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TO 
• 

THE LATE JAMES BRODIE, M.A., 
MATHEMATICAL lIIASTER IN FORFAR ACADElIY 

"Aye be true to the line." 



PREFACE 
• 

THE first edition of this volume was criticised for three or 
four things: it was called a Manual; it was dedicated to 
a teacher of mathematics; it said nothing about chromo- • 
lomes and nothing about the "presence and absence" 
~eory. These defects, if defects they be, are all r~peat~ 
in thi1" et1ition. And these are the reaSons:· , 

When first I heard that Mendelism was UJ>setting 
!;Ome of ou:reold theories in stock-breeding, I had to try 
to understand it and expound it to students, most,pf 
whom, for the rest of their lives, would have to do with . . 
stock-breeding or plant-breeding, or with both. Few 
of, these students would have to become specialists i.n 
Mendelism; they would have other work to do. So, what 
they' wanted was a good "grounding" in "the prin
ciples." Any who had to specialise, having been shown 
the way up the main stem, could afterwards find their 
way to the "higher" branches for themselves. These 
students were unusually capable young fellows with 
two years' good training in physics and chemistry and 
the natural sciences behind them, and, so, were worthy 
of being asked to give, and capable of giving, useful 
criticism of what was put before them. Thus, we· 
studied Mendelism together. 

One of our first troubles, for few of us knew Greek, was 
the Greek-derived words which, by this time, had 
pecome attllCh,'j(l to the subject. For these we sub
stituted, where we could, others which were just as 
il.ccurate \nd could be under~tood and used b~ oursetves 

Vll , 
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'and others with less difficulty. If ally of us, later on, 
were to have to teach the subject or discuss it with 
crop-growers and stock-breeders, as most of us would, 
these lang-nebbit words would at once hinder both the 
giving and the receiving of knowledge. 

Another trouble was the "presence and absence" 
theory. It led us into more than one fog. Once we 
found two absences claiming possession of the same 

, place at the same time. Someone asked "What is 
aJ} ab~,tnce?" The question was not easily answered, 
and, when we thQught it out, we concluded tJ;t1l.t, thfJii,e 
w'ilJ.s no :nswer. A body-and a factor, though small,i. 
is a bo~y-cannot move from one place to another and 
leave its absence in the place it left. ~hen we say 
tll'llt, at a certain place at a certain time, somebody was 
J' conspicuous by his absence," we use a figure of speech 
and say somebody was somewhere else; but, if we mean 
that the same somebody's absence was a.t that certain 
place at that certain time, we mean nonsense. What, 
then, were we to do? The absences we were discussing 
were the recessives of two dominant characters which 
were clearly enough defined. The nature of the absences 
could neither be defined nor even imagined. "Do as 
the professor of mathematics would do," said someone, 
"and call them x and y." So we gave them" un
known" symbols, and solved that and other problems. 

We never troubled about the chromosomes. We 
never needed. It was not till we had been given a 
reprint of Mendel's original paper that we knew that 
Mendel had established a law. Not a few Mendelians 
do not yet know that Mendel did this, while others, . . . 
who are aware there is a law, do not ~ow what It Is\ 
With this law and a few simple corollaries we.managed 
to ·solve Ithe problems which came before us, even • • 
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" problems in sex- 'hnd non-sex linking. It might have 
been interesting to have traced the factors back to their 
own chromosomes and to have found that some, when 
they happen to foregather on the same chromosome, 
are unwilling to part company again; but would this 
have made the problems mote easily solved? Would 
it not have added to their complications? 

This volume, which is the outcome of our studies, 
was written for others who, like ourselves, might some 
day need or wish to have a working knowle~e qt 
~dcM.isIil. It is not called a primer::. it is tdb big for 

-{hat; it is not called a compendium or a thes:urus: lt 
is too small for that; but just a manual: a thiq;r to be 
stuffed in the pocket or held lightly in the hand. It is 
dedicated to a teacher of mathematics for two reason~: 
one to say how thankful his old boys are to James, 
Brodie, the other to indicate that he who wishes to 
un~erstand and use Mendelism will not get very far 
without arithmetic. 

HARPENDEN, 

February, 1929. 
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I \ 
MENDEL'S EXPERIMENTS 

~GOR l\1ENDEL, who was born in \ 1~22, soukPt and 
~tain-:d admission, when he left school, to the King'~ 
Cloister at Brunn, to be trained as a teacher. He was 
ordained a p~est in i847, went to Vienna, from 1851 
to 1858, to study mathematics, physics, and the naturai' 
sciences; and returned to the King's Cloister, of which, 
in 1868, he became prelate. 

lIt the Cloister garden at Brunn, Mendel became an 
experimental plant-grower, obviously 'Yith the intention 
of discovering whether plants could bel modified by 
cultivation. He found they could not; for. he remarked 
one day to Dr.' von Niessl, to whom h6._ had ahown 
some ~hich had been cultivated for some years: ., This 
much I do see, that nature cannot get on further with 
species-making in this way. There must be something 
more behind." 

Mendel then turned to hybrids and hybridisation. 
In this subject botanists had already been at work, 
but their work had not been carried far enough. Hybrids 
had been bred and observed, some·had been bred from 
for several generations, and it had been found, for 
~ple, that, al1\ong their descendants, the hybrid 
kinds decreased, while the pure kinds increased. But, 
so far, nobo':iy had made a systematic classification ant( 

1 .J 
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count of the whole of any hybrid's descendants through 
several generations; and, arguing that, till this were 
done, the law governing the reproductive behaviour of 
hybrids was not likely to be discovered, Mendel decided 
to do what other investigators had either neglected or' 
overlooked. He decided to grow and breed from a 
number of hybrids through as many generations as 
might be necessary, and, that his work should have a 
reasonable chance of success, decided also that: 

')J 1. 'lfhe experimental parent plants should possess 
fyonstant (i.e., ~\on-varying) differentiating qha~~ct&d'is-
tics. \\ 

2. 'the hybrids should be protected 9r readily pro-' 
tectable from strange pollen during the flowering period; \ 
~ , 

and that 
3. The hybrids and their descendants in the next 

generations should suffer no serious loss in fertility. 
In Mendel's opinion, the plant which fulfilled these 

conditions best and was, at the same time, easily culti
vated was the ordinary edible pea. So the seeds of 34 
different varieties were bought from seedsmen and, to 
make sure that they bred true, grown separately for 
two years before any experiments were begun. Out 
of these 34 varieties, 22 were retained and stocks grown 
on so long as the experiments lasted. All continued to 
breed true. 

For the first series of experiments, 14 of the 22 varieties 
were chosen which could be arranged in pairs, in each 
of which one member differed from its fellow in one 
well-defined pair of characters. The following table 
shows the characters in which the members of the seven 
pairs differed: 
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In One Member. 
1. The seed-coat was round and 

smooth. 
2. The seed had yellow "albu-

men." 
8. The seed-coat was ooloured. l 

4. The pods were plain. 
5. The unripe pods were green. 
6. The flowers were axial. 
7. The stems were 6 to 7 feet 

long. 

In the Other. 
The seed-coat was wrinkled. 

The seed had green "albu~ 
men." 

The seed-coat was white. 
-the pods were constricted. 
The unripe pods were yellow. 
The flowers were terminal. 
The stems were! to It feet 

long. 

~.lle...two. members of each of these s~ven pa"trtl wer~ 
cl>ssed with each other: reciprocal crosses being made 
in all cases. For example, plants having round ·seeds 
were crossed ~ith plants having wrinkled seeds, some
times the one kind being the male parent, sometimes' 
the other. 

When grown, the hybrids were found all to be like 
one ·or other of their parents, not like both. Those 
between parents having round seeds and parents having 
wrinkled seeds had all round seeds; those between 
parents having long stems and parents having short 
stems had all long stems; and so on. The well-defined 
differentiating character borne by one of the parents 
had, in every case, disappeared. 

By way of designation, Mendel called the character 
carried by the hybrid the dominant character, that 
which had disappeared the recessive. The following 
table, in which the characters found to be dominant 
are indicated by capital letters, those found to be 
recessive by small, gives the number of plants crossed 
and the number of successful fertilisations in each of 
the.seven pairs: • 

~Grey, grey-brown, or leather-brown. 
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1. ROUND seeds x wrinkled 
2. YELLOW albumen x green 
3. COLOURED seed-coat x white 
4. PLAIN pods x constricted 
5. GREEN unripe pods x l'ellow 
6. AXIAL flowers x. terminal 
7. LONG stems x short 

'Plants 
Crossed. 

15 
10 
10 
10 

5 
10 
10 

Successful 
Fertilisations. 

60 
58 
35 
40 
23 
34 
37 

The next part of Mendel's work was that overlooked 
by earlier investigators, namely, to carryon for one 
'Or more. generations, observe and count the hybrids' 
1Jrogen~ and, '\f need be, their progeny'~ P~()~~f' 
Accor?ingly, seeds of all the seven kinds of hybrids were 
sown and the plants grown from them" self-fertilised. 
MThen arranged and counted, their progeny were found 
to consist, in every case, of both the original parent 
kinds again, but in the proportion three dominants to 
one recessive. The following table gives the a~tual 
figures and their proportions: 

The Hybrids. 

1. Round seeds Round 
2. Yellow albumen Yellow 
3. Coloured seed-coat Coloured 
4. Plain pods Plain 
5. Green unripe pods Green 
6. Axial flowers Axial 
7. Long stems Long 

Their Progeny. 

5474 
6022 

705 
882 
428 
651 
787 

wrinkled 
green 
white 
constricted 
yellow 
terminal 
short 

Propor
tions. 

1850 2,96:1 
2001 3'01: 1 

224 13-15:1 
299 2'95: 1 
152 2'82:] 
207 3'14:] 
277 2'84:1 

This result raised the question: What are these hybrids' 
progeny? Are they hybrids again, like their parents, 
Dr true-breeding individuals, like their grandparents 'I 
rhey were bred from in their turn (self-fertilised, of 
wurse), and it was found that, of the dominants, two 
in every three were hybrids, like the.ft' parents, and one 
Jred true, like its grandparent, while, of the recessives, 
ill bred true, like their grandparent. I 
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The following scheme may indicate this result more I 

clearly: ' 

The hybrids' proge~y = 

Dominants. 
3 

Recessives. 
1 

Hybrids. Breeding 
True. 

Breeding 
True. 

It 

2 1 1 

The following table gives the experimental figures: 

Dominants. 
_,-._J ____ -..._ 

Breed-

j'-- • Hybrids. ing 
True. 

Round seed 372 193 
Yellow a.lbumen '. 353 166 
Coloured seed-

coat .. 64 36 
Plain pods 71 29 
Green unripe 

po_s .. 60 40 
Axial flowers 67 33 

Recessives. 
___ -..A_~ 

Hreed~ 
HybriiI,q. ing. 

True. 
wrinkled seed o ) all 
green albumen o 
white seed-

o coat .. 
constricted pods 0 
yellow unripe 

pods .. 
terminal 

o 

all 

all 
all 

all 

flowers 0 all 
Long stems 72 28 short stems 0 all 

Among these results, three are to be noted specially, 
namely: 

(a) In every case the hybrids' progeny consist of 
two groups. 

(b) These two groups are to each other numerically 
in the ratio 3: I-the former being dominants, the latter 
recessives. 

(c") Each two groups contains equal numbers of 
individuals which breed true. 

In addition to these, Mendel made an experiment in 
~hich. the parent plants differed in two and another 
III WJ:rlch thw differed in three pairs of characters. Iq 
that ill which the parents differed in two pairs of ~haraci 
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• ters, one parent had round seeds with yellow albumen, 
the other wrinkled seeds with green albumen. Ont 
parent carried two of the characters already showr. 
to be dominants, the other the corresponding recessives. 
As is to have been expected, their hybrids carried th( 
two dominant characters.; the corresponding recessive! 
had disappeared. But, when the hybrids were brec 
from, their progeny consisted of four kinds, in number! 
and proportions as set out in the following table: 

,., • Round Round wrinkled wrinkled 
• feed with seed with seed with seedliftt 

• • Yellow green Yellow • 'TIl" n\ 
albumen. albumen. albumen. albumen. 

Numbe1:-s 315 108 10h 32 
Proportions 9 3 1 

• This again raised the question: Were the hybrids 
• progeny hybrids or pure-breeding? To answer it 

their seeds were sown and, from the generatio:Q S( 

produced, it was found, as in the previous experiment 
that some were hybrids, some bred true. The seed: 
carrying the two recessive characters (group 4) all bre< 
true, but, of those carrying one or other of the dominant: 
(groups 2 and 3), one in three bred true, while, of thosl 
carrying both the dominants (group I), only one in niw 
bred true. This means that, since groups 2 and : 
contained three times as many and group I nine time: 
as many seeds as group 4, each group contained equa 
numbers of true-breeding individuals. The followin! 
are the experimental figures: 

Round Round wrinkled wrinkled 
seed with seed with seed with seed with 
Yellow green Yellow green 

albumen. albumen. ~lbumen. albumin. 
Bred from 301 102 96 30 
]jreedina true 38 35 28 • 30 

• 
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Among these results, three ',are again to be specially, 
noted, namely: ' 

(a) The hybrids' progeny consist of four groups. 
(b) These four groups are to each other numerically 

in the proportion 9: 8: 8: I; and 
(c) Each group contains equal numbers of true-breed

ing individuals. 

But it is to be observed, in addition, that, since a 
dominant and its own recessive cannot both be carried 
lqr the same seed, the characters carried by. th.! fot'!lr 
f1G. to~ether represent all the possible coml:"inatiol)s 
of the four parental characters taken two at a time. 
This may b(\ made clearer by the following d;agram, 
in which the possible combinations are indicated by 
continuous, the impossible by dotted, lines: 

I I I I I I 
• I I 

Round Yellow wrinkled\ green 
\, 

\ 

In the experiment in which the parents differed in 
three pairs of characters, one had round seed, yellow 
albumen, and coloured seed-coat, the other had wrinkled 
seed, green albumen, and white seed-coat. The first 
parent carried three of the dominants dealt with in the 
first experiments, the other the three corresponding 
refessives. The result of the cross was 687 hybrid seeds, 
all of which were round, with yellow albumen and 
coloured seed-coat. From these 687 seeds, 689 plants 
were grown which were found to consist of eight different 
kinds, with seed~ bearing the characters named in the 
following table, and standing to each other numerically 
in the prtlportion indicated. 
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Round Round Round wrinkled Round "f,nkled wrinkled ~ 
Yellow Yellow green Yellow green eUOUJ green ur-
Colrd. wAit~. Calrd. Co/rd. wA~. white. Colro. w~. 

Numbers 269 98 86 88 27 34 30 7 
Propor-

tions •. 27 : 9 : 9 : 9 3 : 3 3 1 

These 639 plants were all bred from, and it was found 
that, though they consisted of eight different groups, 
each group contained equal numbers of true-breeding 
individuals. The following are the figures: 

Round Round Round wrnkld. Round wrnkld. wrnkld. 
!;cU~ Yellow green Yellow green -Yellow green 
Colrd. white. Colrd. Colrd. white. white. Colrd . 
• 8 -:t4 0- 8 II 10 10· 

wrnkld. 
green 
whiw" 
~-4 

Amdhg these results, four are to be noled specially, 
namely: -
• (a) The hybrids' progeny consist of eight groups. 

• (b) These eight groups are to each other numerically 
in the ratio 27: 9 : 9 : 9 : 3 : 3: 3 : 1. • 

(c) Each group contains equal numbers of true
breeding individuals; and 

(d) The six parental characters are combined three at 
a time in all the possible combinations in which, because 
dominants cannot combine with their own recessives, 
they can be combined. This may be made clearer by 
the following diagram, in which only the possible 
combinations are indicated: 

_--_-_--_-_-__ -- r----- --------_-1 ____ _ 
1 

1 1 '-----I--- --==I,--_ 
I _____ ---------!I __ ---'--__ _ 

Round • wriJkled Yellow gr!en Coloured" white , 
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Having described his experiments so far in greater' 

detail than need be considered here, Mendel proceeds: 
"Besides these, further experiments were made, with 
a. smaller number of experimental plants, in which the 
remaining characters were combined in two-pair and 
three-pair hybrids, and all pr~duced approximately the 
same result. There can be no doubt, therefore, that, 
ror all the characters dealt with in the experiments, 
it can be said with certainty that the progeny of the 
flybrids in which several essentially different char~ct~s 
:IF uniteq are the members of a comQinatior~ series in 
~i~the ratios for every pair of differentiating'charaJ
~ers are combined.1 Thus, at the same timl\ it is 
~vident that t'he behaviour of every pair of differentiating 
~haracters united in hybridising is independent of th~ 
)ther differences between the two parent plants." 

This means that, if hybrids are produced from parents 
liff~ring in, say, two pairs of characters, their progeny 
:orm a series which is found by multiplying the numerical 
~atio of one pair by that of the other, thus (using Mendel's 
lxperiment in which round peas with yellow albumen 
N"ere crossed by wrinkled peas with green albumen, and 
mtting their initial letters for the differ~pt characters): 

3 Y+l g , 
3 R+l w 
9 RY +3-Rg-tSYw-fl wg. 

If the parents differ in a third pair of characters, their 
lybrids form a series which is found by multiplying the 
eries formed by the two first pairs by the ratio for the 
hird, thus (putting C for coloured seed-coat and c for 
~olourless) : 

J. Stellen sie Glieakr einer Combinationsreihe vor, in welchem 
lie Entwicklungsreihe fiir je zwei . differirende Merkmale ver
)Unden sint ... 
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27 RYC+9 RgC+9 wYC+3 wgC+9 RYe+3 Hge+3 wYe+1 wgc 

And so on, for any number of pairs. 
How this distribution is brought about may be 

indicated in another way.- The first pair of characters 
divides the hybrids' progeny into two groups in the 
proportion 3 dominants to 1 recessive. The second pair 
subdivides each of these two groups in similar propor
ti,.'>Jls.. But, if the first recessive group is to be divided 
into two ttroups in the proportion 3 : 1, it mu~t c~~ 
at least -4 individuals; and if the recessive group contain 
4 indivtduals, its dominant must contain three times as 
many, i.e. 12. Thus the action of the slcond pair of 
Characters is to divide a group of 4 into two groups of 

.s and 1, and a group of 12 into two groups of 9 and 3; 
and so on, for any number of pairs of characters, as 
indicated in the following scheme: -

R w 
3 1 

----~--~ ----- ____ --------------RY Rg wY wg 
9 3 3 I 

/"-. 0. A A 
RYC RYe RgC Rgc wYC wYc wgC wge 

27 9 9: 3 9 3 3 : 1 

And, as Mendel points out, this regular distribution of 
the characters would not occur, if the distribution of 
anyone pair were interfered with by that of any other. 



II 

MENDEL'S LAW 
" \, 

TIlE result ()f Mendel's experiment~ was to show that 
hybrids do not breed erratically, as had been believed 
hitherto, but with ex;traordinary regularity, as is made 
clear by the observations insisted upon in the prcwi'ilWs 
~_r, vamely: ... '.1 , 

(a) When the original parents differ in one 'pair of 
characters, tJleir hybrids' progeny are of two kinds, 
but the number of kinds or groups in the hybrid~' 
progeny is doubled with every additional pair of charac
ters in which the original parents differed. I 

'b) The number of individuals in the several groups or 
kinds can be arranged in the series (8 - l )", where n 
stands for the number of pairs in which the original 
parents differed. . 

(c) The characters borne by all the groups in a set 
together represent all the possible combinations in which 
the differentiating parental characters can be combined. 

(d) Each group in a set of hybrids' progeny contains 
equal numbers of constant or true-breeding individuals. 

It now became Mendel's task to discover the law 
which produces this regularity and formulate it in • words; and this he did in the following statement: " The 
results of these experiments caused further experiments 
to be made which appeared capable of furnishing in
formation as to the nature of the egg and pollen cells of 
the hybrids. The occurrence, among the pea hybrids' 
progeny, "f constant forms, and these even in all ~he 

11 
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-possible combinations of the combinetl characters, gives 
an important clue. So far as experience goes, we find 
it universally true that constant progeny can be produced 
only when the egg cells and the fertilising pollen are of 
like kinds: that is when both are furnished with the 
materials1 to produce completely like individuals, as 
happens in the normal fertilisation of pure kinds. We 
must, therefore, conclude that completely like factors 
co-operate in the production of constant forms among 
tl$, _h¥brid plants. Since the various constant forms 
are prodUf::ed not only on a single plant, but even on! - . . ~ smgle flower of that plant, the assumption seems soun 
that, i~the ovaries of the hybrids, as many kinds of egg 
cells, and, in the anthers, as many kinds df pollen cells 
ate formed as there are combination forms possible, 
..,nd that, in their internal constitution, these egg and 
pollen cells correspond with the different forms.2 

" In fact, it could be shown theoretically that, on th~se 
assumptions, the behaviour of the hybrids in individual 
generations would be explained completely, if it could 
be assumed, at the same time, that the different kinds 
of egg and pollen cells are formed in the hybrids in equal 
numbers, on the average." 

Mendel's argument might, perhaps, be simplified, if 
broken up into these four propositions, the first three 
of which are mere statements of fact, with deductions 
which are obvious, while the fourth is his hypothesis 
to account for the hybrids' behaviour: • 

1. Pure species produce constant or true-breeding 
forms, and, consequently, must be furnished with the 
materials for doing so. • 

2. Hybrids also produce true-breeding forms, and 

• 1 Anllge • • 
2 Ihrer innern Beschaffenheit nacho 
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therefore must al~o be furnished with the materials fol' 
doing so. 

B. Hybrids produce true-breeding forcl$ in all the com
binations in which the characters carried by their parents 
can be combined, and therefore must be f1,lrnished with al1 
the materials to produce all these true-breeding forms. 

4. Hybrids produce equal numbers of these true
breeding forms, and must, therefore, be 'furnished with 
equal numbers of the materials for their production. 

Mendel remarked that, if his theory were ~suiii~o 
Ue l!errecl, the behaviour of hybrids ctmld be explaimd 
"theoretically," but did not stop to make this e(,plana
tion. Mean"}ime, it will be well to consider how it 
might have been made, before proceeding to consid.,r 
his experiments to prove that hybrids are furnished with 
equal numbers of the materials to produce their progeny" 
-~nd to reproduce their parents'-characters. 

Consider, first, the case in which the parents differ 
in one pair of characters: in one having round while the 
other has wrinkled seed. The theory is that~ in their 
hybrids, both the ovaries and the anthers contain equal 
numbers of the materials for the production \pf both 
roundness and wrinkledness. If the materials be' repre
sented by the initial letters of the characters they produce, 
with capitals for dominants and small letters for reces
sives, the following scheme should represent their 
distribution in the hybrids: .. 

In the Ovaries. In the Anthers . 
...............•...... R R ...................... . 
••..••..•.•..•••....•• w, w ...••...•..........•.• 

• Since there art! two kinds of materials in both ovaries 
and anthers, and one or other kind in one must unite 
with one c:r other kind in the other, the chance., are even 

• 
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~hat R in the ovaries will unite with· either R or w in 
the anthers, or that w in the ovaries will unite with 
either R or w in the anthers, and that one or other of the 
four combinations RR, Rw, wR, ww will be formed. 
A diagram may make this clearer: . 

• 
.................... ~R ................... . 

.................... w_w ............... ~ ... . 

Rw and wR being the same, the chances ar~ 1 : 2 : 1 
tlt'.!L~'ItR or Rw or ww will be formed, or, if sufficienJi 
feitilisa-w~s be 'made, that the combiria~IfS f8Mlei 
should be 1 RR : 2 Rw: 1 ww. But, since the progeny 
receiviJ'g the materials RR and Rw are lound, while 
those receiving ww are wrinkled, the chances are that 
t~ree round seeds are produced for one wrinkled; and, 
~nce the progeny receiving the materials RR receive 
one kind of materials only, while those receiving the 
materials Rw receive two, the chances are that only 
one in every three round seeds shall breed true. At the 

. same time, all the progeny receiving the materials ww 
should breed true. Thus, Mendel's hypothesis is con
sistent with the phenomena observed in his experiments. 

Consider, next, the case in which the parents differ 
in two pairs of characters: in one having round seed 
with yellow albumen, while the other has wrinkled seed 
with green albumen. According to the hypothesis, 
the materials offered should be: 

In the Ovaries • 
...................... R 
...................... w 

In lite Antlters. 
R ...•.................. 
w ............ · ......... . 

...................... y y ..................... . 

.. 

...................... g g ....... ~ .............. ., 

The chan('es are that equal numbers of th~ combina
tiops RIt, Rw, wR and ww, and of the combinations 
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YY, Yg, gY and ~g should be formed. Bpt, since the' 
two sets of materials are distributed independently, the 
combinations formed by the one set should be distributed 
equally among the combinations formed qy the other. 
For instance, among the seeds carrying the materials RR, 
equal numbers should be fouud carrying the materials 
YY, Y g, g Y, and gg, and so on for the other combinations 
in which Rand ware concerned. This may be made 
dearer by the following diagram, in which the distribu
tion of the Rand w materials is indicated horizonf-~!J;o. 
tl~t~ the, Y and g materials perpendic,larly:· .) ) 

® Rw wR (F'l) 
YY yy yy i • _ _/ 

RR Rw wR ww 
Yg Yg Yg Yg 

RR Rw wR ww 
gY gY gY gY 

-~--~ 

@) wR 
r- ~ 

Rw 

~ 
\ 

gg gg \ g 

If this diagram be examined, it will be seen that, if 
lixteen seeds are produced, there should be 9 round 
with yellow albumen, 3 round with green albumen, 3" 
wrinkled with yellow albumen, and 1 wrinkled with green 
':t:i»Imen, and, further, that there should be only one 
leed pure for both parental characters in each of these 
~roups. The pure seeds are indicated by circles. Thus, 
'gain, Mendel's hypothesis is consistent with the observed 
~henomena. ) 

The case in which the original parents differed in 
;hree pairs 'of characters could be illustrated si.milarlt, 
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but the diagram becomes tri-dimentional and, therefore, 
over-complicated. 

Thus, if it be assumed that the hybrids are furnished 
with equal numbers of the materials to produce their 
parents' characters, Mendel's theory can be shown to 
be true: can be proved "'theoretically." 

To prove it experimentally-to prove that hybrids 
are furnished with equal numbers of reproductive 
materials-Mendel had more hybrids bred like those 
p.-~iously bred between parents differing in two pairs 
qf charaat'ers: that is between parents ha ving l:oun~~e~As 
with y~llow albumen and others having wrinkled seeds 
with -green albumen. The earlier experiments had 
shown that such hybrids were furnished with the materials 
·~or the production of round seeds and wrinkled seeds, 

" seeds with yellow albumen and seeds with green albumen. 
Mendel's task was now to show that they contained 
these materials in equal numbers. The hybrids were 
mated with both their pure-breeding parents twice: the 
hybrids being the pollen-bearers in one mating, the 
parents in the other, thus: 
Experi

ment. 
1. 

2. 

8. 

4. 

Egg-Bearers. 

The hybrids. 

The hybrids. 

Parents with Round seeds 
and Yellow albumen. 

Parents with wrinkled seeds 
and green albumen. 

Pollen-Bearers. 

Parents with Round seeds 
and Yellow albumen. 

Parents with wrinkled seeds 
and green albumen. 

The hybrids. 

The hybrids. 

According to previous experiments, the materials 
offered by the hybrids and their recessi-ve parental kinq,in 
experiments 2 and 4 are represented by the following 
s~heme~ ttl 
~ 
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By the Recessive Parental , 
By the Hybrids. Kind. 

' •..................... R 
••••..•.•..•••...•...• w 

w ..................... . 
w .•••.••••••••••••••••• 

...................... Y g ...................... . 

.............. ........ g g .................. ' ... . 

If the hybrids are furnished with equal numb(\l's of the 
materials Rand w on the one hand, and Y and g on the 
other, then equal numbers should be produced of the 
combinations Rw and ww on the one .hand, and Yg 
and gg on the other. But, since the two sets oLl,!iaterlaW 
~ _tributed independently, the two combhation~ 
formed by the one set should be distributed ~venly 
among the tw,/ formed by the other, thus: 

~~ A \" 
Yg gg Yg gg ~ 

And the progeny of the hybrids and their recessive 
parental kind should consist of four kinds, equal in 
number, namely: 
Ca.rrying the f Rw 

materials l Y g 
Round 

, ( seeds with 
Showmg the ,'Yellow aJ-

characters l bum~n 

Rw 
gg 

Round 
seeds with 
green al
bumen 

1 

ww 
Yg 

wrinkled 
seeds with 
Yellowal
bumen 

1 

The numbers actually produced were: 

With the parents as 
pol1en-bearers .. 

Round Round wrinkled 
seeds with seeds with seeds with 

YellO"J) green Yellow 
albumen. albumen. albumen. 

31 26 27 

ww 
gg 

wrinkled: 
seeds with 
green aI- \ 
bumen 

1 

wrinkled 
seeds with 

green 
albumen. 

26 
With the hybrids as 

~llen-bearers .. 24 25 22 27 

According.., to previous experiments, the m~teriat'i 
offered by the hybrids and their dominant parental kind~ 

2 



IS A MANUAL OF MENDEJ;,ISM 

in experiments I and 3, are represented by the following 
scheme: 

By the Hybrids. By the Dominant Parental 
Kind . 

....................•. R 
•.•................... w 

R ..................... . 
R ..................... . 

• 
...................... Y 
..................... . g 

Y .............•....•... 
Y ..................... . 

If the hybrids are furnished with equal numbers of 
-r..~aterials Rand w on the one hand, and Y and g 
~n th(#., other, t~en equal numbers should bs pr~~d 
of the combinations RR and Rw on the one hand, and 
YY aAd Yg on the other. But, since tqe two sets of 
materials are distributed independently, the two com
hinations formed by the one set should be distributed 
evenly among the two formed by the other, thus: 

RR Rw 

A /" YY Yg YY Yg 

and the progeny of the hybrids and their dominant 
parent kind should consist of four kinds, equal in number, 
namely: 

Carrying the { RR RR Rw Rw 
materials YY Yg YY Yg 

J Round Round Round Round 
Showing the seeds with seeds with seeds with seeds with 

characters 1 Yellow al- Yellow al- Yellow al- Yellowal-
l bU7en bumen bumen bum~~, 

1 1 1 

The numbers actually produced were: 

~ith the parents as pollen-bearers 
vvith the hybrids as pollen-bearers 

Round Seeds 
with Yellow 
Albumen. 

98 t». 

94 
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The seeds bred 'in these four experiments were all, 
in outward appearance, as the theory had predicted, 
and so might be taken as giving sufficient evidence that 
the theory is sound. But l\fendel did not take them as 
giving such evidence. He took them as giving pre
sumptive evidence only, and made further experiments. 
The seeds gave evidence through their external characters 
only. Mendel decided they should also give evidence 
through the materials with which they were furnished, 
and so bred from them again and produceQ_ an(J~IJcl' 
g~e~~tion(J On looking back to pag~ 17, it ~-fill be, 
seen that, in experiments 2 and 4, the first group ,of the 
hybrids' and ~heir recessive parents' progeny should be 
hybrid in both sets of materials, the second in those. 
for shape only, the third in those for colour of albumen 
only, the fourth pure in both sets. They should carry I 

the r.naterials set down below and, in the next generation, 
produce seeds of the kinds set down below again: 

Group 1. 

Should carry { Rw 
materials Yg 

Should pro-
duce 

... 

Round and 
Yellow. 

Round and 
green. 

wrinkled 
and Yellow. 

wrinkled 
and green. 

Group 2. 
Rw 
gg 

Round and 
green. 

wrinkled 
and green. 

Group 3. 
ww 
Yg 

wrinkled 
·andYellow. 

wrinkled 
and green . 

Group 4. 
ww 
gg 

wrinkled 
and green. 

Each group produced only the kinds of seeds the 
theory demanded. 

On looking bac~J to page 18, it will be seen that, in 
eXIJ'!riments 1 and 8, though all the progeny of the 
hybrids and. their dominant parent should havct rounfi 
seeds with yellow albumen, only the first group should 
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• be pure in both kinds of materials,' while the second 
should be hybrid in those for colour of albumen, the 
third in those for shape, and the fourth in both kinds. 
They should carry the materials set down below and, 
in the next generation, produce seeds of the kinds set 
down below again: • 

Group 1. 

Should carry { RR 
materials YY 

....-. Round and 
~ 'I Yellow. 

ShOUld': J 

.) produce I 

Group 2.. 

RR 
Yg 

Group 3. 
Rw 
YY 

Round and Round and 
Yellow. Yellow. 

Round and 
green . 

wrinklel1 
and Yellow. 

Group 4. 
Rw 
Yg 

Round aJljI 
• Y~w' 
Round and 

green. 
wrinkled 

and Yellow. 
wrinkled 
and green. 

When they were bred from and their progeny examiued. 
the following were the numbers belonging to each of 
these groups: 

Group 1. Group 2. Group 3. Group 4. 
With the pure parents 

as pollen-bearers 20 23 25 221 
With the hybrids as 

pollen-bearers 25 19 22 2J2 

Again there were four groups of seeds equal in number 
and producing only the kinds of seeds the theory de
manded. 

In Mendel's final experiment to prove his theb~'y, 
a hybrid in one pair of characters: violet-red flower~ 
and white, the former the dominant: was mated with 

1 Eight of the 98 seeds produced in the 'Ilrevious germinations 
failed to grow and reproduce. 
iI 2 Sevey! of the 94 seeds produced in the previou'i germinations 
failed to grow and reproduce. 
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a hybrid in another pair: long stem and short, the 
former the dominant. The first-named hybrid' had 
short stems, the last white flowers. The materials 
offered by the two hybrids ~hould be, putting V for 
vio\et-red, w for white, L for long, and s for short, as 

indicated in the following scheme: 

By One Hybrid. By the Other Hybrid . 
••••••••••••.••.•••.•• V 
•..••••••••..••.•.•... w 

w ..................... . 
w ..................... . 

:.-!~ 

~, ..................•.... s 
.c· .......... 't •••. ' .••••.•.•.• s 

L .............. ~ ..... . 
s .....•.. '! •....... d •••• , 

If the hybrids are furnished with equal numberllof the 
parental diffe~entiating materials, equal numbers of the 
combinations Vw and ww should be produced on th~ 
one hand, and Ls and ss on the other. But, since the 
materials are distributed independently, the two com
biml.tions formed by one set should be distributed 
equally among those formed by the other, thus: 

Vw ww 
/"'. A 

Ls ss Ls ss 

and the progeny of the two hybriQ.s should consist of 
four kinds, equal in number, namely: 

Carrying the { VW Vw ww 
materials Ls ss Ls 

ri01et.",d Violet-red white 
flowers flowers Showing the flowers 

~aracters and Long and short and Long 
stems. stems. stems. 

The numbers actually produced were: 

V.iolet-red 
'With Long 

Sicm8. 
47 

Vlblet-Red 
with shorl 

stems. 
38 

white 
"iCrtlt 

Long stems. 
40 

ww 
ss 

white 
flowers 

and short 
stems. 

white 
with 

sltort stems) 
41 
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Again there were four groups of plailts in numbers and 
kinds as the theory demanded. 

Thus Mendel's theory that hybrids are furnished with 
equal numbers of the materials to produce their parents' 
(!haracters is proved experimentally and becomes a law. 

NOTE.-It will have been noticed that none of Mendel's 
~xperimental results is in exact accordance with the 
theory. In none of the experiments were the hybrids' 
progeny in the exact proportions 3 : 1, or 9 : 3 : 3 : 1, i 

!l.~o oq;. nor were the true-breeding individuals in any 
~umb{'l' of grovps in exactly equal number~ This, '-S 
Mendt;} well knew, could not be expected, unless he bred 
,tIl extraordinarily large number of plants. But he also 
~new that, if his figures came out with approximate 
tccuracy, time after time, when smaller numbers were 
)red, theoretical accuracy would be attained if sufficient 
lUmbers were bred. He satisfied himself, and should 
latisfy anybody else, on this point, by breeding· un
Isually large numbers in his experiments with the two 
lairs of characters round and wrinkled seeds and yellow 
tIld green albumen, and getting ratios so close to the 
;heoretical that it can be assumed, without any doubt, 
;hat, if similarly large numbers had been bred, in the 
'emaining experiments, the experimental and the theo
,etical ratios would have been in equally close agreement. 
rhe figures and ratios in these two experiments are a 
rood illustration of how experimental and theoretical 
'esults agree as numbers are increased: " >. 

Dominants Recessives Dominants Dominants 
Produced. Produced. which were which Bred 

Hybrids. True. 
lJumbers 5474 1850 -372 193. 

6022 2001 353 166 
"fatios • 2·96 1 1-1)3 .: 1 
• 3'01 1 2·12 1 



III. 

OBSERVATIONS AND DEDUCTIONS 

IN order to facilitate future work, it will be useful to set 
down a few observations and simple deductions ;.Lv":ll 

~ndel's oxperiments. Some may seem very opviou1, 
some even trivial, but all may be useful. 

1. If the orjginal parents differ in n pairs of char~cters, 
their hybrids' progeny consist of 2n groups, the number~ 
in which are to each other in the ratio (8: 1 )n, thus: 

Pairs of Differ
ing .characters. 

1 
2 
3 

n 

Number of 
Groups. 

2 
4 
8 

Ratio. 

3: 1 
9 : 3 : 3 : 1 

27 : 9 : 9 : 9 : ~ : 3 : 3 : 1 
\ 

(3 : l)n 

2. Conversely, if the hybrids' progeny consist of 
2, 4, 8, 16 ... 2 n groups, the numbers in which are in 
the ratio (3 : l)n, then the parents differed in 1, 2, 3, 
1-. . n pairs of characters. 

8. As the pairs of characters in which the original 
parents differ increase, the total number of groups 
increases, the number of individuals in the largest group 
in~eases, and the numbers of equal-sized groups in
crease; but no more individuals in each group breed 
true in all their characters, thus: . 

23 
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Number of Groups when the Parents 

Differ. Contain-

In 3 In 4 In 5 
ing In-

Containing. In 1 In 2 dividuals 
Pair. Pairs. Pairs. Pairs. Pairs. Breeding 

True. 
1 individual 1 1 I- I I I 
3 individuals 1 2 • 3 4 5 1 
9 

" 
1 3 6 10 1 

27 
" 

1 4 10 1 
81 

" 
I t5 1 

243 
" 

1 1 

- TlltaJ 2 4 8 16 32 

ill· • .; 
For :xample, when the parents differ in three pairs of 

characters, there are eight groups of hybrids' progeny: 
one containing 27 individuals, three cont:ining 9 each, 
three containing 3 each, and one containing 1; but, in 
~ach of these groups, only one individual breeds true 
in all its characters. 

4. Since two of the groups in the hybrids' progeny·are 
like the original parents, the number of new kinds 
produced in any set of hybrids' progeny is two less than 
the number of groups in the set, thus: 

Differentiating Groups in the 
Parental Pairs Hybrids' Pro~ New Kinds. 
of Characters. geny. 

1 2 0 
2 4 2 
3 8 6 
4 16 14 
I. 

n 2n 2"-2 

5. The hybrids carryall the doAlinant charact~rs 
carried by the original parents, and, if the recessives 
ot the ifldividual dominants can be identi~ed, at the 

• 
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hybrid generation, the breeding behaviour of the hybrids 
can be predicted. I 

fl. In a set of hybrids' progeny, the largest group 
carries all the dominants, the n~xt-sized groups one less, 
the next-sized groups again two less, and so on down to 
the smallest group, which carrieil all the recessives. Com
pare as examples the following two- and three-pair sets: 

\l{ 

Y 
Z z 

X X x x 
Y y Y Y 

9 XY 3 Xy 3 xY 1 xy 

X x X x, 
y Y Y Y 
Z Z z z 

-x 
y 
Z 

x 
y 

27 XYZ: 9XYz,' 9XyZ : 9xYZ: 3Xyz : 3xYz : 3xyZ: 1 xyz 

7. In a two-pair set, the first group differs from the I 
next two groups each in one pair of characters, from the 
last in two pairs; the two middle groups differ from each 
othel' in two pairs of characters, and from the last in one. 

8. Each character in which the original parents 
differed is carried by half the groups in their hybrids' 
progeny. For example, in the two-pair set of four 
g~oups above, two groups carry X, 2 Y, 2 x, and 2 Z; in 
the three-pair set four groups carry X, 4 x, 4 Y, 4 y, 4 Z, 
and 4 z. 

9. The remaining characters carried by a set of hybrids' 
progeny outside those in which the original parents 
differed are the same for all the progeny. This state
~ may seem too obvious, and therefore unnecessary, 
but, in the solution of some problems, it may be useful 
if put in particular forms, thus: 

(a) If one or more groups in a set are found to carry a 
character outside those concerned in the production of 
the set, that character is common to all the groups i~ 
the set. If, tor instance, the first group in the following 
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two-pair set were found to carry 2}', then, unless they 
also carried Z, the middle groups would differ from the 
first in more than one pair of characters. 

9 XYZ 
3 Xy 
3 xY 
1 ., xy 

(b) If more than half the groups in a set carry a 
character not concerned in the production of the set, 
that character is carried by all the other groups in the 
set If, .£'Or ,instance, the third group in the followjng 
~wo-pe.ir set diu not carry Z, it would diff~r from the 
first a.nd last groups in more than one pair of characters 
and from the other middle group in morelthan two: 

9 XYZ 
3 XyZ 
3 xY 
1 xyZ 

10. If two or more groups in the hybrids' proger:y be 
inseparable, the number of groups will be one less than 
the normal for every group which is inseparable from 
another, and the number of individuals in one group will 
be the number in the inseparable groups together; for 
examples: 

If the first two groups in a two-pair set be inseparable, 
there will apparently be only three groups, thus: 

X X x x 
Y Y Y Y 
'-,-' 

12 3 1 --

If the last two groups be inseparable, 
only three apparent groups, thus: 

• 

• • 

X X x :l 
Y y Y y 

9 3 
'-<-"" 

4 

• 

there will be 

• 

• 

• 
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If the first three 'groups be inseparable, there will be 
only two apparent groups, thus: 

x 
y, 

x 
y 

x 
y 

-,,--~ 

x 
y 

15 :, 1 

If the last three groups be inseparable, there will be 
only two apparent groups, thus: 

x X x ,x 
• y y 

.. _ 
" 

'. y y 'j 

'-v---' :) 

9 : 7 
'.) 

11. If hybrias are mated with their pure parental 
kinds, as many kinds are produced as are produced when 
the hybrids are mated with each other; but the numbers 
in each kind produced are equal. This is illustrated by 
Mendel's experiments. 

12. It must not be assumed that every character finds 
another with which it forms a pair, for there may be
probably are-species, even ge~era, carrying characters 
which never vary. . 

It must be remembered that the foregoing observa
tions and deductions hold only when the materials 
(anlage in the original German), which now may be 
called factors, for the production of characters are 
distributed normally. Since the finding of Mendel's 
p~rs, nothing has been discovered which would 
modify Mendel's law: that hybrids are furnished with 
equal numbers of the factors to produce their parents' 
characters: but it has been found that the factors are 
sometimes distributed abnormally, and that some
times their effects are obscured, as, for instance_. , ) 

when 
" 
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(a) Two or more factors are tied;' linked, or coupled 
together, and so handed on from generation to generation 
as one factor. 

(b) One factor does not blot out its alternative factor's 
effect-i.e., when one of a pair is not dominant to the 
other. .. ,;" 

(c) One factor mates with another at one time, and 
with another still at another time-i.e., when factors 
are polygamous. 

(d) Th,2 ~!fect of one factor is suppressed by that .. ,of 
~mother. .. .. II> • (e) The effect of one factor is indistinguishable from 

" that of another. • 
(f) Two or more factors produce closely similar 

• effects. 

As what has been said so far should be a" sufficient 
introduction to Mendelian work, when the factor8 are 
distributed normally and their effects are normal, we 
shall now give attention to examples in which the 
distribution of the factors or their effects is not normal, 
and, as our object is to make such abnormalities as clear 
as 'may be, we shall select such examples as suit best for 
this purpose, without regard to their importance from 
any other point of view. We shall also consider the 
simpler abnormalities first. 



IV , 
WHEN NEITHER OF A PAIR OF FACTORS IS 

DOMINANT 

BRITISH breeds of live stock had their origins usually in 
the union of two or more kinds, and therefore, in their 
eally days, }Vere impure in a greater or iJmalfe'r number 'I 
of their characters. But, preferring certain characters, 
breeders bred from animals bearing the preferreQ~ dis
carded animal~ bearing other characters, and so made 
their breeds purer and purer in an ever-increasing 
number of characters. With recessive characters purity 
was obtained at once, but with dominant characters 
only' gradually and slowly. Indeed, though many 
breeds are now more than a century old, it might be 
rash to say that anyone is yet absolute~y pure, not only 
in .all, but even in one of its dominant characters. 

In its early days, the Suffolk breed of horses was of 
several colours, but, since the breeders decided to have 
chestnut only and bred only from chestnuts, the breed 
has had no other colour. In their early days, there were 
black cattle and cattle of other colours in the parts of 
England which now have red breeds of cattle; but, so 
s~ as the breeders decided to have red only and bred 
only from red cattle, their breeds have had no other 
colour. 

It was otherwise, however, when the characters the 
brel!ders preferred 'their stock should carry happened 
to be domiqants. Breeders o.f black cattle brep. frot? 
black parents only, but sometImes a red calf appearec.; 

29 
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, breeders of hornless cattle would 'breed from hornless 
parents only, but sometimes a calf would appear with 
scurs (i.e., the outer horn covering), or with the horn 
core, or, less often, with both core and covering; and 
horse breeders with a dislike to chestnut in some breeds, 
or to black in others, of to both in others, would avoid 
parents of these colours; yet chestnut or black foals 
sometimes appeared. As time went on, however, and 
breeders persisted in breeding from parents carrying the 
desired d.,9!}ljnant characters only, the numbers of yo~ng 

..horn. with thW! undesired recessive characters gfew 
smaller and smaller. Obviously, with time and per
sistertce, the desired dominant characteJ;s would even
tually breed true . • But there are characters which, even with time and 

• persistence, never will breed true. The first known of 
these is the colour of the Blue Andalusian fowl, ~hich 
was described by Professor Bateson thus: 

" Andalusians are in general colour what fanciers call 
blue-namely, a diluted black. In the cocks the 
hackles and saddle feathers are full black, and the 
feathers of the breast are edged or 'laced' with black. 
The hens are blue, laced with black more or less, all 
over. This breed is recognised by the fanciers as never 
breeding true to colour. When blue is bred with blue, 
three colours are produced, blacks, blues, and a peculiar 
white splashed with grey." .._, 

In 1902, Professors Bateson and Punnett learned from 
a breeder of Andalusians that her blue birds of that year 
had thrown 36 blue birds, 22 blac\:s, and 17 wh!tes. 
erofess:ilrs Bateson and Punnett obtained and bred from 
birds of all three kinds and found that: • 
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(a) Blue x blue tHrew 42 blue birds, 19 blacks, and 
22 whites. 

(b) Black x black bred true. 
(c) White x white bred true; and 
(d) Black x white threw Blue Andalusians. 

Obviously, Andalusian blue is the hybrid between 
black and "white splashed with grey," but, unlike 
Mendel's seven original hybrids, is like neither parent. 
It is intermediate between the two; thus neither parent 
is Q,ominant. But, when bred with itself ?!'_with its 
par~nt kind~, it behaves like the hybriCi.'s betwee~ the"\) 
seven original pairs, thus: 

) 

Hybrid x hybrid produces 
I.e., 

• 
Hybrid x black produces 

I.e., 

Hybrid x white produces 
I.e., 

Hybrids. 

78 
2 

Hybrids. 
27 

1 

Hybrids. 
34 
1 

Blacks 
Breeding 

True. 
41 
1 

Blacks . 
19 

1 

Whites 
Breeding 

True. 
39 

1 

Whites. 
20 
1 

But for the absence of dominance, these two colours and 
their hybrids behave in the ordinary Mendelian manner. 

Among European cattle there are at least five true
breeding colours, each of which may be of many different 
s~s, or, at any rate, may carry the factors for different 
shades; and most of the hybrids between these five 
colours are intermediate or perpetual hybrids. The 
colours and their progeny are indicated in the following 
scheme, in which th~ pure progeny are printed in capital 
type, the Mendelian hybrids in ordinary type, a}ld the. 
intermediate tybrids in italics: ) 
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Pure-breeding) Parents 
-"-~-"--- "---- -

Black Red Light or Brown White 
steel dun 

, 

________ Prog~~ 
Black BLACK black ordinary black blu? 

QI) dun brindle roan I: 
~~ Reel RED yellow red red roan 
v+' brindle V I: 
kill Light or LIGHT light (?) ..Q,.. 
• d 

1:: -0.. steel dun DUN brindle 
;::s Brown BROWN (?) ~ 

WhitE""'" WHW'E .., .. 
• 1 

In,)Britain there are four or five black and as many 
red breeds, but no breed containing ollly light duns, 
or browns, or whites. But light duns and browns are 
found among Highlanders, browns and, possibly, light 
duns among Jerseys, browns among Ayrshires and 
Longhorns, and whites among Shorthorns. Some 
coloured breeds and animals, as, for instance, the 
Dutch, the Ayrshire, the Hereford, and the red-and
white Shorthorns, have larger or smaller portions and 
patches of their bodies without colour, and, occasionally, 
an animal with an extremely small coloured area is 
misdescribed as white. Though it would be very 
difficult to find another adjective to describe them, the 
" wild white" cattle of Britain and the so-called" white" 
cattle of eastern and southern Europe are not white, 
·but really blacks or reds carrying factors which pr~~t 
the production of pigment elsewhere than about t'te 
ears, and round the eyes and muzzle. They sometimes 
throw black or red calves, according as they carry black 
or red pigment. The white Short'£lOrn, on the q,ther 
hand, is a whole white which throws white calves only. 
: Of tltese perpetual hybrid colours, the reR roan, which 
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is found among Shorthorns, has received most attention. 
The Shorthorn's ancestors were brought over from 
the Low Countries to Lihcolnshire, Yorkshire, and 
Durham in the seventeenth and eighteenth centuries. 
The bulk of them were red~and-white, but there must 
have been white ones importe<1 also, for there were no 
whites of the same kind in the country before, and a 
few whites are reported in parts of the country occupied 
by the red-and-whites in the first half of the eighteenth 
century.l Besides, there was a herd of tp&se white 
c:ttle at S\udley Royal, in Yorkshire, in the midjile oil 
the eighteenth century, to which early breeders 9f the 
imported cattJ.e turned for breeding stock. Roans were 
recorded among their descendants-among the de-, 
scendants of red-and-whites and whites-about 1770, 
and, when their stock were well enough established to 
be c.alled a breed in the beginning of the nineteenth 
century, the breeders described their colours as red, 
white, and roan. 

As time went on, the breeders dev~loped a preference 
for reds and roans-sometimes the one colour being 
more highly favoured, sometimes the other-and a 
corresponding dislike for whites. Consequently, whites 
were less often bred from; yet whites persisted in being 
born in little or no less numbers. The breeders found 
that the whites were thrown by roans, and, arguing that 
the roans must still be affected by the original or some 
llilllls lemote white cross, tried to have their roans breeding 
true by breeding from such as had no whites in their 
nearer ancestry. Still the roans threw whites. They 
threw reds also, but,reds were welcomed, and, when they 
thre\v them, the roans were not accused of having a 

1 It is possible that the white Shorthorn and the white ('harolail 
cattle are descended from the same stock. • 

3 
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, "reversionary taint," as they were" when they threw 
whites. 

The first set of data dealing with the subject was . 
extracted from volumes 87 to 49 of Coates's-i.e., Short~ 
horn-" Herd Book" by Professor Karl Pearson and 
Miss Barrington and published in Biometrica in 1906. 
These writers wished to show that Shorthorn colours are 
inherited in the Galtonian, not in the Mendelian, manner. 
For their purpose, the colours were arranged in five / 
groups, n~ll}tly, red, red-and-white, red-and-little-white, 
ttoan",and whih. So arranged, the data ga,ve no vt_~y' 
strong support for either manner of inheritance, but, 
when ~the three red groups were lumpedpinto one, the 
evidence in favour of the Mendelian manner became 

,II 

not only highly presumptive, but capable of being 
» strengthened. The first half of the following table 

shows the proportions in which the three colours should 
have been produced by all the possible matings, if red 
and white be true-breeding colours and roan their 
intermediate hybrid; the second half shows the actual 
numbers produced according to Professor Pearson's and 
Miss Barrington's data. The discrepancies are enclosed 
within brackets. 

Should have been Produced. Produced. 

llfatings. Roan. Red. White. Roan. Red. White. 
Red x red all (25) 413 
White x white all :3 
Red x white all 128 (7) ~.._t;J) 

Roan x roan 2 1 1 278 152 84 
Roan x red 1 1 521 483 (4) 
Roan x white 1 1 47 (3) 24 

But the origin of the data must fJe examined b6fore 
l;l;Uy co~clusion is to be drawn from them. They are not 
olXperimental figures. The observations gehind them 
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were not made by experImenters, but by stock-owners 
who described their animals, generally when they were 
young, so that they could be identified again at any 
time by the owner or any other breeder. Lacking the 
experimenter's motive for absolute accuracy, the breeder 
may be accurate enough for nis purpose, but not for 
the experimenter's. The breeder's chief inaccuracy is 
misdescription. A red may be described as a roan, a 
roan as a red. The roan coat is a mixture of red hairs 
and white in varying proportions on differ!:Dj; animals. 
\~en the white hairs are few, they may not be sp,en bJ. 
the breeder, unless looked for with care, and the fI.nimal 
carrying theIl) is misdescribed as red. The white hairs 
of a roan animal may, perhaps, be seen most readily,. 
where the coat is shortest, below the tail. Red animals 
vary from whole red to very nearly white. When the ~ 
white flecks are large or well defined, the chances of 
misdescription are less, but, when they are small and 
numerous, more especially when the margins between 
the red and the white flecks are ragged and irregular, a 
red may be described as a roan. The first line in Pro
fessor Pearson's and Miss Barrington's t~ble is evidence 
that red and roan Shorthorns are misdescribed, for, if 
not, why should 438 red x red matings produce 25 
roans, when all other red cattle, pedigreed and non
pedigreed, breed true? The reasons for the varying 
proportions of white hairs to red are not known, but 
t.RCi'e is some indication that the degree of white in the 
mixture and the degree of flecking are related. In 
crosses between whole-coloured black Galloways or 
Aberdeen-Angus aItd white Shorthorns the white hairs 
are 'usually few, while in crosses between the highly 
flecked Ayrspire and white Shorthorns they are usuall)' 
many. • 
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Besides misdescriptions, herd-book records are liable 
to other errors. Calves of unwanted colours or with 
unwanted characters of other kinds may not be registered 
at all. Registration would not increase their own 
value, and might advertise one or both their parents' 
weakness. When there are more than one sire in a herd, 
a calf's paternity may be attributed wrongly, and, 
unfortunately, the substitution of one calf for another 
has not been entirely unknown. 

The wr,9lW colours-those within brackets-in Pro
t~ssor .• Pearson'!) and Miss Barrington's table may be 
accouyted for by the breeder's errors of description, and 
the shortage of white calves in the roan x roan and I' "oan x white matings by his antipathy to whites. 

In 1908, in the hope of getting data which might be 
'J less affected by these errors, the present writer collected 
from volume 52 of Coates's" Herd Book" (published in 
November, 1906) all the entries made by a number of 
breeders who, because of the value of their cattle, might 
be expected to register most of them, and would not be 
suspected of SUbstituting one calf for another.l The 
following table is the result: 

Roan. Red. Wliite. 
Red x red produced (5) 90 
White x white produced 1 
Red x white produced 78 
Roan x roan produced 178 90 102 
Roan x red produced 209 214 (3) 
Roan x white produced 34 ~9 '»); 

This table is a little more satisfactory than the previous, 
because it contains a smaller proportion of wrong colours 
and because the proportions in "'hich the different 
colours are produced by the last four matings are al~ost 
'J \) 

'J 1 Sci Proc. Royal Dublin Society, vol. xi. (N.Sj, No. 28. 
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as they should be, if roa~ be the hybrid between the two 
true-breeding colours red 'and white. 

Still more satisfactory has been the evidence got by 
examining the "exceptions" reported since the 1908 
paper was published. It has not been possible to have 
all the reported exceptions t!xamined by competent 
examiners, because some were too far from examiners, 
some even in other countries, but, wherever they have 
been examined, the exceptions have been found to be 
t~emselves misdescribed or the progeny ot ope or two 
mlsdescrib<id parents. The two followirg example,s rna}' 
be taken as typical :-A breeder reported that his red sire 
was throwing ,white calves. On close examinatioh, the 
sire, which had been described as red by his breeder,. 
and seemed to be red, even when near, turned out to be 
a roan. Another breeder reported that his white sire. 
was. throwing no white calves. It was half-expected 
that the sire might be a roan, but the examiner found 
him white, without doubt, and all his calves of the 
year roans. But the dams of his calves of that year, 
as was found from the Herd Book" were all reds. He 
had not been given the chance of breeding a white. 



V 

INSEPARABLE OR COMBINED EFFECTS 

AN early example of the difficulty of separating the 
effect of one factor from that of another occurred in 
Professors Bateson and Punnett's experiments on the 
~nheritanct:A-'of fowls' combs. The experiments WIe 
detaiI~d in the ;econd and third" Reports to "'the Evolu
tion OOmmittee of the Royal Society," and summarised 
in the fourth. ~) 

~ When rose-combed fowl were mated with single-combed 
fowl, the hybrids had all rose combs. Thus, rose comb 

I) 

seemed dominant to single; and, when the hybrids were 
mated with each other, this inference was confirmed, for 
their progeny's combs were roses and singles in the pro
portion 3: I-actually 695 roses and 235 singles. 

But pea comb seemed also dominant to single comb, 
for, when pea-combed and single-combed fowl were 
mated, their hybrids had all pea combs, and, when the 
hybrids were mated with each other, their progeny were 
peas and singles in the proportion 3 : I-actually 567 
peas and 210 singles. 

Two dominants to one and the same recessive, one 
recessive to two dominants, was something new. N o1;,hing 
like it had been seen in Mendel's experiments, in whid'h 
each dominant had only one recessive and each recessive 
only one dominant. Then, if the factor for single comb 
be polygamous, so also, in all proba'bility, are thost for 
~ose c~mb and pea comb. Rose and pea were mated, to 
r,liscov~r which was the dominant, and i't was found 

38 
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that neither was \ dominant, for their hybrids were 
neither rose combs nor pea combs, but a new kind dif
ferent from both, shaped like a half-walnut. 

This was another new phenomenon, but the significance 
of both phenomena was indicated, when the hybrid 
walnut combs were mated, for. their progeny consisted 
of four kinds: walnuts, roses, peas, and singles: in the 
proportion 9: 3: 3: I-actually 279 walnut combs, 
99 roses, 132 peas, and 45 singles. But, by observa
tion 2,1 four groups in the hybrids' progeny means two 
Jhirs of fa~tors operating and two char~cter:; t~arried by, 
the parental and each of the other three groups. • And, 
since neither the two characters combining to m~jke up 
walnut, or rJse, or pea, or single, nor the two factors 
which produce them, can be identified and separated,J 
all that can be done, meantime, is to represent the two
pair set of hybrids' progeny-walnut, rose, pea, and 
sin~le-by " unknowns," thus: 

Walnut. 
X 
y 
9 

Rose. 
X 
y 
3 

Pea. Single. 
x x 
y 

\ y 
3 : " 1 

The dominance of both rosc and pca to singlc and the 
production of walnut by the mating of rose and pea 
can now be explained. Rose and pea each differs from 
single in one, but not the same, pair of characters. 
Both rose and single carry y, but rose carries X, while 

·sirigle carries its recessive x, and so rose is a simple 
dominant to single. Similarly, x is common to both 
pea and single, but pea carries Y, while single carries its 
recessive, y, and3so pea is also a simple dominant to 
single. Again, rose carries the dominant X, pea the 

, 1 Page 39. "I " 
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, dominant Y, and, when they are 'mated, these two 
dominants are combined in their progeny, walnut. 

A parallel example might be constructed from Mendel's 
peas. If round peas with green albumen be mated with 
wrinkled peas also with green albumen, their hybrids' 
progeny will consist of .. three round peas with green 
albumen to one wrinkled with green albumen; and if 
peas with yellow albumen but wrinkled skins be mated 
with peas with green albumen, but also wrinkled skins, 
their hybrids' progeny will consist of three with yellow 
:eIbumen aiill' wrjnkled skins to one with gree.r album@·n 
and'wl"l.nkled skins; but, if peas with round skins and green 
album~n be mated with peas with yellow albumen and 
wrinkled skins, their hybrids will have rOlfnd seeds with 
,ellow albumen, and their hybrids'progenywill consist of: 

~) Round Round wrinkled wrinkled. 
Yellow. green. Yellow. green. 

R R w .,' w 
y g y g 
9 3 3 1 

It may have been noticed that the numbers in the 
four groups of walnut combs' progeny were not too close 
to the 9 : 3 : 3 : 1 ratio. The actual numbers were 
279, 99, 132, and 45. To some statisticians this dis
crepancy might seem serious, but the inference drawn 
from the actual figures was confirmed by other tests, 
one of which only need be mentioned. The hybrid 
walnut combs were mated with single combs. the 
materials offered should have been: '),;, 

By the Walnuts. 
...................... X 
••••••••••••••••••••• • X 

...................... y 
I) ..... If ................ y 
I) 

By the Singles • 
x ..................... . 
x ...... P .............. . 

y ..................... . 
y ............. u •...•... 
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which should have produced: 

X \ ' X x x 
y \1 \ y y y 

walnuts t roses peas singles 
1 

" 
1 1 1 

There were actually ,\~, . 
produced 644 705 664 716 

Another example of the difficulty of separating some 
individual causes and effects is to be found in Miss 
Durham's experiments on the colours of mice, the details 
of ...,-hich are to be found in the fourth " Repurt to the 
Evolution Committee" and in the first ~olume 0.' the 
Journal of Genetics. In Miss Durham's first experi
ment, agouti-c~oured mice were mated with chocolates, 
and, while their hybrids were all agoutis, the hybrids' 
progeny were agoutis, cinnamon agoutis, blacks and 
chocolates in the proportion 9 : 3 : 3 : 1. Thus there 
El.re four groups and two pairs of factors and characters. 
A.gouti carries the two dominant characters, chocolate 
the two recessives, while the others carry each one 
dominant and one recessive; but, since none of the two 
characters carried by any group can be separated, the set 
must be written down with "unknown" symbols, thus: 

Agouti 
Cinnamon agouti 
Black 
Chocolate 

XY 
Xy 
xY 
xy 

9 
3 
3 
1 

in .Miss Durham's next experiment, black was mated 
WIth a new colour, silver fawn, whose ability to mate 
with black proves the existence of one other factor at 
least. But their hybrids' progeny, which consisted of 
black-s, blues, chocolates, and silver fawn, in the ratio 
9 : 3 : 3 : 1, showed that there was another pp.ir of, 
[actors operating. Since it is the largest group, black, 
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must carry two dominants. One day be Y, which the 
first experiment showed it to carry; the other a new 
factor, say Z. Nay, both may be new; and if they be 
called Z and A, then the characters carried by the four 
groups should be: 

Black 
Blue 
Chocolate 
SiIw'r fawn 

• ZA 
Za 
zA 
za 

In that case, the characters carried by black and 
• chocolat~s il}.dicated by the two experiments, should;be: 

• 

• Black 
Chocolate 

xYZA 
xyzA 

I) 

But then black and chocolate would differ in two 
pairs of characters, whereas both experiments show 

II them to differ in one only. Black carries only one"new 
dominant, therefore, and if it be called Z, the char~cters 
now known to be carried by black are xYZ. At the 
same time, chocolate must also carry Z, for by the first 
experiment it already carries xy, and if it did not carry 
Z, it would differ from black in more than one pair of 

• 
• 

characters. . 
Since Y and Z and their recessives y and z are the 

characters combining to form the four groups in the 
second experiment, and black must carry both the 
dominants, silver fawn both the recessives, and chocolate 
has been shown to carry one dominant, Z, blue must 
carry the other dominant, Y, and, from both e~pC1i. 
ments, the characters now known to be carried by the 
four groups in the second experiment are: 

Black 
Blue 
Chocolate 
Silver fawn 

• xYZ 
Yz 

x~~ 
• 
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But because it is 'outside the characters combining to 

form the YZ set and is carried by black and chocolate, 
x must be carried by blue and chocolate also. l 

The characters now known to be carried by the four 
groups in Miss Durham's first experiment are: 

Agouti XY 
Cinnamon agouti Xy 
Black xYZ 
Chocolate x y Z 

But because it is outside the characters forming the 
X¥ set and is carried by black and c1lOcolpt~, Z must 
also be carried by agouti and cinnamon &.gouti. I • 

Since there are three pairs of factors operating, there 
must be eight groups in all, two of which remain to bc 
found. Those already found and those remaining to be 
found are: \ 

Agouti XYZ 27 
XYz 9 

Cinnamon agouti XyZ 9 
Black xYZ 9 

Xyz 3 
Blue xYz 8 
Chocolate xyZ 3 
Silver fawn xyz 1 

In Miss Durham's third experimcnt, agouti was mated 
with blue, and the hybrids' progeny were agoutis, dilute 
agoutis, blacks, and blues, in the proportion 9 : 3 : 3 : 1. 
The characters carried by three of these groups are 
already known, and, if the four groups in the set be set 
down in the usual order, with the characters they are 
Zno~n to carry, the characters carried by the fourth 
group can be inferred: 

.. 
Agouti 
Dilute llgouti 
Cinnamon agouti 
Blue 

XYZ 

xYZ 
xYz 

___ I_~I-
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Since it is carried by three, Y must b~ carried by all the 

groups. The differentiating characters in the set are, there
fore, X and x, Z and z, and, since three of the four possible 
combinations made by these two pairs are alreadyappro
priated, the remaining combination, Xz, must belong to 
dilute agouti, whose thr~ characters are, therefore, XY z. 

In Miss Durham's last experiment, cinnamon agouti 
was mated with silver fawn, and their hybrids' progeny 
consisted of cinnamon agouti, dilute cinnamon agouti, 
chocolate, and silver fawn, in the ratio 9 : 8 : 8 : l. 

•The characters carried by three ofthese groups are alrelifly 
• • 

kno~, and, if the four groups in the set be set down in 
the t!>ual order, with the characters they are known to 
carry against these three groups, the ch:tracters carried 

'by the fourth group can be inferred: 
Cinnamon agouti 
Dilute cinnamon agouti 
Chocolate 
Silver fawn 

XyZ 

xyZ 
xyz 

• 

Since it is carried by three groups, y must be carried 
by all four. The differentiating characters in the set are, 
therefore, X and x, Z and z, and, since three of the four 
possible combinations made by these two pairs are 
already appropriated, the remaining combination, Xz, 
must belong to dilute cinnamon agouti, whose three 
characters are, therefore, Xyz. 

Thus the complete set of eight groups formed by all 
the possible combinations of X and x, Y and y, Z and z is: 

• 0 Agouti XYZ 27 
Dilute agouti XYz 9 
Cinnamon agouti XyZ 9 
Black xYZ 9 
Dilute cinnamon agouti Xyz 3 
Blue xYz 3 
Chocolate xyZ 3 
Silver fawn xyz t 
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Still another exar'nple of the difficulty oi identifying 
individual factors and their effects is to be found in the 
experiments on the inheritance of rabbit colours by 
Major C. C. Hurst and Professor Castle of Harvard. 
Both experimenters, the one in England, the other in 
America, were experimenting at"the same time, the one 
on albinism, the other on colour patterns, but the data 
concerning these may be neglected and those c9ncerning 
the colours themselves considered. ' 
~ black rabbit is sometimes found among wild grey 

rabtits, mOJe especially in places where, the wild race 
has been mixed with the tame; and young black rabbits 
have been foul}d in wild litters which could have' been 
the progeny of grey parents only. Obviously grey is 
dominant to black. Major Hurst bred both grey and 
black rabbits which bred true. When they were mated, 
their .hybrids were all grey, while the hybrids' progeny 
were greys and blacks in the proportion 3: 1 (actu~lly 
38 and 10).1 Thus it is confirmed that grey is a simple 
dominant to black, and the one-pair set may be writte_n 
down in the usual way: \ 

G b 
3 1 

Professor Castle's experiments show this solution to 
be far too simple, for he found four other colours inter
mateable with each other and with grey and black: a 
result suggesting three pairs of factors operating and 
tltVo !nore colours remaining to be found. Among the 
six colours already known, he recorded the following 
relationships: 

1. Grey is dominant to blue-grey, black, and yellow. 
2.'·Blue-grey is dominant to blue. 
3. Black is dominant to blue and tortoiseshell I • 

1 .Trl1J.Tnnl nr tlu~ T.inn,,"fln 8nripi1J. vol. xxix .. 1904. 
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4. Yellow is dominant to tortoiseshell. 
5. Grey is got by crossing black with either blue-grey 

or yellow. 

By being dominant to three other groups, grey must 
carry three dominant characters, and the three groups 
must each carry two of. grey's dominant characters and 
the recessive of the third. The four groups are obviously 
the four largest groups in a set of eight, but, since the 
characters combined in each group cannot be separately 
identified, the groups must be written down w.jth 
, unknown" &mbols as follows: " f,J 

Grey XYZ 
tI Blue-grey XYz 

Black Xyl.l 
Yellow xYZ 

By being recessive to both blue-grey and black, 
~lue must carry only one dominant, and that dominant 
must be the one common to both blue-grey and Mack, 
1amely, X. If it carried Y, its three characters would 
be x Y z, and it would differ from black in three pairs of 
~haracters instead of in one. If it carried Z, its three 
~haracters would be xyZ, and it would differ from blue-
5rey in three pairs of characters. It must, therefore, 
~arry the characters Xyz. Similarly, by being l'ecessive 
to both black and yellow, tortoiseshell must carry the 
l:haracters xyZ. 

The characters carried by the six groups already found 
'lnd the two not found, so far, with the relative nUl~bers 
which each group should contain, are: .. ' 

Grey XYZ 27 
Blue-grey XYz 9 
Black XyZ 9 
Yellow xYZ· 9 
Blue Xyz a 

xYz 3 • 
Tortoiseshell xyZ 3 
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In his paper, "Studies of Inheritance in Ral;>bits," 
published in 1909 by the Carnegie Institute of Washing
ton, Professor Castle reports the finding of the two 
remaining colours, which were described as cream and 
dilute tortoise. 

Cream seems to have been pioduced for some time 
without being noticed, and to have been counted among 
the yellows, for, in reference to the large number of 
yellows resulting from certain hybrid matings, it is 
remarked that "the yellow category is probably too 
lar~ becausff of a failure to discriminate b~tween yellow 
and cream, a difference which at first we failed to record." 
Since their parentage is not stated, the position of Lltese 
yellows in the se-t of eight cannot be fixed with certainty, 
but, since the factor Z seems to intensify blue-grey to 
grey and blue to black, or, it may be said, z dilutes grey 
to blue-grey and black to blue, it seems probable that 
cream is a diluted yellow, carrying the characters x Y z, 
and therefore the sixth colour in the set. Blue and 
yellow had been mated and their hybrids bred frQm, 
and if it be allowed that some of the yellows in the 
hybrids' progeny were really creams, the kinds pro
duced and their proportions, though the numbers 
are small, give cream the sixth place in the set and 
pale tortoise the eighth. The kinds and numbers 
were: 

• • 

., 

Grey 
Blue-grey 
Black 
Yellow 
Blue • 
Cream 
Tortoiseshell 
Pale tortoiseshell 

Numbers . 

20 
7 
8 

12 (1) 
4 
(t) 
1 
1 

Proportion. 

27 
9 
9 
9 
3 
3 
3 
1 
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In a" subsequent experiment, cream and black were 
mated, and their hybrids' progeny consisted of all the 
eight colours, in numbers approximating closely to 
the proper proportions, namely, grey 24, blue-grey 8, 
black 8, yellow 16, blue 2, cream 3, tortoiseshell 2, and 
pale tortoiseshell, 2. And, since black carries the char
acters XyZ, and there is only one other combination, 
xYz, with which it can be mated and have hybrids 
whose progeny consist of all the eight groups, that other 
combination of characters must be carried by cream. 

~) The other rervaining combination, xyz, mll,!.t be cad1ed 
by pale tortoiseshell. 

TlIAUS the complete set of eight colours consists of: 
_II 

Grey 
Blue-grey 
Black 
Yellow 
Blue 
Cream 
Tortoiseshell 
Pale tortoiseshell 

XYZ 27 
XYz 9 
XyZ 9 
xYZ 9 
Xyz 3 
xYz 3 
xyZ 3 
xyz 1 



VI 
SUPPRESSED EFFECTS 

IT was seen, in the previous chapter, that two pairs of 
factors combine to produce the four following kinds of 
fOll¥ls' combs: 

• 
Walnut 
Rose 
F~a 
Single 

I 
XY 
Xy 
xY 
xy 

But Professors Bateson and Punnett found other kinds 
of combs, and, therefore, other factors.l One comb, 
broukht from Cairo, was an ordinary single comb, 
excepting that it was split in two. This comb was 
mated with the ordinary single comb, over which it 
"proved to be a distinct dominant." That is to say, 
their hybrids were split single combs. Both parents 
had single combs, and, therefore, carried the characters 
xy; but the Cairo comb carried a factor for splitting 
whiCh was dominant to another factor for non-splitting 
in the ordinary single comb. If we call this new pair ot 
characters Sand s, then the Cairo comb carried the 
~aracters xyS, the ordinary single comb xys; and, sinct: 
the other combs in the original two-pair set must alsc 
have carried s, the characters carried by the five combs 
so far considered are:2 .. 

1 S~e the reports to the Evolution Committee. and Batesoll 
and Punnett's volumes on Mendelism. 

a See obsenfation 9. 
49 4 
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Walnut XYs 
Rose Xys 
Pea xYs 
Single xy s 
The Cairo comb x y S 

and the eight combinations made by the three pairs of 
factors, X and x, Y and"y, and Sand s are: 

Walnut comb split XYS 
Walnut comb XY s 
Rose comb split XyS 
Rose comb X y s 
Pea comb split x YS 
Ppa comb xYs, 

'" Single comb split x y S 
U Single comb x y s 

Another kind of comb found was that carried by a 
) Dutch breed of fowl called the Breda. This comb was 
) really no more than a kind of rudimentary comb, but 
it revealed another pair of characters in operation. It 
is described thus: " In the cocks there are two mihute 
papiUre "-i.e., pimples-" standing one on each side 
of the middle line, which are rudiments of a comb 
~tructure. As experience shows, the hens have the 
duplicity of which these papillre are the evidence, but 
in examination of the heads of hens practically no comb 
tissue can be seen or felt." 

This Breda comb was mated with both single and 
rose combs. Whcn mated with single comb, the hybrids 
had " a large double comb formed as two divaricating 
singles, not unlike that of the Egyptian." Thm) the, 
Breda comb carries the dominant factor for splitting, 
just as the Cairo comb does. It also carries x and y, 
for, had it carried X, or Y, or XY, its hybrids, with singie 
comb, would have been split rose, o~ split pea, or ~,plit • 
,yalnut;combs. But it carries still another factor which 
i& recessive to a dominant factor in the singlt'comb which 
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makes their hybrids real combs, not rudiment.'!. If we 
symbolise this pair of factors by rand R, then the 
factors and characters now known" to be carried by the 
Breda comb and the ordinary single comb are: 

Breda 
Single 

xySr 
xysR 

And the other combs-walnut, rose, and pea-must also 
carry R. 

This finding was confirmed when the Breda was mated 
whh rose c~mb. If the Breda comb carry the charac-' 
ters xySr and the rose comb XysR, then they dift(~r in 
three pairs of characters-y is common to both_ltheir 
hybrids should' be real rose combs, but split, while their 
hybrids' progeny should consist of the eight kinds formed • 
by the possible comqinations of the three pairs of factors. 
X and x, Sand s, and Rand r, with the factor y common 
to aIt kinds. The hybrids were actually split rose combs, 
but unfortunately, in their progeny, only six different 
kinds were identified. The following table: gives the 
eight groups which should have been found and the six 
actually found: 

XySR 
XySr 

. XysR 
xySR 
Xysr 

• >....tySr 
xysR 
xys r 

Groups E;:epected. 

Rose comb Split 
Rose rudiment Split 
Rose comb 
Single comb Split 
Rose rudiment 
Single rudiment Split 
Single comb 
Single rudimentJ 

Groups Found. 

Duplex rose 
Duplex Breda 
Rose 
Duplex single 
Simplex Breda' 
Duplex Breda 
Single 
Simplex Breda 

The split rudime.ntary combs were counted as one 
grou}t only: rose combs and single combs unseparated; 
and the uns~lit rudimentary groups were also c~untec1 
as one group only: roses and singles again unseparated.· 
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As there are, at least, four pairs of characters operating 
in fowl combs, the sixteen combinations they can form 
may now be set down, with the nature of the comb 
formed by each combination and the common names 
given to such as have been named: 

• 
Combination Nature of Comb. Common Pro-

of Characters. Name. portion. 
XYRS Walnut comb Split 81 
XYRs Walnut comb Unsplit Walnut 27 
XYrS Walnut rudiment Split 27 
XyRS Rose comb Split 27,' 
x"¥RS Pea comb Split ... 27 
XPRs Walnut rudiment Unsplit 9 
Xy s Rose comb Unsplit Rose 9 
XyrS Rose rudiment Split 9 
xYRs Pea comb Unsplit Pea 9 
xYrS Pea rudiment Split 9 
xyRS Single comb Split Cairo 9 
Xyrs Rose rudiment Unsplit 3 
xYrs Pea rudiment Unsplit 3 
xyRs Single comb Unsplit Single ) 3 
xyrS Single rudiment Split Breda 3 
xyrs Single rudiment Unsplit 1 

It may be that the factor which made the fowls' 
combs mere rudiments did not suppress the effects of 
other factors completely. But a factor which com
pletely suppressed the effects of other factors was found 
in Major C. C. Hurst's experiments with rabbits, already 
referred to. 

Pure-breeding Belgian rabbits, whose colour is given 
as " yellow-grey," were mated with albino rabbits,) anrl. 
70 hybrids were produced. All the hybrids, with one 
exception, were ordinary wild greys. The exception 
was also a grey, but of another sha~e. It" had, when 
young, more yellow on the chest and flanks tha~,the 
Jthers ;)but after the second moult, it became almost wild 
grey like the rest." Thus 69, at least, 'of these 70 
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hybrids were like neither parent, a phenomenol\ of which • 
we have already had two examples. In the first, the 
hybrids-the Blue Andalusians and the Roan Shorthorns 
-were intermediates between the two parent kinds; 
in the second they-the walnut combs-were a com
bination of a character carried. by one parent with that 
carried by the other. But this example seems parallel 
to neither, for it is unlikely that the Belgian yellow-grey 
colour can be darkened either by being mixed with 
or combined with a colour which contains no pigment 
d\.all. , 

Yet the hybrids indicate mortt than or{e pair of fat!tors. 
Since it is carried by the hybrids, the wild grey t!olour 
must either itself be a colour dominant to the Belgian 
grey colour, or, as is most unlikely, Belgian grey intensified' 
by a factor or factors which are dominant to correspond
ing recessives in Belgian grey. The result is the same" 
either way. But where does this comprehensive wild 
grey factor come from? It could not have been carried 
by the Belgian greys, for then they wou).d have been 
wild greys. It must, therefore, have been carried by 
the albinos. The albinos must have carried a factor 
whose effect was suppressed. So soon, however, as it 
is transmitted to the hybrids, this wild grey factor has 
effect, from which it must be inferred that the Belgian 
greys carried a dominant factor which was handed on to 
their hybrids, which caused or aUowed pigment to be 
tProriuced, while the albinos carried its recessive, a factor 
which did not cause, perhaps suppressed, the production 
of pigment. 

If wild grey be represented by W, Belgian grey by 
b, .f6olour by C, -and colourlessness by c, then the 
factors carried by the two parent kinds shou\d hav£ 
been: • • 
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" 
By the Belgian Greys. 

b 
C 

" 
By' the Albinos. 

W 
c 

Then the factors carried by the hybrids should have 

been heW, and the hybrids' progeny should have consisted 
c n 

. of the four following kinds, carrying the factors set down 
below: 

I) 

Wild Grey 
Coloured. 

W 
C 
~, 

9 
Jl 

Wild Grey 
Albino. 

W 
c 
3 

Belgian Grey 
Coloured. 

b 
C 
3 

Belgian Grey 
Albino. 

" 
b 
c 
1 

)' 
)1 ; 

That is, !) wild greys: 3 Belgian greys :"4 albinos. 
" But the hybrids' progeny were not as expected. They 
differed from expectation in three ways: 

IJ 

1. There were no Belgian greys among them. "A 
few individuals appeared to have rather more yellow'and 
less black than the wild grey; but, curiously enough, 
not one was a true yellow-grey like the Belgian grand
parent." 

2. Some litters consisted of greys and albinos; but 
3. Others contained blacks also. 

The first of these differences may have been, and 
probably was, due to the Belgian grey factor being 
accompanied by so many dominant shade factors that 
too few hybrids' progeny were bred to give the Belgian 
grey colour a fair chance of appearing again. >J 

The second and third differences show that the hybrids 
were not all alike, and therefore, since their Belgian grey 
parents were true-breeding, that tll'eir albino parents 
were not alike. Some may have carried the grey factor 
o~ly, ~hile others must have carried the plack either 
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alone or along witll its dominallt,grey.l Then the factors 
carried by the different kinds of hybrids may httve been 
(putting G for grey, b for black, C for colour, and c for 
colourless ness ) : 

(Il) When the albino parent carried grey only GG 
('C 

(b) When the albino parent carrie3 grey and black 

(c) When the albino parent carried black only 

Gb GG 
Cc and Cc 
Gb 
Cc 

Thus there should have been two different kinds of 
h(brids, and, three different matings being possible, 
progeny o~ different kinds and proportions as follows: • 

~ 

GG x GG should have produced 
Cc Cc • 

GG x Gb should have produced 
Cc Cc 

Gb x Gb should have pro-
Cc Cc duced G 

C 
G 
c 

albinos 
Greys carrying 

Grey 

i.e. 

9 3 

Greys 
9 

There weI"(: actually produced at four 
• m.tings 

i.e. 

At seventeen other matings 
• i.e. 

Greys 
85 

9 

G 
c 

Greys 
3 

G 
C 

Greys 
3 

)G 
c 

albinos 
1 

G 
c 

albinos 
1 

b 
c 

albinos 
blacks carrying 

black 
3 1 

blacks : albinos 
3 4 

Greys 
22 

3 

blacks 
25 

3 

albinos 
10 

1 

albinos 
30 

4 

1 Professor Castle's experiments showed grey to be do~inant tp 
~~ . . 
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Further experiments were made 'to show that the. 
albinos ~arried factors for colours, but carried different 
combinations of factors. No albino was found carrying 
the grey factor only, but several were found carrying 
both grey and black factors and others carrying the 
black factor only. " 

The following table shows the kinds of progeny the 
two different kinds of albinos should have produced with 
coloured rabbits of different kinds, and the kinds of 
progeny they actually produced: 

Albinos carrying Grey 
<a and Blaclt' Factors. 

Gb 
cc 

Albinos carrl'.ing BlacAl') 
Factors' Only. 

bb 
cc 

)) 

Should have Actually Should have Actually 
Produced. Produced. Produced. Produced . 
.....--"-- ,..--"-.._ .....-~--. -'~ 

Grey. Black. Alb. Grey. Black. Alb. Grey. Black. Alb. Grc.y. Black. Alb. 

grey pure aU
GG 
CC 

With 
black pure 1: 1 

bb 
CC 

With grey 
hybrid 

Gb 
CC 

With grey 
hybrid 

Gb 
Cc 

With black 
hybrid for 
colour 

bb 
Cc 

6 - - all - - 7 

- 20 20 -

1 1 2 2 

1 : 1 2 1 3 2 

2 2 - 1 1 1 6 12 

» .. " 
»In sOple of these experiments, the numbers are too 

sIJlall to have the different kinds in the proper propor-
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tions; but their total result is sufficient, because no kind 
was produced which should not hav~ been produ~ed. 

A simpler example of suppression occurred among 
Professors Bateson and Punnett's, experiments with 
sweet peas, the details of which are to be found in the 
Report to the Evolution COJllmittee. Two white 
flowered plants of different strains were crossed, and 
their hybrids had coloured flowers. Unless they were 
intermediates, which is very unlikely, the hybrid flowers, 
by differing from both parents, suggest two pairs of 
fa~~rs at least, and four groups of progeny, namely: 

• • 
Coloured Colourless Colourless ~ 

Group. Parent No.1. Parent No.2. (?) 
') 

X • X x x 
y y y y 
9 3 3 1 

Since the hybrids between two colourless parents are 
coloured, it is a fair inference either that colour is 
produced when the two dominants come together on the 
same plant, or that colour production is prevented by 
both the colourless parents' recessive factors I In the 
latter alternative, the fourth group of the :'hybrids' 
progeny should also be colourless, and there should be 
nine plants with coloured flowers to seven with 
colourless, as follows: 

Coloured Colourless Colourless Colourless. 
Group. Parent No. 1. Parent No.2 . Group. 

• • X X x x 
y y y y 
9 3 3 1 

i.e. 9 7 
• 

Wn~n counted, the hybrids' progeny consisted of 2182 
plants with ~oloured flowers, and 1598 with colot.rless." .. 
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If these figures be divided by 232·'in, the figure which 
brings" their total to 16, they become 9·16 and 6·84, 
i.e., 9: 7. 

Among the coloured flowers there was suppression, 
or, at any rate, something which prevented complete 
separation of kind frQm kind. Three pairs of factors 
were found to be operating, namely, a purple factor, 
say P, dominant to red, say r; a densing factor, say D, 
dominant to a diluting, say d; and a factor which made 
the standard portion of the flower darker than the wing, 
say B, which may be named bicolouring, dominart»! to 
anather whiclt left the flower unicoloured, say u. With 
theiC three pairs of factors operating, there should have 
been eight different colours among the hybrids' progen~-, 
namely: 

1 2 3 4 5 6 7 8 

D D D d D d d d 
P P r P r P r ., r 
B u B B u u B u 

Dense Dense Dense Dilute Dense Dilute Dilute Dilute 
purple purple red purple red purple red red 

bi- uni- bi- bi- uni- uni- bi- uni-
colour. colour. colour. colour. colour. colour. colour. colour. 

~urple Deep Painted Miss Tinged Tinged 
Invln- purple. Lady. Picotee. Hunt Picotee. white. white. 
cible. 

These four kinds, printed in ordinary type, which 
could be associated with the groups above their names, 
were found. The two kinds printed in italics were also 
found. The first were probably groups 4 and 6 tog~ther, 
the second groups 7 and 8. 

Among both animals and plants the word " white" 
needs very careful watching. Among fowl there are 
" white" breeds which have small specks of colou1',#and, 
so, ar~ not really white. So also there are" wild whitt " • 
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cattle which have small areas about the ears, eyes, nose, 
and sometimes the legs, coloured black, or'red, or Brown. 
The " wild white" cattle are recorded to have thrown 
black or red calves in the past, and, ten or twelve years 
ago, two which were confined in the London Zoological 
Gardens threw black calves. TJlese cattle are really 
coloured cattle carrying a factor for blackness or redness, 
as the case may be, along with other factors which 
restrict the production of colour to the areas mentioned 
above. The colour {actors and the restriction factors 
ar~dependent of each other, and the restriction factors I 

are generally recessives to others conne<!ted with t]1e 
more general distribution of colour. :, 

• 



VII 
SIMJ'LAR EFFECTS 

SINCE about 1890, an enormous amount of work in the 
production of new and better farm crops has been done 
at SvalOf, in Sweden. Since the discovery of Mendel's 
papers, in 1900, this work has increased greatly bot'll in 
ql~ntity ana precision, and no section his been more 
sUCfessful than that concerned with raising improved 
grain crops which, till a few years ag<!, was under the 
charge of Professor Nilsson-Ehle, now of the University 
of Lund. That part of his work which we are now to 
consider is described in two papers" Kreutzungunter
suchungen an Hafer und Weitz en " (Crossing Rxperi
ments with Oats and Wheats), published by the Univer
sity of Lund in 1909 and 1911. 

Among oats there are five or six different colours of 
grain, namely, black, brown, tawny, grey, yellow, and 
white. Some colours are not easily defined, however, and 
it would be dangerous to say that there is either an 
absolutely black or an absolutely white grain. What is 
generally called "black" is a very dark brown, and 
what is generally called" white" is a more or less faded 
cream or dull white. Besides, there are shades ineeve.pr 
colour, and the lighter shades of a darker may not be 
readily distinguishable from the darker shades of a lighter 
colour. 

The existence of so many coloftrs indicates a.con
siderable number of colour factors, with, perh:ps, as 

:many· shade factors in addition. Nor is i~unlikely that 
60 
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the same colour may get one name fro~ one obs.erver, 
another from another. 

A number of" black" oats were cros~ed with" white," 
and the hybrids were found to be browns of several 
different shades. This indicated either that there were 
more than one pair of factors, or-.that the browns were 
intermediates between the blacks and the whites. The 
hybrids' progeny were still more diverse, but the browns 
and blacks of all shades were counted together as one 
kind, and it was found that, on the whole, they were 
to the whit~ in the ratio 3 : 1. Thus" black" was 

'taken to be dominant to " white." ~ 
A white variety, No. 0358, was crossed with two b;jtck 

varieties, Nos. t'>401 and 0487, and the hybrids were 
brown in both cases, but, when the hybrids were bred 
from, their progeny were blacks and whites in the ratio 
3 : 1. The actual figures and ratios were: 

\ 

\Ratio. 
2·6: ] 
2'8: 1 

• 
Parents. 

0353 x 0401 
0353 x 0487 

Hybrids. 
brown 

" 

Hybrids' Progeny. 

86 " black" 33 white 
lO4 46 

The same 'white variety was crossed with two othel 
" black" varieties, and other factors were revealed. 
The hybrids' colours are not stated, but their progeny's 
colours and the numbers in each kind were as follows: 

Parents. 

0353, white x 0660, black 
0853, " x 0691, " 

Hybrids' Progeny 

Black. Grey. White 
107 19 5 
216 51 25 

323 70 30 

The blacks are about three times as many as the greys 
and ~ites together, and the greys about three times 
as many as the whites. Thus, we may have the ~llow-
ing two-pair let: : 
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X X x x 
" y y y Y 

9 3 3 1 ..._._,_..., 
12 3 1 

Black Grey White 

But the same white variety was mated with still 
another black, and still another pair of factors was 
suggested. The hybrids' colours are not stated, but 
four of them were bred from, and their progeny were as 
follows: . 

.' .. PaTents • 

• 0353, white x 0668, black 

Hybrids. 

a 
b 
c 
d 

PTogenYo, 

Grey and 
Black. White . 

207 
116 
191 
116 

.. 12 
7 

13 
8 

II' .' 
Ratio. 

17·8: 1 
16'6: 1 
147: 1 
14·5: 1 

Since this experiment shows the blacks to be to the 
greys and whites together as 15 : 1 and the previous 
experiments showed the blacks to be to the greys as 
3 : 1, the ratio for the three together is black: grey: 
white=60 : 3 : 1, which suggests a three-pair set of 
eight groups, as follows: 

X X X x X x x x 
y y y y y y y y 
Z z Z Z z z Z z 
27 : 9 9 9 3 3 3 : 1 

60 ... 1 ... 
Black Grey White • • 

That is to say, there are six groups of inseparable 
blacks. And we may take it that the two factors X 
and Z produce approximately the "Same effeet wp.~ther 

.they t;lccur separately or on the same plant together 
J\nd that the result is still approximately t~e same even 
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when Y occurs along with them: the ~actor whi<;h has 
to do with the production of greyness. ' . 

Professor Nilsson-Ehle carried his experiments on to 
another generation, by which the foregoing inference was 
confirmed; but, since the experiments and arguments 
with these oat grains are parallel to others with wheat 
grains, we shall take those with the wheat grains as 
standing for both. 

The first experimepts indicated that the red colour in 
re<\tgrained wheat is dominant to the white colour in 
white-graine~, and that the two colours diner in one pair I 

of characters, thus: • 

• 
The Parents. 

0401, red x 0705, white 
0203, " x 0705, 
0235, ~, x 0470, " a 

b 
c 

The Hybrids' 
Progeny. 
~, 

Red. White. 
31 9 
72 28 
32 6 
67 13 
63 15 

• 
Ratio. 

3·4: 1 
2·6: 1 
5·3: 1 
5·2: 1 
4·2: 1 

With regard to these results, Professor Nilssorl-Ehle 
remarked: "The first two crossings obviously follow 
the monohybrid scheme. The red-grained individuals 
could always be distinguished from the white without 
difficulty. In the crossings 0285 x 0470, the reds are 
in all cases more numerous than they should be, but, 
with such small numbers of individuals, such deviations 
eQUId lle accidental. So far, however, the crossing has 
not been followed into F 8 (i.e., into the next generation), 
and a closer explanation of this comparatively strong 
deviation cannot, aSeYet, be given." 

But __ the next experiments had a different result. 
The parents and their hybrids' progeny welte as. 
follows: , 
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'1 The Parents. 
The Hybri~s' Progeny. 

0315, white x Swedish Sammet 
wheat, red a 

b 
c 
d 
e 
l' 

Red. White. 
78 0 
30 0 
49 0 
31 0 

'! 86 0 
no 0 

0704, white x 0501, red 55 1 

The first six of this set of experiments, in which 384 
reds and no whites were produced, 'suggest four pairs of 

) characters at least, with four red factors dominant' to 
fo"',r whites. 'If this suggestion be correct,"there should. 
be nne white grain in every 256, on the average. But 
if there be four pairs of factors, a white'grain has a very 
small chance of appearing in anyone ofthese experiments. 
Even if there were only three pairs of factors, and there 
should be one white grain in every 64, the chances of 
such a grain appearing are favourable in three .)f the 
experiments only, and then they are only 1·2, 1·3, and 
1·7 to 1. Thus it is not impossible that there may be 
only three pairs of characters, as is suggested by the 
seventh experiment. Professor Nilsson-Ehle took the 
view that this assumption might be correct, and, in order 
to test it, sowed all the seeds of the 78 plants grown in 
experiment a separately. If there were 63 such plants, 
they should consist of: 

37 producing reds only. 
8 producing reds and whites in the ratio 63 : 1, 

12 producing reds and whites in the ratio 15 : 1, and 
6 producing reds and whites in the ratio 3 : 1. 

But there being 78,1 they should consist of: 
45 producing reds only, 
10 producing reds and whites in We ratio 63 : 1, 
15 producing reds and whites in the ratio 15 : 1, a:id 
, 8 producing reds and whites in the ratio 3 : 1. 

..,~------~ - ~--~-- ----1,----

1 Multiply the figures in each group by,H. 
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When their seeds were counted, there was considerable 

difficulty in deciding to which kind some of the plants 
belonged. Plants producing 65 or more red seeds and 
no whites could be assumed to be producers of red grains 
only, but, if 11 plant produced from 60 to 25 red grains 
and no whites, there was doubt hs to whether it was a 
producer of red seeds only or of red seeds and white in 
the proportion 63 : 1. Still further, plants producing 

. less than about 25 led grains and no whites might be 
eiijler 15 } I or 63 : I plants, or even plants producing 
red-grains otlly. • 

In the table on p. 66, the whole 78 plants ;re 
grouped accorc}ing to the seeds they actually ~ro
duced. 

Allowing for the doubt as to whether some of the 
figures towards the bottom of the first column should 
rema~n where they are or be placed in the second, or even 
in the third column, the result, especially in the last two 
columns, is so close to what was expected, if there were 
three factors producing red dominant to three pl:oducing 
white, that, we may take it, there wcre actually three 
such pairs. 

Professor Nilsson-Ehle found the differences between 
different red grains on the one hand and different whites 
on the other very slight. Thus, so far as colour pro
duction is concerned, it makes little difference whether 
one, two, or all three red factors are operating. "It 
coo b~ asserted that the differences in the externally 
visible effects of the various units for the red grain 
colour are quite inconsiderable, and that, in any case, 
nothing can be saicl as to a qualitative distinction; 
less e't;w} than in the black coat-colour of the oat .... 
The units produce only a slightly different ihlade' 
of red." , ~ 
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Producin~' Reds 
Producinu Reds and Producing Reds and Producing Reds and 

White •. Whites. Whites. 
Only. 63 :1 15: 1 3: 1 

~--_.__-- ,.-'--. r-'---. ~ 
No. Red. White. No. Red. White. No. Red. White. 11'0. Red. White. 

35 167 0 70 125 2 17 52 2 53 9 2 
64 152 0 40 61 1 50 24 1 16 29 7 
69 108 0 12 51 1 68 47 2 18 33 9 

6 05 '0 74 46 1 1 42 2 43 68 21 
66 88 0 45 42 'I 72 40 2 37 38 12 

3 85 0 21 37 2 41 55 18 
4 82 0 71 59 3 55 33 11 

65 74 0 78 14 1 7 42 17 
39 73 0 15 41 3 
75 72 0 38 81 6 
14 69 0 19 52 4 
48 69 0 69 25 2 
8 65 0 13 60 6 

47 61 0 73 86 9 .> 
0 22 68 0 76 67 8 [> 

44 68 0 
67 ' 68 0 
11 67 0 
49 C66 0 
20 49 0 ) 
68 47 0 
77 42 0 

9 37 0 
01 38 0 
64 37 0 
46 36 0 
66 36 0 
28 34 0 
29 34 0 
57 32 0 

36 30 0 
34 29 0 
23 26 0 
27 25 0 

4 24 0 
33 23 0 
52 23 0 
10 21 0 
26 18 0 
60 18 0 

2 15 0 
32 16 0 

6 13 0 
24 13 0 
25 13 0 
61 13 0 
62 12 0 

63 7 0 
30 6 0 
31 4 0 

'.e. 50 I) 15 8 

65 15 8 
Nos. ex· 
(pee ted: .;s 10 15 8 

lion. 11\ J II 



VIII 

POLYGAMY 

AMONG horses there are five intermateable colours
grey, dun, bay, bl~ck, and chestnut-and a series of 
shade factors which have little or no identifiable effect 
up£ftl grey and plack, but vary chestm'tt from bright 
gold, near one extreme, to dark liver, near the other, 
bay from light ~ay to dark brown, and dun from crf!am 
to dark or bluish dun. As yet, little is known about the 
shade factors, and in what follows they are neglected. 
In addition to these, there is a pair of factors whose 
effects are readily recognisable in every colour but grey. 
The dominant mixes the coat with grey hairs-makes 
the animal a roan-while the recessive leaves it unmixed. 
There are, therefore, chestnut, black, bay, dun, and 
grey roans, but the last cannot be identified unless 
the animal be very young. The roaning factor affects 
the body only and leaves the face and the lower limbs 
the normal colour. A grey horse is not born grey, but 
usually black or very dark brown. The greying begins 
about the head and face and at the root of the tail, with 
the casting of the first coat. Thus a foal with black 
l~s add face, but its body a mixture of black and white 
hairs, may be either a black roan or a grey roan. If its 
face remains black, it is a black roan; if the face turns 
grey, it is a grey roan.- Two roans have not been mated 
very 8t'ten, consequently horses pure-breeding for roan 
~ave not been easily found. So far only one, and'that ' 
In America, hl.s been identified, but, since hybrid roans • 

67 
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produce equal numbers of roans and normals, when 
mated with normals, and two normals do not produce 
a roan, the dominance of the roaning factor is clear. 

According to the Mendelian scheme, five colours
five groups-is an unusual number, and, unless three 
others are found, as the remaining mice and rabbit 
colours were found by Miss Durham and Professor 
Castle, it must be assumed that the factors which produce 
horse colours operate in an unusu~l manner. So far, 
though these five colours have been intermated fre
quently, the stud book records which have belm examfued 
and information collected from other sources reveal no 
oth~r colour. ) 

The earliest important evidence as to the inherit-
ance of horse colours was that collected from the records 
of German state studs by Drs. M. Wilckens and 
H. Crampe, and published as far back as 1887 and 
1888 in volumes xvii. and xviii. of " Landwirtscha)tliche 
Jahrbucher." Dr. Crampe makes two very significant 
observations, namely: 

1. That chestnuts with chestnuts throw chestnut foals, 
including chestnut roans and chestnut greys. 

2. That blacks with blacks throw black and chestnut 
foals, and roans and greys of these colours. 

Since chestnut roans and black roans are merely 
chestnuts and blacks carrying the additional effect of 
another factor and greys are very liable to misdescrip
tion, we can infer that chestnut is recessive to all other 
colours and that black, by throwing blacks and chestnuts 
only, is a simple dominant to chestnut and recessive to 
the others. 

The first of these inferences is confirmed uJ the 
Suffo1k Punch breeders, while the second is confirmed 

l by data collected by Dr. Walther in the llecords of the 
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Trakehnen, Beberbeck, and Haltburn studs, pL.>blished 
in his" Beitrage zur Kentniss de.r Vererbung der Pferde
farben" in 1912. Excluding three grey entries as 
erroneous, he found that black with black threw 852 
black foals and 74 chestnuts. 

The first inference was also confirmed by Major Hurst's 
data, collected from the Thoroughbred stud book, that 
is, Weatherby's" General Stud Book, " and published in 
the " Proceedings ". of the Royal Society in 1906. But 
M61.Jor Hurst made another inference of no less import
ance, nam~y, that bay is also a simpl~ dominant. to 
chestnut. His figures are : 

./ Bay Cheltnut 
Foals. Foals. • 

With chestnut mares, 101 chestnut sires get 9 1095 
With chestnut mares, 6 pure bay sires get 379 0 
With chestnut mares, 12 hybrid bay sires get 355 347 

Had bay been other than a simple dominant to chest
nut-i.e., differing from it in more than one pair of 
characters'-equal numbers of bays and chestnuts would 
not have been thrown. 

Still another inference is suggested,. namely, that 
grey is dominant to bay. Otherwise these bay sires, 
in a breed containing greys, would surely have thrown 
some grey foals. 

Thus bay and black are both dominant to chestnut. 
How do they stand to eaCh other? So far, the be
havicyIr of these three colours is parallel with that of the 
f'bwls' combs, at the stage when both rose and pea were 
found dominant to single comb. But the parallel goes 
no farther, for, when bay and black are mated, no new 
colour is produced: tmly bays and blacks, and chestnut, 
their'<!ommon recessive. Two sets of figures are.avail~. 
able: one fr<Jm Dr. Walther's volume, the other froID, 
the stud boo'k of the English Shire Horse Society: 
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• Bays. Blacks. Chestnuts . 
With black German mares, 68 bay 

sires got 281 124 20 
With black Shire mares, 28 bay 

sires got 409 225 35 

No clear inference mn be drawn from the relative 
numbers of each colour, because it is impossible to say 
how many of the bay sires were hybrid and how many 
pure. Since some of the bay sires must have been pure, 
the preponderance of bay foals over both blacks and 

p chestnuts sugg~sts that bay is dominant to qJack as w~ll 
as to chestnut. But this would not explain the non
appoorance of a fourth colour. How, then, is the 
phenomenon to be explained? It migli't be suggested 
that there are two pairs of characters and two in
separable bay groups, according to the scheme: 

x X x x 
Y y y y ....__,_-, 

Bay Black Chestnut 

But this would mean that bay differs from chestnut in 
two pairs of characters, a conclusion which is opposed 
to that suggested by Major Hurst's figures. Obviously, 
there are not two pairs of characters, and, since there 
are three colours, there must be three factors, each of 
which mates with the other two severally and indif
ferently. If this be so, then, since there is no fourth 
colour, either black or bay must be dominant the on~ 
to the other and the two must differ from each other 
in one pair of characters only. In the Shire stud book, 
14 sires were found which, by their, progeny with bay 
mares, were pure bays; and these sires, with black 'T-ftres, 
got ba~ foals only. Dr. Walther also found II German 
sires which, with black mares, got bay ?foals. Thus 
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bay is dominant to black. The actual figure'il, with 
presumably erroneous entries enclosed ~ithin brackets, 
are: 

Bays. 
With bay mares, 14 bay sires got 618 
With black mares, the same sires • 

got 163 
With black mares, 11 German 

sires got 200 

B~acks. 
(2) 

(6) 

Chestnuts. 
(2) 

(9) 

But in how man~ factors do bay and black differ? 
S~.teen bay: sires got both bays and blacks, when mated I 

with bay ~ares, and thus showed that they carried ... he 
black factor as well as the bay. When mated with l}lack 
mares, they got equal numbers of bay and black foals. 
Dr. Walther found 10 similar German bay sires. Thus 
bay differs from black in one pair of characters. The 
figures, with presumably erroneous entries enclosed· 
within brackets, are: 

Blacks. Bays. Chestnuts. 
With bay mares, 18 bay sires 

got 366 57 (3) 
With black Inares, the same 

sires got 51 41 
\ (1) .. .. .. \ 

Wi~h bay mares, 10 bay German 
Sires got .• .• .• 141 28 (1) 

With black mares, the same sires 
got 105 98 

We have, theref6re, a series of three colours-bay, 
black, and chestnut-in which bay is dominant to black 
And 'chestnut and black to chestnut, and each is the 
result of one factor only which mates with either of the 
others, but only with one other at one time. There 
should, therefore, ~ bays pure, bays carrying black and 
ba~<£arrying chestnut, blacks pure and blacks carrying 
chestnut, and chestnuts pure, as indicated in the ~olloW' .. 
iug table, iII which By stands for the bay factor, BI fo\-
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the bl~k, Ch for the chestnut; and the pure colours 
are indicated by a double dose of the factor they 
carry: 

Bay. Black. Chestnut. 

Pure 
By Bl Ch 

• By Bl Ch 

Hybrid for chestnut By Bl 
Ch Ch 

Hybrid for black By 
BI • 

, If this hypothesis be sound, then, in a breed eontainitJ.'g 
th('" three colours mated at random, or, at any rate, 
withvut undue preference for any colour, the progeny 
of the bay sires should fall into three and "the progeny of 
the black sires into two different assemblages of colours, 
as indicated below: 

With Bay With Black With Chest-
Dams. Dams. nut Deuns. 
~ ,-"---. ..---"--.... 

Bay. Blk. Cht. Bay. Blk. Cht. Bay. Blk. Cht. 
Pure bay (BY) should x _ 
sires By leave x x -
Bays 
carrying (~r) " 
black 

x x -

Bays (BehY) carrying " 
chestnut 

x x x 

:~~~kS (~D " x x 

Blacks 
carrying (~~) " 
chestnut 

x x x 

x x -

x x x 

x -

- x x 

x x -

x x 

x -

- x # 
X 

The following table gives the colours of the progeny of 
68 bays and 16 black Shire sires, when mated with IJ1jtres 
of the ... three different colours. Obviously erroneous 
ootries are again enclosed within brackets :~, 
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With Bay With Black With Chest-
Dams. Dams. nut bams. 

--'---.. ~'---

Bay. Blk. Cht. Bay. Elk. Cht. Bay. Blk. Cht. 
Fourteen bay sires 

got 616 (2) (2) 163 (6) 68 (4) 
Eighteen bay sires 

got 366 57 (3) !n 41 (1) 35 9 (1) 
Thirty-six bay sires 

got 1296 92 134 167 83 19 103 (16) 88 
Four black sires got 13 12 (1) 19 (3) 11 
Twelve black sires • 

ij)t 266 75 37 (3) 53 8 (1) 7 17 
• • • 

Thus, the progeny of bay and black sires fall into the 
expected assemblages, and our hypothesis that ,the, . . ' 
colours bay, black, and chestnut are each due to smgle " 
factors which mate with each other indifferently> but only , 
one at a time, is proved. Among the figures there is 
only one serious discrepancy: that for the foals of 36 
bay ~ires with chestnut mares. Among horse-owners, 
perhaps the most frequent misdescription is calling a 
horse black which is not black, but very dark brown. 
Five of the sixteen foals which were presumably de
scribed erroneously were the progeny of a horse so very 
dark brown that he was usually called a black. Less 
frequently a light bay is misdescribed as a chestnut 
or a chestnut as a bay. The readiest distinguishing 
marks are that bays and browns have black" points" 
and manes, and, usually, tan muzzles, while blacks 
are Mack all over and chestnuts chestnut all over, even 
to the mane. 

But what of the remaining two colours, grey and dun? 
Are they further m .. mbers of the same series with bay, 
black,.,.and chestnut? It would be very surprising if 
they were not, but materials to prove that they are 
have been fell and hard to find. 
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Becft,use of their paucity in modern British breeds, 
both greys and duns are very short in data, and reliance 
has to be placed on early Thoroughbred records supple
mented by information collected from smaller modern 
breeds and among unregistered stock. Besides, grey 
data must be handled 1Vith unusual care. Because they 
are not born grey, grey horses are often registered as 
of some other colour, and the original misdescription is 
not often corrected. The foal whicp. is eventually to be 
a grey may be a dull black or some very dark shl:j"de 
of what 100kso.Iike chestnut or brown. Tk!e first grey 
hairs usually appear with the casting of the first coat, 
most conspicuously about the head and",the root of the 
tail, and the greying increases with every new coat till, 
in seven or eight years, the body is quite grey and the 
legs obviously becoming so. Eventually, all is grey, 
and, if the horse live long enough, white. 

While the data were being collected, it soon be~ame 
obvious that at least one of the parents of every grey 
horse is a grey. Some greys may have two grey parents, 
but all have one. From this it was inferred that grey 
is dominant to all the other colours, ·but complete proof 
was not found for some time. The difficulty was to find 
a grey which bred true and was, therefore, pure. By 
allowing for the error of misdescription, two English 
Thoroughbreds, the Coombe Arabian, with 19 grey 
foals out of 20, and Rib, with 11 out of 12, might have 
been relied upon, but two horses only, neither with h 

very large number of foals, and both dead a century and 
a half, could not be pressed too far. Eventually, how
ever, evidence was found which set the dominance of 
grey to other colours beyond dispute. Mr. :rttO'bert 
Bunso~ found that Celle Amurath, a grey Arabian 
belonging to the Prussian Government, }tad got 600 
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foals from mares of all colours, and every foal wa.,5 grey. 
Dr. Walther also found that a grey sire called Zigeuner 
had got 13 foals from grey mares and 46 from mares of 
other colours, and all were grey but one, which died 
young. 

Dup's position was even more"difficult to decide, for 
the data were old and scanty. Dun was a Thoroughbred 
colour till about the end of the eighteenth century, and 
it was found that every dun in the stud book whosp 

. . . 
Plllents' colours could be determmed had one paren 
whfch was .un. It was also found to b.e similar witl 
most of the duns registered in the more recent poll; 
stud books. TJ:ms dun seemed to be dominant t ... al 
other colours, not excepting even grey. But, when th, 
records of their progeny were examined, it was foun< 
that, though they leave all colours, they leave no grey 
unless the other parent be a grey. Thus dun is recessivi . . 
to grey and dommant to the other colours. The bes 
proof of this was given by the progeny of three dur 
sires which were sent in succession by the Irish Govern 
ment for service on Clare Island, off the coast of Mayo 
The mares on the island were of the usual colours: bays 
browns, blacks, and chestnuts: and there were no othe 
sires on the island. The progeny of the first two sires 
Oscar, used from 1901 to 1903, and Norseman, from 190' 
to 1906, were all duns. The third dun sire was sent t( 
the island in 1908, and, while more than half his progen~ 
uere duns, the remainder were of the usual colours, witl 
one grey exception, which was out of a grey mare. 

Thus we have a series of five colours-grey, dun, bay 
black, and chestnuJ;-in which those coming foremos· 
are ~minant to those coming after them, and those 
coming hindmost recessive to those coming before· them 
But the qUfl>tion still remains: Are grey and dun, likt! 
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bay, ~lack, and chestnut, the result of single factors 
which are polygamous? If so, then there should be 
greys and duns carrying the following factors: 

Greys. 
Gr Gr Gr Gr Gr 
Gr Dn'"' By BI Ch 

Duns. 
Dn Dn Dn Dn 
Dn By Bl " Ch 

'" .' And each 0f these kinds should prodl!~e different 
assemblages of colours when mated with different 
coldllrs. Consider the greys first. tl 

1. Pure greys, g~, should leave grey foals only. 

2. Hybrid greys with hybrid greys should leave grey 
foals and foals of other colours, but the greys should be 
to the other colours as 3 : 1. For the factors offered 
are: 

By the Sires . By the Dams. 
.................... Gr Gr ................... . 

and and 
.................... By By ................... . 

or ...........•........ Dn Dn .................... or 
or •..•....•.....•...•. BI BI.................... or 
or .................... Ch Ch.... ...... .......... or 

And the chances are equal that Gr in the sire will 
unite with either Gr or with the recessive factor, w'hich-
ever is carried, in the dam, or that the recessive factor, 
whichever is carried, in the sire will unite with Gr or with 
the recessive factor in the dam. .Then, if there are 
sufficient matings, the chances are that the foll,oowing 
combil1ations, putting re for any recessive factor, will 
be formed: , 
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Gr Gr re re 
re re Gr re 

Grey Grey Grey Recessive 
1 1 1 1 

Grey Recessive 
i.e. 3 

" 
1 

3. Hybrid greys with other colours should leave equal 
numbers of grey foals and foals of other colours, for the 
chances are even t~at either the grey or the recessive 
faator, whichever it is, in one grey parent will unite with 
a f:ctor recessive to grey in the other par~nt. 

4. None of the progeny of hybrid greys, whether o'fte 
or both parentf'#al'e grey, should carry a colour low~r in 
the scale, reckoning grey at the top and chestnut at the 
bottom, than that produced by the recessive which 
is the higher of those carried by either parent. For 
exa~ple, a hybrid grey sire, or dam, whose recessive 
factor is bay, should have no foals lower in the scale than 
bay; while a grey whose second factor is chestnut might 
have foals of any colour from grey down to chestnut, 
but, if mated with other parents whose lowest recessive 
is bay, should have no foals lower in the scale than bay. 

The following are the different assemblages of colours 
produced by grey matings. They are arranged in the 
same order as the predicted matings above to which 
they correspond: 

, I. Four grey sires have been found producing greys 
only, namely: 

Sires. 

__ The Coombe ArAbian 
~Rib 

Celle Amurath 
Zigeun7 

Grey. 
19 
11 

600 
58 

Progeny. 

Other Colours. 
(1) 
(1) 

(1) 
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2. In 69 grey x grey matings, all probably hybrid x 
hybrid, among early Thoroughbreds, there were produced: 

Greys. 
58 

Other Colours. 
16 

3. In 413 matings of grey with some other colour 
there were produced: • 

Greys. Other Colours. 
Among early Thoroughbreds 140 144 
Among Shire horses 64 81 

4. The following table gives the wogeny of 18 hybrid 
grey sires when mated with mares of other differ&nt 
colours. It will be noticed that the first fi'te sires had 
no foals lower in the scale than bay, the sixth none lower 
tha~ black, while the rest had foals caqying chestnut, I 
the lowest colour in the scale. It will also be noticed i 

that there are no dun foals. No grey x dun matings 
were found. The sires were all Thoroughbreds excepting 
those against whose names the letter (S) is placed, ,\:hich 
were Shires. The date against each sire's name is ; 
approximately that of his birth. 

Sires. 

Gimcrack, 1760 
Bell's Arabian, 1760 
True Britain, 1858 (S) 
Lincolnshire Lad, 1872 (S) 
Buchanan, 1877 
The Colonel <,S) 
Crab,1722 
Starling, 1727 
Blank,1740 
Panton's Arabian, 1750 
Mambrino, 1768 
Bordeaux, 1774 
Delpini, 1781 
Strathconan, 1868 
Sir John Falstaff, 1878 (S) 
Pepper~md Salt, 1882 
Grey Friars, 1888 
Grey Leg, 1891 

Grey. 
12 
9 

24 
64 
26 
6 

23 
19 
14 
15 
19 
29 
46 
92 
11 
88 
48 
54 

Progeny. 
"---------._ 

Bay. Black. Chestnut. 
9 (1) 
5 

35 
79 
29 

5 
9 

14 
13 
4 
8 

12 
28 
7}0 

9 
17 
37 
22 

(2) 

3 
3 
4 

·4 

1 
-4\ 

(1 ) 
(1) 

3 
2 

-4 
4 
4 
2 

10 
37 

• ..-tJ 
20 

8 
34 
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The hypothesis might be tested still further ~y the 
progeny of the last five sires, who, because they were born 
in the nineteenth century, may have the more accurate 
records. The sires themselves carried, as their second 
factor, chestnut. With chestnut mares, therefore, they 
should have had grey and chestnllt foals only in equal 
proportions. Their actual progeny with such mares were: 

\ 

Strathconan 
Sir John Falstaff' 

•• Pepper and Salt 
Grey ~iars 
Grey Leg 

Grey. 
24 
2 

17 
15 
13 

Bay. 
(3) 

(3) 
(1) 

Chestnut. 
16 

2 
7 
4 

15 

• The data conc~rning duns are too few to give a similarly 
full discussion. One result, however, is sufficient to show 
that it is parallel with the other colours. When hybrid 
duns were mated with colours lower in the series, equal I 

num.ers of duns, on the one hand, and of the other 
colours, on the other, were produced. The numbers 
are: duns 55, bays 43, blacks 9, and chestnuts 3. A 
dun Thoroughbred, Brilliant, foaled in 1750, got 5 duns, 
1 bay, 1 black, and 1 chestnut with bay mares, and 
1 dun and 1 chestnut with chestnut mares. 

It is just possible that this series of colouf$ does not 
end with the chestnut horse, but continues down to 
those of the donkey and the zebra, for both donkey and 
zebra colours are recessive to the horse colours. Little 
more ~an be said about these other colours, however, 
because the hybrids do not breed. This can be said, 
however, that mules-i.e., horse x donkey, hybrids-are 
Jl.lways one or other of the five horse colours, with every 
colo~'s particular '~diosyncrasy. Chestnut mules are 
whollY- chestnut, black mules are wholly black,. bays 
(and browns, have black" points," black manes and. 
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tan rn,uzzles, dun mules have black points, and grey 
mules become grey gradually, just like grey horses. 

And not the least interesting inference from these 
results is that Lord Morton's famous quagga hybrid 
was, in all probability, not a hybrid at all. Excepting 
for the striping, whhh is due undoubtedly to other 
factors, Professor Cossar Ewart's famous zebra hybrids, 
bred in his experiments at Penicuick, were all one or 
other of the horse colours. The zebra colour is, therefore, 
also recessive to the horse colours.' In all probability, 

, so also was thS quagga colour, and, if that ~e so, it was 
ir.!possible for Lord Morton's quagga stallion to have 
had) a bay foal, as the so-called hybrid was, with a 

_) 

chestnut mare. 
Just as there are only five colours among British horses, 

so there are only five true-breeding colours among 
) British cattle; and, as this unusual number of horse 

colour groups indicated that the colour factors must 
operate in an unusual manner, so this unusual number of 
cattle colour groups indicates that the cattle colour factors 
also operate in an unusual manner. No records have been 
found of the mating of white with brown or steel dun, 
but the other colours and their intermediate hybrids are 
frequently intermated. Yet no new colour is recorded ... 

The problem may be made clear by considering the' 
results of three intermatings which are well known. 
Black differs from red in one pair of characters and from 
white also in one pair, leaving dominance aside. Usually 
the two-pair sets of which they seem parts would be 
written down as either: 

,- XY 
Black XY or Red Xy ~' ~ 

Red Xy White xY 
, 

... 
White xY Black xy 

') xy 
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In the former case, red x white should proquce a 
~()mmon recessive, at the second cross, and, in the latter, 
~hey should produce a common domin~nt, at the first 
~ross, while red should be dominant to black. But no 
mch products arise, and red is recessive to black. 
rhe only alternative is that the. three colours-black, 
red, and white-are each produced by single factors, 
IJ.nd that these factors are polygamous. If this be 
so, then blue roan, the hybrid between black and 
white, and red roan, the hybrid between red and 
w~ite, shouJd produce equal numbers of blacks, blue 
roans, red roans, and whites. Representing the hybrids 
by their parents' initials: , 

Blue Roan. x Red Roan. 
••..••..........•..... B 
...................... w 

R .•.................... 
W .•••...........•....•. 

• B 
R 

should produce 

B W 
W R 

W 
W 

Black Blue roan Red roan White 
1 1 1 1 \ 

\ In some parts of Ireland, a few blue roan cows 'and 
heifers are mated with Shorthorn bulls, and some of the 
county instructors and overseers in agriculture very 
kindly collected what information they could gather as 
to the results of mating blue roans with red roan Short
horns, The figures they got are not completely satis
factory, but, if it be remembered that the blue roans 
belonged mostly to small farmers, who generally spoke 
from memory of animals no longer in their possession 
and .l!ad no less di~culty in distinguishing roans from 
blacks~ 'or reds than Shorthorn breeders have hAd in 
distinguishin1' red roan from red, it will be seen t~at the ~ 
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possib'e discrepancies are not too many. The figure~ 
were: 

Black. 
12 

Red. 
(7) 

Blue Roan. 
38 

Red Roan. 
26 

White. 
30 

Among Highland cattle there are four colours-black, 
red, brown, and light dun-and their hybrids. For our 
purpose, Highland cattle records are not ideal, but there 
are no others containing information about light duns, 
browns, and their hybrids. Even' so, the information 

) is not plentifl~l, for the breeders have bet'Jl partit.}"'to 
certain colours-yellows, and brindles, and reds-and 
against the others. Consequently, many a black calf, 
some duns, and nearly every brown is not'registered at all. 
Besides, Highland colours are very liable to misdescrip
tion. Many blacks, fewer reds and yellows, are really 
brindles, and distinguishing adjectives are not always 
given to the duns. Thus, of the possible matings, we 
must use only those in which the chances of error are 
smaller, in order to discover whether the colours they 
produce are as predicted. In the first of each two lines 
in the following table are set down the colours which 
should be produced by different matings, in the second 
the numbers actually produced, as recorded in vols. 
xiii., xiv., and xv. of the Herd Book. 

Black. Red. Brindle. Yellow. Dun. Light 
Dun. 

Red x Light dun 
RxL x 
R L (1) 11 

Black x Light dun 
BorB xL x x 
B r L (1) -' 1 3 

Yellow x Yellow 
RxR x x x 
L L (1) 15 (5) 40 5 8 

) \ 
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Black. Red. Brindle. Yelluw. Dun' Light • ])un. 
Red x Yellow 

RxR x x 
R L (2) 77 (27) 92 .1'(4) (1) 

, 

Yellow x Light dun 
I 
I 

RxL -:l x I- x 
L L 4 . 2 2 

Black x Dun 
BorB x B x x x 
B r L 1 3 

Black x Yellow 
~tlrB x R x x x x 
B r L· 18 5 I (8) 19' 16 --;. 

Yellow x Dun 
RxB x x x k 
L L , 1 4 2 3 

The only serious discrepancies are the brindles, but 
they, because of the possible misdescriptions of their 
pareIits, may be neglected. The duns produced in the 
crossings yellow x light dun and yellow x dun are 
probably light duns without the distinguishing adjective. 
Though brown entries are not now made in the Highland 
Herd Book, it was found that brown Longhorns and 
Jerseys produced brindle hybrids with other colours, 
and that these brindles reproduced' browns again. 
Consequently, we may say, with a considerable degree 
of probability, that the five colours-black, red, white, 
brown, and light dun-are produced by sing-Ie factors 
which ~re polygamous. 



IX 

CODPL(NG OR LINKING 

THE outstanding features in sex are the numerical 
equality and the physical inequality of males and 
females. With some unusual met~tods of reproduction, 

, one sex is more numerous than the other, but, ordinl\l-tly, 
the two are numerically equal. ", 

)\Iales and females usually differ from each other in a 
number of characters, and the differen~es are such that 
the sexes of familiar species may be distinguished at a 
glance. The differences are usually in size, strength, 

, vigour, and shape, but sometimes there are differences 
in coat markings and patterns, and even in glmeral 
colour. Thus there are characters coupled or linked; 
and, since the sexes are generally equal in number and, 
at the same time, carry different characters, it may be 
that a theory which will explain one of these phenomena 
may, at the same time, explain or help to explain the 
other. 

The numerical equality of the sexes itself suggests an 
inference. When a pure kind is mated with its hybrid, 
the progeny consist of equal numbers of the pure kind 
and the hybrid. Is it possible that either the :nale or 
the female character is a hybrid? This hypothesis 
would account for the production of equal numbers of 
males and females. But which is the hybrid? Let us 
assume, in the meantime, that the" female is the llybrid. 
If tile assumption be wrong, it can be altered. ,~ 

But is this hypothesis consistent with the phenomenon 
84 )) 
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that certain definite characters accompany one 01: other 
sex? If it be so with one set of animals, it .may be so 
with others. 

There is a certain breed of fowl, called the Barred 
Plymouth Rock, on whose feathers the distribution of 
the black general colour is not cont~nuous but interrupted 
by cross-bars of a lighter shade. This breed is now 
over half a century old, and is known to have originated 
in a cross in which one parent was a barred breed called 
the Dominique, a dative of the West Indies. In the 
Bin-ed RocJ< breed, an occasional black ,chicken-that I 

is, an unbarred chicken-is thrown, though both parents 
are barred. Thus barring is dominant to non-barriflg. 

There are saId to be strains of the breed in which, 
through persistent elimination of offending parents, no 
black chickens have been thrown for many years, but 
in the breed as a whole these unwelcome black chickens • 
still ~ppear; and the extraordinary thing about them is 
that they are all hens. Non-barring being recessive, 
these black chickens must be pure for the non-barring 
and must have received a non-barring factor from each 
parent. Their parents, therefore, must both be hybrids, 
carrying factors for both barring and non-barring. 
Putting B for barring and b for non-barring, they may 
be represented in characters and factors thus: 

• 

Males. 
B 
b 

Females. 
B 
b 

But why does no male chicken get a second non
barring factor? It must be that the barred hens cannot 
hand on their non-qarring factor to their sons; that it 
is tioed. up with, coupled, or linked with the factor for 
femaleness, and must always remain with th'e sex 
carrying th,t factor. The hypothesis now is that' 
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Barred Rock fowl usually carry the following factors, 
putting M for male, F for female, B for barring, and b 
for non-barring, and enclosing the tied factors within 
brackets: 

Cocks. 

MM 
BB • 

Hens. 

~ I] 
but that the Barred Rock fowl which throw barred 
cock chickens and non-barred, or black, hen chickens 
carry these: )I ~. 

'Cocks. 

MM 
Bb 

IIens. 

~ I] 
OJ. 

/ 

The male progeny of such parents must take M and 
B from their dams, but M and either B or b from their 
sires. The female progeny, on the other hand, Vlust 
take F and b from their dams, but, like the males, M 
and either B or b from their sires. The progeny of 
Barred Rock fowl which throw non-barred hen chickens 
should consist, therefore, of the four following kinds: 

MM MM ~ I~l ~ /] BB Bb 

Barred Barred Non-barred 
cocks hens hens 

2 I I 

Thus this hypothesis, which was first suggested. by 
Mr. W. J. Spillman, accounts for the occasional appear
ance of black hen chickens among Barred Rock fowl. 
But it does more. It says that th~ progeny of barred 
cocks) which happen to be hybrids, and barred' hens, 
"which must be hybrids, should consist of equal numbers 

~ 
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of cocks and hens, and, while all the former should be 
barred, half the latter should be barred, the othh half 
non-barred. Professor Castle df. Harvard tells us in 
his "Heredity in Relation to Evolution and Animal 
Breeding" that in all such matings the results are as 
expected. . ' But the hypothesIs has been tested by two other 
ma.tings. Barred cocks which are known to breed true 
ca.n be mated with non-barred hens, and non-barred 
cocks can be mateo with barred hens. These matings 
s~uld produce as follows: 

• Barred Non-barred 
cocks x hens 

MM l~ Iri BB x 

Non-barred Barred 
c~ks x hens 

MM ~ I~ bb x 

should 
produce 

should 
produce 

\ Barr~d 
" cocks 

MM 
Bb 

1 

Barred 
cocks 

MM 
Bb 

1 

Barred,. 
hens 

~ III 
1 

Non-barred • 
hens 

~ ~I 
1 

For, in the first case, both sexes of chickens must get 
B from their sires and be barred, while, in the second case, 
the cocks must get B from their dams and be barred, 
hut the hens must get b from their sires and, having a 
second b factor tied to their F factor, must be non
barred. 
Dr~ Raymond Pearl had both these matings made. 

Barred Plymouth Rock cocks were mated with Cornish 
Indian Game hens, which are black and non-barred. 
The progeny consi;~ted of 60 cocks and 60 hens, all 
bauetJ. Cornish Indian Game cocks were mated with 
Plymo~th Rock hens, and the progeny consisted' of 95 
cocks, all barred, and 96 hens, all non-barred. ' 

I 
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Thus this hypothesis accounts for the equality of the 
sexes and for certain characters being carried by one 
sex only. 

Before going farther, it may be suggested as obvious 
that, when all the males in a set of progeny carry a 
dominant character apd half the females carry that 
character, the other half its recessive, the factor for 
that recessive character is tied to the female factor. On 
the other hand, when all the females carry the dominant 
character and half the males carry"that character, the 
other half its recessive, the factor for the domintt~t 
character is tied to the female factor. Even if no 
accu,rate count has been made but it has been observed 
that, without exception, the whole of lme sex always 
carries the dominant character, while some of the other 
sex carry the dominant, as the Plymouth Rocks were 

, observed to do, some the recessive, it may be taken that 
these rules hold. .. 

But, among fowl, there are other factors coupled with 
that for femaleness. There are other brecds than the 
Plymouth Rocks with the same basal colour, black, 
but with different barring patterns. These are usually 
described as "silver" breeds. There are also breeds 
with another basal colour, buff or gold, and different 
barring patterns. These are usually described as 
" golden" breeds. In Bclgium, there are two similarly 
barred varieties of fowl, the Campines. When silver 
cocks are mated with gold hens, the progeny ate all 
silvers. Thus, black is dominant to buff or gold. But 
when gold cocks are mated with silver hens, the cocks 
are all silvers, the hens all golds. Therefore, since the 
dominant silver factor the hens carried is transmitted. to 
their oons only, the gold factor they carried is i'i~d to 
-;'heir female factor. 
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Still another tied factor is revealed by these Belgian , 

fowl. In both varieties both sexes are barred, but not 
equally. While the hackle, rump, and tail feathers are 
always barred in the hens, the same feathers are not 
often barred in the cocks. Male chickens barred like 
the hens are occasionally hatche<\ but are not retained 
by the breeders. Since the hens are always barred on 
these feathers, but the cocks are not, it is obvious that 
the hens carry a barring and a non-barring factor, that 
the barring factor is (!ominant, and, since it is not handed 
on· ~o the ~ale chickens, that it is tied ,to the female 
factor. It is obvious, too, that the cocks occasionall~ 
thrown with barring on the hackle, rump, and tail 
feathers must be the sons of hens carrying a second 
barring factor. 

This hypothesis as to the factors carried usually by 
Campine fowl was tested by thc experience of English J 

breeders, who imported both varieties from Belgium 
a quarter of a century ago. Preferring cocks which were 
completely barred-that is, barred on the hackle, rump, 
and tail feathers, as well as elsewhere-they retained 
those that were so thrown and bred from them. Mated 
with ordinary Campine hens, these cocks should produce· 
only completely barred daughters, but both completely 
and incompletely barred sons. Thus, putting C for 
barring on hackle, rump, and tail feathers, 

• 

• 

MM 
Cc 

MM 
Cc x 

should produce 

MM ~ \~\ ~: I~I CJC 

This·was the result among the stock belonging ·to the 
Rev. E. Lewis Jones. , 
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And when a cock has been bred and found which is 
pure fDr the factor C, his progeny of both sexei1 will all 
be completely barred. Mr. Jones found such a cock, 
and his progeny consisted of 6 completely barred cocks 
and 6 completely barred hens. 

Thus among poultry three factors coupled with ., . 
femaleness are demonstrated, together with three paIrs 
of untied factors operating alongside them, ilnd the 
factors which may be carried by the hens in a popUlation 
in which all these factors are opera~ing are: 

"" '. 
M .F "" :-

B b b or 

" BI or g g 
C or c C .. 

Nearly twenty years ago, Dr. Raymond Pearl found 
still another factor couQled with the female factor, and, 
at the same time, made a discovery of great econ@mic 
importance. From 1898 to 1908, the Agricultural 
Experiment Station at Orono in Maine was eneaged in 
the attempt to improve the laying capacity of it$ Barred 
Rock poultry. Relying on the theory that this could 
be done by breeding only from the best laying }:lens and 
their progeny, the hens were divided into two :;ections, 
the good layers in one, the poor in another. SollS of the 
best laying hens only were used in both sections, and 
pullets hatched in either section were moved from that 
in which they had been hatched so soon as t}1ei:..o per
formances showed them to belong to the other. Yet, 
after ten years, the pullets hatched in the secti6n with 
good hens laid no better than those laid in the section 
with bad. The proportions of gotJd and bad !ayers 
prod~ed in each section were about the saJll~. No 
~impler experiment could have been devised, for the 
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two sections differ~d in one point only: thei'one in con
taining good hens, the other in containing bad: yet 
the result was the same in both. Obviously, improve
ment is not to be attained by simply selecting good 
laying hens. 

In 1908 the problem was placep. in Dr. Pearl's hands, 
and his solution, with all the essential data, is to be found 
in Bulletins 166, 192, and 205 of the Maine Agricultural 
Experiment Station. 

Problems in animal products are surrounded with 
m~\lY difficulties, not the least of which is the collection 
and orderlY-arrangement ofthe necessary data. Animp.ls 
may vary in food supply, health, and comfort, ~nd, 
accordingly, in 'Productive activity, and much informa
tion has to be gathered about normal production before 
any inferences can be drawn and before abnormal results 
can be identified and treated with fairness and good J 

judQffient. Besides, as a rule, animals have usually 
passed a considerable portion of their lifetime before 
their rate of production is revealed, and, in the me~n
time, many accidents and disturbing causes may have 
intervened. 

Happily, Dr. Pearl discovered a method of determining 
the hen's egg-laying capacity soon after she had begun 
to lay, and, by this, decreasing not only the necessary 
statistical labour but also the chances of the results 
being upset by disturbing causes. He found that hens 
fall i-.to three grades: one laying over 30 eggs in their 
first winter season, another laying under 30, and still 
another laying none at all; and he found also that, in 
their subsequent productivity, hens remain in the grades 
in 'Yhich they have' begun. Dr. Pearl's dividing figure 
(30) nmst not, of course, be taken as absolut't, but 
as movable in some degree, according to circumstances. ) 

J 
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When Dr. Pearl's discovery became known on this 
side, ~Iiss Murphy, of the Munster Institute, Cork,l 
confirmed it, but expressed it in a way which is perhaps 
more useful; which, at any rate, can be useful sooner, 
for it indicates the hen's grade a week or two after she 
has begun to lay. Mi~s Murphy found Dr. Pearl's three 
grades, but observed that, if they are spring-hatched, 
the first grade pullets begin to lay early in winter
before winter even-and lay about five eggs a week; that 
the second grade pullets either begin. laying at the same 
time, but lay ~ply half as many eggs, or begip later ~nd 
lp>¥ at a higher rate; and that the third grade ones lay 
no wnter eggs at all, or just a very few towards the end 
of winter. The following table show"s the numbers 
of eggs laid per week, during the three winter months, 
December, 1913, and January and February, 1914, by 

. eight typical hens belonging to each of these three 
grades. The total eggs laid by each hen during.,'the 
winter and throughout the year, from November to the 
end of the following October, are also shown in the 
table. 

Hens' 
Numbers. Weeks. 

la . Eggs laid 
Eggs. ~d through
d~nng out the 

Wwter. Year. 
~------~--~~----------~ 

1 2 3 4 5 6 7 8 9 10 11 12 13 
48 41 200 ---- 2 2 5 4 4 7 6 6 5 

235 63 199 -4 6 5 5 6 5 5 5 5 5 5 7 
50 51 203 -1 6 4 5 4 6 4 4 4 5 4 4 
~ ~ b 5 5 5 5 4 5 5 4 5 4 5 5 4 
53 55 218 ---3 5 5 7 6 6 5 5 6 7 
51 58 209 --3 6 4 6 6 5 5 6 5 5 7 

9 62 209 6 5 5 5 5 4 5 4 5 4 5 5 4 
176 64 208 6 6 6 5 5 5 5 5 5 5 4 6 1 

58 1 2 4 3 4 4 -----.-- 18 9.6 
163. - 1 3 3 3 3 1 - - - 3 3 2 22 .' 99 
204'" - - - - - - - 2 5 6 6 1 - 20 92 

1 Now Mrs. Tom Newman, and still interested Yt poultry. 
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Weeks. 
Eggs l 'd Egg81aid 

. at I/ttough. 
du_nng oqt the 
Wwter. Year. 

1 2 3 4 5 6 7 8 9 10 11 12 13 
----------244 
---------5575 
------- 2 4 --:l 4 4 3 

10 98 
22 93 
17 98 

131 
43 

172 
78 

253 
----------556 16 96 

57 
105 
149 

• M7 
173 
170 
155 

77 

---- 2 6 5 5 3 3 4 3 3 

------- 1 1 1 - 1 3 

----~-------3 
_l...._ ___________ ~ 

---l----------

34 98 

7 43 
0 49 
3 43 
0 43 
0 60 
0 39 • 
0 50 
0 56 

The outstanding featurc of the ten years' experiencc 
at Orono was that, though they may be good layers and, 
therefore, must carry a factor, or factors, for good laying, I 

goo'd.laying hens cannot hand on this factor, or factors, to 
their daughters. The factor, or factors, for poor egg 
laying must, thereforc, be ticd to that for femaleness, 
and must be recessivc to a factor, or factors, for good 
laying carried by the cocks and transmitted by them 
to their daughters. If the tied factor were a dominant, 
all the daughters of all good hens would be good 
layers. If there be only one pair of factors, say X 
and x, then the following combinations should be 
carried: 

• 

MM 
XX 

By the Cocks. 

MM 
Xx 

By the Hens. 

MM 
xx ~ \~\ ~ I-~I 

bll\, since there are threc grades of hens, ther~ must 
be more than one pair of factors. 
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The first suggestion is that there are three free factors 
which"are polygamous. If we· call the third factor Y, 
without considering, meantime, whether or not it be 
dominant or recessive to X, then the following com
binations should be formed: 

.. 
By the Cocks. 

MM MM MM MM MM MM 
:xx XY Xx yy Yx xx 

By the Hens. 

.' .. 
But, though, there are just the three grades of hens, 

t1'1ere are, judging from the assemblages of progeny they 
prol!uce, more than six different combineltions of factors 
carried among the cocks. Thus there must be more 
than three factors. 

A glance at the numbers of eggs laid by the middle 
." grade hens at the Munster Institute suggests ano,ther 

theory. These hens are of two kinds: one beginning to 
lay early in winter at a lower rate and another beginning 
to lay later at a higher rate. Thus there may be four 
groups of hens, and, if a factor which either of these 
two groups carries be dominant to a recessive carried 
by hens laying no winter eggs, then, under ordinary 
circumstances, the usual two - pair set should be 
produced: 

X X x x 
Y y Y Y • 

'--v--' 
Over 30 Under 30 No winter 

winter eggs. winter eggs. eggs. 

But, with the tied and the untiec! factors operating, . 
• the hf.:l}s should carry six different combinatiOns of 

£actors, the cocks nine, as follows: 
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The Hens. 
I 

6' 1 2 8 4 5 

M~ ~!~ M !~\ ~lII M r;l ~ l~) X x X x 
Y Y Y Y Y Y Y Y Y Y Y Y 

No winter 
Over 80 eggs. Under 80 ·'eggs. eggs. . 

The Cocks. 

1 2 3 4 5 6 7 8 9 
MM MM MM MM MM MM MM MM MM 

~ XX XX Xx Xx Xx xx xx xx 
Y~. yy yy Yy yy YY., Yy yy 

Unfortunately, no observations have been made, by 
which the sugggsted division among the middle grade 
hens could be tested, but, since Dr. Pearl put forward 
the same theory, minus the suggestion, the suggestion 
may be neglected, not necessarily with regret, since it 
may-have helped to make a difficult problem easiet, and 
proceed to the proof, which is parallel to that adopted 
with the horse and cattle colours. If there are nine 
different combinations of factors among the cocks and 
six among the hens, then, in flocks containing all kinds 
of hens, the nine different kinds of cocks should leave nine 
different assemblages of daughters, as on p. 96. 

The table on p. 96 shows the progeny of 28 cocks 
mated with different kinds of hens and that at least 
eight different assemblages of pullets were produced. 

• MM, . 
No cock of variety 7, xx seems to have been used. 

yy 
Figures which are not in accordance with expectation 
are ~nclosed within brackets. The figure t is set down 
several.times. This indicates hens which laid 30 'yinter 
eggs exactly. They are placed in two grades. 
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KINDS OF PULLETS EXPECTED FROM ALL POSSIBLE 
MATINGS. 

Dams. 
+30 -30 0 

~l~/ I-j I~I ~ 1:1 ~~ I~I I-I M F M M ;F 
Sires X~ X x I_~ 

Y Y Y Y Y Y Y Y Y y y y 

Daughters. 

+ - + - +- +,;- +- +-
30 30 0 3030 0 3030 0 3030 0 3030 0 30 1}IJ' 0 

1. MM 81 - '2- 8 8 8 8 '" 8 
I' XX 

Y,Y 
- -" 6 2. MM 8 6 2 - 4 4 - 8 2 - 4 4 -

XX 
Yy 

3. Mm 8 4 4 8 - 8 4 4 - - 8 -
') XX 

yy 
4. MM 4 4 - 4 4 - 4 4 - 4 4 - 4 4 - 4 4 -

Xx 
yy 

5. MM 4 4 - 3 4 1 2 4 2 4 4 - 3 4 1 2 4 2 
Xx 
Yy 

6. MM 4 4 - 2 4 2 - 4 4 4 4 - 2 4 2 - 4 4 
Xx 
yy 

7. MM - 8 8 8 8 8 8 -
xx 
YY 

8. MM - 8 6 2 - 4 4 - 8 6 2 " 4 4 
xx 
Yy 

9. MM - 8 - - 4 4 - - 8 - 8 - - 4 4 - - 8 
xx 
yy .. ,---

1 T'lC figure 8 means" all," because the proportions~in othel 
., cases are brought to a standard total of 8. 
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With such close agreement between expectation and 
results-the disturbances to which living anima~s are 
liable being allowed for-there can be no doubt that 
Dr. Pearl's hypothesis is established. Another factor is 
found to be coupled with that for femaleness, and, at 
the same time, two factors are found whose effects, 
when acting separately, are similar, but, when acting 
together, cumulative. Thus the possible combinations 
of factors in a population of hens on which the factors 
we have been discuising are operating may be repre
sei!t~d thus, when B=barred, b=unbarred, BI=black, 
g=buff or ~old, C=barred on hackle, r~mp, and tail . . 
feathers, c=non-barred on these feathers, X=80 wmter 

. t • eggs, x =no WIll er eggs; 

B 
BI 
C 
X 

or 
or 
or 
or 

But it must not be assumed that factors are tied tv 
the female factor only. While Professor Morgan of 
Columbia University was experimenting with the small 
vinegar fly, Drosophila melanogaster, which usually 
has red eyes, a male was bred which had white eyes. 
This male was mated with normal females, and their 
hybrids had all red eyes. Therefore, red is dominant to 
white. But, when the hybrids were bred from, their 
proge~y consisted of equal numbers of males and 
females, and half the males had white eyes. This mating, 
with its result, is parallel with that in which hybrid 
Barred Rock fowl produced non-barred black chickens, 
excepting that the \>lack chickens were females, while 
these wpite-eyed flies are males. Obviously, the fpctor 
for white eye is tied to the male, not to the female factor, .f 

7 
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and the male is the hybrid. If that be so, then, mated 
with'the female hybrids already produced, this white
eyed male should produce equal numbers of males and 
females, with equal numbers of red-eyed and white-eyed 
individuals in both sexes: 

White-eyed Hybrid Males. Females. 
-'-Male. x Female. Red. White. Red. White. 

I~I ! 
should 

I~I ·"I~I ! FF produce F FF FF 
wR R wR ww 

0) ., 
Also, with l'ed-eyed males, which are all hybrids, white- . 

'eyed females should produce equal numbers of red eyes I 

anll white eyes, but all the red eyes s~ould be females, 
all the white eyes males, thus: 

Red-eyed White-eyed Red-eyed White-eyed 
Male. x Female. Females. Males. 

I~I ~ 
should 

I~I'! FF produce FF 
ww wR 

Morgan's own account of his experiments has not been 
seen, but Castle, in his " Genetics and Eugenics," 1916, 
says that these predictions were fulfilled. 

Other pairs of factors were found, with the recessive 
similarly tied to maleness, as, for instance, yellow body 
recessive to grey body, black recessive to grey, and 
vestigial wings recessive to long wings. When flies 
carrying anyone of these recessives were materl with 
others carrying that recessive's dominant, the results 
in the next and succeeding generations were such as are 
to be expected if the recessive. be tied to maleness. 
But, when flies carrying two of t-hese recessives were 
mat~d with flies carrying the two correspondbg dom
inants, the results were not as is to be expected. 
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Females which were hybrid for both red eye and grey 
body were produced, probably by mating white-'eyed, 
yellow-bodied males with pure red-eyed, grey-bodied 
females. Then white-eyed, yellow-bodied males were 
mated with these hybrid females. In other words, 
white-eyed, yellow-bodied males were mated with their 
hybrid daughters. By this mating, equal numbers of 
four different kinds of males and females should have 
been produced. Putting w for white, R for red, y for 
yellow, and G for grey: \ 

• • M F FF \1 
R " 

;; x;G '1\ • . \ 
Should have produced: ~ 

Males. 

M oF M F 
w w w w 
y y Y G 

white 
eye, 

yellow _ 
body 

1 

white 
eye, 
grey 
body 

1 

M F 
w R 
Y Y 

red 
eye, 

yellow 
body 

1 

M F 
w R 
Y G 

red 
eye, 
grey 
body 

1 

\ 

Females. 

FF FF FF FF 
ww ww wR wR 
yy yG yy yG 

white white red red 
eye, eye, 

yellow grey 
body body 

1 1 

eye, eye, 
yellow grey 
body body 

: 1 : 1 

Instead, they produced in both sexes: 

White eyes, 
yellow bodies. • 49'25 per cent. 

White eyes, 
grey bodies • 

0-75 per cent. 

Red eyes, Red eyes, 
yellow bodies. grey bodies. 
0·75 per cent. 49·25 per cent. 

Different, yet in one case approximately similar, 
results were got by Professors Bateson and Punnett in 
their ~xperiments whh sweet peas. One of the plants, 
Painted Lady, found among those with coloured flt>wers 
produced by crossing two plants with colourless flowers, • 
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was crossed with another plant called Duke of West
mins~er. The differences between the two were: Painted 
Lady was red, and the upper part of the flower-the 
standard-was erect; while Duke of Westminster was 
purple, with a hooded standard. Their hybrids had 
purple flowers and et;ect standards. Thereforc, purple 
is dominant to red, and erect standard to hooded. Their 
hybrids' progeny should have consisted of four kinds: 

P P r r 
E h E· h 

Purpl~ 
erect 

9 

Purple 
hooded 

3 

Red 
erect 

3 

R~d 
hooded 

1 

,') 

~ . 
Instead, they consisted of 2 erect purples: I hooded 

purple: I erect red. No hooded red was produced; and, 
furthcr, the hooded purples and erect reds bred true, while 

l> the erect purples continued to breed like the hybrids. 
Professor Punnett's explanation of the phenomel'ia is: 

.. On the assumption that there exists a repulsion between 
the factors for erect standard and blue (i.e., the factOl 
which overrides red and makes it purple) in a plant 
which is heterozygous (i.e., hybrid) for both, this peculial 
case receives a simple explanation." That is to say, 
two hybrids carry the factors: 

...................... P P ..................... . 

..................... . r 

...................... E 

...................... h 

r ..................... . 

E ..................... . 
h •....•.•.......•.. ~ ..• 

In the distribution of the first pair, the following 
combinations arc formed: 

i.e. 

pp 

PP 
1 

JJ 

Pr rP rr 
'-(-" 

Pr rr 
2 1 



COU~LING OR LINKING 103 

But, because E and P refuse to keep company, E must 
go with rand h with P, rand h get no chance of co'mbin
ing, and the combinations formed by the two pairs of 
factors are: ~ \ 

i' Ii 
PP Pr IT " 
hh hE EE 

Hooded purple Erect purple Erect red 
I 2 I 

A similar result was got when plants having purple 
fl~",ers and round pollen were crossed with others 

, having reef flowers and long pollen. Tile hybrids had 
purple flowers and long pollen. Thus purple is stl}l 
dominant to refl, and long pollen is dominant to rofmd. 
The hybrids' progeny should have consisted of the four 
kinds, putting L for long pollen and 0 for round: 

• 
P 
L 

Purple 
long 

9 

P 
o 

r 
L 

r 
o 

Purple Red Red 
round long round 

: 3 : 3 : I \ 
'\ 

Instead, they consisted of purple long, purple r'ound, 
and red long in the proportion 2 : I : I. No red flowers 
with round pollen were produced. 

The factors offered by the hybrids are: 

...................... P 

..................... . r 
• ...................... L 
••.••••• •••••••••••••• 0 

P ..................... . 
r ...........•.......... 

L ..................... . 
0 •••••••••••••••••••••• 

In the distribution of the first pair, the following 
co~binations are f'brmed: , I, PP 

I 
Pr 
2 

IT 

I 
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But because Land P refuse to be distributed together, 
L goe~ with rand P with 0, rand 0 get no chance of 
combining, and the combinations formed by the two 
pairs of factors are: 

PP Pr rr 
00 oL LL 
121 

Purple Purple Red 
round long long 

It will be noticed that, in both tht!se examples, each .. of 
the original parents carried only one of t4e repe::1.ing 
f~ctors. In the first, the purple flower with hooded 
standard carried P, the red flower with ere~t standard 
carr1ed E; in the second, the purple flower with round' 
seeds carried P, the red flower with long seeds carried L. \ 

An experiment was made in which one original parent 
• carried both the repelling factors, the other neither. 

Plants having purple flowers and long seeds were cros>sed 
with plants having red flowers and round seeds. Their 

hybrids should carry the factors i~, and the hybrids' 

progeny should consist of the four groups: 

P P r r 
L 0 L 0 

Purple flower, 
long pollen 

9 

Purple flower, 
round pollen 

3 

Red flower, 
long pollen 

3 

Red flower, 
round pollen 

1 

Instead, however, they consisted of these four Jlinds, 
but in a proportion approximating to: 

177 15 15 49 

The purples are still to the reds aftd the long pollens 
to the~rounds in the normal proportion 3 : I, J::.ut the 
Ilombinations are not as they should have been had 
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the factors been distributed in the normal manner. 
Their distribution has been interfered with. • 

Different hypotheses have been set up to account for 
these irregular phenomena. Morgan's may be the 
soundest. It is that the factors (which the Americans 
call" genes") are housed upon.four or five pairs of 
almost infinitely small rods and dots lying within the 
nucleus of the reproductive cells. These rods and dots 
are called chromosomes (coloured bodies), because 
t~ey take on the l"aboratory worker's stains readily. 
The'theory.is, further, that different fact~rs are housed 
upon diffe~ent chromosomes, some upon one, others 
upon others, but that some factors-there may be .two 

't 

or more-when they become housed together, are 
unwilling to separate again, and so, when one factor h 
handed on by a parent to its progeny, the other factor~ 
which are unwilling to separate from it are also handed 
on ~ the same time. Thus, when the Barred Rock hen 
hands on her factor for femaleness to her daughter, 
she hands on, at the same time, a factor for non
barring. Thus also, when the white-eyed vinegar fly 
hand~ on to his son his factor for maleness, he hands 
on, at the same time, a factor for white eye. On this 
hypothesis, if a sufficient number of the sons of a 
white-eyed, grey-bodied vinegar fly were to become 
possessed of a yellow-body factor and this factor were 
housed on the same rod as the factors for maleness and 
white- eye and become inseparable from these two 
factors, their progeny, with hybrid, red-eyed, grey
bodied females should be: 

WMte-eyed, 
yellow~flodied. 

49·25 per cent. 

White-eyed, 
grey-bodied. 

0·75 per cent. 

Red-eyed, 
yellow-bodied. 

0·75 per cent. 

Red-eyed, 
grey-b9died. 

49·25 per cent! 
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The hypothesis set up to explain the unexpected 
resu!t')produced when a pea bearing one dominant was 
mated with one bearing another was that the factors for 
the two dominant characters repelled each other. The 
result might also be explained on the hypothesis that 
the factor for one Qf the dominant characters had 
become tied to that for the recessive character on the 
same plant, If, for instance, the factors for purple 
flower, P, and hooded standard, h, carried by Duke of 
Westminster, had become tied, white those for red flower 
r, and erect standard, E, carried by Pa\~ted lfttJy, 
temained free: the factors carried by parents, hybrids, • 
and hybrids' progeny would be as follows: ,. 

~ ~ 

Parents . 

. Duke of Painted . 
Westminster. Lady. Hybnds. 

Hybriik' progeny. 

\{i I~-\ x rr 
EE Ipi r IpllPI Ip! r r IF'I h E ih h h E Eih 

_, ~ - 1 __ - , __ 

Purple 
hooded 

I 

...._,._..... 
Purple erect 

2 

rr 
EE 

Red 
erect 

I 

With regard to the experiment in which the two 
dominants were carried by one parent and the two 
recessives by another, and the hybrids' progeny con
sisted of four kinds in the proportion 177 : 15 : 15 : 49, 
Professor Punnett remarks: " It will be noticed that in 
the whole family the purples are to the reds as .. 3 : 1, 
and the longs are also three times as numerous as the 
rounds. The peculiarity of the case lies in the dis
tribution of these two characters" (i.e., P and L) " with 
regard to one another. In some. way or other the 
factors for blue" (i.e., purple) "and for lon~.pollen 
become linked together in the cell divisions that give rise 

• to the gametes" (i.e., the sex cells), "but the linking , 



COUPLING OR LINKING 107 

, is not complete. This holds good for all the four casesl 

in which repulsion between the factors occurs wh~n one 
of the twu factors is introduced by each of the parents. 
When both the factors are brought into the cross by the same 
parent, we get coupling between them instead of repulsion." 

Professor Morgan's hypothesis.would suggest that, in 
some proportion of the parent plants having red flowers 
and round pollen, the factors for these two characters 
had become tied, and these plants, with the purple, 
l<~ng-pollened plant's, had produced hybrids carrying 

the~ chara~ers i I~, while, in the rest' of the pare~t 
plants having r.ed flowers and round pollen, no tyillg of 
factors had taken place, and with the purple, long
pollened parents, they had produced hybrids carrying 
the same characters untied. The progeny of the former 
of these two kinds of hybrids should consist of 3 plants· 
ha~ing purple flowers and long pollen to 1 l~aving red 
flowers ard round pollen, while that of the second kind 
should consist of 9 plants having purple flowers and 
long pollen to 3 having purple flowers and round pollen, 
to 3.Jlaving red flowers and long pollen to 1 having red 
flowers and round pollen. Then, if 256 hybrids' progeny 
were produced, half of them by the first kind of hybrid, 
the other half by the second, the numbers and kinds pro
duced should be: 

purple purple red red 
• flower, flower, flower, flower, 

long round long round 
pollen. pollen. pollen. pollen. 

By the first hybrid 96 32 
By the second hybrid 72 24 24 8 \. -

Totals 168 24 24 40 

1 There were other experiments in which one parent ca.'ried one 
dominant, the other parent another. :J 
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These totals are not far from Bateson and Punnett's, 
but, slhce the numbers in the first and last groups are 
raised, while those in the middle groups are depressed, 
as the proportion of the progeny of the first kind of 
hybrid increases, the totals can be brought nearer the 
experimental results by increasing the first kind of 
hybrid's progeny. If they are increased to 176, that 
is eleven-sixteenths of 256, the progeny of the two kinds 
of hybrids become: 

" purple , purple red red., 
., flower, flower, flower.) flodJer, 

" 
long round long round 

pollen. pollen. pollem pollen. 

By t~le first hybrid 132 Ol_ 44 
By the second hybrid 45 15 15 5 

Totals 177 15 15 49 

Presumably, therefore, the factors for red flowers and 
round pollen became tied in nearly 70 per cent. of the 
crosses between sweet peas carrying two dominant 
characters and peas carrying two recessives. 
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CROP AND ANIMAL .PRODUCTS 

WE now come to that part of the work which is economi
cally most important, but, as yet, cannot be subjected to 
accurate treatment. Dr. Pearl was fortunate in dis
c~v:ering that there are three grades in egg laying and 
in identify!ng the factors which produce 'them. But in 
other aninfhl products-and in crop yields also-there 
are many mora grades than three; and, till a set of 
animals breeding true to one grade or another has been 
found, it is unlikely that the different grades will be 
discovered and the strengths of the factors which produce 
th~ identified. This chapter contains, therefore, a short 
indication of how crop and animal yields were improved 
without, and suggests how they might be further im
proved with, the help of Mendel's discovery. 

Patrick Shirreff, an East Lothian farmer, perhaps the 
most'successful of all pre-Mendelian crop improvers, 
tells, in his autobiography, how his work was begun: 
"When walking over a field of wheat on the farm of 
Mungoswells, in the county of Haddington, in the spring 
of 1819, a green, spreading plant attracted my notice, 
the wop then looking miserable from the effects of a 
.evere winter; and next day measures were taken to 
,nvigorate its growth by removing the surrounding 
i'egetation and supplying manure to the roots. In the 
!ollrse of the sumn!er, several stalks were cut down by 
lares: put notwithstanding this loss to the plant,_ sixty
hree ears were gathered from it at harvest, yieldin~ 

109 
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2473 grains, which were dibbled in the following autumn 
at wic')e intervals. For the two succeeding seasons the 
accumulating produce was sown broadcast, and the 
fourth harvest of the original plant amounted to about 
42 qr. of grain fit for seed; and proving to be a new 
variety, ii< was named Mungoswells wheat." 

How, where, and when this new wheat had originated 
will never be known. It was undoubtedly a " natural 
cross," the descendant of innumerable earlier natural 
crosses, and Shirreff had the eye to soe it and the sense to 
accumulate a stock of it apart from all otherwheats" 'It 
was not the first grain so discovered. The" potato" oat 
was discovered in a potato field in Cumberla:nd in 1788, 
and;' till shortly after this time, when IInight, a noted 
horticulturist, "readily obtained as many varieties as 
he wished by merely sowing the different kinds together," 
all new varieties of grain and other field crops must have 
been raised in some closely similar manner. 

But Shirreff was not content with one new variety. 
For thirty or forty years he persisted in hunting for new 
varieties in his own and his neighbours' fields, accumu
lating stocks, testing them for yield, and putting them 
on the market. In these thirty years he gave the world 
many new varieties of wheats and oats, some of which, 
under their original or new names, are still in cultivation. 
Then came the tragedy. He began crossing, and, as 
we should now expect, his crosses did not breed true, 
and he became bewildered among their descenoonts. 
In his autobiography, he gives a reason for his success 
with natural or, as they are now called, single-ear 
selections, and, inferentially, for his lack of success with 
crosses: " My selections have chiefl)""'been from nat~:ral 
sorts, ~hich soon show their propensities, and. "Often 
fJ.'ove constant, having in all probability undergone 
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reproduction before being selected. . .. Sports may 
be regarded as the gift of nature tQ man." ~ 

Most instructive of all, perhaps, is the work done at 
Sval6f, in Sweden. Sweden had been a grain-exporting 
country since 1840, but, about 1870, the effects of over
sea competition began to be felt, and the remuneration 
for exported grain to decline. In 1'886, thinking that the 
Swedish farmer's position would be bettered if he grew 
higher-yielding varieties, Herr Birger Belinder and a 
few of his neighbours.near Svalof established the Swedish 
S~d. Association, whose purpose was to discover the 

,best variet~s of grain for Southern Swed~n. Believinl\ 
that the va'ieties they had been growing had declined 
in yield through the admixture of smaller-yielcfing 
varieties-through impurities-the society's work re
solved itself into: 

(a) Procuring good -yielding varieties from other. 
comftries. 

(b) Finding the best-yielding native varieties. 
(c) Growing these side by side and comparing their 

yields. \ 
(d) ~liminating the poor varieties and propagating 

the good till a stock had been accumulated. 
(e) Keeping the good varieties pure and purifying the 

impure. 
(I) Distributing the good varieties among members 

of the association and other farmers . 
• 

The association acquired land at Svalof and appointed 
a director to carryon the work. For ten or twelve 
years little was done beyond find, grow, and test different 
varieties for yield,' and keep the best ones up to 
standar~ in purity. This last was done by rOiuing 
or culling such plants as differed from the bulk of the • 
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variety in size, length of straw, thickness of straw, 
lengt~ of head, shape of head, and so on; and by clean
ing the seed and regulating its size by the riddle. 

It was hoped that some varieties would be improved 
by all this care, but very little improvement was made. 
The roguing of growing plants unlike the bulk might 
raise the yield of the bulk, if these rogues were lower 
yielders than the bulk, but it would not do so necessarily 
because these plants differed from the bulk in certain 
physical vegetative characters. ;rhe riddling might 
eliminate small seeds, or large seeds, or both, but it.n({~d 
not increase the yield, unless these elimiIiated seeds .. 
'were associated with small yields. Even '-in its most 
dra.J;tic use, which consists, say, in selecting the very 
largest plants, with the largest heads, and retaining 
only the largest grains, this method may bring about 
no improvement, for it may be that none of these 
characters is associated with large yield. Because 1l1rge 
grains may give the young plant a better start, the yield 
of any pure variety may be raised for one year by sowing 
only the largest grains of the previous year, but it does 
not necessarily follow that the rise will be maintained 
unless the seed continue to be similarly selected. -

It was observed very early at Sval6f that none of the 
varieties tried was absolutely pure, but that all included 
sub-varieties which were distinguishable from the bulk 
by slight botanical differences. At first, this was not 
thought to be important, but, when several plots q)"hich 
were known to be descended from single plants were 
found to be uniform and uniformity was thus shown to 
be attainable, it was decided that the method by which 
improvement had been sought would.have to be modified, 
and only pure-breeding kinds submitted to invest~gation . 

.. Otherwise, no results could be relied on completely. 
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About this time, P~ofessor Hjalmar ~ilsson had b~come 
director, and he decIded to adopt the smgle-ear metllod- . 
Shirref's method-of selection and. cultivation. By this 
method the descendants of a single plant are grown apart 
from all other similar plants till stock enough has been 
accumulated to tell whether the kirid so selected is good 
or bad. About the same time the idea that botanical 
characters are indications of yield was abandoned at 
Sval6f, and the findings of the weighing machine only 
accepted. • 

~tfore 1~0, a number of good-yielding. varieties had 
• "been identi~ed at Sval6f, nearly all of which were" 

descended from imported varieties; none from sir~le 
ears. It had been found that wheat yields were depressed 
by three main causes: severe winter weather, rust, and 
lodging: and that some varieties withstood these depress
ing causes better than others. The table on page 114 
give!f' the yields of seven different varieties over six 
successive seasons, and shows how these varieties were 
affected by winter weather. These varieties were known 
to be so affected by 1900, but they were tested again 
over the years 1907 to 1912 to confirm the earlier know
ledge. l The yields are given in kilogramm~s to the 
hectare, but may be read in pounds to the acre without 
altering the figures. In the last column, all the yields 
are reduced to a comparable base, with that of a native 
variety, Sammets wheat, standing at 100. 

It wnl be observed that some of these varieties give 
large yields after a mild winter-1910, for instance-but 
fail when the winter has been severe, while others give 
smaller yields after lj mild winter, but are much less 
affec10ed by severe winters. Obviously, it should be 
possible', 'Or, at any rate, an attempt should be made, to 
discover whether it be possible to mate a winter hard 

8 
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varitity with a winter soft but high-yielding va~iety, 
and combine in their descendants the desirable characters 
carried by both parents. And it should be possible, by 
mating with these plants which withstood rust and 
lodging, to produce varieties which should withstand 
not only hard weather, but rust and lodging, in addition, 

A Re-
Variety. Kilogrammes per hectare. ver- d dt age uce 0 

. standard, 
1907 1908 1909 1010 1911 1912 

Sammets wheat 2370 3310 2370 4140 11930 3440 3260 lOO'O 
Strubes Square- • 't 

) head.. • . '25401 35402 7603 5380 44901 2710-' 3220 98·8 
Stand Up .• 31701 36602 9503 5360 4740 337(\~ 3550 108·9 
Ex~ra Square-

head •. •• 2460 4030 2640 4500 _'J - 3647 111·9 
Danish Bore 

wheat •• 2760 3910 2900 4580 4210 4150 3752 115·1 
Renodland 

Squarehead .. 2740 3580 3420 5220 4590 4180 3955 121·3 
Grenadier II .•• 3110 42401 26202 4950 5110 37201 3959 121·4 

'" 
Crosses had been made before 1900, but, since the 

appointment, at that time, of Dr. Nilsson-Ehle, to take 
charge of the wheat and oat experiments, crosses have 
been made on the assumption that still higher-yielding 
varieties would be obtained by eliminating 'winter 
softness and the tendencies to lodging and rust from 
varieties which, but for one or more of these weaknesses, 
would have been high yielders. The details of Dr. 
Nilsson-Ehle's work, so far as we are now concerned, 
are to be found in his paper, "Beratelse 6fver~F6rat
lingsarbetena med H6stvete vid Sval6f, 1910-1912." 

Two varieties mentioned in the table above, namely, 
Extra Squarehead, which was winter hard and rust 
resisting, and Grenadier II., which resisted lodging"were 

/, " 
1 Slightly damaged by winter. 2 Fairly strongly damaged. 

3 Very strongly damaged 
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mated; and, when their true-breeding descenr,ants 
. which resisted winter, and rust, and lodging, had been 
identified, and the best yielders discovered, and stocks 
of these accumulated, in 1909, the new variety, Extra 
Squarehead II., was sent out to the farmers. The 
following table gives the average ·yield of this variety 
as compared with those of its parents and that of the 
native variety, Sammets wheat, over the years 1907 to 
1912, excepting that .the average for Extra Squarehead 
co .... ers the years 1907 to 1910 only: 

• ... Average: Reduced. • 
, Standard: .Sammets wheat 3260 100'0 

Parents: { 
Extrp Squarehead 3647 111'~ 
Grenadier II. 3959 121-4 
Extra Squarehead II. 4255 130·5 

Another cross gave a still higher yield. Among a 
native variety called Kotte wheat, a plant was found 
which was evidently a natural cross between Kotte and 
one or other of the imported varieties. With good 
yield, this plant combined strong winter resistance and 
exceptionally strong resistance to rust; but it was 
inclineq to lodge, was late in ripening, and had grain 
of poor quality. Consequently, it was of n~ economic 
importance. It was crossed, however, with Grenadier II. 
-Extra Squarehead II. was not yet available-and, 
from among the descendants, a variety was selected of 
good quality, whose yield was even higher than that 
of Ext~a Squarehead II. When Professor Nilsson
Ehle's paper was published, this variety was still desig
nated by a number only-0801-but it had been tested 
over a period of five yettrs, and, if we set down the average 
yield~ of itself and its parents, together with si~ilar 
figures fo't Extra Squarehead II. and its parents, we 
shall see the advance it made: 
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~ 
Years Average. Reauced. tested. 

Standard: Sammets wheat 6 3260 100'0 

Parents: { Extra Squarehead 4 3647 111·9 
Grenadier II. 6 3959 121·4 
Extra Squarehead II. 6 4255 130·5 

Parents: { Kotte cress 
Grenadier II. 6 3959 121·4 
0801 5 4576 140·5 

Nor is this the end, for, when Extra Squarehead II. 
became available, a descendant of the cross betwee~ it 
and a high"yielding Danish wheat, calhd Ty:hofte 
'Smaawheat, gave a higher yield in 1912 "than eitheP 
pa.lent. In the same year, another'

J 
variety selected 

from the stock which had produced 0801, gave a higher 
yield than any. The following table gives the yield of 
these varieties for the one year, 1912. In the last 
column, the yields are reduced to the old basis, but 
represent one year's results only: ~, 

Parents: {
Extra Squarehead II. 
Tystofte Smaawheat 
0860, the new variety 
0801, the new selection l 

Kilogrammes 
per hectare. 

3950 
4350 
4750 
4950 

Reduced. 

130'5 
143·7 

) 154·5 
163·5 

Thus by mating varieties which are high yielders, 
because of other factors of which nothing is known, and 
by eliminating the factors which make the plant non
resistant to winter, rust, and lodging, the Swedisl1 farmer 
is now in possession of wheats which are about 
50 per cent. better than their old varieties. 

Success in almost similar mea~ure was obtained by 
some of the older live-stock breeders, more e~p()(!ially 
by those who are generally described as the J" original 

1 Afterwards named Swedish Iron? 
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improvers" of one or another breed. Their method 
was generally to select parents carrying the chal ~cters 
desired and breed with such as reproduced those charac
ters. The first of these early breeders was Bakewell, 
who was born at Dishley, in Leicestershire, in 1726, 
and died there, in 1795. His chit!f successes were with 
cattle to produce beef and sheep to produce mutton. 
About 1760, after travelling up and down the country to 
discover which were the best cattle to produce beef, he 
added to the stock already on his farm a bull from West
mtrlRnd agd several heifers from Warw\ckshire which 

• 'Were descended from stock raised near Burton-on-Trent. 
The ordina~y breeder would have sent this bull aj'ay 
when his eldest <1aughters were rising three and he was 
four or five years old, but, because he could find no other 
bull to take his place, Bakewell kept this bull till he 
was at least seven or eight years old, and one of his sons 
was. found fit to take his place. This son was also 
retained till one of his sons again was found fit to take 
his place; and this practice of selecting successive sires 
from his own stock was continued by Bakewell through
out his lifetime. A sire which left stqck carrying the 
chara~ters Bakewell desired them to carry was kept alive 
till a son was found which bred equally well or better. 
One of his sires was at least twelve or thirteen years old 
before being sent away. This meant that Bakewell's 
stock were very closely in-bred. To other breeders, this 
seemt!tl wrong. It may have seemed wrong to Bakewell 
also, but, against that, he was breeding and using sires 
which bred what he desired: which bred true and 
produced younger stock which also bred true. 

l\akewell's metho~ is, perhaps, more clearly indicated 
by his' practice with sheep. When his flock whick, like 
his herd, started with the introduction of sheep from • 
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elsewhere, was established, other breeders wished . to 
buy ~Iires from him. But Bakewell would not sell 
sires; he would only let. Thus, though the lambs they 
produced belonged to other breeders, the sires still 
belonged to Bakewell, and those that bred the kind of 
stock Bakewell desiret;! could be brought home again to 
Dishley. Thus Bakewell's stock, both cattle and sheep, 
were allin-bred; not necessarily on purpose, however, but 
as a consequence of his relying on proved and tested 
sires, which were only to be found among his own stock. 

A more rec~nt example comes from Demp.ark. ..'the 
Danes began to keep milk records about half a century 
ago" and use the information so obtained 'to improve 
their milking stock. At first only the' milk yield was 
recorded, but, when a simple method of determining 
the quantity of butter fat in the milk had been found, the 

'" quality of the milk was also recorded. Improvement 
was brought about by discarding the cows which gav6>low 
yields and milk of poor quality and selecting sires from 
among the sons of the best cows. It is not improbable that 
the former of these two methods had the more effect, 
because it increased the average yield and at the same 
time reduced the chances of inferior animals bein~f bred. 

It was soon found that certain sires left daughters 
which gave more milk, while others left daughters which 
gave better milk than their dams; and Mr. A. M. Chris
tensen published two reportsl to show how one sire, 
Lombjerge IV., with his sons and grandsons, had "l'aised 
the milk yields in the herds in which they had been used, 
and another, Taurus IV., with his sons and grandsons, 
had raised the quality (that is, the fat content) of the 
milk. Both lines of sires had raised the yield, ~,ut.. the 

1 Ty"reslagters Infledelse paa Afkommets Y delse :" vol. i., 
"Lombjerge IV.; vol. ii., Taurus IV. 
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Taurus line had raised the quality also. The latter 
came to be called " butter" bulls. I 

When he heard of these butter bulls, Mr. Grut Hinsen, 
of Kolle Kolle, ten or twelve miles north of Copenhagen, 
who was already one of the most successful breeders of 
Red Danish cattle, decided to have one of these butter • bulls which had been proved to be such by the milk his 
daughters had produced. This meant that the bull 
could not be less than six or seven years old, and bulls 
were not usually kept alive till they reached this age . 

• . One was found, however, called Dan, a son of Taurus IV . • Ihnd a cow whose milk, on the average or seven years, '. '. contained 4·16 per cent. of fat. Dan was used by Mr. 
Hansen till he ~as thirteen or fourteen years old, lnd 
was succeeded by another proved sire called Hermod, 
Hermod by another called Skjold. This carried Mr. 
Hansen on to 1914, when he fell into poor health and 
nevar recovered. When he died, he left his herd to 
his fellow-breeders of Red Danish cattle. Unfortunately, 
the writer of this volume has no knowledge of what has 
happened in the Kolle Kolle h,erd since 1914; but, by 
the use of these three butter bulls in succession, Mr. 
Hanseh raised the average quantity of butter fat in the 
milk of his whole herd from about 3'4 per cent., when 
Dan was introduced, to about 4'2 per cent. in 1914. 
The following table will indicate how far each of these 
four sires was capable of raising the quality of the 
dauglfters' milk above that of the mothers': 

Sires of daughters. 

• Taurus IV. 
Dfn 
Hermod 
Skjold 

• 

Average percentage of fat in 

The matlters' 
milk • 
3·58 
3·40 
3·80 
4·00 

Tlte daughters' 
milk. 
3'88 
3·89 
4'2\ 
4·20 
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About the same time another Danish breeder, Count 
Ahlef~ldt, of Tranekjaer, in Langeland, was endeavouring 
to rai.se the quality of his Red Danish cows' milk by 
crossing them with Jersey bulls. First the Red Danish 
cows were crossed by one Jersey sire, then their daughters 
were crossed by anotl).er. The percentages of butter fat 
in the Red Danish cows' milk and in that of their half
bred daughters and three-quarter-bred granddaughters 
were as follows: 

OJ 

Three-quarte'fJ, Red Danish. Half-bred Jersey. 
"', Jerseyf! 

1l·07 3·52 4·66 -3·08 4·40 .» 4·41 
3·15 3·85 4·55 
3·19 4·02 • 4·83 I 
3·30 3·64 4·36 
3·33 4·02 4·55 
3·35 3·66 4·67 
3·38 4·20 5·02 
3·41 3·85 4·52 
3·41 4·12 4·72 

., 
3·41 4·04 4·58 
3·44 4·26 5·66 
3·55 4·48 4·88 
3·58 4·63 5·15 

(?) 4·50 5·41 
-II> 

Average: 3·33 4·08 4·80 

But though these examples show that the milk of a 
breed may be raised in quality by the continued use of 
" butter" bulls, just as the beef-producing capacities of 
many breeds were raised in Britain by the conf'inued 
use of "beef" bulls, neither the Kolle Kolle nor the 
Tranekjaer figures gave any clear indication of the steps 
through which the fat content of the milk was raised. 
When these figures became known'; the writer of this 
volume, assuming that there were two main gooctes of 
"fiilk-Jersey milk, containing about 5 per cent., and 

• 
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other milk about 815 per cent. of butter fat-suggested 
that there were two main factors concerned in Pl~tter
fat production, namely, one producing about JJ per 
cent., and another about 8·5 per cent., with their hybrid 
producing an intermediate quality of about 4·8 per cent.; 
and that there were other factors ~aving a small modify
ing effect upon these factors. But when the Kolle 
Kolle and other figures became known, it was obvious 
that the suggestion was not a good one, for it was found 
that the butter fat·in milk may vary far more widely 
ttaA was \ssumed-it may vary from about 2·5 per cent. 
to about 6 per cent.; possibly more wi~e]y still-and 
that there ~ere not three main grades. • 

Before going' farther, it may be well to say thd\; no 
figures about milk yields, whether about quality or 
quantity, can be absolutely accurate. In anyone year, 
the quantity of butter fat in a cow's milk may vary as 

I 
mlllch as 10 per cent. from that cow's true average. That 
is to say, a cow whose true average is about 4 per cent., 
may, in anyone year, chiefly pecause of her physical 
condition and the length of the lactation period, give 
milk containing as much as 4·4 per cent. or as little 
as 8·t per cent., of butter fat. But, ifthey be calculated 
from four or five years' yields, as most of these Danish 
averages are, the calculated averages cannot be very 
far from the true. 

Some indication of the steps through which the milk 
fat 1\ras raised and of the different grades in milk quality 
may be obtained through the following diagrams. In 
the first nine, the quality of the milk given by the 
daughters of nine different sires is plotted, horizontally, 
tl.33-inst the quality of the milk given by these daughters' 
dams,. perpendicularly. The first three sires .are so
called " milk" bulls, the next four" butter" buns, th<e 
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last two Jerseys. It will be seen, by examining this 
. diagr~m, that the third bull might have been called both 
a miU~ and a butter bull. In the tenth diagram (po 125) 
the continuous line shows the numbers of cows giving 
different grades of milk among those mated with the 
first five Red Danish and the first Jersey sire, the dotted ., 
line the numbers giving different grades among the 
daughters of all but the first two bulls. That is to say, 

JERSEY ~2 0) 

DaughterJ 3 '5 4 '5 5/0 
})arns' average =4·05/0 

J)a..tLshters'aveI'Qge =4·8"10 

the continuous line shows how many cows gave milk of 
one grade or another before they were crossed by butter 
bulls, the dotted line how many gave milk of one grade 
or another after their dams or their granddam~ had 
been crossed by butter bulls. 

The last of these diagrams indicates, by its spread, that 
there are many grades in the quality of milk, and that 
the grades lie close to each other. 'There is obviou#ly 
one ne~r 3'1 per cent., and others near 3'4, 3'6, and 3'9 
~r 4'0; and, if the lowest grade be near 2'5, the highest 
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near 5'5, and the differences between each grade from 
0'2 to 0'3 per cent., there must be from 10 to 15 different 
grade~. The other nine diagrams also indicate a number 
of different grades. Judging by their lowest-grade 
daughters, Lombjerge IV. and BeHo BrahetroUeborg 
indicate that there is a grade near 3'1 or 3'2 per cent.; 
and Kildegaard Loml)jerge, Taurus IV., Dan, and the 
first Jersey bull that there is another near 3'4 or 3'5 per 
cent., while the second Jersey bull indicates that there 
is a grade near 4'5 per cent., and athers between that 
figure and 5'5 per cent. .> .' .,,, 

.. Number of Dau~hfeTS of .. ' 
~.-.. ~J '" ,~ 

..; 
'1;j ., 

~+~ ~ ,~~ Go ~ ~,...; ~~ I ._. ~ '" . ..8~2 ~!;]. §::': ~ c 
:.0-;;:'" ~ c ~<:) ~ . 

;::;-~~ ~~~ I::! ;zy ~~ !::""'" ~~~ t< ~§ ~""'" A ~ ~~ "a.~ ..;:::: c iI.l 
~"-- ~ .to ~ 
ler Cent. 

2 1 '-0·5 ..-
-0·4 1 2 1 
-0·3 3 3 3 2 1 
-0·2 8 3 2 
-O·} 5 5 2 6 1 1 

0·0 9 8 8 4 1 1 1 
+0·1 6 1 8 6 1 
+0·2 4 3 4 10 1 3 2 #,1_ 

+0·8 2 3 2 3 1 2 2 
+0·4 8 I 5 7 8 5 2 1 1 
+0·5 3 2 12 2 1 
+0·6 2 3 6 8 1 5 
+0·7 1 7 8 1 
+0·8 2 1 2 2 3 
+0·9 2 1 2 .)1 
+1·0 1 1 
+1·1 
+1·2 1 
+1·3 1 
+1·4 ., 1 

~ 

The nine first diagrams show that, though sometimes .' the dam's and the daughter's milks are of the same 
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quality, there is generally a difference between the two; 
sometimes a rise, sometimes a fall. These differences 
indicate the various strengths of the different fa:f-pro
dueing factors separately or combined. If, for instance, 
a cow's milk contained, say, a·5 per cent., and her 
daughter's 5 per cent. of butter fat, that rise might be 
brought about by the interchange of two factors, one 
of which was }'5 per cent. stronger than the other, or 
by the displacement of several factors by others whose 
combined strength. was 1'5 per cent. higher. The 
f~chrs 2'0+1'0+0'5 may have been interchanged for • 12'0+1'5+0'5, or for 2'5+1'5+1'0. "he table on 
p. 126 sho~s how often and how far the quality of thl 
milk of the dallghters of these nine bulls fell b~low 
or rose above that of their dams. 

We are now in a position to speculate-and till a 
stock of animals breeding true to one grade or another 
has been bred, we are very unlikely to "be able to do 
more than speculate-as to what the strengths of the 
different factors are likely to be. We have seen that 
milk may contain from about 2·5 to 5·5 per cent. of 
butter fat, and that, including these extremes, there 
must'be not less than ten to fifteen different grades, 
some of which lie very close to each other. But, if there 
are more than eight grades, there must be sixteen at 
least, which means four pairs of factors, and, when the 
four strongest factors are carried by an animal, her milk 
mus. contain about 5'5 per cent. of butter fat, when 
the four weakest are carried by an animal, her milk 
must contain about 2'5 per cent.; and with all the 
various possible combinations of the factors, the grades 
mvst vary betweell these limits. Let us assume that 
there" ffre four pairs of factors, that the hi~her of 
each pair is the dominant, and that the indIVidual 
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pairs produce the following percentage quantities of 
butter fat: 

j 2·2 1·7 1·2 ·5 -, --, -- and -
-9 -7 -5 -8 

With these four pairs of factors operating, the sixteen 
following groups may be'formed producing the following 
grades of milk: 

Grade of milk 
(per cent_)_ 

2-2 1·7 1-2 0-5 5-6 
2,2 1_7 1-2 "0·3 5·4 
2-2 1,7 0·5 0-5 4·1) 
2-2 0·7 1-2 0-5 ) 4·6 
0·9 1-7 1'2 0_5 ,) 4·3 
2-2 1'7 0·5 o·a 4·7 
2-2 0·7 1,2 0·3 ) 4·4 
0·9 1-7 1-2 0·3 4·1 
2'2 0·7 0·5 0'5 3·9 
0·9 1-7 0·5 0,5 3·6 
0·9 0·7 1'2 0'5 8·8 
2'2 0·7 0·5 0·3 8·7 
0·9 1,7 0·5 0·3 3·4 
0·9 0·7 1,2 0·3 3·1 
0·9 0·7 0·5 0'5 2·6 
0·9 0·7 0·5 0·3 2·4 

This speculation may not be a true fit, but it is not a 
very bad fit for the phenomena as they are at p'.esent 
known. Till a group of animals breeding true to one 
grade or another has been bred, it may help towards a 
better understanding of the problem. Meantime, no 
better method of raising the quality of the milk produced 
by a breed of cattle can be suggested than that adc~ted 
by the Danes. Sires which have been proved to be 
butter bulls should be kept alive till nature ends their 
life, and young sires should be selected from among 
the progeny of sires leaving high-f,rade progeny and 
dams yielding high-grade milk or bearing hig~-gra:de 
progeny _ The table on page 126a nd the diagrams 
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on pages 122-124 indicate that a sire may be judged 
by his worst daughters as readily as, by his best, 
for generally the higher the grade of his worst) the 
higher the grade of his best. 

Like that concerned with its fat content, the work 
concerned with milk yield itself is still in the prelim
inary stages. When efforts were" first made to trace 

. the inheritance of milk yield with some degree of 
accuracy, it was found that yields not only vary 
greatly, but are liable to serious deviations from thei 
o;n ·normal, and much work had to be done befor4 
these vari:tions and deviations could bt:! allowed fo] 

• fairly. .-
The cow's anr.'Ual yield rises, from her first lactatton 

when she is a two-year-old or three-year-old, to he: 
sixth or fifth, when she is an eight-year-old, remain: 
near the eight-year-old level for a year or two, then fall: 
again almost inversely as it rose. The rise is indicate( 
in the following diagram, which is plotted from thre( 
different sets of cows: the dotted line from cows, chiefl) 
Friesians, in Lord Rayleigh's herds in Essex,! the thid 
from cows exhibited at the London Dairy Show durine 
ten Ol'twelve years previous to 1912, and the thin lin( 
from Ayrshire cows whose yields were recorded durin~ 
the years 1908 to 1907.2 The yields of each set of cows 
are brought to the same level by multiplying them by 
the figures which bring those for eight-year-olds to 100. 
The ~iagram may be used to calculate a cow's probabh 
yield at one age from her known yield at another. If, 
say, a Shorthorn cow's yield as a three-year-old be 

1 W. Gavin in the Journal of Agricultural Science for October, 
!J 

lOn, pp. 378 and 379. 
B JoliI;\ Spier in .. Report on Milk Records for SeI\Son"l008," 

p.23. 
9 
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670 gallons, her yield as an eight-year-old will be 1000 

gallops (670 X 1:; =1000). To say that her yield at two 

or three years old was 500 gallons does not mean that 
the cow was exactly two or three years old when the 
calf was born which started the yield, but, on the average, 
that her age was near 2! or 31 years. 

" 
100 ~e-;' ?'" , , 
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If a cow's yield in a year be any number of gallons, 
her yield every day of the year is not that mHnber 
divided by 365. If a yield be 730 gallons in a year, 
it is not 2 gallons every day. It may start at about 
2 gallons a day, but, in three or four weeks, it will have 
risen to over St gallons a day, then' slowly declinecl, to 
zero, ,a few weeks before next calving timp,: The 
)diagram on p. 132 shows how the yield rises and falls 
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during a lactation period. It is constructed from 
figures collected by Mr. W. Gavin in Lord Raylftigh's 
herds and from others collected from Ayrshire recbrds. 
The long continuous line, which represents Mr. Gavin's 
figures, shows how the yield runs with cows which are 
not in calf again, the dotted falling lines how it runs 
with cows which are to calve again at from eleven to 
fifteen months after their previous calving. These 
falling lines are constructed from Mr. Gavin's observa
ticn that the cow's y1eld is not affected by her being in 
calf tIll she",s within about twenty-four weljks of calving, 

, ~nd from :Mr. Gavin's observations and others made on" 
Ayrshire records, ,to show how the yield is reduced w'ten 
the lactation period is a month short, and how it is 
increased when the lactation period is from one to 
three months over the normal lactation period of twelve 
months. The average reduction for an eleven months' 
lacbltion is probably about 20 to 25 gallons, the average 
increases for thirteen, fourteen, and fifteen months' 
lactations are probably about 30, 60, and 90 gallons. 
But these figures are still tentative. \ 

The chief deviations are caused by feeding, date of 
calving: the" condition" of the cow before calving, ill
health, housing, shelter, and rough and exciting treat
ment. The cow which yields 1000 gallons in one feeder's 
hands may give 25 per cent. more in another's, the cow 
which calves in autumn or winter and is house-fed may 
give io to 15 per cent. more than the cow calving in 
spring or summer, and the cow in good condition before 
calving much more thltn the cow in poor condition. 
The effects of the ot~r causes of deviations can scarcely 
be e~tiJ1lated. 

But, luckily, these deyiations and their causes may be 
neglected, for, if she be in good health, the cow's yield, 
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at the flush; a few weeks after calving, is affected by none 
of them, and is a fair indication of what the normal 
yield is likely to be. This was found simultan~ously 
by Mr. Gavin and the writer of this volume, wh<..1 were 
working at the problem unknown to each other. If the 
yields at the flush be plotted on squared paper and a 
smoothed-out curve run through them, the normal 
lactation yield of a winter-calved cow is found by 
mUltiplying the daily yield at the top of the curve by 
200. Mr. Gavin's pJan is simpler, and needs no squared 
pA.pp,r. He finds the daily yield at the flush, which he 

.calls the" revised maximum," by takiug the highest 
, yield whic~l is maintained over three successive weighingr. 

If, for instance, ;t cow give 37, 38, 40, 39, and 37 popnds 
of milk at five successive weighings, the revised maximum 
is 38. Besides being a fair-probably the fairest
method of determining a cow's grade and finding her 
normal annual yield, this method has the important" 
advantage of placing a cow in her grade shortly after 
calving. 

Unfortunately, because it is desirable to have figures 
from a herd in which weekly records have been kept 
with ~reat care for a considerable time from which the 
first lactation yields of the daughters of a fair number 
of bulls could be compared with those of their dams, 
also in their first lactations, our figures are not very 
many. Such as they are, however, we can speculate 
wit"bt them as we speculated with the Danish butter-fat 
figures. 

The following diagram is constructed from the 
records of 128 first-calf Shorthorn heifers of similar type 
and weight belontjing to four different herds: Captain 
T.'A .. Clarke's, at Farran, County Cork, and the Depart
ment o'f Agriculture's farms at Clonakilty, County Cork, 

I 
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Athenry, County Galway, and BallyhaiDe, County 
Cavan. The diagram shows how many of these heifers 
gave one or another quantity of milk-from 10 to 50 
pounlls a day-at the flush, shortly after calving. The 
yields are reduced to what they should have been had 
every heifer been exactly three years old at calving. 
Captain Clarke's heife::s are indicated by dots, the others 
by crosses. 
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It will be noticed that, in the middle of this diagram, 
there are three peaks 8 or 4 pounds apart, indications 
of others not far away, and of others still as far away 
as 50 and 10 pounds. If these last two figures be the 
extremes and the intervening grades differ from each 
other by 8 or 4 pounds, then there must be twel~e or 
thirteen grades, at least. And, if there are either of 
these numbers, there must be sixteen grades and four 
pairs of characters and factors. And the four highest 
factors, when carried together by .,the same animal, 
should produce about 50 pounds of milk, the four lpw~st 
about 10. Either the higher factor of a pair >or the 
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lower may be the dominant: but which n~ed not be 
considered meantime. Let us assume that the higher 
factors are the dominants, and that the values of domin-

. ants and recessives are 20 and 4, 15 and 3, 10 and 2~ and 
I 5 and. 1. By the ordinary chance distribution of these 

four pairs of factors, the following sixteen combinations 
and yields should be produced: • 

Yield (Lbs.). 
20 15 10 5 50 
20 1'& 10 1 46 
~O 15 2 5 42 
20 3 10 5 • 38 
"4 15 10 5 34 
20 J 15 2 1 38 
20 3 10 1 34 
20 3 2 5 30 

4. 15 10 1 30 
4. 15 2 5 26 
4. 3 10 5 22 

20 3 2 1 26 
4 15 2 1 22 
4. 3 10 1 18 
4. 3 2 5 14 
4. 3 2 1 10 

Of this speculation, as of the previous one, it may be 
said that it is not a very bad fit of the phenomena as 
these are at present known. And it may also help 
towards a better understanding of the problem. In this 
problem also, just as in that of butter fat, the production 
of a stock of animals breeding true to one grade or 
another is likely to be the first step towards accurate 
knowledge. In the meantime, no better method of 
raising the milk :field of a stock of animals can be 
sugg€sted than that of using proved and tested sires and 
selectirlg young sires whose sisters are good yfelders:; 
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that is from among the sons of already tested sires,l 
with, preferably, high-yielding dams. On this point 
the "triter of this volume cannot do better than become 
personal. About fifteen years ago he was sent by the 
Irish Department of Agriculture to see and collect 
information from a fe",w herds of dairy cattle in Ireland. 
In one herd he saw twelve or thirteen three-year-old 
heifers, all daughters of one sire, which were obviously 
unusually good milkers. The steward informed him, 
and the dairy-maid's records conf~rmed him, that the 
heifers' daily yields, at the flush, ran from aO 00 10 

_pounds a day~ When asked to have the S'rre of thee 
heifers brought out, the steward said that he had been 
sold'" to a new owner in England. N (,~t morning the 
Irish Department telegraphed to the new owner to ask 
if he would sell the bull, and the same afternoon got the 
answer saying the bull" was sent to the butcher ten 

"days ago." In another herd, half-a-dozen similar 
heifers, all daughters of one sire, were seen, and when a 
sight of the sire was asked for, the owner said, "Oh, 
he's in the Argentine." 

The five following diagrams, which are constructed 
from the records of the daughters of five sires t'~ed in 
Captain T. A. Clarke's herd and their dams, will shoW that 
generally a milk sire may also be judged by his worst 
daughters as well as by his best. It will be seen that the 
yields run from 10 to 50 pounds, but that there are 
obvious grades near 16, 22, and 26. ~ 

1 If some of the low-yielding factors are linked to the male sex, 
as Mr. Buchanan Smith has suggested, this direction may be 
wrong. In selection, the sire is less important than the dam. 
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XI 

ECONOMIC AND GENERAL 

A GENERALISATION like Mendel's attracts two different 
kinds of mind: the academic and the economic. The 
former seeks to develop and extend the generalisation. 
inquires into its foundations. and endeavours to.di;
cover not only"'tne very nature of the" mater1als." but
also the manner of their production and transmission. ' 
Thelatter is less interested in these '~-theoretical" or 
" scientific" problems, as he calls them. but accepts the 
generalisation with its formulre and asks how they can 
be used towards an increased production of material 

"'wealth. That the Mendelian formulre can be so Uied 
is now no longer in doubt. Pearl's and Nilsson-Ehle's 
results are proof sufficient. That the latter did not 
identify the actual factors for increased production and 
measure their individual effects may be a disappoint
ment to the extreme" scientific" mind; but the eC('#lomic 
mind is not to refuse Nilsson-Ehle's new varieties on that 
account. A new and effective febrifuge or an antiseptic 
which acts upon the internal tissues though applied on 
the skin are not to remain unused till the physiologist or 
the bacteriologist discovers how they do their W'Ork. 
If a stock of high-yielding dairy cattle is identified some 
day. their owners are not to delay breeding from them 
till the physiologist and the anatomist and the cytologist 
and the chemist have made a minute ~amination of t~ir 
milk-p1,;oducing machinery. • 
.. The possibilities of increasing the productivity of the 

188 



ECONi?MIC AND GENERAL 189 

vegetable ~rld are enormous: be it in seeds and grains, 
roots and forage, stems and leaves, flowers, fibre, sugars 
and gums, tea, coffee, rubber, even timber. The witia~ 
step is to combine in one individual the factors already 
existing in two, or more. These factors may be for 
quicker and stronger growth; for resistance to drought, 
frost, or disease; for greater activity in several directions, 
as in seed, or root, or leaf production, and so on. If 
the hybrid be a plant reproducible by buds, or shoots, 
or suckers, or in any other way than by seed, the new 
VllrieJ;y is already produced. Notable examples are the 
J:.ondon pttne, which now adorns the stl-eets of many 

~ cities, the Huntingdon elm, the cricket-bat willow, the 
loganberry, the Up-to-Date and other varieties ofpotlto. 

The average yield of wheat in Britain is about 82 
bushels to the acre. A rise of 25 per cent. would turn 
32 bushels into 40. For every day by which the seed
time to harvest life of a variety of wheat is shortened, 
the- northern wheat-growing limit in Canada is moved 
fifty or sixty miles nearer the North Pole. A vigorous, 
early ripening, and highly productive oat, and higher
yielding turnips and swedes, might improve the finances 
of m~ a northern or high-lying farm in Britain and 
even put many a pasture under the plough again, without 
the dangerous stimulus of a protective duty. 

A century ago, Patrick Shirreff showed how new 
varieties, when found, can be tested, accumulated, and 
scatt&red broadcast. There have been other raisers oi 
new varieties since Shirreff's time, but none whose work 
illustrates better what can and what cannot be dont 
without Mendel's guide. For thirty years he persisted 
in hunting for new'and better varieties in his own and 
his' noighbours' fields, testing them, and accuml!lating 
stocks bf the better ones. In this way he gave tht: 
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country many new varieties. Then he b/gan trying 
to get new varieties by cross-fertiHsation, but lost him- , 
self fmong the many different varieties his crosses 
produced. He lived just a century too soon to succeed 
with cross-fertilisation. • 

In the beginning of the present century, Nilsson-Ehle 
with Mendel's work to guide him, saw that the second 
generation from the crossing parents, that is theil 
hybrids' progeny, contains all the varieties likely tc 
result from the cross, and that ther&fore the descendanb 
of every second generation plant must be kept ap~t 
from all others as a single culture. Then t-'lie procesii 
'of selection may begin: the most promising fA yield and 
purity being retained, the others culloo. The cultures 
retained are persistently" rogued" till the fifth genera
tion: till later, if necessary: when the stock is usually 
large enough to be tested for yield. In a year or two, 
field trials are made, and the new variety approved or 
condemned. • 

Because of her success in breeding horses for speed, 
bullocks for beef, sheep for mutton, and pigs for pork 
and bacon, Great Britain has long been regarded as the 
greatest stock-breeding country in the worl~ But 
excepting for the race-horse, which has been selected and 
bred for three centuries chiefly upon the race-course test, 
these animals have been selected and bred for characters 
whose values were appraised by the eye and the hand, 
[lOt by any method of exact or even approxilIDate 
measuring or weighing. No one can say with certainty 
what difference a free use of the weighbridge would 
lave made, but it may be suggested that bullocks 
which can produce 3 pounds of be~ a day would now 
)e mo,re plentiful, and bullocks which can produce ;nly 
L! or 2 pounds, fewer. 'J 
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With animals whose fitness for their purpo~ can be 
tested only by careful weighing and measuring, Britain 
had no great success till a quarter of a century' ago, 
when the late John Speir, a Lanarkshire farmer, wh·o was 
familiar with what the Scandinavian farmers were 
doing to improve their milking cattle, induced the 
breeders of Ayrshire cattle to foll~w their example and 
measure their cows' yields systematically. The results 
were that, if the yields of the three-year-old heifers 
r'j;corded in the yel:lrs 1903 to 1907 be set down at 73, 
thos~ recwded in 1908 and 1909 must be set down at 76, 

"those in li13 at 80, and those in 1920 at 84; that is, in 
fifteen years a rise of about 15 per cent. But, though
the annual yieli1 which leaves a profit to the farrr~r is 
seldom very far below 600 gallons, there are many cows 
in the country, even among Ayrshires, which yield 
considerably less. In some breeds, if not in most, 
th.re are cows whose milk contains over 5 per cent. of 
butter fat, but the average for the country is only about 
3'7 per cent., and, even in the butter breeds, the milk 
of some cows contains no more butter fat than the 
general average. Thus, there is great need for more 
milk '\neasuring, discarding unprofitable stock, and, 
above all, following the example set at Kolle Kolle by 
Mr. Grut Hansen. 

If only a few millionaires would offer prizes to their 
nearest agricultural societies to be awarded for the best 
bult sent into the show ring followed by four or five of 
his daughters in milk, the tragedy of seeing so many 
sires sent to the butcher before their reproductive value 
had been proved might be averted . 

• 
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