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MATEZRNAL IMPRESSIONS & COLOUR HEREDITY.

INTRODUCTION.

The primary object of this thesis is to
set forth certain experiments and their conclusions
as to the influence of maternal impressions on col-
our heredity. It will be shown that the helief in
such an influence, at work in nature is widely cre-
dited, and that a solution of the questions, - Is
there such a work at play at ali? - and if so, -
What is its extent? - is of the utmost importancs,
not only to the vr=eder but also to the scientist.

I do not intend going desply into the history of
maternal impressions, nor would it serve any good
purpose to rslate all the numerous examples, cited
by bresders, of the effeet this influence has in the
breeding of stock. Certainly thess are mostly ex-
tremely interesting, but many are found, on heing
followed up, to have no foundation whatsoever, while
others are too lacking in specific detail to he of
any use in a scientific discussion of the subject,
This thesis 1s not to be reckoned otherwise than an
unbiassedlattempt to investigate experimentally,
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the subject of Maternal Impressions, as it bears on

colour heredity and to try to account for those cases
which are at present put down to its influence.

Since the work of Gregor Mendel was discov-
ered much has heen done to elucidaﬁe the workings of
heredity in relation to the inheritance of colour.
Many casss formerly put down to the influence of ia-
ternal Impressions have found their true explanation.
Can all such cas=s he explained by the light of Men-'
delism? It was to investigate the cause of those
cases, which have, up till now, been attributed to
the Matsrnal Impression Thsory, that the following
experiments were undertaksn., Every possible chance
that one could think of, was given for  the manifesta-
tion of such an influence - aftesr all necessary pre-
caution had been taken, and it now remains to be seen

what were the results obtained.

HISTORICAL NOTE,

The subject of Maternal Impressions'is one
which has aroused interest and discussion in all ages,
and in all lands ever since Jacob (1) placed his peel-
ed wands of gresn poplar, hazel and chestnut before
the flocks of Laban. It 1s interesting fto note that
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nearly all the works dealing with the thsory of ma-
ternal impressions, treat of it as 1t affects the
human species, and it _is.only incidentally that its
working amongst the lower animals is mentioned at
all. Therefors much of the history of ths subject is
irreslevant to the present thesis. Those desirous of
studying it, will find a very full record of the 1li-
terature in the works of Ballantyns, (2), Prsuss(3),
Delage (4), Prosper Lucas (5), and in The Catalogue
to the Surgeon General's 0ffice at Washington.

What 1 would chiefly draw attention to 1is,
that "in its earliest beginning it was not specially
a teratogenic theory; but rather one used to exnlain
how the young of men and of animals came to he of
special colours and especially of a tint differing
from their parents".(2) Up to the time of Empedocles
(6) (500 B.C.), it would appear to have been used
simply as a "colour" theory. After this though
8till continulng dovm to the prssent day, especially
amongst breeders, as an explanation of differesnces
in colour heredity, many additions have besn made
to 1t, some so absurd that there was n6 wonder that
the whole theory was, by many, summarily condemned.
Still it survived unchallenged ti1l Blondel (%) at-
tacked it in the beginning of the 18th century. He
says:- "I am the first that has ever writ on this
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side of the Question". Since then, though many have
arisen to condemn it, the belief in the theory will
he shown to bhe still alive. Surely there must be
some truth in a theory so ancient and so persistent.
In the whole literature I can only find the record
of one experiment with animals - which I shall re-
fer to later -~ though Preuss (8) and Harvey (9) gie
directions how certain experiments may be conducted.

PREVALENCE of the THECORY at the
PRESENT TIME,

Even at the pressnt day, notwithstanding
all that has heen said and written against it, the
belief in the potencey of the maternal imagination
finds many supporters.

"Many of our foremost breeders of stock are im-
pressed with the belief that certain colours pre-
gent to the sys of the narent animals and particu-
larly of the female, at the time and in the act of
their coupling together, and to the sye of the fe-
male both bhefore and during vregnancy, influence
thz colour of the progeny. They make this belief a
practical influence of action in the breeding of
their stock, in order either to prevent or to secure
the admixture of any particular colour in the off-
gpring different from that of the narent animals.®

So wrote Harvey (10), sixty years ago,
and/



and it still stands trus to-day. 0One of our foremost
breeders (11) of dhorthorn cattle has made use of
this influence repeatedly, while Mr Cruikshank (123)
says that he has had too many proofs of the agency
of the cause in question to allow him entertaining
any doubt on the subject. Numerous other examples
could be cited of the prevalence of this bhelief
amongst our Scottish breeders; hut let these suffice,
It may be that they read thelr experiences awrong
and, from their ignorance of the laws of heredity,
and more especially, of the recent work of the Mende-
lian School, ascribe the results they obtain to what
seams to them the only efficient cause., Yet, provid-
ed such views are srroneous, they cannot he hlamed

for entertaining such bheliefs as are commonly tausght.

]

The breeder, axcluding experience for the noment,
gets his knowledge from the bhooks and newsvaners that
bear on his work. Now let us see what he is taught to
believe,

Professor Wallace (13) says : - "Imagina-
tion is believed to come into »lay in breeding, es-
pecislly with.regard 0 eolour. The colour of any
object at which an animal looks, while coneeiving or
during the earlv stages of pregnancy may sometimes
govern the colour of the young, as the following ex-
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" examples go to testify", and then precceeds to give

the exanmples.
Prof.J.Wertley Axe (14), in a recent work
says:—
"There can indeed he no doubt that the nervous
system does operate largely in determining colour
in some cases because the facet has been demonstrated,
Jacob's deviece of putting straked rods in view of

the flock whiceh he was atiending in order 10 secur

D

a 1libsral proportion of straked animals for his own

share, was palpably sucecessful, and mere recent ex-

verience has shown to the bresder's cost and annoy-

ance, that the determining effect of colours on the

inagination of animals throush the eyesight is often
marked".

I snall now f£ive the opinion as expressed
in one of our leading Scottish Agricultural papsrs
(15) in answer to an enguiry on this subject. I do
not lay much stress on these answers. Still, they
are interesting as showing the current belief, and
no doubt they have some influence in foming publie
opinion.

The Question was -
"MATERNAL IMPRESSIONS" -~ "Is the colour of a young
animal ever due to an impression which its mother
receives at the beginning of, or during pregnancy"?
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1st Answer,
"MATERNAL IMPRESSIONS". "It is extremely improbable
that colpur is ever influenced by impressions which
the mother receives at the beginning of, or during
pregnancy".

2nd Answer,
"MATERNAL IMPRESSIONS". "All books on laws of here-
dity and breeding remark on this possihility and
there can be 1little deubt that it sometimes occurs”.

. 8¢ much for the breeder and his views, Now
let us turn to ths medical man and see what his views
are on the subject. The medical profession are gene-
rally taught that the theory of maternal impressions
is "an archaic helief and should he relegated to the
1imho of impossible things". Still there are some
who seem to have doubts. 1In a discussion on "Here-
dity in Disease" Dr.Leslis Mackenzie (18) says:-

"Dr.Ballantyvne's remarks on maternal impressions
are valuasble because he has pretty well done for that
department of uneritical belief what Weismann did
for the alleged inheritance of mutilations. Yet the
so—called evidence, for such impressions seens Lo me
frequently stronger than the evidence for inheritance
of acquired characters",

Even Dr.Ballantyne (17) a recognised auth-
ority on the subject admits that the 19th century
has closed with the subject still being debhated, and
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draws notice to the "extraordinary rejuvenation of
the ancient doctrine among the ohsgtetriclans of the
United States of America", in connection with which
rejuvenation we may note the articles by Fordyce
Barksr (18) and Dr.S.C.Busey (19), both of whon
strongly supoort the theory of maternal impressions,
But here again, though not entirely, the evidence
brought forward has mostly to do with the human spe-
cles.

S0 that %o sum up, we may say, that breed-
ers accept the theory, while medical men, in the most
part, do not accepnt i, and yst ares too cautibus to

" deny 1t altogether. Even the latest works on here-
dity cannot get bveyond "preobahility"; - Doncaster
(20) saying that "the evidence available is probably
insufficient to support any other view than that of
aceidental coincidence, while Delage (21) sums up as
follows - "1l'influence des condlitions transitoires

" des parents zu moment de la conception sur 1'enfant

"n'est pas suffissmment etablie; les états de 1l'esprit

"paraissent n'en avoir aucuné; pour les dispositions

"ds sante; on ne sait rien de precis".

a

ITS IMPORTANCE.

The subject of maternal impressions is as

important to the medical man as it is to the hreedem
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The former is extremely likely to be asked his opin-
ion whether such and such a deformity in a child, is
due to a c¢ertain impression its mother received dur-
ing h=r pregnancy, or he may be called in to allay
the maternal fears that some injury has taken place
to her unbhorn bhabhe. The subject has before now come
up in a court of law, and th= medical man been ques-
tioned on it in the witness hox.

Even from the brseder's point, of view, the
question is one that requires careful consideration.
Can they use this ageney with any hope of success in
getting the desired result? If not, they will he
saved the futile trouble and expense of trying it
and have their minds profitahly turned towards a
study of the true laws that bear upon their work.

Fqually to the student of heredity, a sat-
isfactory solution of the question is of vast impor-
tance. 1Is he to reckon maternal impressions as a
cause of variation and to bear this possibility in
mind in the interpretation of the results of his
experiments, or, can he totally neglect it as a thing

that never occurs?

NECESSITY for a SOLUTION & REASONS why the QUESTION

HAS NEVER BEEN SOLVED,

It will now be recognised from what has
been sald of the prevalence and importance of the
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subject that a definite solution is urgently called
for. There still seems to be much doubt on the sub-
jecet. Refore attempting any solution we may well
study first the r=sasons why the subject of maternal
impressions has remained so long unsolved. Why haye
the supporters of the theory falled to prove it? Why
have its opponents failed 1o disprove it?

In answer to the first question it must he
admitted that though many facts suggested the proba-
"pility of the presence in nature of such a theory,
they would not bear a critical scientific examination.
As Harvey (22) has remarked most of the cases brought
forward, supply one with "information of a general
kind sufficient to excite further inguiry, but want-
ing in specific detail”, and then again as Blondel
pointed out, much of the evidence is hased on the fal-
lacy - "post hoc ergo provnter hoc". Some of the cases
brought forward in »roof were no doubt, due to coin-
cidences,‘though as J.Arthur Thomson remarks, this 1is
a very unsatisfactory word to use. The long period
of gastation of most of the animals, among which this
forece was supposed to act, no douht prevented any
idea being formed of what was normally to he expected
in breeding and cross breeding, where there was no
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possibility of maternal impressions playing a vart.
In other words the vproblems of colour heredity were
net undsrstood and until these are properly mastered
no definite conclusions as to the influence this
power may exert in the inheritance of colour, can he
arrived at, Thanks to Mendel and his followers, we
seem at last to have got upon the right road,

Another very ohvious reason why ne positive
proof or a suggestive negative for that matter, was
forthecoming, was that no definite experiments were
undertaken with the object of gaining such proof.

Turning to the opponents of the theory, we
at once recognise that they could hardly be sxpected
to prove a negative. It is obvious that the burden
of the proof lies with the supporters of the theory
and, until they could produce undeniable evidence,
the opponents would not admit their case.

Ancther way would have been for the op-
ponents to give an explanation of all the cases
brought forward. This they could not do. No doubt
many c¢asss formerly out down to this theory have
been explained. For example, the theory is no long-
er used to explain the cause of monsters, intm-
Werine deformities ete.ete. Yet there still remain
some cases unaccounted for, and surely we are justi-
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Justified in carrying out certain =xperiments to see
whether these can or cannot be explained by the ma-
ternal impression theory. The most important reason,
perhaps, given by the opponents why we should not ex-
pect such a causs to be present in nature is our lack
of knowledge of a "modus operandi®", but, as J.Arthur
Thomson( 23) says, "It is always unwise to speak of
impossibilities in regard to matters which are inads-
guately known and imperfectly undesrstoecd. That we
cannot imagine the nature of a ohysiological nsxus
does not prove its non-existence", and again, "We
must remember that for a vrolonged neriod the unborn
child is part and parcel of the mother - almost an
integral part of herself, and w2 are beginning to
know enough of the influence of mind upon hedy to
make us cautious in dogmatising as to the possibili-
ties of what Baliantyne finely calls "the mysterious

wireless telegraphy of antenatal 1ife".

WHAT DOES A STUDY of our PRESEINT DAY KNOWLEDGE LEAD

ONE to EXPECT?

Let us examine in the light of oresent, day
science the possibility of maternal impressions play-

ing a role in nature? It 1s extremely important to
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do so as ths trounls of carrying out a long series
of experiments will be saved 1f, with a 1little inves-
tigation and study of recent research, strong evid-
ence he found against the probhahility or even possi-
bility of such a theory.

It is admitted, I think, that the health
of the mother reacts on that of thes c¢child. Shoek,
distress and the 1like have a prejudicial effect on
the unborn, vide, the stigmata found on the children
born after the Franco-Prussian war. So much is gran®
ed by the scientists of to-day. Few, now-a-days,
thanks to the works of Ballantyne, believe that de-
formities in the foetus, monstrosities, mother's
marks ete., are due to some imprsssion the mother has
received during her pregnancy, but as Dr.Tuke (24)
remarks "many appear unable to see any alternative
betwe~n admitting all the absurd stories about mﬁth—
er's marks and denying maternal influence altogether".
It seems to me that if we are to find anything of
value, it is not by examining the additions that have
been made to the theory since it was first promulgat-
ed, but by taking it in its simplest form. May it
not have been overloaded with such absurd and extra-

vagant views - as that it ecould accecount for the origin
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of monsters etc., that it bhecame top heavy, and fell

Q
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to the ground. Hence it is that I have de
study the question of maternal impressions as it bears
on colour heredity - the form in which the theory
first appeared.

Much research work in heredity having been
done since the subject of maternal impressions last
received any considerable amount of attention, we are
now enabled to view the theory in a new light. The
subject really fslls under the heading of experimen-—
tal Embryology, yet a knowledge of heredity 1is essen-
tial. We must know, as far as possible what results
are to be expected from a given mating of two animals
bvefore we c¢an say that we have influenced the result
by outside agencies. It is, in faet, a case of inter-
fering with the expression of the inheritance of a
particular character in an animal, and is comparanle
to environmsntal influence on any member of a sovecies.
It 1s well known that changes of environment influ-
ence the characters, including colour, of an animal,
Can then changes of environment (which is its Motherhs
body) of the unborn animal - influence its characters
ineluding its colour? A vriori, there seem strong
reasons for believing that they can. We know that
many of the lower animals can be made to change their
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colour for example "Lowering the temperature of the
caterpillar hox may be followed by curious aberra-
tions of colour in the moths and buﬁterflies, espe—
eially in the direction of melanism" (Standfuss,
Fischer, & others) (25), and Professor Poulton has
shown "That, the caterpillars of the small tortoise
shell for instance, are for a short time so sensi-
tive that those in a white or gilded hox have light
or golden pupae, while those from the dark hox have
dark pupae". What about the evolution of this power
which some animals have of_changing their colour to
suit their surroundings? 1Is the power non-existent
in higher animals, or if present, when would an ani-
mal be most likely o show it? Surely when it is in
its most impressionahle and yprimitive state, when
according to smbryclogists it is about Lo develop

and elimh its own ancestral tree. But the mature and
newly developing egg in viviparous animals can receive
no external influence except through the body of its
mother.

L=t us, howevar, hefore going further get
some idea of how colours usually behave towards one
another on crossing. Mendel explains how on c¢rossing
twe unit characters, the progeny usually shows domi-
nance of one character over the other, in the first
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generation and that these characters segrate on
intercrossing in the second filial (Fn) generation.
Let us take a simple case, the crossi;g batween a
black and a white sheep considering each to bhe homo-
zyous to its particular colour, i.e., the black only
produces gametes with determinants for bhlack and the
white only gametes with determinants for white. The
result of crossing is that a "hlack-bsaring" gamete
meets a "white-bearing" gamete resulting in a "black-
white" zygote whieh grows up into a black sheep if
black be dominant, or as it is sometimes zalled epis-
tatic to white. This may be represented so:-
Black sh=ep's gamete (B) ﬁW)White sheep's gamete
(Eﬁ)- fertilised ovum or
zygote which grows into
a hlack shasp hecause
B. 1is epistatic to W.
If two sheep having formula BW bhe bred togethor we
would get -

(Bw) x (BW)

(RB) (BW) (BY) (ww)

pure impure impare Dure
hlack hblack black white

The black sheep with formula (BB) can only

give/
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give off black bhearing gametes and so if bred with a
sheep of a similar formula will always have pure

black lambs. Similarly the white sheep with formula
(ww) will always have pure whites lamhs. The black
sheep with formula (BW) when interbred, giving off as
they do black besring gametes and white bearing gamcues
will have three black lambs to aone whits,

Now 1let us consider for a moment what takes
place in such crossings as are mentioned ahove. We
may with Weismann supvose that there is a determinant
for each of thesse colours - prohably there are more
than one, but according to the recent researches of
Durham (26) only one is important for the final deter-
mination of the colour of the offsoring, (the hasis of
colour seeming to be some Xind of albuminecid substance
which acted on by different ferments gives different
colours. )

It will be found very convenient at this
stage to consider the animal as consisting of a pro-
pagative part and a somatic part, and following Dr.
Berry Hart to represent them diagrammatically as fol-

lows @ -

[E_[
JS - where P. is the propagative part

and S. the somatic., A pure hHlack sheep may he re-
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repressnte2d so -

B - the propagative part

containing black hearing gametes and thes somatic part
being Black. Similarly a pure white sheep is thus

reprasented -

W
W |
[w

Now on crossing a pure hlack with a pure white we

get a (B) gamete meeting a (W) gamete and forming

a zygote which may be represented so - (B.W). Now
let us ses what happens. This single fertilised ovum
(B.W.) divides into two, then four, and so on, till
finally one part goss to form the future propagative
part of ths new individual, while the other goes to
form the somatic part of ths same animal. We may
leave the discussion of what becomes of the propaga-
tive part by saying that it contains the determinants
for both, Black and White, and that these determi-
nants in some future divisions of the cells - unknown
at present - gsegregate S0 as to give gametes which
are pure either for black or white. This process may

routhy, be rep esented as follows.

D B Ty
Som,
liqnd di\”i.:lO"l further 'r'i itive ge
ovum division & n;il witﬁ i
t et & v -
gg?dep?;r minants not yet & "black"
future pro- SPETEated. ganetes.
pvagative L |
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The ahove ranresents what would aporear to take

place in the propagative part. Nothing is known,
however, of how often the cells that are first set
agide to form the propagative part of the new indivi-
duzl divide or at which division the sesreZation of
the black and white determinants takes place. The
final result, however, is in strict accordance with
what tak=ss place in Mendelian crossing. Now let us
turn to what 1s taking place in the somatic part.
After a certain number of divisions of the fertilised

ovum, the great part is set aside to form the hody

D
i

of the future animal. This at first consists of cells
which corntain the determinsnts for hoth black and

white and may be reprssented so -

Pro
B )
@@ - whether any Begregation ocecurs as

these eells divide and multiply is doubtful, hecause
if there be segregation, how are we to explain that
the resultant animal is totally black in colour. I
am aware that Dr.Berry Hart (27) has advanced the
theory in a recent work that segregation occurs in
the zygote and that, in a case similar to the one de-
scribed, the determinants for black alone enter into

the/
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the ¢=211s that are going to form the somatic part.

I cannot acecept his coneclusions, however, as they are
contrary to those of other obhservers and personal ex-
perience., Take the cass of crossing a r=4 shorthorn
bull and a white shorthorn cow - result - a roan
colour which is the mixturs of the two colours, show-
ing sursly that the determinants for each colour have
found exprassion in the somatic part. Here one col-
our would seem to be dominant for some hairs and the
other for others. But to return to our original case,
the black and the white determinants pass into the
scmatic part of the animal and at some stage or the
other one of these determinants gets the upper hand
and the animal eventually takes on the colour deter-
mined by that particular determinant. Say the resul-
tent animal is black in colour; - when did the strug-
gle between the bhlack-besaring determinants and the
white-bearing take place? Was it when they first
met, or when the colour was abvout to be formed? It
would appear as if it were at the later period, as
only one kind of determinant could be expected to
divide and multioly if the struggle between the two
sets of determinants had occurred early, whereas

from what we Xnow it appears evident that hoth sets
of desterminants pass into the somatie part and so
later influence the colowr of the skin. This view

halps us also to understand how an animal comes to
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be spotted in colour. Tor instance take a white
shesp with black spots. As will be shown later white
colour 1n sheep is sometimes dominant to black. What
seems to me to take place is as follows:-
Determinants for hoth white and black are
present in the developing embryo. White b=sing domi-
nant would he ths only colour axpressed in the young
animal, but some local advantage - nutritive, nervous
or whatever the real cause may be - gives the deter-
minants for black the powsr to express themselves, and
so we get a black spot on the otherwise white animal.
I shall refar later to this ﬁieW'and noint out that
a sheep with black spots on it, especially if of
large size, would seem to be heterozyous to hlack and
white - i.2. will produces both white-bearing and black
bearing gametes, and has contained in its somatic part
during its development determinants for both black and
white. Here then we have a struggle between two sets
of determinants which it would '‘appear can he influenc-
ed by some locsl condition of which we are at present
in ignorance. Can we do anything to influence this
struggle? Can we help the weaker to overcome the
stronger? That is the point we have arrived at.
Bateson(28) says in speaking of Mendeslian

ratios/



ratios often not coming out according to expectations:-
"It is not impossihle, neverthelsss, to imagine

that the output of gametes representing respective-
ly one or other of a palr of allelomorphs may be
influenced by circumstances. We have not yst any
proof that such a phenomesnon may occur, but the
long runs of unexpected numbers which we from time
to tims witness in the course of Mendelian experi-
ments are suggestive of some definite disturbance
of the normal squality in the output in the two
kKinds of gametes" -

and suggests, if such he the case, we must search

for some environmental cause. TFrom a study of recent

writings some disturbance of the nutrition of the

developing e~1lls would apoear to be a possible cause

of such a variation,

Is there any evidence that alteration in
the nutrition causes variation? Weismann(29) suggests
that germinal variations are due to fluctuation in
the nutritive supply of the germ cells, "For the less
w2ll nourished determinants wiil grow more slowly,
will fail to attain to the size and strength of their
neighbours and will multiply, more slowly". He goes
on to say that a slight difference in the nutritive
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supply is sufficient becauss "the determinant whose
assimilative power is weakened by ever so little is
continually being robhed by its neighhours of a
part of the nourishment which flows towards it,
and must consequently become further weakened".
In answer to the question - if the supply
of food brought by the vascular fluids of the hody is
not always more than sufficient Weismann (30) remarks
that to suppose that food is always superahundant -
"soems to me much the same as if an inhabitant of
the moon, looking at this earth, through an excel-
lent telescope and clearly descrying the city of
Berlin with its thronging crowds and its railways,
bringing in the necessaries of life from every side,
should conclude from this abundant provision that
the greatest superfluity prevailed within the town
and that every one of its inhanitants had as much
to 1ive upon as he could posgibly requirer,

S0 here we have our greatest authority advocating

small fluctuations in the nutritive supply as a cause

of variation,

Recently, however, the bhelief in unit char-
acters and therefore, I suppose, in specific determi-
nants, has be=sn undergoing a change. Many now advo-
cate that differences in characters - for example,

the/



the differences in colour of animals of the same
species are mors diffarences in quantity that in
quality - that the different colours are just diffe-
rent stopping places of one and the same colour -
producing proeess., If this process, which would ap-
oear to hs one of ordinary metabolism or rather oxi-
dation, stop early we got, say, yellow, and if it

go on a little further, red, and then on to black,.
0.Ridd1le (31) in an‘important contribution on m=slan-
in-colour formation and its relation to heredity,
mentions the work done in connection with colour for-
mation by Hiasiwetz (32) and Habemmann, Bertrand,
(33), Durham (34) v.Firth & Schneider (35) Dewitsz,(38)
and Gessard(37) and concludes that any benzine m-
cleus with an attached hydroxyl can be acted upon hy
tyrainase, and converted into melanin pigment. "It

is of the highest importance" he says, "to see that

a single chromogen acted upon by a single enzyme (so
far as all chemical axperience has detectsd) producs
several colours depending upon the degree of oxida-
tion involved", Riddle goes on to say - "The study
of ahnormal tyrosin metaholism and pathological
pigmentation (melanin) of the human body, will illus-
trate the dependence of tyrosin oxidation upon soma-
tic conditions, which may be of such a temporary in-

termittent, quantitative or reversible character, as
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to preclude the possivility of accounting for them
on the basis of specific independent transmissions,
once for éll gegregated by the germ cells”.

After instancing vathological conditions
of melanin formation such as Addison's disease in
which, according to Pforringer (38) the pigmentation
differs from that produced normally only in quantity
and not in origin or composition, pigmentation after
nerve lesions, ochronosis and melanotic tumours,
Riddle concludss that "thes2 factis are Important he-
cause they indicate that for the building of any me-
lanin at all, the actual local conditicns of the or-
ganism, or the organ, have a role to vlay that is
guite out of keeping with any "onece for all determi-
nation" by the shuffling of colour factors through
the germs". In swming up, he remarks that "if these
facts and sxperiments mean anything they mean that
in an animal that produces melaninic colour, there
exists all the machinery necessary to vroduce a se-
ries or scale of these colours and that what is actu-
ally produced is in several demonstrated instances de-
pendent upon the physiological state of the organisn.

The specific colour of an animal then, is
an index, not of the oresence in the germ, from which

thi%/
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this animal arose, of certain chromogens and specific
zymogens and the abhsence of a wide series of others;
but this specific colour means that a process with a
wide range of possibilities, because of a particular
physiological state and environmental conditions has
struck this particular equilibhrium - one and the same
organism has within it all that is necessary to move
that equilibrium up or down, taking the red for ex-
ampls, w2 ¢3n in the words of Tornier"forece 1t to
black or white". (Gustav Tornier (39) determined
the colours of Amphihia from larval stages to old
age, at will by controlling the ohysiological state,
particularly the nmutrition, of the animals.)

I have given the conclusions Riddle has
arrived at somewhat fully, because they seem, if cor-
rect, to be of extreme importance. If, by altera-
tions in the physiclogical state and environmental
conditions of an animal, we are ahle to produce
changes in colour, it would appear on consideration,
that the subject is intimately connected with the
question of maternal impfeseions. As I shall have
to spesak of this connection later on, I shall leave
it in th2 meantime. O0Others, beside Riddle have in-
vestigated/
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investigated the inter-relationship of different co-
lours. Spiegler(40), for example =xtracted a mela-
nin from white wool, which h= considered an oxidised
form of the pilgment that produces the hlack c¢olour
in wool. This would apoear o agres with Riddle's
hypethesis but Gortner (41) has lately shown that
Spiegler's melanin is probably not a true melanin,
“but a decomposition preoduct of keratin. Chantmesse
& Podwyssoski (42) give as their ovinion that :-

"le pigment cutan’ et oculaire de 1'homme et 4d'un
grand nomhre d'animaux sst 1a mélénine, aqui vroduit,

sulvant sa doss dlaceumulation plusieurs colourations

(roux, chatan, brun, noir)." While the Davenports
(43) in discussing skin pigmentation in man, say
that - "the anatomiecal differences between the skin
of a brunst and a hlond suggest that the grades of
colour may be due to more or fewer of the elements
of the mosaiec, and that would seasm to be a discon-
tinuous variation; hut, on the other hand, since
these granules increase in size and number during
melanogenesis, the differences in skin colour be-
tween a negro, a mulatto, a brunet and a blond may
be mersly a difference in the point at which the
essential melanogenetic process is stovpned”,

Then/

’
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Then again Gates (44) discussing results of
crossing Oanothera nan=211a and 0.biesnnis and its
hearing on Mendelism says:-

"That a quantitative difference between germ
¢ells in their cavacity for pigment production can
behave in Mendelian fashion, showing the phenomena
of dominsmece and segregation, is of fundamental sig-
nificanes in the interpretation of the nature and
material basis of these phenomena", And again:-

"color inheritance in the mammals can also he
most easily interpreted as a cas= of guantitative
differences of some sort in the germ cells themselves".

Tt 1s interesting to note in this connec-
tion that Morgan (45) has adopnted a quantitative
interpretation of the sex-determining facteors in
the germ cells of insects and other organisms,

Gates (44) concludes as follows:-—

"As I have shown from the svidence of these
Oenothera hyhrids and as appears from color inheri-
tance in mammals and from other evidence, in many
cases at l1least the difference between Mendelian germ
cslls must bz of a simple quantitative sort, involv-
ing either a difference in the amount of certain ma-
tarial substances, or a difference in the energy con-
tent of certain constituents. From this point of

view,f
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view, many instances of Mendellan behaviour are seen
to be casess of quantitative inheritance”.

Are we to oresupoose a determinant for
stopving these quantitative processes at a certain
point in order to produce a given colour? Is this
only a different way of looking at the action of
the determinant or are we like Yves Delage (46) to
reject all detsrminants and only postulate an extra-
ordinary delicate and precise physico-chemical com-
position of the protoplasm"., "L'individu developpé
est le produit de nomvbreux facteurs tous foalement
indispensables et importants. La constitution du
plasma germinatif n'est qu'un de ces facteurs. Les
autres sont les tropismes et tastismes, l1l'exeitation
fonctionellie, 1'action des ingesta et egesta de la
nutrition et de conditions amhiantes de tout ordre",
(47) Suech he gives as the causss of normal develop-
ment. In regard to the causss of variation in de-
velopment he gives, amongst others, alterations in
alimentation (48)

"Autant 1'influence des autres variations soma-
tiques duss aux conditions de vie est faible et
aldatoire autant peutStre intense calle du »3gime
2t surtout de 1l'alimentation. La question est
trés importante et mérite d'Btre examiner avee
soin. Flle se raméne aux deux suivantes : 1o les

variations/



variations dans la nature des aliments peuvent-
elles modifier la composition du sang. 20 les
variations dans la composition du sang psuvent-
elles modifier 1la constitution physico-chimique des
¢ellules ot pay suite leurs proprictés. or, a ces
deux questions on ne psut repondre que par l'affir-
mative",.

termi-

@

So that whatever view be correct - 4
nants or no determinants, whether differcnceé in char-
acters are qualit=tive or quantitative, all seem
agreed that fluctuations in nutrition are a probahle
cause of variation.

Professor EZ.B.Wilson says in a rocent work,
(49):-

"If there be a pvhysico-chemical basis of here-
dity we should expsct to find it capahle of modifi-
cation by physico-chemical agencies and so much at
least is known to be the fact. Many experimenters
have demonstrated the extreme susceptibility of the
Idiecharged eggs or spermatozoa to even very slight
chemical and physical stimuli. We cannot doubt that

they are equally sensitive to stimuli while still

within the body". Certain experiments have been car-

ried out to test this latter view.

Russo/
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Russo (50) conducted a number of experi-
ments with rabhits feeding them on lecithin and
claimed to be ahle, by this means, to determine the
kind of sex of the offspring and also to be able to
entirely vitiate the Mendelian scheme of ordinary
crosses. Punnett (51) however, after conducting
similar experiments to Russo, though on a smaller
scale, could get no effact from feeding with leci-
thin.

Machougal (52), by various injections of
sugar, caleium etec., into the developing ovaries of
Raimania, one of the evening primroses, has been
able to produce marked variations which breed true
in subsequent generatiorns.

Professor Tower (53), as the result of
12 years' experiments on heetles of the genus Lepti-
notarsa has heen ahle Lo produce marked variations
by agenciss, chiefly alterations in moisture and
temperature, acting on the gsrm cells. He produced
not only changes in coloxr markings, hut also in de-

tails of structurs. Sometimes all the germ cells

seemed to be affected and sometimes only a fraction

of them. Various changes resulted from the same
temperature. Tower could not get at the reproduct-
ive organs sxeent through the body, but it should he

noted/
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noted that the body of the parent was not changed
and it was only at particular stages that the influ-
ence was opsrative. "Here then" says Thomson (54)
in reviewing Tower's rasearches, "we have definite
evidence of germinal variation evoked hy environmen-
tal stimulus".

From a short and therefore necessarily,
very imperfsct sketch of our present day knowledge
of heredity in so far as it would s==m to bear on the
subjeet of this thesis, we are 1led to believe that
changes in the environment can produce variation.

Now 1let us sce what bearing this has on the
theory of Maternal Impressions.

The developing ovum, either before or after
fertilization, bheing situated within the body of its
mother, its environment is its mother's body, and the
chisf csuse 1likely to act upon it, is some alteration
in its nutritive supply. TFluctusations in the nutri-
tive supply, as shown ahove is postulated by Weismann,
Delage and other prominent scientists as a cause of
variation andé from the fow sxpariments that have heen
carried out, it would apgpear to bhe an efficient cause.
Can then, we may now ask, a maternal imopression so
influence the nutritive supply, as to causs a varia-
tion? What are the causss that produce these fluctu-

ations in nutrition which lead to variation? Unfor-
tunately/
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Unfortunately, as yet, we do not know. Surely, how-
ever, it is desirable that experiments he conducted
in orier to determine if a maternzl impression can
possibly be one of these causes. It 1s only thus
that we cn get a deecisive answer, For, arguing
from what w= know of physioiogy, it would =appeazr
gquite possible for a maternal impression to he an
efficient cause of variation. We know how fear -
from ss2ing some tesrrihle ohject for exampls, can
parch the mouth and hlanche the face; how the sight
of something agreeable to eat will make the mouth
water. But I will not enlarge further - sufficient
to say that there are reflexes originating in the
retina which can act on the digestive organs and on
the smaller hlood vessels. Is it not possihle, then,
that the nutrition supplied to the developing embryo
may be altered sither in dquantity or in gquality by
some striking impression its mother has received.
The nutritive supply might he altered in quality by
reflexes acting on the digestive glands ete., ete.,
while it might be altersd in quantity by reflexes
acting on the bloodvessels of the intestines, where
it is absorbsd, or of the uterus whers the nutri-
ment is given over to the foetus. Enough to say

that there is the possibility of alteration in the



suoply of nutriment to the foetus. I need only re-
call Weismann's view (30) given above, to those who
might ohject to tha smallness of any change that
could he brought about in this way.

The ahove view takes cognisance only of
visuzl impressions, but it sesms possible that others
of a different kind could act in the same way.

As regards the question whether a maternal
impression might. produce something des novo or only
influenece the possihilities, it would appear that
the answer would depend on the view we take as to
the constitution of the germplasm; but we may well
l=ave thease secondary considerations alons, till we
sze whether we c¢an produce any variation at all un-
der the influence of a maternal impression.

So that to sum up, w= may say that a study

o]

o
i3

acant, research work in hesredity, leads one rath-

e

H
ot

0 expect the possihility of maternal impressions
acting as a cause of variation, than otherwise, and
Justifies one procesding to conduct exveriments with

the object of elucidating this point.

SUPPOSING THERE BE SUCH A CAUSE HOW ARE WE TO

DEMONSTRATE IT?

Having noted the pravalence of the belief

in meternal impressions and the importance attached

to/
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to a trus solution of the problem, we may now pass
on to discuss how best the problem may he attacked.
First of all we must get a working defini-
tion of what a maternal impression really is, and
then pass on to see when and how it is supposed to

adct.

DEFINITION,.

"Mental states, e=specially vivid inpres-
sions and strong emotions of a pregnant mother may
so affect the unhorn of fspring that structural
changes result, which have some correspondence with
the maternal experisnea”.sSuch is the definition
given by J.Arthur Thomson.(55)

It has t0 be pointed out that those who
support the maternal impression theory give the
cause in one case as being due to'fear,'and in an-
other to 'joy'. The same =moticn doss nnt seem to
b2 the exciting cause in all cases, BRBlondel remark-
ed on this in his book, and used it as an argument
against the theory. This, however, doess not seem
an insuperanle difficulty. May not great fear and
great Jjoy have much the same action on the heart?
Then again I would point out that the impression to
have the bast chance of success must be vivid., It

is 3 poor arsument to sgy, why don't sheep have
bluq/
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blue lambs from looking at the hlus sky? Let a per-
son enter a room, papered let us say in bright red;
he is struck with it at onece - gets an impression,
but let that same person occupy.that room and in less
than a wesk tha colour of the walls has ceased to im-
press him. 50 with the sheesp and the bhlue sky. A
thing we are accustomed to, unless strongly attached
to it, can scarcely be said to produce a vivid impres
sion on ocur minds. On this view we can easily ex-
plain why shesp, long accustomed to a black neighhour
would in breeding give no support to tha theory, sup-
posing for the moment that maternal impressions do
actually play a p2rt in the weork of nature.

When, then, are we to produce this vivid
impression? 1Is it to be before, 2t or after coitus?
Jacob, it would appear, meant his =ffect to be pro-
duced at the time of coitus and among bhreeders at
the present time a similar helief as to the time of
action is held. Many, however, would alsoc include
the earliest fsw days in pregnancy, before any great
developmaent has taken place, as a possible time for
this influence to act. Not knowing anything of the
physloleogical process of the supposed nrocess and
wishing to give thes supporters of the theory svery

possiblq/
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possible chance to prove their case, it would avpear
to offer the best chance of success if the impression
were produced at coitus and continued through the
early part of pregnancy. A paternal influence has
baen hinted at, hut we may leave this out of account

at present.

WHAT RESULT ARE WE TO EXPECT?

It will be noticed in Thomson's definition
that the result of the impression is supposed to have
"some correspondence with the maternal experience",
Now I grant that this is a correct reoresentation of
our oresent view of maternal impressions, but I
should 1like to take a larger view of the subject.

e want to know if there is anything at all in the
theory. To be able to say that a maternal impression
cannot produce"any structural change corresponding
with the maternal impression", is certainly to have
gone some length towards tha solution of the problem
as to th= possible influence of maternal impressions.
But the quastions I should 1like to ask are as follow:
(1). Can a maternal impression produce any
influence at all on the unborn off-
spring?
(2). If so - does the result of the impression

correspond with the maternal experi-
ence?

(3)/
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(3). 1Is this result something that has heen
produced de novo? or

(4)., 1Is it only the result of certain possi-
hilities heing influenced?

CHOICE OF MATERIAL FOR EXPERIMENTS.

Owing to the work of the Mendelian school
we ars able to choose material for experimenting
with, whieh it would have been impossible to se-
lect only a few yesars ago. From what we Xnow of
the results of crossing, we can predict with a
considerable degree of accuracy, the oprohable re-
sult of mating diffsrent animals together, more
egpecially where large numbers are userd., The
availahility of a large number of sheep, the fact
that they were the original species of animal used
by Jaecch, though of course much changed sinee then,
the fact trat they are timid animals and easily
frightened, 1led me to conduct most of my experi-
ments with them. They have even been described as
the most impressionable of the lower animals.(56).
Racognising the possibility that only some animals
may be affscted, owing to differences in their
sensibility ete., it is extremely important that

large



large nurhers be used in experiments,

A few experiments with rabbits, cattle
and horses will also be.related, and as the coat
colour in rabhits espscially has baesn very ninutely
investigated, w2 shall be the better able to under-
stand the results obtained., Very little has been
done on the hersdity of colour in sheep, and 1t has
bean necessary to carry out a number of =xperiments

to ~lucidate how their colour is inherited.

INTERPRETATION of RESULTS.

Just a word as to interpretation of re-
sults. It is not enough to say that the negative
results of any experinments far outbalance any that
can be adduced in favour of the theory. No one
claims that the influence 1s always at work? Does
it sver occur? To prove that it does not occur in
a few individual cases proves little, one positive
result is worth a thousand negative ones. We may
net always hit on the proper time to produce the de-
sired effsct: the stimilus may not he of the proover
sort, may even, if of the proper sort, be suoliminal,
and again there may be only some natures on which

such an influsnce can act,



40,

EXPERIMENTS WITH SHEEP.

KINDS of SHEEP.

The kinds of shecp most commonly met with
in the South of Scotland are Cheviot, Border Leices-
ter, Blackfaced or Mountain & Half Bred (that is,the
cross between a cheviot ewe and a Border Leicester
ram). Oxford Down & Suffolk down Rams are also used
to a considerable extent.

All these different kinds of sheep have
white wool and all have white hair on their faces
and legs with the execeotion of ths Blackfaced and
the 0xford and Suffolk Down Rams in which the hair
is black. Occasional black spots ares found on the
hody of sheep belonging to all these different breeds
but with very few sxceptions they breed true to co-
lour. There are a few totally black sheep of all the
kinds mentioned, but they are comparatively rare.

Before going further, it is necessary to
investigate the relation between whiteland hlack
colour. How do they stand to each other in regard ®©
Mendelism? Which is dominant and which recessive?

Davenport (57) concludes "That black wool
colour in sheep behaves 1like a llendelian recessive

characteristic"/
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characteristie" while Castle (58) describes the oc-
casional prevotency of hlack over white. It 1is ne-
cessary to g2t to the root of this matter, before
one begins experimenting, else one is sure to be

led astray in the interpretation of the results,

EXPERIMENTS to DECIDE RELATIONSHIP of BLACK & WHITE

WOOL COLOUR 1IN SHEEP.

I. WHITE CROSSED WITH WHITE.

No special sxperiment was needed here, as
this is the farmer's common c¢ross. I need only re-
late the rssult. The offspring of crossing two
white wooled sheep is nearly always white, occasion-
ally it may have a black spot, varying from 3 to 3"
or 4" in diameter. The commonest places for such
black spots would appear to bhe about the face, or
on the leg, sometimes the whole leg being black, as
if the lamb were wearing a black stocking. Rarely
a totally black lamb makes its apoearance as a re-
sult of the above mating. The number of all lambs
bred at Hundalee, from 1894 to 1908, the date at
which these experiments commenced, was on an average
636 per anmnum, and only on one occasion was there a

black lamb orodueed from two white wooled parents.
This/
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This lamb was born in March 1906, its mother heing
a three crop, half bred ewe and its sire, an 0xford
Down. The ewe had had before three white lamhs and
all the rest of the 0xford Rams progeny had white
wool. Seeing that Oxford Downs have black hair on
their faces and legs, though their wool is white in
colour, it naturslly suggests to one that they may
be prone to throw black lambs. Yet, in 4,820 cross
Oxford lambs hred at Hundalee from 1894 to 1908,
oﬁly the one black lamb, mentioned above, has made
its apoearance. A cross 0xford is the first cross
between a half-hred ewe and an Oxford Down ram. In
pure—bréd Oxford Down flocks, however, black lambs
would appear to e no rarity, as note the following
l=2tter received from Messrs Middleton & Milliean,
the breeders of the 0xford Down rams used in 1907-8
& 1909, in answer to an enquiry on the subject.
Kirmerghame Mains,
DUNS,
18/5/09.
Dear Sir,
I am favoured with yours of 16%h to
hand yesterday.
BLACK LAMBS. I am afraid you will find
less or more in every floek and it is quite pos-
sible when the breed has black faces as wall as

black legs that there may bhe a larger provortion

of/
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of black hodies; in our flock of over 200 pedi-
greed ewes, we have under half a dozen hlack
lambs this year.

T remember a case many years ago, the
first prize pen of Oxford Down Ewe lambs, pur-
chased by a friend, when they came to have lambs,
three of the five were right, the other two hav-

Theae lambhs were purchased at

ing black lambs.

the Royal Show,

Yours truly,

HILTON MIDDLETON.

So w2 may tahbulate the results of crossing two white

wooled sheep as follows.-

NATURE of RESULT
CROSS

REMARKS.

White x White White

(Halfbred x Half

bred)
(Chev.xBorder
Leicester)
White x White Usually
(Halfbred x white
0xford)
White x White Usuzlly
(0xford x white
0xford)

No black appeared among 4084
lambs where both parents had
2180 white hair on face &
legs.(These were remainder
of lambs horn on Hundalea
from 1894-1908)

1 black in 4820 where 1 pa-
rent had white hair & the
other had black hair, on
face & legs.

52y 4 black in 400 where
both parents had hlack hair
on face & legs.
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IT. WHITE CROSSED WITH BLACK.

(where black is the female.)

Owing to the kindness of neighbouring farmers I
havebeen anle to gather ths following statistics as
to this cross.

B.L.=Border Leicester. H.B.= Half Bred

0x = 0xford Down
Leicester Cross = Border Leicester x Blackfaced or

Mountain.

Table,/



BREED OF AGE NUMBER & HAS SHE EVEI BRETD of WHITE NAKE of TFARM.
BLACK COLOUR of HAD A WHITE RAH.
COLOURED HER LAMBS. LAMBY
EWE.

1.
Cheviot (1907) 1 crop 1 Black No . B.Ls Whitefield
seme ewe (1908) 2 crop 1 Vhite Ves Bilia "
same eve (1909) 3 crop 1 White & 1 Blk vVes B.L. "
same ewve (1910) 4 erop 1 White & 1 Blk Vas B.L. "
mmwm<wow (1908) 1 erop 1 white Vas R "
same eve (1909) 2 crop 1 white & 1 bhik ves Balis "
seme ewe (1910) 3 cerop 1 white & 1 black  Yas Belis "
same ewe (1911) 4 czrop 1 white & 1 black Ves Balis "
mwuw Bred (1909) 1 crop 1 white Yas 0X. Hundalee
same ewe (1910) 2 crop 1 black Ves H.B. "
m%ww Bred (1908) 1 crop 2 black No H.B. ¥V.Ulston
szme eve (1909) 2 crop 1 black No. 0x: - "
same ewve (1910) 3 crop 2 black No 0x. "
mwww Bred (1909) 1 crop 1 white Vesg Suffolk Danholm Mill
m|m§ Bred (1909) 1 crop 2 Black No H.B. Bonjedward



0
=t

BREED OF
BLACK

COLOURED,

-2

)
=

f
5

1

ok

Half
HO.
Half

sozme
11-
Haif
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EVE.
Bred (1909)
Bred (1909)
Bred (1909)
Bred (1908)
ewe (1909)

Bred (1908)

Bred (1909)

T2icester Cross

Same
14,
Haif

same
15.
He 1f
16.
Heif

seme
17.
Helf
18.
Felf

(1908)
(1209)

eve
Bred (1908)
ewe (1908)

Bred (1908)
Bred (1908)
eve (1909)

Bred (1909)

Bred (1909)
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AGE

NUMBER & HAS SHE EVER BREED of WHITE
COLOUR of HAD A WHITE RAM
HER LAMBS. LAMEB.
1 black & i white vas H«B.
1l vhite & 1 black Ves Suffolk.
1 white Yes Suffolk
1 vhite & 1 black Yes B.L.
2 black Yes B.L.
1l White & 1 black Yes B.L.
2 black No H.B.
1 white Yes H.B.
2 white Yes H.B.
1 white Yes B.ls
1 wvhite & 1 black Yes B.Ls
2 black No. H:.B.
1 white & 1 black Ves 0% .
i white & 1 biack Yes 0x
2 vhite Yes 0x
2 black No answer Ox

NAME of FARM.

Bonjedward
Humehall

"
Heddington
Hadd ington( J.M. )

" ”

Swinnie

Cleuchhead

"

Ashtrees

Howden

n
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BREED OF AGE NUMBER & HAS SHE EVER BRFED CF WHITE NAKME of FARK.
BLACK ' COLOUR of HATD A WHITE RAK.
COLCURED HER LAMBS LAME.
EVE.

19.
Hezlf Bred (1908) 3 crop 3 black no enswery Ox ~ Howden
m,mWw Bred (1207) 1 crop 2 black No Bs T Nisbet
same ewe (1908) 2 erop 2 black No. B.Le "
same ewe (1909) 3 crop 2 black No. B.Ls "
mmww Bred (1807) 1 crop 1 white & 1 black ves B. b "
seme ewe (1968) 2 crop 1 white & 1 black ves B.L. "
same ewe (1909) 3 ecrop 1 white & 1 black Yes B.oLia "
mmww Bred (1908) 2 erop 1 white & 1 black ves B.lis "
mmww Brad (1909) 1 erop 1 black No . Baolis "
MMMW Bred (1909) 1 erop 1 black No. _ Bl "
mww Bred (1809) 1 crop 2 wvhite Yes Balis "
mmww Bred (1908) 1 crop 1 black No . B. L "
Mmmw Bred (1908) 2 erop 1 white Ves H.B. Mounthooly
seme ewe (1809) 3 crop 2 black Yes H.B. "
m.mu‘ Bred(1909) 1 crop 2 black No H.B. "
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From the above it will be seen that twenty-eight
black wooled ewes have produced seventy-nine lambs,
of which 49 are black and 30 white., So we again tab-

ulate results as follows:-

Nature of Cross Result Remarks.
Black swe Black White White lambs bred
off Oxford or
X suf'folk Rams show-
ed ¢ross 0X or
White ram 49 : 30 eross Suffolk mark-

ings on face & legs.

IIT. WHITE CROSSED WITH BLACK

where black is the male.

Two sets of experiments were conducted with
this cross. First where the black ram was the pro-
geny of a black ewe and a white ram and second where

the black ram was ths progeny of two white parents.

(A.) Oross between white wooled halfbred ewes and

a black ram, the progeny of a black cheviot ewe and

2 Border Leicester ram.

No./
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No.of FEws. Result Remarks.
2 4 1 black A few white spots on
erown of head.
24 1 white
3. 1 black & 1 white Rlack lamb has a white
eross on face, while
white lambh has a few
brown spots on legs.
4, 1 nlack & 1 white Black lamb has white
blotch on face.
B 1 white Died shortly after
hirth
8. 1 white
7 1 white Black spot 4" in dia-
meter on right hip
8. 2 black Both have a 1ittle white
on face and tip of
tail.
The abhove may bhe tabulated for the sake of

uniformity so:

Nature of Cross Results Remarks.
Blaeck White
White ewes Both parents
X 5 6 being halfbhreds
BRlack ram all the lamhs were

typical except as
regards colour.
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(B.) Oross betwesn white-wooled halfbred ewes and
a black ram - the progeny of a white halfbred ewe and

a white wooled O0xford Dovn Ram.

No. of Ewe, Result Remarks.

1. 1 White Brown patches on legs,
and a very little brown
on ears.,

2. 2 White

3 1 White A faw brown patcheas on
head and legs.

4, 2 White S1light brownish markings
on legs.

B 1 White Very slight brown points.

6. 1 White Brownish points.

o 1 White Brovnmish onoints,

8. No lamb.

Again we may represent the above as follows:-—-

Nature of Cross Result Remarks.,
Rlack White
White ewes The ram being a cross
X nil 9 Oxford explains the
black ram brown markings on

lambs. It was found
later that some grew
wool on forehead,
like 0xford sheep
while others didn't
1 had grey face, the
cthers white.

v/



51.

IV, BLACK CROSSED WITH BLACK.

Where both the swes and the ram had one black parent

and one white,

No. of Ewe. Result Remarks.

e 2 hlack lambs White bloteches on fore-
heads and white tips
to fallgs

21N 1 black lamb White bloteh on fore-
head.

3% No lamb.

Black X Black 3 black Otherwise typical

halfbhred sheep.

V. BLACK OCROSSED WITH BLACK.

Where the ews had two white parents and the black
ram one white parent and one black.

Unfortunately the number of sheep at my
disposal for this cross was small and more unfortu-

nately no lambs were born.

VI, WHITE OROSSED WITH WHITE

Whers the white were the lambs born as a result of
experiments III.B., that is their mothers were white
and their sire, though black, was descended off two |
white parents. SRRy,

LIBELRY

NO-/ QWERU?§}



No. of Ewe. Result Remarks,
1. 1 Blaek Brownish ear tips, and
brown colour over hack.
2y 1 Blaek Brownish-hlack on face
legs and hack,
= 1l White
4, 1 White Brownish colour on legs.
5 No lamb,
Nature of Cross Result Remarks.
White Black White The ewes & rams used
X in this c¢ross being
Wnites 2 2 hoth descended of a

cross Oxford ram,
probahly explains the
brown markings on
lambs.

VII. BLACK CROSSED WITH BLACK

Where both ewes and ram were descended off white pa-
rents,

Owing to the rarity, 1 in 4,820, as men-
tioned above, of hlack lambs being bred off white pa-
rents except in such a case as recorded in Experiment
VI., I was unable to try this eXperiment. But as wili

be seen later, ths expscted result would he, that black

lambs would always aopear.

Discussion/
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DISCUSSION of RESULTS of ABOVE EXPERIMENTS.

How are we to explain the ahove results?
From a casual glance it is obvious that bhlack and
white don't always hehave towards esach other in the
same way. In Experiment No.2, we have mors hlacks
than whitss as a rosult of our c¢rossing. In Experi-
ment No.III A, we have nearly ecual numbers of hlack
and white, while in Experiment No.III.B., we have
only white lambs.  To start with I would point out
the great danger there is in dealing with too few
numbers, from which one has to he careful in deduec-
ing any definite conclusions.l In order to thorough-
ly understand the deductions drawn from these expe-
riments it is necessary to describe in a few words
the e=lements of Mendelism.

Mendel, in erossing plants, found that of
two contrasted characters, say length and shorthess
of stalk, one was dominant and the other recessive,
that is, the progency of a tall and a short plant
was tall, because tallness was dominant to shortness
although it (the progeny) still contained the ele-
ment for shortness in its constitution, on inter-
crossing members of this first cross (the c¢ross he-

tween tall and short individuals) that is members

of/
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of the first filial (P1) generation, it was found
that out of every four of their offspring (F2) or se-
cond filial generation, three were tall and one short.
on further crossing members of the F2 generation it
was found that ons of these three tall was pure to
tallness, the other two were found to be impure to
tallness, that is gave on an average when intercross-
ed three tall to one short, while the one short of
the F2 generation was found to breed true to shortness.
This may be diagramatically fepresented as follows -~
(It makes no différence whather the male or female 1is
dominant ).
BnE R parent forms

pure dominant) \Y/ (pure recessive)

D(R) Hybrid of fspring(F1l)

[ ( Irmpurs dominant)

32 1R Generation of in-
bred hybrids (F2)

1D 2D(R)
B 50 1R R (r3)
purs dominant | ( pure recessive)
1D 2D(R)
impure
dominant : (After Thomson)

D(R) is a tall plant indistinguishable from D. axcept
by breeding the dominance of the stronger character
completely swamping the weaXer. This would not appear
to be always the case as from personal experience I
have known many cases where D(R) was quite distin-

guishanhle from D.

1/
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I need only emohasise now threes points.
1st. D. crossed with D(R) gives all talls which on
further crossing are found to consist of
half oure talls and half impure talls,

D x D(R) ='2 D. and 2D(R)

2nd. D(R) crossed with D(R) gives three talls to
one short the talls being found on further
crossing to consist of one pure tall and
two impure talls.

D(R) x D(R) =1 D, 2D(R) and 1 R.

3rd. D(R) crossed with R gives equal numbers of
talls and shorts, the talls being found on
further erossing to be all impure talls.

D{(R) x R = 2D(R) and 2 R.

The numericals in front of the capital
letters are simply to show the number, out of a pro-
geny of four, of talls, impure talls and shorts,

The results might equally well have been given in
per centages,

We are now in a position to explain our
experiments with wool colour.

From a careful consideration of the ex-

periments carried out, it would appear that bhlack

is/
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is usually dominant to white, but that a pure domi-
nant black sheep is rars. Nearly all the black shesp
that one sees, s=2em to be impure dominants and this
is not to be wondered at, considering that two black
sheep are rarely, if ever, brsd together in the ordi-
nary course of events. Nearly all black sheep have
had one white parent. Taking then, black sheep as
impure dominants D(R) and white sheep as pure reces-
sives R., 1let us see if this explanation agrees with
results of cur sxoveriments,

White crossed with black, no matter which
parent is black, should give equal numbers of bhlack
and white:- D(R) x R = 2D(R) and 2 R.

The numbers resulting from Experiment No.,
IITA, though small are nearly equal, but in Experi-
ment No.II there are more blacks than whites, 49 to
30. (The result of Experiment No.IIT.B. I shall

explain immediately)

@
ot

There are three possihle explanations why

the blacks and whites are not equal in number in

Expt.No,II.

l1st. We may be dealing with too few numbers.

2nd. It is just possible that some of the hlack
ewes may have been pure dominants; note the
results of Iwes No.4, 15 & 20. These are
said never to have had a white lamb. If
pure dominants they should alwayvs give black.

If this he the true explanation then we have
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to suhtract 13 from our 49 hlack lambs leav-
ing 36 hlack to 30 white which are practi-
ecally equal numbers of white and black.

3rd. It will be shown later that white sheep oc-
casionally carry a recessive black element
constitution., Is it not possible then,
that it 1s the presence in a flock of some
of these white sheep carrying latent black,
that tends on crossing white and black sheep
to lead to a preponderance in number of
black lambs over white instead of the equal-
ity of numbers Wﬁich we expect?

The relationship bhetween dominant bhlack
and recessive black has not yet heen made out, un-
fortunately Exveriment No.V was a failure, but it
is just possible that a cross between D(R), where D.

is dominant black and D(R) where R is recessive

black might give rise to such ewes as No.4, 15 &
20 which on breeding appvear to hes pure dominants.
The only other way pure dominant blacks could ap-
pear is by breeding D(R)x D(R), two impure doeminant
blacks which would give one pure dominant in every
four.

Of course there is the probability that
Ewes No.4 15 & 20 are impure dominants which, if

sti11/
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still further bred from, might produce a white
lamb, and that again we may have been dealing with
toc few numbers,

S0 far as the result of one experiment
goes, an equally good explanation of why we get
equal numbers of hlack and white, as a result of
crossing hlack and white parents, would be to con-
sider white as an impure dominant and hlack as re-
eessive. On crossing, however, white with white,
that is D(R) x D{R) we should expect one in @very
four to be black and we have seen from Experiment
No.I. that we only get one black in about 4,000,
so we are practically certain that the ordinary
black sheep is an impure dominant with hlack domi-
nant to white.

Oceasionally, however, it would appear
that black 1s recessive to white and this would
explain the rare occurrence of a black sheep in a
white flock. 1In this case most of the white are
bure dominants to this pnarticular kind of hlaeck,
and there are only a few white sheep, impure domi-
nants. The scarcity of these impurse deminant s,
the small chance of their mating together, and the
expected proportion of only one black in every four
lamhs, would explain why we so ssldom see white
c¢rossed with white giving black. It will be seen
from Experiment I. that these impure dominants are

extremely/
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axtremely rare, if they ever occur, amongst sheep
with both white wool and white hair, but that where
the hair on the face and legs is hlack, they are
more common.

This then, is the explanation of the one
black lamo in 4,820. A somewhat similar explana-
tion will be s=sen later in connection with the ap-
pearance of red coloured calves in a black Aherdeen
Angus herd of cattle.

We e=n now explain the result of Experi-
ment III.B.,: the Black Ram in this case being a
recessive when bred with dominant whites gave
only whites. These whites when intercerossed in
Experiment VI. gave black and white. The theore-
tical result should have heen one black to three
whites, hut the numbers being emall it was impos-
sinle to get the exact figures. We may represent

Experiments No.IIT B. & VI. diagramatically as

follows:
WYhite Black :
D X R Experiment III.B.
White D(Q) Result of Expt.III.B.
W w R R

White White Black 'Black Result of Dxpt.VI.

Black crossed with black in Experiment IV. where

both/
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poth blacks are D(R), the black colour being dominant
in this case, should give three blacks to one white.
The thres blacks have been produced hut owing to

scarcity of numbers the white has not yet arrived.
I would point out in connection with this

cross the prevalence of white markings on the heads
of the progeny. This mark shows, I think, evidence
of their being impure dominants. They have both '
white and black hearing determinants in their body,
and the white owing to some local advantage have
been able to assert themselves and determine the
white ceolour on the heads. As has been said before
there is not always complets dominance of on=s colour
over the other and I shall have to point out later,
in connection with the experiments on maternal im-
pressions that a large black spnot on a sheep is
very suggestive of its being an inmpure dominant,-

with black recessive.

TO_SUM UP.
1. Black is usually dominant to white.
2. Most hlack sheep are impure dominants.
3. Black is sometimes recessive to white.

4. OQccasionally a pur rec 8slve black sheep

appears in whioh it s parents have both
been white,

5. Most white sheep are pure as to whitene ss,
that is they are pure recessives to dominant
hlack and pure dominants to recessive black.

6. There are a few impure dominant white sheep.
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EXPERIMENTS with SHEEP in MATEZRNAL IMPRESSIONS.

Having now arrived at some conclusions
‘as to the manner coatcolour is inherited in sheep,
we are in a position to understand the experiments
carried out to show the extent of the influence
which the maternal imagination has, in such inheri-
tance.

It will be sesen from the experiments that
I have used a black colour in nearly every case to

reduce the impression, My reasons for choosing

o

this colour were chiefly, that it was easily oro-
cured, that sheep could be impressed by this colour,
and that, it is the colour which, amocngst breeders,
is chiefly said to be the exciting cause of a ma-
ternal impression, while again it obviatesthe ne-
cessity of carrying out a series of experiments to
determine the colour perception of sheap. There is
no doubt but that they cean aporeciate bhlack colour,

80 it will depend upon our results positive or ne-

(@]

gative, whethe

H

we require 1o procesd in determin-
ing the psrception of sheep in regard to differeant

colours or not,

EXPERIMENT No.I. 175 H.B.ewes & 2 0xford Down
Rams,

The ewes are all white, one and two erop

and mostly out of Cheviot ewes by Border Leicester
Rams/



Rams, while the rams are 2 & 3 years old respect—
ively, typical Oxfords, bought from Kimmerghame
Mains. The younger ram has a black pateh 3" in
diameter behind left ear,

on 1l4th October 1908, these sewes and rams
were mated together, on 21st October 1908 forty-one
ewes had been tuosped and these were marked with red
on near kidney.

On 20th October 1908 a hlack ewe was put
beside these ewes and rams, by which time a total
of 68 had heen tuppsed. The white ewss were evi-
dently afraid of the black ewe as they ran fron
her, looking bhack as they rar. Later they showed
their curissity by coming up and smelling her,

Some white swes svidently thought she-was another
0xford Ram, as they left the ram they were with and
came running to her; but after smelling her did

not stay long in her company.

On Octoher 26th ~ black ewe tupped by 3
yearold 0xford ram. She was thus with one of the
tups, while ewes were still unaccustomed to her and
had everf chance of influencing the other swes, as
they approached the ram. Unfortunately they were

tupping slowly.

on/



On 27th Octoher swes still showing their
curiosity by coming up and smelling her.

On 28th October, 39 excluding the black
were marked with red on near shoulder as heing tup-
p2d during the sscond wesk, 12, therefore had heen
tupped sinee the black wasput amongst them.

30th Octovwer. Black ewe taken out to-
day - total tupoed 101 - giving a total of 33
tupped whils blaek ews was among them. White ewes
now take no notice of her,

11th Novr. This lot was to-day mixed
with lot No.III. and the hlack ewe put amors them.

Black ewe will now be with them til1l lambing time.

NOTE. I The Black ewe is one and a half years old,
perfactly black except a few small white spots on
face and a very slight brownish tinge on end of
wool over hack and sides. This is the only black
sheep on the farm at present.

NOTE II. None of the ewes in ahove experiment has

ever had a black lamb and none had secn a black

sheep for a year previous to October 13908,

RESULT.
15th March 1909. A white ews lambed

this afternoon marked with red on near kidney
(1st wrek) one black lamb and one white lamb, both
cross— oxfords.

25th/



26th March 1909. A white ewe lambed this
afternoon marked red on far shoulder(3rd wesk) one
black lamb and one white lamb - hoth males and cross—
oxfords.

26th March 1909. Black ewe lambed to-day

a whits single ewe lamb.

All other ewes had white lambs, 292 in
number with eross oxford markings on face and legs,
that is grey face and legs and tuft of wool on fore-
head.,

EXPERIMENT NO.II. 122 H.B.gimmers (1% years old)
2 H.

B.Rams.
Gimmers, that is females that have never had a lamb,
are the same breed as ewes., Rams were got from

Meigle and Alnhame Castle.

21st Octover 1908. The ahove sheep wsre
mated together to-day. Black ewe is with them at
time of mating. She has heen with them for a year
and they ars all thoroughly acquainted with her.

25th October. 30 of ahove white sheep
are tupped. Black ewe taken out from among . them.

28th October. 55 of above tuvnped and
marked with red on near shoulder,

The above 1ot of ewes never saw the hlack
ewe again till 25th December 1908

RESULT - No hlackX lambs.
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DXPERIMENT NO.III. 25 l.B.ewes and 6 Cheviot
gimmers and 1 H.B.Ram.

All thesse ewess were tupped with the ex-
eeption of two when they were mixed with lot I.

which contained the bhlack ewe.

RESULT. No black lambs.

TXPERIMENT IV. 159 Cheviot ewes and gimmers and
3z Border Lelcester rams.
Thess sheesp ware mated on 28th Octoher
and hegan to tup very fast. They had no chance of

seeing a hHlack shesp since March 1908,

30th October 1908. Black swe put amongst
ahove at 2.p.m. Ewes not afraid, but showed their
curiosity by coming up and smelling her. Black ewe
went forward to one of the rams which was surround-
ed by swes but none were actually tupped while the
black ewe was close to the ram.

29 Cheviots had heen tupped up to the
time black ewe wasput amongst them.

4th Novr.1908, 50 marked to-day for
first wesk of Cheviots.

lixh Novr. Black ewe taken out to-day,
having been in almost a fortnight. 60 marked to-

fat

day for gecond week of Cheviots.

RESULT . No black lambs.

EXPERIMENT/
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EXPERIMENT V. 40 Cheviot gimmers and 2 Border
Lzicester rams.

28th October. The above shesp were mated
to-day at nmidday, on farm of Whitefi=lq, This even-
ing two black cheviot swes, which they nad never
seen.before, were put beside them. They were not
much afraid of hlack ewes, which went a good deal
by themselves. Whensver black ewes approached the

white, the latter ran away but afterwards came u

o ]

and smelled them. Only two tupped when hlack ewes

put in thes lot.

fRESULT. No white ewes had black lambs. Fach of the

hlack ewes had a bhlack and a white lamb,

EXPERIMENT VI. B8 white ewes and a black ram.
.These are the shesn that were used in Experiment III.
B. mentioned previocusly in connection with colour
heredity in shesp.

26th October 1909, Mated these eight
ewes and black ram to-day. Iwes which had never
previously seen a black sheep, were tremendously
afraid of the ram and would not allow him to coﬁe
near them. In fact whenever the ram approached
they took to their heels as fast as they could,

30th Octoher. Ewes heginning to get ac-
customad to ram though they still move off when he
comes near them.

2nd/
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2nd November. 4 ewes tupped up till today.
11th November. 8 ewes now tupped and

ram taken out. Special mark put on ewes which ware

then mixed with a higger 1lot.

RESULT, 9 white lambs, one of ewes being yeld.

Sonie of lambs had brownish markings on legs and

head, bhut this is explained hy the black ram being

got by anleford Ram. In faet this black ram was
the lamb born on March 15th 1909, mentioned in Ex-

periment I.

EXPERIMENT VII. 90 H.B.ewsg and OXford Ram. The
Oxford Ram has hlack spot hahind
1eft ear. and is the same as was
used in Experiment 1. last ¥year,

12th October 1909. Above sheep mated
together to-day.

26th dctohbsr. Two bhlack rams were driven
through the ahove lot of sheespo. Eyes ran forward
and smelled tham, NoO ewes were tubped, as I was
present mys=lf and the rams w=sre in the fisld only
ten minutes altogether, heing on their way to an-
other field and within five yards of ths shepherd
all the time,

27th Octobar. ZXEwes and ram were taken

to a different field., Here they had an opnortu-

nity of s=cing 2 bhlack sheesp grazing in the ad-

joining field. ' |
28th/
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28th Octobsr. Saw a white ewe, with
forsbit in far ear and hig hlack spot at root of near
ear tupned while looking through a wire fence at
a hlack lamb which was in adjoining fisld, The swe
was nearly touching the lambh with her nose.

31st October. 62 of above ewes tuppned up
to to-day. O0xford r»am taksn out with these 62 swes
and put in different fisld. Twenty untupped white
ewss addsd to remainder and a H.B.ram put neside
them.

214 November, Rwes tunving slowly. . Have
avery opoortunity of seeing black rams in adjoining
fi=ld, which in case of accidents, have besn secure-
ly hobhled.

11th Novemhesr. On2 of black rams has got
beside white ewes, but being hobbhled is prevented
from doing any dsmage.

RESULT. 27th March 1910, White half bred ewe had
pair to-day, ons white and one black, both cross
oxfords.

NOTE. This swe was ons of the sixty-two mentlioned
under date 31st Octoher.

27th Mareh 1910. White halfbred ewe had
pair to-day one white and one "brocklie" coloured,
both lambs sXcept for colour were typical half
breds. ‘

NOTE/
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NOTE. This was one of the twenty swes added on 31lst
octobser.

A "hrocklie" coloured sheep has white weol
on back and sides while hair on legs and wool on
bhelly, chest and slightly up the hips is hlack.

Face 1s a dun colour with black markings over syes

and on Jjaw, .

This was the Tfirst "hrocklie" coloured
lambh evar bred at Hundalees and strangely enough at
the time, there was a "brocklie" coloured cheviot
on the place, the first we had ever had; received as
a present the year before,

All the other ewes had white lambs, there
baing 105 cross oxfords to the one black mentioned
ahove,

The ewe mentioned under date 28th October,
had two whites lambs,

EXPERIMENT VIII. 189 ewes and 2 H.B. rams. Amongst
ewes is black ewe which, however
they are quite accustomed to and
of which they take no notice,

26th Oetoher 1909. Ewes and rams mated
to-day,

6th November.1909. Black ewe taken ocut

all tuoped execept twenty-seven.
RESULT. ©No black lamb.

EXPERIMENT/
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EXPERIMENT IX. 146 gimmers & 3 H.B.rams.

2nd Novr.1909. Ahove gimmers and rams

mated to-day.

6th November 1909. 17 of above already
tupped. Black ewe put heside them. White ewes not
much afraid, ran up and smelled black ewe,

9th Novr. 32 gimmers tupoed, that is 15
sinqg hlack ewe was put beside them,

12th Novr, DRBlack ewe taken out.

IHESULT. No black lambs: all the lambs heing white
and typieal ﬁalf breds.

| EXPERIMENT X. 35 Cheviot girmers and Border Leicester

| Ram,

‘ 4th Novr. 1909. Ahove shesp mated to-day
and in evening a bhlack Cheviot ewe was put bheside
them. They had never seen a hlack shesep before,
yet they paid very 1little attention to her.

11%h Novr. Black ewe taken out, 19 of

gimmers tunped and marked,

- -

RESULT, No black lambs.

EXPERIMENT XI., 164 H.B.gimmers & 3 H.3B.rams.

25th Qetoher 1910. Ahove sheep mated
together. Owing to being recently c¢lipoed one of
the rams has a brown coloured sack tied on to his
back.

1st Novr, 55 tupnved and marked, A large
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black cloth was tied over one of the rams, covering
his back completely and only leaving his head legs
and tail uncovered., Ewes very much afraid of him
when first he ran amongst them: later on they came
up and smelled him all over, CGimmer with black leg
was noticed to he going with this ram in the evening.
4th Novr. Black cover taken off, Ewes
f quite accustomed to it. Number tupoed since it was

put on 34.

iESULT. No hlack lambs, all typical halfbreds and

| none with any marked black spots on then.
EXPERIMENT XII. 71 Cheviot Bwes and 2 Border
Leicester Rams.

28th October 1910. Ahove sheep mated

Tth Novr. 34 tupoved and marked.

10th Novr. Put a black cover over one
of the rams, similar to orevious experiment. ZXEwes
very much afraid and would not 1let ram aporoach
them,

11th Novr. Put other 14 unfupped awes
with ahove lot, they also were very much afraid.

15th Novr., Ewes now accusiomed to black
on rame back,.

20th/



20th Novr. Black cover taken off ram.
RESULT. All the above ewes, except three which were
yeld, had white lamhs, only one lamb had a small

black mark on its right fore leg.

DISCUSSION OF RESULTS.

From an examination of the results, ob-
tained in the experiments just recorded, it would
anoecar at first sight that if the maternal imagina-
tion is ever at work, it acts but rarely. But
have we given it every chance of demonstrating its
influence? 1 think we have. VWe have prescnted
to the rye of the mother in some cases bhefore, in
some after, and in a few at the time of coitus, a
visual impression which according toe all the sup-
porters of the theory of maternal impressions
should be sufficient to influence the colour of
the progeny. It might seem as if the stimulus were
not strong enough to produce any effect and yet it
is Just such an exeiting cause, as we have used in
these experiments, as is nearly always amongst

br

D

eders at least, said to be sufficient to pro-
duce the desired result.

What coneclusgions then are we to draw?

In/
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In ten out of the twelve experiments no ohvious
result of the maternal impression can be noted.

In the other two experiments Nos.I. & VII,
we have results which it is necessary to investigate
very carefully.

Let us first of all state the facts.

CASE NO.I.

On 15th Mareh 1909, a white ewe rad two
lambs, one white and ons black. Their sire was an
.0xford Down Ram the ewe heing marked on near kidney
“must have been tupped before black ewe was put be-
side her on 25th October 1508 in fact must have been
tuposd at least four days before this. In 1909,
this white ewe had two white cross 0xford lambs, and
in 1907 one white halfbred lamb. She was sold in

autumn of 1909.

CASE NO.II,

Oon 26th March 1209, another white ewe had
two lambs one white and one black, siré also an
Oxford Down, this ewe being marked on far shoulder
must have hasn tupped either during the last two days
the black ewe was with her or in the suhsequent five
after the black ewe was taken out. In 1908 this
ewe had two white halfbred lambs to a halfbred ran,
while last year 1910, she nhad two white cross O0xford

lambs,

CASE/
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CASE NO.ITTI.

On 837th March 1910 a white ewe had two
lambs, one white and ones black, sire 0xford Down.
This ewe onz of 62 was known by the shepherd to
have been tupoed while she had the chance of seeing
two black sheep in adjoining field. In 19209 this
ews had 2 white halfhred lambhs. and in 1911 two

halfbred white lambs.

CASE NO.IV.

On 27th March 1910 a white ewe had two
lambs, one white and the other "brocklie". It was
possibhle for this ewe to sse 2 black sheep while
being tupped, but impossihle for her to have seen
the "brocklie" coloured ewe till three months after
This ewe had one white halfbred lamb in 1909 and a

pair of white half hred lambs in 1911.

So much for the facts of the case. We
may dismiss the last result recorded, in which the
"hrocklies" coloured lamb apoeared. Undoubtedly
thers could he no maternal impression here, owing
to the length pregnancy had advanced heafore the
possihility occurred of an impression being reéeivu
ed.

As regards the other three cases in
which black lambs appeared, three important points

strike/
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strike one; Tirst that each black lamb was a twin,
the other lamb being white, and second, that their
gire was an Oxford, third, that the impression if
any, was recsived at different times in pregnancy.

No black lamhs resultsd from the matings where both
parents had white hair on faces and legs and also
white wool. The fact of their being twins, is no
great gvidence against the maternal impression theory
for has not Power in his experiments on bhaetles

shown that sometimes only certain ova are influenced
by outside agencies, while others reomain uninfluenced.
The strongest point against the hlack colour heing
due to a maternal impression is, that it only occurred
in the eross where one parent had black hair on face
and legs, in a eross in which we know from previous
experiments, black larmbs are liable to 22cur, though
only in the orovortion of something like one in
4,000, Here, however, we have 2 hlack lambs in 293
in Experiment I. and one black lamb in 105 in Experi-
ment VII. Is it possibhle that a maternal impression
has influenced this result? 1t would sppear from

the results of the other experiments that a maternal
Impression has no influence in producing anything

de novo. e know from the experiments on colour
heredity that a bhlack lamb never makes its apoear-

ance/



appearance, at least as far as one experience goes,
in erosses where the hair as well as the wool is
white and in such erosses we find that apnarently
the maternal imagination has no influence, But can
this occult powser influence the oossibilitiss of a
certain cross? If black lambs mey appesr in a par-
ticular cross can it inerease their number? Can it
influence the output of particular coclour-hearing
gametes or when dlfferent colour hearing gametes
unite to fom a zygote ean it influence the struggle
that oceurs in which one unit character gets the
upper hand and dominates or determines the colour
of the resultant animal? This it is difficult to
decide and most elahorate statistics would be
necessary Lo prove 1t.

As regards the third point, in Case I.,
ust have received the impr

the sws

was nearly a week oregnant., 1In Case II. the ewe

LR Y

4
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o

received 1t prohably hetfar e was vregnant as she

was quite accustomed to the hlack ewe bafore héing
tupped, while in Case I1II. the ewe prohably received
the impression ahout the very beginning of opregnancy.
Not knowing anything of the ohysiology of the "modus
Operandi" of maternal imopressions we are unable 1o
say whether the above discrepancies in the time of

receiving the impression support the theory or other-

0}

Wise,

So far then, we see nothing against the
maternal
———— T ot
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maternal impression theory being a nossible cause
of the app=esarance of these hlack lambs.

There is, however, another possible ex-
planation which heing in accordance with known facts
is probably the true one. The sxplanation is
Mendelian. We have seen that recessive black is
apt to appear from an Oxford cross and more commonly
when pure 0O0xfords are bred together. This naturally
suggasts that some 0xford rams are impure dominants,
that is, though white in colour, they carry black as
a recessive and if matsd with ancther impure dominant
would give one black in every four lamhsS. Now, I
would suggest that the ram with the large black spot
3" in diameter, behind his left ear, is an impure
dominant and moreover, that the black spot 1is a sign
of his being such. Brad with pure white ewes he
should always give white lambs, but bred with ewes
that are also impure dominants he would give one
black lamb in every four. It will be sean from
experiments on colour heredity that thers are pos-—
sibly a few impure dominant whites and such I would
consider the ewes mentioned in Cases I,, II., & III.
It will vbe seen from the previous and subsequent
record of these ewes that they have in other years,
only had white lambs, but this is in accordance

with/
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with expectation. Unfortunately the long period

of pregnancy, their short 1lives, the faet that they
may have only one or two lambhs at a hirth and the
expense inveolved, vorevented me from carrying out
experiments to see definitely whether the 0xford
Ram and the ewes in question were actuzlly impure
dominants. But fortunately, when one is dealing
with a large nuber of sheep one is abhle to arrive

at fairly acecurate conclusions.

TO SUM UP.

I. A Matarnal impresssion sesms to have
no power among sheesp Lo preduce any-
thing de novo at least.

II. There is a possibility that it may
influence the vossible results of a
certain cross.

III. In all prohability maternal impressions
have no influence whatevser on the
inheritance of colour in sheep and
any unexovected results can probabhly
be explained in the 1light of
Mendelism.

CATTLE/
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KINDS of GATTLE,

The chief breeds of cattle in the South
of Scotland are Shorthorn, Aherdeen Angus, Ayrshire
and Galloways. I do not proove: s to say anything re-
garding the Ayrshires except that they vary greatly
in ecolour and only this in connection with the Gal-
loways that Barrington & Pearson (59) have shown
that the result of crossing hlack galloway cows and
white shorthorn bulls is not always in accord with
M2ndel's 1law. The Hybrid is usuzally blue grey but
red and roan alsc anoear a8s well as white with hhek
markings. One ras a splendid example in the above
how easily one could he misled in trying experiments
in maternal impressions, before first of all getting
a xnowladge of the colour inheritance on crossing.
It will be seen that we cannot place implicit faith
in Mendelism, in the manner it 1is at present under-
stood, as applied to colour in cattle. This is
equally true, as seen from the resulis of crossing
pure shorthorns of different colours. Shorthorns
arec desceribed as of the following colours.-

red, red-with-1ittle-white, red-&-white, roan
and white.

Roughly/
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Roughly speaking red crossed with white
gives roan and when roans are intercrossed we get,
again, roughly, the proportionl red, 2 roans and 1
white as if following Mendel's 1law,

D X R

rod white
DR roan
D DR DR R
red roan roan white

Here there is not complete deminance of red,
hence roan colour,

But there are many exceptions to the above
and Wilson (60) after a careful study of the history
of the breed and a demonstration of how the Mendelian
characters come out, has to add a paragraph "IXplana-
tion of Discrepancies", Red crossed with red has
besan known to give rise to all the different colours
while white c¢rossed with white, is recorded by Pear-

son, as vroducing in 91 ecases, 86 white, 4 roans and

From ths ahove short statement cof what is
known ahout the colowur inheritance in shorthorns, at
once thes difficulty is recognised of carrylng out
any experiments in regard to the influsnce of mater-
nal impressions It is vractically impossible to se-
cure the number of say, white cows and white bulls
and see, whether they, as a result of a maternal im-

pression/
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impression, can bs made to oroduce young of a red
colour in larger proportion than rsd normally occurs.
A few isclated experiments would bs of little use.
A number of instances of the suvvosed influence of
the maternal imagination, on colour itheritance in
cattle are recorded by Harvey (61) & Thomson (62)
related the following case, which I shall give owing
to the great prominence the owner of the cattle has
in the shorthorn world of to-day - viz:- Mr Duthie
of Collynie, who conducted the experiment.
"A light roan cow of very good quality was serv-
4 repeatedly by a crack light roan hull. She had
three or four very good white calves. But a roan
calf was mucﬁ desired, and the following experi-
ment was tried. She was s2rved by the roan hbull,
and at the same time she had in view - over the
wall - a red yearling, whiech was afterwards put
into the next stall. The cow eventually gave hirth
to a red roan heifer calf of great beauty. ' This
is not an isclated case. TFrom a pure white bull
and a white cow a fine red roan calf was produced,
and this was attributed to the fact that the
white cow was continually accompanied by a red
cow",
0ther examples of similar experiences could
be given where in some cases the cow was blindfolded
and after the sire had gone, the handages were re-
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removed and an animal of the desired colour was
brought to be a companion to her,

But 1et these suffice. |

The only experiment I have carried out was
as follows:~

9th April 1909. A white cow was mated with
a roan hull to-day, Iin the presence of a pure black
coloured bullock. The hbulloek was well in sight of
the cow all the time and she was quite unaccustomed
to see black cattle, Cow & bulloek would he togeth-
er for about ten minutes and were then separated.

11th January 1910. White cow had a white

heifer calf this morning.

DISCUSSION,

As mentioned above a few isclated cases
prove 1ittle if anything. The explanation of the
results ohtained by Mr Duthie is obvious, In the
first case two roans were oractically bound at some
tinme or other to prnduce a roan coloured calf, the
chaness being that one in every two calves from such
a cross would he a roan. As for the white crossed
with white giving a red roan, Pearson mentions four

occurring in 91 such .crosses. How then can we come

to/
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to any definite coneclusion? The simplest and easiest
explanation is Mendelian yot we must not be too dog-
matic. As mentioned in reviewing the experiments
with sheep, there 1is just the possivility that the
maternal imagination is playing a part and, where in
a certain cross one, twe or even three possible co-
lours may arise, it may tend to so influence the mani-
festation of thess colours that one colour, the col-
our which produced the impression, 1s more often pro-
duced than the others,

Large numbers and carefully worked out
statistics would be necessary to settle this point.
I think on the whole, as far as our nresent Knowlecdge

goes, that the lMendelian explanation is the true one,

ABERDEEN ANGUS: This is a black polled breed of

cattle and it was this breed that was used in the
only experiment in maternal impressions eofwhich 1 have.
besn able to find any record. It is well known that
though these cattle usually throw black calves, a
small percentage appear with white patches or may
even be red in c¢olour. What this percentage is, is
not definitely known, hut an idea will be gained from
a perusal of the following cases.

Many Aberdeen Angus breeders, strong belie-

vers/



believers in the effect of the maternal imagination,
belisve that-hy tzking propsr precautions, they can
prevent the apoearance of these calves of "broken
colour" as they are calied,

Professor Wallace (63) related how McGombis
of Tillyfour, one of the pioneers in this breed of
cattle, succeeded in oreventing his hlack polied
Anpgus cows from bresding red or broken coloured
calves, by putting up a high hlack fence round the

paddock in which he mated them as they

e

amn

@

in seascn,

parti-coloured cat-

&

thus preventing them s=2ing the
tle of his neighbours,.

Here again we have the idea crooping up,
that if two things are possihle from a certain mat-
ing, the maternal.imagination can be used to influ-
ence the result, causing a much greater nurber of
the young, than normally occurs, o bhe of the desir-
ed colour. The same objection arises hers as pre-
viously,; want of sufficient statistics to prove such
a proposition.

I shall now give a record of the experi-
ment in maternal impressions, related by Professor
Wallace (83) and carried out by Henry Lindsay, bhalliff,
Farl of Strathmore's home farm Glamis. The experi-
ment was conducted with 30 cows of the most highly

prized/
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H

ized strains of hlood,

"The cows with bull-calves ware annually separated
from the cows with heifer-calves when turned out

in May, and the herd was thus grazed in two divi-
glons of about equal numbers (which for convenience
we shall term A. & B.) It was observed for a num-
ber of years that about 2 % of the calves produced
by the cows of division B. were "hadly marked" in
colour viz:- red or hlack and white - while the
colour of the calves of division A. were uniformly
black, as it ought o be. The same wesll hred bulls
were put to the two divisions, and changed from one
to the other from time to time. The field in which
division A. grazed was located so that no cattle

of hroken colours could he s=en by the animals at
pasture in it, while the fisld in which division B.
was kept, adjoined two other fields in one of which
up till 1890 wers pnastured hlack steers and in the
other Ayrshire cows displaying great variety of
broken colours. The bHlack polled cows of division
B. were within smelling distance and within full
view of the cattle in the two fields in question
(being separated merely by a wire fence) and, in
consequence from 2 to 4 "hadly marked" calves were

borm annually. In 1890 hoth of the fields adjoin-

ing/



adjoining division B. wers occusied by red-and-
white cattle, with the rasult that 6 pure bred
polled Aberdeen Angus calves came badly marked,
some heing hlack-and-white and others red. Some
of the cows which hore hadly markasd calves were 3
or 4 months gone in calf hefore they were brought
in contact with cattle of other colours than their
own, from which it maybe inferred that the influ-
ence of the imagination is not confined to the
period of conception. One of the red calves had

a black fringe round his muzzle and a bhlack stripe
along the hack. This red calf developed into a
pure black bull, with a reddish fringe round the
muzzle and a reddish stripe along the bhack,

In 1891 the adjoining fields were inten-
tionally stocked with hlack cattle =xclusively and
all the calves of 1892 were for the first time for
saveral years of vure polled Angus colour, 1like
the c¢olour of the sires and dams and of the calves

of division A., which hred always true to colour.
Only one calf had a smalli patch of white upon it;
and this is a common occurrence in the best bhred
black polled cattle. The fact that the sires of
the badly-marked calves of 1891 weré the same as

the/
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the sires of tha bhlack ealves of 1892 makes the

results of the experiment all the mors interesting.

DISCUSSION.

FPirstly, let us s2e if there be any sx-
planation why "broken colours" should occur at all
in a pure herd of Aberdeen Angus. TFrom a study of
the history of ths hreed we find that bHroken coloured
cattle appearad in its aneestry and it is some of
this ancestral blood which is the cause of calves
appearing with other colours than pure hlack., How
this occurs is eaqily demonstrated and the explana-
tion is identical with that which Wood (64) has used
to explain the oceasional ocecurrence of horns in this
sams breed of cattle.

Are Aherdeen Angus cattle really pure?
The real test of purity is the production of pure
offspring., When a hlack polled hull is mated with
a coloured cow the calf is almost invariably nwlack,
that is, hlack colour is dominant to others. Now
this ealf, the result of above mentionad cross though
really a hybrid, looks a pure hlack polied Angus,
and if it be subssquently mated with a pure bhlaek
Angus the progeny will 211 he black,;- half of them

are/



are pure and the other half crossbrad or impure thowgb
they have all the appearance of pure animals -

D(R) x D(R) = 2D and 2 D(R)
Black Rlack.

This may go on for several generations, until an
impure dominant meets an impure dominant when one
calf in every four onroduced from such a mating will
have a colour other than black, depending on what-
ever colour has been lying recessive in the impure
hybrid. This is what is commonly called reversion,
but it really depends on the faet that a blaeck animal
may ve in reality a mongrel as regards colour and
transmit its hidden mongrel nature to 1ts progeny for
any number of generations until a mating takes place
bstweesn two so-to-speak, hidden mongresls when a
"broken coloured" calf may apoear.

A similar explanation it will be renembered
was used to explain the occasional appearance of a
black lamb in a white flock.

To return to the exoeriment in maternal
impressibna, we at once ases how "hroken coloured"
calves could result. But does this explain all the
facts of the case? Attention must be drawn to the
fact that some of the cows were from 3 to 4 months

gone in calf before they had any opportunity of re-
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receiving an impression and although it is possible
that the maternal imagination might act at such a
late date, it se=ms extremely unlikely that it would.
Then again 20% of the calves are spoken of, in one
place, as being badly marked., Actual numbers would
have bheen much mere satisfactory, 1In a herd of say

20, one represents 5%, two 10%, and so on. Ten pe

]

cent seems a good deal higher than 5% and yet in this
case it is only represented hy one animal. Yet how
can we =xplain the results of 1892 when all the calves
were black? Was ii merely a coincidence - a most
unsatisfactory explanation? Unfortunately all the
cows fhat produced "hadly marked" calves were not
tested by further bresding as to their purity to
black eolour. This, however, would have meant tine
and a considerahle amount of expense.

Whzt more, tren, c¢an we say, but that the
appasaranece of such coloured offsvring can be exnlain=-
ed by Mendelism and that the cause of their appear-
ing in some cases more often than expected may be

due to the influence exerted by the maternal imagi-

{4 ]

nation, though this is by no means proved?
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KINDS.

Thare are a varisatv of Xinds of horsas in
Sectland, but the thercughbrad and tne clvdasdals aro
the mest ccommon, each of whieh has a stud bock.

Little research has basn dene in the inherit-
ance cf ccleur in nersss and we have ciilv a vaglle idoau
heow one cclour cr anothar desesnds from parsnt to off-
spring. Harst (g5) aftar investigating the inherit-
ance of ceat colour in raes herses comss heo ths con-
clusiecn that ehastuut eclenr is a rscessiva Lo bay
and brown which are dceminant characters, while

Sturtavant (66) whe studisd the subjeet as 1t applied

5\

+

to the American Harnsss Heorsse concludss that "the col-
cur in thessas horses is controllesd by five FLactorsn,

1. A factor for ehestmt (o) present in all
hersas studiad.
4

2 A facteor for blaek, spistatic o (¢) hvpos-

tatic he Z.4.4and 5.

B A Ffactor for bar (h).
4. A facter for roan (r).
0 A faoter for grav (B).

Rt snd "Gv inhibits wpe if it is present, Mt
whather thav devend upen it ter its presence for thelr
owii apvearancs oy net is net clear, dora it
would apuvear as 1f chastnut wora agaln recassive,
with rean and gray dadinant tc all thie othors, Do

thesa/
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ccrielusions h;"‘)lp 118 mieh in Sf-':ldj.f.iz;_}-'; tin celeny
inheritance in ¢lvdesdales with which wa ara hest
acoaintad, anortuﬁately, the methed cof coleuw

inheritance in this brasd wenld appsar never tc hava

been investigated. Tha chisf cclours ars blawk,
brewn or bay, gray chestrut, and whits. By far ths

largest mumber are brewn in eoleur cover tiia bedyv,
usualiy with a white nmrt'cn tha facee; the hair cn
the legs is aither blackor whita, WThites, chastnuts,
and grave arn ecmpafativeiy rara. and bHeing undesir-
able cclours their avvearance 1n the stud-book isa

M

mere seldom even than ons wenld sxpsct. Have thesa
cclours, like the cclours of the other kinds of
herses already invaestigated, anv Mendelisn ralation—
ship?

I am indebted to Jamss Watsecr. R.Sc. feor the
recerds of an investigation, net vet bublished,
which he has made intc this subject. He savs,

"The black coleur 1s recessive to all cthars (Grayv,
ehestmit and all shades of bav or brovn). Thea fact
that wblacknsssr is recessiva seans to bs preved hy

thras cirennstancses: -

k. A black stullicn and A black mare alwavs
prednens a bhlaew feal.

Bie Thare are abundant ecases of twe bav or brown
pAarents hawving a black feal. Theso

aniinals/



atdmals aeccording to my thsory wounld bhe bay
black heterczvgctas and the chanes of a

black foal wenld be one in fenr,

& If a sufficiaut muthar of tha oifepring are
reoglstered it is mita sasvy toe Fsei‘-ift?"a'r-ﬂ
bay o» broewn stallicns inte twe d.istinet
classes, '

(a) These which preducs e black feals., To this
class beleng Darnley and Macgrager
these are homesveons.

(b) Thess which produce amilte a larys vercentase
et black feals, This is prcbably ahout
10% cr 12% muf is liable to vary con-
siderable variaticn. Thase are hrown-
black hatsreozvotaes aieng whieh ADUSAT
the stallicns —wPrince of Walss! "Baren's
Pridew #8ir Everardm andvbarcn o' Dant .,

He arranges tha eolours in crder of Acrinance: -

L. Grav.,

e Bav-hrown.
B Chestmit.,
{' - b l'_} (1;}'- .

+

Frem a study of this recerd wa sen atb ocnee
the explanation of twe brewn celonred parsnts naving
a black cclourad cffspring. L came acress g varv
intsresting eass latsly dealing with this verr polnt
and as it Is closaely connsctad with the subject of
maternal impressicns 1 shall give it iIn ﬂétail.

Tha ceolounr cof the famecus stallion "Saim Blackn
(14,34&).{his raglstarad mudhsr in Glyﬂesdaln'Studﬂ
Beok ), I was told,on what I teook to he good anthority
was dus ft¢ the rasult of a4 maternal Ilmpressicin.

His mothare had had a bhlack hersa in visw, whils sha

was/
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was being sarved, with the result that her feal was
¢f 4 hlaeck colour. On leocking 1p "Sanm Black!sw

pedigras which baing cf axtreme intsrast I ap
I found that 1t was net till 1 had traced hils
ancestors back six gonaratlons that a blaer horss
CTr Mare avousaraed, Than T found that he had five
black aneastors, two of themoceurring twice and on

tracing his pedigres still further vback, it will he

La

1

sean that auite a large muibsr of black herses
avuear. cften the sams horse cecurring again and
again In different branchas cof the ancestral tree.
Hars then wa have sufficient explanation ¢f ths
colenr of "Sam Black' — His Sire, wBarcn o' Dost
i1s kKnewn io-have vroduesd hlack feoals greviouﬁly
and is therafcre a brown-blacr hetsrczyvects. His
dam, Alexandrina is of a bhrewn eelonr and though
net definitely knewn is also in all probability a
broewn-black hatercgvecte. Ths chances, on these
twe being mated, cf thedir throwing a black feoal
was cna in four and sc *8am Black's' colour is ox-
plained. Ha was thatrgonan,

But the intserest in the cass dees net

stop hera, what I have to add, I am afraid, 1s
somewhat tvuical of the avidence brought forward
to supuert the thesory of maternal impressicns. On

writing/
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?"‘I}. -
writing the cwner of the heorse asking for particulars
of how the nmatarnal Impressiecn teek placs, I was
informed thatrvthe stovy [ had heard regarding tho

clour of»Sam Black" was teotaly without feundaticn.

The ovmer of v"Sam BlackY did not have a black herse

in his pcssasaicii. S5c falls to the ground anchther

St

P

wall known case of tha infinenes of the matarnal
Iimaglnaticu.
darvey (61) and Vallace (63) ralats
instancss of matarnal imurassicns Influsncing the
inharitance of coleur in herses and many hnearsay
storias conld bs menticnad buf what advantsage wenld
2 gained by thalr psrussl?
Tha fellewing sxperiment mav be reccrdad
On 24th Juns 1808 - Saliv, a bhrown mays with thras
whita legs and whita facs was servad today by
Aitkenbraas (13.955) a bay eclecured stallicn
with whita face and lags. Immediataly aftaxr
garvice thas mare was takan and pnt bhasids &
black galding with which she remained in

company for twe months.,

' RESULT 2nd Juns 1910.

tbove mara had a brown coloursd
foal, very slimilar in apuearances te hersalr.
A single sxperiment, howaver, 1is of littls availl.

an frem a studv of the pracseding

-
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pages hew = dendallian explanation, similar te that
piven In the case of shasp and cattle is sufficisnt
te aceonnt for mest cf thoss easas which uw till

new hava hean explainad by the maternal imovrsssien

thecry.
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On tre

ieling the padigrsa ¢f "Sam Black" still
further back, ths fellewing savan hlack hersas aras
mat with:-

1. Thempseons Blaek Horsa (335) feoalad abeut 1810.

Z« Allens Black Horsa (1571).

2. OCampsis (119).

4. Young Campsis (929).

5. Anpus MeGeachv's Blz=ck Herss., crand sire of
Skerlim.

6. A black mare grandmothasr cof wTeu Gallant® and
(7) a black mars great grandmethar cf
bhlana.

0f ccurse cowing te the lsck of sufficient

dstraticon of famales, thnare mav have beon cothary

=

f#Ls)

&
blacks in his ancsstry ,but we can at least trace
hinm t¢ thesn saven and it is interesting te neta

that fthese soven herses apwear ovey £ifty tlmes in

his pedigres.

RAEBEBITS,

COLOUR OF RAEBITS

Thanks tc the rasearchas chiefly of "Hurst?
(87 ) andnCastler (688) in ragard to colonr inheritance
in rubbits we have neor a cleoar ecresption of what

getually takes place in cressing animals of differ-

ent cclcurs. Nastla roceognises sevaral dififarant

unit/
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unit characters as necsssary for the producticn of
#11l the different ceolours. The enhdsf of thess

unlit characters, and these with whieh wo ara mainly

(e) A factor for the vreoducticn of coleur and
without which ne ceoleur can bs prodnesd.

(h) & factor for bhlack.

(Y) A factor for vellow.,

(a) A facteor for a barrad arrangeament cof the
pigment in the hair which zleng with
b. Yeand C. gives riss tc the gray

rabbit.

Thare are cther fuetcrs, for sxample, Factcrs

on

fer wsalfeoleourr, t"dAutceh markinger,rintensitvr and
rdilutennsst ¢f plemaentatiecn , but we may for the
present leave these ont of account.

A gray rabbit may bs vsurasanted as ecarrving
the facteors nGuw wEn nyw wAv, 4 hlack wow wpn wyn
vhile an albine, lacking as 1t dcas the facteor for
colour prosuction (e) is rsprasented either as "B
nyn wpnw op wfge wve goagerding to whether it carrias
gray cor black as & latent ccleur, whieh cnly requirs
the pressnce cof (¢) fer 1ts manifestaticn. Those
peints have baon abundantly demenstratsd by vHurst
and Castler tha latter cénelnding bv saying "ALL
that an albine seoms te lack in ccmparison with &
pilgmented animal is an asctivating substance and
even this may be prosent in small amounts in the
albino as for exampls in the Himala?ﬁn rabbhit and in

the similar variety of the

albino/



albine guinenpligl. hethor an albine carriss black
cr grav as & latent cclemr, can cnly be deamenstrated
cn cressing the albine animals with an animal wnich

contalns the facter (e). Albine arosssd with

ba the latent ccleour, fravy of ccurse i1s deminant
t¢c black as 1t ceontains an sextra facter (a).

CHOICE OF MATERIAL.

s have neow sufficlsnt kKnowlsdge ho
preeead to arvangs oxperiments in maternal impressions

What colours are ws ¢ selach? Black 1 may savy is

=~

inadmissable, owing tc the grsat dlfriculty of
procuring hlack rabbits that bresd true te hlackliess,
nWoeds" (70) having shown that out of 1680 cffspring,
whera bothn parsnts warns bhlack, 105 wers black, 2&
albinc, 9 gray and & wallow, Wo st stavt with
aninals the resnlt of wiosn oressing we can dapend
upcn. It was decided to econduet sxparinments as
follows:—

1. Te eress albincs, shownn te centain latent

blaek (E.Y) and sea if a maternal ilm-
prassicn econld canse the munifestaticn
of

2. Te aress dindalayan albines, (that is albincs
currvineg a small ameunt of the activating
substancs (¢)) which wewrs alsc shovn to
aentain latent black and sen 1f &
maternal imprassicn could net cause the
plack ceolour to avpsar in tha yvoung.

s |
=3
(#]
e
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3. To eross two grays (0.B.Y.A.) which were
known to bresd true and see (1) if a mater-
nal impression could cause the factor (A)
to fall out and so eause the colour of
offspring to be black (CBY) or (2) if a
maternal impression could not cause the
factor (‘¢) to fall out and so cause the
colour of the offspring to be white (B.V.A.)
Thess expzriments, I think, should zive the maternal
imagination every chance to demonstrate its power.
In all these casss it has to cause either the ap-
pearance or disappearance of a factor. It has
something definite to do.
We may now relate the experiments and

thelr results

EXPERIMENTS WITH RABBITS. IN MATERNAL IMPRESSIONS

IJXPERIMENT NO.I. - with a pure albino doe No.I.

DATE SIRE COMPANION DURING RISULT
PREGNANCY
28.12.08.wild gray albino 5 gray
8.2%.09 albino (20) albino 8 albino

22.5.09 albino(20) for 1st day al-

bino coversd with

black silk cloth, 9 aibino
5.7.09 albino(20) bilack doz all the

tine. 3 albino
1,2, 10 albino(20) 2 gray doss all
tha time 7 albino

NOTE.Doe was extremsly c¢ross when huck was put be-
side her, covered with hlaek silk and they fought
togethsr for a considerable time. Black covering

taken/
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taken off after first day. On other two occasions
first when black doe was put along with her, and then
in ths next »regnancy when the two gray does were
addsd, thers was a good deal of fighting for the

first day or two. The first cross with the wild gray
is to enable us, as will be shown later to demonstrate
that this albino doe was carrying latent hlack.

EXPERIMENT NO.II. - with pure albino doe No.II.

DATE SIRE COMPANION DURING RESULT
PREGNANCY

5, 2.10 albino@0) hlack doe all the time 6 albino
11. 4.10 alhino(20)hliack doe for 1lst threes

days 8 albino
19, 5.10 Belgian Hare albino 5 gray -
moras the

wild rabbit
gray than the
vellowish gr.
of the Bel.

Hare

|NOTE, This doe was afraid of hlack doe and underwsnt
a considerahle amount of hardship during the first few
|days they were together, a lot of her hair heing torn

out in the fighting.

EXPTRIMENT/
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EXPERIMENT NO.III. - with Himalayan doe NO,III.

DATE SIARE COMPANTON DURING RESULT
PREGNANCY,
19.10.09 Himalayan llimalayan 3 Hinmyn.alhns.
13.12.09 Himalayan purs bhlack flemish
doe Ffr.bveginning 6 Y L

111 12.12.09
15. 4.10 Ilimalayvan black flemish doe

133 94,30 5 L) Ly
%0.7.10 Belgian
Hare 7 very dark g»
one nesarly comn-
pletely bhlack

NOTE. Considerable amount”of fighting, as in the
other cases mentioned, when the black does were added.
It is seareely necessary 1o add that during the whele
pregnancy, the does were completely shut orff from
seeing any other rabhits-than those ment.ioned. This

applies to all the experiments.

EXPERIMINT NO.IV, - with Himalayzan Doe No.IV.

DATE SIRE COMPANION DURING RESULT
PREGNANCY

20.2.10 llimalayan 2 hlack flemish does 5 Himalavan

during whole time glbinos
2.6.10 Himalayan bhlack dce - all the
tine 3 LA

TXPERIMENT/
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EXPERIMENT NO.V. - with Belgian Hare No.V,

DATE SIRE COMPANION DURING RESULT
PRIGNANCY,
!
24,12,09 Belgian Hare Belgian 2 Belgian
20.3.10 Belglan Hinalayan doe 3 Belgian.

EXPERIMENT NO.VI. - wiih Belgian Hare No.VI.

DATE SIRE COMPANION DURING RESTLT
PREGNANCY “
. 17.4.10 Belgian Balgian g8 RBelgian

| 82.6.10 Belgian Black doe all the 8 Belgian
time

NOTE. The method in which the black does were added
to the huteh in which was the doe heing exverimented
on was as follows. The male and female animals
were first mated together and then suddenly the
blanck doe was drovnved in haside them, often to thein
great astonishment and usually they were not slow

to resent the intrusion of the black.

Unfertunataly disease bhegan to spread

‘ amongst my Belgian hares, hence the paueity of re-

' sults.

I shall now relate experiments to show the

presence/
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presenée of latent black in the alhinos and Himala-
van does. These already, it will be seen, have heen
mated with grey coloured animals so we have only to
record the result of intercrossing the vrogeny re-

sulting from these matings.

EXPERIMENT NO.VII.- Intercrossing gray rabhits, the

progeny of albino No.I and a wild gray male, born

28.12.08.

DATE NO.of DOE MALRE RESULT.

3.6.09 No.7 No.10 4 gray & 1 hlack

5.6,09 No.8 No.10 3 albino, 1 black & 1
grey with white face &
white ring round n=ck.

EXPERIMENT NO.VIII. - Intercrossing gray rabbits,

the progeny of alhino No.2 and a Belgian Hare, bhorn

19.5.10.

DATE No. of DOE MALE RESULT

et B B No.12 No.1l1 2 grav & 1 hlack
s No.1l3 No.1ll 2 white & 2 gray.

EXPERIMENT NO.IX. - Intererossing dark gray rabbits,
the progeny of Himalayan doe No.III. and a Bel-
gian Hare, horn 30.7.10.

DATE NO. of DOE MALE RESULT

TLL 511 NOo. 14 No.1l5 2 grey, 1 white & 1 blk
all dlad young hefore
any himalayan characters
ammmanesd dinrm Fhe white
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From a study of these results it will bhe
seen that each of the does mentioned pust have car-
ried latent hlack. It was impossible for the hlaek
to have been brought in by the males as they are all
known from a study of their previous records to bhe
pure prayvs. They, the males, contain the colour
factor (¢) and if they were not vure to grey, hlack

would very soon make its apoesaranc

@

y Whereas in the
case of the albinos, as mentioned hefore, it is the
lack of this factor (e¢) that prevents the factor
for black from finding expression. The colour fac-
tor (e¢) is hrought into the cross hy the gray, and
hence it is that we find black appearing in the se-

cond filial generation.

DISCUSSION of RESULTS.

No suvpport of the maternal impression
theory c¢sn be deduced from the results of the pre-
ceding experiments. In not a single case is there
any evidence that the maternal imagination has any
influence whatever, Whether rabbits be impression-
able animals or not, does not seem to bhe kKnown,
but otherwise, owing to the fairly exact knowledge
we have in regard to their inheritance of colour,
they seem admirably fitted for the conducting of

experiments in maternal imoressions.

CONGLUSION/
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GO NQGLUSION:

A Maternal Impression rarely if ever inter-
f2res with the normal inheritance of colour in ani-
mals. Se mach is recognised from an impartial
survey of the experiments and cases recorded. We
may safely affirm I think that it is powerless to
cause the appearance in the offspring, of a colour,
the factors for which are absent from bhoth pnarents.
We have seen this, not only in the case of white-
faced sheep, but more markedly in the case of rah-
bits, where, for example in himalayans it is even
unable t0o cause an increase in the amount of a fac-
tor (¢) which is present, though in small amount.
Equally is it powerless to cause the disappearance
of a factor as seen from the experiments with Belgian
hares.

In a review, however, of the crosses between

white~faced and black-faced sheep and also of certain

‘erosses with eattle, we recognise results not in

accordance with expectation, and the possibility

has to he recg nissd that maternal impressions may
have an influence in these cases, though it 1s by

no means definitely proved that such is the case.
Where two colours are expected to appear in a certain

proportion/
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proportion to each other the maternal imagination
may intervene and upset this proportion, that is, it
is only in those cases whers all the factors are
present for the manifestation of both colours, that
this influence may come into play. We have seen
above that 1t cannot cause a factor to appear or
disappear, hence the only way it c¢an act is either
by influencing the output of the different colour-
bearing gametes, or when two different colour-bear-
ing gametes me=st to form a zygote by influencing
the power one unit character ras of hecoming domi-
nant over the other and so deftermining the colour
of the offspring.

Tven if a maternal impression have this
power, we are led to a new coﬁception of the thsory.
If an impression ean only influence the possibili-
ties then it would 2vpear to make 1little difference
what the nature of the impression is, and we need
not expect the rssult of the impression to resemble
the exciting cause. Any cause upsetting the inter-
nal economy of the animal would he suffiecisnt to
produces the variation. So that in any case we have
to give up the o0ld theory of maternal impressions,
and what is left of the theory is more in harmony
with our present day knowledge. As mentioned ear-

1isr/
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earlier in this thesis, shock and distress ean produce
prejudicial effects on the unborn, that is, the de-

velopment of the body does not take place naturally

and we get some developmental error. Why, then should

|
‘we not admit the possibility, till nroof one way or

|the other be forthcoming, that shock distress ete,
|
may produce a prejudicial effect on the normal devel-

|
‘opment and manifestation of the unborn animalks colour,
|

and this is all that ¢an now be claimed for the an-

|

[eient theory of Maternal Imnressions.

Before closing, I should just likXe to mention

two suggestions as to the modus ooperandi wniceh I have

come across gince starting this thesis. They seem

to be in partial agreement with views advanced sarlier

in this work. They are rscorded by Ballantyne (71)
"The first suggestion is obtained from Darestie (72)

well known =xperiments upon the artificial pro-

|
‘ duction of monsters. The obseryer found that the
‘ two conditions which most certainly affected the
i blood supply of the embryo were those which most
effectually influenced its developgment and these
two conditions wern:-
(a) the contact of the ovum with a source
of heat at a point near to but not
coinciding with the cicatricula.

(b) the production of temperaturss slightly
above or helow that of normal incubation.

Now these are exactly the conditions which it is

posaiblq/
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possible to coneeive occurring in utero in conse-
quasnce of the alterations in the blood supply of
the uterus and foetus from maternal emotions.

The second suggestion is from Hirst (73) -
may not the disastrous effect produced upon the

foetus hy strong emotion on the npart of the mother

into the formation of ptomaines and leucomaines.
If the maternal emotion c¢an diminish the suvnnly
of oxygen to the foetus may it not also change

the composition of the blood?

SUMMARY

I. A maternal impression has no influence in

colour inheritance to produce a colour de novo.

II. A maternal impression may influence the pro-
portion in whieh certain colours, tha rosult of

Xnown c¢rossas, ara 2xpected to appear.

III. There is no avidence to show that, even if a
maternal imoression have this powsr, the resul-
tant colour is neceassarily similar to the colour

producing the impression.




JACOB. Ganesis c¢hap. XXX verss 32 to the end

BALLANTYNE (J.W.) Teratogenesis - A History of
the theoriss of the Past (Nliver & RBoyd, fNd -
inburgh) 1897.

PREUSS (J.) Vom versshen der Schwangeren, ein
historischkritische Studie. Berlin XKlinik,
Hf%.51 pp.1-50, 1882,

DILAGE (YVES) - L'Hérdditd et less Grandes Pro-
blemes de la Biclogie Generals 2nd Zditn,
1903,

PROSPER LUCAS - Tvalte phllOﬁOﬂhiquﬂ et physiolo-
gique de 1'Hdrdditd naturelle 1847 & 1850
Vierilt ol [

EMPEDOCLES - sen Plutarch, De placitis philos,
1ib.V.e.18, cited by Fienus (T) in his De
Viribus imaginationis ».217 Lugd,Batav.
1635.

BLONDEL (J.A.)"™he Power of the Mother's Imagin-
ation over the -Tostus oxamined" London 1729

PREUSS (J). Vom Versshen der schwangeran 0.49

HARVEY (A). Monthly Journal of Medical Science
Ed.& Lond, Vol,xi.l850,; p.396.

HARVEY (A), ibid ».391.
HEREDITY by J.Arthur Thomson ».162

CRUIKSHANK - Monthly Joumal of Medical Science
Vol.xi. 1850,

WALLACE (Professor) PFarm Live Stock of Great Bri-
tain 0liver & Boyd, 1907. D»p.12 & 13.

WORTLEY AXE. (Prof.) The Horsa - its treatment
in health % diseass ».497

"OHE SOOTTISH FARMER! April 17th & 24th 1809.
Dr.Leslie Mackenzie, Scottish Mediecal & Surgical

Journal VI., 1900, ».3582. (Discusslon on
Heredity in Diseass).



17.

18,

19,

20.

28.

29,

30.

31,

1i4.

BALLANTYNE (J.W.) Article on Maternal Impres—
sions In Encyclopaedia & Dictionary of
Medieine & Surgery. 10 Vols by Green.

FORDYCE BARKER (D».) Trans.Anmer.Gynec. Soe,
1886, XI.»n.152

BUSEY (Dr.S.0.) Trans,Amer.Gynzc.Soc.1886.XI.
p‘ lrfg' ¥

DONCASTER (L.) Heredity P.97 Univ.Press Cam-
bridgs (1910)

DELAGE (YVES) - L'HAT4d1t4 st 1as Grandes Pro-
blemes de 1la Biologie Generale 22nd Edit.
1908, p.248,

HARVEY (A). WMonthly Journal of Medical Science
Ed.& Lond. VolXI. 1850.

THOMSON (J.ARTHUR) - Heradity 1908 pp.182 & 183.

TUKE (Dr.D.H.) - Influence of ths mind upon the
Body in Health & Dissase, designed to sluci-
date the Action of the Imagination. Vol.II,
pP.HT7.

NUOTED hy J.ARTHUR THOMSON in "Darwinism & Human
Life p.123

DURHAM (TLORZINCEZ) Note on Melanins - Journ.of
Physiol. 35, 1906-7 p.47. %

Sea also Proc,Roy.Soc Lond.Val.74, 1904, b,
3310.

HART (Dr.D.) Some phases in Ivolution

BERRY
& Haredity. (1910)

BATESON (Professor) Princioles of Mendelism
1909 pp.192 & 193

WEISHMANN — The Ivolution Theory Volii.p.1ll7
1904 (Trans.hy J.A.%& M.R.Thomson and aquoted
in Thomson's Hersdity).

WEISMANN ibid Vol.II.p.156

RIDDLE (0.) Our knowlesdgs of melanin-colour
formatinn and its bhearing on ths Mendselian
Aascription of Heredity. Biological Bulle-
tin 18, 1908-9.p.316.



32. HLASIWITZ (H.) & HABERMANN (J). Ushar die
proteingtoffe Lailhig's Annalen 169 p.150.

fr-

%%, BERTRAND (G) ('96) sur une nouvalle oXydosa
ou ferment soluble oxydant d'origine vege-
talé-Bull. Soc.Chin.3d Ser.T.xv. ».791

34. DURHAM (TFlor.) - Proc.Roy.Soc.Lond. Vol.74
on the presence of Tyrosinase in the skins
of some vigmented Vertehrates.

35. Von FURTH (0) & SCHNEIDER (H) ('01) Ushar
tierische Tyrosinasen, ihre Bezichungen zur
Pigrentbildung, Hoflieister'!s Beiirage Rd.I.

36. DEWITZ ('02) Recherchas axperinmentales sur
1a metanornhose des insectesn.
Compt.rend,T.54 p,.44

37. GEISSARD (M.C.) Sur la formation du pigment
melanigue dans les ftumeurs du cheval
Compt.rend.soc.biol.T.136 ».1086

38, PFORRINGER, Zur entstehung des haut pigments
bei morhus Addisen, Cent.f.Allg.Path.(11)

39 TORNIER (GUSTAV) Nachweis usher das Enstshan
von alhinismus, melanismus and neotemie
bei Froschen - zool.Anz.Bd.33, p.284.

40, SPIEGLER - Hofraeister's Beltr.z.Chem.Phys.V.
Path.4.40, 1904.

41, GORTNFR (Dr ROSS AIKEN) Ameriean Naturalist
Augt. 1910,

42, CHANTEMESSE & PODWYSSOSKI. Path.Vol,I.p.281.
43, DAVENPORT (G.C.& C.B.) Amarican Naturalist
Novr.1910. p.H43.
Herndl?y of skin Pigmentation in Man.
44, GATES (Dr.HEGINAJD R.) American Naturalist
April 1910.
(*The Material Basis of Mendelian Phenomena)"

45, MORGAN (T.H.) Journ.Exptl.zool.7: 239-352,

1909,
46, DICLAGE (YVES) L'Hdrdditéd st los grandes Pro--
bldmes de la Biologiec Geénsrale, Paris

2nd Edn.1903 p.749.

47. DILLAGE (YVES) ibid ».798.
48. DILAGE (YVES) ihid po.832 & 833,



b3,

54.
55,
56,
BY7.

58.

59,

60.

WILSON (E.B.) The e¢ell in ralatinn to
Heredity & Evolution in Fifty Years of
Darwinism ».110.

RUSSO (A). Studien {iher die Bestirmung des
welblichen Geschlechtes" Fischer Jena 1809,

PUNNETT (R.C.) Proc.Camb.Phil.Soc. Vol.1l5
Pt.2.0.92 1909.

MacDhougal ( Prof.D.T.) The direet influence

of the Invironment. FPifty years of Darwinism
1909.

PROFESSOR TOWER - FPifty Years of Darwinism
P, 185

THOMSON (J.ARTHUR) Darwinism & Human Lifs.

THOMSON(J.ARTHUR ) Hersdity 1908, p.161.

TRANS. Amar.Gynec.Soc.1888 XI., ».176

DAVENPORT (C.B.) Scisnee XXII.1905 »n.574 -875

CASTLE (W.%.) Pavsrs of Station for Exoeri-
mental Evolution at Cold Spring Harbour, New
York. No.2. -

BARRINGTON A. & PFARSON (X.) Biometrika Vol.IV.
p.427 on the Inheritance of Coat Colour
in Cattle.

WILSON (JAMES) Naturs April 2, 1908, p.509
"Ysndeslian charactaers among shorthorns.M

HARVEY A. Monthly Journal of Medical Science
Ed.& Lond, Vol.XI. 1850.

THOMSON (J.A.) Hersdity 1908, ».380.

WALLACE (Professor) Farm Live Stock of Great
Britain pp.13 & 14.

WooD (T.B.) Harsdity in Farm Animals "Scottish
Farmer® 29.1.10.9.9b,

HURST (¢.¢.) Proc,.Roy.Soc. 4 XXVII, 1908, D.
Z33, "0On the Inheritance of coat Colour in
Horses",

STURTEVANT (A.1.) Biological Bulletin Augt.
1910. ».254. "On the Inheritance of Colour
in American Harn=ss lorse".



67.

68,

68.

69,

70

1 I8 Uy 28

HURST (C.C.) The Journ.Linnean Soc.(zool.)
Vol,xxix 283-324— Exnerimental Study on Here-
dity in Rabhits,

CASTLE (W.T.) Studies of Inheritance in
Rabhits Gar. egle Institute Washington 1909,

CASTLE (W.E.) Garnsagie Inst.Washington No.23
1905. Hereditv of Coat Characters in
Guinea Pigs & Rabhits.

CASTLE(W.E.) Seciance (126) 1907 ».287.
Golour Variot Pe f the Rabhit &ec.

Wo0oDS (.F.A.) Biometrika VolLII.Dn.299 "Mendel's
Laws and some Records in Rabhit Breerding,

BALLANTYNE (J.W.) Edin.Med.Journ.36 Pt.ii.
1391 ».624. Maternal Impressions.

DARESTE - Comptes Rendus 1873.

HIRST - Keatings Oyvelonaedia vol.I. 0.218,
Article on Dissases of Foefus.




