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Thie papor ie aonoceyned with tho evelunticnary theory. It
attounts to etudy the theory both in tho light o? the Voxd
0f God and of the iatest solentiflo avidenve, partionliarly

that in the £1.14 of ronntion.

It fg not the chjeot of this paper to disprove the evoine
tlonary hypothevie, The problem in itself is fuo blg. Im.
Goldechuidt seys in bis nost recent book:"No indlividual oun
Glaln such & meglery o wll feats pertaining to eveluilon
1o enable hin 4o present such a disoussion ( a dlzcenssion
of the fauts, theoriesn, and lawa of evolution )" 'lie one
aan in his Life%ime oun pogeibly hecone noquaintod wiih all
the phases of biologzieal and allied branches of sclence vhich
bear on 1t. He oan understund and evaluate the argument for
evolution only in his vparticular field. In other Zields Le
mapt take the word of those who have m&de a special study of

that field, But ha esnnot beoomd sequaintad firgt hand with the

avidenoe in all €ields,

It is Jugl hors that the difficnliy ariases. Living organisms
axrg not dividad Into special denartments., rhysiolopy vannet be
gtudiod apurt from genetics; anatony cannot be st dicd apart from
Qubryoiogy; Saxoetvnry cannot be studied apart irvom aurphology.

Unfortoastely this 1o attempted ull too often, and the result is

& larao nuabsr of neclentifio statenante.

1) Goldgohmidt, Richard The iMaterial Basis of Dvolution, pe 8
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Most of this paper will be concerned with genetics. That is
Ry particular field. I believe that it is the most important
field so far as evolutioun is concerned becauge it ig tarcugh
inheritunce ang through veriation in the ugual manner of in-

heritance that evolution must take plica.

It will be argued that I approach the whole subject with =
theological bilas. I do not deny that. I cannot avoid doing that
because I believe that where God has gpoken we h.ve the truth.
I believe that He has gpoken so far as evolution is concerned
and that for thet reason the matter is ¢losaed. But I also
£ind raunch siipport for ny refusal to believe the evolutionary
@Xplanation @f the origin of the presecnt biological world in

blolopgy %tself, Thess evidenges I shall disouss in my Daper.
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An approaching the sroblem of evolution as Christisns, our
first question must be: "What doss Soripture say on the sub-
" Jeot?", We do not have to lock far for the amswer, for in
| the very first chapter of Genesis, where the account of the
oreation of the world und man is given us, we find ten state-
ments that the vuirious plants and animals were oreated "after

their kindf. This same expression ocours elsewhere in Soripture

tienty-one times.

Now what does this phrase:"after their kind™ mean? Theistio
®volutionists who are interested in keeb}ng God in their
theory insist that this word 12 does not mean species,

but that it has o wider meaning in Soripture. That we must ad-

mit. In Buhl's edition of the qalebratei Gegenius Handwoerter-

buoh its méaning is given as "Art, Stlek, Variation, Artverschieds
; | : 1

enheit, und dann coll. die einzelnen Vardstaeten einer Gattung".

There is much ocontroversy q&ar-the etymology of the word.
”Some believe it to be derived froﬁ the root which does
not- ogour in the 01d Teétument Suriptures. In Arabic one of the
00;?03ponding roots means "to tell lies". In Ethiopian the word
meuns to "be wily] "be ocunning". In Hebrew the term probably

meant "to wear «n éppearénda", "pretend”. Henoce the noua derived

from this verb acsquired the_meaning "kind",. "gpcocies". It is

/) Gesenius, V. Handwoerterbuoh lber das ilte csta .ent, ed. Buhl,
Leipzig, 1910, p. 416




interesting to note that there is n similar relation in Engiish

betweon the noun "species" and the adjective "specious™ in

English.

?
A better derivation would t.ke the word from '7 aé? :

I
This derivaiion is preferrcd by Buhl, The. Hoeldeke in the Zeit-

Bohrift der Dautgschen lorpenlaendisohen Gesellschaft (37, 532)

and Dillmann derive it ‘rom the Arabio word for fear, out, divide.

This root does not veour in 01d Testament Hebrew, but does ocour
in Now iebrew. In Yiddish it is used to refer to the different
880ty such as the Jewish-Christisns. A similar ohristo-palestin-

ian root means "nation".

This dorivation is upheld by de Lagarde in his Uebersicht

uagber die im Arsmaic uebliche Bildung der Momina (1889, 183%f);
by Sohwally (Idioticon des ohristlicien palaestinischen Arcmaig,

18945, 50); by Schulthess (iexicon Syropaluestinum, 1903); by

Littaann (Zeitsohrift fuer issyrologie, 12, 200; 14,89); by
Koenig (:distorion-kritisehes Lehrgebasude der Hebraischen Spraahe,
2, 69f); by Pr. Delitzeseh (Frolegomena eines neunen hebraischen
aranaischen oerterbuchs gum Alten Tegtament:; by Hawpt (Journal

9% the amerigan Orient.l Scciety, 25, 71).

Closely rel:ted to thig word ies the word EZ%Zﬂ4%¥7

whioh means "appearance”, "likeness". It is oféén used for the

-likeness to God, Num. 12, 8 and Ps. 17, 1b.

The -various trunslotions do not give us much help in deteraining

‘the ‘emaot meaning of the word. In general the 30ptuagint trans-

; é% /
geg tha word with the word a;ggg: —r Bub the

1) Buhl loa. cit. .
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‘ernm /) /is evon wider than the lsbrew 27‘,@_ e in the lew

Togtanont i tranglated variously as "divereity” (I Core
12, 88); "gencration® (I Pete 2, 9); "kind" (Matt, 15,47); "kine
dred"” (iope 4,6); "sountryuan® (II Oore 11,26)3 "nution" (ilar
7486} ; "oftgpring" (sote 17,28); “one's country" (aiate &, 86);

"atook" (.ots 15,26); and "born at" or "bornm in" (iote 18, 2.20),

Zinilarly the Vulgate dues not ghed auch light on the exanct
moaning of tho tewn ? « Jorone tranplates il both as geius

and as gnaglep. The two terns are used by him interchange::bly,
for in %a.¢ 1, 12 he transl:tes 21@ once as genusg and tho

gaaond 4iue asg gpcaiag.

Yhat then does the word nean? Fired of all, it doos not mean
"spopies”ln the prasent restricted taxonomio sense of the word.
“hat ooncept did not exist at the time of the Hebrews. But the torm
"speoisg” anproaches very vlose to its meening. The tera "kind” as
we find 1t in our BSaglish Bible is alme very good. 4 brief soientif-
lo definision would be thig: ¥hen Hoséa gaid that the plants and gnie
auls were to reosroduge after their S::ln&, he mcant that oXfepring
wore o ave chpomatin asterial the sane oy very similar te that of

thalsr parents,

Commentatows ond others who disouss this tora are not entirely in
agroamont, but by and large thay agroe-'alith the position olted abova.
We ghall look into the gtatenonte of the a numbar of them. These are
qﬁoidd not as authorities on the subjest, bat simply Lo show ths

differen: viewpoints which they hold.

ﬁ_pr'”' Luthoran dog_mutmi.ma‘ have very little to say oa ths subject be=



cause the subjeot was not in controversy at the time when they .
wrote. Yet there are numerous indications in their writings
that they took a ereation aacording to speaies for granted.
Speaking of the ereation of pobsonous creatures, Oalof says:
"Omnes sane species herbarum et arborum initio oonditae,.sad
quia omnia valde bona oreata venenum et malitia non prima

oresatioge sed a pecocato merito deducitur“.l) Osiander in Thesis

XIX of his Collegium Theologioum writes:"Forma areationis est

pProductio gpecierum ad voluntatem oreantis perfeote congruen=-

tiun". In Thesis XXXIII he writes: "Plantae 1ipso actu (the

oraative act of the third day), hoe die, secundum exteriorem

formam sunt productae". 2)

Finally we quote from Baier who writes:"Ut autem perennare
pogset mundus produxit Deus @orpora simplicia quidem ea gon-
ditione ut nunquam penitus corrumpantur, mixtis vero, quae
Vitam corruptioi obnoxiam habent vim generandi aut multipli-

candi se comnuniocavit ad conservationem epgaiei unde ot cunius-

que speciei animantis duo utriusque sexus individua simul pro-

duxit".s)

The commentators are almost unanimous in telling us that
this tern > 7 must refer to species as we know them todgy.
Luther 1ived long befors the days of Darwin and the evolution-
ary eontroversy. ide knew nothing at all of modern taxonomy
with its olassification into genera and species. For that rea-

80n he oan sgarcely be ascused of reading sométhing into the

1) Calov, Abraham Biblia Testamenti Veteris et Novi Illustrata
P« 228

2) Osiander, John Collaegium Theologiocam, p. 55:Lf

3) Baier, J. Compendium Theologiae, vol.II, p. 22

-—<_
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text, of approaching it with a theological bias. Yet Luther

Vory olearly identifies the term _jl:gi with the term "speaies"
88 we understand it today. He says: "The faot that every plant
arises from g plant like it according to regular laws 18 a clear
8lgn that orestion d1d not take place by chance, but asgording
to the plan and foresight of God. From wheat there arises no=-
thing but wheat: from barley nothing but barley: from rye no-
thing but rye: und so forth, Bach species retains for all time

its fixeq order, way, and peauliarities.” 1)

Another commentator, Sohmidt, who lived long before the out-
break of the Darwinisn controversy aeomes to tha.same conclusion.
Writing in 1697 he gsays in commenting on Gen., 1,11: "Hoao est,

Et lignum fruaotum faoiens; faciens autem, non omne fruotum unius

Bpeoiei tantum, sed quodque juxta propriam speciem suam", 2)

lost modern commentators are agreed that the term as it is
used in Genesis refers to the oreation of species as we know
them today. That is true not only of Fundamentalists, but also
of some of the more Modernistic gommentaries. For even though
the Liodernists may deny the authority and inspiration of Gene-
848, they will not, if they are Semitic scholars of any stand-

ing, deny its plain statements.

The Pulpit Commentary, a conservative gommentary on the whéle
Bible, says on Gen., 1,11: "The phrase 'after his kind' appended

to the second and thard (herb and fruit tree) seems to indicate

St ——

1) Luther, Martin S#mmtliohe Schriften, vol. I, p. 44
2) Sohmidt, Sebastian Genesis, pe 10
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that the different species of plants were already fixed. The
modern dogma of the origin of species by development would
thus be declared to he unbiblical as it has not yet been
broved to he geientifiac. The utmost that can be oclaimed as
established is that "species' guaispeaies have the power of
variation along the line of certain characteristics belong-
ing to themselves, but not that any absolutely new speoies
has ever been developed with power indefinitely to multiply
its ¥ind". On verse 21 of the ohapter the author says: "The
generic terms are thus saen'to include many distinet orders

and species created easch after its kind",. 1)

An American Commentary on the 01d Testament, a Baptist

aommentary, says on Gen. 1, 11: "After its kind: that is,
after its speocies. This phrase aonveys the important truth
that these speoies do not run into each other. Apart from
the divine word, there was nothing in matter itself nor in
any of its possible combinations or adjustments that could
produce life either vegetable or animaleesss..W8 have here
an ingtance of the natural originating in the supernatural

and then following established law in its established order.

"In this assertion of the distinotiveness of speoies and’
the production of each as a distinot part of the oreative plan,
revelation tallies perfeotly with the eonclusions of natural

80ience whioh leads us to believe that each species as observed

1) Spense, Canon, ed. The Pulpit Commentary, flenesis, p.18




by us is permanently reprodustive, varisble within narrow lim-
ite, and incapable of permanent intermixture with other spea-
ies; and though hypotheses of modifiouztion by descent and of
the production of new spesies by such modification may be
forme#, they are not in acoordance with exparience and are
8%ill among the unproved speoulations whish haunt the out-

skirts of true sclenae (Dawson)". 1)

4dam Qlarke, in his commentary on Genesis, says on Gen, 1,
11: "Sveryithing both in the animal and vagetable world was
lade so nogording to its kind both in genus and species as
%o produve its own kind through endless generations. Thus
the geveral races of animals and plants have been kept dise
tinet from the foundation of the world to the present day.
This is a proof that all future generations of plants ana
animals have been geminally ingluded in those which God formed

in the beginning", &}

Jamieson, Fausset, and Brown, in their Critical Oommentary,

say on the same verse: "After his kind (__ /. J°% 0 ) - after

its snecios. It was applied to the herb noticed previously as
1% is mentioned afterwards in gonneotion with the lower anie
nals as well ag mang and it is partioularly worthy of notige
that this mark of distinetion is made and repeated in sll the
Buogesoive parts of the narrative relating to the oreation df

organio life, thereby olearly announoing it %o be a universal

1) An American Commenta the 014 Testament: Genesis, pe. 47

2) Clarke, Adam She Holy Bible w a_Commentary, vol. I, p.86
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law, established both in the vegetuble and animal world that
distinetions of spesias entered into the original plan of

the Creator", !

Drivaxr, the well-known oritio, is forced by his scholar-
Bhip to say: "after its kind: rather after its kinds (the worad
being collective) i.s. according to its various species: so
VVe 12,24,25, The addition oalls attention to the namber and
Variety of the @ifferent speoies indluded under each head". 2)

Delitzsoh, the well-known lebrew scholar, 8ays: "...but
eeriainly a referenco to the fruit treo sees is intended, the

fruit of the fruit tree is determined agoord ing to species”. 8)

Gunkel, another welleknown eritio, says on this verss:"Der
Verfassor will deutlioh machen, dass Gott es ist, der die
Klagsen festgesetzt and so die Ordnung der Velt selber bestimmt

hat: Die Klsssen sind ewig", 4)

Otto Prooksch, in his commentary on Geneeis, writeas on this
Bame¢ verse, Gen. 1,11: "Die beiden genera der flora entfalten

8ich in den species. 2ie einzelnen species sind also von Anfang

an vorhanded", °)

Peake, too, in his commentary on Genesis, agrees with the

Jamiogon, et al. Oritigal Jommentary, vol. I, pe 6
Drivar, 3.Re The Book of Genesis, pe 9

Delitzsoh, Frunz A New Commentary on Genesis, p. 89
GQunkel, Herman EundEommen%ar gum Alten Llestament, Genesis,
Pe 96 :

Froa'geh,Qtto Die Genesis pe 429

h AMM
Nt v st s St
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authorities whom we have quotcd before. He says: "iach genus
Tomains fixed and revroduces 'after ite kinds', i.e. tho var-

ious speaies embraced in 1t".1’

0f course not all commentators agree that there is a refer-

ence to the oreation socording to species here. Some have
thelr own peculiar exegesis of this verao. Among these is
Matthow llenry who lived and wrote before the days of Darwin
ani the evolutionary sontroversy. He believes that these
Words are a genoral roferance to the fact that God oresated
all kinds of plants and animals and not a necessary refer-
enge to the fact that plants and animals were created ao-

goxding to spocieg.

e would expeot that some aritias would be so blased in
their aporoach to Soripture and so "modera" in their thinking
that they would rofuse to admit those words to be & reference
to spocies, Ve are not surpkised then when Skinner, the well=-
known oritie, who edited the first volume of the International

Critigal Coamentary, writes: "The etymology (of Ziéé) is 'm-
gertuln, If gonneoted with H?ZLgfl_(form. likeness) the

heaning would be form (Lat. species); but in usage it seems
to mean eimply 'kind', the singhlar suffix here being dis=-
tributive 'agoording to its several kinds's In Syriac the

aorregponding word denotes family or tribe”.
Keil, the well-known Hebrew scholar, has & similar inter-

1) Peake, Arthur 5. A _Comientary on the Bible, p. 137
2) Drivor, Sanuel et al. ed. Ghe Intexnational Critical Commen-
ta!x. De 24
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pretation, He says on Gen. 1,115 " ___l;ZL%iL,besagt, dass

die Xrfuter und Biume nach ihren mannigfaltABen Arten aus der
Erde aufgingen undé mit der Kraft, Sumen und Frucht zu bringen,
3pgleich dle IMdhigkeit, sioh in ihren Arten fortzupflanzen und
1 varmehren, empfingen". While Keil lays the ohiéf stress on
the oreation of a large numbor of different kinds of plantis
and animals, he does add that they reproduce acgording to

their kina, 1)

finally we shall quote from one more oritic, the Rav. F.
Rensey who says: "Kinds of - the meaning is not asgcording to
tyve (a8 the a.Ve 'aftoress.kind® suggests) but in variety.

Verse 1l says that Cod made all varieties or kinds of herbs

and trees: ve. 21 that Hde made all sorts of water animals and

ailr minalp: wnd v. 25 that He made all kinds of land animaln".aj

While we must adnit then that we osznnot say definitely
that the word as it is used in Genesis means "species”, we
are safe in saying that most commentutors have understood it
in this way. Yhie moreover woyld seecm t0 be the natural way
of understanding these statepents when we apnroach them with
an unprejudiced mind. The very faot that the word is repeated
again and again would indicate that 1t hnas some real signifi-
gance. It would almost seen as if the inspired writer had an-
tioipated the gontroversies which would arise and in order to
emphasize the faot that God did oreate the plants and animals

aggording to their species, he repeats this term over and over
i ——————

1) Keil, Carl Biblischer Coumentar Uber die Blcgher loses, vol.l
Pe 17
2) Ramsay, . An Interxpretation of Genesis, p. 17
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again., It is interesting to note that this phrage "after
his kind" 1s not used in the case ¢f the oreation of man
thereby indicating the gul? that exiats between man and

the highost animals.

A0%ually the soncept "species™ did not exist at the time
the hook 02 Gonesis was written. That ooncept has arigen only
with modern taxonomy since the days of Linnaeus., The peo=-
ple of lioges' time 4id not olassify plants and animals into
gohora and species as we do today. Thors was no term for
"species": Moses could not have written that God oreated
plants and animuls agoording to their species unless he had
used a term utterly foreign to the people to the people of
his time and to the peoples of the 33 centuries folloviing

hin,

Pinally we must remsrk th:t the torm"species" 18 an gr-
bitrary designation. As we shall have occasion to state in
ano ther gounection, nature itself is not olassified: it is
lan who ¢lussifies nature. The term "species" is a taxonomio
term, and like 6ther terms, 1t desoribes nature as man sees

it, not as it autunlly is.

Actually no gompetent bilologist today even attempts to
define:spsoles. Uobzhansky says in his latest book:™ 0f late
the futility of attempte to find a universally velid oriter-
ion for distinguisiing species has gome to be fairly gener-
ally if reluotantly recognized., This dif7idence has prompt-
8d an affable systematist to propese something like the fol-




B ™ T " }
|

lowing definition of a species: 'a spoocies is what a gompe=-
1) . |

tent systomntisot eonsiders to bhe & species'™.

It night ve woll to add a word here with regard to our
oW pogition over agsinst defining a species. ind that is

this. If gounetent syatenatists caanot sgres on a defin-

ition of g Epecies, certainly we ought not try to propound
8 definition. Por if we acoept the nost widely aovepted defin-

ition o7 » Spedies, wis., & group of animale or plants gapable

of fortile in terbraeding indefinitely, I think we will have to

aémit that new species in this serse of tha word have appeared. ]

I @0 not believe that the secount in Genesis requires us
to socent thie definition of a specieas Moreover I do not |
believe that 213 forms which are today clasclified as dis-
tinet apecies nove existed ag such since the Ureation.
For instange, there are pevaral epccies of Drosophila whigh
have avidontiy eriginuted from a com:ion ancestor. They exnibe- |
1t parellel mut 4 fons: that is, the different ppecies ShowW
the same aut.tions, iloreover in those forms whlch can be
9rosgad, o study of their chromosomes in synapsis showe that
for the mo9t part tlie #hromosomes are alike. Here and there
in maotions of the individusl chromosomes $rauslocations
aad inversions huve e¥idently cccurred. This would indieate,
8% least %o ny mind, thet these species have come from e

QOmMen ancestor.

i do not however believe that all forms today have orig-
inatad fron a 8ii2le conuon gneestor or that they have origine

ated from s relutively f:w common snoestors. That, I believa,
m—.

1) Dobzhaneky, The Genatigs .nd tha Opigin of the Specles, pe 310
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would be aontrary to the mecount of Genesis and also contrary
$0 tho faots of soience., The soientific exldence on the mat-

ter I shall present in theso next pages.
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Genetics is aonaerned with the study cf inheritance, the
8tudy of the way in whioh the various charaoters in plante
and animals are handed down from parent to offspring. It is
axiomavic that like bogets like, and yet every thinking man
reglizes that thers arc certain diflerenccs between the par-
ent and the offspring. Geneties is ooncerned with both prob-
lema: why the offspring resembles the purent, and why it aif-

fors from the parent.

dince each individual originates from a single fertilized
gall ( or in the case of parthenogenctio rcproduction from a
8ingle unfertilized cell) it is evident that all hereditary
characters nust be depermined in this single dell, The mech-
anigm by which this takes plage is to be found in the nucleus
0f the cell. The gotual deterainers of heredity seem to be the
8ones which ere curried on the chromosomes. 4 gene hap never
been seen even with the most powerful miorosoope, but they are

postnlated as being minute bodies loouted on the chromosomes.

The theory of the gene was firat promalgated by korgan,
Bridges, and their assoolates early in this century., Their
work was congerned ghiefly with a small Hediterrsnean fruit
#1y, Srosophila melanogaster. They belleved that the genes
vere arranged in linear order on thoe chromosomes. Because of
this linear arrengement it is poseible to map the ehromosomes
and to say at exactly which point the gene for a certain char-
aoter is locatsd. The map of Drogophila is falirly gomplete

and its acouracy has been gonfirmed by aytologioal studies.
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Each gene probably determines several characters, but it
18 named according to the chief character whioh it determines.
OBviously it is possible to study only those body characters
which are external. No doubt the internal anatomy and physioi=-
08y are determined in the same way as the externasl features
are determined, but it is impossible to study them at present.
It is estimated that Drosophila has between 3,000 and 5,000
génes, although estimates run as high as 28;000. 0f these
only about 600 are known, The reason for this is two-fold:
it is impossible to analyze internal characters as we mention-
9d above; and the fact that genes sre disaovered only when
two genes at the same loocus produce different effeots. Genctics
1s based upon a study of these differenoes.. Viera all plants
and enimals alike, the study of inheritence would be imposs-‘

ible.

Now how do these genes operate? It is oonoeived that they
are arranged along a ohromosome in a line. All the chromosomes,
8Xoept the sex chromosome s in one sex, are paired. The genes
on the chromosomes and the ehromosomes themselves line up
against one another very much in the fashion illustrated in

Figure., 1, 1)

1) I personally do not believe that this is the correct pic-
ture of the mechanism of inheritance, I am inclined to
agree with Goldsahmidt that there is no such thing as a
gene. However since the lorgan-Bridges scheme is still = .
dominant in Geneties, I am presenting it here. ,
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Figure I: Illustrating the chromosomes
agoording %o tha lorgun-Bridges schenme,
Thus 4 is opposite a, B is opposite b, ¢ is opposite

0, and so on.

7o paid befors that the genes are didcovercd only whenttwo
ol thom have different effeoctsy It has been found that in uost
G388 one gene appears to be more powerful thuﬁ the other, and
thits is able to gause its affeot to appear when matohed with
ite compunion gene, known u«s its ullelomorph or sllel, This
gene is known as the deminunt gene and 1s alwsys designated
with & oapital lettere Ii¥s allel is knouwn aavthe recessive
gene und is designuted with the corresponding small letter,
Thus in hunan eye ¢olor brown is dominant over blue.t) The
brown fuctor or the gene dauslng brown color may be designated
with the letter "B" and the blue faotor ornthe gene
oausing the biue golor may be designuted with the letter "b".
Thug if "B" is lined up opposite "B", the cyas ure brown:
if "B" is lined up opposite "b", the oyes are also brown

becauze"B" is dominant over "b"« This ocolor sannot be dis-

1) Actually thore are a number of faotors involved in humun
eye ocolor, and thiu scheme does not always hold, However
as o general stutomont, this schome fits the ouse,
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tinguished from the brown color in the first case. Apparent-
1y i1 i the same golore. OUniy if "b" is lined up oppoeite

"b" is the golor blue.l)

Horgan and Brldges nevar attempted fto poetulute the exzact
nature o2 the gene. However their followers did postulate that
thaoy were Yighly complioated protoin bodies, ind it follows
from the thaeory of the gene as it was promulgated by Horgan
and Bridges that the gene is somec sort of a separate entity,
prolein or otherwise, looated upon thoe chromosome whioch bears
its 1Indeed some genetiocists believe that the tiny bumps which
appesar on thoe giant salivary ohromosomes of Drosophila are
the zenca. ilowever Goldachmidt has resaently thrown s monkey
wrench into the theory and has done it so effectively that
8t least in my opinion the ontire theory of the gene will have
to be disoarded or at Dast rovised. In orde of his recent books,
aftor discussing the nature of the gene, he says:" The precad=-
ing =antences bring us now to the point where we have to ask
oursaelves whather or not the theory of the gene as the heradi-
tary anit of aotual separate exipgtence is still tenable. The

2)

faots regarding the poeition effects  which we heve mentioned

Rmaa e o

1) See Pigure III, pe 28

2) rositlion éffects are those effocts which it has been dis-
govered oertain "gends" have depending upon their looation
in the ohromosome. or instance it has been digoovered that
if o certain gona ig translocated cnto a aghromvsome other
than that one on which it is usually looated, it has an en=-
tirely diflerent eafioct« This should not ogouxr if the lorgan

Bridges theory 18 curreot.
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have led to a situation where gone-like effeocte ara atiribe-
uted to contiguity between differont pointe in & region of :
the chromosome asgumed to represent different genes and

the so-called inert meterial.t) The thaeory of the geone

has certainiy to be etretched congiderably to allow a desorip-
tion of snoh facts in termes of genes, Id there no zlterna-
tive? It seems that these faocls and a number of others
point to a thaory of the gorm plesm in whioch the individual
genes will no longer exist", B Goldsghmidt has not yet
definitely formnlated his theory, but points to a thecory
agceurding to whioh the centire chromosgome will be regurded
more or less as a long organio chain molecule. A certsin
arrangement of this chain at & certain point means the de-
velopment of one charasater and & déifferent arrangement of
the chain mezne the development of another sharactear.

4llelomorphs then would be dne to difforent stereoisomeres.

In his latest book he says of ihis new theoryz" Let us
gompare the ohromogome t0 = very long chain molecule of &
proteine The linear pattern of the chromosome is then the
typiocal pattern of the different amino-acid residues, Let
us assuma that this chain molecule aots as an autooataclytioc
proteinnge (an sssumption required for any model of the
geya plasm). 4g it is known that each protein ( and there-
fora probably each proteingsa) is oharsoterized by the length

of the ochain, the tyre of amino-aoid residues, and the

1) That portion of the ohro.aosome on which ne genes have

been disgovered.
£) Goldsschmidt, Rlohard Zhysiologiocal Genatics, p.30¢
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8pacific order or pattern or phythm of the repetition of
these residues along the chain, innumnerable iypes of pro-
tein may bhe obtained by permﬁtation of these three variables,
without any change within the individualmresidues, the

loci of the éhain; still more may be obtained if different
pulypeptids are united end to end in a superchain. The
mechanios of the possible changes from one type of protein
to another by a pattern change inwolving the three variables
may he desoribed in terms equivalent to tho wo rds bresk-
aga, inversion, translocation, deletion, rearrangement.

4 garies of gteps will'probably be needed to transform one
gtable pattern into snother though the details can hardly
be undcrsiood yghe As socon as this traneformation is com-
pleted, a new protein, proteinase , chemical system has
baen achievad. It is possible and conceivable that within
one such long chain, small locgl pattern changes (sterso=-
isomerisms) occur which @0 not change in & general way the
cabaclytio gotivities of the whole though they impair it.
esecesh g8imiluir condition applied to small parts of a

ghain molecule would be s perfeot model for mutations if

mutations ware aoctually with position effects as we glaim". 1)

Regent physiologiocal investigation has tended to favor
this theory of Goldschmidt. Nuolelo ©c¢id seems to be one of
the constituent gomponentes of the shromosomes. From the

structural formula given below we can see that such a

1) Goldschmidt, Richard The Materisl Basis of bvolution,
Pe 248
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theory is at loast possible (Figwe II),

But even though thce theory of ilorgan and Bidges may be
wrong the data and faots which they have presgented are gor-
reat. Ve are able to study the results of the action of
the ganes even though wo are not able to understand their

o ngtitution. The results of gene action were studied
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Pigure 1I: The Probable Chemical

3tructure of liucleio Acid
by the earlisst genetigists. The first of these was iendel,
who might well be known as the fataer ol genetioce

iendel was an austrian monk who entered the aAugustinian




Honastery at Briinn, Austria, at the age of 21. There in

the monastery garden he oconduated hig famous expcriments
with sweet.peas. He published the resdlts of his work in 1856,
but his famous paper lay unappreciated until the turn: of

the century when it was discovered simultaneously by three

independent gaientists, De Vries, Correns, and Tschermak.

liendel was interested in studying inheritance of charac-

ters in the wweet pea plant. He was the first to use the

Statistical method, and it was this that proved to be the

8ecrat of his sugoess. He discovered that when he crossed

8 number of tall plants with a number of dwarf plants, the

resulting plants were all tall. However when he orossed

these tall plants once more, three quarters of the result-

ing plants were tall and one guarter dwarf, resembling

in this respset their dwarf grandparent.

Refleotiné on these results, Mendel came to several gon-
clusions, and these are now known as Mendel's laws. First
of all only one charaoter appaaréd in the first filial
generation (known as the Fll. Even though one parent had been
dwarf, all the P, plants were tall. Secondly, the dwarf char-
acter, although it disappeared in the Fl,waa not lost since
it reappeared in the seoond filial generation (Fg). The tall
Gharao ter llendel oalled the dominant, and the dwarf charao-
ter he called the recessive. One further point seemed alear.

If the factors are supposed to oocour in pairs in each individe

v
>t
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ual, some method must exist which keeps the factore in p.irs
from generation to generation. iendel assumed that only one
0f tho two faotors of each nalr gets into each germ gell.
Today stddies of the process of meiosis have confirmed

this, Cells, we know, reproduce thaéselveu ordinarily by
the proagess of mitosis. Each ohromogome splits in two, so
that each of tho daughter cells have the same numbar of
chromosomes, 3ut throigh the wise providence of the Ureator
goxrm gells do not repruduoé in this way: otherwise the num=
bor of chromosomes would double in each generation., Instead
thro gh the process of medosis the number of chromosomes

is halvad in the germ cells, Thus the o ffspring receives
half the species number of chromosomes from its father

and half from its mother. We remarked before that chromo=-
somas are paired, exoept for the sex chromosomes in one
76%Ze In meiogis then one chromosome from each pair of

chromogomes is plaoced into each germ gell.

llow let us see how these laws of liendel operate. The
tull poa plant would be dosignated with the letters "TT"
and the dwarf pea plant with the letters "tt". Such plante
whers both genes are alike are said to be homozygous,
After meiosis takes place, only one of these faotors is
in the germ cell, These two cedls unite to form the Fy
plant which is designated by the letters "Tt", It is said
to be phenotypieally tall (tall according to its appear=
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anee) but genotypically (ascording to the charaoter of
1ts genaes) to contain also the recessive dwarf factor.
Pigure III illustrates what happens in both the F; and
The Fye lote that in the Fy four possl ble combinations

0f genes are to be had.

T x 5%

liefosis T t Fl
™ (tall)
™ x Tt ™ = 1% % .x B ..7%t x ot
lleiosis T 7 T t t T t t

&
7 {tall) % (tall) 2t (tall) tt (dward)

1, BBz bbb 2. BBxBB & BB xBb BB x Bb

B b B B B B B b
fi15) BB BB Bb
(brown) (brown) (brown) (brown)
4, Bb % Bb Bb % Bb Bb x Bb Bb x Bb
B B B b b B b b
BB Bb Bb bb
(brown) {brown ) {brown) {blue)
s bbb = bD
b b
bb
(blue)u

Pigure III: How Mendel's Laws work., In the first
series wa have a oross betweon a tall pea plan}

and a dwarf pea plant. In the seoocnd case we

have the possibilities with human eys aolor

(See note on pe 156)s #1 illustrates the possibil-
ities when a man homozygous for bhrown marries a

blue eyed woman: #2 illustrates what happens when
both parents are homogygous for browni i3 illustrates
what happens when one paraent is homozygous for brown
and the other heterogygous: $4 illustrates what
happena when both parents are heteroszygous: and

#5 1llustrates what happens when both parents are
blue oyod. Thig diagra: govers all possibilities
and with it it is possiblle to trace through several

genec rationg.

‘e said before that the study of genetios was possible

only because of a difference in genes found at the same
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loocus in the chromosome. The question now arises how
these differences and ohapges arise. I have no doubt

that some of them were present at the Creation. But it '
is true that many have appeared since that time and are

8till uppearing today. These changes are known as muta-

tions.

liutations may take place in somatic tissue, that is,
in body tissue outside the germ ¢ells. Such a mutation
occurs when u tree is discovered with one branch having
double leaves., Ve are not congerned with these sincs

they do not affeat the germ cells and are therefore not

teansmitted,

llore important are those mutationa_whioh ogour in the
germ oells, These may be of two types, either dominant

or regessive. For our purposes in this paper, the follow-

ing fuacts should be noted: t

1. Most genes are exceedingly stabde. The natural muta-

tion rate is vary low.

2. Different genes have different rates of mutsation,.

Some mutate very rarely:others under certain wir-

cumstances are high us 100%.

3¢ lutations may occur at any point in the life history |
of the organism, though they seem to ocour most
fraquently just Before or during the process of
meiosis. i
4, The rate of mutatiuvn in various genes may vary in

different tissues or at different stages of devel=-
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opment of the organisa.

e 4 mutation is ususlly rogarded us & change in a
pene, not the loss of 4 gene. Some changes which
weye at firgt regarded as mutations, as the Bar-
eyei oharacter in Irosophila, have been found to
be doe to the deletion of a portion of the chromo=-
some, but this is not trnly a matation. It is alaoo
believed that muny "lethal" mutations are actually
2 1088 0f chromosomal materiul.

6s lilore than one change may ¢tccur in « given gene,
produoing multiple allelomorphs, which usuully
affect the sue character in differing degreoes.
Thus insééad of having only two chur .cters as we
have for helght in the sweet poa, we have foar
gharictcrg for agoat oolor in rabbits, «ll of which
are datermined by allelomorphic genes ut the sume
loocus, This igs true for cout golor in most ani-
muls.

7e The dirsotion of mutation is however "preferential™,
ogouring more often in soms directions thun in others,.
In other words, mututicn does not w cur by chunoce,
but i1 is under the directicn of scme guiding force
which we may well identify with God.

8, The mutubility and preforentiul direation may them=
salves ba changed through mutation.

9. Aggording to the Bridges-Liorgan iheory, mutations
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appear to be chemloal changes. .ccgording to the
theory whioch Goldscimidt seems to favor, they
would be changes in the arrangement of the "@"
chain, and two different genes at the same loous
would meraly be isomeres.

Y 10. Motations are usuully harmful to the orgunism. This

is undoubtedly, so far as we are concerned in this

paper, the most important point with regaré to
nutationss We will have oz casion to return to this
point again.

* 11, lintut iong are usuully reasessive to the wild type.
This is related to the point above, since, as we
shall see, almost all recessive mutat ions are
novw regarded as at least sedmi-lethal.

12, Hutations with slight effects are muoh more com-
mon than those with marked effeats.

13, Mutuat ions with no visible effeots are most common
of all, This is in line with the faot that many
mutations affact internal anatomy and physiology,
and no technigue has thus far been developed to
study these.

v 14. Radiation may greatly inorease the natural muta-
tion rate. This is one of tho chief evidenaces
for evolution, and we shall have ogoasion to

discuss it further later. 1)

1) For Goldschmidt's views on the whole subject of muta-
tions, see p. 16ff.
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Freguently there are disovvered exceptions to the lien=
deliun principles which can be explained only by assuming
thut one of the fautors in a homozygous state causes the
death of the zygote. =8 stated above, when we oppss two
heterozygotes, we expeat to get a ratio of three dominants
to one recessive. But when Landauer and annl) arossed two
oreeper chickens, they discovered a two to cne ratio instead
0f the expected three to one ra.io. Seven-hundred-seventy-
five oreeper fowls resulted and 338 normal fowls. Now it is
known that oreeper, a breed in which the wings and legs
are oonsiderably shortened giving the chickens a squatty
appearalnce, is a dominant charwcter. From thesevdata and
other data which confirmed these results, they postulated
the theory thut whenever the factor"ereeper" is homozygous,
it results in the death of the zygote. Thus "CO" dies, "Co"
is a orecper chicken, #nd "eo" is u normal chicken. What
huppens when twk oreepsr fowls are interbred is shown in

fMgure IV,

Other lethals that are recessive are more difficult to
disgover, but teehnigues have been developed for the study
of them, particularly in Drosophila. This method, discovered
by Huller, is known as the C1lB method. In the X chromosome
(the sex ohromosome) of Drosophilas the following three fao-
tors appeur. "O" represents a dominunt factor which pre-

vents all crossing over in this pair of chromosomes: "o"

1) Landauer, W,, and Dunn, L.C. Journal of Genetias, 23 (1930},
Pe 397
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is the absence of this factor. "L" represcnis a normsl factor
for viability: "1" is its allelmorph, known to be lethal,since
all fliaos of the formula "11" of "1Y" ("Y" representing the
male equivuilent of the female "X" ohromosome which is not

homologous und garries very few mnaes) die, "B" ie o dominant

Ca x Qg Ca z Ca Ca x Co 0o x Co
¢ ¢ Qg o (<] g ] g
Qc Co Co aa
Dies Creopaor Cracper Hormal

Pigure IV: Illustrating o oross betwaeen
two oreepor fowls
fagtor for bur eye, while b is its wild type wllelomorph

producing normal eye

Huller produced a stuok in whioh the females were hatero-
gygous Lor thesce thres fuotors, having (1B on one uhromosome
and oLb on the othor, These oould live because tho lathal
"1" was covered by its normal dominant allelomorph.’ Suoch
fameles warc mated to {gLb) (Y) males. Of the female off-
8pring, the bar oyed flies would curry ClB on ona chromo=-
goume (from the mother) and éIb (from the father) on the

othqr.

Thase bur eyed £1ies sere then bred to normal malas
(eIb) (Y) and the offepring examineds Naturally half the
nmales dicd becuuse of tha léthal recsssive regeiwd from
the origin:l female parent. The other half of the males
receive their ohromosome from the original mslae parent. If

& raocgessive lethal has ooourred thore, these flies will also
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die, since they reccive the lothsl with no normal wlielomoryh
t0 cover it upe Hence large numbers of flles euuld be éxum~
ined for lethal muta lons simply by looking fox sultures
where there woro no maless When suoh & aulture is foungd,

it 12 becuuse of s lathal pruduocd in the X-ghromoscme of

the male. ”ﬁn ohurt in RPigure ¥ shows how this nethod works.

dther lnvaa%igutora pave doveloned almilar mothods with

gimliar rosulis. dhat we mre wost concerned with here are

oo

non- non- aies 1T
C bar bar |cl | lethal
1f femaled fa—| L was pre
Bl b // nale|b dueed
” by A-t
/ ' §
G MHaz bar o
i /‘ a1 fa- il dies
bl nale BI r

figure V: The Hulleor C1E method for detesting
lothals.
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these results, ©able:l gives the results of ulier's work, 1)
It aight be suld by way of explunation that ilullor was

Studying the production of mutations by A-radiation, _

Wa are not intereatsd in the difference betwecn the radi-
ated und nen-ruadiated flies, but we arge interested in the
fact that in the firet group, the radiated group, there were
49 lathals uud four semi-lethals for the one visible muta-
tion, I tho ssgond group thaere wore 89 lethale, 12 semb~

lathuls, and only three visibla mutations., These duta

Yroatnent | # of fer- gy putations ]
' tile Fy tethual| se.i-lethal |viuble
aultures
Untreatad 198 - | SS0 "0 0
A=ray by 676 49 e 1plus
L-ray b, 772 89 12 Bplus

Tiuble I: Results of .uller's work with Urcsophila
using the O1B method

@laurly show that most mutut fons are either lathal or semi-

leth&lo

lioreover iha vast majority of geneticists admit that most
regcesives are at lezst semi-lethals. Sinnott and lann say:
"iloreover many recessive fuctors partuke of the nature of
lethuls, since individusls homozygous for them'are lass
viable than the ‘'normal' or wild type".z’ This was very

evident in the work whicl I personally carried on last

1) Haller, . J. Badistion and Uenetics, .merican liaturalist,

vole 64
2} Sinnott, Z., und Dunn, L.C. Zrinciples of Gonctius, pe 114




=B

your. If viability ndé fortility werc qsfmal,;tha two olasses
+ (the designation for the 118 tépe, nads up almost oxelu=
8ively of dominantg) and "ab" should have hud the same number
&n them, but thoy did not. (Sec Table II). This effoct was
brought aubout by oniy two receseive genas, The rest of the
genaes, of which thera are no doubt several thousands, are, we
assuno, dominant or at loast tho very sume genes that -+ has,

These results are not isolated, S0 fur us I know, most inves-

Crosa ¥y virgin
P mnles
b

a=b fenaies

s | b | ab | Total)
vi-ho vl/ho gg[480|764| 2¢ [ 1577

vl-sb vi/sh 428265545 (226 | 1259
vi-ie #1/1e 303417600 (167 | 1877
¥1l-bl v1/bl 575| 464|583 [135 | 1558

Table I1I:; Kesults of crosses with veinless in

dabrobrucon Jjugl.ndis.y)
tigators who nuve worked on the jroblem have hud the same re-
sulta. IN fable ITI, I shull present the dutu from one other
investigution which ig typical of the resulds gencrally achiovad,
Claearly these rssults show that,at least with ligbrobracon

Juglandis, recesaive mutations are definitely somi-lethal.

Mendel workaed with seven difleront cets of charsctors in
the sweat pou, and on those resulis published his paper.
By gome stroke of luck, comparuble tu the stoke of luck XMor-

8an and Bridges had in pleking on Drosophila melanogaster

1) Klotz, John Linkape Dasts of Veinless, a Ving Factor in

dabrogrucon Juglundia, Thesis, Hebe,University o
#itt¢sburgh, 1940, p.18
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for their material, cach of the pairs of characters which he
piddked were loonted on different chromosomes., Had he pioked
two pulrs of gharacters loosnted on the same chromosoma, his
resgult ¢ would@ have been vory confusing to him. Ve know now
thut suoh factors do exist, for there ara thousande of genes
and only = relatively few ohromosomes. Since gence do not
8eparute in aoiosis, but chromosomos do, #e@ would expeot two

genaes wnat are on the same chromosome to remuin together gnd

Cross P, virgin
Fa males
a=b females
4+ al b | ab | total

Y-gw Y/ aw 261 |85|293 | 50 608
Y-sb i/ ad 195|60(124 | 92 457
¥~fo Y/%o 265|37(147 | 33 | 480
Y-rd |1}/ rd 218|23(174 |18 | 433
Y-0d Y/ad 243|50(140 | 33 | 436
Y~to Y/ta 48|16 10| 8 72
Y-Eh Y/Eh 165(13| 96 | 11 286

Table 1II: Results of orosses with yellow
in Habrobraocon juglnndis.lJ

and not to separ:fe in a random assortment.

e £iné just such exceptions to the law of rundom assort-
ment: we find cases where pair: of faotors do not ussort ut
random, but tend to stick together in the wuy in which they
enter the oross. The firat of those was dlisooversd in sweet

pesas by Bateson and runnett in 1906« Ve o2ll s:ch factors

1) Catizone, Olga The Dinkage Relations of Yellow, an
angennsl Magior in daSroEraaon Jugdundis, onesis, K.S.,

University of ciiteburgh, 1958, pe 23
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linked fuctors, and we explain linkage by assuming that the
pgirs 0ol factors gongerned are oarried on the ssme pair of

ghromosomes.

Two such linked factors are black body and long wings in
Drosophils, and their allelomorphs, grey body and vestigial
wings. Vhen these two are orogsed, all the offspring have
grey bodies and long wings, since these are the two domin-
ants,  These grey-bodied, long-winged flies are now bagk=-
orogsed with the double racessive, black-bodied, vestigial-
Winged #lies. Ordinarily we should expect a L:1:1:1 ratio
(See Pigure VI) Actually we find very few black-bodied,

vestigial winged flies or grey-bodied, long-wingad flies.

In other words, the faotors have uppeared in the same

. (Y
BbVv x bbvvy BbVv x 'bbvv BbVy x bbvv BbVw x bbvey

BV by ‘B INiE-DEY bV b v By bDvw
BbV¥v Bbvv bbVv bbvv
Black body Black body ‘Grey body Grey body
Vestigiall Long wings Vestigial ILong wings
Rings wings
Fiagure VI: Expeoted results from a aross betwaeen
a heterozygous Black-todied, webBiggial winged fly,
and a gray bodied, long winged fly. 0
way that they entered into the cross throughbtheir grand-
parents., It is therefore assumed that the two factors are
linked, and thaut ths genes which bring thom ahout are lo-
gated on the same chromosome. To indisate this they ure not
written BBvv and bbVV, but (Bv) (Bv) and (bV) (bV). (See

Figure VII).

It is to be noted thit there are & few of the type flies,



and a fes of tho double reoessives. .otually €2% of the ilies
huve blaok bodies and long wings, 42% have grey bodies und
vestigiul winpgs, 8% have grey bodies and long wings, and

8% have blaok bodies and vestigial wings. How is this to be
@Xplained? If the genes arc linked, how ig it posuible for
type and the double regessive to appeur? This introduces us
%0 the phenomenon of orossing over, which is vne of the most
important conoarts in wmodern genetivz. It ig based on the
oytologic.l evants in the yrooesé.of melogis. In reality
the ;:rocesy of meiogsis is not go siaple as it was outlined
esrlier in this puper. It is reclly « vary ocomplicated pro-
g88s. Fhat actually ogcurs is thut each chromosvme divides
in two sc that in the place of euoch pair of chromusomes
thero are now four known 248 a tetrad. These are distributed
in & serics of gteps until each of four cells has one of
Yhe chromosomos. In these progossos the chromosomes Qome
%o lie very olose to one another, and from time to time
eéxghange nomologons partss Thus it is possible for genes to

eross over from vne chromosome to another (He¢ Figure VIII).

(Bv){vV) = (bv)(bv) . ABv)(b7) x (bv)(bv)
(Bv) {(bv) (bv}  (bv)
(Bv){bv) (b¥) {bv)
Bluak bvody Gray body !
Long wings Vestiglal winge

Piguwpe VIIL: Inheriturnce of linked charxausters

Beoause of this phenomenon of corossing over, it is poss-
ible to mup ths chromosome and deternine at leust relative-

ly wherc on u ohronosome certain genss are locatede It is
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pogtuluted thﬁt if 0ar€uin genus'are'very c¢lose together,
thay will be 3ap;rutad vory se¢ldon ‘in the progess of urosu-
ing over, while 1f thay ara distont from one anuth&r, they
will $end to be separated up to 50% of the time.lrup dig=-
tanacs are bulculuted aftor nathensticul corrections have
been mude acaording to the nuaber of orossovers in the total
number of flies. Thus in the Dreuophila cese above, the
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Pigure VIII: Diagramatic Illustrativn of the Cytoleg-
icul evidenge for arossing over.
total number of orossovers aonstituted about 1s% of the
total; after qorrcuti;ns have beei: made, it is diseovered
that they Qra‘sepurated 18,6 unitc on Chromosome II. That
these disfunoes are relatively oorreci has been confirmed by

aytologioal evidence, They are not wbsolutely correot, be=-
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there are inert regions on the chromosome, regions
do not contain any mutant genes. Haps have been pre=-
for Drosophila melanogasber and for maize. At present

of Habrobracon juglandis is in the prooess of prepar-

finally in any study of genctics, the question arises:

how may we be certain that the hereditary fuctors are car-

ried in the chromosomes? Isn't it possible that there is

sone other way in whioh char.cters arec hamded down fronm

generation to generation? The following points, I believe,

furnish the prodf that our present theory of iunheritance

g8olely through the ohromosomes is ths correct ohe.

1.

Ze

Heoroditary factors are carried in %he sperms or eggs
or both, since only these bridge the gap batween gen=
erations. While it is true that in many vertebrates
and in many of the lower forms the embryo develops
within the body of t18 mother and so gonceibably
might receive some hereditary faotors from her in
another way, it is also truc that in other forms

the sperms und eggs are shad into the water from

the pakents and that the principles of heredity

appear to be the same for all specics.

'Within the species, the sperm and the egg (with cer-

tuin exgeptions such as sex~linked factors and ab-
errations) contribute equally to the inheritance of
gpeogifia factors. Reaiprooal c¢rosses, i.e., AB x ab

and b x 4B give identical ¥, 's.
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3. slthongh the egg has & relatively large zmount of cyto-
plasm in relation to the nucleus, the sperm is prag-
tically all nueleus, loreover in fertillization what-
gver ayteplasm the sperm hae is lelt outside the egg
and only the nuclei unite in actual fertilization,

Thus only the nucleus appaearz to be eésential in the
transmission of hereditary fuétors.

4. 0f the nuclear contents, only the ohromatin material
apreare to be scourately divided at mitosis and segre-
gated during meiosis. HNoreo¥er the chromatin is formed
into ohromogomes with a coistunt and characteristic
number #znd appearance for each species.

5. There arc striking parallels between the behavior of
factors as seen in the results of breeding and the ba;
havior of ghromosomes as secn under the microscops.
Pactors occur in palrs in the cells of the individual;
80 do ahromosomes. Certain fuctors behave as if only
one member ¢f a pair were oresent in one sex: only
onc member of one pair of chromosomes is present inm
the corresponding sex. The numbar of linkage groups
is as u rule definite und constunt for any species:

80 is the number of chromvsomes, and in those species
whioh have been garefully studied the nuiber of chromo-

somes 1s the same ag the number of linkage groups.

One of the most digtressing exceptions to this theory was
the behavior of »lastids in plants. It was discovered that

they did not behave in the way that they should have if they
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were innerited through the chromoscmes. Thorough investiga=-
tion of the problem seems to indicate that the plastids are
a mechunism all by tiemselwvs s8¢ Thay are not governed by the

chromosomes, but seem to reproduce by mitosis from the parent

plustids themselveasg.

Prom time to time there huve been other phenomena report-
ed .hich at first glance secmed to indic.te that inheritance
is governed at least to some extent by the cytoplasn. While
genetioists have not been able to answer all these cases
satisfactorily, there is ut present no indication that there
is any such thing #s inheritance through the cytoplasm.
Goldschmidt discusses all these so-called ocuases of oytoplas-
mic inheritance and says: "Thus we cunclude that the oyto-
plasm is mainly the substratum for genic astion in which all
those decisive processes take place which ecnstitute devel-
opment and .hich are steered by the genes. The specificity
of the cytoplasi is therefore one of the prerequisites of
orderly developmont, and this is tucitly assumed when the
aciion of the genes is being discussed, Thus far however
no fast is krown which would #orce us to assume that speoif-
io hereditary traits exist that are pransmitted through the
eytoplasm and are individually caused by a genic property
of the oytoplasm. fThe plastids of plants are probubly a
third independent congtituent of thae aell in ragard to hered-

Ity

1) Goldgchmidt, Riohard Physiologio.l Genetics, p. 280
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ve tarn now to u gongideration of the relution of genctias
to evolution. It is ganex.lly admitted th=t the mechauism
for evolution must be sought in genetvios: indeed enthusias-
tio ovolutioniste proclain genctics to be "a laboratury ex-
periment in evoluticn’s Shuil says: "The easiest way to
bring about modifisution of « species sith = high dagree of

stabliiity of ewoh new siate would be tc intrcduce the changes

in$s the nere itury wnlisy aud thers seoms to be little
doubt that this is actuully whei hes bappeneds. The physioal
basgiec f evoiution is taues identicval with the physiocul basis
of nere:ity"., +] Sinnott end Junn say:"The invortunce of a
knowledge of inheritunce for the devolopment of evelutionary
theory was vegognized when the young solcnee o genctics
(comotimes known ag exporimentsl evolution) was established.
«eo Il Togent yuare nowaver & more cuaplete understunding of
their own problemns has made it possible for geneticists to
nmuke substuntial contributions to a knowledge of the mechun-
igm of evoiution, espeoi.lily .8 to two of its vroblems., These
ara firat the origin end nature of inherited variations und
second the urogesseg by wihloh these varlations give rise to
sagrogated greaps of individuals, the ne. racesp zpeciass,
and aigher taxonvmic categories”. 8

Firat of all, whﬁt thoory of evolution are we dealing with?
It is waell xnown thut slmost every evolutlonist has his own

purticuiar theory or ut leagt modifioation of the theory of

1) Shull, &, Evoiution, p. 68
2) 3inno%t, e, and Buﬁn. H2Ce Ope Cite pe 346
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evolution., But by and large the prevailing theory today,
the theory whioh permeates all other theories, is a Neo=-
Darwinism, Darwinism is not dead, not by =« long shot. Dar-
winism today is 8till very much alive. “he convept of a
survival of the fittest and the survival valua of gertain
ghuraoters still ﬁreVuils among scientists today. Likewise
most scientists today believe that evolution has come about
through the oumulative effect of many small changes. Indead
Lamarokism is not yet doad in scientific oircles today: it
nas only heen nlaced on the shelf. No scientist holds to
Lamarckism today because the inherit.nce of woquired char-
acterietiocs was effectively disproven by Weismann, who.out
off the tails of 19 genorations of rats without noting any

offaet and then gave up in disgust.

liodern genetios today is unanimons in denying the poss-
ibility of an inheritance of somatioc changes. Shull says:
"No satisfactory evidence jhat'a soma may impress its char-
agteristics, or any ocmructeristios, upon the germ cells
within it has aever been obtuinad".l)ﬁnd Goldschmidt speaks
of the "well known fadt that heritable effects of the en-
vironment with a purposive rasponse of the germ plasm to
environment have never been proven and are considered as
aatually impossible on the basis of our present genetic
knowledge", Rl But Lamarckism is such a satisfying theory,
a theory whioh explains so many things, a theory which

wourld solve almost every evolutionary difficulty, that

1) Shull, A. Op. Cits. pe 102
2) Goldschmidt, R. Materiazl Basis, p. 103
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the moment there was disacovered the slightest evidence for
the inneritanae of aogquired characteristics, Lamarekism

would spring forth full grown 0NCE MOXE.

Now how do geneticists believe evolution to have taken
place? Thars are three methods which urs postul.ted. First
of 2ll, it is believed thut evolution takes pluce through
regombination of gencs. In other words, new forms develop
through new combinations of genee already present in the
chromeosomes of the parents. Shull says: "A clear notion of
the relation of heredity to this long range evolution may
b8 had by laying emphasis on the phonomana of widespread
Ogoirrence, =«nd upon the more specialized oues only when
they may serve an evolutionary end with relative prompt-

‘hess. In front rank among these phanémenam as a oontinuing

source of chunge is the rearrangement of the genes”, 1)

There is much to be said for this idea. The variety that
is possible is infinite. With only four pairs of genes, thirty-
8ix mombinutions are possible. Now most oré-nisms possess
several thoudand genes. assuning this number to be 6,000
(3,000.pairs) and assuning that only 1% of these 3,000 loci
in the chromosomes are occupied by more than one kind of
gena, anc o the nomper of kinds of genes at one locus
i8 not in any oase more than two, the number of possible
combinstions of genes in the species would still amount o

the staggering total of 3°° or over 200,000 billions. Or

) Shull, Ops CGit. p. 78
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Suppose an organism possesses only 1000 genes, each capable
of producing ten allelomorphs. Then the possible gene cum-
binations that may be formed are 101990, $hull remarks:

"It is obvious that suoch a situation offers abundant material

for evolution". 1)

4 segond way in which evolution is postuluted as having
tuken place is through chromosomal aberraticns. By this is
meant some change in whole chromosomes which does not affect
the genes (altiough according to Goldschmidt any reaggengement
of ghromatin material would necessarily involve a change in
the genes as well). Chromosomal changes are of severslk inds,
Occasionally several chromosomes are added or subtracted:
the number of ohromosomes may be doubled or halved. Frag-
ments oi chromosomes may be added or subtracted. Portions
6f the chromosome may be iﬁvarted or tranglooatedi. I€ is
interessing to note thut De Vries' fumous theory was based
on such chromosomal aberzations. Although he coined the term
"mutation", he never saw what we regard as a mutation to-
duy. Oenothera, the evening primrose, the plant with which
he worked, is a plant that is noted for the number of

chromosome chunges which are responsible for the di ffer=-

ent varieties.

All of these changes in the chromosomes have visible
effeocts, and this is regarded as one of the chief methods
by which evolution takes plade. Of this method Shull says:
While much of what is known regarding genetic change through

1) Shull, Op. Cit, pe 81
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ohromosome fragmentation has been discovereu in the vinegar
fly Drosophila, enough of it hus been confirmed in other
8pecies to suggest that it may ﬁa a fairly genersl progess.
If successful evolution can be derived from it, therefore,

it is legitimsate to speculate upon its possibilities in any

~ Or all of the higher aniuuls or plante?l) The "if" is the

'most important word in the whole section. It is to be

noted that Goldsohmidt's new theory of evolution which we
shall discuss in oconneation with the coriticism of this

method of evolution fits into this category.

The third method of evolution is through mutation which
We huve discussed above, It 1s assumed that if mutat ions
gan crezte new varieties of the sumé speagies, eventually
they ought to create new species as well. This is perhaps
the most important method so far as genetio evolutionists
are concaerned. It is disoussed at length by Shull zand by

Sinnott and Dunn. For that reason we shall have to @onsider

this method at iength in our paper.

S3ince the time of Darwin evolutionists have been attacked
because they have been unable to point to any actual cases
in the laboratory or in the field where a new species has de-~
valoped. It must ¢f course be said thut 1t is not exactly
a fair demand that cases of evolution in the field be pre-
sented, That is admest impossible. But we do have a right

to expect to see evolution take place in the laboratory.

1) Shull, Op. Cit. p. 96
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uf 1lute there nas been much rejoicing sumong evolutionists
on this coore, beounuse there have been developec in the
laboratory several plants whioh apparently are new species.
4né so most biologiets ftodauy rejolce that their much pampered
theory has ut lzast been vindic:.ted and that at last there is

Soientific evidonge for 1it.

Je shall analyze three of those allegad instances of the
srodugtion of new species. With few exoeptions, so far as I
know, they are all the result of a doubling or hulving of
vhe number of chromosomes in & 8pecies or of the addition

or subtraction of a single ch. onmosome from the species

Dbor.

Une of these excaptions wasamade in 1928 by EKarpechenko
betwaen u rudish and a oubbugee. The radish used was Raphan-
us gaturis (2n - the normal nunber of chromosovmes - eGuals
18) and the eabbage was Brassioua olergoee (2n=18). Thus
both plants had a chromosome number of 18. The Fl hybrids
had 18 chromoscmes, nine from the radish und nine from the
sabbuge. learly all of tiese hybrida were sterile, but
mnder fuvorsble conditions some Fl plants produced « few
seeds. Soms of the FB plants resembled the hybrid: others
were intermediate between 1t and the radish parent. Those
whioh resembled the Iy hybrid wera‘found to have 96 ohromo=-
somes, the sum of the chromosomeé numbers of the two parent
species, They were thus tetraploid hybrids and proved not

only to unite certain charusters from both parents, but to




be fully fertile wnd to breed true to the hybrid und tetra=-

ploid characters.

» ptudy of tho meloticg divisions of the Fl hybrid ehowed
that pairing of the radish und oabbage ch:omosomes did not
ocour; and the 18 univalents were gencrally distributed at
randoa to the gametes, each 0f which received from 6 to 12
ohromesomes und were not functionul. Oocaaionully in pollen
mother cellsg, the first melotio division was abnormsal result-
ing in nuglei with .11 18 chromosomes 80 that « few pollian
graing formed from these contuined 9nradish ané 9 aabbage

ohromogomes,

Sinve the I’y tetraplolds had 6 chromosomes, it iIs probuble
that these aurose ithrough the union of such cxgaptional ¥y
gametes go that the tetraplold would have 18 raudish and 18
aubbage chromosomes, HMelosis in the tetraploid was regular
and normal: 18 pairs of chrxo mosomes were formed. Undoubted-
1y the 9 cubbage chromosomes paired with thelr nine cabbage
homologues, md the nine radish chromosomes with their homo-
logues from ihe same parent s:ecici. Tho gametes of the
tetraploid thus cach transmitted nine cabbuge and nine rudish
ohromosones =nd perpetuated . new set of characters in o foer-
tile intergeneric hybrid breeding true to ite own type und

infertile with both parents. 1)

. vory interesting experiment was recently performed by

Hintzing in which he synthesized a new species from its

1) Sinnott und Dunn, Op. @it., pe. 323
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pututive parents. He used Galeopsis pubescens as the female
parent and Galeopsis speoiosa as the male parent. In both

n=8, The ¥y hybrid was highly sterile: its anfhers contained
only 8.9% to 22.,5% of visibly good pollen., and few good ovules
were produced, In the FB generation a single plant was found
thut proved to be a triploid (2n=24)., This triploid pl.nt

was buacgk-crossed to a pure pubescens., 4 single seed resulted
from the buck-eross. It gave rise to 4 plant whioh proved to

be = tetraploid (2n=32), This tetraploid was fertile und becaume
the progenitor of a strain which has been numed "artificiul
Tetrahit", This artifical Tetrahit is like the real Galeopsis
tetruhit in possessing 52 chromosomes in somatio cells und 16
bivalents ut meiosis. The meiotic divisions are with Tew ex-
ceptions normal. 5 cross between the artificial and the naturui
tetrahit gives normully developed offspring which are externally
Bimilar to either parent. The fertility is complete in some
individuuls, while others are partially sterile {partial
sterility has been obscrved in some lines of the pure Gal-

eopsis tetranhit). L)

It is postulated that this is the way in which the speaies
Galeopsis tetrahit originatéd. It is believed that in some
Way the two parent s .ecies interbred, and the result was the
Speaies which we now know as Galeopsis tetrahit. Dobzhan-
8ky says:"Although the origin of the natural Galeopsis tetra-
hit from < cross between pubescens and speciosa is very proba-

2)

ble, it remains unknown when and where the event took place™.

1) MBntzing, 4. Outlines to & genetic monopraph of the genus
Galeonsis and Cyfogenetic investigatiins thetic
Galeopsis tetrahit. dereditas:1o: ' :

%) Dobzhansky, Op. Git. ps 200
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Far more common than such interspeoifio and intergen-~
eric orosses is the production of tetraploid plants from
diploid plangs of the same species. A number of these have
been developed that are sterile with the original parent
plant. Ampng these is a tetraploid tomato which has been
deWeloped by Lindstrom. This tetraploid tomato is eross-
sterile with the diploid spesies., It was produced asex-
ually by decapitating young heterozygous pimpinelli-
follium plants and allowing a oallus to form on the cut
Stem. lluglear or chromosomal doubling took place in a
few of the 0ells of the callus from whioch adventitious
tetraploid sorouts arose. Only thee of the 100 tested
sprouts proved to be tetraploid. From ona of these larger
sprouts three generations were bred, These proved to be

completely oross-sterile with the parental snecies. 1)

If we acuept the generally accepted definition of a
species, then, these are new species, for they are ster-
ile with their parents and reprodase after their kind.

But let us remember that"species" 18 only a definitién

and a concept that man himself has set ﬁp. It is axiomatia
that man classifies nature although nature itself is un-
classified, The same hold true so far as definitions are
conaarned, Nature does not fit into mn's definitions,

but man makes his definitions to confurm to what he ob=-

serves in nature.a)

1) Lindstrom, E. W. A Fertile Tetraploid Tomato,dourn.

Hered. 23(1932): 115
2) On this whole subjeot, see the previous discussion on

P 11
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Oonaerning our whole system o? tﬁzoﬁomy eénd classifi-

oation, Dobzhansky says: "S9ince the time of Darwin and

his immediante followers, the term "natural classification’
hag meant in biology one based on the hypothetical common
desoont of organiems. The forms united iogether in a speocies,
genus, class, or phylum were supposed to have descended
from a single common ancestor or from a group of very sim-
ilar ancegtors. The lines of geparation between the sys-
tenatio oategories wexe, henoe, adjugted, at least in
theory, not so much to the discontinuities in the obser-
ved variztions ag to the branching of real or assimed
phylogenctic trees. and yet the olassifigution has oon-
tinued to be based ohiefly on morphological studies of

tha exigting organisms rather than on the phylogenctia
geries of fossils. The logleal difficulty thus ingurred

is ciroumvented with the aid of'u hypothesis acoording to
which the similarity between organisms is a funotion of
their desoent. In other words iV is believed thut one may
safely base the classification on studles of the strunotures
and funoticns of the organisms existing at our time level,

in the assurange that 1f such studies aro made gompleio

enough, a picture of the phylogeny will emerge automatiocall y.

Thie comfortably complacent theory hus received some rude
ghoeks from certain paleontolegical data that cast a
grave doubt on the proposition th.t similarity is always
a funotion of descent. Now if similar organisms may,
however raraely, develop from dissimil.r ancestors, a

phylogenetic olassification must scvmetimes ui.ite dis-
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similar and separate similar forms. The resulting system
will be at least in some of its parts neither natural in
the semse defined above nor convenient for practioal

purposesg", 1)

Agsuming, however, that these are new species, they
are still no proof or even evidence for evolution, because
they contribute nothing new. Their pharacters are the same
char.cters which their parent plénts had except that they
are aoccentuated. No new oharacter which did not exist be-
fore is brought into the world by them. For that reason
they do not contradiet the rule laid down in Genesis\that
all plants and animals are to reproduce after their kind.
The two parent plants did renroduce after their kind:

their offspring were nothing new,

Horeover the means by which these plants were produaged
were extremely artifiocdal. It is inconceivable thut any
of these three phenomena should have oacurred out in nature.
Under ordinary circumstances it is impossible for a cabbage
t0o be fertilized by radish pollen, or vice versa. Lind-
strom's tomato was not only a freak, but it was a patho-
logioc:l freak as well., The fact th .t chromosomal doubling
took place is evidence of a pathological condition in the

plant.

The fact that so few of the new species were produced
at first is also striking. Mintzing tells us that under
the most favorable conditions only 28.3% of the pollen

1) Dobzhansky, Op. Cit. p. 304f
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was good, and that there were only a-few good ovules.
lioreover only a single seed resulted from the sesond cross.
Karpechenko tells us thut under favorable conditi ons some
of the ?1 plants produced u« few seeds, snd he admits that
these were the result of an abnormal meiotic division.
Lindstrom reports that of 100 sprouts tested, only three
proved to be tetraploid. His work was confined entkrely

to one of these three tetraploid s»routs.

To be sure, it cannot be denied that Galeopsis tetrahit
may have :rigen from Galeopsis pubescens and Galeopsis
Speciosa in s manner similar to that demonstrated by
Hintzing, But it is extremely doubtful if it gould have
arisen in' the exagt manner postulated by liintzing. For
these reasons I can scaroely regafd these instunces and
other ingtinges like them as evidence of the production
0f new species or as proofs f.r the fast that evolution
take place. None of them furﬁish us with even an approxi-
mation of the manner in which a general evolution of all

species wounld have taken place.

Let me conalude this seotion with sever:l quotations
which have to do with this subjeot. Of the possibility
of discovering a new species in the field, Willis says:
"The chance of seeing such a mutat ion ogcur is practically

nil".l&ith regard to the production of new species by

doubling of the ghromosome number such as we have in Lind-

strom's tomato, Goldschmidt says:"In animals true poly-

1) Willis, J.C. The Origin of the Species by larpe rather
than by Gradu:l Change and by TS method 0f Bit=
ferentiation. inn, BOGs. 3T—IE—EBY—€_F:60 -628. quoted by Goldsohmidt
Haterial Basis, p. 211
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ploidy by doubling of the ohromosome set is either not found
or is of limited significuno@.sesee.8ince it seems that com-
Parable features (fsétures comparable to polyploidy in plants)
are absent, or at least unimportant in animals, the pro-

eess 0f polyploidy cannot be regarded as a general evolu=-

tionary prinoiple."l)

\‘a‘ie shall now look more closely at the three manme rs

Which have been postulated as the manners in which evolu-
tion takes place. It is well to note in the first place

that for the first and last, recombinations and mutations,
there is not even the glightest evidence for the develop=-
ment of new species. For the second, chromosomal aberrations,
there is some allegod evidence, but this can hardly be
acoepted as any proof for the truth of the evolutionary
hypothesis. liost important however is the fact t.at there
8re a number of bars to evolation taking place in any of

thesc ways. These burs we shall now discuss.

Turning first to the theory of evolution through re=-
combination of genes, let us look more oritiocally at it.
In the first place, nothing new is contributed by gene
recombinations. The gene material is already there. The
new characters which appear wither already existed in one
of the varieties of the species or they existed in a re=-
cegsive state, sovered by dominants. In gene recombina-

tions there is no change, nothing new , no addition to the

1) Goldschmidt, Material Basks, p. 237.240
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qualities nnd oharwoter whioh already exist.

iloreaover there are definite restriotions upon the free-
dom of assortment. Roocombination of genas 1ls almost im=-
possibleo in oases of vagatative reproduotion. By vegeta=-
tive is meant reprodustion by roots, ocuttings, bulbs, and
the like. Hosgt of the botanical freaks of Luther Burbank
can be reproduced only in this way. That is also true of
some of our vegaetables. In thase plants there is no meiosis
aild henoe no posszibility of genes arossing over and re-

gombining.

Similarly thera is o definite restriction placed upon
regombinantions of geues in those plants, such a8 beans and
wheat, in whiocn self fertiligation 1s the rule, Instead of
getiing rogombinations of genes, there is steady progress
toward = homogygous individnal. Recombination is definitely
reatricted to {hose gencs whioch are already in the plant.
It is impossible for other genes not alreudy in the stoak

to be introduoced,

Some plants, moreover, reproduve parthenogenetically. In
various forms of the hymonoptera, psrthenogenesis may be
practiced either in the absehee of a spern or at the will
0f the female., In these oases the result is the same as in
gelf-fertilizing plants., Gene regombination is limited to
those genes already present in the parent organism. The
introduction of new genes from other individuals of the

sane speoles is either lmpossible or raestriotes,
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Another restriotion on the freedom of assortment of genes
is the failure of certain linkages in the ohromosome to
break, Thus in the small chromosome peir of Drosophila
containing only a few mutant genes, orossing over is prac-
tic.lly non-existent. Undoubtedly this is due to the small
8ize of the ohromosome. In gomparison vith others it is
truly a dwarf, Beozuse of its smallness, it is physical-
1y impossible for it to twist around its homologue in the
8ame way that the l.rger chromosom s do thise. This is
Probably true not only in the IV Chromosome of Drosophila,
but also in all chromosomes of all species that are as

small as it.

Finﬁlly in the male of Drosophila aerossing over is

practicully non-existent. Why this is is not yet known.

lio one has accounted for this phenomenon up to the present
time. This very definitely limits the freedom of assortment
of genes in these cases. Drogophila is the only ocuse in
whigh this has been shown to be true, but there is not any
reason to doubt that this phenomenon exists in other ani-
mals., The only reason that other gases have not becn dis-
govered yet is that other forms have not pet been so thor-

oughly studied,

Y0 be sure this mrgument ag:inst the freedom of assort-
ment must not be pressed too fur. It is suffificient to
reooghize that it exists. Probably there is considerable
freedom of assortment among genes. The important critic-

ism of the theoyy is the one first mentiome d: the faot
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that reoombinations gontribute nothing new, but simply

reasgort charaoters alraady present.

The second wuy in which it is postulated that evolu-
tion may take place is through chromosomal aberrations.
This impliee some pesuliarity in the ohromosomes. In some
eases a single chromoscome is added or deleted. In others
8 complete sel of shromosomas is added. In still others,
a chromozome is inverted, and in others a piece of the
chromosome is translocated or added or deleted. We have
discussed the evidenca for the production of new speaies
through chromosomal aberrations above and have seen that

they are no evidenccs for evolution.

loreover, if we follow the theory of Bridges u:d llorgan,
We can apnly the same ariticism to this phenomenon as we
did to the phenomenon of recombination of genes: no new
contributions are madec. It is simply a rearrangemecnt or
addition of genes that are already mesent. No new gag=-
tors are devaloped and no new genes contributed, However
there are a number of discrepancies in the Morgan-Bridges
theory which incline us toward one that at least wesembles
in generai what Goldschmidt postulates. In that aase trans-

Tocations and inversions, deletions and adddtions
Would be significant and would ocontribute new factors. Ve

Shall discuss Goldsohmidt's theory in a gection at the end
of this paper. It is to be noted, however, that the above

mentiéned instunces of the produotion of new species do
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not fall into this ocategory, since they are due to the

addition of whole sets of shromosomas.

But there are other obdeatibns to this theory. In the
first place most of the abmormalities are definitely harm-
ful to the individual, Shull says: "At their best such ab-
normal forms produce but few funetional germ eells; at their
worst the chromosome combination proved fatul to the in-
dividu.l thut possesses it". 1) sinnott and Duon say:
"Although deficiencies and duplications produce the most
marked character chunges, they generally reduce viabil-
ity to such an extent that they would soon be eliminated
in nuture., They probably do not prdvide an important

sonrse of cuntinuing viability found in nature".®)

That has been shown partioularly in Drosophila. It has
often been said that in picking Drosophils lMorgan and
Bridges had a oiece of luck almost as great as liendel had
in picking the sweet pea characters that hé did. One of
the reasons for this statement is the discovery of giant
0ells in the salivary glands of these flies. They are
truly tremendous not only in compurisén with the aells
of other parts of Drosophila, but also in comparison with
other animal and plant cells. Be:ause of their size it is
vossible to study the ohrbmosomea under a high powered

mioroggope and thus observe oytologio.:lly various genetia

1) Shu]’,.l, (J;)o cito pt 93
2) Sinnott and Dunn, Op. Cit. p. 336%
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effects. Thus L1t huw hear poaelBlSRECuEiinc it e addltlon
and subtr.iction of ahromosomea and correlate this withn
thé aytology of the animal. Normal flies huve & pair of
88X chromosomes (in the female, two "X" ohromosomes: in
the mule one "X" ohromosome snd one "Y" ohromosome which
is not homologous to the "X" chromosome, but is lafgely
inert), two pairs of large chromosomes, and a pair of
small chromosomeg, four pairs in all., It has becn dis-
covered that this numberfé” A Gl AT TR 1y,

we have u 4n fly, Such a fly is a normal femgle. Similar-
ly the number may be halved so that we have an n fly,

also normal. Such a 2n fly may be crossed with a 4n fly.

The resulting 3n fly is also a normal female,

But if this ratio is upset, the individual suffers. 4
fly with a normal pair of sex chromosomes and three each
of the autosomes (Zn-l) is an intersex, sterile, and
showing the charaoteristics of both sexes. On the ather
hand, a fly with three sex chromosomes u:nd a pair each of
the autosomes (2n plus 1) is a sterile superfemale. All
the femesle characters are accentuated, but the fly cannot
reproduce. The same is true of males. A fly with an X
ghromogome, a Y chromosome, and three each of the auto-
somes is a sterile male with sll the male charucte rs ac-
gentuated. It 1s clear then that a radical rearrangement
of the chromosomes results in harm to the individual.

Either it is completely lethal cr the individual is sterile.



The deletion of a portion of & chromosome is usually
fatal if it becomes homozygous., 0f this Snyder saysk
"If the missing piece is not too extensive the individ-
uals lagking it may live, especlially in a heterozygous
stato. Rarely cun an individual exist with a siﬁilar

part missing from both ahromosvmes @£ the pair".l)

fhus we see that chromosomal aberrations a«re usually
injurious to the animal or plant affected, and for that
reason oan hardly be the source of the new species which

evolution is hunting.

We turn now to what is probably the most significang
argumeni for evolution so fur as geneties is conoerned.
That is the argument from mutations. It is roasoned that
if mutations can cause chunges in the spscies, and thus
bring about Vuriet}es of the same speoies, they gan also
cause chunges th.t are large enocugh toc bring about new
species. We have discussed mutations above and have ont-

lined the argument from mutations there.

fow do mutations occur? Here evolutionists and genetio-
igsts oannot answaer. In naturoc they oocur at random:
their oocurpence gannot be praedicted. In the laboratory
time is too preocious to wait for their occurrence in
the natural course of events, and so the rute ofmmuta-

taoén is speeded up by ultra-violet radiation, X-radiu-

1) Snyder, L. The Principles of Heredity, p. 176
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tion, and other forms uf radiation., Radiation has been
responsible for the diseovery of most of the mutants in

Habrobracon as well as in Drosophilu.

The guestion arises as to whether or not radiation
of some sort is the cause of mutations in nature, and the
best answer .t present seems to be: No. We all know that
there is o small amount of radiation on the earth at all
times. The chief source of such radiation is the cosmic

rays which strike the earth oontinuously. Shortly after

‘:.-'

it wag digcovered that mutations could be produced by rad-
iation, it was postulated that this was the ultimate cause
of ull mutation. Baboock and Collins made tests-in a rail-
way tunnel 1) and Hanson and Heys made tests in a ocarno=-

tite mine.z)In both these places radiation is gre.ter than

on the open surface of the earth. In both of these tests

)

flies reared amid the greater radiaftion yielded wore lethal
mutations than those reared on the open surz.ce of the
eurth, towever the differences were not large, and statis-
tiaél calculations throw doubt on the validity of any oon-

clusion that aey be drawn from these data,

Tod::y thore is serios doubt as to whether radiation
gould be tha cange of mutations in nature. Shull says:
"Some further doubt is thrown on radiation as the ocause

of natural mutations by the large number of these which

1) Babcock, H.,.nd Collins, J. Does Natural Iomizing Rad-
iation Control Rate of Mutation? p. 6208680

&) Hansom, #., and ileys, J. 4 possible Relation Between
Natural Radiution and Gene kutations, p.
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have ocourred. It has been shown that the number of lethul
mutations vwroduced by X-rays is rougaly proportional to
the amount of radiant snepgy used (See i#ble I, DP» 29},
Huller has used this relation to caloul.te how much rad-
iation there would have to be to have produced the many
autations that huve arisen in Drosophila in the laat
twenty odd yoars, and finds that the radi.tion actually
in existence is less than a thousandth of the required
amount. de has considered the possibility that radiant
materi:1 may be concentrated near the germ celss in the
flies, but this has semmed unlikely and soma experiments
by Spenmer in which another species of Drosophila was
rearcd on a« food gulture mixed with ground garnotite
Jielded no mutations. The ozuse of natural mantutions is

therefore much in doubt“.l)

On this same subject Dobzhansky saysi" kut.tion pro-
ducing agents other than short wave radiations are in all
probability present in nature, This is « £ield which has
been extensively explored at present and where dissover-
ies are likely at any time, But for the moment, one is

forced to admit that no securely established conelusions

have cmergedy =)

Ve have mentioned hefore soma of the other difficul-
ties. The fuot that most mutations are lethal or semi=-
lethul cannot be overemphasized. Then too almost 41l nuta-

1}.Shull, Op. Cit. p. 106f
2 )Dobzhangky, Op. Cit., p. 31
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tiong are resesosive. lwreover those dominants whioh ccour
are almest all lethal when hoaozygous. lio doubt aome of
these ure deficviengioes, the deficiency removing & genc
wWhioh orevented tha developmeut of the partiounler charac-
tor inv:l?mﬁ. Curly wing und stur eye are doninant nuta-
tiens in Droszophils which are lethal in a homozygous gon=-
dition, lHotoh wing is one of these dominants, lethul when
homozypgous, that has definitely bean proven to be dus to a

¢eficiancy.

Une of the biggust diffioulties thut gensciic evolution-
iste fuce today is the difficulty 02 explaining the origin
0f dowinunce. How doas it happon that certain oha woters
wra dominant ovor their allislomorphs? No one has aven a
ghacvry to expluin this, Thare is no known genatio or
phgolelogionl reason why certain genes are dominant over
otherge Hore the genetiociet must throw up his hunds und
gay:"I don't know". almost every faotor in the wild tyus
ig wow known tv be dominant, and ian his present atite ol
lguorance the genetioist kmows only tho answer of the
theologlan to thls problom: it must have been mude thut

way by a nighsr powaXe

Of the possibility of evolution througn mutations,
Goldschaidt says: "8o-called gona mutations and recombine
ation within an interbreeding population may lead to a

tuleidogoe io diversification within the specicsg, whioh

3

wey fiad exprossion in the production of subapooifio oate~
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gories, if seleotion, adaptation, isolation, migrgéion,
eta,, work to sepaurate some of the recombination groups,
sseeeBut all this happens within an identiocal gene ral
gonotical pattern, which may also be called u single
reation gystem. The chunge from spaecies to species is
not « change involving more and more additicnal atomis=-
tic chunges, but a ocomplete ohange of the primary pattern
or reaction asystem into &« new one, which afterwards may
again produce intraspecific varlation by mioromuts ion,
One might call this different type of genatic chunge a

sysiemnatic mutation, though this does not have to ogcur
1)

in one step as we huve seen”,

Barlier in the same book he says: "Subspecgiss urs
agtuully therefore neither ineipient speciss nor mcdels
for the origin of species. They ure more or lest diver-
gified blind alleys within the species. The dacisive
step in evolution, the first step toward macroevolution,
the step from one speclies to snother, recquires anciher
evolutionar method than thut of sheer accunulation of

micromutitions.” 2)

Thers are other problsms which arise in coounnection with

mutations. There is first of all the problem of the diregi-

ot 0 mutation, If mutation oocmrred by chance, we

1) Goldschmidt, Haterial Bas: 2
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gshould expect them to ocoaur in all directions. There
should be no vartioular direotion discernible in which
mutations wera cogurring. But this ig ot true. luta-
tione ¢o not ocoour at randome Shull says:"Thare

are many things, however, which indigate that in the
dealing our of mutations the gurde are stacled. The
available evidence goes to show that there are nunmér-
oug restrictlons upon the prooess of modification, so that
the wheol 0of change, iike the wneel of fcrtune in a well-
menaged cagino, betrays o strong tendency to stop ut
gertain pointse Do assume uider those ciroumastaliwces
thut every conceivabie type of autation not only may
but will ogour ie like supposing that o tetrahedon

will reat stably in twenty, or & nundred, or indefin-
i1tely numerous posit long. loreover u ausu:l glance st
the mutationg vhich aave ocourred sbundantly in ceriain
orgenicns suggests they .re 1liunited in their nutura.
Por ox.aple the vye color of the fly Irogophila has
mutated many times. Yere the direation of theso nata-
tions subject to no gontrol, all eolors ¢f the speoirum
shot.d be eaually likely to ocgeur, “hile muny shades

of red have resulted from these modifigntione, there
hag baen no blne or green. In view of the frequency of
metution of eye color, one is lad to suspect that blues
and grecns are absant beoause Lrosophilu is inaapuble

of mutating in that way." )

1) Shull, Ope Cite p. 183
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Shull then proceeds to tell us that the reason why
the gene cannot mutate in all diraeotions is probably
to be found in the high specifioity of the protein which
gonstitutes the gene. But if this protein is so highly
specifia thut it cunnot give rige to certain eye colors,
how is it going to give rise to char.cters which will

saet off the individual as an entirely new species?

.nother fact that makes us doubt that mutut ions are
the cause of evolution is the fuct that there ure often
reversc mutations to type. ot first it was not believed
that this was possible, but it is now known to be a fact,
fvolution however will not advence by taking a step
forward o«nd then retracing thut step again, nor will
it advance very rapidly by tuking two steps forward and
$hen one backward., Such returns to a former gondition
have ocggurred in a number of genes. Th@s the sosin eya
of Drosophila originated as a matation from the white
eye, .nd later a repetition of eosin came from the wild
type red. Now from the eosin stocks t.ere have :risen
botn white and wild type mutants, both returns to the
original and reversals of the earlier mutation. It is a
known fagt that in Drosophila wvirilis, a certé&in minia-
ture winged type uuntatas to the wild type wl th great
frequenay, about 5% in each gencration. Such reverse
mututions would gertainly tend to slow down evolution

tremendously.
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luel has been made of the phenomenoy of parallel muta-
tions. It has been discovored that mutaticas in Zrosophila
melzanogaster and Brosophilg simulang are very much alike.
In fact it almost seems as if ths mutattions are identiocul.
Similar comparisons have been rede in mammals between the
guinca pig :nd the ’‘eruvian cavy. But this is not necessar-
ily an evidence for evolution. As we saw earlier, our
thesis does not require us to muintain that such closely

relataod forms had two distinet sncestors.

One of the favorite modifications of the Darwinian
systen 1s the doctrine of orthogenesis, a concessionnto
theistio evolutionists. It is assimed that evolution is
following not a random path, but a path toward & goal
that has boen set for it by some higher power. It might
ba assmned that the avidense for directional mutation
cited above supports the thaeory of orthogenesis. Suoh is
not the case. lMutations, purtioulﬁrly in Drosophila, have
not been directional in the orthogenetic sense of the word,
It is possible to arrange the various shades of eye color,
for example, in & series of mutants grading from red to
white. But unfortunately this did not ocour. is a nmatter
of fuot the first mutation from the wild type deep red was
white, and the intermediate colors were distributed irreg-
ularly from time to time. loreover instead of cne mutant
giving rise to another, all these mutet ions came direatly

from the wild tyne exoept for eosin which arose first
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from whita.

another very significunt faoi aboutusutatione is that
they wvre never related i any way to the aenvironaent,
vhull says: "0 the hundreds of nutations vhich huve been
Gisgovayed in various plents nd animals, not cng hag

snown usny indioation that ite nature was environumentally

o

deterninedesse s In partioular, nututions were never obe
viously aduptive: nutant organisms were not, so far

ag could be seen, better fitted for the environment than
ware thg typoes from whioh they sprang".l) This is very
elgifio.nt, since it is . ocardinal priinceipls that chay-
acteors muot hwve a survival value and that evolatlion
takes pluce by the development of characters walech it

the individual to copa bet® r with his environnant.

The nuaber of individuals dlsplaying a oertuin'charuo-
tor depends upon the number of genaes for that charaster in
the popnlations. If there srs only « few genes for a4 osar-
tain character in existance, it is likely to ocaour very
adddon in the population, or if it ie a recessiva gano,
it will be swanped out by tha dominunts. wotually however
a stuble gene ratio is reached in a popalatlon after a
ghort time. What this ratio will be depends apon the via=-
bility and fertility of the characters iavolved, SHupposa
two kinds of genes are involved," "and"ay Let tha namler of

gene "A" equal p and ti:e number of gene "u" equul g. Then




p plus q = 1. If all the individuals in an indefinitely
large populution, freely interbreeding, reproduce at the
same rate and all types survive to the same degree, and
if there is no linkage und no overlapping of generations,
the next generation will consist of pa individuals of the
composition 44, pq individuals whose genes are Aa, and

q® individoals that are aa. In the next gemeration under
gimilar obnditiuns the three combinations should coour in
the game ratio, :nd so on indefinitely. Thus a stable

genarutio is established.

a0tually this very seldom ococurse. In the first plece,
recesgsive gencs are almost always of a lower fertility
and viability rate than their dominant allelomorph. Then
t00 mutaticns muy wlfeot these fertility and viability
rates and thus chunge the gene rétio. Pinally mutations

which introducse nevw genes affact tho gene ratio,

The onznces of a single mutated gene surviving are
very small, Suppose the populaticn is constant at about
a million individuals. The individual oeontaining this
mutated gene is only one individunal in this million,
This number, let us assume, is reduced to ten thousand
before maturity and the survivors are determined by pure
ohance., This reduces the probability of survival of this
gene %o 1 in 100, If the individual emcapes this elimina-
tion and mutes, and the pair produce 200 offspring qqual-

ly with all other pairs so as to pield once more & mile
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lion young individuals, one hundred of these individuals
will contain the nmutant gene. Now the situution of the
new geine with rospeot to its survival 1s impwoved, since
even with a 90% reduction of the population before

naturity, it is likely to survive.

Table IV, whioch I have taken from Dobzhaneky who in
turn took it from Figher, presents the matter from a
slightly different viewpoint. This means thut finally
if there is ro survival value all of 10,000 original

matations will becona extinc!. If these mutations have

Ganeration| frobability of Probability of
extingtion survival
iio sdvant:age| 1% advan- [lio advant.ge|l 1% ad-

tage vantage
5 Y 0.5,679 0.5,642 0.6,321 0.6,358
3 0.6,2569 0.6,197 0.3,741 0.3,803
7 0.7,906 0.7,82b 0.2,095 0.2,176
15 0.8,873 0.8,783 C.1,127 0.1,217
ol 09,411 0.9,313 0.0,5689 0.0,687
65 0.9,698 0,9,591 0.0, 302 0.0,409
127 0.9,847 0.9,729 0.0,153 0.0,271
Limit 1.0,000 0.9,803 0.0,000 0.,0,197

Table IV: Survival of mutations (After FPisher, The Gen-
otic Theory of Naturul Seleotion, CGlurendon, OxTord,

1930)

& 1% survivael valua, 197 of them will survive. What is

mount by a 1% survivel vadue I do not kncw. But it is

1) Dobzhansky, Op. Cit. p. 130
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intercsting to note thaut even in spite of this survival

"value moet of the mutations will be lost.

46 we ocun see, then, the chances of survival of a
mutant genc are really vory slim. Indeed its cnly hope
of survival lies in tha repeated production of it by in-
depondent nutation. Whilé it is true that the same muta-
tion n.s been obgerved to ooour sever.l times, most mp-
tutions occur only once and would therefore in the or-

dinury course of events probably be lost.

rfopulation alsc plays a very important part in deter-
mining the oharucter of the individuals. It has been
disgovered that shuarp reduction of the population en-
tails the fixution (homozygous condition) and loss of
genes. In small populutions inbreeding is vory common
and quite close., In such 4 small group there is eonse-
quently little vuriation snd }little ochunce for seleo-
tion, which is uvne of the things on whieh evolution is
postul.ted. Since most mutations are harmful, it is-
likely that a hermfinl nmutation would be most likely to
oggur. Tig would be seized upon in a small population,
would get into o homozygons state, and thus bring on the
degeneration :nd extingtion of the group. On the other
hand, if the population is very large all gene fraquen-
cies reach an eguilibrium appropri.te to the conditions
prevailing and there ocane be little evolution., Unly & .

population of intermediate size is at all favorable to
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evoluticn.

It is one of the postulates of the theory of natural
selection that one factor that has u survival value is
protactivae resemblance. Thus if an animael evolves a color
that resembles its environment, it is less likely to be
eaten by its cnemies. This faat that it is able to escape
being caten is said to huve a survival walue, and this,
it is ¢laimed, is one step in evolution. Thus it is seid
that fish whioh are dark colored above and light aolorad
on their underside have taken advantage of this protective
resembiuncga. 70 an enemy that is below them they blend in
with the lighter water above them, and to an enemy above,
they blend in with the dark color of the deep water below
them. Lizards are often mottled, and this is szid to De
a protevtive resemblande to their background. Amdssowwe
could cite literally thousands of examples of what is

culled protective resemblanga.

~ Let us stop to unulyze this urgument. In the firat plece,
it taeitly agsumaes thut »rotective resemblance takes place
in raesnhonge to an environmental stimulis. The animul finds
it to its advantage to resemble its environment, and through
this wish manages to aequire a color that resembles bts
environment. No one holds such an idea of genetic mutu-

tion in response to the desire of the individual today.

Bven assuming that this proteative resemblance hes been
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agquircd by the organism through some cghanse mutation, it
is generally acknowledged today that protective resemblance
plays little part in the struggle for existence. kcAtee
aftor years of giudy of phe stomach contents of North
Amerigun birds came to the conelusion that protection is
largaly a nyth, 1) He gives the number of indiwiduals of
various supposedly proteoted and unprotected groups which
were eaten and @maws the inference that all kinds are de-
voured about in proportion to the available numbersg. It

is po3eible to seleot some "protectively colored”™ families
which were eaten less citen tham their number wounld seem to
warrent, but at the same time there ara other "protected"
familics walch are eaten more often than their number would
warrent. Shull says:"On the whole the results of stomach
examinetions are not iﬁpresaive ag evidence of such pro-

. 2
tection", )

It is also true that judgment as to whether a family is
proteoetively colored is in a way highly subjective. By that
I mean that we aré Judging protectivs goloration acgording
t0 human standards. And it has bacome apparent in reeent
yeare that not all animals see as we do., It is a well known
fact that ants are blind to red light, but that they do see
ultra-violet light. It has been clearly shown that other

insects are also gensitive to ultra-violet light. Thus

1) HoAtes, W. Harning Oolors and Mimicry, Juarterly Review
of Biology, vol. 8 (2) 1933, p» 209-213 and Lifectiveness
in Natarc of so-oalled Protective asdaptations, smith=
gonian Institute lilscellaneous Collection, vol. 86 (7) 1932

2) Shull, Op. Cit. p. 168

-
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an animal which wo term incongpicuous ceuld cersairly not
safely be ropsrded se protacied from attack by s predacious

ingaat.

‘nothar factor that nmust be considered ig the siza of the
obJject relative to the ohserver and tho latter's field of
vigion., Thng a nottled lizawd lying anong tho rogks is = vaery

small object in a very large objeot a8 viewed by man, but to

its cneny it aay be o yelatively large part of = small land-

mar e

8aang.

Yor these ressuns the argument for evolution frou protective
regemblange gan scarcely huve any meaning. #ven Shull adamits:
"The notion has been overworkad,....applicv weritiocally, and
eseeB0ma, porhape many, of thoe suppoeed instances of evolu-
tion guilded by and leading to inoonsplozousness srobably

are not such", 1)

another very usuch overworked thecry wﬂioh wag onage thought
to coutribute to the problem of evolution ig the theory of
8exual salection, Today this has been abdbandoned by most biol-
oglets. It was montione d alresdy by Uarwin. He belileved that
the species was originally dull in both sexea, but that in-
dividual malas amutated (although he 8idé not use this term)
to somewhat brightar solors which aidsd them in winning the
famales. 3y rapaetition of guch mutations and pelegtion it was

ganerally balieved that all of the males would eventually

1) Shu:i.l. Upo cito Pe 174
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beconc brightly eclored. This was extended not only to color-

ation but Lo any quality which night be attractive to the fe-
male zuch @8 the "horns" of the staghorn and other beetles,
andé the s.ne of the male 1lion. Durwin himself exteonded inisg
theory fo include wlso the weapons sueh as Spurs, autlars,
horng, «nd teeth, by whioh the males fight for the possession

0f te fomazla.

agaln thig implics mutation in a direction desired by the
individual snd is open to objeoction for that reason. e gited
the evidenos before whish showad that nautations in Drosophila

ware in no way adaptive.

“here urs other objections against this theory. liayer
olearly shuwed that odor was the gulding faotor in mating in
the .romethen moth. When the antennae of the wales were cover-
ed wiih ghglliaa, the nales were prevonted from finding the fe-
naleg. When gome females were out in two, the abdomen in one
part and the wings, thorax, =znd head in the other part, the
males come to the abdoman and not to the heand and wings. When
faualos were put in olosed glass Jars, the males did not #ing
thaem even though they were in plein sight, finally layer dut
o{i the win g of some of the fomales and glued the wings of
malos to the stumps. Hales mated with male-auppeuring females
‘agd irequently as with others. This exveriment not only showed
that sexual seluotion played 1little part in whe nating procesy,

but also that the female, who, it is postulated mukee the
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Ghoica, played only a pagsive role in the whole prooeaa.l)

“his theory aleo asoribes an esthetio gense to the female,
wWhioh it is doubtful thatl she poseesees. Likewise it has been
diggovercd tnai mime brilliantly cvlorsd males do net dige
Play thoir charms by any specigl courtship behavior, and
8pecial agulorativu is therefore iseless. Winally it i also
true that in tho aase of the salamander,vherc the sperm 1s not
introduced directly into tho female by the male, there is no
guarantee that the female mates with the male who has gourted
her, llost ¢volutionists tharefore admit that this argument

has becon very much overstre@sed in years gone by.

Jugt the opposite of protective goloration is ths phecomenon
known as "warning goloration", Here animals do not attempt to
blend in with their backgrouud, bui they are uatuullj 80 high=
1y aolorad that they actually atiract attention. Most of thess
aninals, acoording to Poulion who is the chief advoost e of this
theory, are unpalatable, dangerous, or in some way proteated
by spines, hairs, or herduesc. It paya such an animal to ad-
vertige {his fact. 4 lok regognition of suoh an obnoxious
8pecies by a sredatory aningl spaves its membere many experi-~
mental or ignorent att.cks., “he angestore of these brightly
golorsd speciles must have originally been dull volared aud have
raached the prasent condition step by etep through an accume
Wlation of bright mutations, gach of which hsa been regogniged
by ths predator. Such warning ooloration is to be Tound ameng

bees, wasps, skunks, aural figh, all of whieh are objection-

1) uayer] 4e Un the llating Inetinét in iioths, Psyche vol. 9
=20

(1900) :p.




able for gome reason or another. The Glla monster, the only

poigonous lizard,is also said to be warningly colored.

This theory i:s again open to the objection that it cannot
be demonsiated that mutations are in any way adaptive. But
there are still other objections which we may offer. There
are some brightly eolored specics whose color cannot in any
vay be considered as giving warning. Certain annelid worms
which i1ave beon said to be warningly colored live in tubes,
and in that way they have no ch:unce to @ispluy their asolors.
The walkiug stick has an scrid taste, but it is so dull and
stick-1ike that it is universally olassified among the pro-
tectively colored animals. The Endomychidse, a fanily of
beetles, are highly colored, but they arc seldom seen, since
they live in fungi. Fupbdhbemore, if the first mutations were
racognized by predacious animals, further mutations would hsve
no additional survival value. Indeed if these animals were
recognized ag undersimable in their original state, there

would be no reason for their becoming colored «t all,

Likewigse there is serious doubt as to whether theme warn-
ing colorations actually serve their purpose. Turning onee more
to licAtee's studies, we find some remarkable faocts. The cinch
bug, supnosedly warniungly colafad. was ealen by 29 speoics of
birds, three of which, in single individual birds, ate more
than 100 cinch bugs at a single meals. Dither the cinch bug is

not disagreeabls or the birds do not learn. Seventy-seven

AR

blister beetle s, also sald to De:pAwndl .@plored, ware
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saten by u single kingbird in one neal., ¥e corld cite silll
other instauceg, but these wlll suffico to show that ths theory

simply Znlis o picoes when it is put to the test.

Beenuss of this, other theokkes, suwoh as that of imaunity
00loration, have taken its place, Tais thecry has as little
basis in fact as doca the thaeory of warning coloration, and

for tint reason hwe faw supporters today.

Todoy oonspicuous cclor in snimals is accounted for by nost
evolutionists on the princijlo of mimlory. The original pro-
posal of mimiery, that of Bafqa, postulated thal an edible
Bpooies minios an inedible onc. 4 difficulty arcae when it was
diauovorcﬁ'that diffarent species o0f the same subfanily cften
resenbled one enother. It is gensrally held that all families
of one sub-fauily are either edible or inedibie. This maant
that one distasteful snecias was nimicking another distaste-
ful spacios, and this wonld hardly £it into the gewms ral idea,
liueller came t. the wesoue by suggesting that two dlstasteful
gpecies night coonomize by offering to predatory animals only
ons sign of distastefulness instead of two. Z2redators would

have to learn Irom experience that animals having a brilliant

QO1OY WO Yina,
163000 to eat. In this prouess a cvertain number

0f individnals wonld ba dostroyéd. If this loss 6ould ba di-

vVided betweon two gpeeies, 1% would be an advantage,

The ancestors of th mimio were supposed to nave beon dull




golored. Gradually one of tha dull ancestors acquired a cer=-
tain amovunt of aolor. This color was transuitted to later gen-
erations ﬁnd in time the asnmount of color increased. According
to this theory, the resembling forms must occupy the same area.
In the ossge of Batesain mimiory, whioch still has a host of
supporters, thaere must be a dlfference in liability to atitagk,
one being mores nvotected than ths other by &ts own qualities.
The model must be more numarous in individuals than is the mim-
ic. The mimic must hove a distinotively different color or
pattern from its near relatives. Inally the mimtary aifects

only the eztornzl gharacterss

Thig theory too is open to a number of oljestions. First of
all, as wo have gaid in the cases of the proeceding theories,
there iz no evidenae of mutation in response to an environmental
need. toreover in many oases there is no real knowledge that
orie n¥ the species involved is protected by a disagreeable
2r dangerous quality. In other cases it i# diffigult to say
from whidh aenemries the animal is to be protected. If an animal
hag mora th n one get of enemies, it is doubtful whether mimiory
wounld be of the same value with all of them. We know that some
aninals are practioully color-blind: to these brilliant colors
wouléd mesn nothiéng. Other animals see different portions of the
spactrum than those which we see. It st be admitted that the

whol.e theory is based upon human reagtions and observations.

In some cases there is doubt as tonwhethar the resemblanace
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is suffinlent to deceive, In many ouges living specimens are
differant from nmuseum specimons, and 1t is on museunm apecinensg

that the theory is built,

foulion desoribeg the capture of a clearwing moth, which
la gupposed to be the mimic of a hornet, by s lizard which
at the diret trial kept away 2£rom the "gtinging" end. Soon
it discovared, howevar, that the noth was harmless =nd the
very uext {ime that a clearwing was offered, it recognized
1te nafure and ate 1% without cantion. If o single experience
is all thed ig necesgsary to see throupgh the deecption, the

niniory oannet bo very valuablee

Agide from birds, 1t is generally admitied that lizards
wnd monke g are the ghief cneuniles 0f hutierflien. Experimsints
by landers have shown that lizarde eat the supposedly evil
tasting butterflics az readily as the palatable ones, and it
would gecm from the work of Fouliton that ordinary decepticne

ol mimiery ara no nateh for the powvers of perusption,

Ageerd ing o this theory the resamblange must aave .risen
by emali gtevs undar selcatlone At the early atages of the
procaes, the difference batwoan tha minia and ths model were
very zreat: yet the rosemblange, slight as it wag, fooled the
vredator. later predatory animils are supposad to have basa
degeived only by those individuals most like the model = othere
wise further resemblancs would have had no survival valune -

and to have devoured all those less similar {te it. In other
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words, tha prodator's powers of digerimination impreved enore
mougly ag the individuwls autated toward theilr nodel, fiven
Shull realizeg thet this is one of the waskneseas of the
theory wnd saye: "It would be ong of the marvels of evoluiion
if the iuprovement in discriminition reguirad should nave been
tied to ooincido 8o gaupletely with tne development of sone

mimig”, 0y

Thore arae gtill other cbjections. First of all, mimicry in-
volves warning golorution. There 1s no proof that such a pheno-
nmenon exietn. Morcovar sometimes the mimic is more sbundant
than ity model. (coasionally Yoo the mimic and the so=-called
model do not ocoupy thae sane ragion. It has been disguvered that
in one ¢use one of the spoaics of {the pair ig in Houth Ameriaa

nd the othner in iAfrica.

20 swa ap then, all four theories & the theory of proteative
regamblanocg, the theory of sexual selection, tue theory of warne
ing'uuloration, and the theory of mimicry - &re Opsn to many
of the same objections. Yhay sre all highly subjsotive, Thay
agswae that aniaals seo just as we do, while ag a natter of
fuot we Xnov that they do not. Under uitra-violet lighi, wing
pattarns wopoar very much different from the mwmner in whioh
thoy sppeay under naiural light. Jfor that reason to some animals
some minmios do not repemble toeiy models in any way. lorsover
these theories aleo agsuae thet an aniumal has (i same taste
rosations as we hamans doy for 1% assumes that ingeois which
heve a disagreeable iaatt aggording to human standards also

M

1) Shull. Cp. c‘t. P. 188
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have o disasreenble toste so for as the preldators arc concernad,
Ve mow that 4his i3 not true from ti.e examples of the lizards
alted sabove which davoured both palastable and mnpalatable

inseota without any differentiation.

On this whola subjedt Lobzhansky saye:"...the prooess of
development o proteotive and warning chercoteristivs nas not
heen chserved in a species elther in the iaborntory or in
nature, The concealing and ninetic rescmblancaes that we
reoerd in nature are the end produste of the historis pro-
cegges that have taken plies and 1t only remains for us to
infer whother their ovigin through n.stural selection is or

is not jprobable.” il

N~  Another faeteor in aevolutlon abou! which we hear a great
deal iz gscopraphic isolatlon. It is believed that isolation
o groups of indlvidualg from ona gncther has played an ine-
portant padt in the originco? spea@ps- Thug it i3 assumed
that two groups of the sane species are isolated from one
another by some water barrier. Differont mutations arise in
the two different grouns and in the gourse of time these two
groupa would become su diffevent that they would constitute

two diffarent apeoiesn, There are £ goursge barriers other than

water borriere: 8ictance itsoll is a bharrler.

It is generally admitied however that moat species are not

1) Dobzhansky, “pe %it. p. 163
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: eompletely isolated from related species. Though thes do

not ocoupy the same region, they are nevertheless not very
fur apart. This theory would require that related gropps
be inecapable of interbreeding with fertility, for if the
two groups interbreed, they are no longer isolated. Zarly
broponents of this theory assumed that a gradual acoumula=-
tion of differaent mutations would bring this about, On this
point Shull says: "There is little in the ordinary faots of
genetios to support the view that acoumulation o0f differ~
ences of the kinds by which species are recognized and
distinguished from one another lesds tuv sterility.... How
thess single step causes of intersterility could arise any
better in separated groups than in freely interbreeding
populationn is not olear’.l) Goldsohmidt saye: "The origin
Jof species is not to be oonceived of as omourring via
geographia races or the members of = rassenkredss (racial
gircle)".%) HRven Dobzhansky says on this point:" Isolation
is a goaservative lactor that stows down the evolutionary
Progess.s«s 100 agarly sn isolation of the favorable gene com=-
binations formed in the prooess_of yace difierentation
would mean too extreme a specialization of the organism to
the environmental gonditions that may be only temporary.

The end result may be extinatioD.seee....Isolation is nec-

agsary, but it muat not come too early." 3)

Moreover it must always be kept in mind that mutations

1) Shull, Op. Cit. pe 230
2) Goldeohmidt, Materi sis, p. 168
3) Dobzhansgky, Ops Cit. Ds 22
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have never produced a new species, In all of the work done
with Drosophila, no form that would conform to our idea
of speaies has arisen. It is genersl 1y admitted therefore
that this idea of geographical isolation has been over-

worked by evolutionists,

Another tremendous problem so far as evolution isncon-
cerned is the problem of early evolution after the begin-
ning of life, No reputable biologist today attempts to
account for the origin of life. Evolutionists prefer to
leave that problem to the philosopher und to start Qut
with life dl ready existing., It is assumed, howaverjp that
the first life was very minute. Whether it was wellular
or not is difficult to say. However many evolutionists
point to the filterable viruses whioh we know today as
akin to the earliest forms of life. Very little is known
of these forms at present. But here a difficultympresents
itself. All known filterable viruses today live within other
organisms, and it is impossible that the early forms of life

should h.ve done that.

llost evolutionists postulate the beginning of life mq;
single form, yes, in a single individual. But here too ‘
there is a diffulty. If there was only one form and it
reproduced without any 1limits, 1t would soon outstip its
food supply. One biologist has sald:"If the earliest
plants had been able to reproduce themselves unchecked,
they would soon have exhausted all the food substunces

and would themselves have vanighed. So it is probably that




together with the earlis st plants there appeared other or-
ganiems to feed upon them, and that these in turn were kept
in cheok by still other forms of 1if@ees«s2nimal life could
not have persisted én the earth had not the animals at
thelr first agpear.nge assumed a number of different and
diverse forms".l)Is there auy reason then why we should not

assune that God oreated all of the spedies at one time?

There is snother difffculty in expleining how single
celled organismg beoume organisms made up of aggregated
Oor colonies of calls &nd then ohanged into the notazoa,
Organisms made up of a large number of highly differen=-
tlated cells. Bxplanations for this change are purely

#apeculativa,

finally there is no explanation for the change from

the invertebrates to the vertebrates. The body plan of the
vertebrates is exaotly opposite that of the invertebbamtes
(Pigure IX). Invertebrates have o ventral central nervous
systen and a dorsal heart: vertebretes have a dorsal cen-
tral nervous system and a ventral heart., This change can
be accounted for only by some fantastic theory. Among those
propounded has been the one according to whioch an inverte-
brate clung fcr millions of years to a rock faocing upstrean
in a ropidly moving river. In the course of time the doroe
of the gurrent turned him ingide out and he became a verte-

brate. Needless to say suoh an explanation is impossible

1) Aota Biotheoretioa, III, pt. &, 1933, p. 1852
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genétiocadly. it has baen demonstrated time after time that
changes in respunse to the environment are not inherited.
For this reason uost evolutionists todgy postulate a separe-
ate baginning for vertebrates and invertebrates. Some
sodentists assume that vertebrate didferentiation taukes
plaoe at an early embryonic stage. They ingist that the
difference betwsen the two must begin alreadyidn the gas-
trula stege of the embryo. This is of courae trui beoause
at gugtrulation the body plan is laid down. However they
80 not explain how this difference originated.

This whole systen of building up new species by gmsd-
ual change whether from tnvortebrate to vertebrate or ffom
protozoa to meiazon is rejeated by Goldschmidt in the very
firot pages of his book. 0f thie whole system to which he
gives the name miaroavolution, he says: "This term has been
used by lobzhangky for ovoluntionary proaesses oﬁaervablo

-heart nervous
system

————— -digestive

—————— nervous heart

e K
systen

Invertebrate Vertebrete

Flgure IX: Oomparison of the vertebrate and
invertebrate body plan,

within the span of a human lifetime as opposed to maoro=-
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evolution on a geological scale. It will be one of the major
eontentions of this booksto show that the faots of mioro-
evolution do not suffice for an understanding of macro=-
evolution., The latter term will be used heré for the evol-
ution of the good species and all higher taxonomic cate-

gories”., 1) :

From a genetic viewpoint and from the viewpoint of
evolution there are a number of charicters which oznnot
boe agvomnted for, characters which huve not and cannot
have arigen in the course of avolution. Some of these we

disouss now in this paper.

Une of the thiugs that has pugsled anatomists Zor a
number of years was the reason why the male gonnds in
mammals ghould hs outside the body asvity. In all other
animals, both veriebrates and invertebrates, the gomads
0% both the maie aud the femule ure containod in the
coelomla oavity. Resently however through tests conducted
on sheep it hap been discovered thet mammelisan sperm be=-

gore infertile when heated io body temperature.

llow how oan this be acaounted for on the basis of evol-
ution? It must be assumed that the mamaals evolved from
lower vertebrates in whioch the gonads are in the ocoelomig
oavity. It cannot be assumed that some vertmsbrates were
evolved in which the sperm beocame infertile at body fem-
perature: these animals gould not have continued to propa=-

gate themselves, On the other hand it oan scurcely be as=-



Bumed that the first step in their evolution placed their
gonads outside the body cavity: guch an arrangemant wbuld
have had a negative survival walue, because outside the body
cavity, the gonads are more liable to be injured. Forathat
reason those animals in which this arrangement had devel-
oped would have dled out because they would not have been
80 well equipped to survive us those in which the gonads

were still within the body awwity.

another very interesting thing which carnot be czplained
on an evoluticnary prinoiple is the development of blood
groups in humans. When a foreign protein is injected into
the blood gtream of un animel, the cells of that animal
produce s characteristio substunce which reacts with the
foreign protein and walch is known s2g an anti-body. 7The
. foreign proten which causes the produoticn of the anti-
body is known as an antigen. One of the reactiong which
‘may take place when an antigen reacts with an anti-body fs
.an agglutinaiion of the oells. In the human blood strean
‘there may be found two normal sntigens and two normal antd=
‘bd#ied. The antigens are to be found in the humen red cells
and the antibodies in the blood serum. For convenience the
two antigens are named A and B. Landeteiner and others found
that u person might have one of these antigens in his ocelle
or he might have the other, or he might h:sve both, or he
might have neither. Whatever antigen a person has in his gedks,
the aorresponding antibody is lacking in his serum. That is
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obvious, beaunse the presence of both antigen and akth-
body would lead to agglutination and death. When an antigen
i8 not present in the gells, the eorresponding anti-body
is present. This fact is the basis for the present system

0f blood typing,

Now how can such u thing be explainoed on the basis of
avoiution? It is obvious that aggording to evolutionary
theory at one time there must have been only one groupe
Let us assume that this group had either both antigens
or both antibodies. The first change would have introduced
one of the corregpnding antigens or antibodies into the
blood stream and death would have resulted. Or suppoBe
that originally the blood stream gontained neither antigen
and neither antibody. The first ste» would have been the
introduation of one of the antibodies or one of the anti-
gens. But eventually the corresponding éntigen or anti-
‘Body would nhave been introduged and death would have result-
ed to the individual. From a genetio standpoint it is al-
wost ingonoeivable thut both the blood cells and the blaod
serun should have ohanged at the same time to make the
presaent arrangement possible. “he odds against such a chance

happening are almost ogerwhelming.

Hodexn iﬁvestigationa in ohysiology have disolosed oom=-
plexities which make evolution impossible. Much of physiology
tuday is conoerned with hydrogen icn concentration, known

as pH., It has been found that for all pragtical purposes
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hydrogen ion concentration of any liquid varies from one gram
of hydrpgen ions per liter to .00000000000001 grams per liter.
The former is a strongly acid solution: the latter a strong-
1y basic solution. All gradations between these two figures
are to be found, A solution containing 0000001 grams of
hydrogen ions per liter is neutral. In measuring hydrogen

ion oonocentration, it has not baen found convenient to deal
with decimals because they are too complicated. Instead it

is measured in terms of 10”8, This "n" is then kuown as the
pE of the solution, Thus a pH of 6.4 means a hydrogen ion

songentration of 107°°%4, 4 pH of 7 is neutral,

In studying enzymatic aotion it has been fou:d that pH
plays a very important role. sach of the digestive enzymes
has a particular pi at whioh it works best. Tis is known
as its optimum. Indeed it is only within a certain range of
P that an enzyme shows its characteristic catalysis. The
marvelous thing is that the pH of the various parts of the
digestive system is not only within this range of activity,
but it is actually equal to the optimum for that partioular
enzyme. Thus the pepsin of the gastric juloce is active at a
pH of between 1 and 3 with its optimum between 1.2 and 1.8.
This meang that to work most efficiently it ﬁust ave an
acid environment. This is exactly what it f@?da in the stomagh:
indeed the pH of the stomach is genersl 1y be;men 1.2 and 1.8.
Similarly trypsim is active betweeﬁ pH 6.8 snd pH 9.6while
ite optimum is at about 8.2, This is exss tly what it finds




in the pancreatic julce.

There are some oases in which the environment of an enzyme,
while within the range of activity, is not always at the exact ;
Ooptimuwn pH. At first this seems somewhat di sopnocerting, but
When we study these instances, we find that they are con-
cerned with exactly those progesses which need to be slowed
down or speedad up at times. When it 1s necessary to speed
these processes up, the pH approaches the optimum. Un the
Other hadn when it is necessary to slow these processes
down, the pil changes, moging toward those limits in whieh

the enzyme is =2ctive.

It ie almost impossible that this should have come
about through evolution., Evolution assimes chingé from
the simple to the complex. That would mean that at one
time the pH of the whole digest ive tract would have had to
be the same. But this would have made it impossible for
some of the enzymes to act. Pepsin cannot act in an alkaline
environment, while pepsin cennot aotiin a strongly acid
environment. Thisz then is certainly one of the processes

which conld not have ovolved.

snother interesting thing in eonnection with enzymatia
action ig the faot that an enzyme shows its maximum effeat
at between 38° and «0° which is exaatly body heaf. Oataly-

8ls is a chemical process and is therefore subject to chem-




8=

1021 laws, We would then expeot that tha higher the temper-
ature, the more rapidly the enzyme would act. That, it has
beon discovered, is true. But an enzyme is also & highly
unstable protein, expremely sensitive to temperature. 4 :
high temperature¢ will cause an enzyme to disintegrate and
thus to lose its effectiveness. For that reason up to a
certain point inoreased temperature speeds up the chemical
process, but above this temperature this effeat is offset
by the destrimction of the enzyme through disintegzation.

In every case animal enzymes show their optimum effect at

body temperature.

I shall mention just one mere physiological fi.ot which
10 my mind cannot be accounted for on the basis of evolu-
tion. That ie the phenomenon of buffer action, We mentioned
ubove that the body maintains a pH which is equal jo that
of the optimum of the particular enzyme which is to work
Shere. 7o maintein this pH constantly a machanism is necessary,
for the introduction of a& solution differmdg in pH would |
change the pH of the environment. This is done by means
of buffers. These are substances which give off (H*) ions
or (OH) ions according to the agidity or alkalinity of the
solution, Thus if an acid is introduced, the buffer gives
off (OH) ions to counteract this. If a base is introduced,
the buffer gives off (H*) ions. In this way the body is
able to maintain a constant pH. The remarkable thing is



that the two buffers to be found in the blood stream,
NaBp20, =nd HyCO,, require larger amounts of alkali to
0ffest a change in the (H*) of thoir solutions than any
other of the weak noida save HpS. In other words the buffer
Substances of the blood are smong the fnry most effeotive

thet would be found, Could this be due 0 chance alone?

To show how importanttthe environment is and how delicate
& balance is nevessary, let me guote one instance alited
by Dobshansky. He says: "Sanvironment of the spermatozoa
in the reproduative orgens of the femsle of another species
may be unsuitable for them .nd may cause their death or at
least a loss of fertilizing ability. Spermatozos of higher
alinals are kuown $0 be highly sensitive to any variation in
the environuent, partioularly to thogse i: oamotic pressurc.
The sparmatozoa of a dugk, & ggose, and a coock has bLeen in-
jeated in the genital duote. after 28 to £5 hours the birds
Wwore disseotad and large numbers of spearmatozoa wers found
in the upper portions of the oviduats. But while those of
the duck were alive and motile, a majority of the spermato-
zoa of the goose and cook ware already dead faorebrovaky

1936 Hybridization of inimals Biomedgiz, losoow-Lenin-
grad)", %)

it might be well at this point to comment on Goldsohmidt's
latest theory, a theory whioch is based on changes in the

ohromosomes. Goldsohmidt yejeots absolusély the present

1) Dobzhangky, ‘'pe. Cit. pe 246
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neo~-Darwinian thaory: in faot he believes that 1t hampers
bprogress in evolutionary thought. Goldschmidt believes
briefly that evolution has come about by transloocations

and inversions whioh raesult in the sudden establishment of
new specles. He carefully distinguishes between micro=-
evolution, or intraspecifio variation, and macroevolution,
interspecific variation. As is rather obvious, we are gon-
Gerned only with his macroevolution, since we readily ad-
mit that mieroevolution in his sense is a gommonly observed

phenomenon.

Perhaps a quotation from his most receht book, The Mater-

ial Basis of i“volution, best sums up hés apnroach, There

he says: "Species and the higher categories originiate in
8ingle macroevolutionary steps as completely new genetioc
systems. The genetieal process which is involved oconsists
of a repatterning of the chromosomes which regglts in a
nsw genetio system. The theory of the genes and of the
agoumulation of micromutants by selection has been ruled
out of this picture. This new genetic system, which may
8volve by successive steps of repatierning until a thresh-
0ld for changed action is reached, produces a change in
development which is termed a systematic mutation, Thus
Selecgtion is at onoe provided wit h the muterial needed for
quick maoroevolution. The facts of development, especially
those furnished by experimental embryology, show that the
potentialities, the mechanies of development, permit huge

changes to take place in a single step. The faots of physio-




logioal goencticsg and thelr explanation in terms of coor-
dinated rates of processes of differentiation furnish the
insight into the possibilities of maoroevolution by sin-

gle steps. A considerable role is assigned to such genetic
changes as affect early embryohic processes and automatically
entail major deviations in the entire organization. The gen-
8ral picture of evolution resulting from suoh deliberations
is in hermony with the faots of taxonomy, morphology, em=-
bryology, paleontology, and the new developmemts of genetias.
The neo-Darwiniun theory of the genetioiste is no longer

tenable”, 1)

One of the contributions of Goldschmidi's theory is that
1% simplifies the theory of cvolution considerably. This ha
mentions as a point in its favor. And yet in & way it is too
slmple. We know that 1ife phenomena are infinitely more oome
plicataed than those of the inorganic world: we know that a
synthesis of the orgenioc compounds meking up living materiala
will not result in a living organism. Goldschmidt realizes
that his theory is subjeot to this oriticism, and answers by
8aying ‘hat life must be based on simple proocesses:other-
Wwise no organisms gould exist. We would answer that organ=-
isms exist ingspite of the gomplexity of their organisation
because of the hand of God behind them, but Goldschmidt re-

fuses to admit such vitalism,

Actually muoh of the theory is based on deduative reason-

1) Goldschmidt, Material Basis, p. 396ff

LR



inge. There is no experimentsl proof for the theory: no new
Speaies has been obsarved to develop in the manner postulated
by Goldsehmidt. This he admits, for he says: "Unfortunate-
1y no experimental uttack on this problem is at present ap-
parent", L Ag a result there are numerous statements in
his book such as: "Unbiased synthesis of existing gaots
seems to favor our solution"?); "We may consider these facts
a8, at present, barely hinting that macroevolutionary steps
based upon a change in relative growth might be based genet- .
loally upon gystematioc mutation" 5); "We oan iaagine _tﬁat here
8 model for directed genetioal change has been found, gom-
bined with the possibility of large steps, the systematia
nutations. We shall not indulge in further premature specu-
lations, but I think that we are justified in huving at least
intimated the interesting possibdlites of further advance in
this diregtion"4) On the evolution of man, he follows Stook-
ard and says:"An evolution from this hominid (Sinanthropus)
to Homo sapiens may therefore be conceived of as having been
porfeoted in a single genetioc sten, an event which is
possible on the basis of endoorine control o':E growth and dif-
ferentiation”. ) Yet he admits innthe next sentence that

“this is oertainly purely speculative”.

Now what is the nature and basis for‘ﬂoldsohmidt'a argu-

1) Goldschmidt, Haterial Basis, p. 534
2) Ibid. p. 334
3) Ibid. pe 321
5) Ibid. p. 283

S b e




mentution? fe has a number of avenues of approach to the
problem, but I think th&t one example will suffice to Bhow
the genersl line of argumentation Which he employs. He
takeg the interesting example of the intersexes. Inter-
86xes result from some disturbance in the belance of the
chromosomes. In thesge, depending on the exact genetic bal=-
ange, different degrees of intersexuality affecting both
Primary and secondary sexual characters may be achieved.
For instonoe, in Iymsntria dispar, the male normally has

& single uncus which develops from paired primordia. How-
@ver in one grade of intersex these pmfred primordia fail
to fuse resulting in paired unci., It has been found that
this same regult can be achieved in males with & normal
genetic balance by treating them with heat, X-ray, ultra-
violet ray, etc. at a certain oritical period in their eme
bryological development. lioreover it has been found that
there are ocertain relatives of the lymantriids which mor=
mally have paired unci. These facts, Goldsohmidt reasons,
glve ns a possible explanation of the way evolutionmmegy
have taken place. Some factor which temporarily disturbed
the genotic balanae may have developed in ILymentria. This
factor, by affecting the development at the oritical pmriod,
oamged the double unoi. Later this disturbance became @k&b-

11ized ahd we have & naw gpeocies. 34

While we are willing to admit that something like this

1) @oldsohmidt, lateridh Basis, p. 302ff
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might possibly ogcur, though the resalting form would not be 2
a new Pkind" in the sense of Genesis 1, it is hard to aon= i
9eive of its rather frequent ocourrenge as Goldschmidt's 1
theory would require. The theory, as we have noted before, ;
lacks experimental proof. Then too most disturbances of this

nature affect the viability of the individual. In fasot wuch :

disturbances may be lethal. The intoersexes referred to above

are always sterile. Goldschmidt hdmself realizes that there

i s

is a diffioulty here, for he says: "4 repatterning of chromo-
somes - our gystematic mutation - necessarily leads af first

to non-viabile groups (homozygous transloeations, deficiencies,

il s St g Bk it

¢ta.). The uew pattern therefore carnot survive in the pop=

-t

ulgtion except in the absence of selection pressure against *
the heterozygote and under proper gonditions of interbreed-
ing, But this applies only tc some of the initdal steps cor=-
responding to the simple pattern changes by so-oalled chromo-
some mutation., The fact that, for example, in Drosophila
mirands a ohromosomesl pattern perfectly different from that
in pseudoobsoura ig viable in homozygous condition proves
that at some point in the repatterning process the aonsti-
‘tution of a new system, viable in homozygous stute, must i
have been agodmplished ( of course, provided that one pattern
is evolved from another one, which can hardly be doubted).

It is not known at which point this deaisive condition is

i
reached", Note that he assumes evolution as & fagt and

that he assumes something has happened - the change from

1) Goldschmidt, linterial Basis, p. 206f
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non-viasble to viable ~ about whioh he has no] even the slight-

'es't shred of evidenge.

Another oriticism that might be raised ageinst the theory
is that freguently inversions and translocations hive no eifect
on the phenotype or outward appesrance of the species, Gold-
Bchmidt himself admits this, for he says:"...the internal chromo-
somal pattern may slowly change in a series of sfleps wi_thont :
any visible offeot on the phenotype and without any acoumu-
lation of so-ocalled gene mutations, small or 1&1‘30"-1) If
Goldsohmidt's theory is true, we would expeot every inversion
and translocation to have its effeat. If not evegyone has an
effect, what dotermines whioh one will have an effect and

which ones will not?

Still another oritioism, though nct necessarily a’uo_h a
welghty one, is that Goldschmidt tries to correlate his
theory with recapitulation, the theory of Haeakel, a theory

which has been all but abandoned today.

In summary than; we may say of Goldsohmidt's theory that
vwe are willingtto admit that new taxonomie speaies may P”ﬁtbl';)i'
evolve in the manner postulated by Goldschmidt, But these
would not be different kinds of enimals in the sense that the
word is used in Genesis. Moreover his theory would hardly

agcount Ior the evolution and origin of species as that plirase

is used in goientific oirclas today.

1) Goldsohmidt, Material Bagis, p. 191
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Aotually however the problem of evolution is too big today
either to prove or disprove. There is no oonolusive evidenae in
favor of it today, nor, on the other hand, aan we say that there
18 oonelusive gsoientifio evidenoe against it. There are many
things in the biologicel world whioh evolution gannot agcount
for, On the other hand there are many things today which
in our present state of knowledge appear to us to point to
evolution, Perhaps someday some soientific evidence will be
disgovered whioh will disprove the theory beyond a doubt.

But that day is not here yeF.

In this vaper I have considersd some of the solentifio
faocts wiioh I believe militate against the theory of evolu=- ;
tion. A1l of thesa, howaever, are only supporting evidenaes i
in the ‘hriptian's Judgment of the theorye. ~He refuses to i
acgept it, hot because there s soientific evidence against | !
it, but primarily because the Bible rejects it. When God has
Spoken, the matter is olosed. And even if there are many things
Which he mannot understand and explain,\ 8till he esacepts God's
agoount of the origin of thins, confident that God and the
Biblical account will ultimately be vindioated, if not by
soientifio evidence yet to be discovered, at least in the

light of eternity.

In gonolusion, let me show that scientists themselves real-
ize that the problem is far from solved in a satisfaotory man-

ner by quoting once more from two of the wotld's leading
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geneticists, Goldschmidt and Dobzhansky. Goldsohmidt says:

"The statement of the problen already indicates that I aannot
8gree with the viewpoint of the textbooks that the problem of
ovolution has heen solvad as far ag the genetio basis is con=
08rned. This viewpoint considers it as granted that the process
of mutation of the units of heredity, the genes, is the start-
ing point for evolution, and that the accumulation of gene mu-
tations, the isolation and selection of the new variants

Whioh afterwards oontinue to repeat the same proecess over again,

a8dcount for all evolutionary diversifiocations. This view=

e A A e o e A A 4

pegtt..., . must take it for granted that somehow new genes
are formed, as it is hardly to be assumed that man a.nd_
amoeba may be connected by mutations of the same genas,
though the ohromosomes of some Protozoa look ungomfort-
&bly like those of the higher animals. It must further be
taken for granted that all possible differences, inéluding
the mogt complicated adaptations, have been built up by

the acoumulation of such mut:tions. ¢ shall try fto show
that this viewpoint doed not suffige to explaﬁn the factBeaee
At this point in our didoussion I may challenge the adher-
ents of the striotly Darwinian view, whioh we are discussing
here, to try to explain the evolution of the following
features by accumBlation and selection of small mutants:
halr in mammals, feathers in birds, segmentation of arthro-

pods and vertebrates, the transformationnof the gill arches

s s et e 1 8 o s il
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in phylogeny ineluding the aortio arches, mugoles, nerves,
etai; further teeth, shells of mollusks, ectoskeletdns, '
Gompound a8yes, blood ciroulation, alternation of generations,
statooysts, smbulacral system of eohinoderns, pedicellaria
of tha Same, cnidoeysts, poison apparatus of snegkes, whale=
bonae, ang finally, primery chemicsl diffefenoea like heme-

globin vg hemoaysnin, eta". 1)

4nd Dobzhansky says: "The origin of hereditary variations
isy however, only s part of the mechanism of evolution. If
We possessed a couplete knowlodge of the physiologlaal
gauses producing gene mutations and ohrcmosomal ghanges, as
Well as o knowledge of tho rates with which these changes
arise, therc would gtill remain much to be learned about.
evoluiion, These variations may be oompared with building
materials, but the presence of en unlimited supply of ma=
terials does not in itself give assurance that & building
is going to be constructed. The impact of mutations tend to
incraase variability. lutat ions and chromosomal changes are
gonstantly zidsing at a finite rate, presumebly in all or-
ganisms. But in nature we do not find a single greatly var-
lable population of living beings w:ich becomes more and more
variable as time goes on: instead the organic world is gegre-

gated into more then a millich BAPAESYH Species, each of
which possesses its own limited supply of veriability which

it does not share with the others. A change of the species

1) Goldschmidt, Material Basis, p. 6
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from one state to the other or a differentiation of a
8lngle variable population into separate ones, the origin
02 the species in the strict sense of the word, constitutes
& problem which is logically distinct from that of the

origin of hercdit.ry variation." 1)

1) Dobzhans:y, Op. Cit. p. 119

.
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