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Introduction

It has long been recognized and accepted that
organisms are adapted to their physical and blological
environments, This 1s a fundamental concept and prin-
ciple of bioclogy. However, it has not always been ac-
cepted that these various adaptive characteristics are
the result of evolutionary procesgses. Indeed, that
evolution is a fact and not a blasphemous word or con-
cept has only been recognized and accepted for a rel-
atively short period, It has only been a century that
the s;;entific method has been found able to supply
evidence both from the fleld and the laboratory that
organic evolution has taken place and that the pro-
cesseg are still operative. Before this period, it
was believed by lay, religious and even some scilentific
institutions and clrcles that species were immutable,
It 18 generally assumed that Linnaeus accepted the
doctrine of fixity of specles. This 1s to 1infer that
all species are the result of a single and special
creation and that they do not possess the ability withnin
themselves to change.

Charles Darwin initiated an era of scilentific ex-
ploration and discovery that was to destroy the doctrine

of Immutadility of the specles. Darwin provided evidence
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and proof that organic evolution was a fact in his
The Origin of Species 1in 1859, 1In 1900 the simultaneous
rediscovery of Mendel's laws of heredity by Correns,
de Vries, and Tschermsak took place. With these units of
heredity or "genea" as they were later termed, an or-
ganism contained within itself the ability to adapt
to new and different environments. In the following
few decades men such as G. G. Simpson, Ernst Mayr, and
Theodosius Dobzhansky, to name a few, ushered in the
modern synthetic theory of avolution. The theory of
evolution was made more coherent by taking into aceount
all of the pertinent facts of modern blology. The
next step for evolution as a science appears to be the
directed control of evolution by man. However, bhefore
sclence and technology allow man ultimate control of
evolution to the extent that a certaln type of individusl
becomes a "mall order® entity, more should be learned
about the evolutionary processes., Perhaps some of the
fundamental concepts and processes, such as natural
selection for the best adapted organism, have not been
developed to thelir fullest extent. One noted scientist
belleves much atill remains to be learned about adap-
tation. Stebbins (1954) said, "Perhaps the greatest
gap in modern evolutionary knowledge 18 our paucity of
precise information on just how and why certaln characters

are selected under a given set of environmental conditions.™
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Sewall Wright has said that evolution 1s basically
a statistical transformation of populations. (Stebbins
1866)., Thus this thesis is basically an examination
of statistical experimental data to elucidate some of
the factors involved in the competition and natural
selection for certain adaptive characteristics and to

ascertain which characteristice are the most adaptive,



Methods and Materials

In order to examine the influence of natural
selection on the relative adaptive value of various
alleles, population cages were constructed so‘that large
numbers of flies could be reared,

The general constructlon of the cage was a modifiled
structure of the type suggested by (Strickberger 1962)
and (Dobzhansky 1965). The cages were constructed from
polyethylene refrigerator pans of a standard size, 12 x
€ x 4 inches, The 1ids supplied with the pans were
totally inadequate; they ¢14d not make the cage "fly
tight," Plate glass was cut to fit neatly inside the
rim, Thils was then sealed with masking tape, A hole
four inches in diameter was cut near one end of the glass
and then covered by a plastic bag with punched pin holes
for ventilation,

Eight 1 1/2 inch diameter holes were drilled in the
bottom of the cage, two holes along one of the sides, and
one hole in one of the ends, Several holes three-eighths
of an inch in diameter were drilléd in the sides, These
smaller holes were stoppered with corks and used to
remove flles by aspiration, Flies were inserted into the
cage by etherlizing and placing thew in 1 oz, jars that
screwed into the side of the cage.

y



The 1 oz. food cupes were inserted into the eight
holes in the bottcom of the cage. The food used was a
synthetio Drosophila medium supplisd by the Carolina
Biological Supply Company. The food Jars were filled
to near capacity with both the medium and an equal
amount of water to which a pipette of yeast suspension
was added. All eight food cups were filled and put
into place simultaneously., The appropriate flies would
then be added by placing them in the side Jars, Flies
that did not recover from the ether were replaced,

Each population cage was started with the P;
generation, The P) was 30 selected that each allele
in question was represented with equal frequency. Ten
males and ten virgin females of each type were placed
in the cage at the same time. Virgins were c¢ollected
by isolating females that were no more than six or
seven hours old.,

After the proper gzeneration time the fliles were
aspirated, etherized, counted and the data recorded,
Fifty more flies wers then removed from the cage and
their characteristles were recorded, These {fifty
flies which wore randomly selected were then used to
initiate the next generation. This procedure was
repeated for all ensuing generations. After a gener-

ation was terminated the cage was cleaned and sterilised



6
for the next generation. The cages, jars, and 1lids
were washed in hot water and a suitable detergent. The
equipment was then washed with 95% alecohol, dried and
quickly reassembled for the next generatilon.

For each generation a thousand flie= were counted,
when posesible, and the characteristies were recorded. In
a few instsnces mold eliminated meveral hundred flies
30 that a count of a thousand was impossible, There
has been some uncertainty about when to start counting

the flies, D. melanogaster has in the laboratory a

life cycle that requires an average of ten days to complete
at a temperature of 24 degrees centigrade. On the 11th
and 12th days efter the parents have been placed 1ln a
cage, the population of the next generation has seidom,
if ever, bullt itself up to the desired level of &
thousand, If the 19th or 20th day 1s used as the day

Pfor counting, 1t 1s possible to have adult flilez from

the next generation present, It has 8l1so been hypothe-
sized that 1f the 13th or l4th day 3= used for counting,
this might be somewhat premature for the emergence of
mutant adults 1f they have a slower developmental periced,
In effect then, & small degree of artificlal selection
would be invoked when only the effects of natural

8eleaction were desired., Artificilal selection might

favor the strain which conld complete 1ts life coycle the

fastest, In naturally occurring populations, this iz nc
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doubt an important factor in selecting for the most adaptive
characteristics or genes.

It is guite obvious that the population cage was an
artificial situation. However, natural selection or
selection by the environment for the fit genotype can
still occur. Selection will be relative to the environ-
ment. Artificial environment and artificial selection are
not t£he same. With artificial selection one is biased
in selecting a particular trait. This artificial
environment has not been established with the thought
of favoring or biasly selecting a trait. A given en-
vironment was made so that the forces of natural selection,
adaptation and competition could be elucidated.

The problem of counting too soon and possibly
introducing artificial selection was eliminated by counting
the flies on the 16th day after the parents had been
introduced into the cage. This would standardize pro-
cedures and also give the population a better chance
to build up to over a thousand. Later the 15th, 16th
and 17th days proved to be the days when the greatest
majority of the adults emerged for all the strains in-
volved as shown in the results.

The experiments in the population cages were essen-
tially three-=fold: one set of experiments was designed
to determine the adaptiveness of mutant characters in

competition with laboratory wild Drosophila melanogaster,
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a similar set of experiments was used to determine the
relative adaptiveness of mutants compared to naturally

occurring populations of D. melanogaster, and a set to

see 1f these naturally occurring populations had any
adaptive superiority between themselves,

Two populations of naturally occurring D. mel-
anogaster were collected in Charleston, Illinols, The
term "Town" was used to designate a population occurring
near the municipal swimming pool. The "Western" strain
was obtained on the west edge of Charleston about 1 1/2
to 2 miles from the Town population. Both populations
were collected in September 1966 using trap bottles
placed under apple trees. They were verified to be

D, melanogaster by Dr. Gocdrich of Eastern Illinoils

University's zoology department.

Mutant characteristics were chosen so that every
chromosome had at least one gene locus represented.
Sex~-linked white eye (w), forked bristle (f), yellow
body (y), and miniature wing (m) were utilized. Ebony
body (e) III, vestifial wing (vg) II, eyeless (ey)

IV, and dark eyes (d) unknown were the autosomal genes

used., Two cages of the following crosses were made and
maintained until the tenth generation. Three cages had
to be started over because of contamination. When con-

tamination was discovered the population was terminated



at that particular generatlon. The following crosses
were made 1n the populatlion cages:

1. Lab %1l1ld x ywm X dark eyes. Repeated three times,

2. 7own x wf vg e. Repeated three times.

3. Town x eyeless. Hhepeated twice.

4, wWestern x wf vg e, Kepeated twice,

5. destern x eyeless. Repeated three times,

Tests for viapllity, fecundity and mating preferences
wvere performed for all strains used. The flies for these
tests were reared in half-pint culture bottles. The
medlium was the same as that used in the cages. A com-
parison was made of the viability of the mutant types
and thelr heterozygous wild type sibs by counting the
progeny from a backcross of heterogzygous females to
mutant males.

In the fecundity tests one male and one female of
the same type were placed 1n a culture bottle. Ten
culture bottles were used for each type of fly 1involved
in the experiments. The data for the fecundity tests
were colleated so that a test could be made to determlne
the time of emergence of the greatest number of i1ndividuals.
Flies were counted on the 13th, 16th and 20th days after
the parents had been 1ntroduced into the culture bottle.
Counting flies on the 13th day would include all those

that had emerzed on the 10th, 11th, and 12th days. Counting
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Counting flles on the l6th day would include all those
that emerged on the 1l4th and 1%th days. Counting on the
20th day wonld encompass all those that had emerged on
the 17th, 18th, 19th and 20th days. These three dif-
{erent sessiong of counting flies allowed the determin-
aticn of a perlod when largest percentage of adults of
each type emerged due to differences in speed of de-
velepment. The determination of an appropriate period
in which to count flies 1z important. If mutants
developed slower and dld not emerge until after the
population gsounting was terminated this would result
in lower gene frequencles due to artificial selection.
Mating competition tests were zlso conducted to see
if there were any mating preferences between genotypes.
The mating success for each genotype was measured hy
raising the offspring tc determine which male wasg the
succeszful father. Many experiments have shown that,

in Drosophila, 1t 13 the female that exerclses dlzcrim-

inatlon among suitors, while the male indiscriminately
mates with almost any avallahle female. Therefora,
wherever poesible, experiments were based on "ferile
choice,™ that 1s, the female was presented with two
clasases of males whose matlng success was beling compared
(Strickberger 1962). The general procedure was %5 have
two sets of experiments so that the cholce of the mutant

and heterozygous females was tested. FFor example, to
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test Caor the choice of ywn Tomales and wlld-type females
the following set up was used:
Set l: Two culture bottles each containiug 5 ¥=m

males, 5 wild-type males, and 15 ywm virgin
females,

[p\®]
“ye

Two culture boltles each countaining 5 ywnm
males, 9 wild-type males, and 15 wild-type
ffemales heterozysous for ywum,

C
oel

After the flies were Introduced into each cuiture
bottle, they were allowsd t¢ remain there fer 2U heurs,
After that time the males were discarded and the le-
nales separated, one tc & bettle. The phenctype of the
ney generationon determines which male wa# auccezsiul,

The above grogedure was performed for all genotypéeés used

in thesz experimeants,



TABLE 1

Comparison of fecundity

Flles

Strain # P value | Significance
west 2388 0,999 |
town 1751 |  ,001 very high

eyeless 1491 | .00l very high

wf vg e 1066 ,001 very high

wild 1365 0,999

dark eye 1597 001 very high

ywm 1553 ‘ s D01 very high

TABLE 2

Time of enmergence of greatest
nunber of adulta

Strain 13th day | 16th day | 20th day
west 605 948 735
tewn €668 682 402
dark eyes| 503 816 278
ywi 486 171 29¢
eyeless 471 496 321
wild 511 565 285
wf vg e 181 610 275
‘Total 3425 5095 2592

12



TABLE 3

Comparison of viabllity of
mutant and wild type sibs

Genotype [+ or +/w |w or w/w| + or +/m| w or m/m
Males 141 sS4 140 55
Pemales 144 ko 149 1y
Total 285 99 289 95
Viability| 1.00 w31 1.09 «33
Genotype +/d dsd + or «/y|y or y/y
Males 68 36 141 54
Pemales 63 26 137 52
Total 31 62 278 106
Viability| 1.cQ 47 1.00 .38

13



TABLE 4

Compariscn of viabhility of
mutant and town tyve sibs

Genotype + w/w| + £/ | * va/ve| + e/e| + e¥v/ey

Males 176 171|182 65 |204 43 |174 173|115 63
Pemales |156 62[178 40 [178 40 |153 65(119 66

Total 362 133|360 105 |332 33 |327 133|234 129
Viabilityll.0 ,37(1.0 .29 [1.0 .22 (1,0 .42|1.0 ,55

TABLE 5

Compariscon of viability of
mutants and western sibs

Genotype + w/w| + £/¢ | + vgs/vg| + e/e| + ey/ey

Males 1169 131|176 124 |[214 96 |169 131|137 64

Females 173 136|196 113 | 191 108 |175 134|159 74
Total 372 267|372 237 | 405 204 |344 265|296 138

Viabililtyll1.0 .72(1.0 .64 |1.0 .64 [1.0 .71|1.0 .48

14



TARLE £

Comparison of viabillty of mutante
to normal type flles

Phenotype (% Viability| P vaiue' Significance
y to wild 38 | .,001 very high
w to wilad 35 ,001 very high
mto wild 33 .001 very high
d to wild 47 .001 very high
w to town 37 .001 very high
f to towun 23 . 001 very high
vz to town 2 .001 very high
e to town 42 .001 very high
ey to town 55 .001 very high
w to wvest T2 .01 high

f to west 54 .001 very high
v to west 50 .001 very high
e to west T1 .001 very high
ey to west 43 L0011 very high

15



TABLE 7

Female "choice” mating tests

Female Genotype| sSuccessful Males | Double Matings

West Mutant
+/ny 20 9 0
ey/ey 19 2 7
Totsl g9 11 7
wf vg e hetero 13 0 0
wl vg e nomo 27 0] 0
Total 30 0 0
Female Genotype| Successful Males | Double WMatings
Town Mutant
+/ey 17 3 0
ey/ey pl 1 2
Total §1 ! 2
wlf vg e hetero 9 0 (0]
wl veg e homo 8 0 0
Total 17 0 0
Female Genotype| SuccessTul WMales | Double WMAtings
Wild Futant
ywm hetere 29 3 0
ywm hLouo 17 106 0
Total 4% 13 0
+/d
d/d 11 15 6
Total

16
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TABLE 8

Population cage data for
wild X ywm x dark eyes

Gener- | Sex Ratio | Mutant Sex |2 Mutants $n | % of Population with
RN g g% | gaetgy | FoRMaTen ) e AR
Py 50 S0 50 50 66.0 33.0 33.0 33.0 33.0
Fl 438 52 59 5i8) 4.0 2.0 2.0 2.0 250
F, - S T 1AW 3.2 3.3 3.5 4.0 2.9
Py 50 50 50 50 66.0 33.3 33.3 33,3 33.3
Fl 58 42 88 12 25.0 20.0 20,0 20.0 6.0
FZ 42 58 72 28 20.0 9.3 9.3 9.0 8.4
F3 39 61 56 4y e W 4.8 4.7 5.9 15.0
P 58 50 5 59 56.0 33.0 33,0 33.0 33,0
Fi 43 57 72 28 7.9 0.0 0,9 0.0 7.0
F2 33 62 55 L) €.5 1.9 1.8 1.1 4.3
F3 45 25 5T 43 9.5 1,3 1.2 1.2 7.8
Fy 5 55 46 54 7.8 0.¢ C.0 C.C 7.8
T he 60 35 55 2.3 O.% O OLf §.8
Fg 57 43 4ue sb B3 0.0 0.0 0,0 8.3
Fq 50 50 46 54 50 Gl 0.0 050 Sud
Fg bg 5¥ 52 48 7.2 D0 B0 0,0 a2
Fg 55 45 44 56 1.9 0.9 0.0 0.0 1.9
Pag | 45 55 | 50 50 3.4 0.0 0.3 0.0 3.1

17



TABLE 5

Population cage data for
west x wlf vz e

Jener- | 3ex Ragio ﬁutant Sex | % Mutants in | % of éopﬁiﬁtion with
ation Ratio Population Mutant Character
%o | s %5 W £ vg e
Pl 50 50| 50 50 50.0 50.0 50.0 50.0 50.0
Fl 42 58 | 100 0 2.0 2.0 2.0 .0 .0
Fa 57 43| 100 0 ) 1.8 3.0 .0 .O
Fo L} ! 49 | 100 0 o2 o2 al .0 .0
Py 49 51| 95 5 3.5 2.5 1.5 .0 .0
FS 46 541 100 0 2.2 1.4 .9 .0 .0
Fe h3 57 84 16 3.1 2.8 .4 .0 .0
?7 438 52| 100 0 2.0 1.8 2 w0 .0
Pg 46 541 100 0 .9 1.9 .0 .0 «0
F9 50 50| 100 0 do . | 0 .0 .0
FlO 56 4y 0 0 0 .0 .0 .0 +0

18



TABLE ¢-~Continued

Gener~ | Sex Ratio .Mutant Sex | # Mutants in| 7 of Ffopulation with
atlon Rat lo Fopulution flutant Character
P | w0 %4 w £ vg e
P; 50 5¢1 50 50 50.0 50,0 50.G 56.0 50.90
LY 52 48 0 G .0 .G e 0 .0 .0
For B 48 0 0 o .0 .0 .0 .0
Fq 58 42 0 0 o .0 «D .0 .0
Fu 5¢Q 50 9 0 .0 . . +6 .0
Fg 49 51 0 0 .0 .0 «0 .0 .0
Pg 47 53 0 0 .0 oD o) .0 .0
¥, €€ 34 0 0 0 + D .0 .0 .0
3 53 471 100 0 o .0 .0 .0 e 1
Fg 56 L4 c ¢ .o o0 o .0 .0
Fio 55 45| 100 0 5 .0 .0 .0 &5

19



TABLE 10

Population caze data for
west « eyeles:s

Gener- | 3ax RHatio [Muatant Sex [|% Mutants % of Population

ation Ratio in wlith Mutant

rooulation Character
10 35 | 20 4% fL oy
Py 50 50 | §0 50 50.0 50.0
Fq 47 53 0 19C o | 1.1
Fo 57 43 74 26 242 2.2
Py 50 50 56 50 50.0 50,0
4 51 49 50 50 DI 38
Fs 30 20 [100 0 1.6 | 1.8
F3 50 50 50 Ao 1.8 1.8
Ty 60 Jo 109 0 o | w1
Fa hé 54 36 54 12 )
75 50 4o 1100 a .7 7
i 4% 52 | 33 47 L€ LD
3 hs 55 | 67 33 o S

20



TASLE 1d--Cont taued

Gener- |Sex Natlo |Mutant Sex |Z Mutants % of Population
ation Ratio in with Mutant
y , Population Character
£ g% | 82 3% ey
P, 50 50 | 50 50 | 5040 50.0
Py 49 51 | 42 58 : 5.4 5.4
¥y S5h 46 168 47 2.2 2.2
F3 52 43 | 60 40 2.4 2.4
Fy 57 b3 | 44 56 3.3 3.3
FS 71 2% 18 25 1.8 1;8
F6 50 50 21 79 3.3 3.3
Py 52 48 | €6 34 il o7
Py 50 50| o o0 0 | .0

2l



TABLE 11

Population cage data for
town x wf vg e

Mutant Sex

Z Mutants

% of ?opulagioh

Gener- | 3ex Ratilo
ation Ratio in Popu- with Mutant
. P 1o 54 lation Cha:;cter
P, 50 50 50 50 50.0 50.0 50.0 50.0 50,0
Fl 41 59| 100 0 9.0 9.0 9.0 .0 .0
F2 42 58 85 15 9.2 6.1 5.7 .0 1.5
Py 50 50( S50 50 50.0 50,0 50.0 50.0 50.0
7, 59 51} 100 0 2.8 2.8 2.8 2.8 2.8
F, 67 33] 86 1M P | oM .6 .0 .0
F3 63 37 0 0 .0 .0 .0 .0 =)
Fh 43 57 0 0 .0 .0 .0 .0 .0
Fs L 46 0 0 «0 «0 .0 .0 .0
F6 57 43| 100 0 1.3 1.3 .0 .0 .0
F7 46 54| 100 0 o e | l.1 .0 .0 «0
FS 58 42| 100 0 .6 .6 .0 .0 .0
F9 62 38 0 0 .0 .0 0 .0 .0
FIO 51 4q 0 0 .0 .0 .0 .0 o9

22



TABRLE 11--Continued

Jener- | Sex Ratlo| Mutant Sex| % Mutants | % of Population
ation Ratio in Popu~ with Mutant
. lation Character
gt g%l a0 2% ey
P 50 50 50 50 50.0 50.0 50.0 50.0 50.0
Fy 58 42 0 0 .0 0 WD #0 Wb
T, 51 49| 100 0 1.3 5 1.o  Jo 0
P3 55 45100 0 1.6 1.6 .3 ,0 .0
Fy 64 36 | 100 0 1.4 Led &0 (0,0
Fg 48 52| 100 0O 143 13 & 0 0
P 56 by 0 0 .0 0 0 0 0
F7 52 48 0 0 .0 .0 .0 .0 .0
Fg 52 48 | 100 0 .6 .6 .0 .0 .0
Py 51 49| o o0 .0 0 0 0 O
P10 48 52| o0 0 .0 30 o0 0 «f

23



TABLE 12

Population cagse data €or
ftcwn X eyeless

Gener- [Jex Ratio |Hutant sex | 3 Autants |3 of Popuiakion
ation Ratio in Popu- with Muthant
iation charzctar
g7 35 | 260 3% ey

Py 50 50 50 S0 50.0 50.9

Fy 47 53 2 0 .0 .0

Fy 43 51 30 70 2.0 2.C

?3 51 49 59 50 o2 .2

Py 50 50 [ 50 S50 50.0 50.0

¥y 40 60 e 0 .0 0

F, ol 49 59 50 .0 «8

¥y 4 54 0 100 U o

Fy 5G 50 il 29 Py ] =7

Fy 48 e 0 0 @ .0

F6 51 4qg 2 ¢ .0 9

Fo 50 50 0 0 .0 o)

Fg 50 49 0 N o0 .0

Fq L€ 54 0 0 .0 .0

1o 59 43 D 0 .0 o0
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Fileure 1

Competition between wild x ywm x dark eyes
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Competltion between white eye
and willd type alleles
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Fipgure 5

Competition between dark eye
and wild type alleles
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Figure 6

Compnetition between wf vg e
and west alleles
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Figure 7

Competition between white eye
and west alleles
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Figure 8

Competition between forked bristles
and west alleles
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Filgure 10

Competition between eyeless
and west alleles
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Figure 11

Competition between wf vg e
and town alleles
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Figure 12

Competition between wf
and town alleles
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Competition between vg e
and town alleles
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Figure 14

Competition between eyeless
and town alleles
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D1scussion

The enviroanent of{ thae sonulation cages utilized in
the exdorimaents t¢ detarmine tie relative gdantive value
for varieus alleles appears to be 1cdsal., Hany of ths
deleterious and selective componants found in a natural
enviroament are mi{saing., 7Thore 1s no predaticn, ex-
treme or raaical temperature cnanges, starvavion, or
dlsease factors. Cuperricially it seems that any type
of fly willl have valuable zéantive characteristics be-
cause no seliasction pressures t'or s more favoratle geno-
type will we tnvokeqd,

The exveriments that have been performed relate
much Ebout the weys In which crganisms compete witn each
other, and hov a particular genotype can gain an 2vo=-
lutionary adyantage over another. peliefe and attitudes
of the layman concerning the processes of evolution
reveal a "survival of the {ittest" conception where
naturae iz "red in tooth and claw." However, tnis
physlcal combat, which results in the death of the less
successful individuals, i3 one of the least common
ways in which the "struggle for existance® takes place;
the nature of competition 1s often more subtle. (Ste~
bbins 1966) Por example, an organiam that has the
adblility to grow and develop faster can eventuallwv crowd
out the least succassful competitors. The 3bility of a

genotype to leave a larger number of viable offspring
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than a less succzasful genotyne 1s another way in which
sompetition can be manifested, Thus factors such ag
Tecundity and viablilty are lmrortant components of
natural selection.

It can e Anferred from Fijure 1 that selective
sonpetition for a saperior senotygse 1s taliing nlace.
This is the interpretation of the initial sHrecipitous
drop in gene fregueacies [{rom the P31 through Py and Fp
generations., Thue it the first twe cpr thiee generatocns
squllibrium between different alleles u&s not Leen reached,
'Aceording to the hardy-—Jdelnterg principle, whlch is &
mathemat tcal expression of the rreguencies of the member
of a palr of allelic genes, alleles in a population
tend to estudvlish an equilitriua witn roferenca to aach
other, lHowever tae tardy-welnbarg formula 1s ouly valid
if nelither allele has a solective advantage over the
other, if neitner mutates mnore {reguently than the
other and 1i wmating is at random. If &1l these criterls
are followed then gens frequencles are expedtad to remain
in equal proportions pgeneratlion after geueration. Thus
1t ias evident from the yrapns thit selection is takiag
place. Tablea 1, 6 and 7 cshow that fecundity, viabllity
and mating preferende reaprectively are all significaant
fagtore working to minlmlsze the gene freguencles of

lesa succaasful mutant genotypus,
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Table 8 shows that wild type genes have a deeided
superiority over their mutant alleles. Figure 1 ine-
dicates that the trend is for continued selection against
all mutant alleles for each ensuing generation, A leveling
off and hence genetic equilibrium appears ewinent with
the Py through Fg generations. Lowever, this leveling
off and the attainment of a low gene gzregquency by the
nutant alleles does not necessarily mean that eguilibriumns
has been attained, Merrell and Underhill (1955) warn
that the rate of elimination 1is so slow at low fre-
nuencies that the decision &3 to whether or not equi-
librium has been reasched is a very difficult one unleas
the experiment is continued for a long period. 'They
collected data for over 350 days which gave a possible
thirty generations in whieh to reach san squilibriun,

The ten generations used in these expsriments was proba-
bly teo short a period in which to establish equilibrium
for any set of mutant slleles,

Yellow body has an adaptive value inferior to that
of the normal wild type and disappeared from the popu~
lation by the sixth Reneration. Ludwin (1951) produced
data that showed "wild type flies inorease in proportion
while yellow flies decrease in proportion, No yellow
femsles were observed after the third ocount, The data
indicate clearly that the frequeney of the yellow gene
18 rapldly deoreasing due to selective forces acting

azainst yellow flles,"
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The seleotion 41s for the senotype with the greater via-
®1l1ity as 1llustrated by Tadble 6. Utilizing the ohi-
square sethod for probadility the 4ifference in via-
bility Le very highly signifieant. However, the y
allele, according to the reselts in Tadle 1, has a
fecundity signiftosntly rreater than wild, Table 7
reveals that mating preferences favor the wild genotype,
The wild type male is more successful than the yellow
male when both are in “competition™ for either the
y/y or the y/¢ female. This has been verified by
Diederieh (1941) and Nerrell (1548)., Herrell dis-
covered that the wild type male is suceessful in mating
in 95% of the oases when in competition with the yellow
male for She. heterosygous female,

White eye and miniature wing are alsc adaptively
inferior to the wild alleles. Pigures 2, 3 anad 4
for per oent mutants in the nopulation produce almost
identical ourves. All three are extinct by the Py
generation. Table 6 fndicates that all three of these
sex-~linked genes have approximately the same viability.
The viability of ywm alleles compared to wlld type 4s
very highly significant. The 35% viability of white
allele dees not correspond with high viability found by
other researehers. Reed and Reed (1949) "It was found
that the fltes with white eyes and those with red ey=s

were equally vlable." Their conclusion for the decrease
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of the white rmene was due to selective matine, Diederich
(1941) also verifies the selective matinz vressure against
yw, "When vw females were axnosed to as many yw as
wild males, 79% of those fertilized were fertiliseqd by
wild males; and 91% of wild females in narallel trials,
Wwhen equal numbers of yx and wild females were exposed
simultaneously to as manv vyw as wild males, 66% of
the yw females and 947 of the wild females were fer-
tiliged by wild males."™ Thus non-random mating is
canable of producing evolutiosnary ehanges.,

How dark eye is inherited is not definitely known.
It was firat isolated at the University of Illinois,
Dark eye does not appear to dDe a polygzenic or a sex-
linked trait, It is not of wvital importance to know
how the trait 1s inherited to perform the feeundity and
mating cholice tests, 1In the viability tests the dark
eys has been treated as i{f it were a single pair of
zanes, Two inferences ean be elucidated from Pigure 5:
the derk eye allele is of less adaptive value than wild
and 1t ies superior to ywm. Table 1 indicates that dark
eye has a greater fecundity than the wild type. The
difference 13 very highly significant. The dark eye
allele aleo has a fecundity greater than ywm, However,
the P value 1is .30 which makes the difference in fe-

sundity an expected and acoeptable event.
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The viability of dark 2ye ts 4T7%¥ that of wild type,
This 18 a very hirhly simgnificant daparture. See Table
6. The viability of dark aves differs from y by an
&cceptable desgree; frowm wn by a significant amount,
Thus it adpears from the viahility data that dark eyas
have a lesser adaptive value than wild, but a sreater
adaptive value than ywm. However, the rreater gene
frequency and thus a superior adaptive value of dark
compared to ywm {3 not entirely dus to 1ts greater
viability as ahown in Table 7. PFrom these Qata 1t
appears that wmat ins between wild and dark eyes is at
random, The use of the chl-square method to determine
the P value and the siznificant difference reveals that
the alizht amount of departure from e~uality 1s 2 hizhly
prebeble event. The aldaptive value of the alleles in-
volved in the populations nf wild x dark eye x ywm can
be formulated as wild alleles > dark eye 7y = w = 7,

Population cage date for west x wf vg e indicates
that the mutant alleles are l#s3 azantive in this par-~
tisular environment than are the "normal®™ alleles. Plzure
6 reveals that the per esent of mutants in the population
Jxperiences the tremendous initial decline in the P,
and P, generatlons as do all the mutant strains. From
the P, generation to the #,, the zeneral trend 1s for a

deorease 1iIn the aumber of nutants in the population and
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thus a continued loweringz of rene frequencies for mutant
alleles. FEvidently the population has not estabhlished
@quilibrium with respect tc 211l the alleles, However,
equilibrium with respect to v and e ocecurs in the Py
generation because they bdecoma extinet, As is shown in
Table 9 the mutants recorded in the ponulation are white
eved and forked bristled, T[rom this data alone it can be
inferred that wf =enes are of graeater survivel value than
v or e,

The reasons for the lesser adaptive value of wlf vg e
alleles comparred to the normal ganes are due to very highly
significant differences in fecundlty and viadbility, See
Tables )1 and 6. The w allele has a viability that is 72%
that of the west or normal allele. Thils does not elosely
agree with the results of Reed and Reed (1350)., They found
in thelr experiments that white-eyed (lies were not less
viable than normal individuals, Also the 50% viability
of vg/vg is significantly lower than that renorted by other
workers, A viability of about 91% was recorded by Merrell
and Underhill (19855)., Low fecundity and viebility are not
themselves totally responsidble for the selective nressure
experienced by the population from the P; to the ?1 Zener-
ation, Mating preferences again are greatly responsible
for the low adaptive value of wf vig e alleles as shown in

Table 7. The preference for reld eyes over white eyes has
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already been dliscussed on page 43. YWork done by Merrell
and Underhill (1955) whow that normal wings are highly
preferred to vestiglal wings. MNo reference has been found
that discloses the success of etony body males in come-
petition with normal males for females. It cannot bde
inferred from Table 7 the mating success of ebony body
males because conmpetition was between 8 combilnation
consisting of wf vg e. However, the frequency of e would
be lowere:d in the F] generation because of preference
for normal over w and vg. It 1s known frow the datsa
(see Table ) that the viabillity of e/e 1s less than
west. ‘Timofreff and tessovsky reported (¥oody 19€2) that
the viablility of ebony was lower than normal. The lower
adaptive value of ebony compared to normal was also
reported bty (L':eritier and Teilssier 1937.) Merrell
(1948) revorts that in resgard to the forked bristles,
mating is at random., iiowever, since f 1s in combinsgtion
with w and vz 1t 1s discriminated against 1n the P} and
will be selected against in all ensuling generations when
in combinaticn with w or vy, Trom the data it can be
ressoned that the superiority of west alleles yw>f{ >
e 7Vg,

Table 9 consiasts of data from two separate popu-
lationa., In the first population (see Figures 7 and 8)
the genes wf estakblish themselves at & level that ap-

proaches egquilitrium. However, in populatlion two these
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genes become extinct with the Fl generation and no

mutants appear for ten generations. This 18 unusual

even though the wf genes are of lower adaptive value due

to reduced fecundity, viabllity, and non-random mating.

One of the three following things may have happeneds

either no wf vg e females were fertilized by wf vg e males,
no wf vg @ females were fertilized by west males, or it

is the result of genetic drift.

Ko wf vg e females having bLeen fertilized by wf vg e
wales 1s probable since w and vg are greatly selected
against. The fallure of wf vz e females to be fertiliged
by west males 13 unlikely to have happened since wf vg e
females prefer west males and males willl mate indiscrimi.
nately and with frequent repetition. The mating of wf
vg e females by west males would produce homizygous males
and heterosygous females in the F; generatlion. Iiiutants
wvould then be found in the next generation. Therefore
the fallure of mutant flles to be recorded could possibly
be due to chance. 8y chance alone the 50 flies randomly
selected for the F; x Py could have been homozygous for
the normal alleles. A chance event such as this 1s
terned genetic drift or the Sewell Wright effect. 'The
terms are synonymous and refer to chance occurrences in
small populations. The effect could have been 1in the
other directlion. That 1s, the gene frequency for wl vy e

could have veen unusually high if the 50 flies selected
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for the 7, would have heen mostly wf males and hetero-
wvzous Temalee, Thus in the onauing cenerations Lhaere
could bte & nigh fixation of the charaeterliatics wf

irf 1t wsra not for thelr reduced fescundity and visnhillity,

Porulation wnlze and the 2ianee of genetlce drift
ocsurring has been discuszed by YWright (1643), "The
simplest model 1n that 1 whieh ¢he tota) population
ia aszuned to he dAlvided 1into aub-groups, each Lreeding
2t random within 1taself . , .Whatever the slze of the
subpopulation consi{dered the variability {in gene
frequeney) denends upon thae mige of the Indreeding unit,
There 1is an impcrtant ancunt of L2ifferentintion among
large reglions if the unit sroup 15 as amall as 12,
appreciable differentiation 1f the unit group 1s as
large 28 100, dbut littie {r 1t is aa larwe e 1000."
Thus the verlabllity in gene frequency due to dhance 1ia
little ezpeoted with the population as high ag & thousand,
Howaver, genetls drift is the moat sultable explanatien
for the extinction in one waneration of wf vix e,

The population cagze data for toun x wl veg e hoave
similarities mich like that of west x wf vg e, 3ee
Table 1}, The alleles vy and e become extinct ir the
?1 generation. The viabillty of vy and e is reducsd to
a very highly significant 4ifference. Ses Table 4.

The fecunldity of wf wg e 13 lower Ly a very highly sisr-
nificant amount, An eniyma 1s evidant that invoives

the ¢ gane., &bony hody should have 8 graaler ARdaptive
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value shan wf because in this situation ebony body has

a greater viability than w or fj w is selected ageinst

in sating, £ is neutral, Therefore, another i'actor or
factors are seleeting arainst e. Although it cannot

be Juetly explained from these data why e 1z of lower
adaptive value than w or f, it &8s hypothesized that
rmating preferences select aygainst e also. The formulated
exprossioﬁ for relative adaptive value is town alleles >
7w 7f ve >vg,

The data indicates that eyeless 1s of less adaptive
value thean 1ts allele in west and town, See Pigures 10
and 14, Tables 1 and 6 show that significantly reduced
fecundity and viability are nartially responsidble for
the evolutionary disadvantane. »ating cholee results
(Table 7) indicate that there 13 strong mading preference
against the ey/ey mele. This can explein the initial
precipitous drop from the Pi to Fl generation, As

a result of heterozyzous matings in the P) x Py the

gene frequerncy or per cent mutants in the population
can increagse in the next seneration,

On the basis of Table 1 it ean bBe inferred that west
town wild. Yach is lower in fecundity by a P value
that 13 very highly significant. A possible explanation
for the difference hetween weat and town is that this

might be the regult of separate geographical races,

Small sample size might also be a factor,
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The creatly reduced fecundity of the lab wild type
is helieved due to lowered viability as a result of
approximately forty yesars of inbreedin:z, 1Its fecundity
1s even lower than that of 30ome mutants. See Table 1.
It has heen discovered by Lints and Lints (1966) that
viability of wild type was decreased after 63 generations
of inbreedins.

In almost every case when west and town are in
competition with the same mutant alleles, the mutants
show a1 sreater viability when in competition with west
than in competition with town. 'The factor or factors
operative here in producin< such a magnitude of varilance
between west and town cannot be explicately known from
these data, Several exnlanations can be hynothesized,
If west does have greater viability, as well as fecundity,
than doaes town, then heterosis will favor larger popu-
lations of wentern homozygous individuals. West shows
greater viability than town for all miutants except eyeless,
Unknown factors due to separate local povulations night
poszibly have zome influence on thess results, Another
factor might be small sample sise. From these data it
can bhe concluded that west has a slightly greater adaptive

or survival value than does town,



Summary and Coneluslions

Uniform population cages were constructed so that
larce numbers of flies could be reared. The data from
the cages were utilized to determine which genes in a
population had the greater adaptive value, Several csges
of wild type flies versus yellow body, white eyed, and
miniature winged flies plus dark eyed flies were os-
tablished. Two separate povulations of naturally oe-

curring Drosophlla melanogaster were collected, These

were termed "town" and "west". Each was put 1into
competition with white eyed, forked bristle, vestiglal
winged and ebony bodied flies. The adaptive value of
eyeless was compared to town and west also. Craphs and
tables of the population cage data revealed which
alleles had an evolutionary adventage. ¥ecundity, via-
b1lity and mating cholce tests were performed to (e~
termine why certaln genes were adaptively superior to
others,

l. Wild type genes have an adaptive superiority
over vellow bodied, white eyed, minlature
winged, and dark eyed alleles, The greater
evolutfonary advantages of wild over ywm ars
a result of greater viabllity and non-randon
mating. The significantly reduced fecundity
of wild type flies is believed due to long
continued inbreeding.

2. Dlark ejye 13 surnerior tn vwm hecause ranion
mating occurs between wild and dark eyed flles.
Selection against dark eye 13 believed due to
lowered viability.

51
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Town and west are adsaptively superior to mutants
wl v e and eyeless because of the zignificantly
reduced fecundity, viability and non-randon

mat ing pressures against mutants,

Extinction of wl vg # in one generation ocannot
unequivoocally and completely be contributed

to reduced feoundity, viebility and non-random
mating. Extinetion 1s believed due to genetic
drift or chanee fasctors that occur when popu-

lations are small,

West appears to have an adaptive superiority
slightly greater thaean town as a result of

zreater fecundity and viability. The difference

13 believed t0o be an expression of separate

local populatiens with alightly different

gene pools, each adaptive in 1ts own mieroreograph-
fcal areca.
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