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Introduetion.

The fruit fly, Drosophila melanogaster, has been the outstanding
material for genetic study for more than 20 years. MoreAN and his school
have made many contributions in this field, out of which has been
developed the modern theory of the gene. There are several hundred
known mutations which follow the MENDELIAN scheme in inheritance
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(MoreAN, BrIDeES and STURTEVANT [1925]). In spite of this great mass
of work on mutations, very little is known about the variation of inheri-
tance of the dimensional characters of Drosophila melanogaster.

Castle ef al. (1906) measured the tibia of Drosophila males as an index of the
size of the flies, and studied the relation between size and number of teeth in the
sex-comb. The conclusions were that: 1. inbreeding does not affect the variability
in number of teeth in the sex-comb of the male, nor the variability in size; 2. size
of the male individuals is closely correlated with number of teeth in the sex-comb.

Lyutz (1911) showed that disuse of the wings of Drosophils for generations did
not affect either wing length or wing breadth.

Lutz (1913) studied the sexual dimorphism of wing length and femur length
of the middle leg in Drosophila. Sex differences in absolute size, as well as differences
in the ratio between wing length and femur length in the two sexes were found
to be significant. This difference in the ratio is further confirmed by the finding
that in each sex the ratio is relatively constant without any relation to the absolute
sizes involved. Lutz’s conclusion about sexual dimorphism is that the sexes are
built on different plans. He further studied the cross between normal females and
wingless and miniature males. Their progeny showed the same sexual dimorphism.

Lotz (1915), in a study of natural selection, measured wing breadth of Droso-
phile in connection with the correlation between wing breadth and length-of adult
life in starvation. He found positive correlation between them. He also found
higher means and lower variabilities of wing breadth in general populations and
long-lived populations than in short-lived (living less than 66 hours) populations.
The correlation between length of posterior cell and wing breadth was found to
be higher in short-lived than in long-lived populations, particularly in males. Also,
with other characters studied, he produced evidence of the action of natural selection
during the course of the life of the flies.

Body dimensional characters under different conditions, such as temperature
and starvation, have been the subject of study in recent years. ALraTOV and PEARL
(1929) studied the dimensional changes of the body in normal wild type Droso-
phila melanogaster reared at different temperatures, 18° C. and 28° C. They found
that in 7 characters out of 9 which were measured, the lower temperature groups
were significantly larger than the high temperature groups, both in male and female.

ArpaTov (1930), in connection with the study of the relation between wing size
and cell size at different temperatures, 28° C. and 18° C., and under starvation,
found that:

1. Sex differences in the size of the wing were significant under all conditions
studied.

2. The relative breadth of the wing was greater in males than in females, parti-
cularly those reared at 28¢C.

3. The relative breadth of the wing of both females and males of underfed and
189 C, flies seemed to be less than in 280 C. flies

4. The sex differences were greater in 28° C. flies than in underfed or 18° C. flies.

Among other studies on the change in size effected by starvation may be cited
those by SmirNov and ZHELOCHOVYSEV (1927), and Gausk (1931). The former
found in Drosophila funebris that shortening of the lengths of different portions
of longitudinal vein IV as well as of the length of the posterior cross vein occurred
in different proportions in the case of larval starvation. The variation of individual
characters as well as the coefficient of correlation between 2 characters was
increased significantly in underfed flies as compared with normal flies. GAUSE in
Drosophila funebris and Drosophila melanogaster studied the variation of wing
length in connection with egg length. Underfeeding produced a shortening of
length of egg to a lesser degree than in the case of wing length.
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E1cExBropT (1930) with homozygous red, forked, bar stock of Drosophila
melanogaster studied the effect of temperature on weight, thorax length, wing
length and breadth, head breadth, etc., and showed that:

1. All characters measured except the number of teeth in the sex-comb varied
inversely with temperature. '

2. Sexual dimorphism in size was more striking at higher temperatures than
at low.

Recently HErsE and WaRrD (1932) also studied the effect of temperature on
the female wing length in homozygous long-winged and vestigial-winged flies of
Drosophila melanogaster and their reciprocal heterozygotes and concluded that:

1. Wing length and area were exponential functions of the temperature.

2. The reciprocal heterozygotes with long-winged mothers had on the average
larger wings at all temperatures than did those with short-winged mothers.

The effect of temperature on vestigial wings is the reverse of its effect on long
wings. The higher the temperature, the longer the vestigial wing. This result has
been reported by RosrRTs (1918), Naprer (1926), StaNrey (1928) and HarNLy
(1930).

As to facet number, SEYSTER (1919), ZELENY (1917), KrATERA (1920), HERSH
(1924), Luce (1926), Hersu (1930), E. Driver (1931) and O. Driver (1931) have
shown that in bar, ultra bar, and full eye the facet number varies inversely with
temperature, while in infra and double infra bar it varies directly with termperature.

As to mutations affecting the size of Drosophila, 2 mutant genes have been
reported. BriDGES and MorcaN (1923) found a dwarf mutation of Drosophila
melamogaster in the cross between arc and speck, and determined the locus of the
gene. Bripaes and GABRITSCEEVSKY (1928) reported a giant mutation which
shows a striking difference in size from wild type. Its locus was also determined.
The giant mutation was studied under different conditions such as low temperature
and exposure to X-rays, but without any significant effects. It was found, however,
that the phenotypic expression decreased in proportion to the amount of food
available, as expressed by number of offspring under standard food conditions.
Combined with the fact that there is no size distinction in the larval stage between
giant and wild type flies until they are fully grown, and also that the duration of
the larval stage is longer in giant than in wild type, this decrease in phenotypic
expression of the giant mutation may be interpreted as an indication of semi-
starvation.

The history of the study of the inheritance of size starts with GarTox’s (1889)
work on man, which led to his “law of ancestral inheritance.”

This law of ancestral inheritance naturally leads to the conclusion that diverse
types can be produced by selection. PEArsoN (1895) and Prarson and Lek (1903)
restudied the inheritance of human stature by elaborate statistical methods and
found that the coefficient of correlation between parent and offspring in stature,
span, and forearm length, was, in their material, on the average, about 0.5. Similar
values of correlation coefficients between parent and offspring were obtained by
Pearsox and his collaborators in human eye-color and in coat color of horses,
basset hounds, and greyhounds.

WARREN (1902) reported quite high correlation coefficients (.47 and .44)
between parent and offspring in the parthenogenetic forms, Daphnia magna and
the aphis Hyalopterus trirhodus, respectively.

Since the rediscovery of the MENDELIAN theory of heredity, the “law of ancestral
inheritance” has been brought under critical reexamination from the genetic point
of view. This was first done by JoHANNSEN (1926) in his extensive work on weight
and dimensions of beans. JoHANNSEN showed that a population, though its distri-
bution may appear homogeneous, is not usually genotypically pure. Therefore
the diverse types which appear after selective breeding from a population represent
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simply the isolation of different pure strains which existed from the beginning. When
a population of beans was made genotypically pure selection was no longer effective.

This general result was confirmed by JENNINGS (1908) working on Paramecium.
In Paramecium coudatum and Paramecium aurelio he found many diverse biotypes
as to size which are transmitted through vegetative reproduction to the progeny.
Selection of diverse size in a single clone (pure line) did not produce any diverse
biotypes.

However, in later work by the same author (1916) on Difflugia corona, by
Root (1918) on Centropyxis aculeata, and by HueNER (1919) on Arcells dentata,
it was found that even in a single clone selection of size was effective in producing
diverse biotypes, though their permanency is still doubtful (JENNINGS, 1929).

But in inheritance of size in higher organisms, where a “pure line”” production
(in JOHANNSEN’s sense) is impossible, the situation is complicated and little is
known in this field. The work of MacDoweLL (1914) on rabbits, PrrLires (1912)
on ducks, CasTLE (1929, 1931) on rabbits, and GREEN (1931) on mice, may be cited.
By crossbreeding 2 races or species where the difference in size is conspicuous
these authors found that:

1. These interracial differences of size are “inherited in blending form when
crossed’’.

2. Linkage studies with known genes so far have not been successful.

The problem with which the present investigation is concerned is
that of the correlation between parent and offspring in Drosophila, reared
under carefully controlled environmental conditions. Starting with a
homogeneous strain of flies, whose genetic behavior, variability, ete.
are thoroughly known from long breeding experience in the laboratory,
what degree of correlation between parent and offspring will be found
relative to somatic characters, when the flies are reared under uniform,
standard, and constant environmental conditions ? Will such correlations
be changed, and if 80 in what way and to what degree, if the environ-
mental conditions are altered ?

Material and Methods.

1. The material for this study was the normal wild type fruit fly,
Drosophila melanogaster. The flies used came from Line 107 which
originated from a single pair brother and sister mating in 1920, and has
been inbred since in the laboratory of the Department of Biology of the
School of Hygiene and Public Health of the Johns Hopkins University
(PEARL and PARkER [1922]). The flies of this Line 107 have shown great
constancy in their morphological and physiological characteristics.
The population from which the matings were made for the present
experiments consisted of nearly 2,000 flies which were collected by
shaking from 40 pint bottles. These 40 pint bottles had been prepared
previously in the following manner: 10 pairs of flies from the stock in
each bottle were kept laying eggs for 4 days, at a temperature of 25° C.
On the 8th day the imagoes started emerging. On the tenth day, by
three successive shakings within intervals of 2 hours, nearly 2,000 flies
were collected.
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From these flies the matings were made according to the following
scheme, in order to cover roughly the whole range of size in both males
and females,

a) 15, large male X large female
b) 15, large male X small female
c) 15, medium male X medium female
d) 15, small male X large female
e) 15, small male X small female

Twenty single pair matings were actually made in each set in order
to make certain of having the desired number of matings. Each fly was
less than 3 hours old when mated. Selection of the individuals for
mating was earried out by naked eye examination only. There were
difficulties in this, due mostly to the normally very small variation of
Drosophila in size, as shown.in Table 3, and also to the rapid judgment
required for the selection. However, it was possible to cover fairly all
parts of the range. It should be clearly understood that this was all
that was desired in the plan of the investigation. The object of the work
was not primaxily to study the effects of selective breeding, but rather
to examine the parent-offspring correlation in homogeneous material.

2. One-ounce bottles were prepared with 8 c.c. of synthetic food
(PEABRL, ALLEN and PENNIMAN [1926]) on which yeast was grown. They
were prepared a day and a half before being used in the experiments.
Immediately after the mating was made the bottles were divided into
three groups and put into three constant temperature compartments of
a large Freas incubator, the temperatures being 28° C., 23° C., and 18° C.

The temperatures were

Table 1. checked from the recording

Temperature — Centirade. thermometers three times.a
Irtended obsorved | Maxtmurm | Mintmam day during the whole expfs'ri-
tegluprgl‘a' mean observed | observed ment. That they were fairly

constant is shown in Table 1.
Bottles were changed every
ggz ggggzigg ggg: g;gz 8, 12, and 24 hours, for tem-
18° 17.96°4-.02 | 18.8° 16.89 peratures of 28° C., 23° C., and
188 C., respectively. New bott-
les were prepared in exactly the same way as the first ones. This
plan of changing of bottles was based on previous experience, and
was intended to ensure that there should not be in any bottle too great
a density of population which would affect the size of the flies, and also
to make possible the collection of the progeny flies at short intervals.
Under such a scheme each female of the 28°C., 23°C., and 18°C.
groups was kept laying eggs for 6, 8, and 9 days, respectively. At the
end of these periods the parents were removed from the last of the series
of bottles and preserved in 70% alcohol for measurement.
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Imagoes were collected after completing Table 2. Number of pro-
their emergence at the 9th, 13th and 22nd peny per bottle.

day, with a duration of emergence of roughly Temperature
1, 2, and 3 days respectively for 28° C.,

Mean number
of offspring

23°C., and 18°C. groups. 28
They were then preserved in 70% alcohol ?g

for measurement.

20.44-4-.29
25.42--.36
16.89+.33

The numbers of the progeny flies produced in each bottle varied

as shown in Table 2.

The production of progeny flies per bottle, in the stated times, was
highest at 23° C. and lowest at 18°C. At 28°C. the production was

Fig. 1. Measurements of the wing (I), Front leg (II) and middle leg (III). 4B length of

wing. CD breadth of wing. ¥ and F length of femur.

intermediate between that at the other two temperatures. The diffe-
rences in mean densities of population under which the progeny flies
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developed were not, however, great enough sensibly to affect per se the
size of the flies.

3. Four characters were measured. These were length and breadth
of right wing and femur lengths of front and middle leg of the right side
as shown in Figure 1.

The right wing and two right legs were detached from the body and
were arranged in the position shown in Fig. 1. This was done with a
dissecting needle under the binocular microscope. After putting on a
few drops of 70% alcohol they were covered with a cover-glass and
brought under the microscope for measuring.

Measurements were carried out with a Spencer microscope, with a
10 X ocular and 4 mm. objective. They were read with the help of an
eye piece micrometer, one unit of which corresponds to 1.055 u. All
figures in the tables will be shown in ocular micrometer units unless they
are particularly stated to be transformed into actual lengths in u.

4. In both the 28° C. and 23° C. series of the progeny samples were
50 of each sex, while in the 18°C. series the samples were 40. The samples
consisted of the first 50 or 40 progeny to emerge in each case.

Resnlis of Experiments,
A. Variation.

1. Parents.

Biometric constants of the general population of Line 107 from which
the parent pairs were taken are shown in Table 3. The frequency distri-
butions for the males are presented in Fig. 2. Also the biometric con-
stants for the parents in each temperature series are given in Table 4.

Table 3.
Biometric constants of the general population of Line 107, Drosophila
melanogaster (in @). N = 50.

Characters Mean doviation | of vatiation

3 |Wing length . . . . .. .. 1605.064+-2.27 | 23.90+1.61 | 1.494-.10
Wing breadth . . . . . .. 890.514-1.33 | 13.97+L .94 | 1.574.11
Femur length of front leg . .| 542.93-4 .75 7.914 .53 1.464-.10
Femur length of middie leg 628.16 .87 9.20-f .62 1.46-+.10

Q |Wing length . . . . . . .. 1817.7242.60 | 27.22-4-1.84 | 1.504-.10
Wing breadth . . . . ... 976.16+-1.58 | 16.61-4-1.12 | 1.70-4-.11
Femur length of front leg . .| 566.144-1.10 | 11.524 .78 | 2.04L.14
Femur length of middle leg. .! 662.5511.21 | 12.64+ .85 | 1.914-.13

Comparing the figures in Tables 3 and 4 it is seen that the parents

in each temperature series are fair samples of the original general popu-
lation of Line 107. So far as the means are concerned, none of the dif-
ferences between general population and parent means is significant as
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compared with its probable error. A larger variability in the parental
samples was to be expected as a result of the deliberate selection of
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Fig, 2. Histograms showing the variation in 4 characters in the general population. Males.

extreme variants in excess of their proportionate frequency in the
general population. This expected greater variation was actually observed

‘W. Roux’ Archiv f. Entwicklungsmechanik. Bd. 128. 41
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Table 4.
Biometric constants of parents (in u).
Onaracters Mewn | Stentard | Cotfient
289 C. N=28

& | Wing length . ... . . . . | 1603.0043.00 | 24.504-2.12 | 1.474-.13
Wing breadth . . . . . . 892.484-2.17 | 16.99+1.53 | 1.904-.17
Femur length of front leg . 540.424-1.23 | 9.61-+ .87 | 1.784-.16
Femur length of middle leg | 625.384-1.08 | 8.514 .77 | 1.364-.12
Q@ | Winglength . . . . . .. 1818.494+-6.40 | 50.224-4.53 | 2.76L.16
Wing breadth . . . . . . 978.004+-2.81 | 22.08-1.99 | 2.264-.20
Femur length of front leg . 560.954-1.97 | 15424-1.39 | 2.751+.25
930 Femur length of middle leg | 656.274-2.41 | 18.91+1.70 | 2.884-.26
Wing length . . ... . . . 1598.204-3.29 | 24.364-2.32 | 1.524.15
Wing breadth . . . . .. 891.43-1-2.41 | 17.884+1.71 | 2.014.19
Femur length of front leg . 541.46--1.63 | 12.094+1.15 | 2.234+.21
Femur length of middle leg | 627.5341.61 | 11.954-1.14 | 1.901.18
Q | Winglength . . . . . .. 1814.134-5.30 | 39.26+3.74 | 2.164.21
Wing breadth . . . . .. 976.581+-3.12 | 23.104-2.20 | 2.364-.23
Femur length of front leg . 560.23+1.87 | 13.88-+-1.32 | 2.484-.24
180G Femur length of middle leg | 656.654-2.31 | 17.114-1.63 | 2.614-.25
¢ | Wing length . . . . . .. 1607.331+-2.91 | 21.17-4-2.06 | 1.324-.13
Wing breadth . . . . . . 895.75+2.13 | 15.5041.561 | 1.734-.17
Femur length of front leg . 543.69+1.15 8.334- .81 | 1.534-.15
Femur length of middle leg | 625.8841.23 | 8.964 .87 | 1.43+.14
Q@ | Wing length . . . . . .. 1810.8315.74 | 41.72--4.06 | 2.304-.22
Wing breadth . . . . . . 974.424-2.38 | 17.3141.69 | 1.78L.17
Femur length of front leg . 561.17+-1.77 | 12.83-+-1.25 | 2.284-.22
Femur length of middle leg | 658.404-2.06 | 14.9741.46 | 2.274-.22

in the case of females but it was not distinet in the case of males, a result
presumably due to the difficulties previously mentioned connected with
picking out the flies for mating.

Comparison of the 3 parental groupsfor the different temperaturesshows
no significant differences, one from another, in the means and variations.

In the general population (Line 107) Table 3 shows that: a) the
coefficients of variation of the 4 measurements are of the same order
of magnitude, b) females are somewhat more variable both absolutely
and relatively than males in every one of the measurements, though
mostof the sexdifferences are not statistically significant, taken separately.

2. Progeny.

Variation constants for the progeny flies are shown in Table 5. The
frequency distributions, showing the variation in each of the 4 cha-
racters, for male progeny flies reared in each of the three different tem-
peratures, are shown in the form of frequency polygons in Figs. 3—6
inclusive. The females show essentially the same relations but conside-
rations of space forbid giving the diagrams for them.
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Table 5.
Biometric constants of progeny (in u).
Characters Mean Goviation | of vanation
280G,

d | Wing length . . . . . .. 1488.981-.45 | 24.80+.32 | 1.674.02
Wing breadth . . . . . . 821.36--.25 13.78+.18 | 1.68-.02
Femur length of front leg . 533.84-1-.13 7.47+.10 | 1.404-.02
Femur length of middle leg 611.024-.17 9.614-.12 | 1.57+4.02

Q | Wing length . . . . . . . 1714.984-.58 32.25--.41 | 1.884-.02
Wing breadth . . . . . . 919.244-.30 16.73+.21 | 1.824-.02
Femur length of front leg . 557.574-.20 10.994-.14 1.974-.03

. Femur length of middle leg 647.014-.19 10.624.14 1.644-.02

23¢C. .

& | Wing length . . . . . .. 1652.734-.46 24.36-4-.33 | 1.474-.02
Wing breadth . . . . . . 905.16-.27 14.314-.19 | 1.584-.02
Femur length of front leg . 547.824.16 8.274.11 1.514-.02
Femur length of middle leg 632.704-.16 8.58-1-.12 1.364-.02

Q@ |Winglength . . . . . .. 1885.214-.46 24.254-.33 | 1.294-.02
Wing breadth . . . . . . 997.234-.30 15.954-.22 | 1.604-.02
Femur length of front leg . 580.371+.20 10.324-.14 1.784-.02
Femur length of middle leg 676.281.26 13.414-.18 | 1.994-.03

18°C.

& | Wing length . . . . . .. 1811.924-.49 22.3564-.20 | 1.234-.02
Wing breadth . . . ... 975.014-.33 14.94+.25 | 1.534-.02
Femur length of tront leg . 556.66--.23 10.35-+-.32 1.864-.03
Femur length of middle leg | 649.744.24 10.83+.27 | 1.67+.03

@ | Wing length . . . . . .. 2010.024-.54 24.654.20 | 1.234.02
Wing breadth . . . . . . 1051.934-.26 11.83-£.18 | 1.134..02
Femur length of front leg . 591.024-.23 10.76--.30 | 1.824.03
Femur length of middle leg | 698.73+.29 13.184-.31 | 1.894-.03
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Figs. 3—6 inclusive bring out in the clearest manner the marked
effect of temperature upon hodily size in Drosophila. In these experiments
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parents sensibly identical on the average in all of the 3 groups in
respect of bodily size, and themselves all grown under the same enviren-
mental conditions ineluding temperature, produced offspring under 3
different temperature conditions (28¢, 239, and 18°(.). These offspring
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Fig. 6. Same as Fig. 3, but for femur length of 2nd leg.

)

developed through egg, larval, and pupal stages into imagoes under their
respective temperatures. The 3 sets of imagoes so differed from each
other in respect of wing dimensions that their frequency distributions
(Figs. 3 and 4) scarcely overlap at all. The differentiation in respect
of femur lengths is not quite so great as for wing dimensions, but still it
is so large as to leave no doubt about its existence.

Generally speaking, variation in the characters of Drosophila here
dealt with is of & low order of magnitude. It will be worth while to
compare these figures with some characters of man, as the parent-
offspring correlations concerning size which are to be discussed have
practically their only comparable counterpart in human characters such
as stature and span. For this purpose human measurements, that is,
male stature in man (PEaRsoN [1902]) and maximum length of right femur
in English males (PEarsor and BEeLL [1919]), are compared with the

Table 6.
Comparison of coefficients of variation in Drosophila and man.
Drosophila males Human males
Character of variation Character of vanation
Wing length. . . . . . 1.674.02 percent Stature 3.99--.06 percent
Femur length of front leg | 1.404:.03 percent | Maximum | 4.984-.16 percent
femur length
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wing length and femur length of the middle leg of Drosophila males
(28°C.). The coefficients of variation are shown in Table 6.

The coefficients of variation in these 2 human characters are
roughly 3 times as large as those for the Drosophila characters. This
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Fig. 7. Variation of Drosophila characters compared with those of man.

comparison is more effectively visualized when we plot the original
frequency distributions on relative scales (Fig..7), as has been proposed
by PEARL (1927). As abscissa is plotted the measurements in percentage
of the mean of each character, and as ordinate is plotted the frequency
per 1% of the mean. Thus all the frequency polygons have the same
area. The diagram shows clearly how much more these characters
of man vary than those of Drosophila. It should be added that these
human characters are among the least variable of human measurements,
as can be seen from the summarized table in PrarL (1930).

The relative size of the sexes is shown by the ratio of male measure-
ments to female in Table 7.

1. In all 3 temperature series the females have larger dimensions
than the males. This has been recognized by many workers, such as
Lurz (1913), Aueatov (1930), ErcEnBropT (1930), for wing size, and
Lurz (1913) and Arparov (1930) for femur length and also for other
characters.

2. The degree of sexual dimorphism is greater in wing measurements
‘than in femur measurements.

Table 7.
Ratio of male measurements to female.
Characters ] 28°C 2300 18°C
Wing length . . . . . . ... 86.73.% +.04 | 87.68%-+.03 | 90.15%1-.04
Wing breadth . . . . . . .. 89.37%+.04 | 90.79%4-.04 | 92.70% 1-.04
Femur length of front leg . . . | 95.78%4-.04 | 94.42% .04 | 04.22% 4-.06
Femur length of middle leg . . | 94.47%+.04¢ | 93.60% .04 | 93.02% +.08
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3. The degree of sexual dimorphism in wing dimensions is greater
at higher temperatures than at lower. This has been noted by several
workers for various characters, as by Arparov (1930) for wing length
and breadth, and by Ercexsropt (1930) for wing length and breadth,
thorax length and head breadth. But in the present data this gene-
ralization does not apply to femur length in the Ist and 2nd legs. In the
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Fig. 8. Relation between temperature and wing length, wing breadth, and femur lengths
of front and middle legs of Drosophila.

present case it appears that sexual dimorphism in femur length is not
much affected by temperature.

4. The small probable errors shown in Table 7 are due to the fact
that they have been calculated on the basis of total numbers of progeny.
But a check made by taking each bottle separately leads to no different
conclusions.

5. A comparison of the variability of each measurement for the two
sexes as expressed by the coefficient of variation (Table 5) shows the
same tendencies as have been seen in the general population. In general,
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Table 8. Effect of

Sex and temperature difference classes Diffelxgxgcéahwing Ratio(y:o 23°C
Male {Difference 28—23°C. . ... .. 163.754-.64 9.91
Difference 23—18°C. . . . . . . 159.194-.67 9.63
N {Difference 28—23°C. . . . . . . 170.234-.73 9.03
Female | Diference 23—180C. . . . . . . 124.814-.71 6.62

females vary slightly more than males. But this is distinctly clear only
at higher temperatures. In the 18°C. series no distinct difference is
shown.

How does temperature affect the means? In Table 8 are shown the
differences of means among different temperature series and the ratios
of these differences to the 23° C. measurements. These are also plotted
in Fig. 8.

As is generally recognized and confirmed by Arparov (193 ), EiEN-
sropT (1930) and HersH and WarDp (1932), the size dimensions in
Drosophila decrease with increasing temperature.

EicensropT (1930) found that wing length and breadth are linear
functions of temperature, whereas HErsE and WaRD (1932) suggested
an exponential relation. It is the opinion of the writer that it is not
clear in the present data whether this change in wing size is a linear or
an exponential function. So far as the present range of temperature is
concerned, the absolute changes as well as their ratio to the 23° C, measure-
ments show even larger differences at 28° C.—23° C. than at 18° C.—23° C.
This difference in slope is more marked in femur length. Thus if we
apply the exponential formula, it will take the form k — e™ rather
than e as suggested by HersH and WARD.

There are too few observed points for one to draw any certain con-
clusion as to the functional form of the dependence of size on temperature.

In connection with this point the data should be examined from the
viewpoint of density of population in each bottle. If the number of
flies in each bottle in these experiments had any effect on the size, it
would be expected that the flies would be much smaller in size in the
239 C. groups, where the density was highest. But no such result was
found.

It is clear from Tables 5 to 7 inclusive that the effect of temperature
is more striking for wing length and breadth than for femur length.
This fact, taken in connection with the stability of sexual dimorphism
in femur length, leads to the conclusion that femur size is much more
stable in relation to changes of temperature than wing size.

The effect of temperature on variability is summarized in Table 9.

In the wing measurements there is a general tendency towards. a
decrease in variability as temperature decreases, but this is not the case
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temperature on mesans.
. . Rati s Rati . Rati
DTS | to35°0 | Dlorense omie | o 23°C | DRt ol | to 23°C
83.804-.37 9.26 13.93-4-.21 2.55 21.68-+.23 3.43
69.85+.43 .72 8.844.28 1.61 17.044-.29 2.69
77.994-.42 7.82 22.804-.28 3.93 29.294-.31 4.33
54.70--.40 548 10.654-.30 1.84 22.45--.39 3.32

in femur length, where the observations are so irregular that no trend

is apparent.

Table 9.

Effect of temperature on variability.

Difference in coefficient

of variation between

Wing length

Wing breadth Femur length

of front leg

Femur length
of middle leg

Male |

28—23° C.
| 23—18° C.

{ 28—23° C.
Female | 23—18° C,

.20%4-.03
24 % +.03
.58% .03
06% 4-.03

.08% .03
05% .03
.22% 403
A7% .03

—11%4-.03
—.35%+4-.04

.20% .04
—.05% 4-.04

21% 4-.03
—.31%4-.04
—.35%4-.04

10% +.04

Data on the sex ratios of the progeny flies are shown in Table 10.
The sex ratio of total flies was 48.86 & : 51.15 Q. This is very near
to the figures published by Warrex (1918), and Bripoes and MorgaN

Table 10.

Sex rations at different temperatures.

Series Male Female Total
280 C. Numbers 3,371 3,485 6,856
Ratio 49,17 50,33 100,0
239 C. Numbers 3,627 3,770 7,297
Ratio 48,33 51,67 100,0
18° C. Numbers 1,842 1,893 3,735
Ratio 49,32 50,68 100,0
Total Numbers 8,740 9,148 17,888
Ratio 48.86 51,14 100,0

(1923), 95 & : 100 @, that is 48.78 § : 51.22 2. The 3 temperature series
show, on their face, some significant differences in sex-ratios, as com-
pared with the probable errors which are very small,

B. Correlation between parents (assortative mating).
In Table 11 there are shown the coefficients of correlation {assortative
mating) between the several pairs of parents.
Some of the figures, particularly those of the 23° C. and 18° C. series,
show fairly high coefficients of correlation, though their significance is
doubtful as compared with the probable errors. In general, however,
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Table 11.
Coefficients of correlation between pairs of parents
(assortative mating).

Series | No. of | Wing longth | Wing breadth | Topiurlemgth | Fomur longth
28 28 .0154-.127 .3354-.113 .0934.126 1121126
23 25 —.3854-.115 —.3904-.114 —.346--.119 —.1254-.133
18 24 3124-.124 .0214-.138 .3804-.118 .2884-.126

the values are highly irregular, as would be expected, since any observed
“assortative mating” can have no biological cause, but is simply the
result of the manner in which the selected matings were artificially made.
But careful examination of the detailled correlation tables shows that
the higher values of the coefficients are due simply to a few extreme
cases. For example in wing length at 18° C., r == .312, but this is reduced
to r = .018 simply by dropping 2 extreme cases where the male
parents belong to the 1490—1499 group and the females belong to the
1620—1629 group. The same type of situation is seen in nearly every
table. The effects of these artificial “assortative mating™ correlations,
on the correlations between parent and offspring, will be considered later.

C. Parent-offspring correlations.
The coefficients of correlation between parents and progeny are

exhibited in Table 12.

Table 12.
Coefficients of correlation between parents and offspring.
S g Coefficient of correlation r - P. K.,
Character % § B
@R a0 28°C 23°C 18°C
Wing length . . . . . .. g &| —065+.127 | —0471..135 | .2414-.130
Wing breadth . . . . . . 3| &| —0264.127 | —.0514.135 | .224-}-.131
Femur length of front leg . | & | & .0434.127 0074135 | .3204-.124
Femur length of middle leg | & | & .0514-.127 1414132 | .3114-.127
Group Average .001 .013 274
Wing length . . . . . . . 9 0514.127 0054135 | .2744.127
Wing breadth . . . . . . 1 Q| —0754£.127 .1834.130 | .0784.137
Femur length of front leg . | 9| @ 046£.127 0554134 | .2704.128
Femur length of middle leg | 2| ¢ 115-4-.126 .0804-.134 | .3484.121
Group Average 034 .081 .242
Wing lengthk . . . . . . . 23] —0594.127 .0934-.134 | .2644.128
Wing breadth . . . . .. Q3] —0204.127 | —.0784.134 | .1901.133
Femur length of front leg . | 2| & J0354-.127 .05564-.134 | .2921-.126
Femur Jength of middle leg | @ | & .0464-.127 1604.131 | .3234-.123
Group Average .001 057 267
Wing length . . . . . . . 3% .060+.127 | —.0474-.135 | .196-.132
Wing breadth . . . . .. 312 —0804.127 .027+£.135 | .079-4.137
Femur length of front leg . | 3| @ 0744-.127 J103-+.135 | .211+.132
Femur length of middle leg { & | € 0704127 J31£.133 | .293--.126
Group Average 043 053 195
Total Average 020 .051 245
Number of parents . . . . 28 25 24
Number of progeny . . . . 1400 1250 960
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There are 2 ways in which probable errors in Table 12 may be
computed, depending on whether the parental or progeny N is used.
In Prarson’s (1903) study of inheritance of human stature and also in
WaRREN’s (1902) study of inheritance in parthenogenetic Daphnia the
total number of offspring was used as N for the calculation of the pro-
bable errors, but the difference between the number cf parents and of
progeny was small enough in
those cases so that this was Parent - OfFspring Corredation
not & serious disturbing factor.
In the present material the
situation is different, owing to
the following facts:

b
1. Small number of parent N
o e . <
individuals. N
2. Great difference between &3
numbers of parents and num-

bers of progeny.
3. Small values of the
coefficients of correlation.
Thus if we take the progeny ’
N weshall have probable errors
of theorder of .018 to .022, ;
while if we take the parental IO 05O 05 w0 w5 420 i w90 o
N we have from .126 to .135. Corretation Coefficients

At present, in order to err, Fig. 9. Frequency polygons showing the distri-
. . b icient: .
if I do er r, on the safe s1de, 1 utions of the values of the coefficients of parent

N

offepring correlation in Table 12. — — - denotes

am inclined to take the num- rprogeny flies produced and reared at 28° C.

. ————eee (enotes progeny flies produced and

ber of parents. It is to be reareq at 23°C. ------ denotes progeny flies
understood, however, that this produced and reared at 18°C.

is essentially a matter of psy- »

chology. There is no established mathematical proof that the probable
errors calculated on the parental numbers are any better, if indeed as
good, indices as would be the probable errors calculated on the progeny
numbers, of the unknown variance of bivariate samples of the order
of magnitude here dealt with. No one has yet investigated the error
distributions of bivariate samples where one variate is many times more
numerous than the other.

The actual distributions of the correlation coefficients of Table 12 are
shown graphically in Fig. 9, for the 3 temperature series separately.
~ From the standpoint adopted none of the coefficients of correlation
are certainly significant in comparison with the stated probable errors.
A common sense view of the data clearly indicates, however, that there
is an orderly change in the value of the parent-offspring correlation
with a change in temperature. It is repugnant to the intelligence to
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suppose that this observed orderliness in the coefficients is a purely
chance result.

First of all, comparison of the figures at different temperatures
shows that. their magnitude varies with the change of temperature.
The average values are shown graphically in Fig. 10. We see that in
general the correlation becomes larger as the temperature decreases.
The averages run from .020 at 28° C. through .051 at 23°C. to .245
at 18°C. The difference between the 28°C. and 23°C. series is not
conclusive when compared for
each character but the differ-
ences between the 28°C. and
189 C. series and between the
23% C. and 18° C. series are
regular and marked.

There is another inter-
esting observation in the
comparison of the correlations
for wing measurements and
femur measurements. In all
the temperature series the
coefficients for femur length

are generally higher than

-L : ,,'. -+ those for wing length and

Termperatere breadth. This point is of in-

T, e St pbeftming e, terost in connection with the

of temperature. effect of temperature on the

mean measurements of wing

and femur. It has already been pointed out, that these wing dimensions

react to the temperature differences more strongly than do the femur

dimensions. Thus the percentage change in both wing dimensions was
on the average more than 3 times that of the femur lengths.

Let us consider more carefully what has happened under different
temperatures. It has been seen first that all dimensions measured
increase significantly as temperature decreases, from 28°C. through
23¢C. to 182C., and at the same time the coefficients of correlation
between parents and offspring become larger; second, that wing dimen-
sions and femur dimensions respond to the temperature change to a
significantly different degree; that is, wing dimensions were changed
3 times more than femur dimensjons. Such coincidence of pheno-
mena leads to the idea that the expression of parent-offspring corre-
lation may be connected with differential growth forces. Possibly where
growth proceeds more slowly and is more complete, the parent-offspring
correlation may be more intense.

§
|

Correlatiorn Coerticient
S
|
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The average coefficient of correlation in the 18° C. series was .245,
which is approximately half the value of the parental correlations sum-
marized by PearsoN (1903). (See Table 13.) These figures are what
PearsoN thought to be the most reliable, and led him to the general

Table 13.
Parental inheritance in different species cited
from K. Pearson (1903).

Species Character oggggie(i?gilgn
Man . . . . ... Stature .506
Man . . . . . . . Span 459
Man . .. . ... Forearm 418
Man . . . .. .. Eye color 495
Horse . . . . . . Coat color 522
Basset hound . . . Coat color 524
Greyhound . . . . Coat color 507
Aphis (Hyalopterus Right antenna 439
trithodus) . . . Frontal breadth *
Daphnia magna . . Protopodite 496
Body length

conclusion that ‘“for most practical purposes we may assume parental
heredity for all species (here cited) and all characters to be approximately
represented by a correlation of .5.” He further gave the frequency
distribution for every coefficient of correlation he was aware of, which
covered plants, insects and animals, and showed that this frequency
distribution had a mean of .453 == .007, the standard deviation being .071.

But this is essentially only an empirical conclusion based on a rather
small number of cases. Furthermore we must remember that these
values were obtained under uncontrolled conditions. So far as I am aware
there are no more available data concerning the inheritance of dimensions
in animals. Such cases, however, as JOHANNSEN’s bean experiment, or
HawsEN’s experiments on the number of tentacles of Hydra grisea,
show much smaller values of parental correlations, .35 4+ .01, and .230
+ 011 respectively (figures cited from PEarson, 1910). And at this
point let us remember that the parental correlation of dimensions in
Drosophila is small, ranging from nearly zero to .25, depending on the
temperature conditions.

Let us now see what will be the correlation between parent and
offspring if we eliminate the effect of the correlation between parents
(assortative mating), by using the method of partial correlation.

First the partial correlations in which one of the parents is held
constant were calculated, and are shown in Table 14.

The results show that the correlation coefficients have been con-
siderably modified, particularly in the 189 C. series. Thus they are
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Table 14.

Takeo Imai: The influence of temperature on variation

Coefficients of partial correlation between one parent and progeny,
with other parent held constant.

BE e
&5 rd‘{:’: &, Coefficient of partial correlation
Character 2 &q‘,g se
a'g-: g s w 0 0‘ ¢
ﬁg S|& 28°C 23°C 18 C
Wing length . . . . . . . 3 3 |—0654.127 | .029-+.135| .1904-.133
Wing breadth . . . . . . K 3 |—032+.127 |—.034--.135 | .223-4.131
Femur length of front leg . g 31 .0364+.127| .010+.135| .265--.128
Femur length of middle leg| & 3| .0434.127| .1794.131 .2784-.127
Group Average —.005 046 .239
Wing length . . . . . . . ¢ | ol .0574+.127| .0414.135  .2064.132
Wing breadth . . . . . . Q@ | @ |—060%£.127| .166%.131| .075%.137
Femur length of front leg . Q Q| .0404.127| .023+.135 .1804-.133
Femur length of middle leg| ¢ e | .1104+.126| .0924-.134 | .2814-.127
GrouE Average .037 .080 .185
Wing length . . . . . .. Q g 1—030+£.127| .0961.134| .1924-.133
Wing breadth . . . . . . 9 | & |—018x.127 |—.0531.135 | .189L.133
Femur length of front leg .| ¢ | @ | .070E£.127| .079E.134| .213%.131
Femur length of middle leg ? 3 0714127 .182--.131 | .248--.129
Group Average .023 .076 .210
Wing length . . . . . .. & Q |—.0604.127 |—.029-+.135 | .1294.135
Wing breadth . . . . . . 3 Q |—0844-.127| .018+.135| .076L£.137
Femur length of front leg . a ? J031-4.127 | .148-+-.132 | .1024-.136
Femur length of middle leg| & Q| .0344-.127| .1504..132 | .2314-.130
Group Average —.020 072 134
Total Average 009 .069 J192

still less certainly significant in comparison with their probable errors
calculated in a manner to minimize any possible significance which they
may have. But even so the general situation still remains the same as
that shown in Table 12.

The effect of correlation between parents (assortative mating) may
also be eliminated by directly removing a few cases from the parent
tables so as to make the correlation between parents nearly equal to
zero.. This was an easy process, owing to the fact that the high corre-
lations between pairs of parents are due to only a few extreme cases,
as has already been pointed out earlier, so that by eliminating such cases

Table 15.
Coefficient of correlation between pairs of parents, adjusted to zero
by removing marginal pairs.

Tem- | o, No. No. No

pera- W, F 1 h S F length

t:elée p:ii's Wing length ps%f‘s breg(li%h pa‘\)i.{'s gﬁ%ngﬁgg pz;.)if‘s ofe l;ll‘iltli.dleg gleg
28 | 28 | .015+.127( 26 |.031+£.132 26 |—.0014-.132| 22 | .0074-.144
23 |21 |—.0331.147| 22 (.0674-.143)| 23 | .0144-.141| .23 |..0554-.140
18 | 22 |. .0181-.144| 24 |.0214..138| 19 | .0284-.1556| 20 | .0484-.150
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the correlation between pairs of parents will be reduced nearly to zero.
Thus there are obtained the correlations between parents shown in
Table 15. The coefficients of correlation between parent and offspring
calculated after the inter-parent correlations have been reduced to zero
in this way are shown in Table 16.

Table 16.
Coefficients of correlation between parents and offspring calculated
after reducing inter-parent (assortative mating) correlations to zero.

“sg ] & ? Coefficient of correlation
Character u & % 2 g -
®g | 281C 230 | 18°C
Wing length . . . . . . . Y 3 |—0654.127| .1312-.144 | .2174.137
Wing breadth . . . . . . a8 & 0884131 | —.061+.144 | .2241-.131
Femur length of front leg .| & ey .0414-.132 | .0774-.140 | .2524-.145
Femur length Xf middle legj & & .0433':7.144 .l7gi1.136 .2052%4148
Group Average . 08 .
Wing lengtlg ....... ? Q .0514.127 |—.0904.145 | .2474+.135
Wing breadth . . . . . . Q ? .0294-.132| .103+.142 | .0784-.137
Femur length of front leg .| @ Q .0624-.132| .0054-.141 | .1314L.152
Femur length of middle leg] ¢ Q .12‘8(;3{5:;.141 .0204-.141 | .2564.145
Group Average . .009 178
Wing lengtlll) ....... <Q & |—0594.127 |—.1854-.144 | .1711-.140
Wing breadth . . . . . . ? & .061+4-.132 |—.002+.144 | .1901-.133
Femur length of front leg .| @ 8 .0494-.132 | .0074-.141 | .1054-.153
Femur length of middle leg} ¢ 8 .013%.144 .083-+4-.140 | .2344-.146
Group Average K —.012 175
Wing lengtll: .o g' N s Q 060,127 .1144-.145 | .2231-.137
Wing breadth . . . . . . 8 Q J1194-.130 |—.0324-.144 | .0794-.137
Femur length of front leg .| & ? .0634-.132 1 .088-+.140 | .1831-.150
Femur length of middle feg] & ? .0534-.143 | .215+.134 | .3521-.136
Group Average 071 .096 .209
Total Average 045 .043 .196

It is seen that while the resulting parent-offspring correlations in

Table 16 have been slightly changed, they still show the same trend
relative to temperature as did the original figures.

From these observations the conclusion is reached that the parental
correlation in Drosophila of the wing and femur dimensions ranges from
nearly zero to slightly more than .25 under the temperature conditions
thus far studied, and their values change with the temperature; that is,
with decrease of temperature, the correlations increase.

All these conclusions, however, are tentative owing to the high
probable errors that the writer preferred to use in the tables. But it
must be remembered that these probable errors present the most unfavor-
able case possible. It is the writer’s opinion that actually the parental
correlations thus presented are far more reliable than would appear
from the tables. ‘
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Discussion.

In this study an attempt has been made to find how the intensity
of parent-offspring correlation, which has hitherto been studied chiefly
in man and higher mammals, appears in normal Drosophila, where, so
far as I am aware, the problem of size inheritance has never been attacked
by biometric methods.

An attempt was also made to find whether or not the intensity of
parent-offspring correlation will be different if the flies are raised under
different temperature conditions.

While the results cannot be regarded as finally or completely con-
clusive, they do suggest several interesting points in regard to these
questions.

First it has been seen that the parental correlation coefficients, as
well as the regression coefficients, are far smaller than those found in
man and other mammals by PrarsoN. We have obtained correlation
coefficients ranging from substantially zero to .25, as against .5 which
PEraRrsoN considers the representative value for man and other mammals.
The conclusion as to this point is that the parent-offspring correlation
relative to size in normal Drosophila is normally smaller than in man.
But it must be noted that the Drosophila results here set forth come
from a highly homogeneous strain, long inbred, while those for man
come from a general population, genetically highly heterogeneous.

The results as to the intensity of parent-offspring correlation under
different temperature conditions are of interest. There is shown a
distinetly higher parental correlation (4 .245) at 18°C., as compared
with 4 .020 and - .051 at 28°C. and 23°C., respectively. Moreover
the correlations run in orderly fashion suggesting that the intensity of
parental correlation increases with decreasing temperature in the case
of Drosophila.

Effects of temperature on phenotypic expression are of common
occurrence and have been studied quite extensively. Even in Droso-
phila such characters as wing length of vestigial, facet number of bar
mutation, or bodily dimensions in nermal Drosophila, as has already
been stated in the introduction and first pait of the present study, are
known to be modified by temperature. But so far as is known to the
writer such effects as the modification of the intensity of parent-offspring
correlation, with simultaneous modification of the bodily dimensions,
have not hitherto been observed.

Let us analyse the case more carefully and thoroughly. 3 groups
of parents, all arising from the same homogeneous strain (Line 107)
which originated from a single brother x sister pair of parents and has
been inbred for more than 10 years, were put under three different
temperatures, 28°C., 23°C., and 18°C. The means of the characters
studied were substantially identical in each of the 3 groups of parents.
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All progeny have developed on carefully prepared food and under fairly
constant temperature conditions. As a result of the controlled differences
in temperature, the progeny showed 2 remarkable differences in their
development; that is, the rate of development and the final size they
attained. Thus the progeny of the 289C:., 23°C., and 18°C. series
completed their development. (emergence) roughly on the 9th, 13th,
and 22nd day respectively. At the same time lower temperature has
resulted in distinctly larger size. In other words progeny flies under a
lower temperature have grown much better (in the sense that they grew
larger) than under higher temperature. This suggests that under such
conditions as low temperature, where growth occurs slowly and more
completely, it may be possible that parent-offspring correlation will
appear in higher intensity and in a more exact way than at higher tem-
peratures where growth proceeds more rapidly and with less integrated
completeness.
Summary.

In the first part of this paper the variation of wing length and breadth,
and femur length of front and middle legs of normal Drosophila melano-
gaster under different tempecature conditions was described.

1. Sexual dimorphism in wing dimensions is far more striking than
in femur length.

2. The effect of temperature on sexual dimorphism is also great in
wing dimensions, and the higher the temperature the more striking the
divergence. But in femur dimensions this is not the case.

3. Temperature affects the means inversely. The higher the temper-
ature, the smaller the dimension. But again the degree of change is
nearly 3 times greater in wing dimensions than in femur length. There
is no clear evidence that this change follows an exponential function of
the form suggested by HErsE and WARD.

4. Variability of wing dimensions shows a tendency to increase as
temperature rises, but the variability of femur length does not show
any consistent change.

5. These facts lead us to the view that the femur is more stable than
the wing, with respect to temperature, though it shows as high a varia-
bility (coefficient of variation) as wing dimensions.

6. No important differences are found in the sex ratios at different
temperatures.

In the latter part of this paper correlation coefficients between
parents and progeny under 3 different temperature conditions, in respect
of 4 measured characters, were studied.

1. At 289 C. and 23° C. the correlation was very small, having mean
values of 4 .020 and - .051 respectively, while at 18° C. it was distinctly
larger, being 4 .245. It was found that the correlations run in orderly
fashion, that is, they become larger as the temperature becomes lower.
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2. On account of the ultra-conservative method chosen for the com-
putation of the probable errors, none of the correlation coefficients
calculated is certainly significant taken separately. However, the corre-
lation coefficients are considered to be more reliable than the tables
would indicate. The orderliness of the phenomena observed is impressive.

3. No conclusive explanation can be given at present for the orderly
change in the parent-offspring correlations with temperature changes.

4. The parent-offspring correlation coefficients here observed for
Drosophila are far smaller than those found by PEarson for parental
inheritance in man and other mammals.

Zusammenfassung. ‘

Im ersten Teil dieser Arbeit wird die Variation der Fliigellinge und
-breite- und Femurlinge der vorderen und mittleren Beine normaler
Dresophila ‘melanogaster unter verschiedenen Temperaturzustinden be-
schrieben.

1. Der geschlechtliche Dimorphismus ist in den Fliigeldimensionen
viel auffallender als in den Femurdimensionen. »

2. Ebenso ist die Wirkung der Temperatur auf den geschlechtlichén
Dimorphismus der Fliigeldimensionen gro8, und je héher die Temperatur
ist, desto auffallender ist die Divergenz. Bei den Femurdimensionen
ist dies nicht der Fall.

3. Die Temperatur hat eine umgekehrte Wirkung aunf die Mittelwerte.
Je hoher die Temperatur, desto kleiner ist die' Dimension. Aber auch
hier ist der Verinderungsgrad in den Fliigeldimensionen beinahe dreimal
gréBer als in der Femurlinge. Es ist nicht vollig bewiesen, daB diese
Verinderung einer Exponentialfunktion folgt.

4. Die Variabilitit der Fliigeldimensionen zeigt eine Tendenz zur
Zunahme bei Temperaturerhohung, in der Variabilitit der Femurlinge
zeigt sich dagegen keine gesetzmaflige Verdnderung.

5. Diese Tatsachen fiihren uns zu der Anschauung, daB der Femur
gegeniiber Temperatureinfliissen gréBere Stabilitdt besitzt als der Fligel,
obwohl seine Linge eine ebenso groBe Variabilitit (Variationskoeffizient)
zeigt als die Dimensionen der Fliigel.

6. Auf das Geschlechtsverhiltnis hatten die verschiedenen Tempera-
turen keinen bemerkenswerten EinfluB.

Im zweiten Teil der Arbeit wurden die Korrelationskoeffizienten
zwischen Eltern und Nachkommenschaft unter 3 verschiedenen Tempera-
turbedingungen untersucht, wobei wieder die vier obengenannten Merk-
male zugrunde gelegt wurden.

1. Bei 28°C und 23°C war die Korrelation sehr klein, mit Mittel-
werten von +.020 bzw. +.051, wihrend sie bei 18° C deutlich grofer
war, nimlich | 245. Es wurde beobachtet, daB die Korrelationen in
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geregelter Weise verlaufen, insoferne sie sich bei abnehmender Temperatur
vergrofern.

2. Wegen der hier gewéhlten iibermiBig konservativen Methode fiir
die Berechnung der mittleren Fehler ist keiner der berechneten Korrela-
tionskoeffizienten, fiir sich betrachtet, bedeutsam. Gleichwohl werden
die Korrelationskoeffizienten fiir zuverldssiger erachtet als Tabellen.
Die RegelmiBigkeit des beobachteten Phidnomens ist eindrucksvoll.

3. Die regelmiflige Verdnderung in den Korrelationen zwischen
Eltern und Nachkommenschaft bei Temperaturverinderungen kann
gegenwirtig nicht entscheidend erklért werden.

4. Die in dieser Arbeit an Drosophila beobachteten Korrelationen
zwischen Eltern und Nachkommenschaft sind viel kleiner als diejenigen,
die Prarsow fiir Elternvererbung beim Menschen und bei anderen
Stugetieren beobachtet hat.
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