of sea, aud hence finally woulil

have to be referred to the action of geological factors. In the introduction we have

endeavoured to show on a priori grounds that mechanical geographical separation
as such cannot give rise to a new form ; let us now consider the a posteriori reasons

which speak against the origin of forms by mechanical isolation.

The widely distributed Papilio surpedon has on the lesser Sunda Islands

developed into three subspecies, one inhabiting Adonara, Sambawa, and Lombok—
specimens from the latter island come very close to tliose from Java —a second

found on Sumba, and a third occurring on Timor and Wetter. The external char-

acters of the Timor form are such that it agrees in the shape of the hindwing best

with the representative from Ceylon, in the breadth of the band of the forewing with

the Austrnlian form, and in the special shape of the anterior portion of the band
with montiroliis from Celebes, while it bears also great affinities to the forms from
Sumba and Adonara. Setting apart all the reasons brought forward against the

theory of isolation in the introduction, and conceding, for the sake of argument, that

geographical isolation of aberrational sjiecimens could lead to the origin of a new
form of animal without the help of any biological factor, the combination of difterent

affinities in the wing-characters of the Timorese, Sumbanese, or Adonaranese

sarpedon forms might be thought due to the first specimens immigrated into each

island having accidentally possessed the respective combination of characters. As
a combination of characters such as exhibited by P. sarpedon timorensis is not found

even in a less obvious degree in any specimen of sarpedon from the larger Sunda
Islands and Australia wo have seen, and therefore must be very rare, it is certainly

scarcely probable that just such specimens wliich ha<l that combination of characters

should have hai)])ened to be the first to come to Timor ; and this applies to all those

localised forms, not only of the lesser Sunda Islands, l)nt also of all other districts,

the characters of which point iu diiferent directions. The improbability, however,
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changes into impossibility, if we take further into account the characters of the

organs of cojiulation. ^Vp know from the researches laid down in the body of this

paper that the genital armature varies quite independently from the wings and
their markings, and that therefore the association of distinguishing cliaracters

relating to the wings with such found in the organs of copulation in morph-
ological representatives has nothing to do with correlative development; in not a

single case have we observed tliat a certain aberrational wing-charucter constantly

reapjiearing among the individuals of a certain geographical form of Papilio is

accompanied by an aberrational character in the organs of coptdation. As, how-

ever, most geographical races are distinguished by characters of the wings and
characters of the genital armature, it is evident that the explanation of the pecu-
liarities in the wing-markings of a representative form by mechanical isolation

of parent specimens which accidentally possessed those peculiarities (in a lower

degree) is not an explanation of the presence of the peculiarities in the organs of

copulation of the respective form. In order to account for the fact that P. sarpedon
Umorensis is (in the sexual armature of the male) different from all other forms of

sarpedon, and comes in these organs nearest to the Ceylonese, Sumbanese, and
Australian forms, and disagrees considerably with the representatives from

Adonara, Sambawa, Lombok, and the Indo-Malayan llegion, the theory of isolation

would have to assume that the ancestral specimens of timorensii, no matter wlicther

they immigrated into Timor from Australia or from the Malayan islands, must
have been distinguished by a rare mixture of external peculiarities combined with
an equally rare character in the organs of copulation. The rarity of such a combina-
tion in aberrations —in fact we never have found an aberrational individual in which
the characters of both the wings and genital armature pointed in the direction of

one representative form, instead of in diflf'erent directions —is directly opposed to

the fact that most geographical races exhibit that combination ; this contradiction

can only be solved by abandoning the assumption that the association of distinguish-

ing characters of the wings with such of the sexual organs in localised forms is due

to the geographical isolation of ancestral individuals which accidentally possessed
such a combination of characters, and by accepting as the final cause of the presence
of those characters the modifying action of isolated biological factors peculiar to

the district where the peculiar form has originated.
If we thus attribute the existence of diflerences in the characters of the speci-

mens of the same species inhabiting different districts to the presence of a difference

in the biologiciil factors of the districts, the degree of divergency of the forms is

dependent on the degree of sensitiveness of the species to the action of the external

biological factors, as maintained by Darwin, and after him by Weismann and others,

in several places ; furtlier, on the intensity of the factors and the time they have

been active ; and thirdly, on the degree and duration of mechanical isolation as a

prevention of the annihilating effect of intercrossing. As a difference in the i)liysio-

logical constitution of various species can be proved only by rearing them under

exactly the same external conditions, and as we do not know in the case of species
found in the same small island whether they actually do exist under the same
external influences, it is not possible for ns to decide with any degree of certainty
whether the difference in the amount of divergency exhibited by the forms occurring
in the same district is due to the ditfereut physiological constitution of the species

differently affected, or to differences in the special e.xternal conditions under which

each species perhaps exists. Nor are we able to say whether the greater diversity-
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exhibited by a certain furm is dne to the form having come under the inflnence of

the biological factors of the respective- district at an earlier period than another

form which shows a less high degree of divergency, unless the sensitiveness of the

forms has been tested by experiment. And again, the higher or lesser degree of

geographical isolation, though often corresponding to the greater or lesser diversity
of the isolated forms, is a factor the actual influence of which it is in a given
case scarcely possible to estimate rightly. The great diversity of the representative
of Pripilio peranfhus on the island of 8nmba compared with the lesser diversity

between the representatives inhabiting Java, Sambawa, Timor, Kalao and Djampea,
Celebes, etc.

;
the high degree of specialisation of the representative of Papilio

memnon ou Timor compared with the lesser degree of divergency of the forms

occurring on Sumba, iSambawa, Lombok, Java, etc.; the absence of a difference

between some Lombok and Java forms of Papilio which on the other lesser Sunda
Islands have developed divergently, compared with the presence of a difference in

other Lombok forms ; the great similarity between the specimens of Papilio sarpedoii
found in the area extending from N.W. India to Lombok, the gradual transition to

the more divergent Adonara form, and the obvions divergency in the pattern and

shape of the wings and the sexual armature (of the t?) of the forms inhabiting

Sumba, Timor, and \\'etter respectively, compared with the great diversity of so

many forms in N. India, Sumatra, Java, Lombok, Sambawa, and Adonara ; the

identity of the Malayan form of Papilio aristeus on the Philijiitines, Borneo, the

lesser Sunda Islands, and the island of Djampea, comj)ared with the great diversity
exhibited in the same area by Papilio memnon and other species, and so on, are

phenomena which seem to us most readily explainable by the surmise that the

diverse species are sensitive in a different degree to the external biological factors
;

while the surprisingly great divergency of so many Celebensian Papilios must be attri-

buted to a high intensity of the biological factors on that islanil and to a high degree
of geographical isolation. However, it does not appear to us very probable that the

narrow sea between Celebes and Borneo i.s a sufficiently effective barrier to prevent

passive migration
* of the wides2)read and common low-land Papilios of Borneo,

such as P. ayamemnon, sarpedon, polytes, etc., from Borneo to Celebes; and the

same could be said of 'New Guinea, New Britain, and other islands. In fact the

absence of intergraduate specimens between two representative forms in localities

which are geographically close together
—the intergradations may occur in other

localities —makes it manifest to us that, as the effect of the biological factors would
in these cases be annihilated, or at least much les.sened, b}' specimens of the old

stock coming into the country in consequence of the insufficiency of the geographical

barrier, there must lie another factor active to assist the external biological factors

to such a degree that the migration of fresh individuals, if it does not take place

very often, is not able to prevent divergent development. Now, recalling to mind
the kind of variation in the scent-organs found to exist in a certain moth, as men-
tioned ou p. 43.T, it is evident that where such a variation takes place in the

geographical forms of a species the difference in the organs of smell and scent must
be of great influence as preventing (to a certain extent) intercrossing between racial

* Passive migration by means of hurrieaaes seems to occur often among birds, as the records of foreign
birds found in England prove ;

in the case of Lepidoptera the power of resistance is certainly slighter, but

the effect of migration in respect to intercrossing with specimens of the same species in the new locality

will often be annihilated in consequence of the ncw-comern having too much suffered to tie fit for

propagation.
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forms, so that the distiuguisLiug cLaractei-s eau accumulate iu spite of the occasional

immigration of specimens of the old stock. As we shall have to deal with this kind

of ])hysiological selection, which in fact is a kind of sexnal selection, in another jilacc

when treating upon the variation of glandular organs in Le/julopteru, we do not now
enter upon a discussion of that factor. The variation of Lepldopteni explained in

the present paper points, however, to a further factor being active, the importance
of which as a means of prevention of intercrossing has been recognised as far back

as 18411, and we shall try now, on the ground of our researches, ti> estimate tlie

influence of geographical polymorphism in the sexual organs upon tlie divergent

development of the Lepidoptera.

C. Mechanical Selection.

The genital armature of Lepidoptera has the function of a special prehensile

apparatus during copulation. As such apjiaratus is found in all Lepidoptera, we can

conclude that its function is of high importance for the act of copulation. When,
however, a physiologically important organ is found to be of a different structure in

every two species, it is likewise correct to conclude that the difference in the

structure has some physiological significance. Hence we think that the inference

to be drawn from the fact that the copulatory organs are different in different species

has to be that the siiecialisation iu structure means a specialisation in the function

as prehensile organ —i.e. that, as with the help of the apparatus the male has to take

a hold on the female and the female on the male, the organs of the sexes of the

same species are best adapted to each other. This inference implies that specimens
of diverse species can less easily copulate than specimens of the same sj)ecies, and

that there might be cases iu which copulation between different species would be

impossible in consequence of the highly divergent specialisation of the organs of

copulation. A similar view has been held by the earlier writers on the subject,

Siebold* and Uufour, f the latter giving expression to his opinion in the well-known

sentence that " Varmure copulatrice . . . est la garantie de la consercation dex types,

la sauve(/arde de la legitimite de Vespece."
The different development of the organs of copulation is here alleged to be

a means of i)reventiou of intercrossing between specifically different specimens, and

the same has more recently been said by Escherich,| noffer,§ and others. Thougii
we know from experience that Escherich's assertion that an effective copulation
between diverse species is never possible is erroneous, and that therefore Verhoeffll

is right in rejecting this ])art of Escherich's theory, it remains nevertheless evident

that under the premiss that the male and female of one sjiccics really are a(lu])ted

to each other in respect to the genital armature, specimens which are not adajited to

each other cannot so easily imite in copulation, and that even when a union is

effected the penis will sometimes be prevented from entering the vagina iu con-

sequence of the vaginal armature, to which tlie organs of that male are not adapted,

being a mechanical barrier. Before, however, this conclusion can be accepted,
it has to be ascertained whether the actual structure of the female and male genital

armature is in accordance with the above i)remiss.

Gosself was quite rigiit in expecting to find that "every peculiarity in the

•
Vrrgl. Anat. Berlin, 184S. § 354. note 1'. ^ Mitth. Nat. Vir. Steirrmai-lr. 1888.

t Ann. Sc. .Xat. (H). I. 18<4. p. 253.
]|

Knt. Xachr. 1893. p. 44.

X Verh. z. b. 6e». 1I'(V«. 18'.I2. p. 234. ^ Tram. Linn. Svc. Land. (2). II. 1883. p. 279.
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])relieiisile organs of the mali>. would liave a corresjioiidiug jiecnli.irity in that part
of the fumale body which they were foriued to grasp," but he failed to discover
" the corresponding pecnliarity in the femdle" as he labonred nnder the erroneous

assumption that "it is the cxfirior of the final segments of th.Q female abdomen
that are seized in coitu.'''' We have been able to show in the Ijody of this jiaper

that the male claspers seize in copulation the protruding vaginal bulb, taking hold

on chitinised folds and riilges, and not the terminal segments ; and we have further

been able to demonstrate the following two important points :
—

(1) We have a pair of Papilio niemnon united in coitu, from which we see

clearly that the harpe of the iiuilc fits exactly the lateral ridge of the vaginal bulb

of the J'emale, while the high and broad processes at the mouth of the vagina,
besides being a guide to the penis, take hold on the internal parts of the ninth

segment of the male. When uniting artificially males ami /ema/eti of other species,

we find that the organs of one sex fit those of the other of the same species, while

the copulatory organs of diflereut species, for instance of a male of F. marhaon and
z. female oi P. podalirius, or of memnon and helenus, (io not fit each other. We
are therefore justified in concluding that the organs of the sexes of the same species
are better adapted to each otlu^r than to the organs of other species.

(2) The vaginal armature is in every species of Papilio examined difterent

from that of every other species examined. As our researches, only part of which
have been laid down in this pajier, relate to a great many species of various groups
oi Papilio &nd othar Lepidopteiv,v,'e can safely say that the females of every species

are, like the males, in the sexual armature distinguished from the females of every
other species. A comparison of the figures on PI. XIX. will show that the

divergency between the apparatus of representatives of diverse groups is in every

respect so great, that it is readily conceivable that a ?nale the aj)paratus of which
is adapted to such organs as represented by f. 181 cannot effectively copulate with

n female the organs of which are so ditt'erent as those represented by f. 163, 179,
or 182.

The position of the vaginal orifice and the lateral fold of the vaginal bulb,
the number, length, and position of the ridges and processes at the orifice of the

vagina, and the develojjmeut of the eighth segment of the female, as well as the

special structure of the clasping organs of the male, are in diverse groups of Papilio
so widely different that there can be no doubt that the divergency in the organs of

copulation has rightly been interpreted by Siebold as a means of prevention of inter-

crossing. It is obvious that the more the organs of different species resemble each

other the less they will be able to prevent copulation. In closely allied species,

therefore, the effect of this mechanical barrier against intercrossing will generally
be less great than in the case of more direrse forms; but we must recall to mind
that even in the most closely related species, such as Papilio eachenor and depilis

(f. 51 and 65), the organs of copulation, though built up after the same plan, can

in the position and direction of the spines, hooks, and ridges of the harpe be so

different that the pi'ehensile organs of the 7nale come in contact during copulation
with quite different points of the vaginal region of the female, and that it is accord-

ingly also in such cases obvious that an intercrossing is not possible without violence.

In groups of Lepidoptera in which the genital armature is very simple the efiect

as a mechanical barrier must necessarily be very slight ; this seems to us to be one

reason why specimens of diverse si)ecies of Saturnidae, for instance, copulate much
easier than is the case with specifically iliffercnt individuals in other groups.
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Notwitlistandinsi it is manifest that tlic difficulty to obtain hybrids is in many
cases to be attributed to the diverse development of the copuhitory organs, the

question is of very little importance as long as we take into account only an inter-

crossino- between species and species. According to our definition, specifically

distinct animals or i>lauts cannot fuse together ; tlie appearance of hybrids has no

influence on the evolution of the species which have produced tliem, thongli they

may obscure the fact of the specific distinctness uf the parents.* Tlie barrier

between species is the degree of diversity already attained, and as this barrier is

absolute, the jiresence of any other barrier must be indifferent. The (juestion as to

the evolntionistic influence of the peculiar development of tlie coimlatory organs,

therefore, does not relate to those forms which have already attained that degree of

diversity which renders a fusion with other forms impossible, but to those lower

degrees of diversity which are still able to fuse together under favourable circum-

stances. Hence we have to inquire whether the variation of the copulatory organs

within the limits of a species is such that the difference in tlie organs in question

between varieties of the same species can be thought to be a barrier against the

sexual intercourse between the varieties.

The efl'ect of the divergency of the copulatory organs in respect to iireventiun of

intercrossing can very well be compared with that of geographical isolation, as the

effect of both the morphological and the geographical factor depends on the extent

of the mechanical barrier. The Atlantic Ocean is certainly an effective barrier

between the Nearctic and Falaearctic Regions, although even such a wide sea cannot

absolutely prevent a migration from one region to the other ; the Ganges Valley

which separates the North Indian from the South Indian fauuii, and the straits

between the various islands of the Indo-Australian Archipelago, are barriers which

render the occurrence of an intercrossing between specimens born on the opposite

sides of the barrier, though by no means impossible, doubtless very rare
;

in fact

every barrier which isolates to any degree, however small the degree may be, a

number of specimens A from other specimens B renders the intercourse of the two

sets of individuals with one another less probable than the copulation of the

specimens of each set inter sc, and hence is a barrier against intercrossing. If,

therefore, the varieties of the same species exhibit in both sexes any diversity in the

the organs of copulation, we can rightly infer that this diversity will act like a

geographical barrier, isolating the varieties from one another to a certain extent

according as the anatomical diversity is great or slight. As our researches have

proved that the premiss of this conclusion is correct as regards the Eastern Papilios,

namely that there are varieties which differ in the genital armature from other

varieties of the same species in both sexes, it is manifest that the diversity in the

genital armature of the PiH)ilios has a great bearing upon the divergent develojinient

of the varieties.

Wehave found that there is individual and geographical variation in the genital

armature of the Eastern Pa])ilios. As regards individual variation, it is obvious that

specimens which have any marked peculiarity in the jireliensile organs, additional

hooks or ridges, in which they deviate from tlie normal, will be at a disadvantage in

* As besiiles the mechanical barrier against intercrossing there is, in most species with highly

developed organs of sense, a psychological barrier active, hybrids must in the state of nature be very rare

in comparison with the number of specimens which are not hybrids. Specimens connecting two supposed

distinct species have not rarely been treated as liybrids, though the natural conclusion from the regular

occuiTence of such intergradations would be that the sujiposcd distinct species form one, di- or polymorphic,

species, provided that the reverse has not been prurnl.
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respect, to propagatiou compared with the uormal specimeus iu whii'h cDpnhitiou is

more facilitated ; monstrosities and sports iu respect to the genital armature, in

short every specimen with an anomalous development of the organs of copulation
is less favoured than the rest of the individuals. Such abnormal individuals have,

therefore, the same position in the struggle for propagation, as in the struggle for

existence those specimens have which are less adaj)ted to the circumstances of life

than their cospecific rivals. If it is right to conclude in the latter case that the

struggle for existence leads iu the long run to a survival of the fit {Romanes), we
can ajiplv the same inference to our special question and say that the specimeus
abnormal iu the genital organs will in the struggle for propagation succumb, and

that consequently the anomalies iu the organs of copulation will become rarer

and rarer, the individuals acquiring gradually by breeding iu and in the same

form of prehensile organs, comparatively few specimens deviating widely from

the normal. It is apparent that the mechanical selection thus eifected will

end in a comparatively great constancy of the preliensile apparatus.* A number
of the forms of Papilio dealt with iu this- paper have attained a remarkably high

degree of constancy in the genital armature, for instance several forms of P. sarpedoii
and P. aristeus, P. alcinous confusus. As the conclusion applies to every segregate
form of Papilio, it is evident that, when a species develops divergently into

geographical races, each race (or some of them) can, and will, acquire a special
normal form of the genital armature, if the evolutionistic factors of the locality

affect the organs of copulation. Many species have not yet attained that degree of

divergent ramification. The geographical forms of Papilio aegeus, machaon, some'

of the races of P. sarpedoii, namely sarpedon sarpedon and sarpedon semij'asciatiis,
the two eastern races of P. aristeus, P. aristeus aristeus and P. aristeus panmitus,
and others, we have found to be identical or almost so with one another iu the

genital armature. In the geographical forms of other species the specialisation in

the prehensile organs is already visible, but not very conspicuous, as in P. rlounthu.-<

chjmenus and P. cloanthus cloantkus ; while in others again the degree of divergency
in the organs of copulation of geographical races is so high that the normal of one

form differs from the normal of the other so much that the one stands far outside

the usual limits of variation of the other. Now, when it happens that forms so

diverse in the genital armature inhabit neighbouring districts, as is the case with P.

sarpedon teredon (S. India), /'. sarpedon sarpedon (N. India to the Philipjiines and

Java), and P. sarpedon milon (Celebes) ;
P. alcinous confusus (China and Formosa)

and P. alcinous loochooanus (Loo Choo Islands) ;
P. bathycles chiron (N. India to

Burma) and P. hathijcles bathi/cloides (Malacca), it is manifest that the occasional

(passive or active) migration of specimens from one district to the other, which we
must concede to occur, as otherwise the wide range of many species would not be

explainable, can have no great retarding effect on the divergent development of the

forms, since an effective copulation of the immigrants with the occupants of the

district is improbable, and as further, if copulation should occasionally be effective,

the characters of the descendants of the new-comers will soon get swamped awa}'

by mechanical selection. Thus it is conceivable that, when a certain degree of

divergency is attained by geographical races, mechanical selection will greatly help

to accelerate evolution, and I hat it is able to prevent retrograde development when

the geographical barrier which formerly separated two forms has, in consequence of

* Marked dimorphism in the organs of copulation to wliicii tlie variation ol' the organs could also lead

does not seem to occur ; see p. 499.
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geological revolutions, become so changed that the isolation is much more incomplete
than it former]}' was. And when the comparatively great diversity in the organs of

copulation has become so constant that intergradations in these organs between two

respective subspecies seldom occur in the area occupied by these forms, though the

subspecies may be connected with one another by intergraduate forms inhabiting
other districts, it is possible that, when the districts of the two subspecies, if

geographically close together, like the Bornean and Philip])ine Islands, become so

extended that they overlap, the two diverse subspecies may live together without

immediate and complete fusion.

It will have been noted that the etfeci attributed to mechanical selection is two-

fold. The variatiiiu of the genital armature caused by transmuting factors of any
kind is so guided by mechanical selection that every incipient species will acijuire a

special armature of its own. As the variation of the organs of copulation is inde-

pendent of that of the wing-jjattern, mechanical selection does not directly affect the

latter ; but its indirect iufiueuce must be of importance, when tlie special genital

armature acquired by mechanical selection lias become so specialised that it is, like

local isolation, a means of prevention of intercrossing.

In consequence of the demonstration of individual and geographical variation of

the organs of copulation it becomes very probable that Eimer's *
interesting sugges-

tion is correct, that the variation of a species concerns also egg and sperm. If

geographical and individual variation in these cells would be deiuonstrablc as in

the case of the ectodermal sexual organs, we should most probably find tliat the

variation in the size and form of tlie sperm and in the structure of the microi)yle

ap]iaratus f of the egjj is independent of the cliaractcrs of the wing and sexual

armature, and that accordingly similar conclusions could be drawn as in the case of

the organs of copulation. As diversity in sperm and egg would partly or totally pre-

vent fecundation, infertility between certain individuals of the same race and between

the s|>e('in]eus of diverse races would be the result of the variation, and lience the

demonstration nf the occurrence of such variation would give an actual base to

Romanes's theory of physiological selection, and thus supply one explanation of that

hitherto unsolved ([uestion how the general infertility between species has come about.
'• Tiie real dilHcnlty," says Darwin,]:

" in our present subject is not, as it

appears to me, why domestic varieties have not become mutually infertile when

crossed, but why this has so generally occurred with natural varieties, as soon as

they have been permanently modified in a sufficient degree to take rank as a species.

Weare far from precisely knowing the cause ; nor is this surprising, seeing how

profoundly ignorant we are in regard to the normal and abnormal action of the

reproductive system."
We observe that the cause of infertility adduced by us would not be physio-

logical diversity, but mechanical impossibility of fertilisation. Mechanical selection

acting in a similar way as in the case of the organs of copulation in the direction of

adajiiing within each race sj)erm to egg by excluding extreme varietal specimens from

propagation, would raise a barrier between the diverse subspecies which would admit

an independent development ending in specific distinctness of mutually infertile forms.

Mechanical selection acts upon variation caused by other factors, and is, therefore,

like mechanical geographical isolation, a preservative, not a [iroductive factor.

• Artb. bei Sehmett. 11. 189.5. p. 15.

t StanUfuBS, llandb.f. deifmctterliiigxtammler IBM.

J 0''igiii uf SpcciiK Gth ed. London, 1888. p. SC.
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