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INTRODUCTION 

UTATION pressure results in accumulation of genetic variability M in natural populations of organisms that reproduce by cross-ferti- 
lization. The main constituents of this variability are recessive mutant 
genes which are carried in heterozygous condition and which are therefore 
concealed from direct observation and are detectable only by means of spe- 
cial genetic techniques. In Drosophila pseudoobscura a considerable propor- 
tion of wild third chromosomes contain recessive lethals and semilethals, 
viability and development rate modifiers, and other changes (STURTEVANT 
1937; DOBZHANSKY and QUEAL 1938; DOBZHANSKY 1939; DOBZHANSKY 
and WRIGHT 1941; WRIGHT, DOBZHANSKY, and HOVANITZ 1942). Data to 
be reported in the present article show that a similar situation obtains in 
the second and fourth chromosomes of this species. 

The determination of frequencies of major genetic changes, such as 
lethals, is relatively simple. Our purpose, however, has been to make an 
approximate census not only of major but also of minor changes-for ex- 
ample, modifiers of viability and of the development rate. This is extremely 
laborious; disregarding the preliminary experiments, we have classified and 
counted more than 550,000 flies. The research program of which this work 
is a part has been supported by a grant from the CARNEGIE INSTITUTION 
OF WASHINGTON, whose help we acknowledge with pleasure. We are ob- 
ligated to MRS. MARIAN GIBBS HOVANITZ, MR. G. T. RUDKIN, and DR. 
D. D. MILLER who have shared in the work in its early stages, and to 
MR. E. NOVITSKI for the use of a strain containing an inversion in the 
second chromosome. To PROF. CARL EPLING and MR. A. SOKOLOFF we 
owe thanks for collecting some of the material and to DR. J. NEEL for 
discussion of some statistical techniques. 

MATERIAL 

Most of the wild flies used in the present study were collected in 1940 
and 1941 in three localities, Andreas, Pinon and Keen, on Mount San 
Jacinto, California. A description of these localities may be found in 
WRIGHT, DOBZHANSKY, and HOVANITZ (1942). Population samples were 
taken throughout the season when the flies are reasonably abundant in 
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each locality. The samples were sent to the laboratory at  COLUMBIA UNI- 
VERSITY, and the wild flies were outcrossed to the strains used for analysis 
either immediately or within a few days. The work on the second and on 
the fourth chromosomes was carried simultaneously, parts of each sample 
being used for both purposes. The data on the second and the fourth 
chromosomes are therefore fully comparable as far as the origin of the ma- 
terial is concerned. Some of the flies used in the experiments came from the 
vicinity of Santa Barbara, California (obtained through the courtesy of 
MR. G. MAINLAND), from the vicinity of Kaibab Lodge, Kaibab National 
Forest, Arizona, and from Wildrose Canyon, Panamint Mountains, Cali- 
fornia. 

METHOD 

The method of analysis consists of series of crosses devised to obtain in- 
dividuals homozygous for wild second and wild fourth chromosomes re- 

up bx gI in< hk 

m c  hk 
P 

in< hk 

m c  hk 

WILD TYPE BARE USUALLY DIES WILD TYPE CURLY DIES 

FIGURE 1.-Schemes of the crosses used to detect the recessive genetic variants in the second 
(left) and in the fourth (right) chromosomes of Drosophila pseudoobscura. Wild chromosomes are 
shown in black, chromosomes with marking genes in white, and chromosomes with marking genes 
and inverted sections hatched. 

spectively (fig. I). The recessives upturned (.pi), bithorax (bx), glass (g l ) ,  
and the dominant Bare (Ba) are used as markers for second chromosomes; 
the recessive incomplete (inc), hooked ( h k ) ,  and the dominant Curly (Cy) 
are applied similarly in the fourth chromosomes. Curly is lethal to homo- 
zygotes, and homozygous Bare flies rarely survive. Inversions which sup- 
press most of the detectable crossing over in the respective chromosomes 
are used when the wild chromosomes are to be transmitted through females 
(the FP generation, fig. I). These inversions have been induced with the aid 
of X-ray treatments in experiments designed for that purpose; the inver- 
sion in the second chromosome was obtained by MR. E. NOVITSKI and that 
in the fourth chromosome by MR. G. T. RUDKIN. The strains that contain 
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GENETICS OF NATURAL POPULATIONS 465 
the inversions and the dominants B a  and Cy are perpetuated in a balanced 
condition by means of recessive lethals in the opposite chromosomes. 

To analyze the wild second chromosomes, single wild males are out- 
crossed to homozygous up t  bx  gl  or gl  females (fig. I ) .  A single F1 male is 
taken from each culture and crossed to u p t  bx B a  gl  inversion / lethal fe- 
males. In  the Fz, from six to eight females and an equal number of males 
showing B a  but not u p t  bx g l  are selected; the flies are kept for two to four 
days in vials with food, and thereupon transferred four or five times a t  
approximately 24 hour intervals to fresh culture bottles with the regular 
cornmeal-molasses-agar medium. Five or six bottles with F3 eggs deposited 
in them are thus obtained. When the F3 flies hatch, daily counts are made 
for a week; thereafter counts are made on alternate days until the cultures 
are exhausted. One of the bottles is kept in a cold room, in order to furnish 
material for repetition of the experiment if necessary. 

The technique of analysis of wild fourth chromosomes is quite analogous 
to that just described for second chromosomes. Wild males are crossed to 
inc  hk females, a single F1 male is crossed to inc  hk Cy inversion / lethal 
females, in the Fz generation eight to ten females and a like number of 
males showing Cy but not inc or hk are selected, kept together in vials for 
two to four days, and transferred four to five times at  24 hour intervals to 
fresh culture bottles in which the F3 offspring develop (fig. I). 

With the culture medium and the culture bottles used, the optimum 
population density for Drosophila pseudoobscura is between 30 and 50 flies 
per bottle. In  our experiments the numbers of the Fz flies per culture were 
so adjusted as to obtain a slight overpopulation in the Fa bottles (100-200 
flies). This was done in order to bring out more clearly any small variations 
in viability and development rate. The experimental cultures were kept 
mostly a t  room temperature (22-24T). During the hot summer months 
they were placed in incubators a t  about 244'C. 

STANDARD VIABILITY AND DEVELOPMENT RATE 

There is no satisfactory yardstick for measuring the absolute viability 
of Drosophila flies. The viability of flies homozygous for wild second and 
wild fourth chromosomes can therefore be measured only relative to a 
standard or normal viability. The duration of the development could be 
measured, theoretically, in days or hours, but this method is too laborious 
for use in practice. Consequently, we have set up a concept of normal de- 
velopment rate. The average viability and the average development rate 
of flies possessing two second, or two fourth, chromosomes taken at  random 
from the population of a given locality are defined as normal. Since any 
population, excepting the extremely inbred ones, has a variety of chromo- 
somes differing in gene contents, a majority of the flies found in nature 
are heterozygotes. Some flies-namely, those which have immediate an- 
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466 TH. DOBZHANSKY, A. M. HOLZ, AND B. SPASSKY 

cestors in common-are homozygotes. The relative frequencies of hetero- 
and homozygotes depend upon the effective size of the population in ques- 
tion. To arrive a t  the viability and development rate standards, we must 
reproduce in experiments the breeding structure of natural populations. 
The following method of approach was used. 

The wild / upt bx Ba gl inversion females and males from different Fz 
or Fa bottles (fig. I) are intercrossed. Similar intercrosses are made of the 
wild / inc hk Cy inversion females and males from different strains (fig. I). 
The strains intercrossed come from the same locality and preferably from 
flies collected at  the same time. The numbers of Bare flies per culture are 
six to eight females and males; eight to  ten Curly females and males are 
used in experiments involving the fourth chromosomes. In order to make 
the data from the intercrosses comparable to those obtained in the main 
experiment (in which the viability and the development rates of homozy- 
gotes are measured), the flies are permitted to oviposite for only 24 hours 
in each bottle. Only one culture, however, was raised for each intercross 
(compared to four or more for each homozygote). Counts of the flies hatch- 
ing in the cultures are made at  first daily, and on alternate days toward the 
end of the hatching period. The data for the intercrosses, which constitute 
our control experiment, are summarized in table I. 

TABLE I 

The Viability and deeelopment rate in control cultures (further explanation in text). 

SECOND CHROMOSOME (BARE) FOURTH CHROMOSOME (CURLY) 

CULTURES WITH CULTURES WITH CULTURES WITH CULTURES WITH 

DAY MORE TRAN I O 0  FEWER THAN 100 MORE THAN I O 0  FEWER THAN 100 
FLIES FLIES FLIES FLIES 

OF 

EATCE- 

ING PERCENT- PERCENT- PERCENT- PERCEPU'T- 
AGE WILD AGE WILD AGE WILD AGE WILD 

TYPE TYPE TYPE TYPE 

TOTAL TOTAL T O L U  TOTAL 
FLIES FLIES FLIES FLIES 

I 1784 31.5 12Q2 31.4 3817 37.0 1770 37.9 

4 2638 33.5 205 34.1 3353 29.2 501 25.9 

6 1655 33.4 53 32.1 1645 30.2 83 22.9 

8 953 32.9 13 46.2 776 30 .1  4 0.0 

9 776 32.6 16 18.7 456 31.8 - - 295 27.8 - - IO 5'7 33.8 
11-12 1002 32.2 - - - - 378 29.4 
13-14 582 34.2 - - * I O 8  38.9 - - 
15-16 201 33.8 - - - - 5' 27.5 

- I8 38.9 17-18 62 38.7 - 

4 50.0 
3 0.0 

2 3270 32.7 1406 34.6 4881 35.7 1856 33.8 
3 3098 33.6 659 32.0 4218 33.6 1057 29.3 

5 2012 33.4 117 33.3 2504 29.7 190 25.8 

7 1.517 35.2 43 34.9 1098 27.7 15 26.7 

- - 

- - 
- - 19-20 2 50.0 - - 
- - - - - - 21 

Total 20,069 33.245 3804 32.94 23,605 32.76 5476 33.07 
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GENETICS OF NATURAL POPULATIONS 461 
Most of the Bare homozygotes and all Curly homozygotes die. The 

viability and the development rates of the wild type flies obtained in the 
offspring of intercrosses are normal by definition. The viability and the 
development rates of the Bare and the Curly flies may or may not be 
normal; if they are normal, the intercrosses should produce offspring con- 
sisting of wild type and of Bare or Curly flies in the ratio 33.3 percent to 
66.7 percent, respectively. Any deviation from- this ratio would indicate 
that the viability or the development rate of the Bare or Curly heterozy- 
gotes differ from the standard (fig. 2 ) .  , 

3 6 3  a -0.0 

35.3- '+2D 

3 4 . 3 -  _-_______ ___-___ ____ ---------- .+1.0 

__-- 
_____________I ---- 

----- 
A 

-4.0 

----_ -2.0 
30.34 . I L-3.0 

---.__ .---___ --.-.-___ .-._ --- .-..____ ----- ~._____._______ ~ ___._ 

6 7 8 9 1 0  I 2  3 4 5  

FIGURE 2.-Hatching rates of wild type individuals in the control experiments involving Bare 
(above) and Curly (below). Horizontal axis, days of hatching; vertical axis, percentage wild type 
(left) and deviation from the ideal ratio of 33.3 percent (right). Broken lines show the limits of a 
single standard error from the ideal ratio; the black circles and the solid lines connecting them 
show the observed frequencies of the wild type classes. It is obvious that in the second chromosome 
cultures the frequencies of wild type never deviate significantly from the ideal ratio and that in 
the fourth chromosome cultures the wild type class is commoner in the early than in the late 
hatches. 

It is possible that the viability and the development rates of Bare and 
Curly flies are influenced by the population density in the cultures. Ac- 
cordingly, the data for the cultures producing more and fewer than IOO 
flies are given separately in table I .  The total numbers of flies that hatched 
on different days in each class of cultures and the percentages of the wild 
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468 TH. DOBZHANSKY, A. M. HOLZ, AND B. SPASSKY 

type flies among them are indicated. Examination of table I shows that, 
in the totals, the percentages of wild type flies obtained in intercrosses 
involving the second chromosomes are 33.24 ho.33 and 32.94 50.76, re- 
spectively, in the cultures with more and with fewer than IOO flies. In all 
intercrosses involving second chromosomes, 23,873 flies have been ob- 
tained, and 33.196 ho.305 percent of them were wild type. It follows that 
flies heterozygous for the upt bx Ba g2 inversion chromosome possess normal 
viability (the observed deviation from the ideal ratio of 33.333 percent is 
obviously not significant). For the fourth chromosomes, the cultures with 
more than IOO flies in each gave 32.76 k0 .31  and those with fewer than IOO 

flies gave 33.07k0.64 percent wild type. The totals are 29,081 flies and 
32.822 k0.276 percent wild type. The latter figure differs by less than twice 
its standard error from the ideal 33.333 percent; hence, the ilzc hk Cy 
inversion chromokome does not affect the viability of heterozygotes. 

It is important to ascertain whether the conclusion that the Bare and 
Curly chromosomes have no effects on the viability holds not only for the 
totals but also for individual cultures. It is conceivable that some of the 
wild strain contain modifiers which interact with Bare or with Curly in 
such a way as to enhance or to depress the viability of these mutants; some 
of the intercrosses may have carried identical second or fourth chromo- 
somes making the wild type class homozygous rather than heterozygous 
(cf. p. 466). The simplest method to test the homogeneity of the results 
obtained in different cultures would be to compute chi-squares for each 
group of them and for the totals. However, for reasons which will appear 
later, we prefer to classify the cultures according to the magnitude of the 
deviation from the theoretical ratio observed in them. The theoretical 
ratio is, of course, 33.33 percent; the standard deviation, 6, depends upon 
the number of the flies obtained in each culture. The deviation observed 
in each culture is expressed in fractions or multiples of the standard devia- 
tion, and the cultures are classified accordingly. The total numbers of the 
intercrosses made are 161 for the second and 227 for the fourth chromo- 
somes. The distribution of the cultures is shown in table 2. The expected 
numbers of cultures displaying deviations of various grades are calculated 
with the aid of tables of the normal integral of probability; these numbers 
are given in table 2. 

The observed distribution of the second chromosome cultures agrees 
very closely with the expectation; the array of the intercrosses is homo- 
geneous. The fourth chromosome cultures do not show an equally good fit 
(table 2) ; approximately six cultures have produced fewer wild type flies 
than they were expected to produce. Unfortunately, the particular inter- 
crosses which gave these aberrant results could not be repeated. It may 
be relevant to note that in only one of the six intercrosses did one of the 
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410 TH. DOBZHANSRY, A. M. HOLZ, AND B. SPASSKY 

parents carry a fourth chromosome lethal, and that five out of the six 
cultures had fewer than 50 flies each. The fourth chromosome intercrosses 
may be considered to be reasonably uniform. 

The development rates of the Bare and Curly flies must now be examined 
(table I ,  fig. 2). Although the eggs in all the cultures were deposited within 
a period of approximately 24 hours, the hatching of the adults continued 
sometimes for as long as twenty days. In cultures producing fewer than 
IOO flies, more than 90 percent of individuals hatch within four days from 
the date of emergence of the first adult, and no flies appear after nine days. 
In cultures with more than IOO flies, only slightly more than 50 percent of 
the flies hatch in four days. The frequencies of the Bare and wild type 
flies, however, are uniform in the early and in the late hatches (fig. 2). The 
x2 for the cultures with more than IOO flies corresponds to the probability 
of between 0 .2  and 0.1; the x2 for cultures with fewer than IOO flies is 
smaller still (probability 0.7-0.5). The conclusion follows that Bare flies 
have, within the limits of experimental errors, the normal development 
rate. Inspection of the data for individual cultures fails to  disclose any 
intercrosses with a striking inequality of the development rates of Bare 
and wild type flies. 

The situation is distinctly different in the intercrosses involving the 
fourth chromosomes (table I ,  fig. 2). The frequency of the wild type class 
is greatest in the early hatches and drops progressively toward the end of 
the hatching period. As disclosed by x2 tests, the deviation from random- 
ness is very significant (probability, both for cultures with more and with 
fewer than IOO flies, is much less than 0.01). It follows that the ilzc hk Cy 
inversion chromosome slows down the development of its carriers to defi- 
nitely below the normal rate. It is interesting to recall that, as shown 
above, the same chromosome does not alter the viability. 

Before completing the discussion of the control experiments, it may be 
noted that the fertility of the flies carrying,Curly is distinctly below that 
of the Bare flies. Although this fact was noticed early in the work, and 
consequently the number of Curly parents placed in each culture bottle 
made greater than that of Bare parents (see above), the average output of 
the flies in the second chromosome control bottles turned out to be 148.3 
and in the fourth chromosome bottles 128.1 flies. The Curly chromosome 
is completely lethal to homozygotes. The homozygous upt bx Ba gZ flies 
(fig. I) sometimes survive but are greatly delayed in hatching. A total of 
483 of these homozygotes have been recorded in the intercrosses, but they 
are not included in table I. The suppression of crossing over by the in- 
version in the Bare second chromosome is incomplete. Bare glass and up- 
turned Bare flies appear in the cultures; 65 of the former and ten of the 
latter have been recorded (in table I and in all calculations these cross- 
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GENETICS OF NATURAL POPULATIONS 471 

overs are included in the non-wild type class). The inversion associated 
with Curly likewise permits some crossing over to take place. Incomplete 
hook Curly flies appear in the cultures with a frequency close to one per- 
cent, but in our records they have not always been separated from the 
Curly class. 

VIABILITY OF HOMOZYGOTES 

The numbers of the wild second and wild fourth chromosomes analyzed 
are 326 and 352, respectively (table 3). In the experiments involving second 
chromosomes 247,010 flies were classified and counted ; the corresponding 
figure for the fourth chromosomes is 249,468 flies. The average numbers of 
flies used to analyze a chromosome are therefore 757.6 for a second and 
708.7 for a fourth; the numbers varied greatly from chromosome to chro- 
mosome but only very seldom did they fall below 100. Except in the 
preliminary experiments, the outcomes of which are included in table 4 
but not in table 3, sets of a t  least four and sometimes of as many as twenty 
cultures were used to investigate the properties of each chromosome. The 
total output of the flies in all cultures of a set was used to characterize a 
given chromosome. Hence, the figures entered in tables 3 and 5 refer not 
to separate cultures but to chromosomes. Different cultures of a set usually 
agree with each other fairly well, but owing to sampling errors some dis- 
agreements have been observed. In cases of disagreement between cul- 
tures, the experiments were repeated by raising more and more cultures, 
until a reasonably clear decision regarding each chromosome could be 
reached. 

The effect of the gene contents of a chromosome on the viability of the 
homozygotes is measured by determining the frequency of the wild type 
flies appearing in the cultures of FI or further generations (fig. I). The 
control experiments (tables I and 2) have shown that for our purposes the 
viability of the Bare and Curly flies may be taken to be normal. Therefore, 
provided that the wild chromosomes do not modify the viability of homo- 
zygotes, the frequency of the wild type class in the cultures should be, 
within limits of experimental errors, close to 33.33 percent. Actually, the 
frequency of wild type varied from o to 38.14 percent for the different 
chromosomes analyzed (table 3). 

The non-appearance of the wild type class (the zero group in table 3) 
indicates that the chromosome involved in a given set of cultures is lethal 
to homozygotes. Table 3 shows that 33 second and 35 fourth chromosomes 
contained lethals. Cultures with less than 4 percent wild type are rather 
frequent; those with from 4 to 2 0  percent are relatively infrequent; those 
with from 2 0  to 38 percent are common and form a skewed distribution 
with a mode in the 3-32 or the 32-34 percent class (table 3). 
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GENETICS OF NATURAL POPULATIONS 473 
A semilethal chromosome is defined as one which, in our experiments, 

causes death of more than half of the homozygotes. Hence, appearance of 
more than o but less than 16.7 percent wild type is evidence that the 
chromosome involved carries a semilethal. As many as 33 second and 54 
fourth chromosomes carry semilethals (table 3 ) .  The distinction between 
lethals and semilethals, however, is not reliable. Some semilethal homozy- 
gotes survive very rarely, thus simulating lethals. The incomplete sup- 
pression of crossing over in the second and fourth chromosomes by the 
inversions used (see above) may lead to production of some wild type 
individuals in cultures in which the chromosome tested is completely lethal. 
Although semilethal homozygotes are very frequently abnormal in the 
phenotype, this rule has so many exceptions that it cannot be used to 
distinguish the lethals from the semilethals. We are confident that some of 
the chromosomes recorded in table 3 as extreme semilethals (the classes 
0 - 2  and 2-4 percent) properly belong in the class of complete lethals. 
Figures for combined frequencies of lethals and semilethals are most re- 
liable. Since weak semilethals (the classes with from 6 to 16.7 percent wild 
type) are on the whole rare, the arbitrary definition of the upper limit of 
semilethality does not introduce an important source of error. It may be 
noted in this connection that the frequencies of (‘lethals” given by many 
investigators of Drosophila genetics (particularly by students of mutation 
rates in D. melamguster) are to be interpreted to refer to combined fre- 
quencies of lethals and semilethals, regardless of whether the authors con- 
cerned do or do not make an explicit statement to that effect. 

A summary of the combined frequencies of lethals and semilethals is 
given in table 4. In  constructing this table, we have made use not only of 
the data included in table 3 (which are referred to as the “main experi- 
ment”) but also of the information obtained in a preliminary experiment 
in which only a single F3 culture was raised to test each chromosome. Such 
data are satisfactory for determination of the frequencies of lethals and 
semilethals but not of minor viability modifiers. The apparent variations 
of the frequencies of lethals and semilethals from locality to locality (table 
4) are not significant: the x2 for the second chromosomes has a probability 
of between 0.9 and 0.8, and that for the fourth chromosomes 0.5 to 0.3. 
The data, consequently, may be treated as a unit; lethals or semilethals 
are present in 21.27 k 1.80 percent of the wild second and in 25.505 2.17 

percent of the wild fourth chromosomes tested. 
The chromosomes giving more than 16.7 percent wild type must now be 

considered (table 3 ) .  Many of them show significant deviations from the 
ideal frequency of 33.3 percent wild type. Some of these chromosomes 
carry genetic factors that produce deteriorations or improvements of via- 
bility. Examination of the raw data on which table 3 is based (which can- 
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474 TH. DOBZHANSKY, A. M. HOLZ, AND B. SPASSKY 

TABLE 4 

Combined frequencies of lethals and semilethals ( in  percentage). 

SECOND CHROMOSOMES FOURTH CHROMOSOMES 

LOCALITY 
LETHALS AND CEROMOSOMES LETHALS AND CHROMOSOMES 
SEMILETHALS EXAMINED SEMILETHALS EXAMINED 

Preliminary experiment 
Wildrose 24.2 
Andreas A 16.7 

Keen D 19. I 
Kaibab - 
Pinon A 35.7 

Main experiment 
Andreas A 18.3 
Pinon A 21.3 

Keen A 16.0 
Keen D 20.9 
Santa Barbara 20.8 

62 

28 
89 

I2 

- 

112 

122 

25 
43 
24 

20.0 

18.9 

19.7 
25.4 
31.2 
31.4 
38.4 

15 
37 

122 

I34 
16 

'3 
67 

Total 21.27 517 25.50 404 

not be published on account of their bulk) discloses that all sets of cultures 
giving less than 26 percent wild type in the total deviate from the expecta- 
tion by more than three standard errors. There are 27  second and 59 
fourth chromosomes of this kind (table 3). Among the sets of cultures 
which produce more than 26 but less than 33.3 percent wild type, there are 
IO and 27 sets in the experiments involving the second and the fourth 
chromosomes, respectively, which deviate from the expectation by more 
than three standard errors. Summing up, 37 second and 86 fourth chromo- 
somes may safely be classed as carrying genetic factors which reduce the 
viability of homozygotes to an extent which is perceptible but is not great 
enough to fall within the range of semilethality. In percentages, this means 
11.3 of all the second and 24.4 of all the fourth chromosomes. Finally, 
some cultures have given more than 33.3 percent wild type (table 3). 
Among these, there are four second and two fourth chromosomes which 
deviate from the expectation by more than three standard errors. Thus, 
1.2 percent of the second and 0.6 percent of the fourth chromosomes con- 
tain modifiers which enhance the viability of homozygotes above the 
standard. 

The figures for the frequencies of the plus and minus viability modifiers 
arrived a t  above are patent underestimates. It is a convention that only 
those deviations which are three or more times greater than their standard 
errors are considered significant. Yet, in a normal curve 99.74 percent of 
the variants lie within and 0.26 percent lie outside the limits of three 
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GENETICS OF NATURAL POPULATIONS 475 

standard errors from the mean. Hence, it is certain that some of the 
chromosomes which give deviations of less than three standard errors from 
the ideal ratio modify the viability of homozygotes to a perceptible extent. 
The problem confronting us is not so much to find out which particular 
chromosomes produce deteriorations or improvements of the viability as 
it is to estimate the frequencies of such chromosomes in the populations 

801 m r 

FIGURE 3.-The observed (solid lines) and the theoretical (broken lines) deviations from the 
ideal ratios of the wild type class. Horizontal axis, deviations expressed in fractions of U ;  vertical 
axis, numbers of chromosomes showing these deviations. 

studied. The following method is suitable for this purpose. The deviation 
from the ideal ratio of the wild type class is expressed in terms of fractions 
or multiples of the standard deviation. The deviations produced by the 
different chromosomes examined are entered in table 5 to form an observed 
distribution. With the aid of the tables of the probability integral an ex- 
pected distribution is then computed. These distributions may now be 
compared (fig. 3 ) .  A note must be taken of the fact that in preparing table 
5 we have disregarded the chromosomes that contain lethals and semi- 
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GENETICS OF NATURAL POPULATIONS 477 
lethals. These chromosomes obviously do not belong to the part of the 
distribution shown in table 3 which centers on the 30-32 or the 32-34 
percent classes. For the second chromosomes we took the ideal ratio to be 
33.33 percent, and for the fourth chromosomes the ratio 32.82 percent 
observed in the control experiments. 

The numbers of chromosomes included in table 5 are 260 and 263 second 
and fourth chromosomes, respectively. Comparison of the observed and 
the expected distributions (fig. 3) reveals that the former are definitely 
displaced in the minus direction. The extreme plus variants, however, are 
observed somewhat more frequently than they are expected to occur by 
chance. If superimposed on each other (fig. 3), the observed and the ex- 
pected distribution curves have a large area in common, and a large area 
on the left and a small one on the extreme right which are covered by the 
observed but not by the expected distributions. This displacement of the 
observed with respect to the expected distribution furnishes estimates of 
the numbers of chromosomes that contain genetic factors depressing or 
enhancing the viability of homozygotes. Adding up the differences between 
the observed and the expected distributions shown in table 5 ,  we find that 
68.7 second and 143.3 fourth chromosomes, or 21.1 and 40.7 percent, 
respectively, contain unfavorable viability modifiers. On the other hand, 
4.4 second and 1.7 fourth chromosomes, or 1.3 and 0.5 percent, respec- 
tively, contain favorable viability modifiers. Be it noted that even this 
method underestimates, rather than overestimates, the frequencies of the 
viability modifiers. In computing the expected distribution curves we have 
taken all the chromosomes not containing lethals or semilethals to be mem- 
bers of the distribution; actually the chromosomes giving rise to from 16.7 
to 26 percent wild type are known beforehand to contain significant devia- 
tions from the normal viability. 

DEVELOPMENT RATE OF HOMOZYGOTES 

Since the oviposition in all the experimental cultures was restricted to 
about 24 hours, and since the flies hatching in them were counted daily 
or on alternate days, the data permit the detection of genetic factors that 
modify the development rate. If flies homozygous for a given wild chromo- 
some require as much time to complete their development as normal flies 
do, the frequencies of the wild type class in the different hatches in any 
given cultures will be uniform within limits of the experimental error. If 
homozygotes develop more slowly than their heterozygous sibs, the fre- 
quency of wild type will be lower in the early than in the late counts. 
Contrariwise, acceleration of the development of homozygotes will produce 
a progressive decline of the frequency of wild type from the early to the 
late counts. In  our experiments the wild type homozygotes are being com- 
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pared to their Bare and Curly sibs; the control experiments (table I)  have 
demonstrated that Bare flies have the standard development rate, while 
Curly develop more slowly. 

Determination of the development rates of flies homozygous for wild 
second chromosomes is relatively simple. The numbers of wild and of all 
flies having hatched on the first, second, and an all subsequent days in all 
cultures representing a given chromosome are summed up. To decide 
whether or not the proportions of the wild type class observed on successive 
days deviate significantly from the proportion observed in  the total, a chi- 
square test is made. If the observed or a greater deviation from homogeneity 
is expected to occur by chance in more than 5 out of IOO trials, the develop- 
ment rate is considered normal. Otherwise, the chromosome is regarded 
as either slowing or accelerating the development of homozygotes; the sign 
of the modification is, of course, determined by inspection of the data. 
Some development rate modifications are so striking that no statistical 
tests are necessary. 

The chromosomes that retard the development are classified as being 
either slow or very slow. This classification is artificial. In cultures in which 
the wild type class is homozygous for a “very slow” second chromosome, 
the first two counts (or a t  least the first count if it contains more than 2 0  

percent of the flies hatching in the given bottle) consist of Bare flies only. 
The “slow” class includes all significant minus deviations from the normal 
development rate which do not fall in the (‘very slow” class. Table 6 gives 
an illustration of the hatching rates in normal, slow, and very slow cultures. 
Pinon A 824 is normal, Pinon A 842 is just significantly slow (probability 
o.og-o.oz), and Pinon A 823 is very blow. 

The numbers of the wild second chromosomes examined for viability and 
for development rate modifications are 326 and 274, respectively. The 
difference is due to the chromosomes which carry lethals and extreme 
semilethals being useless as far as studies on the development rates are 
concerned. Among the chromosomes free of lethals and extreme semi- 
lethals (table 7), 45.6 percent produce no significant modification of the 
development rate, 43.4 percent are slow, and 10.6 percent are very slow. 
A single chromosome (0.4 percent of the total) produces an acceleration 
of the development. The results obtained in populations of different lo- 
calities are tolerably uniform. 

Since Curly slows down the development of its carriers, the detection of 
the development rate modifiers in the wild fourth chromosomes is labo- 
rious. In  many cultures the frequency of the wild type class is greatest in 
the early counts and diminishes in late counts. Taken at face value, such 
cultures may be suspected of having wild fourth chromosomes which ac- 
celerate the development of homozygotes; the suspicion is invalid unless 
it can be demonstrated that the wild type homozygotes develop not only 
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GENETICS OF NATURAL POPULATIONS 479 
TABLE 6 

Examples of modification of the deoelopment rate. The development rale of individuals homozy- 
g o w  for the chromosome Pinon A 824 is normal, that of Pinon A 84.2 homozygotes i s  slow, and that of 
Pinon A 823 homozygotes is  very slow. The colic” marked ‘%” indicates the observed percentage of 
wild type; the column marked ’n” gives the total number of Jies. 
-_ 

DAY NUMBERS OF THE CULTURES 
CHROMO- OF TOTAL 

SOME HATCH- NO. I NO. 2 NO. 3 NO. 4 NO. 5 % n  
ING % n  % n  % n  % n  % n  

I 13.3 I5 0 . 0  4 5 7 . 1  7 33.3 27 35.3 17 30.0 7 0  
2 33.3 39 26.9 134 32.4 34 43.6 39 12.1 33 2 9 . 0  279 
3 38.4 52 38.0 79 22.6 31 29.0 31 25.0 44 32.5 237 
4 64.7 17 35.7 14 31.4 61 42.5 73 14.3 21 38.2 186 

PinonA824 5 2 5 . 0  8 - - 33.3 27 44.4 9 0.0  1 33.3 45 
37.5 16 - -  6 44.4 9 - - 28.6 7 - - 

7 33.3 6 - - 33.3 3 - - 33.3 9 - -  

Total 37.0 146 30.7 231 32.4 170 39.1 179 2 0 . 7  116 32.5 842 __ 
I 33.3 3 17.9 39 25.0 4 14.3 35 0.0  3 16.7 84 
2 27.3 11 47.3 38 33.3 30 30.0 30 50.0  2 36.9 111 

4 50.0  4 33.3 33 50.0 2 38.5 109 37.8 148 
0.0  I 46.9 32 33.3 3 44.4 36 

3 100.0 I 0 . 0  I 39.0 41 37.5 40 15.0 40 30.9 123 
- -  

PinonA842 5 - -  - -  

Total 33.3 15 32.9 82 34.9 109 32.4 I39 31.9 157 32.9 502 

I 

2 

3 
4 
5 
6 
7 

PinonA823 8 
9 

10 

I1 

I2 

13 

Total 

0.0 

0.0  

0.0 

7 .7  
3.7 

36.3 
85.7 

85.7 
93.2 

100.0 

100.0 

I 2  

16 
I O  

13 
2 7  

7 
15 

7 

2 2  

2 

2 - 

0 . 0  

0.0 

4.8 
13.5 
2 1 . 9  

47.5 
54.8 
77.8 
77.8 

100.0 
100.0 
- 

I 

5 

37 
114 
40 
31 
9 
9 
a 

2 1  

I 
- 

~~~ 

30.1 133 31.1 2 7 0  

0.0  

0.0 

0 . 0  

0 . 0  

1.4  
0 . 0  

5 . 9  
12.3 
43.6 
7 7 . 1  
92.8 

100.0 

100.0 
___ 

32.3 

3 
6 
5 

41 
50 
51 

I03 
61 
28 
9 

11 

65 

I 

434 

0 . 0  7 0.0 2 

0.0 23 0.0 15 
0.0 47 0.0 2 7  

10.1 69 3.3 30 
29.6 27 10.0 50 
66.7 18 34.6 81 

100.0 IO 64.8 54 
100.0 17  100.0 36 
100.0 I8 83.3 I 2  

100.0 3 90.9 I1 

31.4 239 39.3 318 

0.0 25 

0 . 0  65 
0.9 110 

8.8 160 
15.4 259 
31.8 Z I I  

46.4 153 
57.7  142 

81.0 79 
57 .7  I49 

93.5 31 
100.0 g 
100.0 I 

33.3 I394 

TABLE 7 
Effects of wild second chromosomes on the development rate of homozygotes. 

SANTA 

BARBARA 
ANDREAS A PINON A KEEN A KEEN D TOTAL 

Normal 48 42 8 17 1 0  125 

Slow 37 47 I2 16 7 119 
Very slow I O  I2 2 2 3 29 
Fast - - - - I I 

Total 96 91 22 35 20 274 

faster than their Curly sibs but also faster than normal flies. The control 
data furnish a standard of comparison (table I). The ratios of the Curly 
and wild type flies to be expected on any day of hatching in cultuvs in 
which the wild type class has the normal development rate are known. The 
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numbers of wild type flies expected to appear on different days in cultures 
involving tests of wild fourth chromosomes in homozygous condition may 
be calculated; the expected and the observed numbers are then compared 
with the aid of the chi-square test. 

A complication arises because the viability of the wild type class homo- 
zygous for wild fourth chromosomes is frequently below normal. Wherever 
the viability is close to the norm (cultures giving 30 to 36 percent wild 
type), the control expectations (table I) may be used directly. Depending 
upon whether the hatching of the flies in the experimental cultures was 
complete in less or in more than seven days from the emergence of the first 
adult, one or the other of the two columns of frequencies of wild type 
shown in table I is used in calculations. But where a given fourth chromo- 
some produces an appreciable modification of the viability of homozygotes, 
the expected frequencies of the wild type class taken from table I have to 
be adjusted to the abnormal segregation observed in the experimental cul- 
tures. All these corrections and adjustments introduce sources of error in 
the final computations, making the data on the fourth chromosomes less 
reliable than those on the second chromosomes. With this reservation, we 
may consider the summary of the data on the fourth chromosomes given 
in table 8. 

TABLE 8 

Effects of wild fourth chromosomes on the development rate of homozygotes. 

SANTA 
BARBARA 

ANDREASA PINON A K E E N A  KEEN D TOTAL 

Normal 68 68 8 35 11 190 

Slow 30 29 2 I2 

Very slow 5 11 2 2 20 

Fast 4 3 2 I 1 0  

Total 107 I11 I2 5 1  1 2  293 

73 - 
- 

- 

Among the 293 wild fourth chromosomes which were free of lethals and 
extreme semilethals, 64.9 percent proved to be normal, 24.9 slow, 6.8 very 
slow, and 3.4 percent faster than normal, The distinction between the 
slow” and the “very slow” classes among the fourth chromosomes is even 

more arbitrary than it is in the case of second chromosomes. 
a 

RELATIONS BETWEEN VIABILITY AND DEVELOPMENT RATE 

A large proportion of the wild second and wild fourth chromosomes in 
the natural populations examined proved to contain genetic factors which 
modify the viability or the development rate of homozygotes. An inquiry 
must now be made into the possible relationships of these variables. It 
does not seem unlikely that modifications of the viability and the develop- 
ment rates are different expressions of the same genetic factors. A type 
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GENETICS OF NATURAL POPULATIONS 481 
that develops slowly may be at  a disadvantage in crowded cultures com- 
pared to its more rapidly developing sibs and may therefore display a 
reduced survival rate. To test this possibility, the wild second and the wild 
fourth chromosomes engendering normal, slow, very slow, and fast de- 
velopment of the homozygotes have been classified according to their via- 
bility records (that is, according to the percentage of the wild type class 
which they produce in the cultures). The results are summarized in table 9. 

TABLE 9 

Relationships between viability and development rate. The figures indicate numbers of chromosomes 
producing various percentages of wild type. 

Normal - - -  I I - -  2 I 3 I 3 6 8 3 0 4 1 2 3  4 I 125 
g Slow I - - -  2 -  I 2 I I 4 2 5 1 3 2 5 4 a 1 7  3 -  119 
n 2 v e r y S l o w  I I I z z I - -  2 I 2 3 2 2 2 7 - - -  29 

g U v e r y s 1 o w  1 I -  2 -  2 I -  1 2 -  1 1  3 2 I -  I -  I9 

6 Normal - I I -  3 3 2 4 5 4 1 3 2 0 2 2 3 4 3 9 2 6 1 0  5 -  192 
32 Slow I - -  4 2 2 -  z I 3 5 2 1 5 1 2 1 3  8 2 I -  73 

Fast - - - _ - -  2 - - - - -  2 4 - -  2 - -  IO 

It is obvious that there is no necessary relationship between the via- 
bility and the development rate. Some semilethals develop normally, others 
are slow or very slow. The viability of some homozygotes which develop 
very slowly is normal (see, for example, the record of the chromosome 
Pinon A 823 reproduced in table 6). Nevertheless, the very slow chromo- 
somes taken as a group give a distribution of viabilities which is shifted in 
the minus direction compared to the distributions of the normal and slow 
chromosomes (table 9). The data in table 9 may be used to calculate the 
average viabilities of homozygotes possessing different development rates. 
Such calculations give the following results: 

Second Fourth 
chromosome chromosome Development rate 

Normal 31.22 10.42 27.84k0.41 
Slow 30.55 + o . ~ o  25.96fo.86 
Very slow 19.48 5 1.80 21.00 f 2.30 
Fast - 27.00f 2.26 

Under the conditions of the experiments the degree of prolongation of 
the development which we have designated as "slow" evidently does not 
result in an appreciable deterioration of the viability. On the other hand, 
the greater delays in development which fall in the "very slow" classifica- 
tion lead frequently, although not necessarily, to a reduction of the via- 
bility record. 
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Since the results scored by a chromosome in the viability and in the 
development rate classifications are largely independent, one may inquire 
what proportion of the wild second and of the wild fourth chromosomes 
studied are normal in both respects. Among the second chromosomes re- 
corded in table 9 there are 125 chromosomes with a normal development 
rate. Among these, 98 chromosomes give frequencies of the wild type class 
which differ by less than three standard errors from the ideal ratio-that 
is, 33.3 percent. Since a total of 326 second chromosomes have been 
examined (table 3), the frequency of normals is only 30.0 percent. A similar 
computation for the fourth chromosomes shows that I I I out of 35 2 chro- 
mosomes are normal; the frequency of normals is 31.5 percent. These are 
maximum estimates of the frequencies of normal chromosomes. As pointed 
out above, some of the chromosomes which, in our experiments, have pro- 
duced deviations of less than three standard errors from the expected 33.3 
percent undoubtedly carry viability modifiers. Likewise, some chromo- 
somes which produce development rate modifications are included in the 
allegedly normal class. 

STERILITY 

Individuals homozygous for 275 second and for 297 fourth chromosomes 
have been examined for fertility (lethals and extreme semilethals are ob- 
viously not subject to fertility tests). The technique of testing for fertility 
is as follows. About ten wild type females and males from F3 cultures are 
placed together in vials for several days and then transferred to regular 
culture bottles. Appearance of off spring indicates that the homozygote is 
fertile. If no offspring appear, the test is repeated. A second failure to pro- 
duce offspring is taken as proof that the homozygote is sterile. It is evident 
that this experimental procedure does not discriminate between sterility 
which affects both sexes and that which deranges only one sex. Further- 
more, in some instances the effective sterility is due not to disturbances 
in the reproductive system itself but to extrinsic causes, such as failure of 
the adult flies to live long enough to accomplish mating and oviposition. 
As might be expected, constitutional weakness of this sort occurs chiefly 
among semilethal homozygotes. 

The frequencies of second and fourth chromosomes making homozy- 
gotes sterile are 13.5 k 2.1 and 8.1 k 1.6 percent, respectively (37 and 24 
sterile homozygotes have been recorded). The following figures convey 
some idea about correlations between sterility on one hand and viability 
and development rate on the other, Among the 37 second chromosomes 
producing sterile homozygotes, eight were semilethal; among these, three 
were recorded as being very slow, four as slow, and only one as having a 
normal development rate. Another ten sterile homozygotes had a low 
viability; among them three were very slow, six were slow, and one was 
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GENETICS OF NATURAL POPULATIONS 483 
normal. Finally, I 9 sterile homozygotes showed normal viability at least 
up to the time of emergence from the pupae; among them one showed 
very slow, nine slow, and nine normal development rates. Among the 24 
sterile fourth chromosome homozygotes, nine were semilethals with slow 
or very slow development; ten were afflicted with a low viability but had 
normal development rates; four were both low in viability and either slow 
or very slow in development; a single sterile homozygote was apparently 
normal both in viability and in development rate. Thus, although sterility 
tends to be correlated with a lowered viability, or with a slow development, 
or with both, some chromosomes seem to carry specific sterility genes. 

VISIBLE MUTANTS AND OTHER GENETIC VARIANTS 

Surviving individuals homozygous for semilethals frequently show ab- 
normalities in external morphology. These abnormalities are rarely of the 
kind which geneticists are inclined to describe as “good mutants”: flies are 
somewhat stunted, bristles are slender or minute-like, misshapen legs, 
crumpled wings, etc. Aside from these changes, 11 second and five fourth 
chromosomes have been recorded as producing visible mutant characteris- 
tics and subnormal or normal viability. One second chromosome con- 
tained a first class mutant resembling stubbloid in Drosophila melano- 
gaster; a fourth chromosome contained a dumpy-like mutant sterile when 
homozygous; another fourth chromosome gave a weakly chitinized ab- 
domen which resembled a recessive mutant found previously in the third 
chromosome of D. pseudoobscura. 

Mutants altering physiological characteristics of the adult were likely 
to be overlooked in our experiments. Two extremely interesting types, 
however, have been found. One, a second chromosome recessive, makes the 
flies extremely sensitive to etherization. A degree of etherization which 
produces a reversible narcosis in the Bare sibs kills every mutant homo- 
zygote. Etherization so slight that the Bare flies are merely stupefied but 
continue their irregular circling and jumping movements results in death 
of a majority of the mutant flies. It is to be noted that the viability of this 
mutant as measured by the Bare:wild type ratios in the cultures is only 
slightly below normal. Another second chromosome recessive which has a 
low viability ( 2 2 . 2  percent wild type in the cultures) and a very slow 
development rate, produces a grave derangement of the muscular CO 

ordination in the homozygotes. The flies are unable to use their wings, and 
they walk very little because of a lack of co-ordination in the movement 
of the legs. When turned on the back, these flies attain the normal position 
with much difficulty. They are mostly immobile, their claws firmly grasp- 
ing the support. The females deposit mostly sterile but also a few fertile 
eggs if fertilized by normal males; the males are effectively sterile. The 
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longevity is poor. The syndrome as a whole suggests a derangement in 
the central nervous system. 

COMPARISON OF VARIABILITY I N  DIFFERENT CHROMOSOMES 

The chromosome complex of Drosophila pseudoobscura includes an X 
chromosome, three rod-shaped autosomes (the second, third, and fourth), 
and a dot-like autosome (the fifth). Owing to the frequent passage of the 
X chromosome through the hemizygous state in the male, sex-linked 
mutants which lower the adaptive level of the organism in its normal 
environment must be eliminated relatively promptly. Only neutral vari- 
ants or genetic factors which express themselves differently in the two 
sexes could accumulate in the X chromosomes. The fifth chromosome is 
not yet under genetic control, but its very small size appears to preclude 
the possibility that it could carry much concealed variability. The con- 
cealed variability in the three large autosomes may reasonably be sup- 
posed to constitute practically the entire store of such variability available 
in natural populations of the species. 

TABLE IO 

Frequencies of chromosomes containing different types of genetic variants ( in percentage). 

SECOND THIRD FOURTH 

CHROMOSOME CHROMOSOME CJZAOMOSOXE 

Lethals and semilethals 21.3 k I .  8 13.9k I .o 2 5 . 5  k 2 .  2 

Minus modifiers of viability 21 . I  k2.3 30.5 40.7 k 2.6 
Plus modifiers of viability 1.3 0.4 0.5 

Plus modifiers of development rate 0.4 ? 3.4 

Visible mutants (minimum estimate) 4 . 2  3.' 1.9 

Minus modifiers of development rate 54.ok3 .o ? 31.7 k2.7 

Sterility factors 13.5 k 2 .  I ? 8.1f1.6 

A summary of the data on the frequencies of different types of concealed 
variants in the large autosomes of D .  pseudoobscura is presented in table 
IO. In this table, the figures for the second and fourth chromosomes refer 
to the San Jacinto populations described in the present article, The figures 
for the lethals, semilethals, and visibles in the third chromosomes refer 
to San Jacinto populations studied by WRIGHT, DOBZHANSKY, and 
HOVANITZ (1942) and may safely be compared with the corresponding 
figures for other chromosomes. The viability modifiers in the third 
chromosome have not been examined with the same thoroughness as in 
the two other autosomes. The figures in table IO are derived from the data 
of DOBZHANSKY and QUEAL (1938) reexamined with the aid of the method 
of expressing the deviation observed in a given culture in fractions of the 
standard deviation (cf. tables 2 and 5 in the present article). These data 
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GENETICS OF NATURAL POPULATIONS 485 
pertain not to populations of Mount San Jacinto but to those of the Death 
Valley region. For this reason, and also because in the experiments of 
DOBZHANSKY and QUEAL (1938) only one or two culture bottles were 
raised to test each chromosome, the figures for the third chromosomes are 
not entirely comparable with the rest. 

The accumulation of genetic variants in natural populations is, with 
any given population structure, a function of mutation rates. In comparing 
the behavior of different chromosomes it would seem reasonable to make 
the following assumptions. (I) Genes which give rise by mutation to dif- 
ferent classes of changes (that is, lethals, viability, and development rate 
modifiers, visibles, etc.) are distributed a t  random in different chromo- 
somes. (2) The mutation rates of genes in different chromosomes are 
similar on the average. (3) The number of mutations that arise in each 
chromosome is proportional to the number of genes contained in that 
chromosome and, hence, to the length of the latter. 

Viewed a t  the metaphase plate stage, the rod-shaped autosomes of D.  
pseudoobscura and the two limbs of the X chromosome are approximately 
equal in length. In the salivary gland cells the chromosomes, however, are 
distinctly unequal. The relative lengths in the salivary gland cells are 
presumed to be more indicative of the gene numbers than are the meta- 
phase lengths. Preliminary estimates of the relative lengths of the chro- 
mosomes 11, XR, IV, 111, XL, and V based on measurements of the pub- 
lished drawings of these chromosomes were IO:  IO:^: 7: 5 :0.5, respectively 
(HELFER 1941). To secure improved data, salivary gland cells showing all 
the chromosomes, without any of the latter being obviously more stretched 
than the others, were drawn with the aid of a camera lucida. The chromo- 
somes were then measured in the drawings by the “curvometer” measuring 
wheel. The measurements of all the chromosomes in each cell were added 
together and the lengths of the separate chromosomes expressed in per- 
centages of the total. The absolute length of the chromosomes varies 
greatly from cell to cell; the maximum total length of all chromosomes ob- 
served was 1440 micra. The relative lengths are more constant. The mean 
values obtained in the 27  measured cells are as follows (in percentage): 

XL 13.53 fO.25 11 23.84 k0.41 Iv 20.47 kO.30 
XR 23.46fo.41 111 17.98 50.31 V 0.63 

If the assumptions stated above were correct, the frequencies of genetic 
changes found in the second, third, and fourth chromsomes would be in a 
ratio approaching I :0.75 :0.86. The data do not bear out this expectation 
(table IO). The expected frequencies of lethals and semilethals in the three 
chromsomes would be 22.1, 16.6, and 19.0 percent; the observed ones are 
21.3, 13.9, and 25.5 percent, respectively. The fourth chromosome shows 
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too high a frequency of lethals. With respect to the frequencies of the 
deleterious viability modifiers, the discrepancy is even more striking, the 
fourth chromosome again having more than its expected share. With re- 
spect to the modifiers which retard the development rate, the relations are 
reversed: the fourth chromosome has many fewer such variants than the 
second. Other classes of variants are too rare to make comparisons profit- 
able. 

The findings just stated are extremely difficult to account for. As far as 
the development rate modifiers are concerned, the observed discrepancy 
need not be taken too seriously. The technical difficulties of estimating the 
frequencies of the development rate modifiers in the fourth chromosome 
,make the figure obtained for that chromosome less reliable than that ob- 
tained for the second chromosome. But there are no similar grounds on 
which to discount the discrepancies observed in the lethals and the via- 
bility modifiers. In fact, the possible sources of error in our experiments 
would all tend to produce a result opposite to that observed. The average 
number of flies per culture in tests of second chromosomes was greater than 
the corresponding figure for the fourth chromosome tests; this would tend 
to produce exaggeration of the effects of the second chromosome viability 
modifiers. The expression of Curly in heterozygotes is a t  times weak, 
approaching wild type. If any flies were misclassified, that would increase 
the frequency of the wild type class. The fourth chromosome of D. pseudo- 
obscura, which is for the most part homologous to the IIL chromosome of 
D. melanogaster, contains rather numerous “rep,eat” sections ; “repeats” 
seem to be rare in the second chromosome. Since the second and the fourth 
chromosomes have been derived from the same samples collected in a 
series of localities, the discrepancy observed cannot be due to an acci- 
dental accumulation or a loss of certain classes of changes in a local 
population. It appears that only a comparative study of mutation rates in 
the second and fourth chromosomes could shed further light on the 
situation. 

BEARING OF THE DATA ON THEORIES OF HETEROSIS 

It has been known for centuries that close inbreeding frequently results 
in deterioration of the stock and that outbreeding enhances the vigor 
(heterosis). The explanation of this phenomenon adumbrated by SHULL 
(1911) and developed by JONES (1917) postulates that inbreeding leads to 
homozygosis of concealed recessives with deleterious effects, while crossing 
covers up the recessives by their dominant alleles. Good evidence in favor 
of this view has been obtained by RICHEY and SPRAGUE (1931). EAST 
(1936) pointed out that heterotic effects may be produced by interaction 
of alleles at the same locus, but he mistakenly depreciated the importance 
of unmasking deleterious recessives as a consequence of inbreeding. 
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Studies on the genetic structure of natural populations vindicate the 
basic premise of the theory of SHULL, JONES, RICHEY and SPRAGUE. In the 
light of these studies the theory can be restated as follows. Mutation 
pressure introduces a certain number of mutants into the species popula- 
tion in every generation. The subsequent fate of the mutants depends upon 
their adaptive value and upon the population structure. Most mutants 
are in various degrees unfavorable. The dominant ones are eliminated by 
natural selection relatively very promptly. The recessive ones accumulate 
in populations of sexually reproducing and cross-fertilizing organisms until 
they reach equilibrium values determined by their mutation rates and by 
the population structure. For those mutants which are deleterious when 
homozygous but favorable in heterozygous condition the equilibrium 
values are necessarily higher than for those which are neutral in hetero- 
zygotes. In  some species the effective population size is large enough, so 
that a great variety of chromosomes with diverse gene contents is present 
a t  all times in most breeding units. In  such species it is the adaptive level 
of individuals heterozygous for various chromosomes which is most im- 
portant, the effects of a chromosome in homozygous condition being a 
secondary consideration. Hence, few if any homozygotes may approach 
normal cross-bred individuals in vigor. In species with smaller effective 
populations the viability of homozygotes is important. Nevertheless, owing 
to the large number of loci capable of producing deleterious mutants 
(probably several thousand), most individuals of a species in which the 
average mutation rates per locus are of the order  IO-^ will carry numerous 
deleterious recessive mutants. Unless the effective population size in a 
species is very small, its individual members to a greater or lesser extent 
will approach the status of balanced lethal heterozygotes. 

The data in table IO permit certain deductions concerning the status of 
the germ plasm in individuals of Drosophila pseudoobscura in natural 
populations. Lethals or semilethals are present in 21.3 percent of the sec- 
ond chromosomes. According to Hardy’s formula, the frequencies of 
individuals carrying none, one, and two lethal or semilethal second chro- 
mosomes must be 61.9, 33.5, and 4.5 percent, respectively. Similarly, 74.1 
percent of the flies will carry none, 23.9 percent one, and 1.9 percent two 
lethal or semilethal third chromosomes. In  the fourth chromosomes, 55.5 
percent of the flies will be free of lethals, and 38.0 and 6.5 percent will 
have, respectively, one and two lehtal or semilethal chromosomes. Dis- 
regarding the X and the fifth chromosomes, it may be computed that the 
percentage frequencies of flies that carry from none to six lethal or semi- 
lethal chromosomes are as follows: None, 25.5;  one, 39.4; two, 2 5 . 0 ;  three, 
8.3; four, 1.5; five, 0.14; six, 0.01. 

Apart from lethals and semilethals, many chromosomes carry genes 
which reduce the viability of homozygotes to a perceptible extent (table 
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IO). Whether or not flies homozygous for such genes can survive and re- 
produce in nature is conjectural, but there is no doubt that they are dis- 
criminated against by natural selection. From the figures given in table 
IO it is possible to  calculate the approximate frequencies of flies carrying 
different numbers of chromosomes harboring such genes. These frequencies 
are as follows (in percentage): None, 10.6; one, 29.5; two, 33.3; three, 
19.6; four, 6.2; five, 1.0; six, 0.06. 

Since only 25.5 percent of the flies are free of lethals and semilethals, 
and only 10.6 percent are also free of the minor deleterious recessives, the 
frequency of flies free of both is as low as 2.7 percent. Genes that reduce 
the development rate of homozygotes do not necessarily cause a con- 
comitant viability reduction under experimental conditions. Yet, the lack, 
or at  any rate rarity, of slow types among the intercrosses indicates that 
in the state of nature such genes are discriminated against. The frequency 
of flies carrying no deleterious recessives of any kind must therefore be 
small indeed. The loss of vigor following inbreeding in Drosophila is un- 
derstandable. It may be noted that some Drosophila stocks kept in labora- 
tories are saved from degeneration by a selective process of which an 
investigator may be unaware. Thus, 'many strains of D. pseudoobscura 
descended from single females, caught in nature and kept in the laboratory 
for five and more years in small mass cultures, continue to carry two third 
chromosomes differing in the gene arrangement. I n  these strains individu- 
als homozygous for either chromsome are probably inferior to hetero- 
zygotes. 

To date, however, there is no valid reason to believe that in D. pseudo- 
obscura homozygosis for every chromosome found in natural populations 
reduces the vigor of the strain. Flies free of deleterious recessives do occur, 
though rarely. Furthermore, it  would seem feasible to purge the germ 
plasm of some strains of the viability reducers. This statement must be 
qualified: our methods show only the net effects on the viability of the 
chromosomes as wholes. As pointed out by MATHER (1941), there may 
exist an intra-chromosomal balance capable of releasing additional varia- 
bility. In maize the situation seems to be different, a t  least on the surface. 
Inbred strains me never equal in yield to  cross-bred ones, although the 
degree of degeneration following inbreeding varies greatly (RICHEY and 
SPRAGUE 1931, and others). It might be that this difference between 
Drosophila and maize is caused by different population structures in the 
two forms. 

A few chromosomes (table IO) improve the viability of homozygotes 
compared to the standard. These chromosomes have been examined care- 
fully and have maintained their records in repeated tests. Rarity of favor- 
able mutants was often considered an argument against the mutation 
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theory of evolution; actually, it is the presence of such mutants in natural. 
populations that demands explanation. Why have such mutants failed to 
become established as the wild type condition? Two answers seem possible. 
First, the rare chromosomes that have been observed to improve the 
viability in experiments may not have similar effects in the natural envi- 
ronment. Second, natural populations may contain mixtures of genotypes 
having highest adaptive values in different environments to which the 
species is exposed owing to climatic and micro-ecological contingencies. 
That the latter possibility is realized in D .  pseudoobscura is made extremely 
probable by observations on seasonal changes in the frequencies of various 
gene arrangements in the third chromosome (unpublished data). 

The technique used in the present work is contrived to detect concealed 
recessives, but the possibility is not excluded that some of the genetic 
variants found may have slight effects in heterozygotes as well. Attempts 
to test this possibility experimentally on third chromosome lethals gave 
negative results (DOBZHANSKY 1939).  We have carefully examined the 
data on the second and fourth chromosomes which produce striking delays 
in the development of homozygotes (the “very slow” class, see above). 
It seemed possible that the heterozygous as well as the homozygous 
classes in such cultures take a longer time to develop than do the flies in 
cultures in which the chromosome tested gives a “normal” development 
rate in homozygotes. No indication of the existence of such dominant or 
semidominant changes, however, was found. 

SUMMARY 

Samples of natural populations of Drosophila pseudoobscura were taken 
in three localities on Mount San Jacinto, California, and in some other 
localities in California and Arizona. The effects on homozygotes of second 
and fourth chromosomes found in these samples were analyzed; 3 2 6  second 
and 352 fourth chromosomes were examined in detail. 

Lethals and semilethals were found in 21.3 f 1.8 percent of the second 
and in 25.5 t- 2 .2  percent of the fourth chromosomes examined. 

As many as 21 .1  f 2.3 percent of the second and 40.7 f 2.6 percent of the 
fourth chromosomes reduce the viability of homozygotes to an extent 
which falls short of semilethality; 1.3 percent of the second and 0.5 percent 
of the fourth chromosomes improve the viability of homozygotes under 
the experimental conditions. 

Homozygotes for 5 4 . o k 3 . 0  percent of the second and 3 1 . 7  f 2 . 7  percent 
of the fourth chromosomes have a development rate which is slower, and 
for 0.4 percent of the second and 3 . 4  percent of the fourth chromosomes a 
development rate which is faster than normal. 

Homozygotes for a t  least 13.5 percent and 8.1 percent of the second and 
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the fourth chromosomes, respectively, are sterile. Visible mutants are 
carried in a t  least 4.2 percent of the second and 1.9 percent of the fourth 
chromosomes. 

There seems to be no strict proportionality between the lengths of the 
chromosomes and the frequencies of various genetic variants found in 
them. 

A great majority of flies in natural populations are heterozygous for one 
or more genes which lower the adaptive level of homozygotes. Bearings of 
this fact on theories of heterosis are discussed. 
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