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INTRODUCTION

The geneticist has not been content to understand the gene as it
acts in the individual, His interest has grown until it has embraced
problems on a population level. %hat is the chance that a mutant gene
will survive in the population? what happens to the frequency of a gene
in a population which practices random-mating? If it practices some
form of inbreeding? ¥hat difference does the size of the population make?
How much do different enviromments effect the freguency of the gene?
“hat do the answers to such questions contribute to the theory of evolu-
tion?

The primary purpose of this research was to test Hardy's Law in

experimental, laboratory populations of Droscphila melanogaster, This

law33 which is basic in any population study in genetics, states that

’
a gene, A, with a frequency of p and its allele, a, with a frequency of
g (where p + g =1) will form the following proportions of genotypes in
the generation following random matings

AA Aa aa

p2 + 2p3 + g* = 1,

Not only will the population just described be in equilibrium

theoretically after a single generation of random mating, but, if random
mating is continued, the proportions of these three genotypes will be

the same in the next and in all subseguent generations. Certain basic

conditions are necessary, however, The two alleles must be autosomal



and the carriers must be equally viable and equally fertile, Furthermore,
the population must be infinitely large.
This type of equilibrium has been observed in a wild population of

Drosophila funebris after 10,000 flies homozygous for the inversion II-2

were released, The proportions expected by Hardy!'s Law were observed
until the time of hibernation.27
‘A Mendelian population of the type with which we will be dealing
here is defined by Dobzhansky2 as a "reproductive community of individuals
which share in a common gene pool." In such a study as this one, only
one locus can easily be studied at a time. The genotype of the population
is a function of the genotypes of its component individuals, And yet, the
rules which govern the genetic structure of the population differ from
those which determine the genetics of individuals.1
The theories involved in any population genetics are applicable to
a population of any species, plant or animal, as long as the basic sup-
positions inherent in the theory are met by the population in question,
Dr. H. R, Hunt suggested that a laboratory population under carefully

controlled conditions might serve as an interesting, practical test for

Hardy's Law, Since Drosophila melanogaster is so well understood

genetically, has such a short time for development, produces large numbers
of offspring and is easily raised in the laboratory, this fruit fly was

chosen as the species to be used in this study.
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THE PrCBLIM

Can Hardy's Law be demonstrated in a laboratory population of

Drosophila melanogaster? Homozygous red-eyed individuals of this species

were crossed with sepia-eyed flies, and each generation that descended
from this cross was allowed to breed at random in glass cages. The
purpose of the experiment was to determine whether the frequencies of
sepia~cyed flies from generation to generation were the freguencies <

theoretically expected from Hardy's Law,
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LPPLRATUS AND FsTHODS

The population cages used in this experiment were of very simple
construction. They consisted of a wooden platform upon which was built
a smaller, box-like cage. The extension of the platform beyond the
dimensions of the cage made the cage easier to hancle, This box-like
cage was completely of glass except for the wooden floor and the wooden
frame which supported the glass sides and top. The cage was opened by
sliding upward the shest of glass which formed onc end of the cage.
Four such cages were used in the entire experiment. The first two,
designated A and B, were 9.5 inches wide, 1.5 inches long, and 10,0
inches in height, The other two cages, C and D, were 16.0 inches wide,
24.0 inches long and 12,0 inchies high,

These cages were kept at all times in a constant temperature room
at 26.5°C, (¥ 1,0°C). Tie shades in the rcem were kept drawn so that ihe
room was in a semi-dark condition during the day and completcly dark at
right., Throughout the cigeriment, the mcdium provided fcr the fliss was
of the cermmeal-molasses-agar type., The formula fer the medivm was as
follows:

10 liters of water
11C grams of agar
@ grams Meoldex
1/2 pound baker's yeast (dissclved in water)
350 cc. unsulphurcd molasses

390 cc. Karo
1000 grams corn meal



The stocks of Droscphila melancgaster used here were obtaine? from

the Biological Supply House in Chicago., The genes selected for study
were those for sepia eye color and its wild type allele. Sepia is com-
pletely recessive and may be described as a deep, translucent pink eye
color in freshly hatched flies which darkens as tlie fly ages to a very
dark purplish black. It is a highly useful gene for experimentation
because there is little fluctuation in tlie character and it is quite
easily distinguished from the wild type eye color cven in newly hatched
flies. It is located on the third chromesome at a locus of 26.0.6 The
mutation of the wild type of sepia is quite rare although it has been
reported a few times since its original discovery.

In the first series of experimerits with cages A and B, half pint
milk bottles filled to a depth of 3Cmm with the medium were used in the
cages. A strip of paper toweling was placed in the medium to provide a
place for the larva to crawl when they were ready to pupate., The initial
crosses between wild and sepia-cyed flies were made in the half-pint
bottles outside the cages, <“hen the F; pupae appeared, the parents were
removed and five bottles of this type were placed in each cage together
with ten bottles containing fresh medium. All the bottles in the cages
were without stoppers., The F;s were allowed to hatch out in the cage
and to lay their eggs. uhen the F,; pupae appeared in the newer medium
bottles, the adult insects and the five origiral bottles were removed
from the cage., The F, flies were then discarded,

This removal was accomplished in the following manner. The cage‘(

was placed in a completely darkened room and & goose-neck lamp, with its



light directed over the top of the cage at the end farthest from the
openirg, was placed near the cage. In about ten minutes time, most of
the flies had gathered at the top of the cage in the area where the
1light was the strongest, since these insects are positively phototropic

Ly

and negatively gectropic. The cage was then opened by raising the end
glass piece just enough to reach in and remcve the bottles, each of which
was plugged with a sterile cotien plug as it was lifted from the cagze,
This method of removel proved fairly efficient, Some flies were lcst
and although the exact rumber is unknown, I would estimate that 5% of
the flies in the cage was the maximum number lost at any time. The
average loss would be much less than that, Lfter all the bottles had
been removed, cctton wadding, scaked in ether, was placed in the cage
which was then tightly closed again, 4“hen the insects had succumbed to
the ether, they were gently swept out with a soft brush. The cage was
then carefully cleared with a detergent and dried.,

The bottles from which the F;'s hatched were discarded. Half of
the bottles (5) containing the F, pupae were replaced in the cage along
with ten bottles of fresh medi¥ and the plugs were withdrawn, The other
five F, bottles were kept for counting purposes. After two days the Fj
would begin to hatch; those in the cage were allowed to deposit their
eggs and those in the remaining bottles were counted and the number of
sepia individuals carefully noted. The two groups were assumed to have
the same gene freQuencies.

This cycle was repeated through the Fq generation fcr the two separate

cages A and B, The resultant data for experiments I and II are recorded

in Tables I and II,



The results obtained by the above method were too erratic to analyze,
Since the percentages of sepia varied greatly from bottle to bottle in
the same generation and in the same cage, it was assumed that the sampling
techniGue was at fault. This variation was greater by far than could be
accounted for by the law of change alone., To test this hypothesis, the
adults in the cages A and B of the F, generation, when they had laid
their eggs were removed as usual but this time they were counted, This
cage count was compared with the bottle count for the same cage in the
same generation and a discrepancy of L4,75% and of 12.27% in the two
counts was found fcr cages A and B respectively.

As a result, the method was modified so that no bottles were removed
for counting purposes. Rather, the adults were all allowed to hatch in
the cage, allowed to lay their eggs and were then removed by the method
described above and all of them were counted, At the same time, the
bottles (10) from which the adults had hatched were discarded, the bottles
(10) in which they had laid their eggs for the next generation were left
in the cage and were arranged alternately with the ten new bottles of
medium added at this time. This method of scparating the generations,
removing and counting the flies, and of supplying new medi® was used in
all the following phases of this experiment, whether the medi% was
supplied in bottles or in petri dishes,

The results of generations seven through thirteen for experiments
III and IV are summed up in Table III. At this time, the two cages
A and B became contaminated with white-eyed flies and the experiment was

discontinued,



There seemed to be a congregation of flies of one of the two types
around the mouths of some of the bottles. In an attempt to remedy this,
petri dishes were substituted for the bottles and used in all subseqGuent
phases of the experiment with the cages. DLight petri dishes, 100mm in
diameter, were used in each of the two cages 4 and B in experiments we
shall term V and VI, The petri dishes were filled to a depth of about
10mm with the medium and a strip of the paper toweling was added to each
dish, The four dishes which had already produced flies were removed in
each generation in the same manner as the bottlss, Experiments V and VI
did not begin as a straight F,; cross, but rather, different percents of
sepia and wild type flies were introduced into the cages to start the
populations. The data obtained from these crosses, generation one
through fourteen in Cage A (experiment f&) and one through eight in
cage B (experiment fgi) are recorded in Tables IV and V.

The larger cages C and D were begun with populations of true F,s.
These cages each held ten petri dishes 150mm in diameter, five of which
were removed in each generation in the manner described previously.
These dishes were filled with medium to a depth of about 15mm and a paper
towel strip added to the top, The five plates containing the larva and
pupa of the next generation were arranged between the five dishes con-
taining the fresh medium, The data for the fourteen generations raised
in each of these cages (experiments VII and VIII) will be found in
Tables VI and VII,

Throughout this series of experiments, the cages were carefully

cleaned between each generation in order to prevent the growth of molds.



The bottles were plugged and the petri dishes covered during these ex-
changes to aveid contamiration by other flies or by molds,

As the experiment progressed, it appeared that selection was
modifying the expected ratios. It occurred to me that this might be
due to the selection of mates., Three tests were planned to determine
this. The virgin females and the males used throughout this experiment
were all L6 hours (! 2 hours) of age. In the first case, five virgin
sepia females were placed in a bottle with five sepia males and five
wild males for a period of four hours, The females were then removed
and put in separate bottles so that the type of offspring she produced
would shcw whether she had been fertilized by a sepia male, a wild male,
both, or in the case of no offspring, neither, This was done with a
total of seventy-five sepia females and an egual number each of the two
types of males, Possible mate selection for the opposite sex was also
studied, In the second case, five virgln sepia females and five virgin
wild females were placed in a bottle with five wild males for a period
of four hours. The females were then separated and records kept of
which type of female was most often fertilized, A total of eighty
females was used here, forty of each type. Lastly, tle experiment was
repeated with the two types of females ancd five sepia males, and again
invclved the use of eighty females, The results of these crecsses appear
in Table VIII,

The relative reproductive ability of each of the stocks and various
crosses between them when not in competition with other kinds was also

studied in relation to this problem. The males and virgin females used
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here were also L6 hours (% 2 hours) of age, In each case, five males
and five females were placed together in a half-pint bottle containing
medium, KEach type of cross involved the use of 100 males and 100
females or twenty bottles., A total of five types of crosses were made,
wild x wild, sepia x sepia, wild male x sepia female, sepia male x
wild female, and heterozygote x heterozygote, The parents were removed
from the bottle when the pupa of the next generation began to appear,
The average total number of offspring produced in the five days after
the appearance of the first adults for each of the types of crosses is

tabulated in Table VIII,
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DATA AND OBSEXVATIONS

The percentages of sepia in each generation in the eight populations
studied is the basic material in this research, The population number is
the actual number of flies ccunted and consists probably of a minimum of
95% of the actual population ard in most cases a greater percentage than
that, Male and female differences in respect to the freguency of the
sepia phenotype have been recorced in all except the first two experi-
ments,

Tables I and II give the percentages of sepia flies in the first
seven generations in experiments I and II in which half the bottles con-
taining the next generation of insects were removed from the cages and
the hatching offspring counted., This sample was assumed to be like that
of the bottles left in the cage to produce the succeeding generation.
The number of flies and the percentages of sepia are given for each of
the five bottles in each generation, and, in addition, the total per-
centage for that generation. The numbers of flies in these bottles
averaged over 200, so that the populaticns in each generation usually
nurbered over a thousand., The percentages varied so much from bottle
to bottle that the erratic results obtained over the seven generations
are probably due to the random selection of the bottles which were re-
moved from the cage for purposes of counting. The over-all data ob-
tained here were useless in the application of Hardy's Law, but the

widely varying bottle counts were of value later in the explanation of
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the phencmona occurring in later populations, 4#s has been explained,
these results were rcsponsible for the discovery of the faulty sampling
technigue, which was then discarded,

Table III provides the percentazes of sepia obtained in experiments
ITI and IV, which were continuations of the two precedingz exgeriments

after the flies were counted upon their removal from the cage, as was

3
explained in the fersgoing scction. In caze A there was a decline from
abcut 14.5% in the seventh and eighth generations to about 7.7% in the
last three generations. In cage B the decline was more severe, falling
from a higch of 43.32% in the seventh generation to 7.187 in tle tlirteenth
gensration, The envirormental conditions of the two cages were similar
and the experiments were run simultaneously. Hence, the cata obtained in
the two may well be considered togsther, Some type of eguilibrium seems
to be rezchcd in exgeriment ITT at 2bout 7.5%5 and this sane percentage

was reactad in experiment IV,

The results of the crosses begun with smaller proportions of the
sepia insects than would be obtained from a dirsct F, generation are
recorded in Tables IV and V, These two experinants, V and VI, shLowcd a
rise from 10.L{7 and 16,207 in the second generation to 19,358 and 23,127
in the third genesration for cages & anl B respectively. In cage A
generations three through thirteen sliow an average of 18,727 with the
greatest deviations being 16.Cl% in gercration eleven and 21.41% in
gceneration seven, The fourteenth generation showing 27.515 of the sepia
phenotype is not consistent with the remaining portions of the data, end

any uncontrolled conditions which might have caused such an increase is
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unknown. In cage B, the average of generations three through cipht is
20.75%, with a high of 23.7C% and a low of 17.725. In both cages a con-
dition resembling equilibrium is evilent at values tliat are closs for
the two cages and which is higher than the initial freyuencies for the
populations,

The largest populations which were observed were contained in cages
C and D in experiments VII and VIII. The data which are recorded in
Tables VI ancd VII stow an initial rise in the Fy generation, Thereafter,
there is a decline in cage C to 11.3¢% and a subseyuent rise to an
average value of 17 .Luy% in the last three generations. In cage D there
is also a decline following the initial rise, which is followed by
another rise, The last seven generations again suggest an eguilibrium
at an average of 22.68% with the greatest deviaticns being 24,417 and
21.30%, which is a relatively low range of variability.

In most of the populations, a condition rescmbling some type of
equilibrium was established, %ith the uss of bottled medium, this
equilibrium was reached at about 7.55 for the experiments III awme—F¥,

In experiments V, VI, VII, VIII, this value varied from 17.LL% in cage C,
18.72% in cage A, 20,76% in cage B, to 22.68% in cage D. In the popu-
lations of cages A and B this value was above the initial value of the
population, below the initial vazlue in cage C, and about equal to the
initial value in cage D.

In all except experiments I and II, scparate counts were kept for
the males and for the females. In all, sixty-one generations from six

experinents were counted with the relation between the sexes in mind.
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x2 was siznificant (at the 5% level) in four cases and highly significant
(at the 1x level) in four other cases. Since the percentage of recessives
favored the males in exactly half of these eight cases and the females in
half, these data as a whole were not assumed to have great significance,
and calculations werz based on the total percents obtained by combining
the males and females.

One important difference was noted between the cages in which bottles
of medi¥'were used in comparison with those in which the petri dishes
were employed, The amount of moisture which condensed on the sides of
the cages containing the petri dislies was much greater than those contain-
ing bottles. During the time in which the medium was being autoclayed,
the bottles were stoppered with cotton plugs which prevented the entrance
of much moisture, The petri dishes were covered with their glass covers
and the condensation of moisture inside these dishes was considerable
during the cooling period following autoclaving. The media supplied in
the two cases differ in moisture content and consequently the humidity
within the cages was effected. uhen the bottles were used, no moisture
was evident on the sides of the cages, whereas, the use of the wetter
medium in the petri dishes caused a clouding of the glass portions of
the cage.

In each case, the experiments were begun with a fairly large nuﬁber
of flies, Nevertheless, the growth from this point when considered
gereration by generation typically follows the latter portion of Pearl's)*8
population curve, That is, it grew at an accelerating rate until a

maximum was reached in each generation which was dependent upon the
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density of population which could be supported in the available environ-
ment, Thereafter, the growth between generations was ever less until it
was no longer perceptible, In such populations of Drosophila as these,
if the temperature is constant, the available food supply has been shown
to be the most important limiting factor of the population.3h This would
appear to be so here also, since the competition in the larval stages was
very severe, If the maximum population number which occurs continuously
for a few generations is roughly estimated in round numbers and the
average area and volume of available medi¥ are calculated the following

correlation table may be set up:

Lstimated Maximum Area of Mcdia Volume of Media
Experiment Size of Population s3. cm, cu, cm,
A B C
III 1800 565 1693
Iv 2100 565 1693
v 1300 628 628
VI 1600 €28 &28
VII L.500 1767 2€51
VIIT . L700 1767 2651
. 6 AB . . .
By using the formula ryg =-Z5—75 » rag 1s 2dual to .9776 and r,; is

8999, These correlations are so large that the maximum population size
must be dependent to a large degree on tle availaoble food material,
which is what would be expected.

Table VIII combines the results of the two collateral experiments.
The first involves the testing of mate selection., The data are limited
but they indicate that the two types of males are about ejually competent

in mating and that the sepia female shows little preference for either
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type of male under the conditions tested. The females listed under the
section unknown were either lost in the last transfer or became stuck

in the medium before eggs had been laid. The last portion of the table
lists the average number of offspring produced by ten parents (five males
and five females) for the twsnty bottles tested in each of the five
crosses, These figures are a rough estimate of the reproductive abilities
of these types of crosses under more optimal conditions than those found
in the cages, since competition during the larva stage was much less in

the bottles.
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TABLE I

EXPELTMeNT Ts  PrilCENTAGES OF StPIA FLI®S Fi(M BOTTLE COUNTS IN CAGE A

Number of Percentages Total Total Total
Generation Offspring Of Sepias in  Number Number of Percentages
Bach Bottle Each Bottle Offspring Sepias Of Sepias

F, 289 25.61 1147 254 22.1L
211 19.L3
274 19.34
139 2L .Ls
234 22,22
Fa 1.0 L2 .86 965 313 32.L4
187 L3.85
192 30.73
223 29.15
223 21.08
F, 185 L.8L 1179 104 8.82
330 6.67
200 5.00
2L8 15.32
215 11.63
Fg 295 5.76 1284 1LL 11.21
310 13.55
258 13.57
228 11.84
193 11.92
Fg 222 30,18 11L9 260 22.63
173 26,59
238 15.13
213 28,6k
303 16.50
Fq 291 25.77 1348 257 19.07
2L2 9.50
286 19.58
242 21.07

287 18.12
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TABLE II

EXPoRTMENT ITs PERCENTAGES OF SEPIA FLIES FROM BCTTLE COUNTS IN CAGE B

Number of Percentages Total Total Total
Generation Offspring Of Sepias in  Number Number of Percentages
Each Bottle Each Bottle Offspringo Sepias Of Sepias

F, 261 2l 52 0Lk 222 21,26
220 16,62
210 16.67
186 23.12
167 25.75
Fa 235 27.23 1051 290 26.58
194 20.10
220 27.73
187 3L.76
255 23.92
F, 265 52,26 1059 L79 Ls.23
153 L1.72
124 9.08
302 L6.36
20l 58.82
Fg 32k 9.57 10L7 205 19.58
229 LL .5k
184 18.48
133 16.54
177 9.04
Fg 22 28.10 154 287 27.23
274 21.53
170 15.88
173 L9.71
195 2L.10
Fq 275 32.36 1240 385 31.05
210 Lo.L8
260 16,54
228 23.25

267 L43.07
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TABLE III

EXPrRIMWNTS IIT AND IVe PolCaNTAGES OF SZPIA FLIES FROM
CAGE COUNTS IN CAuBS A AND B

Percentage Percentage Total Total Total Fer-
Generation Of Sepia Of Sepia x2 of Sex No, of No, of centages
Males Females Differences Flies Sepias of Secpias
CAGE A
F, 1445 14.08 .020 769 113 14.32
Fg 14.97 14.85 .00L 1428 213 14.92
Fo 13.83 9.07 £.8L0 1600 185 11.5%
F.o 8.62 8.37 128 207L 179 8.63
Fia 5.75 6.00 033 1176 69 5.67
Fiz2 6.02 9.37 5.501 1382 105 7.60
Fis 7.L6 8.70 525 10L0 €3 7.98
Fia 7.97 7.03 .13 1323 100 7.56
CAGE B
Fo 41.82 L5 .08 1.2(2 1175 509 L3.32
Fg 31.L47 30.93 .08l 1875 5es 31.20
Fs 22.19 20,67 Ronl 1871 401 21.L3
Fio 17.95 15.62 2.120 2183 367 15,61
Fi. 13.59 15.52 Lk 12¢5 184 1L.55
Fiz 8.77 12.12 ¢.L9¢e 2151 221 10,27

Fi3 7.16 7.19 .000 1867 137 7.18
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TADLE IV

EXPELIMENT Ve PLACLITAGES OF SuPIA FLIES T CAGE COUNTS IN C. LGS A

Yercentage rercerniage Total Total Total Fer-

Generation OCf Sepia Cf Sepia %2 of Sex Mo, of No, of centages

Malzs Forales Diffcrences Flies  Sepias  of Sepieas
2 12.7% 7.3 3.883 526 55 10.46
3 21.11 1L.70 €..85 124 2L 19.35
L 21.05 16.33 129 125 2l 19.20
5 17.55 25.75 2.079 25l 50 19.¢8
6 17.20 17.24 .000 302 52 17.22
7 20.¢L 22,76 .210 311 73 21.11
17.LL 15.79 Lbé 911 152 16,08
9 19.94 18.31 .519 1233 237 19.22
10 18.L9 20.51 507 Ee7 172 19.39
1 15.42 15.76 200 787 126 16.01
12 18.05 15.23 .7L5 913 170 18.¢€2
13 19.33 15.02 .229 1297 2L9 19.20

1L 28.57 26.33 847 1352 372 27.01
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TAZIE V

EXPSiIMIDRT VI: PLRCENTAGES OF SwrlA FLIES FuOM CAGE COUNTS IN CAGE B

——

Fercertage Fercenutage Total Total Total Fer-
Generation Cf Sepia Cf Sepia x3 of Sex No, of DNo, of centages
Males Females Differences Flies Sepias of Sepias

2 15,39 16.01 .06l 2352 361 16.20

3 25.54 21.25 3.25C 1276 295 23.12

L 25.15 22.39 1.500 1426 338 23.70

5 17.6L 21,54 3.631 1e28 365 19.97

6 15,75 18.3L L9 1732 307 17.72

7 17.22 221 - T.232 194, 392 19.95

8 22.717 7.1 8.co¢ 1792 300 20,09
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TABLE VI

EXPeiilMeNT VIIs PERCENTAGES CF SoPIA FLIES FhOM CLGE COUNTS IN CAGE C

Percentage Percentage Total Total Total Per-

Generation Of Sepia Of Sepia x2 of Sex No., of No. of centages

Males Females Differences Flies Scpias of Sepias
Fa 25.5L 19.79 5.352 1136 257 22,62
Fa 30.03 28,36 .OLE 1LL7 L23 29.23
Fg 18.36 18.00 036 1677 305 18.19
Fg 1£.88 16.98 .003 1660 2€1 16.93
Fe 13.23 12,60 .063 1608 210 13.06
Fq 11.L5 1.2y .053 3919 L52 11.3%
Fg 15.L6 17.54 1.777 2257 372 16.L8
F; 13.67 13.87 .030 3556 190 13.78
Fio 13.09 1h.k2 1.671 Lh76 €16 13.76
Fia 16.37 14.99 1.622 L516 706 15.63
Fiaz 16.23 19.56 8.357 LLSk gol 17.98
Fi13 16.98 17.18 .030 L225 722 17.09

Fia 18.21 16.31 2,260 3549 612 17.24
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TABLE VII

EXPeRrIMeNT VIII: PuRCENTAGES OF SEPIA FLIES FROM CLGE COUNTS IN CAGE D

Percentage Percentage Total Total Total Per-

Generation Of Sepia Of Sepia x2 of Sex No, of No, of centages

Males Females Differences Flies Sepias of Sepias
F, 23.79 20.75 1.18 886 197 22.23
Fa 23.35 26.8L 2,253 1410 352 2L.96
F, 20,20 20.63 .031 1079 220 20.39
Fg 16.56 19.16 1.785 1577 278 17.63
Fe 15.37 15.83 J1c2 2511 392 15.61
Fq, 12,65 12,62 .000 2557 323 12.63
Fg 22,59 22,64 .001 3011 681 22.62
Fo 21.80 2L.75 3.822 3119 725 2324
Fio 20 .60 22,06 1.086 3L29 732 21.35
Fi, 21.58 21.05 .183 LL32 oLl 21.30
Fio 24.80 24.00 Lo2 L708 1148 24,38
Fia 21.24 21,68 Ja17 L256 91h 21.L8

Fig 25.08 23.81 1.027 4723 1153 2L .11




TLBLE VIII

PinT Is MATE SELECTION

2l

Sepia Wild
Females Females
Crosst Sepia female x (sepia male and wild male)
Fertilized by sepia male 21
Fertilized by wild male 23
Fertilized by both males 13
Fertilized by neither 10
Unknown 2
Total 75
Cross: (Sepia female and wild female) x sepia male
Fertilized by sepia male 2L 25
Not fertilized 15 14
Unknown 1 1
Totals LC Lo
Crosst (Sepia female and wild female) x wild male
Fertilized by wild male 26 25
Not fertilized 13 13
Unknown 1 2
Totals LO L,0

PART IIt+ RePrODUCTIVE ABILITY

Average Number Offspring
For Twenty Bottles

Cross? Heterozygote x heterozygote
Wild x wild
Sepia x sepia
¥%ild male x sepia female
Sepia male x wild female

2L8
2L3
254
261
256
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D1SCUSSICN

The main objective of this research was to test the validity of

Hardy's Law in controlled populations of Droscrhila melanocaster. &ven

as the study was just beginning, however, there was evidence that the
ratios expected by Hardy's Las were being modified in some way, The
numbers were quite large and theoretically, deviations from the expected
ratios should not have been great., However, in experiments I, II, VII,
and VIII, each of which was begun as a simple F; cross, the F, ratios in
each case were less than the 253 theoretically expected according to this
law, If the F,'s of these experiments are taken together, x® is egual to
19.155 which is a deviation from the expected which is highly significant,
This evidence did not, in any sense, mcan that Hardy's Law was erroneous
and that the failure of these laboratory populaticns to follow it in any
way disproved the law, Rather, it would appear that the expectations
were too naive and that one or more of the basic conditions imposed upon
Hardy's Law to make it valid were not being met.

A natural population is not a static entity, but a dynamic one
which undergoes constant changes,2 and the prcportions expected by Hardy's
Law are constantly deviating due to certain pressures, %hich type or
types of pressures then might be acting on these more carefully buffered
laboratory populations? There are several types of nonrecurrent change
which might be termed acciden’os.s7 These mignht be useful in explaining

a single or at most a few erratic ratios, but nct an entire series of



percentages such as was obtained here which deviate from the eguilibrium
values of Hardy's Law, In addition, there are systematic pressurcs
which bear constantly upon a natural population, namely, mutation, mi-
gration and selection.55 In this particular problem the effect of
mutation should be negligible and that of migration, zero. The only
remaining pressure then is selection, which is the most complex in many
ways because so many variables are concernccd with it. There are
numerous ways in which it may effect the ejuilibrium ratios of Hardy's
Law, and many of these will be discussed here in an attempt to find an
explanation for the results obtained in this rescarch.

It is important to remember that in arny phase of the discussion of
selection, and espzcially in the aprlication of mathematical methods to
this pressure, biological facts must be reduced to a mere abstract of
their real complexity.5 That is, only one phase will be discussed at
any one time, but perhaps not one variable, but a combination of several
are acting simultaneously to produce the selection phenomenon as it is

observed here.

Possible Modes Of Action Of The Selection Pressure

Natural sslection alters the freyuencies of the genes in the nsxt
generation due to the disproporticnate contribution of the carriers of
the different genotypes in the preceding generation., Some of the geno-
types are adaptively incompetent and may be eliminated or reduced oy

natural selcction., Other genotypes possess optimal fitness in certain
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nvironments, and if these eaviromments recur fregyuently, these geno-
tyces miy becone lasting componznts of the populatiun.l

aS we Lave observed in this research also, tle vicatle effcct of
sclection is upen plienct,pe, In this casc, it is upon the scpia pheno

type. The degres of corrcspondence betwsen genotyre and phenotype is
fundzmental in ceteruining the perwanent responscs of the population to

tle selaction pressurz.

Nor can we even assume that the selection rate for a single ecoue

such as sepia is constant, There ar: conditicns under which orne sene

has a selective advantzge only until a certain sene-ratio is established

-

viiile for hisher ratios it is at a disadvantzze, In such cases the
cene ratic will bz mcst stable at this limiting value for tue s2laction
ard this value will tend to be restored whenever it is distwrbed from
either direction.3 Neither is the adaptivs valoe of a type nocecsarily
proportional to its survival value at all the devilopaental s
the c¢rgonisi:, In sore cascs it bas becn shiown that scme tipes which
show relativsly higher mortalities than other types betacen the egg and
adult stages proved nevertheless to be adajtivel, superior to the latter
in the adult sta;c.zo

Selzction may be corplete. That is, it mzy involve a lothal zone,
so that one cr the otlier ¢f the zenotypes is complotely eliminatcd every
gcncration.h This could not have cccurred in this experimcnt, howcver,
because all rcnotypes wers prasant in the population and an equilibrium
was reached at the approximate peints alrealy noted., Or sclection umiay

be partial, so that only a propertion of certain gerotypes are eliminatzd



in eacii gencration, This type of sslection is most commonly agsainst the
homozyous recessivzs, althoush rot necessarily so, If s2lsction is
partizl and ajainst the recessive gene in the horozyesus stals orly, the

“y

frequency of this gene in the next generation is

where 5 eguals the percent of recessives rejectad and r eyuals the fre-
gucrcy of the raccessive gene, This type of selection is characterized
by a constant decline in the recessive phenotype in every gencraticn so
that after an inlinite nuwiber of gensrations the gsne sl.ould be elinmi-
naved, or ncarl; sco.}'L Adverse selection against a recessives cene is
nost effcciive when the Lomozygous recessives make up a fairly large
proportion of the population., As the proportion of homozygous recessives
decreases, the effectiveness of the adverse selectiocn also decrzasss bub
at a much slower rate,

A dacline of this sort has bzen observed by several workers,
L'Eéritier and 'P@J_ssz.er')S found that in a laboratory population of

D. melano

ster, the gene "bar" with an initial freguency of .999 was.

3
Ll

alrost complzstely replaced in 190 days by the wild gene when a wild fly
accidently contaminated the "ovar" population, In later experiments, at
the end of approximately (00 days, the frequency of the "bar" gene had

£
. . O s
been reduced to .,0037 and ,0105 in each of two such po;ulatlons.3 Thzs

[

Q . .
same two workers aided by Neefs3T found that the gene for vestijal wing

was selected against in similar populations. If a breceze blew throusgh
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the cage, however, the vestigal gene was favored. Althouzh these
experiments were not carried on long cnough to determine whether com-

plete elimination would take place, tliess gencticists believe that

neither "bar"nor vestizal would be eliminatzd entirely from the popu-
lation, but that an egnilibrium condition might be reached for a rather @Jb'

2

low frejuency of the mutant gene. Gorcon3? releassd a population of

36,000 individuals of D. melano:aster carrying the gene for ebony with

a freguency of 5. This species is not endemic in Znzland, After 12U
days, the frequency of the ebony gene had been reduced to ,1. This
experiment could not be continued because cold weather wipcd out the
entire population.

If the type of selection just descrihbed was acting in our sepia-
wild populations, a constant decrease in the freguency of the sepia
phenotype should have occurrad, Such was not the case., A single factor
may be in stable ejuilibrium under selecticn if the heterozy.ote has a

selective advantage over both homozygotes, 4n inspection of the egui-
librium values which have been obtained in the sepia-wild populaticns
indicates that such is probably the type of equilibrium which has
occurrad in this problemn.

hctually, a type of eguilibrium will be obtained if the hetezsrozygote
is either better or worse adapted than the two homozygotes, Fisher3
believes that the two cases will not exist equally freguently, however,
If the heterozygote is at a disadvantaze, the eyuilibrium is unstable,

for if 44 eyuals O, then ‘3 (at the eyuilibrium condition) is one-half,

A . - .
zero or one, At Q equals one-half, complete or partial elimination of
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the heterozygote will not change the gene freguency in the population.
Therefore, random mating will restore the original zysgotic proportions
in the succeeding generation, But if G.equals any value less than one-
half, selection diminishes the freyuency of the rarer allels in each
generation until 4 becomes zesro, And the egailibrium at one-half is
always unstable and if lost, cannot be restored.5
However, if the heterozygote is better adaptad, the eguilibrium is
more stable and will tend to persist until this stability is upset.
E§uilibrium will be restored once it is disturbed. £t this equilibrium
position, the adaptiveness of the entire population is enhanced at the
price of the production of some less well adapted individuals, In this
case of balanced polymorphism the average fitness of the individual in
the population will be greatest when the eguilibrium condition is reached.?
If the adaptive value of the heterozygote is taken am unity then those of
the homozygotes are (1-s) and (1-S) respectively where s is the selection
coefficient against the homozygous recessives and S against the homo-
zygous dominants. The freguency of the recessive gene, g, at which

equilibrium is established is

A S
1 =Ts+9)
and the frequency of the dominate gene, p, is

A

p = 19

s
S + O .
If p and § are the freguencies of the dominant and recessive genes

in any generation, then the freyuency of the recessive gene in the next
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generation becomes

g(1 - s3)
1 - 5p? - sy42

and the amount of change in 4 per generation is

palSp - sy)
1l - Sp? - s3® ,

4q=

LY - 3 - . - 3 A
£t equilibrium 44g is egual to zero and the gene freyuency ratio, u, at

this point is

T

A
4

wlu

It should be noted that in the case of the superior adaptive value
of the heterogrgote, the equilibrium values of a gene freguency are
independent of the initial gene‘frequency of the population and are com-
pletely determined by the selection coefficients of the two homozygous
genotypes, This equilibrium condition is a stable one and regardless
of the initial frequency, it will be eventually reached since these
equilibrium values of the gene frequency give the maximum adaptive value
of the population as a whole.5 This phenomenon may be observed in the
sepia-wild populations in this study from experiments V, VI, VII, VIII
which may be considered together since the equilibrium values of them
all are very close. In experiments V and VI, the equilibrium values,
about 19% and 21% respectively, are above the initial values. But in
experiment VII it is below the initial value and about equal to the
beginning value in VIII, This condition lends considerable evidence to
the supposition that the populations in qQuestion show a superior adaptive

value of the heterozygous types over the homozygotes.
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If the proportions of recessives, heterozygotes and dominants are

R, H, and D respectively, then

(1 - s)r2 2r (1 - r.)
Rn = -—T—.—.n_'. 9 Hn = n P n 5
2
and D (1 - S)(l - rn)

n = T
where r eguals the freguency of the recessive gene, S and s are the

2-5+23rn-3r2 L

selection coeificients, and P =1 = sr e

n

The explanation of the superiority of the heterozygote seems most
adeyuately to explain the results obtained in our sepia-wild populations,
since in each case an equilibrium was established which seemed to be
independent of the initial values, The results obtained from the various
populations may be subdivided into three groups. The first group would
be composed of experiments I and II in which the counts were made from
bottles removed from the cages rather than directly from the cages them-
selves, This first group which proved only to reveal the weakness in
the sampling techmnique need not be considered further in this analysis.
The second group would include experiments IIT and IV since they were
carried on simultaneously and in both cases medium was provided in half-
pint bottles, The equilibria reached in III and perhaps approached in
IV were at the same level, although the initial freqQuencies differed
quite markedly from one another,

Experiments V, VI, VII, VIII compose the last group. Although the
population size in the first two cases differs from that in the last two,

it would seem that the similar results would warrant their consideration
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as a whole, The equilibrium points of them all vary within rather
small limits, Relations to the initial values have been discussed.

In this particular analysis it has been found that the formulas
Just mentioned in connection with heterozysote superiority are practic-
ally useless since they all involve knowledge of the actual gene
freguencies, p and g, Sepia is completely recessive, so the freguencies
of the homozygous wild and heterozygotes camnot be determined.

If the populations had not shown selection, but had besn in the
equilibrium described by Hardy's Law, then the square root of ths fre-
quency of the homozygous recessive genotype would egual the freguency
of the recessive gere, In our F, populations, the theoretical distri=-
bution of the genotypes according to this law, would be .25 aa, ,50 Aa,
and .25 AA, The genot;pes AA and aa are apparently selected against,
The proportions of AA and aa in the population would, therefore, decline
and the frequency of the Aa genotype would increase proportionately.
Obviously, the sjuare root of the frejuency of aa in this case would be
less than .5, and the same would be true for the sguare root of the
frequency of AL, Therefore, the sums of the square roots of the per=-
centages of AA and aa indivicduals would be less than one. Consequently,
since this reasoning is true in all generations, it is evident that the
squére root of the frequency of the aa genotype is less than §, which
is the actual valuz of the gene a, Since p and g are unknown and cannot
be calculated, the selection coefficients and adaptive values of the
three genotypes cannot be determinsd, Moreover, we cannot evan be

certain that S and s are stable values. It is guite probable that they
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might vary with the population density and with the frejuency of the
recessive gene in the total population,

In addition, it is impossible even to state whether the homozygous
wild or the homozygous recessives had the higher adaptive value. There
is, then, only one relationship that is known, and that is that the
equilibrium value of 3 is greater than the valus of the syuare root of
the freguency of the sepia phenotype at the eyuilibrium condition, If
thie sjyuare root of the average frequencies of the sespia phenotype at
this stable condition as they have already been stated are takeh, a is
greater than the approximate valuas of .27L4 for experiment III, .L32
for V, LS4 for VI, .L18 for VII, and 476 in VIII,

The type of eGuilibrium observed here has been founc rather fre-
quently by a number of investigators. The superiority of the hetero-
zygote has been shown in tle experimental laboratory populations of

50
Reed and Rced,) who studied populations of D, melanocaster in which

thie homozygotic condition for an inversion of ths X chromosome was
almost completely lethal when in ssvere corpetition with tihez wild type.

However, the inversion flourished in thz heterozygous condition so that

it was not eliminated from the population. An eguililrium was Guickly
establish:l witl 28,5 henozypous fimeles, 287 lemizyoous normal nales,
L27 heterozygous fomales and 275 herizyscus inversion males. This shows
that the helerozyoous faale had a strong selective advaniage cover the
.20
7

horiozy zous types. Dobzhanst found an eguilibrium of a third cluoono-

k)

some inversion in two populations of D, peeado bscura at 795 and 53,

respectively for the inversion in which the original breeders were
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obtained from two different ratural popwlations, This some type of
eyuilibriarn was found by’CunhalO in regard to the trait for light and
dark abdowen cclor in Brazilian pupulations of D, pol;morrha with sur-
vival values of .54 for ES, 1.00 for Ze and .23 for eec, Freire-Maia29
also cbserved a stable value for dark and lizht abdomen color in
Brazilian populations of D, wontium,

£dditicnal cetails of this type of eyvilibrium were obtained by

Kalmusho

in populaticns of D, mzlanogaster with respect to the trait
ebcny, he found that at a higher tumperature and higher hamidity, the
wild type was acaplively superior to ebony, But the eborny gene was
found to be superior under the opposite conditiors. However, in each of
the cultures, eventually an eguilibtrivm was approaclied even though the
point of stebility ciffered with the varying conditions, L'Héritier

. c s 36 . . . .

¢ Teissier”” found that in their populaticns of ebony and wild, an
equilibrium was establishied at about 157 of the ebony flies.

This same situation has been observed in natural populations by

Dobzhanslky and Levene.zh These two workers found that the eggs laid by

D. psevdoobscura are in conformity with the Hardy-Jeinberz Law in the

proporticns of hcmozygotes and heterczymotes for different tymes of the
third chromosome, But a differential mcrtality tekes place between the
e;z and adult stages which favors the heterczygote.

Thus far, we have consicdered that the wilc-sepia populaticns studied
have had the ratios exected by Hardy's Law modified by the pressure of

selection which favored the heterozygote., It would be interesting to

attempt to explain what environmental factor or factors night have
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contributed to this selection and in what stage of the life cycle it

mizht act,

Period Of The Life Cycle “here Selection Zxerts Its Pressure

Selection may occur at any stage in the life cycle. If there is a
differential fertility of the adult flies, it may be in the number of
€gsS or sperm produced or in the relative survival atility cf tlie gametes.

$6H

A smaller proportion of thke ezzs of one genotype mey hetch as has becn
shown to be tle case in some of the other mutant stocks of Drosophila,h7
One type may be at a disadvantage in tlie competition in the larval stages,
Perhaps one is better adapted to survive the pupa stage., The time and
length of reprocuctive activity may vary., In the adult stage it may
occur in the selection of mates, Nor is any one of these constant, but
is modified by numerous envirormental conditions, such as temperatvure,
food and population density.

Mate selection has bezn observed in certein populations of Drescplila,
Reed and Reedsl found that natural selection favored the wild gene in
laboratory populations of this insect to the extent of eliminating the
gene for white eye, They discoverad that the ratio of red males which
succeeded in mating corpared to white males was 1.00 to .75. Tlus they
were able to conclude that selective mating was tle most important factor
contributing to the decrease in the white gene, This same conclusion
was reached by another workerl2 in populations of wild and yellow-white,

c

2 . .
Rencdel”  observed the courtship pattern in D, subscura of yellcw males

and found that it did not diffcr from that of normal males except that it
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was longer, But the normal female resisted the advances of the yellow
‘-

male, Merrell® in his selective mating experiments also concluded

that the occurrence cf non-random mating was due primarily to the be-

havior of the female in D, melanogaster, but that in time, practically

all females of a population would be fertilized. SturtevantSh has alsc
studied the problem of sexual selection in thLis fly, His results indi-
cate that actual choice is not involved. But that any female willing to
mate will accept any male and a male ready to mate will do so with the
first female which will let him, However, if the female is not willing,
tlie male of the more vigerous stock will have an advantage., As a result,
the weaker female is mcst often mated with,

It was with this possibility in mird that the experiment cn mate
selection with the wild and sepia stocks was begun., However, the results
are startlingly close for the small numbers worked with, The wild and
seria males scen to be ejually successful in mating with both types of
females and eitlier of the two males seem to be accertable to the females.
The numbers are not larze enough to be conclusive but they indicate that
mate selection probably does not play a very important role in tlese
sepia-wild populations, in producing the selection pressure,

In addition, the numbers of offspring produced by the different
type$ of wild-sepia crosses indicated in Table VIil show little vari-
ability in their ability to reproduce at uncrowded, more optimal condi-
tions. This information would cause me to believe that the reproductive
capacities of the different types of crosses does not differ too much,

and that under optimal conditions, about the same number of offspring
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reach maturity. Moreover, differential mortality in the adult stage may
be elimirated since never more than two or three d=ad flies were found
in any cage durirg a generation's time, The most probable point of the
action of the sclection pressure is during the larval stage. The cages
were supporting the maximum number of flies possible with the available
food supply and the medium dishes were quite crowded with larva and the/

competition at this point was guite keen,

Possible Agents of Selection

Numerous envirommental factors act as agents of natural selection,
and many of them have been studied in Drosophila populations. Seasonal
variations have been observed in the relative frequency of gene arrange-
ments in the third and sex chromoscmes in two of three populations of

D. pseudoobscura obtained from localities near San Jacinto, California,l®

tiree Moscow populations of D. fune‘oris,25 and a certain population of

D. r‘obusta)42 from Virginia also showed seasﬁnal variations., In the latter
case, the chanzes were significant in males orly. The relative freguency
of black hamsters has been reporied in sone regions of U.S.S.R. to under-
go regular and significant changes from season to season.’1 411 of these
reports indicate that selection may act quickly in changing the freguencies
of gene arrangements and of genes. Probably several envirormental factors
which change with the season cause these changes.

57

In D. pseudoobscura, Wright and Dobzliansky”  have found in laboratory

populations that certain of the third cliromoscmal arrangzerents are better

adapted at higher temperatures and others at lower temperatures.17 These
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varying adaptive values to temperature were also found in certain clircmo-

somal variants of the second and fourth chromosome in tlis same species,23
.. 36 et 1 = ) ]

Hovanitz”~ found that the freguency of white females in the butterfly,

Colias clrysotheme are largely correlated with changes in climatic con-

ditions. Large size scems to be similarly correlated in the Znglish
sparrow.8 Extreme cold temperatures which caused individuals of D. funebris
to hibernate was found to faver ore inversicn and to discriminate against
another;28

Other environmental factors not clearly outlined scerve as selection
pressures on populations of D. funebris observed by Dubinin and Tiniakov.26
These workers consistently observed higher freguencies of certain inver-
sions in the populations of llcscow and othier cities than in the rural
districts nearby.

Ancther factor which acts as an agent of natural selection is popu-
lation density. Pearl and Parkerb9 have found in early stucies of
Drosophila that the reproductive rate per female declines as the popu-
lation becomes more dense but the decrease is at a decreasing rate at the
highiest densities. Crowding has been seen to play an active part in some

laboratory populations, Moreeleé found that the mutant gene ebony in

populations of D, melanocaster was nearly as viable as wild if there were

little crowding. But the viability of ebony decreased as the crowding
continued and as the competition became more intense, Other workers have
observed that some inversions on the second and fourth chromosomes®S and
17

in crosses involving tliree gene arrangements on the third chromosome

of D. pscudoobscura there was a differential viability in accord with the
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populaﬁion densities. Other genz arrangements of the third chircmesome
were little modified by thess conditions. The incidence of black coat
color in some hamster populations of the U.5.S.k. was found to be
positively correlated with the population densities of tlat 5pecics.3o

The additive effects of temperature and humidity on the fraguency
of evony in Drosorliila populations wes mentioned very early in this
Discussion,

which of these factors then seem greatest in influencing the selec-
tion observed in the wild-scpia populations of this rasearch.? Since
temperature was carefully conlrolled, the changss were not due to any
fluctuations here. However, the tomperature was probably very imporient
in determining the adaptive values of the thrce genot;pes and therefore
the actual point of ejuilibrium, The humidit; was arproximately eyuzl in

since it scemed to cepzn? on

)

each cage throughout any one experiment,
the wetncss of the mediwm provided., Its probable importince in producing
the widely varying cjuilibrium points at about 7.5 in IIT ewd—E¥ and.
betwzen 17.L47 and 22,005 in cxperiments V-VIII has already been mern-
tionsd, It is probsbly one importent factor in determining this differ-
cnce,

Another factor already mentioned is that of population densities.
This crowcing was guite severe during the larval stages, and intenss
corpetition was, no doubt, of ulmost importance as a selective agent.
The exact importance of any onz of these factors would Lave to bz dotermincd
experimentelly, but I believe that it is safe to assume that as a jroug,
temperature, himidity and crowding were of seme importance in determining

the eyuilibrium points in tlie wild-sepia populations.
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Tliz Importance Of Balanced Polymorplism Ls
Determined By Selccticn Prassures

In natural populations the bzlanced polymorphism ohserved in tless

sopulations buffers the species azainst esvirorwental change an! at thoe

—

s timz it Jc2s not consume cor deglote the store of bereiitary vari-

ability presert in the population, The total acoptive atilii, of the

poepunlation is thus greatly cnhanced. 1€

© valanced pol,morplisa also preserves cortain of the now eore

cran ements and cins mutelions which arisz from time te time in any

portant raw maturials of evolution,l3 which are presont mach mors
freguentl, in Drosophila populations than wowdd b2 expootsd by casuel

14,3 . . ) s
b,37 Tliese raw materials are then actocd woon Ly restiriction

bservavion,
of posudativa sice, raturzl sclection anld the dovolopmzoy of isolating
mechanisms to insure the proor:ie of eveliliun,

Tho soralecioas in this svudy were all foirly large cxcep b in the

Fald - . 3 v . PR N .- . . - ~ ~7 PO
first cororaticns in exporiuent V, I the sgice bad contimved srall and
[ | [ T T N _ . -, R} .. . A AN
a ccensiderable mumber of ginerations Lol boeo 21lo42d Lo p2ss, 2 Jrilt
N e :,- P - . . - P O .
2oy fror the sgnuilibhriunm vilues would bave beon expectad from chance

&lone. In such populalivans the eflcctivs size of tlie brecding populaticn
-’

wust be taken into account”> and the luibrezdirg coelficient must be

22

detornineic® since thore will h:z a corresgonlin

duz to these factors.” In thecs sealler populaticus, ciance plays a raeh

sreater rele in producing widely varying populaticns, Thls tppc of deirly

e

o

has beern seen to play an iportant port in the cillcrentisn of cerlain
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locel pepuiations in several spccizs of Lrogophils o othe arount of ciffey
N . SRR R o . ~ ) . ; -~ 1 . q . 2
ention dipending upon the effective size of the broading population,-2»
41,9,15
et o bt s e c s s
20977 Thz size of the wild-sepia populaticns stunizd hicre slould not

bave alleued for asy measuralle ancunt of gans
puints in e.periments V-VIIT voried somowhat b
with but a difference of onl, 5.2, ¢

lowest in cage C, It would be irpossillz to sz
tl.e four expzariments werc identical 2ltlough t

possivle, These existing dilferwnces in conddi
ex.lain the 5.245 variation

It is also apparent froa thz data that th
lutzl, stanle, but certain unknown facicrs occ
chance plays sore part here, DSut in every cas:

restorsd to the ejuilitrium point in one or a

difficult variation of this type to explzin is

tion in experinent V, This last gereraticn re

fa

3.

the sepia indivicuals after

for many gencrations before, 1o knoun acciden
experiment here, although it is not impossible
affected by some factor which was not scen or

1

reason to believe, however, that whatever the

had been contimied, it would have returred to

s
fow generaticns.,
A number of Guestions naturslly arose as
1u5 becen indicztzd alrveady, the data would

webween the hiliesly in caze

The eynilibrium
ut witlin reasonable limits,

D aad tie

2 that the conditicons ia
ey were ket as clouse as

tions alconz could probzbly

e cquilibrium is not abso-

asionsll; ugsat it,

2, the pepulations were

few ceneralicns. The most

in the fouwrtesnth genera-

ached a high of 27.51e of

tal factur

hat

t the population was

uncdersteed. There is

causz, if ths population
its cyuilibrium levzl in a
thic study procressed, 4s

hav: beaen much more useful

Forhiaps



if the actual zene freguenciss had been known., This cculd Lave teeon
dzbernined very simply Ly progeny testinz a sample of tle wil?d females
in each gunsration to cetermine the percenta;se which were hsterozy-~ous,
Such wild famalzs should be mat=< with sepia males, Then by use of the
ferruias alrecady prescntel, the szlecticn coefficiants ard adapiive
values for the three ~enctypes cculd be calculated,

Ctl:ier possiiilities present themselves, It would have been inter-
esting to begin populations with very hich an? with very low freguencizs
of the sepia gene. Since hunicity was indicated as an important factor
in settinz the stable position, such a study as to its iLujportance might
be pursusd furtlier. Varying the temperaturs and the density of the

.

population would help to discover what part thess factors play in esiab-

lishinz the adaptive values of the three zinotypes,
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CCriCLUSICHS

The wild-sepia populations studied dia not follow the ratios expected

by Hardy's Law but were modified by selection pressurces,
P

The most 1lilely explanation for the type of selection is in the
superiority of the hcterozygote over the two homozygotes, sincz an
equilibrium was reached in each case which seemed to be independent
of the initial freyuency. The eguilibrium values were approximately
7.5/ of sepia individuals in experiment III, 18.727 in experiment V,
20.7¢5 in experiment VI, 17.LL7 in experiment VII, and 22.48% in

experinent VIII,

3. The eyuilibrium froguencies of the recessive gene are greater than

the sguare root of the proportions of hcmozygous recessives and are
above the approximate values of .27L in experiment III, 432 in
experiment V, 456 in experiment VI, 418 in experiment VII and .Li70

in experiment VIII,
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