( 426)

ON MECHANTCAL SELECTION AND OTHER PROBLEMS.
By KARL JORDAN, Dr. PuiL.

[Platex XVI., XVIL, XVI1I., and XIXT.

HE peculiar kind of variation I have to deal with in this paper concerns some
accessory organs of the reproduetive system ol a group of insects, and bears
closely upen Romanes's theory of Physiological Releetion. It is « priori evident
that the demonstration of the occurrence of an extensive variability in any part ol
those organs which are the most important for the preservation of animated nature
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.
llowever, before I begin to give the details, it 1s necessary to come to an nnderstand-
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: 1 shounld 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
mauy naturalists. Being surrounded by cabinets full of specimens, I shall, during this
excursion on a theoretical ground, always be reminded that possibilities arrived at
by general reasoning are often impossibilities in nature, in so far as what is a priori
possible or even probable may be found not to occur in nature,

[.—INTRODUCTORY NOTES,

Everybody who is a little acquainted with the diagnostic works on Zoology or
Botany will know sufficiently that a continnous question of contest amongst us
species-makers iz whether a given form of animal or plant is a * distinct species” or
not 3 and Le will also have hecome aware that in many cases the contending parties
donot come to an understanding, becanse, though nsing the same term * species,” the
mutual conception of that term is widely different.  And thi is <o not only amongst
us spreies-makers, but we mect with the phenomenon also in the essays of a more
philosophical kind whieh bear upon the theory of evolution. It would almost apypear,
in fact, ax 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 doex mueh harm to the value of purely diagnostic articles

" is always applied in the same sense by the same or

whether the term ‘“species’
various anthors ; secondly, because illustrations can be found in any volume coutaining
descriptions of varteties and speciex.  In natural philosophy, however, so far as it
cudeavours to explain by theories the diversities in animated nature, it is all important
that an author has a fixed idea of that diversity whieh he in his writings calls
a *“xpeeies,” and therefore we will give here an illustration of the hefore-mentioned
phenomenon taken from this side of our scieuce,

In a short article in which he claims priority over Romanes with regard to
Physiological selection, Dahl ® jroceeds to say that a separation of the varieties of
one species into wmore species within the same locality is not possible, if the various

* Hool, Anzeiger 1889, p, 262,
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varieties did not posxess, besides the (morphological) distingui<hing characters, either
antipathy against mutual intererossing, or mntual sterility, or both qualities; aurl
he gives the following illustration :—

“The caterpillars of the two closely allied speecies of butterflies Gonopiteryr
rhamni and G. cleopaira became adapted to different species of plants, the o
to Rhamnus frangule [and euthartica], the other to Rhamnus alpina, ie. the
apparatus of digestion became =0 modified that those speciex of plants conld he made
use of [physiologically]in the hest possible manner. With the condition of the organs
of digestion was axsociated, perhaps indirectly, a somewhat different vellow colour in
the imago-~tate, and here the preference could begin to act. . . . Against a thon-and
butterflies adapted to Lhaninus alpina there vcenrred perhaps two whieh were pre-
possessed in favour of a deeper yellow colonr, two which preferred a lighter vellow
tint, while those thonsand were indilterent [fo the deeper or lighter tint of vellow .
The first-named [two] speeimens copulated with individuals adapted to Rhainnus
alpina, and gave birth only to fully fertile offspring. The second group [two speci-
mens] copulated with light-colonred individuals adapted to Rhummnns frangila, and
gave birth to non-fertile intergradnates. Of the thousand specimens one half copu-
lated with speeimens adapted to Rhammus oflpina, the other half with speciniens
adapted to Rhamnus frangula ; of the two halves, therefore, only the first gave birth
to fully fertile offspring. . . . It is eaxily to be seen that the number of those indi-
vidnals which were prepossessed in favour of elosely allied specimens [in colour] wonld
grow very quickly, and that the number of the others must very soon hecome reduced,
even if this number at the beginning [of the selection] is still more preponderating
[than in the above illnstration].”

As the author expressly states that the divarication of species at the xaue locality
ix not possible if together with the © development of the distinguishing characters
there did not take place a developinent of disiike” ete., we must take it asthe meaning
of the illustration that Gonopteryr rhamni and . cleopatra have developed from
a common ancestor into two speeies by means of psyehological selection. Or, to put
it fignratively, the species A developed into two varieties, A' and A% in consequence
of the caterpillars becoming changed by the iufluence of the different food-plants
then psychological selection on the part of some females set in and moditied those
two varietiex more and more, so that the varieties A' and A? hecame in the course of
time two “species” B3 and (. Which eharacters doesxthe author attribute to the two
varieties A'and A4” at the time when selection eommenced to act ?  There were four
distinguishing characters: (1) A' and A* were different in the chemistry of their
body ; (2) they were so ditferent in ecolour that the jfeinules could perceive the
difference ; (3) 1! produced only pale specimens, and A* ouly deeper-colonred ~peei-
mens, 7.e. they bred true ; (4) the eross-produets were not fit to propagate.  Now, if
forms so widely distingnished morphologically aud physiologically as _I' and .1* are
not ** speeies,” 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 mot =how how by means of psveho-
logical selection (or any other modifying lactor) (/. clevpalra and . vhamni have in
the same locality developed from one common ancestor into two speeies, but shows

’

Low the two *“speeies” eleopatra and vhawnni might become the oue a paler awd
paler, the other a deeper and decper yellow **speciex.” At the time when selection
set in in Dahl's illnstration there were already two * species,” and hence the specific

distinctness of the two is not the outeonie of [rychologieal ~clection.
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In order to avoid similar confusion we have to come to a conclusion which
definition of the term * species” ax opposed to the lower degrees of variation we will
accept, before we dizcuss the variability of the genital armature within the limits of
a “ species.”

As most of ns pretend to he evolutionists, let us take it as au axiom, which we
need not dixcuss here any more, that the great divergency exhibited in animated
nature is the result of the development of the varions 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 differencesx found to
exist among the various forms of animals and plant<? The question which is put to
naturalizts nowadays is, however, twofold : (1) which kinds of divergency do we find
to exist in nature ? (2) how has this divergency come ahout ?

It seems to us to be a rather general asstnption amongst naturalists, no matter
whether they treat animated nature from 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 ix such that, with the exception of marked
di- and polymorphism, we can draw up a series of specimens which form a con-
tinnous chain from one extreme variety to the other, the diflerences between the
adjoining links being extremely slight. And it is almost natural that the assumption
should be so general. The gnestion which governs zoological work is oue of specific
differences on the side of uns systematists, and one of the causes of the speeific 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
variability of characters means, in fact, speaking of abstracte, while our work must
be based upon concrefa, upon the individual specimens. The variation of an organ
may be continuous ; in a series of individuals a certain organ may even be constant ;
but that does by no meaus imply that the individuals as opposed to one of their
organs form a continuous chain. An individual has many *“characters,” and these
do not vary in the same manner aud 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
actnally tries to put together a “ continuous ” series of xpecimens.  An illustration will
bring the fact more closely to mind. A, B, €, D may represent individuals ; «, b, ¢,
three characters; a, %, «® «, ete,, I, 1% cte, €', ¢ ¢*, ete.,, may be minute degrees
of development of the characters. Now, if we arrange the individuals according
to the gradual development ol the character ¢, and thus have a continuous series in
respect to this eharaeter, the chain of individuals will nevertheless be dizcontinuous,
as in the following dingram :—

A B c D ...,

al «* a® @ o000
1o b 1A WL,
c! & i @ oooc o

If we further arrange the series according to the continuity of charaeter b or ¢,
not only will the individnals «1, B, ' . . . stand in other places within the new
series, but also new individnals must be introduced to make the chain again con-
tinuwous, lence it will be sufliciently clear that, notwithstanding the variation of every
organ of a ~pecies may he continuous, the individuals each being a sum ol organs
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form a discontinuous series.  We can express this phenomenon in other words as the
law of {ndependent wvarintion of organs as opposed 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 discontinnously variable characters; and it
is especially the appearance of such discontinuity which Bateson so amply illustrates
in Materials for the Study of Variation (London, 1894). In this case the specimens
belonging to a species can be arranged into groups according to a discontinuons
character, cach group containing individuals in which that character is continuous or
nearly so, while [rom one group to the other that chavacter exhibits a more or less
wide gap. In diagnostic zoology the groups of individuals of polymorphic animals
have often been mistaken for distinet species.  The stndy of independent dizcontinuous
variation of two or more organs can, however, often Lelp us to distinguish poly-
morphism from specific distinctness.  In the following diagram the specimens are
first arranged into groups accordiug to character «, and then into groups according
to character b :—

I 4 I ¢ 1D 5 F

78 «? ad ot o a?
I/R IIB lll ]l2 Z):‘ 117
12

(.1 1 ! (.6 Pl (.9 ¢

II. ¢ D E 4l H [
b I [ I i”® Ho

o ot allt at?

2

ES
ie

In the first arrangement (I.) A B (' form one, D F I" another group; in the
second arrangement O D E belong to one, and' A 17 [ to another.  In each case the
individnals A B C D E F I T form two groups not connected hy intergradations, each
group, therefore, heing conformable to what we species-makers call “species™ as a
ruale; but in the first arrangement the specimen € belongs together with .4 and B to a
“ species,” while in the second arrangement it stands together with ) and £, which,
according to arrangement ., are specifically different from .1, B, and . The danger
of arriving at erroneous results by taking into account only one organ is so evident
and so well known that one must wonder how it ix possible that nevertheless a classi-
fication—for examyple, of Lepidoptera—hased upon wing-markings alone, or upon
neuration, can be expected to he an exact expression of the blood-relationship of the
classified forms.

Which characters are correlated and which independent in respeet to variation
can only be found out by the study of individual variation: where this study is
neglected correlated characters are often taken to be independent diagnostic char-
acters.  The length of the wing and the hreadth of the wing-bands are often eorrelated
in Lepidoplera, and so is in many cases the lesser or greater concavity of the outer
margin of the forewing of hutterflics depending on the length of the wing; to =ay in
such cases that a certain form of hutterfly ditfers from another form in the wing being
longer, exiernally more concave and having narrower bands, woulld amount to the
same as if in the case of two black forms with vellow spots we should say that the one
13 differentiated from the other by the yellow spots being restricted and by the black
ground-colour being extended.
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The independent variability of organs found to exixt among the individuals
derived from one female, or among the individnals flving in the same locality in
<hort, among specimens abont the speeilic identity of which there is no doubt—leads
s to the conclnsion that the same organs of the siune species vary also independently
in other localities. The distinguishing characters of a geographical race thus ean he
shown to be independent of one another, and that the association of distinguizhing

characters ix not correlation of these characters. which is of the greatest importance.
if we come to consider the causes of the divergence exhibited by such races, the
degree of relationship of the races, and the probable history of their geographical
distribntion. We mention in this place only that, as the wing-form and wing-pattern
of the Papilios vary independently of the copulatory organs, we shall find in the body
of this paper ample illustrations of those three phylogenetical and biological pheno-
mena. The first we have to do is in every case to stndy the individual variation in
order to know which characters are correlated and which not in respect to variation,
then to stndy 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 subspecitic and specifie distinctuess,
the influence of the evolntionistic factors, and the history of this influence.

The occasional appearance of judividuals, mostly single or in very small numbers,
amongst the normal specimens, differing widely from the latter in one or more
points, we have to elassify as a peculiar kind of di- and polymorphism. The so-called
sports and monstrosities, hetween which terms there is no line of delimitation. as
there ix also no snch line between normal and abnormal varieties, belong to thix kind
of discontinmous variation, and it is a rather general assnmption that the characters of
such sports and monstrosities get swamped away by intererossing. Ts this really true
in the verbal sense ¥ If swamped away means * not appearing in the direet offspring 7
of that abnormal specimen, it might often he eorreet 3 but if it means disappearing
for ever, never reappearing amongst the individuals constituting the species, it is not
true.  Many sports and even moustrositiesare found againand again, asevery collector
knows: and when an exeeptionally abuormal variety has been found ouce, there is no
reason for the assumption that it will not he found a second time. Tn fact, the
collectors, who work with individuals, expect and hope to come across sneh a variety
themselves.  1f, for example, somehady had published this year that from ene of his
pupae of dckerontin alropos (leath-head motl) a specimen with entirely ochreous
wings had emerged, we are guite sure that all those who are in possession ol a con-
siderable number of pupac of this insect wonld look forward to the emergence of the
imagives with the cager expectation to find such an individual among them.*

The repeated oceurrence of the same ahnormal variety is, to our mind, of the
greatest importance, as the repetition of the phenomenon is a proofl that the variety,
how abuormal and rare it ever may be, is not entirely swamped away Irom the species,
and that the constitution of the individuals of the respective species, taken asa whole,
is such that under certain cirenmstances, whichever they may be, the variety will he
produced, or even must be produced. 1t is, therefore, quite intelligible that, when
those certain circumstances hecome more frequent, the variety which we now call
abnormal might become normal,  From thix point of view, the record of unusual
varieties, inclnding monstrosities, ix by no means so unimportant as it appears to
e to the systematist who recognises only * distinet ™ species. On the contrary, we

* For illustrations sce Pateson, Materials for t Study of TVariation. london, 1391,
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maintain with Fimer that abuormal varieties show distinctly the directions in which a
species isable to develop. We give an illnstration. For certain reazons which we cannot
explain here, as they concern details of structure, we must consider Pupilio 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 . sarpedosn i= now on the way to lose
the green markings altogether. The specimens ol . swrpedon 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 Tudia and Ceylon
the first spot of this band disappears very often, and in China the band ol the hind-
wing is often reduced to a costal patch.  Now, Mr. de Niedville figuresa ““ sport ” from
Sumatra * in which the median baud 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 Museum, which contains also another individnal of P. sarpedon (fromn
Sikkim) that has the median band of the forewing dusted over with black scales,
which conceal partly the green ground-colonr of the wing-memtbrane. The direction
of development indicated hy these two * sports” coincides with that which we are led
by structural characters to vonsider the real direction of development of I, sarpedon,
and the importance of this coincidence is obvions,

Apart from polymorphism among the individuals in the same locality, we
observe very comnionly a polymorplism in which the various forms are separated
geographically. Thix geographical polymorphizm 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 polymorphismn, often not connected by
intergradations, and thus are likely to mislead us species-makers to treat them as
‘“distinet species™; in the latter respect geographical and mon-geographical poly-
morphism lLave much in common, becanse they are homologous phenomena, as we
shall soon see; and we may add that geographical separation of different forms
cannot be an a priori criterion of specific distinetuess, though this has often enough
been alleged.

The individual variation including non-geographical and geographical polymor-
phism, as dealt with in the preceding lines, coneerns especially the individnals which
exist as contewmnporaries; now let us briefly consider the historical side of the
variation. Aceording to the theory of evolution, the descendants have in the course
of time (gradually or per seltwm, 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 hring a considerable change in an animal or plant about. A
periad of one or two hundred years is by nany 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 locality.
Though we accept the theory of the transmutation of the species in the course of time
as the hase of scientific work in Natural Hiztory, we nevertheless ident{fy the forms
fonnd in our days with the forms which our forefathers in science had hefore them ;
without hesitation we treat thie forms, whether they he species or varicty, captured
in 1896, asidentical with those which Linnd received a hundred and fifty vears ago, or
which Merian or Seba obtained about two hundred years back.  And when we observe
a difference hetween our recent specimens and the old pictures, differences which are
by no means always explainable by the assumption of incorrectuess of the drawings,

* Jowrn, Bombay N. 1T Soe, 1893, p. 64, ¢ 1. 111 (.20,
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the very last we think of in syvstematic 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, our knowledge of a single specitnen of a certain form preserved from the
collections made during the last centnry, and our knowledge of an old fignre of that
form, does not enable ux to draw any conclusions a< to the extent of variation of that
form at the time of its capture, nor does such poor knowledge admit any conelusion as
to a probable transformation. The evidence is gone, and that ix very much to he
regretted.*  DBut ~hould not the want of evidence from the past be a hint to us to
procure more evidence for the scientists who come after ns? It iz all important to
prove that the transmutation of species upon which the theory of evolntion is hased
actually takes place ; and it wonld be a good object for small provincial museums to
preserve long serics of specimens, with exact dates, at least of the species of those
families of the respective district whiclh are known to be eaxily influenced by the
transmutating factors, families which moreover are easily preserved, such as butter-
fies and moths, wingless beetles, and landshells; museums with such collectious
would not be simply a sight for the public, but they wonld be of scientific value,
and their scientific succes< wonld be far superior to that which they can obtain by
gathering sparse material from all conntries of the globe. There would certainly he
no want of voluntary help from the =ide of private collectors in civilised conntries.
The study of the local fanna and Hora and their variation carried out in this sense,
thongh many systematists and species-makers (which terms are not always syn-
onymous) look down upon the study of aberrations as being unscientific, stands far
above the mere descriptions of new species, which mostly do not help the least to
<olve the all-governing questions of evolution, but add simply some more  species”
to tlie hnndreds of thousands of * species ” already made known.

However, we are mnot entirely left without evidence that transformation is
actually going on under ounr eves.  We know from many plantzt and a small
number of animals that geographical races, when reared under conditions other than
those of the country wheve the race lives, change in characters; we refer to the Porto
Santo rabbitsf and Polyommatus pllaeas§ and Pieris brossicne.!  And a striking

* Since the above was written [ have received Oberthiir's Etudes d Entomologic XX, 1896. Here
Oherthiir trics to demonstrate fram eopies of old figures of Lepidopt era and figures of recently caught specimens
that no change has taken place in these insects since Linné's time. The differences, however, which are
exhibited by these old drawings and the fimires of the rerent specimens are not only so conspicuous that
identity is entircly out of the question, but the differences are such that if they actually were found in-
contemporary specimens, many prominent Lepidopterists, including My, Ch, Oberthiir himself, wonld treat
thesc¢ differenees as being of + specific ™ value,  Infact, Clerek's figure of Papilio deiphobus resembles much
more that inscet which Felder separated as a distinet species ( Lapilio deiphontes) than it does Oberthiir's
ficure of a speeimen of deiphobus caught in 1893, Oberthiir must have been led by that kind of reasoning
indicated in the above text, else he could not have spoken of a “ proof ™ that the species in question have
not undergone * the least modifieation.”  This kind of reasoning is: first the fizures of Clerck are mentally
corrected according th the characters of recent speeimens, then the characters thus corrected ar
pronounced to be identical with those of recent specimens.

I by no menns will say that the particular species in question have been transformed since Linné’s
time ; but I maintain that if there is any evidence as to transformation or non-transformation, the
evidenee is certainly in favonr of transformation.

t+ Kerner, Gute und selilechte Arten, gives many ilinstrations of the transformation of plants.

t Darwin, Tariativn of Aaimals and Plants under Dome stication, 2nd edition, London, 1888, p. 11w

§ Weismann, Studics in the Theory of Deseent. From pupac of the sonthern form of Pelyommatus
phlacax brought from ltaly v Germany imagines ¢merged which were intermediate between the Ttalian
and German forms.

scudder, Butterflies of New England 110 1580 p 1175, gives a detailed account of the gradnal
spreadd of Pieris rapoe, which butterfly was fint noticeld in Canada in 15860, and describes a new varicty
(novangliac) into which repae has developed,
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illustration of the fact that fn a certain distriet a transformation of a specics takes place
has heen published during recent years from different sides. A moth of the family
Georeetridae, Amphidasis betularius, has a black and a white torm (with intergrada-
tions) : the black form (doubleduyarius), which for a long time was known to oceur
in Great Dritain, was very rarely found in North-Western Germany ; during the last
ten to twenty years, however, the black form has become more Irequent, and is at the
Lower Rhine now nearly as cominon as the white form. Without trying to give an
explanation of thisx phenomenon, which speaks for itself, it is of interest to note that
in ecountries with a rational cultivation of the soil the changes in the immediate
neighbourhood of the animals ave very varied : the disappearance of swamps, planting
of new forests on barren hills, artificial watering of pasture land, and <o on, will not
only destroy many forms, and give opportunity for other forms coming into the
district ; but these changes will most probably alse have a certain amount of influence
on those animals and plants which remain residents, at least on those forms which,
like butterfliex 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 yplants would be effected in a shorter time in a
country with an intensive cultivation of the soil (like France) than in a country (like
England) in which agrienlture 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
preserved ; while, on the other hand, we know from palaeontology that in most casex
a change must have taken place,

At subsequent geological epochs the earth has been inhabited by different
faunas and f(loras; that we know. If we had now hefore us all the specimens of
animals and plants which ever lave existed, and tried to group them as we do with
the specimens in our collections, what wonld be the result ? The gaps between the
varions forms would all be filled np by intergradations; * the Gorilla would be ax
different from the (iiraffe ax he is now: but tracing both animals back to their
commion ancestral form, we could draw up a =eries of individuals which would perfectly
connect the two animals, and which would not allow us to draw a line of division:
Gonlla and Giraffe thus would appear to be merely the extremes of the series, If, ax

-we mostly practically do, the “ species” are based only upon morphological differences,
all the animals and plants would belong to one variable species.  Any definition,
therefore, based svlely upon morphological differences must necessarily be a failure, and
it follows also that the allegation that a certain form ix a @ distinet species ™ because
there are no intergradations between it and the allied forms is in dizeordance with
the theory of evolution, accarding to which the iutergradatious did occur, but are
perhaps now extinet.

If we trace the line of ancestrals of two given types back to the form from which
both have dexcended. we have for each tvpe a scparate line until we come to the
primordial type in which both lines combine. The line of ancestors of every s} ecies
comprises the different steps of development from the primordial form down to the
recent form, and represents the historical polymorphism of the species, in oppozition
to contemporary polymorphism. Are the differences between the steps of develop-
ment ¢ specifie ™ differences 7 Hipparion and Eqreus, though assnmed to ~tand in

* Romanes, Darwin and After Darmein 11, London, 1895, p. 282,
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