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. EIMER’S EVOLUTION OF BUTTERFLIES.*
- TeE criticism, by Professor Minot, of the
second part of Eimer’s work, ‘Artbildung
und Verwandtschaft bet den Schmetterlingen,’
which appeared in Screxce at the beginning
of last year (January 3, 1896, Vol. IIL.,
‘No. 53), gives me occasion to again explain
Eimer’s evolutionary theory, which, so far as
I can see from Minot’s article, has in many
respects been misunderstood. It seems as
though Minot were not well acquainted with
Eimer’s earlier works on the markings of
animals, works in which questions of evolu-
tion were already discussed. And, as Ei-
mer’s present views on this subject are
chiefly founded on the results of these earlier
works, it is easy to understand why many
assertions which need these results for their
proof, seem incomprehensible to Minot.
Minot calls Eimer ‘an enthusiastic oppo-
nent of Darwin’s theory of natural selec-
tion.” It is true that through his investi-
gations on the markings of different groups
of animals Eimer became more and more
confirmed in his opinion that natural selec-
tion was of no moment for the origin of
species. 'This view is expressed in the
‘¢ Butterflies,” with the distinct reservation
(see p. 68) that he acknowledges the effi-
ciency of natural selection in preserving
and intensifying such characters as have
previously been developed by other agen-
cies to such an extent as to become useful
to the organism in question.  Eimer, then,
occupies the same position that Mivart
defended against Darwin (see ‘Origin of
Species’, Germ. ed., 1876, p. 249 ff.) and he
isiia cdecided opponent of the teleological
views’ spread bysome of Darwin’s follow-
erscrathierthan by theilatter-himself.
9k géordingsto Either: species: originate-by
orghni¢igrowthy a term:firstidefined: by him.
in+hisi Origin of Spetied)”:: In-theé donstitu-i
* Die Artblldung und Verwardtdetaft  bet déy

Schuiettéilihgen{ I1Y Teil., von Dr. G. H. Th. Eimer,
und Dr. C. Fickert. J‘e,;m,)ﬁy},“jshch@}', A8983 T
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tional changes which organisms undergo
during life in consequence of external in-
fluences, such as climate, food, etc., he sees
the first agents that cause the development
of new characters. These changes first re-
veal themselves as growth-phenomena. It
is the struggle for existence that gives rise
to selection from among these changes,
that rejects or adopts. I must consider it
a misrepresentation to call this view of the
origin of species a bold hypothesis. It is
merely the result of investigations which
prove plainly that, in the more sensitive
representatives of a species, external influ-,
ences can and do produce individual varia-
tions, and that we find these as aberrations
in contiguous districts and as species in
those that are more distant. Eimer first
mentions this thesis in his work on ‘Das
Variiren der Mauereidechse’* and makes it
probable by his observations ; more striking
proofs, however, are given in his work on
the ¢ Evolution of Butterflies.” Our native
horadimorph butterflies, such as Vanessa
levana and V. prorsa, Pieris bryoniae and
napt, make it sufficiently obvious that ex-
ternal influences are no indifferent factors
in the formation of organisms. A variation

_of temperature to which the chrysalis is

exposed produces, from the eggs of one and
the same species, butterflies which differ so
much in their external structure that for a
long time they were held to be separate
species. Dorfmeister f and Weismann {

* Eimer: Untersuchungen iiber das Variiren der
Mauereidechse, ein Beitrag zur Theorie von der Ent-
stehung aus konstitutionellen Ursachen. Archiv. f.
Naturgeschichte (und selbstindig). Berlin, Nicolai,
1881.

+ Dorfmeister: Uber die Einwirkung verschiedener
wahrend der Entwicklungsperioden angewendeter
Wiarmegrade auf die Firbung und Zeichnung der
Schmepterh‘nge, Mxttellungen d. naturw. Vereins
fur Stelermark 1864.

iA Welsmann $t_ud1en zur Descendenztheorie I.
Ubel dén’ 'Salsonﬂnﬁérphléniué’ & Sﬁhxﬁbﬁterlmge,
189651 bopsastol s : i
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shovfed’by expei‘mien*tf—l—they Jet'the chrysa<
Iid% '6f “tha provéa” getleration” develop' at
16w’ témperaturé thbse‘ ‘of the' levana at
high' temp'efra,tﬁfe»-«that both butterflids bes
Iotig te: ond atid the’ sime’ Specles ;! Similar
experiniehts’ hdvh of ‘lite “been ‘made’ by
Meévrifield* and Standfass  and have:re-
vealed “still nhéie ‘dstonishing’‘phenomiena/
' gheat frilmbiet '6f ‘biitterflies. | They all
tend’ o @f&vfe" khat the ‘fornis  develsped it
hedt orin' cold’ respéctn?ely, aliways’ pbssess'
those q‘l]é.lltles whlch chﬂ.rabterlze arias
tx(ms and neaﬂy alhed specles“ of these blil'r—‘

dolder! chindtes JiAnd ‘Hot’ only the marks
ings, but ‘4180 the form’of the wings and thé
whole ‘cohfiguration: of the “animal ¢haxige:

Th'his drxtlélsin ‘Mihot: does not-so'much as.

miéntion” “fhiede’ facts, ‘whlc 1’ Eimer regardS‘
4/ Ta ‘Proof  that - the! views” ‘on ‘which''his
theory is based are correct; on thé contra,ry,?
lh’e‘*partlcﬁlaﬂy emﬁhasues ‘that’ ‘Eimer’s
theoriéd die founded’ only-on the: study of
the markmgé of ‘#inimals and the geograph-
ieal distribution: of forms. It ig true’that,
ghiided by thé’ results Lof “his ‘earlier’ re<
searches; Einfer tegards’ these miarkings ‘as.
the Mokt characteristic’ signs of affiniity be-'
tiveerf the Véﬁrmus spemesj; And he con-
sideérs as a fﬁrther proof ‘of the correctness
of - ﬂl_lS assumpnon the results of the artifi-
cidl” development of Butterflies in lower or'
higher temperatires in thelr relatlén to’ thel
geographleal connection’ of formg, *
.” * Merrl,ﬁeld Transactlons g;f ‘e, Entbm‘ {
00 of Tondot, 1893-94, 1/ /' #117u o Ll
o 1PStandtuss: - Uber die’ Grilnde der Viriation and
Aberration des/Falterstadinms bei den:Schmetterling+
en. mit; Ausblicken, auf, die Entstehung, der  Arten.
Leipzig, 1804, . The same: Handbuch fiir Sammler der,
europalschen r(}rosschmetterlmge  Ziirich, 1891,
j:i)a,rwin alio'éamie to- the" same coh&fﬁsron as'he
sdys: 1Y Weishall heréatter o6, espeéially'in thé Jhap
ter.olt Rigeons;: that- eobéhredmarks are strongly ins
heritediand that:they,often .aid us in digcovering the;
primitive forms of our d.omest,xc race‘? Ani alsaqd
Plagts under Don,\esmcathn, Vol. L, p. 29 ?onéon,
i868.
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I"Rimer's theory further materially differs
from that of Natural Seléction in it¥ explana-
tion _~‘0f7 Tliabilities und tendencies to changes.
“/Nattiral selection’ presuppéses’ the most
varied Habilities to changes; in order t6 be<
cotne efficientt ‘in the’ production of forms
Eimer, on' 'the contrary; is ‘of ‘opinion that
individials' can’ only’ follow" prior’ deter-
miiled, 4. ¢ definits teridendcies 'of ‘évolution
(Hot* predetermined ‘teridénéies, as Minot
wrongly understands).” This“Orthogenésis,”
ity 'opposition to’ Nageli’s view, does not-al-
way§ teid towards: perfection; but'often’ to-
wards simplification ‘ahd vetrogression. » In
its’ tudiments this law shows itself 'in ‘the
markmgs of animals, inasmuch as the prum-
tive form ‘of longltudmal ‘stripes’ ‘becoines

‘gpots, transverse’ stripes, and uniformity of

color. - This rule, which Minot ‘wishes to.be
“proved; ; not proCTa,imed e bdt?iedra, i8 fol<
lowed; as is shown by Eimer’s researches; by
thie ontogenems and’” phylogenesis of rep-
tiles,* “hirds;} and - mammalia. Simrothf
found this law confirmed in’ Limages, T mny-
gélf in the markings on ‘thé'shells of marine
gagtropods. § Althaugh the" physmloglcal
caugé and; therefore, the necessity of this
curious’ phenomenon has not yet been‘as-
certamed, yet,as'it repeats itself in so many
different groups of animals, it cannot be'de-
med the 1mportance of a’ fact Hyatt’s”

*Elmer Zoologische Studien auf Capn II Lacerta
muralis coeyulea: ., Leipzig, Engelmann, 1874. :

t'I];e same ; Die, Ze;chnung 4. Vogel, und Sauge-
tlel:ev . Wufttemb Naturwiss. Jahreshefte 1883.
iy 'same Uberdie Zelchnung der’ Tiere ;' Zool: An-
zéiger; 1882, 1883, 1884, atid in the Zeltschrll't Ham<
boldt; :1885+88. The same: Mitteilungen :iiber. -die
Zeichnung der Siugetiere, Schmetterlinge u. . Mollus-
ken. Tageblatt der 28 Versammlung deutsch T Na-
turforscher u. Aerzte in shurg, 1885 'p. 408

"'t stdkoth v ‘Versuch “eiher Naturgéschiohite™ der’
deutschen Nacktschnecken und ihrer europalschen
Verwandten, Zemschrift 1. iss? ZooYOg Bd. XLIL

éGraﬁn von Tinden : Dle Entwicklung der’ Sku]p-
tar u. der Zelchnuﬁ]g’ bei den Gelfauseschnecken des
Meérés Zeitschnftf wiss. ZooIogle Bd: LIX.

|| A. Hyatt: “Génesis ‘of ‘the Ariétidas. Smithsonian?
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and Wiirtenberger's* works and my own
investigations of the shells of Molluscs
have shown that other morphological
characteristics apart from the markings

produce regular changes in a definite-

direction. Taking this into considera-
tion I do not conmsider it a ¢ bold hypoth-
esis’ on Eimer’s part, when he believes
he has found a confirmation of his law
of markings in the case of butterflies, for
‘“any, hypothesis which explains various
large and independent classes of facts rises
to the rank of a well-grounded theory.”
(See Darwin, Animals and Plants under
‘Domestic. Vol. I., p. 8,1868.) 1In the sys-
tematic part of his two volumes on ¢ Butter-
flies’ Eimer shows how seemingly insignifi-
cant variations of the markings from the
original form invariably develop into defi-
nite characteristics of new aberrations and
species, the changes being dependent upon
pbysiological conditions. It can therefore
not be asserted that butterflies are subject
to the most multifarious liabilities to
change. The markings of Segelfalter and of
Swallow-tails can be reduced to one common
scheme, which, as the illustrations show, is
most simply represented by the markings
of Papilio Podalirius. This scheme of mark-
ings consists of eleven bands which extend
over the wings in a fixed direction parallel
to the axes of the body. They are called
longitudinal bands and are always con-
nected with certain veins of the wings.
These eleven bands can undergo several
variations. They can become broader
and vanish altogether by means of lateral
combination, become shorter in the direc-
tion from the abdomen or head, and some-
times quite disappear, or develop into single
spots and form a transverse marking by

Contrb. to Knowledge, 1889. The same: Phylogeny
of an Acquired Characteristic. ~Proceedings of the
Amer. Philosoph. Soc., Vol. XXXII., No. 143, 1895.

*Wiirtenberger: Studien iiber die Stammesge-
schichte der Ammoniten, Leipzig, 1880.
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means of dark colored scales which show
themselves on the transverse veins of the
wings. In this way the Segelfalter, as well
as the Swallow-tails, develop new forms,
which, from showing only slight aberra-
tions from the original form in the begin-
ning of the evolutional series, differ ma-
terially from it in the end. The same
law which thus determines the evolution
of the members of a group also determines
that of the groups themselves. Xach suc-
ceeding one begins its development at a
somewhat higher stage than its predecessor.
Variations which are an exception in the
lower groups become the rule in the higher
ones. This is the reason why the repre-
sentatives of the first groups of the Segel-
falter ‘“have markings very similar to the
original form, while the third group con-
tains butterflies which closely resemble the
Swallow-tails.”

The primitive Swallow-tails have attained
a much higher degree of development than
the primitive Segelfalter, but still it is not
difficult. to recognize that, although they
are not immediately allied to the Segelfalter,
yet their development follows the same
direction. The Swallow-tails still possess
indications of a separation of bands, which
in the Segelfalter have coalesced. Further-
more, fragments of markings which still
occur in forms closely related to the Swallow-
tails show that the development of their
markings depends on the same conditions
as those of the Segelfalter. It would lead me
too far to describe in detail the directions of
evolution which manifest themselves in the
various groups. I will only mention that
the tendency of the bands to broaden and
to coalesce can be traced throughout the
entire groups of Segelfalter and has pro-
duced almost melanotic forms in the group
of Asterias of the Swallow-tails. Further,
the shortening of the bands from abdomen
to head is characteristic of both Segelfalter
and Swallow-tails. In both groups the
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bands become spots and combine into a
transverse marking by the agency of dark
colored scales on the transverse veins. If
we neglect secondary differences of mark-
ings in the two groups of Papilio, we have
to assume that they originated in complete
independence of each other—a direct rela-
tionship cannot be proved—according to
the same definite laws of development.

In entire groups as well as in single spe-
cies, no matter whether they live in the
same or in different districts, the law of a
definite direction of evolution is shown in
homogenesis, or independent similarity of
evolution. As examples, Eimer cites the
North American Turnus and the south Eu-
ropean Alexanor (which is also found in
Asia Minor), of Segelfalter the South Ameri-
can Agestlaus, Protesilaus and- the European
Podalirius.

The phenomenon of homogenesis is of
importance as a proof that it is not geo-
graphical distribution in the sense of local
separation on which the development of dif-
ferent directions of evolution depends.

This short exposition of the direction of
evolution in the genus Papilio seems to me
to show that it was  not arbitrariness on
Eimer’s part to select Papilio Podalirius as
the ancestral form of his group of butter-
flies. He has shown, by his study of the
markings of one series of forms, that those
of'all its members can be reduced to one
and the same scheme, and that aberrations
from the forms which are nearest to this
original scheme of markings vary so as to
form transitions to nearly allied species,
which again are connected with more dis-
tant species, and the conclusions drawn
from the study of these phenomena are con-
firmed by the results of geographical distri-
bution. This being so, I cannot under-
stand how Minot can doubt that Eimer’s
assertions-are correct. _

Neither does Minot agree with the ex-
planation of the sudden appearance of a
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second perfectly dark-colored form of the
feminine Popilio Turnus by ‘development
by jumps’ (Halmatogenesis). 'This singu-
lar form of feminine Turnus called wvar.
Qlaucus, which occurs exceptionally in
the North and regularly as a summer gen-
eration in the South of the United States,
seems not to be connected by any transi-
tions with the normal feminine animal.
Minot, however, believes it possible that
in former times transitional forms existed.
It seems to me a matter of course that a
highly developed form like Papilio Turnus
var. Glaucus has to undergo several varia-
tions' of markings during the chrysalis
stage before it can leave it in its present
form. Butin comparison with the differ-
ence between the variation of another spe-
cies and its original form, that between
Turnus and var. Glaucus remains just as
striking, whether we know that during the
chrysalis stage forms of transition tempo-
rarily occur or that in former times forms
existed which made the transition from the
normal feminine Turnus-to the var. Glaucus
somewhat more gradual. As it at present
appears, var. Glaucus is a form ‘produced
by Halmatogenesis. Eimer’s theory neces-
sarily leads to the conviction that qualities
produced by external influences are trans-
mitted to the descendants of those who have
acquired them, an assumption for which
Minot demands proofs. The experiments of
‘Weismann on Polyommatus phleas, which are
mentioned in the Zoologische Jahrbiicher, 1895,
Abtetlung fir Systematik, show that this
transmission of qualities from their posses-
sor to his descendants really occurs.

It is by no means every individual that
undergoes a change through the influence
of unaccustomed external influences. Sev-
eral preserve the parental aspect. And as
the parental characteristics were not from
the beginning such as they are at present,
but are, as is shown by experiment, the re-
sult of certain conditions, the transmission
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to the descendant of these parental charac-
terlstlcs whlch have also been. acqmred is
the clearest proof of the heredity of acqulred
characterlsmcs

In splte of all his ObJ ectlons to the theo-
retical part. of Eimer’s work, Minot allows
that the ¢ Butterflies’ are “ va.luable from
the standpomt of the systematic entomolo-
gist, since his groups are natural ones and
his grouping of the. specws is in the ma,m
correct "o
,, In hlS groupmg of the butterﬂy specles
,ELmer was gulded by. those l@ws Whleh hlB
study of the, markmgs of other groups “of
animals, had caused h1m to regard as the
general rule, and which he therefore con-
s1ders himself entitled to apply hypothetlc-
ally to butterflies. - The groupmg of spemes
bemg admltted by Minot, to be natural thls
is sufficient proof of the correctness of those
‘theorles which this grouping. presupposes
In desxgnatmg those groups as natural ones
in which longltudlnally strrped formside-
velop mto spothed transversely s’or1ped a,n(_l

law of evolutlon of ma,rkmgs m 1bs full s1g-
mﬁcance .
_ Darwm, hlmself m hls ¢ Orlgm of Specles,’
employs snmlar proofs | to. show, tha,t‘-i;he
531000 groups of .pigeons, are descen b
Columba lwm‘ Thelr phylogenetlc com;ec-
tlon ig to hlm proved by the fa t.0f ele ents
\of the ma;rkmgs of Columba Livy appearing
m the plumage of our tame plgepns.

The ontogenetlc deve{opmept of

groups of ammals the ma,rkmgs of Wh1qh

lutron of the ﬁnarkmgs on; the Wl;’lgSva“thre
chrys;»hs of ,Papqlw Podalmus, 19 so far as
hls hmlted 8. permltt;ed(

These and ’other resea hes on the saape
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subject led me to make similar investigar
tions, the resmlts of Wh"h,I am_about. te
pubhsh They furmsh the best. proofs for
the laws fouqd by;Enner My, specimens
showed that naot only, smgle .Gharacteristics
develqp in the way, described by Eimer, bug
that the markmgs, of: Papilio . Podalirius or
Machaon, as. a Whole, u:qdergo an eyolution
in which the degrees of Alebwn, G’lycmon
or the Turnus _group. are. clearly dlstzm—
gulshable : e

It would: be of great 1nterest to mvest.x-
gate the Amepca,n forms of, Pap@lw in:order

‘to see whether Eimer’s ‘bold hypotheses,’

as Mmot calls them,, @pply here.. On the
basls of ‘arguments which, have hli:,herto been
consldered .customary and conyincing. in
blology, I beheve I have shown.that Eimer
far from: re,]ectmg Darwin’s theory:as a
whole, because ‘it does not explain the
origin of variations.’, He knows, as well as
Mlno‘o that Darwin does not even attempt
iAs, how-
ever, the theory of the origin of: specles
dema,nds an;, expla,n@tlon of . the origin  of
ney. charaqters, Darwin . has, not, as. Eimer
shows, xplamed that, whlch ‘he w1shed to

_ explam - Eimer, on the contra,ry, shows in
‘the ¢ Butterfhes ’ how new.qualities develop;

he explams the causes of their, formation
and traces the laws of, their. development.
This. necessarily Jed. to, his, well founded
theory of, the origin of species by.means:of
variations, and, their. propagation. - The
gfrgvux;gfents”contained in, the, { Butterflies?
must conyince anybody who examines them
}wha»t ;more, closely, than: Minot, that,
Eimer shows, varjations. and, therefore,
he orlgru of .species do; not, t.ake place arbir
tr@ml
ing -to ,Orthpgﬁnems m A, few a,bso;lutely
deﬁmte,, g}rect}ons, ppt (influenced. : by
any,sort of nagnral, seloction and with-
out any reference to,.teleology.. Himer’s
theory of; orthogenesis, proved;as it iy
fagts, certpinly, negatives. the fupction  of
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natural selection asa transforming factor,
but acknowledges its preserving and in-
tensifying power. This is the only conces-
sion that can be made to the theory of
natural selection as long as the results of
Eimer’s investigations have not been re-
futed by facts, not,as heretofore, by words.
Till then, I believe, one cannot deny to
Eimer’s work the appreciation contained in
Minot’s introductory sentences: ¢‘If Pro-
fessor Eimer’s claims are correct, his re-
searches mark one of thé great epochs of
biological discovery.” ‘

I wish to state that this is merely a pre-

liminary exposition of Eimer’s views, in-'

tended for rectifying the erroneous judg-
ment expressed by Minot. Eimer’s. work
on organic evolution (Macmillan, 1889)
gives a detailed account of his theoretical
views and of the facts on which they are
based. His work on Butterflies, which was
criticised by Minot, - serves to furnish
further corroboration of the theory ad-
‘vanced in the above work on evolution. In
his lecture at Leyden he has also given a
complete exposition of his ideas in their re-
lation to the theory of selection and of
‘Weismannism ; against the latter Eimer
takes a most decided stand (see ‘¢ Extract
from Comte Rendu des Séances du 3™ Con-
grés international de Zoologie, Leyde, 16—
21 Sept., 1895). This lecture includes the
programme of Eimer’s most recent exposi-
tion of ¢ Orthogenesis’ embodied in a work
that is just about to appear.
Countess Dr. M. voN LINDEN..
ZOOLOGICAL INSTITUTE, HALLE.

TrE Countess von Linden’s article pre-
sents the arguments in favor of Eimer’s
theory. A reply seems unnecessary and
others will judge of the value of the theory.
Eimer’s.earlier papers I knew ; whether I
understood them or not I cannot decide.
All of Eimer’s evidence is essentially that
he asserts that of a group of living species a
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certain form or certain forms are ancestral
types. If one denies that assertion Eimer
.cannot prove that it is correct, but unless he
proves it his deductions remain hypotheses.
The reader is asked to consider whether
Countess von Linden offers proof that a
certain species in any given case is the an-
-cestral race. ‘
For the sake of a fair discussion I am
glad that the preceding communication
from Professor Eimer’s assistant appears in
SCIENCE.
CHARLES S. MINoOT.

PROGRESS OF PROFESSOR KITASATO'S IN-
STITUTE FOR INFECTIOUS DIS-
EASES AT TOKIO.*

Amona the changes in the general condi-
tion of Japan, due to the introduction of
‘Western civilization, one of the most note-
worthy is the entire revolution in the sys-
tem of medicine; the old Chino-Japanese
school has been superseded by the scientific
system of the West, and the striking feature
of the new medicine in this empire is the
ascendency of the bacteriological element.
The center of this movement is seated at
the ‘Institute for Infectious Diseases,” di-
rected by Dr. Kitasato.

To Mr. Fukusawa belongs the credit of
having initiated the introduction of this
branch of medical science into this country
by building, at his own expense, a labora-
tory for Dr. Kitasato, upon-the latter’s re-
turn from Germany in 1892. I do not
mean to ignore what has been done at the
University and elsewhere; I only empha-
size the great impetus that the study of the
micro-organisms has enjoyed, since the es-
tablishment of the above mentioned labora-
tory. Subsequently the Institute became
connected with the ¢Sanitary Society of
Japan.” The ensuing year the Imperial Diet

* This article was prepared at the request of the
Editors. ' Dr. Nakagawa is a graduate of Princeton
University.



