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GENETIC ASSIMILATION OF AN ACQUIRED CHARACTER 

C. H. WADDINGTON 

Institute of Animncal Genetics, Edinibutrgh 

Received October 9, 1952 

INTRODUCTION 

Under the influence of natural selection, 
development tends to become canalised so 
that more or less normal organs and tis- 
sues are produced even in the face of slight 
abnormalities of the genotype or of the ex- 
ternal environment (Waddington, 1940). 
It has been suggested that if an animal 
is subjected to unusual circumstances to 
which it can react in an adaptive manner, 
the development of the adaptive character 
might itself become so far canalised that 
it continued to appear even when the con- 
ditions returned to the previous norm 
(Waddington, 1942). This mechanism 
would provide a means by which an "ac- 
quired character" in the conventional sense 
could be "assimilated" by the genotype, 
and eventually appear comparatively in- 
dependent of any specific environmental 
influence. Schmalhausen (1947) has in- 
dependently suggested a very similar proc- 
ess, which he has discussed at some length 
under the name "stabilising selection"; a 
phrase which, however, he uses in a num- 
ber of different senses, as Simpson (1947) 
has pointed out. 

The purpose of the present communica- 
tion is to describe an experiment in which 
this hypothesis was tested and shown to 
operate as expected. A preliminary ac- 
count of the work has been published in 
Waddington (1952a). The laborious work 
of classifying the large numbers of individ- 
uals involved was carried out by my tech- 
nical assistant, Miss Evelyn Paton, to 
whose care and devotion I should like to 
pay a tribute. 

ExPERIMENTAL RESULTS 

1. Selection for response to an 
environmental stimulus 

It was decided to select a strain of Dros- 
phila melanogaster for its ability to form 

a phenocopy in response to some definite 
environmental stimulus. It was known 
fronm the work of many investigators that 
strains differ considerably in their capaci- 
ties for phenocopy formation, and pre- 
liminary studies soon confirmed this. 
After some exploratory tests, it was found 
that when pupae of a wild Edinburgh 
strain, S/W5, were given a temperature 
shock (4 hours at 400 C.) at 17 to 23 
hours after puparium formation, a fair 
number of crossveinless wings developed, 
although none appeared under normal 
conditions. It was decided to use this as 
the character to be selected. There is, of 
course, no reason to believe that the pheno- 
copy would in nature have any adaptive 
value, but the point at issue is whether it 
would be eventually genetically assimilated 
if it were favored by selection, as it can be 
under experimental conditions. It was 
decided to concentrate on this effect, and 
to set up two separate selection lines. In 
one, only those flies which showed the 
crossveinless effect after treatment were 
bred from ("upward" selection, which 
should increase the frequency of response), 
while, in the other, the crossveinless flies 
were rejected, and only those still showing 
normal wings were used to carry on the 
line ("downward" selection). 

In order to make it possible to collect 
enough contemporaneous pupae for treat- 
ment, a rather large number of individuals 
were dealt with in each generation. No 
attempt was made to ensure strict virginity 
in the females, but the bottles containing 
the selected strains were emptied every 
day and it is probable that a considerable 
proportion of the females were unmated. 

Flies were classed as "crossveinless" 
when they showed any disturbance of the 
posterior crossvein. There was a con- 
siderable variation in the grade of expres- 
sion of the character, ranging from the 
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FIG. 1. Four crossveinless wings: a grade 4, b grade 3, c grade 2, 
d grade 1. 

existence of only a small gap to a complete 
absence of the whole vein, sometimes ac- 
companied by a breakage or absence of the 
anterior crossvein as well (fig. 1). 

For the first few generations, the re- 
sponse to selection was somewhat irregu- 
lar, although the downward selection, in 
particular, showed signs of being effective. 
A check with more restricted age groups 

then showed that the most effective period 
for the temperature shock was between 
21 and 23 hours, and from the fifth selected 
generation onwards treatment was always 
given to pupae of this age. Selection in 
both directions then proceeded rapidly 
(table 1 and fig. 2). 

Progress was, however, not steady in 
the downward line; from the sixteenth 

TABLE 1 

Upward line Downward line 
Age 

treated + + cve %cve + + cve %cve 

P1. 17-23 1466 747 33.8 
F1. 17-23 1582 470 22.9 
F2. 17-23 1727 502 22.5 
F3. 17-23 1784 521 22.6 1812 337 15.7 
F4. 17-23 1312 738 36.0 1884 425 18.4 
F5. 21-23 649 1070 62.2 1136 587 34.1 
F6. 21-23 438 599 57.76 584 314 35.0 
F7. 21-23 450 1009 68.5 1355 525 27.9 
F8. 21-23 566 1618 74.1 1355 665 32.9 
F9. 21-23 475 1308 73.4 1727 544 24.0 
F10. 21-23 694 1674 70.7 2131 653 23.5 
Fll. 21-23 456 1808 79.9 1884 452 19.3 
F12. 21-23 558 1583 73.9 1541 242 13.6 
F13. 21-23 484 1510 75.7 1812 170 8.6 
F14. 21-23 221 822 78.8 1082 90 7.7 
F5. 21-23 165 630 79.2 1233 116 8.6 
F16. 21-23 463 2598 84.9 2478 179 6.7 
F17. 21-23 235 3521 93.7 2423 311 11.4 
F18. 21-23 101 2567 96.2 2522 677 21.2 
F19. 21-23 97 2387 96.1 2326 382 14.1 
F20. 21-23 63 2564 97.6 2168 645 22.57 
F21. 21-23 58 1804 96.85 1788 664 27.03 
F22. 21-23 58 2277 97.52 1873 406 17.81 
F23. 21-23 72 2133 96.73 2037 321 13.61 
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120 C. H. WADDINGTON 

generation onwards, the frequency of 
phenocopies rose again, and attained a 
value about four times as high as it had at 
its lowest point. Thereafter it sank again. 
It is not easy to find an explanation for 
this. 

In each generation of the upward se- 
lected line, a fair number of flies from 
untreated pupae were examined. No 
crossveinless individuals were found until 
generation 14, when a few isolated ones 
appeared. By generation 16 there were 
some 1-2% of these, and in that generation 
a number of pair matings were set up be- 
tween them, the females being not cer- 
tainly virgin. The condition was found to 

derived fromn the same original non-virgin 
pair, matings between normals gave sig- 
nificantly fewer crossveinless flies than did 
matings between crossveinless. Over the 
whole series of matings, the difference was 
18.5 ?4.5%. There was thus still con- 
siderable genetic variability within the 
lines. The interaction term was also sig- 
nificant, so that the variability within lines 
was not the same for all lines. 

By further selection among these lines, 
four "high" lines were produced (Nos. 
H 1, H 16, H 24, and H 26), which threw 
fairly high percentages of crossveinless 
flies at 250 C. with no temperature shock. 
A similar number of "low" lines were also 
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FIG. 2. The response to selection, from generation 5 onwards, for crossveinless 
wings ("upward" selection) and normal wings ("downward" selection). 

be inherited, and in the Fl from the origi- 
nal pairs, a number of new pair matings, 
with virgin females, was made, in some 
cases between crossveinless pairs and in 
others between normals. Thus from 
each of a number of original non-virgin 
pair matings, a series of lines were 
started. 

No useful purpose would be served by 
giving the detailed figures for the inherit- 
ance of the crossveinless condition in all 
these lines. The frequency of the char- 
acter, under conditions of normal culture 
at 250 C. (with of course no temperature 
shock) varied from about 75% to a very 
low frequency. In different sub-lines, 

isolated, either from among the strains 
mentioned above or by new matings among 
the normals appearing among the treated 
upward selected strain. These low lines 
(Nos. L 4, L 8, L 25, and L 28) gave 
very low percentages of crossveinless in- 
dividuals, although they were derived 
from the upward selected group and must 
have shared most of their genetic back- 
ground with it. 

The frequency of spontaneous cross- 
veinless flies (i.e., developed in the absence 
of a temperature shock) is given for the 
various lines in figure 3. The rather odd 
fact will be noticed that the frequency is 
higher at 180 C. than at 250 C., which might 
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ASSIMILATION OF ACQUIRED CHARACTER 121 

"High" lines 

at 250 at 180 I H 1 68% 100% 
________ H 16 87% 100% 

H 24 67% 99% 
H 26 95% 100% 

"Low" lines 

at 250 at 180 I L 4 1.6% 16% 
._______ L 8 0.8% 0.5% 

L 25 1 % 46% 
L 28 19 % 91% 

Wild Edinburgh 
0% at 250 or 180 

"Downward" lines 

at 250 at 180 

_ 0% 0% 

FIG. 3. Frequencies of crossveinless phenotypes 
in the various lines. 

hardly be expected as the phenotype origi- 
nated as a phenocopy induced by a high 
temperature shock treatment; but there is 
no reason why the effects of temperature 
shock treatment should be paralleled by 
those of temperature variations within the 
normal range. The frequencies quoted in 
the figure were determined shortly after 
the lines had been set up. The strains 
were carried on by non-virgin matings of 
crossveinless for the high lines and non- 
virgin matings of normals for the low 
lines. After seven or eight generations, 
the frequencies of crossveinless individ- 
uals at 250 C. were determined again, and 

TABLE_ 2. Grades of expression (in percentages) 
High lines (carried by non-virgin matings of cvl). 

1 2 3 4 Normal % cvl 

H 1 9 46 18 20 6 94 
H 16 20 46 19 13 2 99 
H 24 0.5 17 23 37 23 77 
H 26 2 38 22 33 5 95 

Low lines (carried by non-virgin 
matings of normals) 

L 4 - - - 100 100 
L 8 - - 0.4 0.8 99 1.2 
L 25 - - 1 0.5 98.5 1.5 
L 28 3 14 14 25 44 56 

are given in table 2, which also gives the 
grades of expression in terms of an arbi- 
trary classification (see fig. 1). It will 
be seen that most of the lines have re- 
mained fairly stable, or have progressed 
in the direction of the rather feeble selec- 
tion applied, except in the case of low 
line L 28, in which the frequency of 
crossveinless has considerably increased. 
It may be noted that this was a strain ex- 
tremely sensitive to temperature at the 
earlier stage in its existence (fig. 3); but 
the explanation for its behavior in the 
intervening seven generations remains ob- 
scure . 

2. Genetic analysis of the lines 
Crosses with wild types: A series of 

matings were made between females of 
various high lines and males of different 

TABLE 3. Fl's and backcrosses of high lines with various wild types 

Original cross. F I Backcross 

9 cvl Total %cvl. cvl Total %cvl. 

H 1 (68%) D (0%) ? 854 1426 60 
H 16 (87%) D (0%) ? 1645 2942 56 
H 24 (67%) D (0%) ? 313 628 50 

H 26 (95%) WE (0%) 14 234 6 (ex cvl 9) 96 153 63 
(ex + 9) 847 1342 63 

H 1 (68%) L 4 (4%) 29 37 80 425 610 70 
H 16 (87%) L 25 (8%c.) 10 44 24 117 153 76 
H 24 (67%) L 28 (6%) 28 45 62 219 255 86 
H 26 (95%) L 8 (4%) 27 107 26 (ex cvl 9) 94 148 64 

(ex + 9) 171 238 72 
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122 C. H. WADDINGTON 

wild types. The Fl females were then 
crossed back to males of the original high 
line. The flies were reared at l&' C. The 
results are given in table 3, in which the 
percentage of crossveinles's given at 250 C. 
by the lines used for the cross are indicated 
in brackets. Unfortunately the Fl's of the 
cross between high lines and downwardly 
selected stocks (indicated as D, first three 
rows) were not noted, but the frequency 
of crossveinless was certainly very low. 

It will be seen that the general genetic 
background of the wild types has a con- 
siderable effect on the frequency of cross- 
veinless. In the background of the low 
lines, which are more or less true breeding 
wild types derived from the upwardly 
selected strain, the condition behaves al- 
most as a dominant, while against the 
downwardly selected background it is 
nearly a complete recessive. Against the 
Wild Edinburgh stock from which the ex- 
periment started (W.E.), it shows a slight 
degree of dominance. This is not surpris- 
ing if the genes concerned in producing the 
crossveinless phenotype behave in an addi- 
tive manner, but, in the original Wild 
Edinburgh stock, are never present in suf- 
ficient concentration to overtop some cru- 
cial threshold. 

Crosses with chromosome markers: The 
experiments described in the last para- 
graph show that many genes-in fact the 
genetic background as a whole affect the 
penetrance of the character. In an attempt 
to locate at least crudely the more im- 
portant factors, high line females were 
crossed with the Curly Moire males, and 
Curly Moire Fl's bred together in pairs. 
There were about 10% crossveinless flies 
in the Fl, which was reared at 25? C. 
The numbers of crossveinless appearing 
in the various classes of the F2 (also 
reared at 25? C.) are given in table 4. It 
will be seen that the original percentage 
of crossveinless is never recovered in the 
non-Cy non-Me offspring, from which it 
would appear that the X chromosome of 
the high lines in the bearer of important 
genes tending to cause the condition. 
Penetrance is highest in the Cy group, 

TABLE 4. Percentages of crossveinless 
H Y X Cy Mee 

I 
Fl Cy Me's crossed 

(at 250) 

Cy Cy HII HII 
HIl HII HII _I Hf II 
Me HIII Me HiII 
HIII H ill HII HIII 

H 1 68 16 60 19 49 
H 16 87 24 89 17 72 
H 26 95 15 66 15 60 

and lowest in the Me. This suggests that 
the high line IIIrd chromosome has more 
crossveinless effect that the Me, while the 
high line IInd has less than the Cy. This 
would also account for the fact that more 
affected flies are found among the Cy's 
than in the non-Cy non-Me group. 

A further test of the effect of the ITIrd 
chromosome was made by crossing H 26 
females to Wild Edinburgh males; then 
mating an Fl male to Stubble females. 
The resulting Sb males are without a high 
line X, and are heterozygous either for a 
high line IlIrd or a Wild Edinburgh IIIrd, 
It was hoped that when individuial males 
were crossed to high line females, the 
families would fall into two groups with 
respect to the frequency of crossveinless 
among the non-Sb offspring, and thus 
demonstrate a clear cut difference between 
the high line and Wild Edinburgh Thilrd 
chromosomes. In fact, the frequency of 
crossveinless (at 180 C.) was 59% among 
the non-Sb and 37.5% among the Sb. It 
is true that the families were non-homoge- 
neous as regards the frequencies among 
the non-Sb, but unfortunately so were they 
as regards those among the Sb. Probably 
this can be attributed to effects of the high 
line IInd chromosomes. It may be noted, 
however, that non-Sb group had a higher 
overall frequency than the Sb, confirming 
the suggestion that the high line IlIrd, 
which about half the non-Sb's would con- 
tain, has a positive effect in producing the 
crossveinless type. 

The effect of the high line X was tested 
in a similar manner. Females heterozy- 
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ASSIMILATION OF ACQUIRED CHARACTER 123 

gous for an H 26 X and the Muller-5 chro- 
mosome were crossed with low line males. 
In the Muller-5 male offspring reared at 
250 C., only 2 crossveinless flies were 
found among 480, while among the non- 
Muller-5 males the frequency was about 
40%. There is therefore a very definite 
crossv,einless effect of the high line X. 

Similarly when females heterozygous 
for high line X and Muller-5 are crossed 
with high line males, the Muller-5 male 
offspring showed no crossveinless among 
348 at 250 C. and 18 among 513 (3.5%) 
at 180 C., while the non-Muller-5 males 
had 193 among 447 (43%) at the higher 
temperature and were 100% crossveinless 
at the lower. 

There is of course a well known cross- 
veinless factor at locus 13.7 in the X, and 
it is interesting to discover whether the" 
effect of the high line X is due simply to an 
allele of this. In the stocks available in 
Edinburgh, the known cv factor shows no 
obvious signs of temperature sensitivity, 
giving 100% crossveinless flies at 250 C. 
as well as at 180 C. Heterozygous sc cv 
ec ct/high line 26, however, were by no 
means 100% crossveinless at 250 C., the 
number of wild types being 48 in 228 when 
sc cv ec ct was the female parent and 55 
in 166 when it was the male. There is 
clearly considerable summation of the ef- 
fects of single doses of cv and of the high 
line X, but the latter does not act as if it 
contained a simple allele of the former. 

Moreover, it can be shown that there is 
a tendency to produce crossveinless flies in 
regions of the high line X far removed 
from the locus of cv. Heterozygous sc 
ct v f car/high line 26 females by sc ct v f 
car males gave, of course, a large number 
of types of cross-over. The frequency of 
crossveinless among the non-cross-overs 
and single cross-overs is given in table 5, 
and it will be seen that crossveinless flies 
are found in many different flies homozy- 
gous or hemizygous for the sc ct section 
which contains the +cv locus. The cross- 
veinless effect of the H 26 X chromosome 
therefore cannot be restricted to this 
neighborhood. 

TABLE 5. Frequencies of crossveinless in various 
classes, from sc ct v f car/high line 

9 X sc ct v f car e 

non-cvl cvl % cvl 

Sc ct v f car 100 0 0 
+ + + + + 277 130 32 

sc 106 44 29 
ct v f car 38 0 0 

sc ct 19 2 10 
v f car 82 6 7 

sc ct v 30 6 17 
f car 94 3 3 

sCctv f 9 1 10 
car 38 10 21 

DISCUSSION 

In the experiment described above, se- 
lection for the ability to respond to an en- 
vironmental stimulus has built a strain in 
which the abnormal phenotype comes to be 
produced in the absence of any abnormal 
environment. The crossveinless condition 
appeared in the foundation stock only as an 
"acquired character," in the conventional 
sense. This does not, of course, mean that 
it was quite independent of the environ- 
ment; such a supposition would be mean- 
ingless, since all development involves not 
only the genotype but also an appropriate 
milieu (see Begg, 1952; Waddington, 
1952b). What is implied is that cross- 
veinless flies only appeared when the origi- 
nal stock was subj ected to some particular 
abnormal environment, in this case one 
involving a high temperature at a certain 
pupal age. In the "high lines" derived 
from the upward selected stock, however, 
the crossveinless character appeared in the 
normal environment which did not involve 
such a temperature treatment. It has be- 
come a hereditary character as contrasted 
with an acquired one. 

This has certainly not happened solely 
through the selection of a chance mutation 
which happens to mimic the original ac- 
quired character. The genetic basis which 
is eventually built up for crossveinlessness 
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differs from the genotype of the foundation 
stock in several genes. There is evidence 
of polygenic segregation even in crosses 
between the high and low lines, both de- 
rived from the upward selected stock, and 
there are still more gene differences be- 
tween the high lines and the downward 
selected stock. 

The experiments which have so far been 
performed do not give any final informa- 
tion about the origin of these gene differ- 
ences. It is well known that different 
stocks differ in the number and kind of 
phenocopies they yield after a given treat- 
ment. It can therefore be taken as almost 
certain that there is genetic variability, in 
this respect, available within any normally 
variable strain, such as the Wild Edin- 
burgh foundation stock. It is undeniable 
that such variability existed after the first 
generation of treatment, since response to 
selection began immediately. It does not 
appear necessary to look any further for 
the origin of all the variability involved 
throughout the whole course of selection. 
It is, of course, possible to suggest that the 
high temperature treatment has itself stim- 
ulated the occurrence of new mutations 
tending to cause crossveinlessness, but 
there are several points to be mentioned in 
connection with such a hypothesis. In the 
first place, the polygenic nature of the 
differences between the strains would im- 
ply that many new mutations would be 
necessary; secondly, the number of in- 
dividuals in each generation was so large 
that new mutations could not have been 
concentrated in the comparatively small 
number of generations unless each muta- 
tion had occurred simultaneously in a fair 
number of individuals. Finally, it may be 
pointed out that even if this hypothesis 
were advanced, it could bring little comfort 
to those who wish to believe that environ- 
mental influences tend to produce heredi- 
tary changes in the direction of adaptation. 
For there is no reason whatever to suppose 
that the crossveinless phenotype is adap- 
tive to high temperature; it was merely 
arbitrarily selected, from among the vari- 
ous phenocopies produced, as the one to 

be artificially selected, and it is probable 
that the result of the experiment would 
have been essentially similar if selection 
had been practised for the "dumpies" or 
"miniatures" etc. which also occurred. 
One could therefore at best suppose that 
the shock treatment increased the produc- 
tion of many different types of mutations, 
tending to mimic all the relevant pheno- 
copies. But since there are no considera- 
tions which force us to postulate the oc- 
currence of any new mutations at all, it 
does not seem necessary to pursue the 
argument any further. 

It seems quite possible that if a similar 
selection for crossveinless formation was 
repeated, perhaps using a different founda- 
tion stock, the same phenotypic effect 
might be produced with quite a different 
genetic basis. This has been pointed out 
by Espinasse (1952), who seems to draw 
the pessimistic conclusion that studies of 
the genetic constitutions of strains of ani- 
mals in the process of evolution tell us 
nothing of any value. It may be true that 
we shall never be able to predict exactly 
what will happen to a species during its 
future evolution, nor deduce, merely from 
the phenotypes of animals, what the evo- 
lution of their genetic constitution has 
been. But he seems to pay too little at- 
tention to the importance of discovering, 
by means of such studies, the kinds of 
process which may be involved in evolu- 
tionary change, even if we have to rest 
content with a knowledge of the categories 
of possible processes instead of a theory 
capable of detailed predictions. 

It seems worthwhile to devote some at- 
tention to the probable nature of the proc- 
esses which have occurred in building up 
the high crossveinless lines. The experi- 
ment described above was carried out in 
order to test the possibility of a mechanism 
which had been suggested by general the- 
oretical considerations (Waddington 1942, 
1952c). It had been emphasised that the 
development of the wild type of an animal 
is normally more or less efficiently canal- 
ised; that is to say it is buffered (or pro- 
vided with feed-back or cybernetic mecha- 
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nisms) so that approximately the optimum 
end-result is attained in spite of minor 
variations, both genetic and environmental 
in origin, during the process. This canal- 
isation is presumably brought about by 
natural selection. For this type of selec- 
tion, Schmalhausen's (1947) phrase "sta- 
bilising selection" seems appropriate, but it 
is as well to distinguish it clearly, as he 
does not, from natural selection which 
merely eliminates deviants, which may be 
called "normalising" selection. The hy- 
pothesis which was put forward suggested 
that if an animal subjected to unusual 
environmental conditions develops some 
abnormal phenotype which is advantage- 
ous under those circumstances, selection 
will not merely increase the frequency with 
which this favorable result occurs, but will 
also tend to stabilise the formation of it, 
and the new development may become so 
strongly canalised that it continues to oc- 
cur even when the environment returns to 
normal. For a series of events of this 
kind, the name "genetic assimilation" may 
be suggested. A somewhat fuller discus- 
sion of the theory of the process has been 
given in Waddington (1952d). 

The evidence given above is fully in 
accordance with the predictions of this 
hypothesis, and, in the absence of any rea- 
sons to the contrary, we may regard the 
production of high crossveinless lines as 
examples of genetic assimilation by means 
of the mechanism suggested. In the ear- 
lier discussions, the possibility has been 
raised that the genetic constitution of such 
an assimilated character may be analys- 
able into two parts, one of which would 
determine the new epigenetic pathway, 
while the other, which might be mono- 
genic, would act as a substitute for the 
original environmental stimulus in switch- 
ing development into it. In the crossvein- 
less case there is rather little evidence of 
any clean separation of the genotype into 
these two components. It is true that 
there seem to be fewer gene differences 
between the high and low upward se- 
lected lines than between the former and 

the downward lines. Thus it may be 
argued that all the upward lines have a 
certain genetic background in common, 
which determines a relatively canalized 
pathway leading to the crossveinless 
phenotype, while the high lines have in 
addition a switch mechanism which 
pushes development over some threshold 
into this pathway. But if so the switch 
mechanism still seems to involve more 
than a single gene, and the distinction be- 
tween it and the canalising part of the 
genotype is not clear cut. 

It is not intended here to discuss the 
importance of the genetic assimilation of 
acquired characters for the general theory 
of evolution; a few remarks on this have 
been made elsewhere (Waddington, 1952d, 
e). 

SUMMARY 

1. A wild Edinburgh strain of D. mela- 
nogaster produced no flies showing a break 
in the posterior crossvein when bred at 
250 C., but a certain number occurred (as 
phenocopies) when the pupae aged 21-23 
hours were subjected to 400 C. for four 
hours. 

2. Selection was practised for and 
against the appearance of the phenocopy, 
and rapid progress occurred in both direc- 
tions. After about 14 generations of selec- 
tion, some flies in the upward selected 
strain were found to show the effect even 
when not exposed to the heat shock. From 
these, lines were built up which threw a 
high proportion of crossveinless individ- 
uals when kept continuously at 25? C. 
(and even more at 18? C.). 

3. The crossveinless character, origi- 
nally a typical "acquired character," has 
become incorporated into the genetic make 
up of the selected races. A process of 
"genetic assimilation" is described by 
which this might be supposed to happen; 
it depends on the tendency of selection 
not merely to increase the frequency of 
any favorable character, but also to sta- 
bilise its development. A similar sugges- 
tion has been advanced by Schmalhausen 
(1947). 
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4. The genetic basis of the assimilated 
crossveinless character is polygenic. 
There is little evidence of any definite dis- 
tinction between canalising and switch 
genes. 
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