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I. INTRODUCTION 

The extent to which artificial selection can lead to change in diffe 

rent characters is of considerable theoretical and practical interest, 

Where selection produces an initial change, followed by a change in 

the response, as observed in many experiments as shown by MATHER 

and HARRISON (1949), ROBERTSON and REEVE (1952), REEVE and 

ROBERTSON (1953), RASMUSON (1955) and others, only detailed analysis 

can demonstrate the cause of the limitation. Naturally there is no 

single explanation and each case must be considered separately. 

Explanation generally falls under the following headings: 

a. Loss of genetic variability. 
b. Adverse changes in viability or fertility which are correlated with 

selected characters. 
c. Selection of heterozygotes. 
It is obvious that the general level of genetic variability must have a 

great influence on the possible response to selection. A good deal of the 

selection experiments with Drosophila,especially the earlier work, 

MACDOWELL (1915 and 1917), MAY (1917), STURTEVENT (1918), PAYNE 

(1918 and 1920), ZELLENY (1922) and ZELLENY and MATTOON (1915), 

involved close inbreeding i.e. brother - sister matings. Responses to 

selection were comparatively slight, and more recent work by SISMANI- 

DIS (1942), RASMUSON (1949 and 1952) and TANTAWY (1953 and 1956) 

are consistent with these earlier experiments. 
However, where the mating system has been such to minimize the 

effects of inbreeding inevitable with small populations, response to 

selection have been much greater and sustained over many generations. 
Thus MATHER (1941 and 1942), MATHER and HARRISON (1949) and 

RASMUSON (1955), working on abdominal bristles, REEVE (1952), Ro- 

BERTSON and REEVE (1952) and REEVE and ROBERTSON (1953) working 

on body size, were able to produce considerable changes, which never- 

theless ceased or became extremely gradual after a number of genera- 

tions. 
Inbreeding at random with brother -sister matings from an unselected 

population usually caused a decline of wing and thorax length of Dro- 

sophila as demonstrated by ROBERTSON and REEVE (1952) and TAN. 

TAWY (1956) and accompanied with decrease in genetic variances of 

such charatcers particularly at the higher levels of inbreeding, TANTA- 
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WY (1952). The Fl of the crossed inbred lines exceeded that of the mid - 
parent level as shown by ROBERTSON (1954), ROBERTSON and REEVE 

(1955a and b) and generally genetic variance in such crossed inbred 
lines rised almost to the control level, TANTAWY (unpublished). 

Since there does not appear to have been any systematic attempts to 
study the effects of the different levels of the genetic variability on 
response to selection, the present experiments were desgined to provide 
some information on this point. Selection for long and short wing length 
has been carried out using two different mating systems which provide 
various intensities of inbreeding. These are achieved by mating in 
successive generations between double -first cousins or by using a 
special cyclical mating scheme which reduces inbreeding intensity to a 
low level. A comparison will be made between the results obtained 
from the previous mentioned systems and those reported by TANTAWY 

(1956) who used brother -sister matings, selecting for the same charac- 
ters. 

II. TECHNICAL PROCEDURE 

1. Material and culture methods 
The stock used in the present experiments is Drosophila melanogaster 

(Crianlarich stock) which has been kept in mass matings in large popu- 
lations. The absolute means of wing and thorax length with their 
respective coefficient of variation (C.V.) for such a stock reared under 
25.0° ± 0.50 are presented in Table 1, (units of measurements are of 
0.01 mm). 

TABLE 1. Mean size of wing and thorax length in the initial population 
with their respective coefficients of variation 

Item 

Wing length Thorax length 

Males Females Males Females 

Mean size 
C.V. 

182.97 
2.33 

212.94 
2.41 

93.57 
2.89 

109.97 
3.03 
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It is clearly shown that males and females have different mean size 

for wing and thorax length, but they show nearly the same coefficient 

of variation although the former character is almost twice as long a 

the latter. 
Wing and thorax length were measured by an instrument devised 

by ROBERTSON and REEVE (1952) and the procedure in the present 

experiments to control the environmental variation, and collection o 

eggs were adopted after them. 

2. Mating system and selection procedure 

Two different systems of mating were used in maintaining the 

various selected lines. These systems are : double -first cousins and out 

breeding matings. In case of brother -sister matings as reported by 

TANTAWY (1956), and as shown in Figure la, two individuals were used 

every generation. Thus male A was mated to female B to produce the 

individuals of the next generation in which all of them are full brother 

and sisters, Then male A' was mated to female B' to obtain the next 

generation and so on throughout the experimént where these mated 

individuals are the largest flies in the long wing selected line and the 

smallest flies in the short wing selected line. 
In the case of double -first cousin matings, Figure 1 four individual 

were used every generation, where F and H are brother and sister, the 

o_Continued mating of 
brother with sister 

b_ Continued mating of double first 
cousins 

Fig. 1. Diagram illustrating continued matings between, 
a) Brothers and sisters, and 
b) Double -first cousins. 
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same relationship exists between G and I. The relationship between F 
and G, H and I which are mated individuals are double -first cousins. 
This mating procedure was continued in every generation and selection 
was practised in both directions as in the case of brother -sister matings 

The outbreeding system used in the present experiments has been 
explained by ROBERTSON and REEVE (1952) to minimize inbreeding 
inevitable in the selected outbred lines. Each selected outbred line was 
started by measuring sixty pairs of flies in three groups A, B, and C and 
the three largest pairs in each group were selected. A cyclical system of 
mating was used whereby in each generation male A is mated to female 
B gives offspring denoted A, male B mated with female C gives off- 
spring denoted B and male C mated with female A gives offspring 
denoted C. This system was carried out throughout the experiment 
where the three extreme males and females from each of A, B and C 

sublines were mated together to form the new separate lines. The 
decrease in percentage of heterozygosity in such type of mating is very 
low as reported by REEVE (1952) and ROBERTSON and REEVE (1952). 

In the case of different intensities of inbreeding, WRIGHT (1921) has 
applied the path coefficient method to estimate the rate at which 
heterozygosity is reduced in different systems of mating and it is 
possible to calculate how many generations must elapse before the 
same degree of homozygosity is attained. Thus with brother -sister and 
double -first cousin matings, 25% of the original heterozygous loci will 
be homozygous after the first and the third generations respectively. 

In the case of brother -sister matings 50% and 75% coeffiicents of 
inbreeding will be arrived at the third and the sixth generations 
respectively, and in the case of double -first cousins the same degree 
of homozygosity will be attained at the eigth and the sixteenth gene- 
rations respectively. 

In each system of mating used in the present experiments two lines 
have been maintained, one line was selected for long wing and the other 
for short wing. In each of these lines, twenty pairs of males and virgin 
females (measured on two successive days, ten pairs of each sex on 
each day) were measured, and six selected pairs were set up assorta- 
tively. The flies were selected on the basis of their deviations from the 
vial mean rather than their absolute size. These matings were fed for 
three days, then transformed to oviposition vials for egg counts and 
selection. Cultures containing the usual cornmeal - molasses -agar 
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medium, fortified with additional dried baker's yeast and well yeast 

with live yeast, were set up for these eggs from which these select 

matings were maintained. Only the largest matings in the long win 

selected lines and the smallest matings in the short wing selected lie 

were used for selection for the next generation. The other matings we 

set up as safety matings to be used if the first mating did not breed. 

In each generation a control stock was maintained in mass matin 

under the same environmental conditions. Four vials were used f 

culture eggs (not more than 70 eggs in each vial) each day on the sam 

four days as the selected lines. Five pairs of flies were measured free 

each vial cultured on the first two days. 
Records have been kept from the beginning of the experiment in 

the number of eggs cultured in each vial and the number of adult 

emerging in all different lines and for the control stock. 

3. Relaxing selection 

The relaxed selection lines to be described were maintained b 

allowing twenty pairs of flies, picked at random at a particular genera 

tion, to mate and lay eggs together. Selection was relaxed at abor 

25 %, 50% and 75% coefficients of inbreeding in the case of double 

first cousin matings and at the fifth, tenth and fifteenth generationsñ 
the case of outbreeding matings, for five successive generations. I 

each case four vials were set up on the same four days as the selectee 

lines, and five pairs of flies were measured from each vial of the firs 

two days. 

4. Heritability estimates 
a. The initial stock 

To estimate the heritability of body size, i.e. wing and thorax length 

in the initial foundation population, three progeny tests have bee 

made, two of which were mated at random and the other wá 

mated assortatively. In the case of random mated progeny tests 

five vials were collected from the mass mated original stock, and afte 

emergence virgin females were separated from males. Twenty pairs °I' 

flies were measured from each vial and then mated at random in pans 
giving all together one hundred pairs. Each pair was left in a wel 

yeasted vial for feeding and mating for three successive days, then 

transferred into oviposition vials for collecting eggs. Eggs were cultured 
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in vials and after emergence ten pairs of flies were measured from each 
mating set up on the first two days, giving all together ten hundred 
pairs, to provide an estimate of the average size of the progeny of each 
mating. 

In the heritability estimates with assortative matings, the procedure 
was essentially the same as in the random mating except that instead 
of the random mating of the parents, the matings were between the 
largest male X largest female, second largest male X second largest fe- 
male and so on. 

b. The selected lines 
Heritability was estimated in the case of double -first cousin matings 

at about 25 %, 50% and 75% coefficients of inbreeding. At these levels 
heritability estimates were carried out in the following way: from each 
of the selected line, twenty pairs of flies were measured and mated 
assortatively, fed for three days and then transferred into oviposition 
vials for the collection of eggs which were introduced into cultures over 
four successive days. Five females were measured from each of the 
cultures of eggs produced by each mating on the first two days. 

In the case of outbreeding matings, heritability was estimated at the 
fifth, tenth, and fifteenth generations. The general procedure for the 
structure of heritability was the same as estimated at the different 
levels of inbreeding. 

III. RESULTS 

1. Heritability of wing and thorax length and the genetic correlation 
between them in the initial population 

Three estimates of the heritability of body size, i.e. wing and thorax 
length, were carried out in the initial foundation population and the 
regression method, as described by LUSH (1949), was used. Two of 
these estimates involved random matings and the other assortative 
matings, the latter being corrected for the magnified variance between 
the parents as suggested by REEVE (1953). 

The results are set out in Table 2. 
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TABLE 2. Heritability of wing and thorax length and the genetic correli 

Lion between them in the initial population 

Test Type of mating 

Heritability 
D.F. 

Genetic 

correlation 
w 
io Wing Thorax 

1st. 

2nd. 
3rd. 

Random 
Random 

Assortative 

41 ± 4 

47=4 
45 + 6 

46 ± 5 

48 ± 3 

47t6 

98 

98 
98 

84 

78 

83 

The weighted means for all tests indicate that nearly 45% ande 
of the total variance for wing and thorax length respectively, are da 

apparently to additive gene effects. Heritability estimates clearly & 

monstrate the presence of abundant genetic variance for both char& 

ters in the initial stock. These estimates are, however, much highe 

than those reported for the same characters on another stock of Drosv 

phila melanogaster by REEVE and ROBERTSON (1953) and by TANTAW 

(1952, 1954 and 1956). 

Genetic correlation between wing and thorax length was calculate 

in the first two tests by HAZEL'S formulae (1943) and in the third to' 

by REEVE'S formulae (1 953). After correcting for the magnified variant' 

between the parents in the third test, the average genetic correlatio 

was found to be 81.7 %, indicating a highly positive estimate between 

the two characters. 
TANTAWY (1952) and REEVE and ROBERTSON (1953) reported & 

average genetic correlation of 74% between wing and thorax lengths 
the Nettlebed unselected stock which is lower than that obtained fron 

the present study. 

2. Effects of selection 
a. Changes of wing length 

The effects of selection in the experimental lines are measured a' 

percentage deviations from the control stock. As both sexes show al 

most the same general trend, their percentage deviations have bed 

averaged as shown in Figure 2a and b for double -first cousin and out 

breeding systems fo mating respectively. 
The results as presented in Figure 2 and as shown by TANTAWI 

(1956) in the case of brother -sister matings, clearly demonstrate that 
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2 n / ̀`.._..../ 
\ Control Intl 

o. Double _Ilrst cousins 
_ Long 

Rtlostd 

e_ Out_ tor ctding 

Snort 
Relaxed 

10 

GENERATION 

O 10 

GENERATION 

20 

ig. 2. Percentage deviations of wing length from controls in the case of, 
a) Double -first cousins, and 
b) Outbreeding matings. 

selection has been effective in all the systems in both directions, 
i.e. long and short wing length. Short wing selected lines show higher 
response to selection than long wing selected ones. The line selected for 
long wing in the case of double -first cousins increases gradually from the 
first generation of selection to the nineth, where it shows an increase of 

about 1.5% over the control level, after which response to selection is 
not steady. The outbreeding matings show an increase of about 3% in 
wing length at the end of the experiment. Matings between brothers 
and sisters show less response to selection than the other systems. 
TANTAWY (1956) reported that selection with sib matings was effective 
to the third generation in both directions, after which the selected lines 
remained almost constant. They showed an increase of 1.2% and 
2.9% over the control level in both selected lines for long wing length. 
The second percentage , i.e. 2.9 %, is very high and could be due to 
gene recombination. 

Short wing selected lines with brother -sister matings showed at the 
third generation 1.32% and 1.67% below the control level in both 
selected lines, after which they remained almost constant in size at 

[ 
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this level. Outbreeding matings cause a decline in wing length whit 

shows at the twentieth generation a reduction of 19.5% below ti 

control level. Double -first cousin matings represent intermediate r 

sponse to selection for short wing length between the other two systes 

being about 6.3% below the control level at the thirteenth generatiu 

after which the decrease in wing length is not striking. 
Relating the response to selection to the same coefficient of inbren 

ing in the different inbred selected lines, it can be noticed that double 

first cousin matings display more response to selection, especially: 

lines selected for short wing, at any given coefficient of inbreedt 

than that found in case of brother - sister matings. The differena 

between responses to selection in these two systems do suggesttó( 

sampling in the foundation stock is important. One foundation paid: 

the brother sister matings and two foundation pairs for double -fu 

cousin matings were selected to maintain the various selected lines at 

hence differences were found between the responses to selection at tI 

same or nearly the same, coefficient of inbreeding. Thus we may ca 

elude that the results obtained in any inbreeding experiments wit 

selection depend, primarily, on the genetic constitution of the f 

animals that were inbred. 
The behaviour of thorax length (results are not included) in ti 

different selected lines shows a striking resemblance to that for rvi 

length, due to the high genetic correlation between them. 
Divergence of wing length between high and low lines in the case( 

double -first cousins increases gradually from the first generation( 
selection to the thirteenth as shown in Figure 3a, after which the dive 

gence fluctuates. In the case of thorax legnth, Figure 3b, such dive 

gence remains almost constant between the seventh and the fifteent 

generations, after which there is a slight increase to the end of ti 

experiment. The outbred selected lines show a steady increase in sue 

divergence in both characters from the first generation of selection' 
the end of the experiment. In the case of brother -sister such divergent 
for wing length, TANTAWY (1956), stabilized at about the third genes 

tion of selection. 
Although the same characters were used for selection, with vane: 

systems of mating being carried out, selection showed different r, 

sponses. From the previous results responses to selection could bepr' 

sented as 
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BO 

-21: 

AWING LENGTH 

f.........¡ / % V^ .\, 
5.THORAX LENGTH 

7 

OHMUNOMITION 110 

GENERATION 

Fig. 3. Divergence of long and short wing selected lines. 
(Sexes averaged) a) Wing length, and 

b) Thorax length. 

a. Limits of selection arrived at the third generation of inbreeding, 
i.e. at about 50% coefficient of inbreeding in case of brother - 
sister matings. 

b. Such limits could be arrived at the thirteenth generation, i.e. at 
about 67.6% coefficient of inbreeding in case of double -first cou- 
sin matings. 

c. In case of outbreeding matings such limits of selection are not 
yet achieved, although these selected lines are carried out for 
twenty generations. 

b. Effects of relaxing selection 
The relaxed selection tests throw some light on the genetic changes 

of the different selected lines, but limited assistance made it difficult to 
carry the relaxed selection lines further than five successive genera- 
tions. 

The effects of relaxing selection in the inbred selected lines on wing 
length at different coefficients of inbreeding are presented in Figure 2a 
Genetica XXVIII 
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for double -first cousin matings. At 25% coefficient of inbreeding, sud 

selected lines have a tendency to return completely to the control leve 

At higher levels of inbreeding relaxed selection lines tend to reta 

back half way to the control level. In the case of brother - sish 

matings relaxed selection has no effect on wing length at higher level 

of inbreeding. Such results indicate clearly that the difference 

between high and low lines may be fixed after 50% coefficient of 

breeding, due probably to the increase of homozygosity. The sam 

results have been reported by ZELLENY (1922) and RASMUSON (191 

and 1952). 

In the outbred lines in which selection was relaxed at the fifth gent 

ration, Figure 2b, wing length has returned completely to the ue 

selected level, while at the tenth and fifteenth generations relate 

selection lines returned half way. ROBERTSON and REEVE (1952) as 

REEVE and ROBERTSON (1953) observed the same phenomena in the 

selected outbred lines. 

c. Phenotypic variability 
Phenotypic variability of wing length in all the selected lines studie 

are calculated as coefficient of variation in order to minimize tb 

effects of change of mean size on variance. It is found that males ar 

females have nearly the same coefficient of variation, although tb 

difference between their mean size is about 15% as shown in Table' 

Coefficients of variation for all the selected lines are presented 
Figure 4a and b for the double -first cousin and outbreeding systemso 
mating respectively (the values represent tht average between the to 

sexes), and only the average level of the controls is shown since the 

variance did not show any marked trend. 
TANTAWY (1956) had shown that inbreeding with brother -siste 

matings caused a decrease in the variability of high and low lines!' 

the third generation, after which it remained almost constant. 1hes 

results clearly indicate that this type of mating is accompanied by' 

decrease in phenotypic variability of the selected character, due pa' 

bably to the decrease of genetic variance within lines. When selectia 
was relaxed in these lines, at higher rates of inbreeding, relaxed selec 

tion has no effect on the variability and the coefficient of variatia 
remained well below the control level. These results confirm what lo 
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been achieved on body size by showing that genes affecting wing 
length have been fixed at higher levels of inbreeding. 

0 

Ó 

WING SELECTION (SEXES AVERAGED) 

a_Double _ Ilrst cousine 

Refund 

A 

i 1 

E 

b. Out _ ere eding 

10 IS ZO 

GENERATION 

10 

GENERATION 

Fig. 4. Coefficient of variation for wing length in different selected lines of 
a) Double -first cousins, 
b) Outbreeding matings. 

Coefficient of variation for wing length in lines carried out with 
matings between double -first cousins fluctuates above and below the 
control level in both the selected lines as shown in Figure 4a. The 
trends in the coefficients of variation in the outbred selected lines are 
of great interest, Figure 4b. They are higher than those of the un- 
selected controls and they remain high from the earlier generations of 
selection. The line selected for short wing length shows higher coefficient 
of variation at almost every generation than that in the long wing 
selected line. The same results have been reported by ROBERTSON 
and REEVE (1952) and REEVE and ROBERTSON (1953). They explained 
the higher variance in the long wing line as due to selection being 
directed to the more heterozygous individuals to be the parents of the 
next generation. The higher variance in their short wing selected lines 
was due to segregation of one or both factors which appeared during 
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the course of selection, or increased variance was caused by high sense 

tivity of the wing curvature factor to environmental agency. 

We may conclude that the high variance found in the selected out 

bred lines of the present study is due to more than one agency, perhap 

actings in succession. More studies are required on that point befort 

we can arrive at a definite conclusion. 

3. Changes in heritability 

It has been reported that the initial population carried a great dei 

of genetic variability for both wing and thorax length, Table 2. Esti 

mates of heritability for wing length in all the selected lines were calco 

lated from the response to selection as the ratio of the rate of advana 

to selection differential, as reported by ROBERTSON and REEVE (1952) 

The results are presented in Table 3a and b. 

TABLE 3. Heritability of wing length in the different selected lines 

a. Double -first cousins 

Gener- 
ation 

Selection differential 
(1/100 mm) 

Advance per gene- 
ration (1/100 mm) 

Heritability 
00 

Long Short Long Short Long Short 

0- 5 2.68 -3.16 0.24 -1.66 8.9 52.50 

5-10 2.75 -3.93 0.42 -3.24 15.3 82.40 

10-15 6.33 -3.26 1.12 -0.52 17.7 15.90 

15-20 5.59 -5.03 0.69 -0.43 12.3 8.60 

b. Outbreeding 

Gener- 
ation 

Selection differential 
(1/100 mm) 

Advance per gene- 
ration (1/100 mm) 

Heritability 

Long Short Long Short Long Short 

0- 5 2.12 -4.81 0.16 -1.83 7.50 38.00 
5 -10 2.90 -3.75 -0.10 -1.51 -3.40 40.30 

10 -15 
15-20 

4.65 
5.34 

-4.57 
-5.15 

-0.13 
0.73 

-2.24 
--2.71 

-2.40 
13.70 

49.00 

52.60 

1 
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It can be seen from Table 3a, that the selected inbred line for long 
wing with double -first cousin matings shows a rapid decline in the 
heritability estimates from the first period of selection. The outbred 
line shows a rapid decline in the period of 5 -15 as shown in Table 3b, 

followed by a rise to about 14% in the last period. Short wing selected 
lines show higher estimates in all systems of mating than that in the 
long wing selected lines. 

The regression method was used to estimate more accurately the 
heritability of wmg and thorax length in the various selected lines. 
The results secured from the progeny tests carried out in the case of 
the outbreeding system are tabulated in Table 4. 

TABLE 4. Heritability % of wing and thorax length in the outbred selected 
lines 

Gene- 
ration 

Wing length Thorax length 

Short Long D.F. Long Short D.F. 

5 43.4 ± 8 34.0 ± 2 18 47.2 ± 7 47.0 ± 6 18 
10 59.8 ± 10 32.1 ± 5 18 36.1 ± 6 40.2 ± 6 18 

15 45.4± 8 41.3 ± 6 16 42.1 ± 6 48.1 ± 8 16 

Heritability of wing and thorax length estimated by the regression 
method clearly indicates that the selected outbred lines show a slight 
reduction. 

Such a slight reduction appears in the long wing selected line, while 
the short wing selected line does not show any decrease in the heri- 
tability estimates. 

These results clearly demonstrate that the outbred selected lines do 
not exhibit any marked decline in the genetic variance of body size 
from the initial foundation population. Throughout the experiment 
these lines appear to have a considerable high genetic variance for both 
wing and thorax length since they show a high phenotypic variance for 
these characters, and both size and variance decline as soon as selec- 
tion is relaxed. The same results have been reported by REEVE and 
ROBERTSON (1953), who also observed that there was a real decline in 
the heritability estimates when selection was relaxed. 
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Changes of the genetic variability of wing and thorax length in tht 

various selected inbred lines, in relation to different levels of inbreeding 

are presented in Tables 5 and 6 respectively. Heritability estimates an 

compared with each other between different systems of mating and 

with the theoretical expected decline as calculated by the equation 

given by LERNER (1950). 

TABLE 5. Heritability of wing length in the dif ferent selected inbred lines 

Coef- 
ficient of 

inbree- 
ding % 

25 

50 

75 

i) 

Brother- sister Double -first cousins 

ar 

t3 

tl 
9' 

n 

o 

r 
t 
f 

Long 
Expected 

Short D.F. decline 
from 32% 

Long Short D.F. 

18 

16 

17 

Exp 
1 

dele 

from 4 

38.1 

29.1 

17.1 2.4 ± 10 14.0± 15 6 8.961) 

41.5 ÿ 5 

42.9 ± 4 

34.2 ± 5 

48.6 
40.2 
32.6 

± 6 

± 7 

± 4 

Fx = 78.52%. 

TABLE 6. Heritability of thorax length in the different selected inbred lines 

Coef- 
ficient of 
inbree- 
ding % 

Brother -sister Double -first cousins 

Long Short D.F. 
Expected 

decline 
from 35% 

Long Short D.F. 

Expt 

decke 

from d 

25 45.3 ± 6 46.6 ± 7 18 39.6 

50 40.2 ± 6 46.3 ± 5 16 309 

75 9.0 ± 14 7.0 ± 13 6 10.01) 35.4 ± 7 37.6 ± 6 17 18,1 

1) Fx = 78.52%. 

It is clearly shown from Tables 5 and 6 that there is a reduction in 

all the estimates. The reduction is more distinct in lines maintained 
with brother -sister matings, where there is insignificant differences 
between the theoretical and observed values at the higher levels of in- 

breeding. Genetic variability estimated in the various inbred lines 
mated by double -first cousins indicates that there is a little change in 

the additive genetic variance at any given coefficient of inbreeding. 
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Heritability declines greatly in the case of matings between brothers 
and sisters, due to the increase of homozygosity within lines. This 
type of mating automatically tends to reduce heterozygosity, and by 
the time animals have reached the twentieth generation they are about 
99% homozygous, and at this level the selected lines would show a 
much lower heritability estimate. Most of the variance at such a level 
of homozygosity is wholly due to the environmental effects. Thus we 
may conclude that the reduction expected from the known rate of in- 
breeding, particularly at the higher levels in case of sib matings, is not 
far beyond that actually observed. 

These results indicate that selection with the more intensive in- 
breeding is more effective in decreasing the genetic variability than 
milder rates, which supports the view extended by TANTAwY (1952). 
The calculations of HAYMAN and MATHER (1953) and REEVE (1955) 
indicate that to attain homozygosity one should inbreed as rapidly 
as possible as well as minimize selection between lines. 

4. Genetic correlation 

Genetic correlation between wing and thorax length, which is the 
description of the relationship between the additive deviations caused 
by genes in the two traits, is found to be high in the initial foundation 
popuplation, Table 2. 

In each progeny test carried out in the present study, genetic corre- 
lation was calculated by the application of the formulae given by 
REEVE (1953). The results for the different systems of mating are 
presented in Tables 7 and 8. 

TABLE 7. Genetic correlation between wing and thorax length in the 
selected outbred lines 

Genera- 
tion 

Genetic correlation % 

Long Short 

5 

10 

15 

106.0 
80.0 
76.0 

100.0 
78.0 
83.0 
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Changes of the genetic variability of wing and thorax length in the 

various selected inbred lines, in relation to different levels of inbreeding 

are presented in Tables 5 and 6 respectively. Heritability estimates are 

compared with each other between different systems of mating and 

with the theoretical expected decline as calculated by the equation 

given by LERNER (1950). 

TABLE 5. Heritability of wing length in the different selected inbred lines 

Coef- 
ficient of 

inbree- 
ding % 

Brother -sister Double -first cousins 

Long Short D.F. 
Expected 

decline 
from 32% 

Long Short D.F. 

Exp 

deck 

from f 

25 41.5+5 48.6 + 6 18 38.6 

50 42.9 ± 4 40.2 ± 7 16 29( 

75 2.4 + 10 14.0+15 6 8.961) 34.2 + 5 32.6 + 4 17 17.1 

1) Fx = 78.52%. 

TABLE 6. Heritability of thorax length in the different selected inbred lines 

Coef- 
ficient of 
inbree- 
ding % 

Brother -sister Double -first cousins 

Long Short D.F. 
Expected 

decline 
from 35% 

Long Short D.F. 

Expt 

dedO 

from(' 

25 45.3 ± 6 46.6 ± 7 18 39.5 

50 40.2 ± 6 46.3 ± 5 16 305 

75 9.0 ± 14 7.0 ± 13 6 10.01) 35.4 ± 7 37.6 ± 6 17 18.1 

1) Fx = 78.52%. 

It is clearly shown from Tables 5 and 6 that there is a reductionID 
all the estimates. The reduction is more distinct in lines maintained 
with brother -sister matings, where there is insignificant differences 
between the theoretical and observed values at the higher levels of in' 

breeding. Genetic variability estimated in the various inbred lines 
mated by double -first cousins indicates that there is a little change in 

the additive genetic variance at any given coefficient of inbreeding. 



IN DROSOPHILA MELANOGASTER 247 

Heritability declines greatly in the case of matings between brothers 
and sisters, due to the increase of homozygosity within lines. This 
type of mating automatically tends to reduce heterozygosity, and by 
the time animals have reached the twentieth generation they are about 
99% homozygous, and at this level the selected lines would show a 
much lower heritability estimate. Most of the variance at such a level 
of homozygosity is wholly due to the environmental effects. Thus we 
may conclude that the reduction expected from the known rate of in- 
breeding, particularly at the higher levels in case of sib matings, is not 
far beyond that actually observed. 

These results indicate that selection with the more intensive in- 
breeding is more effective in decreasing the genetic variability than 
milder rates, which supports the view extended by TANTAWY (1952). 
The calculations of HAYMAN and MATHER (1953) and REEVE (1955) 
indicate that to attain homozygosity one should inbreed as rapidly 
as possible as well as minimize selection between lines. 

4. Genetic correlation 

Genetic correlation between wing and thorax length, which is the 
description of the relationship between the additive deviations caused 
by genes in the two traits, is found to be high in the initial foundation 
popuplation, Table 2. 

In each progeny test carried out in the present study, genetic corre- 
lation was calculated by the application of the formulae given by 
REEVE (1953). The results for the different systems of mating are 
presented in Tables 7 and 8. 

TABLE 7. Genetic correlation between wing and thorax length in the 
selected outbred lines 

Genera- 
tion 

Genetic correlation 

Long Short 

5 

10 

15 

106.0 
80.0 
76.0 

100.0 
78.0 
83.0 
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TABLE 8. Genetic correlation between wing and thorax length in relatie 

to coefficient of inbreeding 

Coefficient of 

inbreeding 

Brother -sister 1) Double -first cousins 

Long Short Long Short 

25 - 88.0 92.0 

50 - - 78.0 82.0 

75 40.0 19.0 73.0 66.0 

1) FX = 78.52%. 

Table 7, shows that the genetic correlation between wing and thorn 

length remains quite high in the outbred selected lines with no chant 

in the later generations of selection. These results agree with thed 

reported by REEVE (1950), who found no differences in such genet 

correlation of another stock of Drosophila melanogaster in lines selecte: 

for long and short wing length. REEVE and ROBERTSON (1 953) report 
a value of 75% for such genetic correlation in the unselected stale 

increased to 86% in the long wing selected lines, and concluded tha 

continued selection tended to increase the genetic correlation. Result 

of the present study show that genetic correlation between wing aá 

thorax length in the case of the outbred selected lines remains alme 

constant throughout the experiment. 
Relating the changes that occurred in such genetic correlation witl 

the coefficient of inbreeding, Table 8, it can be noticed that there is 

tendency for it to decline in subsequent generations of brother- sistF: 

coatings and remains, in general, stable in the case of double -first coo 

sins and only shows a slight reduction at higher levels of inbreeding, 
Although this genetic correlation, in case of brother -sister, amountd 

to 40% and 19% in the long and short wing selected lines respectivehh 
at about 78% coefficient of inbreeding, they are probably not sigra 
cant. 

5. Effects on fertility 
During the course of the present experiments records have been kell 

for the number of eggs cultured in each vial and the number of sal 
flies hatched in each of the selected lines and in the control stock. 

The percentage of eggs yielding flies are presented in Figure 5. It cat 
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be noticed from that figure that, in all the selected lines, fertility has 
declined below the control level from the early generations of selection. 
The control stock did not show any marked decline in its percentage 
emergence from the start point, showing throughout the experiment. 
about 53%-56%. 

As the result of increasing homozygosity, effects of inbreeding on 
percentage emergence are usually but not inveriably deleterious. In 
the present experiments the selected inbred lines show a decline in fer- 
tility below the control level, Figure 5, and in the case of brother - sister 
matings, TANTAWY (1956) showed that percentage emergence was 
more affected in the earlier generations of inbreeding. 

Such results do suggest that genes responsible for differences in size 
also affect adversely the percentage emergence, or it may be linked to 
such genes, but if so the linkage must be quite high. 

50 
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10 
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-.. - Short 
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b _ Out _ breeding 
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l5 20 10 
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Fig. 5. F ercentage of eggs yielding flies in the various selected lines of, 
a) Brother -sister, and 
b) Double -first cousin matings. 

Results of percentage emergence after mass mating in the selected 
inbred lines with brother -sister matings may support the hypothesis 
of linkage between the two groups of genes. Body size and percentage 
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Sl 

emergence remain almost constant after relaxing selection at high sr 

levels of inbreeding. It should be expected that fertility will increa 

in lines inbred with double -first cousin matings when selection R 

relaxed at about 75% coefficient of inbreeding, since body size a 

phenotypic variation tended to return back by relaxation to the a ti 

selected level. This could be explained on the basis that selection wit e 

inbreeding between cousins has fixed some of the genes which affec 

fertility adversely and have no effect on body size. c 

In the case of outbreeding matings, Figure 5b, the long wing selecto 

line shows higher percentage emergence than the same inbred line 1 

While the short wing outbred selected line behaves differently at( t 

the tenth generation, it shows more reduction in fertility than the sam i 

inbred lines. Throughout the experiment the long wing outbro 1 

selected line shows higher percentage emergence than that in the sha r 

wing outbred line. With relaxed selection, fertility in both high an i 

low outbred selected lines show, a tendency to increase towards tb 

control level, which agrees with the results reported by MATHER as 

HARRISON (1949) and RASMUSON (1955). ROBERTSON and RES' 

(1952) reported the same results on their selected outbred lines, as 

explained the decline in body size and percentage emergence in tt 

short wing selected line and their increase during relaxation as duel 

the presence of lethal factors which are linked together on each chroro 

some and cause a reduction in body size. Selection of parents carryin 

these factors would explain the decline in percentage emergence ¡nth 

selected lines and the rapid rise in size and percentage emergence Wha 

selection was relaxed. 

IV. GENERAL DISCUSSION AND CONCLUSION 

The observed total variation in any population is partly due to th 

effects of environment and partly due to genetic segregation. In earho 

discussion by ROBERTSON and REEVE (1952) based on general conside 
ation, stressed that an allele substitution which affect a quantitatin 
character is likely to be greatly influenced by both genetic backgroun` 
and environmental conditions. The relative importance of the two sort 

of variation give some indication of the effectiveness of selection, Wa 
is the only way to make a systematic change in the character concernd 
Thus, if most of the variation is due merely to environmental effect+ 
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superior individuals selected as parents are unlikely to transmit their 
superiority to their offspring. The part of the variation which is due to 
gene segregation is regarded as the effects of the additive genes toge- 
gether with variation due to dominance and to the effects of genes 
wich interact in an unpredictable manner. By calculating the correla- 
tion between various relatives it is possible to measure the average 
effects of genes which are transmitted from generation to generation. 
The fraction of the total variation observed in any population which is 
caused by differences between genes is called heritability. Estimation 
of such a fraction gives an indication of the extent to selection which is 
likely to be effective, i.e. the higher the heritability estimates the greater 
the prospect of successful selection provided disturbing factors do not 
intervene. Expected response to selection based on heritability analysis 
have not been always realized and an example of such situation was 
reported by REEVE and ROBERTSON (1953). They found that selection 
for increased wing length had reached a limit and the character un- 
changed for thirty generations. Heritability estimates at that time, 
was as high as 50 %. 

Heritability estimates of wing and thorax length of the present 
study clearly indicate the presence of abundant genetic variability in 
the fundation population since the average heritability of such 
characters was found to be 45% and 47% respectively. The extent to 
which variation of quantitative characters is due to additive gene 
effects is of considerable experimental interest. It provides the breeder 
with a measure of the rate at which a character will be changed under 
selection. Results of responses to selection of the present experiments 
clearly demonstrate that limits of selection arrive at the earlier genera- 
tions of intensive inbreeding, while such limits arrive at the later 
generations of milder rates. 

Selection experiments with Drosophila involving quantitative cha- 
racters using different systems of mating, such as brother -sister or out - 
breeding systems of mating, have been investigated by many workers. 
The work of ZELLENY (1922). ZELLENY and MATTOON (1915) and MAY 
(I 920) with brother - sister matings indicate that the response to selec- 
tion declines or stops after a few generations of inbreeding, al- 
though PAYNE (1920) and RASMUSON (1949 and 1952) reported that 
selection is effective beyond the earlier generations. TANTAWY (1956), 
selecting for long and short wing length in Drosophila melanogaster with 
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brother -sister matings, found that selection in both the direction tl 

effective in increasing and decreasing wing length to the third gas 

ation, after which selected lines remained almost constant in sù 

Response to selection in the short wing selected lines is muchhi0 

than that found in the long wing selected lines. Selection for short us 

length caused a decline of about 1.5% below the control level at 

coefficient of inbreeding and then stabilized at this level. a 

Results of the present study indicate that response to selections f 

wing length shown by matings between double -first cousins is higl 

than that in case of brother- sister matings. At the same, or nearlyti t 

same coefficients of inbreeding, brother -sister matings display lesst 

sponse to selection than that found in case of double -first cons 

matings, particularly in the small selected lines. Thus it could be a 

cluded that selection with milder rates of inbreeding is more effecto 

than with intensive one. Limits of selection in the latter mating bei 

arrived at when the heritability of the selected character declines tor 

significant values. ROBERTSON (1954) stated that, "Inbreeding reds 

size hence selection for small size is likely to create bias in favour 

homozygote combinations, especially those which particularly redo 

size. Unpublished experiments in which several different stocks e c 

mass selected for small size, have demonstrated a steady response' 

selection which ceased when the selected strains became apparent 

homozygous with respect to size, so there is good evidence that select 

for small size involves a progressive trend to homozygosity ". 
Selected lines maintained with outbreeding matings show great 

response in high and low directions than that found in the diffele 

inbred selected lines. Response to selection in such selected linnet 

more effective in the later generations, particularly after the tent 

At the twentieth generation the long wing selected line shows an' 

crease of about 3% over the control level and the short wing select 

line shows 19.5% below the control level. Limits of selection area 

yet reached although these lines were carried out for twenty gene° 

tions. These limits may be reached at a later stage of selection as foul 

by ROBERTSON and REEVE (1952). ROBERTSON (1952) and ROBER 
and REEVE (1953) stated that changes in long wing selected lines ha' 

generally produced most effect in the third chromosome ; while selecrit 

for short wing in one strain tested produced effects mainly in 
X- chromosome. They showed no evidence that selection for large at 
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small size had produced changes in the fourth chromosome, acting in 
the direction of selection. 

In the present experiment, the short wing outbred selected line dis- 
plays greater response to selection than that reported by ROBERTSON 

and REEVE (1952) on another stocks of Drosophila melanogaster, being 
compared at the same generations. Such different results in the re 
sponse to selection could be explained by the differences between the 
amount of the genetic variability initially available in the various 
foundation stocks. 

It is pretty clear from the results secured from the present investiga- 
tion that different inbreeding pressures lead, on the average, to fairly 
predictable results. One may conclude, therefore, from the response to 
selection in different systems of mating, that type of mating, i.e. the 
relationship between mated individuals, chosen by the breeder to 
maintain the various selected lines has a great effect on the response to 
selection. 

Description of the response to selection for wing length brings us to 
the second point, i.e. the power of correlated response to bring 
about changes in another character for which no direct selection is 
practised. Measurements of thorax length, in addition to wing length, 
were made during the course of the present study. Correlated response 
may be one of these two main types : 

1. The characters are not correlated genetically. No response to 
selection would be expected in the secondary character, but it may show 
response to selection as the primary character for which selection was 
practised. 

MATHER and HARRISON (1949) reported a case of such type in Droso- 
phila and they attributed this behaviour to the break up of the 
balanced combination of linked genes. 

2. The two characters are correlated genetically. The secondary 
character shows response to selection in the same direction as the 
primary character. ROBERTSON and REEVE (1952) and TANTAWY (1953 
and 1956) reported this type of correlated response in Drosophila. 
They all found a high positive genetic correlation between wing.and 
thorax length, and selection for wing length was accompanied with a 
change in thorax length in the same direction. But it seems that there 
is an exception to that rule. TANTAWY (1956) reported a case where 
genetic correlation between wing and thorax length in the Nettlebed 
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stock of Drosophila melanogaster was about 65% and found that sels 

tion for short wing in one of the selected lines was accompanied bylor 

thorax in spite of the high positive genetic correlation between thee 

These unexpected results were explained as due to linkage betwee 

genes affecting the two traits in different directions, or to the pier 

tropic effects of genes which decrease wing length and increase thore 

length. 
In the initial foundation population of the present study the 

existed an estimated genetic correlation between wing and thou. 

length of about 82 %. One may infer from such results that a changes 

wing length brought about by selection should be generally follow 

by a less than proportionate change in thorax length in the sam 

direction. This was found to be the case in all the different selects 

lines; long and short wing selected lines show an increase and decreaa 

respectively, in thorax length. Thus we may conclude that the genes 

correlation can be attributed more accurately as a basis for selectia 

of the two desirable traits than the phenotypic correlation betwee 

them since environment, dominance and epistasis greatly affect ti 

latter correlation. 
After mass mating in the case of brother -sister matings, TANTAW 

(1956) showed that relaxed selection has no effect on the variabilip 

of the selected lines as the coefficient of variation remained well belor 

the control level. These results indicate that the differences betwee 

high and low lines may be fixed after the 50% coefficient of inbreeditl 
due to the increase of the homozygosity, thus agreeing fairly well wifi 

those reported by ZELLENY (1922) and RASMUSON (1949 and 1952! 

Selection is also a factor that tends to decrease heterozygosity since th, 

matings of only the largest and most vigorous pair of individuals peF 

sumably brings together gametes of like genetic constitution and the 

increases the proportion of homozygotes in the progeny populatioe. 
Under the hypothesis of the increase of homozygosity, relaxed selectiot 
does not after the variability of the inbred selected lines especially al 

higher rates of inbreeding. Unexpected results were reported by TAB 

TAWY (1956) in one of the lines selected for short wing length who 
coefficient of variation did not show the same stability after relax 
selection. The behaviour of this line was explained as due to the fat 

that selection for small size depended on selection of heterozygotes ai 

o: 

o 
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one or two loci, and that the fixation was prevented by low viability 
or the lethality of one of the alleles. 

In general it is assumed that homozygosity increases with inbreeding 
and decreases variability. The results of brother -sister matings in- 
dicate clearly that that type of mating is accompanied by decrease in 
the phenotypic variability of wing and thorax length due probably to 
the decrease of genetic variability within lines. Phenotypic variation 
of both characters in lines maintained by double -first cousin matings 
fluctuates above and below the control level while it is much higher in 
the case of the outbred selected lines than in the unselected average. 
When selection was relaxed in both systems, phenotypic variation fell 
in subsequent generations to the control level. These results could be 
explained on the basis that selection in both systems was directed to- 
wards the more heterogenous individuals to be the parents of the next 
generation. The same results have been reported by ROBERTSON and 
REEVE (1952) and REEVE and ROBERTSON (1953) in their selected 
outbred lines. 

Heritability of wing and thorax length, at the same coefficient of 
inbreeding, in the selected lines inbred with different rates, was esti- 
mated in order to test whether rate of inbreeding with selection in- 
fluenced the amount of loss of heterozygosity for a quantitative 
character. Such estimates in the case of double -first cousin matings 
clearly indicate that there is little change in the additive genetic 
variance at any given coefficient of inbreeding; but it declines greatly 
in the case of brother - sister matings, especially at higher levels of in- 
breeding due to the increase of homozygosity within lines. On compa- 
ring the lines inbred at different rates, differences were found in the 
estimates of the heritability between selected inbred lines, i.e. brother - 
sister matings show heritability estimates almost to the expected 
decline at the higher levels of inbreeding while, at the same level, 
double -first cousin matings show slighter reduction. At about 78% 
coefficient of inbreeding, brother - sister matings show the values of 
2.4% and 14 %, and at about 75% coefficient of inbreeding double - 
first cousin matings show the values of 34% and 33% for long and 
short wing length respectively. Thus we may conclude from these 
results that the reduction of heritability estimates expected from 
known rate of inbreeding, especially in the case of brother -sister 
matings, is not far beyond that actually observed at higher levels of 
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inbreeding. These results indicate that the more intensive inbreedie 

with selection is more effective in decreasing genetic variability tin 

milder rates; probably this will be arrived at at the time selectia 

limits are achieved. Such results support the view observed by TAB 

TAWY (1952), who reported that intensive inbreeding with randon 

matings is more effective in eliminating heterozygosity at higher level 

than milder rates. 

Heritability estimates in lines maintained by outbreeding mating 

do not show any marked decline from the initial foundation population 

Throughout the present study these-lines appear to have a consider 

able high genetic variance for both wing and thorax length, since tho 

show a high phenotypic variance and both size and variance deciin 

towards the control level as soon as selection was relaxed. It is four 

that these lines maintain a high genetic variance for both wing as 

thorax length through the course of selection. Such results suppor 

those reported by REEVE and ROBERTSON (1953). Moreover, the 

reported that there was a real decline in the heritability estimate 

when selection was relaxed. 
The general conclusion developed from the present study and th 

reported by TANTAWY (1956) is that the cause of selection limits 

different selected lines, 'particularly those inbred with brother -siste 

matings, is the loss of genetic variability. This conclusion rests primar 

ly on the basis that selection stabilizes at higher levels of inbreed* 

where heritability has declined greatly, almost to the theoretical exper 

tation. Selection is almost ineffective when all the favourable allele 

presented in the original population have been brought to fixation 

and as the frequencies of such favourable alleles become greater, tit 

genetic variance will decline, as indicated by MATHER (1949). The 

fixation could be arrived at by selection with the more intensi" 

system of inbreeding through the increase of homozygosity within le 

bred lines. Selection with milder rates of inbreeding is based upo' 

selection of the more heterozygotes individuals, since the heritabilih 
in the later generations of selection is high as much as in the initia 

population. 
Animal breeders are familiar with the methods of calculating tb' 

coefficient of inbreeding and the loss of heterozygosity from pedigree' 
Discrepancies found between the actual and expected rates of declir 
in genetic variance, from the present study and from that reported b! 



IN DROSOPHILA MELANOGASTER 257 

TANTAWY (1952) in the case of random matings, do suggest that no 
relationship exists between theoretical and actual homozygosity in 
random and selected lines. It may be expected, therefore, that the 
computed coefficient of inbreeding, particularly in milder rates of 
inbreeding, will overestimate the actual amount of homozygosity achie- 
ved, as indicated previously by MATHER (1950). 

Genetic correlation between wing and thorax length is found to be 
high in the initial population, almost 82 %. This genetic parameter 
remained, in general, stable at any level of inbreeding in the case of 
double -first cousin matings, while brother -sister matings, as reported 
by TANTAWY (1956), showed more reduction, particularly at the higher 
levels of inbreeding. At about 78% of inbreeding, such estimates were 
found to be 40% and 19% in case of brother -sister matings and at 
about 75% of inbreeding, these estimates are found to be 73% and 
66% in the case of double -first cousin matings for long and short wing 
selected lines respectively. These estimates, in the former system, are 
probably not significant. As the genetic variability is reduced by in- 
breeding, we would expect that the genetic correlation declines also, 
and this was found to be the case in the selected inbred lines with sib 
matings. 

In the case of outbreeding matings, such genetic correlation behaves 
differently than in the inbred selected lines; it remains almost con- 
stant. REEVE (1950) found no differences in the genetic correlation 
between wing and thorax length in long and short wing selected lines 
and the present results support REEVE'S view in that respect. REEVE 
and ROBERTSON (1953) reported a value of 75% as the genetic correla- 
tiòn between the same traits in an unselected stock of Drosophila, and 
after selection this estimate was increased to 86% in the long wing 
selected line. They concluded that continued selection tended to in- 
crease such genetic correlation. The results thus presented show the 
stability of such genetic correlation in the outbred selected lines. 

As the results of increasing homozygosity, effects of inbreeding on 
percentage emergence are usually, but not inveriably, deletorious. In 
the present experiments all the selected lines show a marked decline 
in percentage emergence below the control level. WIGAN and MATHER 
(1942) have shown that selection for high and low abdominal and ster- 
nopleural chaetae number in Drosophila usually result in a marked 
decline in productivity, even in inbred lines. The present results do 
Genetica XXVIII 
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suggest that genes responsible for differences in size also affect adver. 

sely the percentage emergence or it may be linked to such genes. The 

stability of body size and percentage emergence after mass mating in 

the selected inbred lines with brother -sister matings, and the return of 

the two characters to the control level in case of double -first cousins, 

do support such an hypothesis. 

The outbred selected lines show a decline in percentage emergence, 

the short wing selected line shows more reduction than the long wing 

selected line. The main response to selection for wing length is ac 

companied by a correlated response of decrease in fertility. These 

results agree fairly well with those reported by MATHER and HARRISO 

(1949), ROBERTSON and REEVE (1952) and RASMUSON (1955). Whoa 

artificial selection is relaxed, fertility rises, as well as body size to the 

control level. 

It should be concluded, therefore, that a close linkage between bod} 

size and fertility has been developed during selection with outbreeding 

mating system, through probably those genes affecting small size are 

linked with genes which affect fertility adversely. 
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SUMMARY 

1. The present experiments describe the effects of selection on wing 

length with two different systems of mating, i.e. doule -first cousin and 

outbreeding systems. A comparison has been made between the reusli 
secured from such matings with those reported by TANTAWY (1956) in 

inbred selected lines with brother- sister matings. In each system of the 

present experiments, two parallel selected lines were maintained, one 

line selected for long wing and the other for short wing. Changes of 

wing lengths by selection, effects of relaxing selection, phenotypic 
variability, changes of heritability, genetic correlation between wing 

and thorax length, and viability have been studied in each of the 

selected lines and all of these results have been compared with the 

results of brother -sister matings. 
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2. Heritability estimates for wing and thorax length in the initial 
foundation population are found to be high; they are on the average 
about 45 ° %° for wing length and 47 ° %0 for thorax length. The average 
genetic correlation between these two characters is found to be, on the 
average, 82 %. 

Selection in all systems of mating has been effective in increasing 
and decreasing wing length. Short wing selected lines display greater 
response to selection than long wing selected ones. 

Long and short wing selected lines, with brother -sister matings, in- 
crease gradually from the first generation of selection to the third, and 
then stabilizes at this level. Inbred lines with double -first cousin 
matings yield more response to selection, being compared at the same 
coefficient of inbreeding, than in the case of brother - sister matings, 
and then stabilizes at about the thirteenth generation. Outbred selected 
lines show a gradual response to selection to the twentieth generation, 
i.e. to the end of the experiment. The outbred long wing selected line 
shows an increase of 3% over the control level and the short wing 
selected line shows a decrease of about 19.5% below the control level 
at the twentieth generation. 

Thorax length shows almost the same response to selection in all the 
selected lines of the present experiments as in wing length, due to the 
high positive genetic correlation between them. 

3. When selection was relaxed in the case of brother -sister matings 
at higher levels of inbreeding, i.e. 78 %, relaxed selection has no effect 
on the selected character. In the case of double -first cousin and out - 
breeding systems of mating, selected lines returned back almost to the 
unselected level whenever selection was relaxed. 

4. Coefficients of variation behave differently in the various systems 
of mating. In the case of brother- sister matings, this coefficient decli- 
nes below the control level in both directions of selection to the third 
generation after which coefficient of variation remains almost con- 
stant. Relaxed selection has no effect, at higher levels of inbreeding, on 
the coefficient of variation. 

In the case of double -first cousin matings, the coefficient of varia- 
tion for wing length in both long and short selected lines fluctuates 
around the control level, while outbreeding matings cause an increase 
in this coefficient over the control level, particularly in lines selected 
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for short wing. When selection was relaxed, such selected inbred and 

outbred lines tend to return back to the control level. 

5. Heritability of wing length, at higher levels of inbreeding, has 

declined in the selected inbred lines with brother- sister matings almost 

to the theoretical expectation. Heritability of such lines has declined 

to about 2.4% and to 14% in the long and short wing selected inbred 

lines, respectively, at about 78% coefficient of inbreeding. 

In the case of double -first cousin matings, heritability has been 

reduced very slightly, i.e. insignificant reduction, at any given coeffi- 

cient of inbreeding, while the outbred selected lines do not show any 

reduction in the heritability estimates at any given generation. 
6. Genetic correlation between wing and thorax length is found to 

be quite high in the foundation population. This correlation has been 

decreased in the case of brother -sister matings, particularly at higher 

levels of inbreeding, to insignificant values. Matings between double - 

first cousins cause a slight reduction, while outbreeding matings shocc 

stability in such correlation. 
7. Fertility has fallen in all the selected lines, there being more re- 

duction in the outbred selected lines than in the inbred lines. When 

selection was relaxed, fertility remained almost constant in the selected 

inbred lines at higher coefficients of inbreeding, but it rises to the control 

level in the outbred selected lines whenever selection is relaxed. 

Double -first cousin matings show stability in fertility when selection 

is relaxed at higher levels of inbreeding, due, probably, to fixation of 

some genes affecting fertility adversely, and has no effect on body size. 
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LTHOUGH exploitation of heterosis in hybrid maize is so far the most successful 
single achievement of applied genetics, understanding of the causes responsible 

for this phenomenon remains still unsatisfactory. Much of the work on heterosis has 
been purely empirical and descriptive. Analytical studies have been conspicuously 
rare, and this in spite of the fact that heterosis is a term which, as most geneticists 
agree, is being applied to a group of "scarcely related phenomena" ( DOBZHANSKY 

1950). Only in recent years has interest in the investigation of the genetic bases of 
heterosis asserted itself. A symposium on heterosis was held in 1950 (edited by 
GOWEN 1952). CROW (1952), DOBZHANSKY (1952), HAGBERG (1953), MATHER (1955), 
RENDEL (1953) and others have discussed the different genetic mechanisms which 
may bring heterosis about. 

Drosophila is the most important animal which has been used for experimental 
investigations of heterosis. Two main methods have been utilized. First, observations 
and experiments on the behavior of inverted sections of chromosomes in natural and 
laboratory populations have been described by DOBZHANSKY and his colleagues. 
Secondly, lines inbred by different methods are crossed, and different morphological 
and physiological characteristics of the hybrids and the inbreds measured and 
compared (ROBERTSON and REEVE 1952, 1954, 1955a, b; RASMUSON 1952; CLARKE 
and MAYNARD SMITH 1955; TANTAWY 1955 and others). The results obtained are 
variable for different traits and different situations. In order to understand these 
variations, careful analysis of the genetic systems by which the inbreeding has been 
brought about is indispensable. 

The experiments reported in the present communication have been designed to 
study the relationships between the rates of inbreeding and the observed inbreeding 
degeneration and restoration of heterosis by crossing. The relation between the 
genetic variances observed in the inbred lines and in the hybrids between them has 
also been studied. 

MATERIALS AND TECHNIQUES 

The stock used in the present experiments is the Crianlarich stock of Drosophila 
melanogasler, which has been kept in the laboratory in populations of 20 pairs of flies 
per bottle. The same stock has been used by TANTAWY (1956b, 1957) and by 
ROBERTSON and REEVE (1955a, b). 

In the present study two systems of mating have been used, starting with the initial 
foundation population. These systems are (a) Brother -sister, and (b) Double -first 
cousin matings. The details of these systems of mating have been explained elsewhere 
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by TANTAWY (1956b). In each system of mating five parallel lines have been main. 

tained. The general procedure in maintaining these lines and the heritability es 

timates for wing and thorax length in the foundation population as well as in tb: 

different inbred lines have been given by TANTAWY (1957). 
At approximately the same theoretically computed levels of homozygosity, 

25 percent, 50 percent and 75 percent inbreeding coefficients, the five parallel inl 

lines within each system of mating were intercrossed; the hybrids were examined 

indications of heterosis, using as criteria wing and thorax length and also percent, . 

emergence of adults from a given number of eggs. From each cross five pair matir . 

were made, allowed to mature for three days, and then transferred to ovipositionvia: 

for collection of eggs. Eggs were cultured in vials (not more than 70 eggs in each vii 

containing the usual cornmeal -molasses -agar medium fortified with additional drid 

baker's yeast and well yeasted with live yeast. The eggs were collected and cultured 

from each pair mating, on four successive days. The number of eggs cultured, anda 

adults hatched in each culture, were recorded to estimate the percentage emergena. 

Wing and thorax length were measured on ten pairs of progeny (ten males and to 

females), from each of the 50 pair matings in each system and from each culturey 

the first two days. 
At 25 percent, 50 percent and 75 percent coefficients of inbreeding, in each syste 

of mating, progeny tests have been carried out to estimate the heritability of bed! 

size in the F2 from crosses between the inbred lines. At the known rate of inbreeddm 

within each system of mating, ten such F. families have been established, one farm 

from each cross. In each F2 five males and five virgin females were measured, aá 

four pairs were mated assortatively, i.e. first largest male to first largest fenced 

second largest male to second largest female, and first smallest male to first smaller 

female, second smallest male to second smallest female. These forty pair matings fro: 

the ten families were fed for three days and then transferred to oviposition vials fa 

collection of eggs which were introduced into cultures on four successive days. Afar 

emergence five females were measured on each of the first two days, which gives 

females in each progeny test. 

Genetic parameters of the initial population 
Two progeny tests have been carried out in the initial foundation stock. 11 

heritability of wing and thorax lengths and the genetic correlation between thema 
reported by TANTAWY (1957). The weighted means of the heritability estima' 

derived from the various progeny tests are 38.51 ± 4.30 percent and 37.77 f l 
percent for wing and thorax length respectively, with an average genetic correlal 
of 0.74 between them. 

Heritability estimates in inbred lines and in hybrids 
Heritability estimates for wing and thorax length with the two systems of 110 

derived from the regression of offspring size of mid -parent size, are presented in tad 

1 for wing and for thorax length. As the female progeny only were measured,! 
heritability estimates were corrected, at the levels of homozygosity studied, fart/ 
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TABLE 1 

Heritability in inbred lines and crosses at different levels of inbreeding 

Wing Length 

Inbred Lines Hybrids 

Mating System Fx cal Theoreti- 
h2 

Observed h2 N 
Ratio 

OTheorebserved h2 N 

cal 

Brother -sister 25.0 31.95 43.98 t 7.48 40 1.4 27.36 t 8.18 38 

50.0 23.84 37.54 ± 6.48 37 1.6 51.42 t 4.57 36 

73.4 14.26 15.13 t 8.83 37 1.1 48.10 f 6.70 37 

Double -first cousin 25.0 31.95 39.40 f 5.65 40 1.2 49.29 ± 5.09 40 

50.8 23.70 34.04 f 7.93 37 1.4 28.12 f 7.14 38 

74.8 13.62 29.47 t 3.52 39 2.1 26.14 f 4.37 40 

Control 0 38.56 f 4.30 144 

Thorax Length 

Brother- sister 25.0 31.28 27.76 t 6.33 40 0.9 53.61 f 9.02 38 

50.0 23.28 21.70 f 7.15 37 0.9 47.19 f 10.67 36 

73.4 13.88 14.79 f 8.41 37 1.1 59.14 f 10.04 37 

Double -first 25.0 31.28 44.03 t 10.48 40 1.4 41.86 f 6.63 40 

cousin 50.8 22.99 37.89 t 11.67 37 1.6 26.27 dE 8.30 38 

74.8 13.25 28.92 t 7.61 39 2.3 32.81 t 8.30 40 

Control 0 37.77 f 4.20 144 

* Derived from F2 from crosses between inbred lines. 

absence of male measurements with the aid of the equation given by TANTAWY 
1957). In each case the theoretically expected decline of the heritability estimates 
from the starting point is computed with the aid of WRIGHT'S equation (1921). 

At the lower level of inbreeding the heritability estimates for wing and thorax 
length do not differ significantly from the value found in the parent population. At 
75 percent coefficient of inbreeding, lines inbred by brother -sister mating show a 
definite decline and the observed heritability agrees well with the theoretically 
computed value. With a milder rate of inbreeding, however, the decline is much less, 
presumably due to the action of natural selection in slowing down the rate of approach 
to homozygosis. The contrast is clearly seen in the ratio of observed to theoretical 
heritability at the different levels in inbreeding. These results are in agreement with 
those reported by TANTAWY and REEVE (1956) in a similar study based on four dif- 
ferent mating systems and by TANTAWY (1956a, b). 

When the inbred lines are crossed within each system of mating, the heritability 
estimates derived from the F2 generally exceed the values found in the parent lines 
and are about the same as the estimate derived from the parent population. 
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TABLE 2 

Wing and thorax length (in microns) for inbred lines and hybrids between them at different coefihité 

inbreeding (Fr) 

Wing 

Mating 
system 

F. 

Inbreds Hybrids 
Heterosis 

(percentz 

Size N Size N 

Brother- 
sister 

Double- 
cousins 

Controls 
25.00 
50.00 
73.44 

25.00 
50.78 
74.82 

1901.23 t 7.04 
1890.02 t 2.07 
1849.14 f 3.18 
1831.54 f 2.48 

1892.37 f 2.54 
1898.36 t 2.69 
1895.64 f 2.93 

80 
200 
191 

195 

200 
200 
200 

1901.23 f 7.04 
1895.00 f 1.21 
1868.30 f 2.48 
1877.50 f 6.27 

1899.70 f 3.78 
1910.21 f 5.03 
1911.29 t 4.18 

80 
964 

1000 
908 

1000 
1000 
1000 

- 
0.27 ±0.1 

1.04 ±01 

2.51 f0.1 

0.39 ±0'. 

0.63 f 0.1 

0.83 ±01 

Thorax 

Brother- Controls 967.60 JE 8.29 80 967.60 ± 8.29 80 - 
sister 25.00 955.61 t 1.03 200 952.07 ± 1.72 964 -0.37 ±0: 

50.00 951.20 dE 2.33 191 955.72 ± 2.36 1000 0.48 ±01 

73.44 939.32 f 4.96 195 956.88 f 4.66 908 1.87 ±01 

Double- 25.00 966.05 ± 1.20 200 959.77 ± 3.27 1000 -0.65 ±0! 

cousins 50.78 979.63 ± 1.33 200 983.67 ± 2.03 1000 0.41 f 0 

74.82 963.78 ± 1.57 200 974.74 ± 1.94 1000 1.14 ±0, 

N = Number of flies measured. 
t = Significant at the level of 2 percent. 
* = Significant at the level of 5 percent. 

Heterosis in wing and thorax length 

Table 2 shows that the reduction of average size, measured as either wing or tin 

length, follows essentially the same pattern as that revealed in the study of h!'l 

bility. Lines inbred by brother -sister mating, show significant decrease in slit 

higher levels of inbreeding, while, with cousin mating, the decrease is very slighte 

at the highest theoretical level. TANTAWY and REEVE (1956) noted a similar tende 

for body size to decline only at higher levels of inbreeding. 
When the inbred lines within each system of mating are intercrossed, the 

generally exceeds the mid- parent level (table 3). The percentage heterosis i.e. ats 

average F1 to average parent size, tends to be greater in the brother -sister than 

double -first cousin series, especially at 75 percent level of inbreeding. Evident')' 

magnitude of this heterosis is closely related to the extent to which the parentF 

have declined below the level of the outbred stock. 

Phenotypic variation 
Table 3 shows the phenotypic variation in the inbred lines and crosses in ten' 

coefficient of variation. In wing length, inbreeding leads to a decline in the coed 
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TABLE 3 

Coefficients of variation for wing and thorax length in inbred lines and hybrids between them at different 
coefficients of inbreeding (Fr) 

Item 
Brother -sister 

FX Inbreds Hybrids F 

Wing Controls 
25.00 
50.00 
73.44 

2.42 t 0.07 
2.57 ± 0.10 
1.95 ± 0.11 
1.54 f 0.06 

2:42 ± 0.07 
2.00 t 0.05 
1.76 f 0.03 
1.23 f 0.03 

horax 

bl 

11 

d 

Controls 
25.00 
50.00 
73.44 

2.76 ± 0.10 
3.58 ± 0.10 
2.26 ± 0.11 
2.24 ± 0.07 

2.76 ± 0.10 
2.73 ± 0.08 
2.27 ± 0.04 
2.20 ± 0.03 

Controls 
25.00 
50.78 
74.82 

Double -first cousins 

Inbreds 

2.42 ± 0.07 
2.40 ± 0.04 
1.92 ± 0.10 
1.92 ± 0.08 

2.76 ± 0.10 
3.28 ± 0.08 
2.48 ± 0.09 
2.85 ± 0.09 

Hybrids 

2.42 ± 0.07 
2.05 ± 0.04 
1.82 t 0.03 
1.70 t 0.02 

2.76 de 0.10 

2.68 f 0.13 
2.28 t 0.06 
2.13 t 0.06 

of variation from about 2.4 in the foundation stock, to 1.54 and 1.92 in the brother - 
sister and double -first cousin series at the theoretical level of 75 percent and this is 
reasonably consistent with the progeny test data. But, in the case of thorax length, 
the decline is relatively less for both mating systems and, in the milder system of in- 
breeding, there is really no evidence of any decline of variability. There is no obvious 
explanation for this discrepancy between the two dimensions. It may be related to the 
tendency for inbreeding to increase the relative importance of environmental varia- 
tion (ROBERTSON and REEVE 1955b); there is probably evidence of this effect in the 
regularity with which the F1 hybrids are less variable than their parents. But we 
might expect wing and thorax length to behave in much the same way with respect to 
variability in different genetic situations. 

Percentage emergence 

Percentage emergence is calculated from the ratio of the number of flies hatching 
from cultures to the number of eggs set up. The results are presented in table 4. Since 
the general level of percentage emergence fluctuates from experiment to experiment, 
records were obtained from the control stock in each of the tests carried out at differ- 
ent times. The inbreds are clearly less viable than the controls. Significant decreases in 
the percentage emergence are particularly clear at the higher levels of homozygosity. 

TABLE 4 

Percentage emergence in inbred lines and hybrids between them at different coefficients of inbreeding (Fs) 

Mating system F5 Controls Inbreds Hybrids Heterosis (percent) 

Brother -sister 25.00 60.89 ± 3.05 59.94 ± 2.33 58.76 ± 2.64 -1.97 ± 0.61 
50.00 56.07 de 3.92 48.89 ± 4.95 56.01 de 1.01 14.56 de 2.30 

73.44 61.55 f 3.52 46.71 de 1.08 57.76 t 2.53 23.65 ± 4.50 

Double- cousins 25.00 - - - - 
50.78 53.58 ± 5.15 52.19 ± 1.46 52.17 ± 2.50 -0.03 ± 0.10 
74.82 65.71 ± 2.11 52.48 ± 2.98 58.60 ± 3.03 11.66 ± 2.11 
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Also, at any given coefficient of inbreeding, the inbred lines maintained by broth 

sister mating are less viable than those maintained by double -first cousin math 

This confirms the results reported by TANTAWY (1957) and TAx'r:1Wr and RE 

(1956) for random inbred lines, and by TANTAWY (1956a, b) for selected inbred lb 

When the inbred lines are crossed, the F1 progeny of the sib matings show a gre 

heterosis than the lines with milder rates of inbreeding. The hybrids show about 

same percentage emergence as the controls. Again we find a positive correlat 

between the extent of inbreeding depression and the magnitude of heterosis. 

DISCUSSION 

Although inbreeding is one of the useful tools in the practical work of animate 

provement, its results are often harmful. This contradictory situation has be 

epitomized by DARWIN (1876) in his famous phrase : "Although free crossings 

danger on the one side which everybody can see, too close inbreeding is a hide 

danger on the other ". A multiplicity of causes which bring heterosis about is probal 

responsible for this apparently erratic behavior of inbred and outbred strains. 

It has been recognized for many years that inbreeding increases the number 

homozygous loci, and therefore undesirable recessives become manifested which, et 

outbreeding, would be hidden in heterozygotes by their dominant alleles. Since m 

mutations are harmful, and since deleterious dominants are eliminated by natty 

selection more rapidly than deleterious recessives, normally outbred populations a 

always carry unfavorable recessive mutant genes in a concealed condition. T' 

mechanism has been called mutational heterosis by DOBZHANSKY (1952). On the 

hand, different alleles in an outbred Mendelian population may be mutually adje 

or coadapted by natural selection, to produce favorable heterozygotes. Heterosi, 

then, a consequence of overdominance rather than of simple dominance. This is 

balanced heterosis of DOBZHANSKY (1952), of MATHER (1955), and of LERNER (19i 

Finally, the possession of the greater variety of alleles at many gene loci may COT: 

upon the organism a superior adaptedness because of a greater biochemical versatile 

as suggested by ROBERTSON and REEVE (1952), LERNER (1954), HALDANTE (19i 

MAYNARD SMITH et al. (1955) and others. This effect could be observed both will 

populations and in hybrids between populations which do not hybridize in nature 

Body size and percentage emergence of adults from a given number of eggs area 

different "characters ", in the sense that they can be studied separately in quantitaú 

terms. In the experiments reported in the present paper, both characters decline 

inbred lines compared to the foundation stock. When the inbred lines are intercrosy 

the F1 hybrids generally fall within the range of variation of the foundation p0P' 

tion. Body size declines however relatively less than does the percentage emerges 

This agrees with the observations of ROBERTSON and REEVE (1955b) that the b' 

weight in inbred lines declined by anything between 0 and 30 percent, while` 

production was usually reduced by more than 50 percent when newly establis' 

stocks are inbred. 
More significant for our purposes is the observation that the extent of the 

breeding depression depends upon the closeness of the relationship between' 
mated individuals in the inbred lines. Indeed, the lines inbred by brother -si' 
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matings have shown greater decline in thorax length, wing length and percentage 

emergence than did the lines inbred by double -first cousin matings. Conversely, when 

the inbred lines are intercrossed, the lines inbred by more intensive method show a 

greater percentage of heterosis than do the lines inbred by cousin matings. The 

magnitude of heterosis is, therefore, proportional to the degree of the inbreeding 

degeneration. With brother -sister and with cousin matings, average size and per- 
centage emergence in the hybrids between the inbred lines is equal to that observed 
in the foundation population. 

These facts are compatible with the hypothesis that the heterosis is, in this case, 
due mainly to the adaptive norm in the foundation stock consisting chiefly of hetero- 
zygotes for gene alleles or gene complexes in one or more chromosomes. This balanced 
heterosis is disturbed by the inbreeding, but the increase in frequency of homozygosis 
induced by inbreeding will be at least partially counteracted by natural selection in 
the experimental cultures. It appears that an equivalent level of homozygosity, 
especially higher levels, requires many more generations with milder forms of in- 
breeding, such as double -first cousin mating, than with brother -sister mating. The 
opportunity for natural selection to counteract the homozygosis induced by inbreed- 
ing will, then, be greater with cousin matings than with matings between sibs. In 
other words, coefficients of inbreeding theoretically computed will, in reality, cor- 
respond to a greater degree of homozygosis with sib matings than with cousin mat- 
ings. When the genetic system involves heterozygote superiority, for one reason or 
another, natural selection and inbreeding will be more drastically affected than when 
heterosis is of the mutational type. This view is further supported by the fact that 
the observed heritability is consistently higher than expected with the less drastic 
form of inbreeding. This is evidently a form of "genetic homeostasis" postulated 
by LERNER (1954). 

Another observation of interest concerns the changes in the phenotypic variance of 
wing and thorax length (table 4). Among 12 possible comparisons, 11 give either 
significantly or at least ostensibly lower variation coefficients in the F1 hybrids than 
in the parent inbred lines. There is less consistency in comparisons between the inbred 
lines and the foundation stock, except that at higher levels of inbreeding the varia- 
bility tends to decrease, at least with brother -sister matings. But the variability 
among hybrids is consistently below that in the controls. These relations are under - 
st andable if inbreeding decreases the genetic variance, while homozygosis increases 
and heterozygosis decreases the environmental variance. Indeed, ROBERTSON and 
REEVE (1952, 1955a, b), REEVE and ROBERTSON (1953) and RASMUSON (1952) ob- 
served reduction of the variability with increasing levels of heterozygosity and vice 
versa, and suggested this was associated with a greater biochemical versatility of 
heterozygotes. DOBZHANSKY and WALLACE (1953), DOBZHANSKY, PAVLOVSKY and 
SPASSKY (1955) and DOBZHANSKY and LEVENE (1955) observed the same phenomenon 
in homozygotes and heterozygotes for chromosomes found in natural populations of several species in Drosophila. They concluded that heterozygotes, in populations having the genetic structure like those of Drosophila, possess superior homeostatic adjustments to those in the homozygotes. This is especially striking with rare homozy- gotes which are "supervital ", i.e. possess a higher viability than the average heterozy- 
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gote in certain environments. Yet these "supervital" homozygotes become subii 

when the environment is changed. Heterosis, then, is expressed in an improveac_ DA 

and inbreeding degeneration in a decline, of homeostatic adjustments to enviî 

mental changes. How far this rule holds for organisms other than Drosophila i Dc 

matter for future studies. 

SUMMARY 

1. A number of parallel inbred lines of Drosophila naelanogasler were maintained) 

using two systems of mating, i.e. brother -sister and double -first cousin matings. DI 

2. The heterosis for wing and thorax length and for percentage emergence n 

studied by crossing the various inbred lines within each system of mating at thesan 

or nearly the same coefficients of inbreeding. 
3. Regression of offspring size on mid -parent size for the initial foundation popal G 

tion gives heritability estimates for wing and thorax length of 38.51 ± 4.30 percr B 

and 37.77 ± 4.80 percent respectively. Estimates at about 25 percent, 50 perm 
H 

and 75 percent coefficients of inbreeding indicate no decline in heritability in fa 

inbred by double -first cousin matings. In brother- sister matings the heritabilityda L 

not decline appreciably up to about 50 percent inbreeding but at 75 percent inbred N 

ing, the values for both wing and thorax length are close to those ill N' 

oretically expected. 
4. In the hybrids between the inbred lines, heritability rises to about the vii 

observed in the foundation population. 
5. Percentage emergence is decreased more in lines inbred by brother -sister matt 1 

than in those inbred by mating of double -first cousins, especially at higher level 

inbreeding. I 
6. Heterosis in crosses between lines was recorded for wing and thorax length a 

also for percentage emergence. This heterosis is significant in the hybrids bete 

lines inbred by brother -sister matings to 50 percent and 75 percent of inbreeding,) 

in crosses between the lines inbred by cousin mating significant heterosis is obsent 

only at 75 percent of inbreeding. At similar levels of inbreeding the lines inbred) 

brother -sister matings display a greater heterosis than those inbred by matit 

between cousins. 
7. Phenotypic variation, as measured by coefficients of variation, decreases mo 

rapidly in the earlier generations of inbreeding. The lines inbred by brother -silt 

matings are less variable than those inbred by cousin matings. Phenotypic variai 

in the F1 progenies is less than that of the parental lines. 
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EXPERIMENTS 
with Drosophila have been undertaken by many investigators 

to study the effects of selection on different quantitative characters. In such 
experiments, the parents of the next generation are always selected because they 
show a deviation in the direction desired from their population mean. A survey 
of the earlier investigations has been given by TANTAWY (1956a, b) using wing 
length in Drosophila melanogaster as the selection criterion. Other analyses of 
selection phenomena have been published by CLAYTON et al. (1957a b c), FAL- 
CONER and A. ROBERTSON (1956), PREVOSTI (1956), RASMUSON (1956), SCOSSI- 

ROLI (1956), and MARIEN (1958). They all agree that selection is effective in 
plus and minus directions; the latter showing greatest deviations from the initial 
population. The results demonstrate that the response to selection is limited; 
sooner or later selection limits are reached beyond which the character cannot be 
altered. It has been also shown that back selection and relaxed selection in nega- 
tive and positive directions may result in rapid return to the control level in some 
experiments (TANTAWY 1956) and ROBERTSON and REEVE (1952) but not in 
others (TANTAWY 1956a). Recently, LERNER (1958) discusses the quantitative 
aspects of selection and presented the subject in a very lucid and full manner. 

The present experiments were designed to provide information as to how long 
the response to selection may continue in highly inbred lines of Drosophila 
melanogaster. 

MATERIALS AND TECHNIQUES 

The stock used for the present experiments was the Carianlarich stock which 
has been kept by mass mating of 20 pairs of flies per bottle in every generation. 

Technical procedures followed in the present experiments for control of envir- 
onmental variations, matings between selected parents, method of selection and 
estimation of the heritability of body size, were similar to those reported pre- 
viously by the author (1956a, 1957a). Experiment I with lines A and C, and 
experiment II with lines B and D were carried out during the years 1955 and 
1956, respectively. In both experiments, lines A,B and C,D were maintained by 
selection for long and short wing length. In all the lines, matings between brothers 
and sisters were made. A control stock had been kept by mass mating for each 
experiment under environmental conditions similar to those of the selected lines. 

1 Present address: Department of Zoology, Columbia University, New York, N.Y., U.S.A. 
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Selection in both experiments was relaxed at the first, seventh, tenth and 

twentieth generations, at which times coefficients of inbreeding should have Eel 

about 25, 78, 88 and 99 percent, respectively, for five successive generation 

Heritability of the body size was estimated first for the initial foundation pop 

lation, and then at the different levels of homozygosity indicated above. 

RESULTS 

Heritability of wing and thorax length in the initial foundation population 

Heritability of body size i.e., wing and thorax length, in the initial foundat 

population was estimated by the method of the regression of offspring on ni 

parent as reported by TANTAWY (1957a) . Six progeny tests were carried out,t*n 

of which involved random matings and three involved assortative matings,i 

latter being corrected for the magnified variance between the parents as indict 

by REEVE (1953). 

TABLE 1 

Heritability of wing and thorax length, with their respective standard errors, and the genei 

correlation between them in the initial foundation population 

Progeny 
test no. 

Mating 
system 

Heritability percent 
No. of 

matings 

Genii 
conelaúm 

cent, Wing length Thorax length 

1st (Oct. 1954) Random 41.25 ±4.50 46.50 ±5.20 100 84 

2nd (Feb. 1955) Random 47.32 ±4.05 48.21 ±3.12 100 78 

3rd (Oct. 1955) Random 43.52±3.21 45.05 ±3.52 100 81 

4th (July 1955) Assortative 45.00 ±6.06 47.12 ±6.05 100 83 

5th (Feb. 1956) Assortative 41.12 ±5.30 42.06 ±4.51 97 89 

6th (July 1956) Assortative 41.01 ±6.57 43.00 ±5.01 98 79 

The results obtained from the various progeny tests and the respective stand! 

errors are presented in Table 1, where the data for each progeny test are gir 

The weighted means for all tests show that 43 and 45 percent of the total vars 

for wing and thorax length, respectively, are apparently due to the adds 

genetic variance. After correction for the magnified variance between the par 

in the assortative test, the average genetic correlation was found to be 

percent. 
These results agree fairly well with those reported by REEVE and ROBE 

(1953), TANTAWY (1957a, b) and TANTAWY and REEVE (1956) who sha 

that the additive genetic variance for wing length in Drosophila melanoi 
ranged between 30 percent and 45 percent. 

Selection responses in wing and thorax length 
Selection responses in all selected lines were measured as their deviationsi 

the control stock of a mass mated population reared under similar environ» 
conditions as the experimental lines. 

2 

1 

1 

E 
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TANTAWY (1956b) has shown the absolute size of the Carianlarich population 

A Drosophila melanogaster which has been used in the present study. The results 

)btained with both sexes were averaged since no differences between sexes have 

been observed. The main features of the response to selection for wing length are 

presented in Figure 1. 
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FIGURE 1.- Percentage deviations of wing length from controls, sexes averaged, where 

A,B,C,D, are the selected lines and S= selected and R= relaxed. 

Examination of Figure 1 shows that selection is effective in both plus and minus 
directions, but that selection for small size shows greater response than that for 
large size. Figure 1 also demonstrates that lines A and B, selected for long wing, 
followed almost the same general trend. In both lines selection was effective to 
the fourth generation; they showed 1.5 and 1.0 percent deviations from the control 
level, respectively; the lines then remained almost constant throughout the 
experiments. 

Lines C and D selected for short wings behaved in a different manner. Both lines responded similarly to selection for the first five generations and then diverged with line C (shown in Figure 1) producing a greater response. Selection was effective in both lines to the fifth generation, after which there was a tendency for them to remain stable.to the end of the experiments. Such differences in the response to selection after the fifth generation between lines C and D could be attributed to some environmental factors which affect the selected and the control lines differently. 
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Similar results were achieved also for thorax length (results not include); 

this is to be expected because of the high positive genetic correlation bets 

wing and thorax measurements (Table 1) . 

Phenotypic variance 

Phenotypic variation for wing length is expressed as coefficients of variata 

and the results are presented in Figure 2 for experiments I and II. 

Wing Selection (Sexes averaged) 
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FIGURE 2.- Coefficients of variation for wing length (sexes averaged) in the differentsels 

lines. For symbols see Figure 1. 

It is clear that intensive inbreeding in both experiments caused a reductiol 
the phenotypic variation of the selected inbred lines. Lines selected for short% 

length are less variable than those selected for long wing. In all the lines, 1311' 

typic variation declines in the earlier generations of inbreeding and then SI1 

lizes. Thorax length behaves similarly as wing length (unpublished mate 

Relaxed selection 
The effects of relaxed selection on wing length, as shown in Figure 1 at dil6 

coefficients of inbreeding, indicate that relaxed selection at 25 percent coe0 
of inbreeding causes an increase in the phenotypic variance to the contrs116 
in all the selected lines. At higher levels of inbreeding, relaxed selection h1 

effect whatsoever on the response, i.e. relaxed selected lines remain almost° 
stant. 
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Heritability estimates in the selected lines 

The heritability of wing length can be estimated as the ratio of rate of advance 

per generation to selection differential, the latter being the average deviation of 

parents from the mean size of their generation (ROBERTSON and REEVE 1952; 

TANTAWY 1956a) . The results are presented in Table 2. 

TABLE 2 

Heritability of wing length in the selected lines 

a. Lines A and C. 
Generation Selection 

differential 
Long A Short C 

Advanced per 
generation 

Long A Short C 

Heritability 
percent 

Long A Short C 

0 -5 3.18 -2.83 0.85 -1.71 26.7 60.4 
6 -10 3.18 -3.23 -0.10 -1.08 -3.1 33.4 

11 -15 3.73 -3.99 -0.20 -1.61 -5.4 40.4 
16-20 2.75 -1.99 -0.30 -0.04 -1.1 2.0 

b. Lines B and D. 
Long B Short D Long B Short D Long B Short D 

0 -5 3.15 -2.95 0.78 -1.65 24.7 55.9 
6 -10 2.80 -3.06 0.02 -1.00 0.7 32.6 

11 -15 3.05 -2.85 -0.25 -1.53 -8.2 53.7 
16-20 2.50 -3.05 -0.05 -0.25 -2.00 8.2 
21 -25 2.21 -2.75 0.11 -0.21 4.9 7.6 

Table 2 shows that the heritability of wing length in the long wing selected 
lines declined after the first five generations to insignificant values, while in 
short wing selected lines heritability estimates for wing length showed higher 
values up to the fifteenth generation. 

The regression method was used to estimate more accurately the heritability 
of wing length in the various selected lines, at different levels of homozygosity. 
The results secured from such analyses are presented in Table 3. It will be noticed 

TABLE 3 

Heritability of wing length, by the regression method, in the selected lines 
at different levels of inbreeding 

Coefficients 
of inbreeding 

Generation percent 

Experiment I Experiment II 

Long Short Long Short 

h2 D.F. h2 D.F. III' D.F. ho D.F. 
1 

5 

10 

15 

20 
25 

25.00 38.5±5 18 42.3 ±4 18 35.2 ±4 18 40.5 ±3 18 
67.2 19.4 ±6 18 23.2 ±7 18 17.2 ±4 18 25.3 ±5 18 
88.6 6.2 ±4 18 10.3±6 18 5.3 ±2 18 10.2 ±3 18 
96.1 4.3 ±4 16 7.6 ±4 18 4.2 ±3 14 8.3 ±2 16 
98.6 3.2 ±2 16 5.6 ±3 16 62 ±4 16 5.3 ±4 16 

.... 3.1 ±2 14 4.3 +3 16 
99.5 
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in Table 3 that heritability of wing length declined in all lines after the E 

generation of inbreeding, i.e., after 67.2 percent coefficient of inbreeding. 

The most interesting feature of the results as presented in Table 2 and3isi 

contrast in the estimates of heritability, particularly in the short wing seta 

lines, according to whether heritability is computed from the ratio of adz 

per generation to selection differential or from the regression of offspringoni 

parent size. The higher values in Table 2 reflect the decline in size due to inble 

ing which is confounded with the effects of selection. The long wing selectedi 

show better agreement between the alternative estimates. 
Effects of relaxed selection on the heritability estimates of wing lengths 

shown in Table 4. The data in Table 4 indicate that the heritability dû 

TABLE 4 

Heritability of wing in the selected lines before and after relaxation 
at different levels of inbreeding 

Before relaxation After relaxation 

Coefficients 
of 

inbreeding 

Experiment I Experiment II Experiment I Experiment p 

Long Short Long Short Long Short Long S6; 

25.0* 38.5 +5 42.3 ±4 35.2±4 40.5±3 40.2 ±5 44.2 ±3 452±3 50:: 

78.5* 12.8 +3 18.3 ±6 10.2±3 32.2±5 10.3 ±4 15.3 ±4 12.3±4 103: 

88.6* 6.2 ±4 10.3 ±6 5.3±3 10.2±3 6.2 ±3 8.3 ±4 4.4±4 81 

98.6f 3.2 ±2 5.6 ±3 6.2±4 5.2±4 4.0 ±2 3.0 ±2 5.2±3 53: 

D.F.-18. 
} D.F.= 16. 

greatly at higher levels of homozygosity, but at lower levels, i.e., 25 pert 

coefficients of inbreeding, there is practically no change in genetic varianceh 
the initial foundation population. 

Relaxed selection at the lower level of inbreeding causes an increase iD 

heritability estimates of the selected lines. At higher levels of inbreed 

relaxed selection has no effects on the genetic variance in the selected lines, 

heritability estimates remain almost constant. 

Percentage emergence 
Percentage emergence is calculated as the number of adults expressed IDI 

centage of the number of eggs deposited in each vial for each line on four, 

cessive days. The results are presented in Figure 3. 
Figure 3 shows that percentage emergence in the various selected lines' 

affected greatly at the lower coefficients of inbreeding after which it re 
almost constant throughout the experiments. In both experiments, shoal 
selected lines showed less percentage emergence than long wing selectedte 
which agrees with the results of most selection and inbreeding expere00 
Drosophila. 
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Relaxed selection, at lower levels of inbreeding, caused an increase in per- 
centage emergence in all lines almost to the control level, while at higher levels 
of inbreeding there are practically no differences in percentage emergence 
between selected and relaxed lines. 

SUMMARY AND CONCLUSIONS 

1. Selection experiments in Drosophila melanogaster have been carried out 
with brother -sister matings for 20 and 25 generations in two identical experi- 
ments. Selection was practiced for long and short wing length and response to 
selection was achieved from the first generation of selection to the fourth in the 
long wing selected lines and to the fifth in the short wing selected lines, after 
which selection limits were eventually reached. Lines selected for short wing 
length showed higher response to selection than those selected for long wing. 

2. Relaxed selected lines returned to the control level when selection was 
relaxed at 25 percent coefficient of inbreeding. At higher levels of inbreeding 
relaxed selection had no effects on the selected characters, i.e., relaxed selected 
lines remained almost as constant as the selected lines. 

3. In all lines, thorax length behaved in the same manner as wing length 
with respect to all characters studied. 

4. Phenotypic variation was decreased by inbreeding and selection from the 
first generation of selection, then ceased to decrease when body size had reached 
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selection limits. When selection was relaxed, phenotypic variance returnedcc 

pletely, at the lower levels of inbreeding, to the control level, while at high 

levels, it remained almost constant in the relaxed selected lines. 
5. Selection with sibmatings cannot change the genetic variance of the selech 

inbred lines at the lower coefficients of inbreeding. At higher levels, heritabil 

estimates declined almost to insignificant values. When selection was relaxed,d 

heritability estimates increased in the relaxed selected lines at the lower cog 

cients of inbreeding; but at the higher levels such estimates remained consta 

6. Percentage emergence was decreased from the first generation of inbreeds 

and selection, and remained constant when selection limits were achieved km 

length. Such a character returned back to the control level when selection cc 

relaxed at lower levels of inbreeding, while at higher levels, relaxed selections 

no effect on such character. 
The results secured in the present experiments confirm those reported byt 

author previously (1956a, 1957a). Selection combined with an intensive into 

ing is effective in the earlier generations. This is followed by a stabilization,) 

the character under selection. The stabilization is achieved owing to fixation 

alleles favored by the selection which were present in the original populat 

Therefore, it can be concluded that: 
a. Much improvement for a given trait is possible under selection with s 

matings before homozygosity for specific combining genes is approached. 
b. Limits of improvements are not likely to be reached until the segregat 

genes become homozygous for those alleles which combine best in the seled 

lines. 
c. Inbreeding is the major factor in eliminating heterozygosity, while select 

serves to identify the genotypes favoring the progress in the desired dire' 
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EFFECTS OF SIZE ON FECUNDITY, LONGEVITY AND VIABILITY 
IN POPULATIONS OF DROSOPHILA PSEUDOOBSCURA* 

A. O. TANTAWYt AND M. O. VETUKHIVt 

Department of Zoology, Columbia University, New York City 

It is well known that body size of Drosophila is determined by interaction 
of genetic and environmental factors. The evidence for this is derived from 

investigations carried out mainly on Drosophila melanogaster to study the 
inheritance of wing and thorax length which are correlated with size. The 
work of Robertson and Reeve (1952) and their series thereafter and Tantawy 
(1957 and 1959) show that variation in body size of Drosophila melanogaster 
is due more to additive genetic variance rather than to environmental varia- 
tions. On the other hand, Bell, Moore and Warren (1955) and Robertson 
(1957) found that variations in egg production are conditioned by environ- 
mental agencies more than genetic variations. Thus the environmental con- 
ditions would seem to play a greater role in determining the egg laying ca- 
pacity than the body size of an individual female. Robertson and Sang 
(1944a, b) reported that the rate at which eggs are laid by Drosophila me- 
lanogaster is very sensitive to variations in the environmental conditions 
of both larval and adult flies. Reeve (1954) discussed the relationship be- 
tween the egg production and body size, and pointed out the need for more 
experimental investigations of this problem. 

The present experiment was designed to study the effects of size, that is 
wing and thorax length, in populations of Drosophila pseudoobscura on life- 
time egg production, longevity of adult females and viability under various 
environmental conditions. 

TECHNICAL PROCEDURE 

Two cages Nos. 3 and 6 of populations of Drosophila pseudoobscura, 
homozygous for the Arrowhead (AR /AR) gene arrangement in the third chro- 
mosome, which were maintained for about two years at 25 °C. and 15 °C., 
respectively, were used as Sources of material for the present investigation. 

At the beginning of the experiment, cups were taken from each cage to 
obtain virgin females. From each cage 200 virgin females were obtained 
during the first twelve hours of hatching. All virgin females were measured 
for wing and thorax length by the method devised by Robertson and Reeve 
(1952). 

The technical procedure used for females obtained from cage No. 3 was 
carried out in the following way. Each individual female was measured and 

*This work has been carried out during the tenure by the senior author of the 
Boese Fellowship at Columbia University, New York. tPresent address: Faculty of Agriculture, University of Alexandria, Alexandria, 
Egypt, U.A.R. 

$Deceased, June, 1959. 
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put in a separate food vial; flies with large, medium and small wing length 

were then selected. The first two largest females were selected, one to be 

kept at 25 °C. and the other at 15 °C. The same procedure was used for the 

next two largest females, and so on for the first sixty females; that is, thirty 

females were selected for long wing length to lay eggs at 25 °C., and anothe 

thirty females of almost the same size were selected to lay eggs at 15 °C, 

At the same time sixty virgin females of medium size and another sixty fe 

males of small size were selected; half of each group were used for laying 

eggs at 25 °C. and the other half at 15 °C. 
An exactly similar procedure was used for females obtained from cage 

No. 6. Measurements and selection for wing length were all done during 

the first twenty hours after hatching. Therefore, 360 virgin females were 

selected for laying eggs, thirty females in each group at each of the two 

temperatures. 
Each selected female was mated in a separate vial to three males from 

the same cage; each vial contained a paper spoon with usual cream -of 

wheat molasses medium with a drop of Fleischmann's yeast. Every day nr 

9 A.M. spoons were taken out of the vials and immediately new spoons with 

food and yeast were inserted in the vials. Eggs were counted on each 

spoon under a binocular microscope. Dead females were replaced by other 

females of about the same size, if possible, but only during the first tee 

days of their age after which no replacements were made. Spoons with 

counted eggs of the first ten largest females and the first ten smallest fe 

males in the large and small selected groups, were placed in food bottles. 

Spoons with eggs produced by an individual female for every two succes 
sive days were put in one food bottle. After hatching of the adults, flies 

were counted and classified as to sex. Such counting was made first two 

days after hatching, and thereafter once every five days for two weeks. 
All adult females used for laying eggs and the culturing of eggs in food 

bottles were treated similarly to assure the same environmental conditions 
under all temperatures. The grand total number of eggs counted in the 

present work was 384,965 eggs, for all groups under the two temperatures. 

RELATION BETWEEN SIZE AND LIFETIME EGG PRODUCTION 

The relationship between females with large, medium and small wing 

length, and the capacity for laying eggs during the lifetime at different 
temperatures is reported in figures 1 and 2, for 25 °C. and 15 °C., respec 
tively. The results are presented as averages per day on a given week. No 

eggs were laid during the first two days of the adult female life at 25 °C., 
and for the first four days at 15 °C. 

The results reported in figures 1 and 2 show clearly the effects of size 

on lifetime egg production; larger females lay more eggs than medium of 

small ones at both temperatures. The average daily productivity per week 

increases rapidly after the first week at 25 °C. and somewhat more slowly 
at 15 °C. The period of high egg production varies considerably with tem- 

perature, but is uniform for flies of different sizes. At 25 °C. the highest 
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AVERAGE DAILY EGG PRODUCTION 

CAGE 6 (255) - LARGE SIZE - --. MEDIUM SIZE 

SMALL SIZE 

AGE OF FEMALES IN WEEKS 

FIGURE 1. Lifetime egg production for large, medium and small selected females for 
wing length at 25 °C. Each point represents the daily average on a given week. 
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FIGURE 2. Lifetime egg production for large, medium and small selected females for wing length at 15°C. Each point represents the daily average on a given week. 



398 THE AMERICAN NATURALIST 

peak of egg laying is during the second week, after which the egg laying 

declines gradually to zero, between the eleventh and twelfth weeks of age. 

At 15 °C. the highest peak falls also on the second week of life for all 

groups, after which the decline in the egg production goes gradually to zero, 

between the twentieth and the twenty- second weeks of age. The average 

egg production during the peak periods under the two different temperatures 

is different, and much higher at 25 °C. It can be also noted that most of the 

egg production occurs at an earlier period at 25 °C. and at a later one a[ 

15 °C. Similar results were reported by Dobzhansky (1935) on unselected 

flies of Drosophila pseudoobscura, although our results differ from his with 

respect to the duration of active lifetime. In his experiment, the females 

reared at 25 °C. laid eggs only as far as the sixth week of age. 

j 

5 

L M S L M S L M S L M S 
Cage No.3(15 °c) Cage No.6( 5 °c Cage No.3(25c) Coge No.6 25'c) 

FIGURE 3. Total ovaposition rate in relation to size of the selected females 
for wing length at different degrees of temperature. 

Figure 3 shows the total number of eggs laid by the same total numbers 

of females (30 females in each group) kept at the two temperatures. 1ht 

results show highly significant effects of the female body size on the life. 

time egg production. There is also a highly significant difference betwee° 
the two temperatures; females at 15 °C. laid more eggs than at 25 °C 

Spiess (1()58) found that in Drosophila persimilis the egg laying capaun 
of females raised under conditions of high larval density does not drffel 

significantly from that of females raised under near optimal conditions 
It is well known from the results reported by many investigators, for er 
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ample, Sang (1950) that larval crowding affects the size of the resulting 

flies, that is, the flies hatched from crowded cultures are smaller in size 

than those from optimally populated ones. 

PHENOTYPIC VARIATIONS OF BODY SIZE AND EGG PRODUCTION 

Phenotypic variations of the body size and the egg production are cal- 

culated as coefficients of variation, and the results are presented in table 1, 

which shows that the coefficients of variation for the egg production are 

much higher than those for body size. This indicates that the former char- 
acter is affected by environmental conditions more than the latter one. 
Robertson and Reeve (1955) found that the relative variance of the fecundity 
of Drosophila melanogaster is about 200 times as that for body size. They 

TABLE 1 

Total lifetime egg production per female in relation to wing length and thorax 
length. Means are presented with their respective standard errors (S.E.) and co- 
efficients of variation (C.V.). Units of measurement are of 1 /0o mm. 

Cage Temper- 
No. ature 

Wing length Thorax length Egg production 
Size 

Mean ± S.E. C.V.% Mean ± S.E. C.V.% Mean ± S.E. C.V.% 

3 25 °C. Large 217.47 ± 1.56 2.58 104.09 ± 0.94 3.27 1131.69 ± 146.61 46.64 
Medium 198.63 ± 2.23 5.61 94.32 ± 1.32 6.99 822.32 ± 80.36 48.86 
Small 180.03 ± 3.52 6.05 83.64 ± 2.10 7.70 409.20 ± 85.23 64.57 

6 25 °C. Large 232.22 ± 2.53 3.49 106.59 ± 1.06 3.10 ± 142.09 
Medium 211.77 ± 2.51 4.39 99.59 ± 1.73 6.43 512.14 ± 108.57 78.44 
Small 182.50 ± 3.78 7.45 86.70 ± 1.47 6.11 502.23 ± 125.22 89.77 

3 15 °C. Large 217.46 ± 2.50 3.91 105.10 ± 1.68 5.42 2021.00 ± 72.35 12.17 
Medium 201.84 ± 2.10 4.16 95.96 ± 1.28 5.31 1174.19 ± 132.45 45.12 
Small 173.86 ± 2.00 3.80 81.91 ± 1.88 7.57 726.73 ± 8.75 39.73 

6 15 °C. Large 233.15 ± 2.61 3.69 107.84 ± 1.42 4.36 1894.73 ± 319.75 55.69 
Medium 206.47 ± 4.42 8.14 99.17 ± 2.82 10.79 974.27 ± 183.71 71.73 
Small 187.77 ± 3.88 6.82 90.45 ± 2.30 8.40 890.27 ± 230.03 85.22 

also reported that inbreeding causes a decline in the egg production and 
the size; the latter is, however, relatively less affected than the former. 
The egg production may be regarded as more sensitive than the body size 
with respect both of environmental and genetical changes. Our results in- 
dicate that changes in environmental conditions cause changes in egg pro- duction and its variability; at 25 °C. the egg production is much lower than at 15 °C., the latter temperature showing less affect on the variability. A similar difference is observed between large and small flies, the egg pro- duction of the former is less variable than that of the latter. These results are in agreement with those reported by Gowen and Johnson (1946) for Dro- sophila melanogaster. 

LONGEVITY AND LIFETIME EGG PRODUCTION 
Table 2 shows the relationship between wing length, the longevity, and the average daily egg production. The selection differentials are measured 
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as differences between the wing length in the selected females and the pops. 

lation mean from which they were selected. The results show that the higher 

averages of egg production are associated with higher selection differes. 

tials for female wing length and for her longevity. In all cases larger fe 

males live longer and produce more eggs than smaller or medium ones. Ir 

could, therefore, be concluded that the metabolic activity as measured by 

egg production capacity is correlated with the physiological fitness as 

measured by female capacity to survive. These results are in agreement 

with those reported by Dobzhansky (1935). 
Table 2 illustrates that the daily average egg production is higher at 

25 °C. than at 15 °C., but the total lifetime egg production (figure 3) is much 

higher at the latter temperature than at the former. Such differences are due 

to the fact that adult females live longer at a lower temperature than ata 

higher one. 

TABLE 2 

Average daily egg production per an individual female in relation to selection 

differential (S.D.) for female wing length and longevity of adult females. Standard 

errors (S.E.) for means are also presented. Units of measurements are of Vioo mm. 

Cage 
No. 

Temper- 
ature Size S.D. ±S.E. Average daily egg 

production ± S.E. 
Average longevity 

± S.E. (Days) 

3 25 °C. Large 21.68 ± 1.58 24.51 ± 1.41 37.31 ± 5.44 

Medium 2.83 ± 2.22 14.78 ± 1.27 35.20 t 3.50 

Small - 15.77 ± 3.68 12.57 ± 1.24 28.20 ± 5.13 

6 25 °C. Large 25.19 ± 2.64 20.93 ± 2.08 36.30 ± 6.53 

Medium 4.78 ± 2.51 10.78 ± 1.22 35.18 ± 4.30 

Small - 23.66 ± 3.44 10.53 ± 1.08 31.53 ± 9.88 

3 15 °C. Large 21.67 ± 2.50 15.03 ± 0.76 119.12 ± 6.50 

Medium 6.04 ± 2.10 10.79 ± 0.57 95.00 ± 6.43 

Small -21.94 ± 2.06 7.33 ± 1.36 83.45 ± 9.91 

6 15 °C. Large 26.14 ± 2.58 17.82 ± 0.81 92.91 ± 11.45 

Medium 0.53 ± 4.42 15.18 ± 0.63 80.13 ± 6.26 

Small -1923 ±3.88 12.79 ±0.64 70.00 ± 10.69 

It is of interest to note from table 2 and figure 3 that the original tem 

perature of the population may have an influence on the capacity for layis) 

eggs. Females from cage No. 3 were reared at 25 °C. However, egg produc 

tion at 15 °C. is different; females from cage six show a higher egg Pr°. 

duction. These results are in agreement with those reported by Tantawy 

and Mallah (1961) who worked on natural populations of Drosophila melon° 

gaster and D. simulans and found that the temperature prevailing in various 

geographical regions affect the body size and the egg viability. 

VIABILITY AND SEX -RATIO 

The viability is measured as the percentage emergence of adults that 

hatched from a given number of eggs cultured in ordinary food bottles. 
Table 3 reports for ten females in each of the selected groups the total 
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lifetime egg production and the percentage of emergence and sex -ratio of 

the progeny. Size of the female parent has no significant effect on the per- 

centage of her eggs which successfully develop to adult stage. The results 
do, however, indicate differences between the two temperatures; 15 °C. 

shows a higher viability. The sex- ratios of the various groups are uniform; 

females slightly out -number the males. 

TABLE 3 

Lifetime egg production (ten females in each selected group) cultured in food 
bottles, with percentages of the emergence of adult flies and the sex -ratio 

Cage 
No. 

Temper- 
ature 

Size 
Total life- 
time egg 

production 

No. of hatched 

Females 
Per cent of 
emergence 

Sex- 
ratio* 

Males 

3 25 °C. Large 14,712 5,002 5,293 69.97 51.41 
Small 4,967 1,642 1,800 6 9.2 9 62.29 

6 25 °C. Large 11,279 3,969 4,207 72.54 51.45 
Small 6,259 2,132 2,304 70.89 51.93 

3 15 °C. Large 24,257 9,704 10,171 81.91 51.16 
Small 7,944 3,213 3,405 83.30 51.15 

6 15 °C. Large 20,842 8,283 8,574 80.88 50.21 
Small 9,793 4,082 4,097 83.51 50.09 

*Percentage of females to males. 

CONCLUSIONS 

The present study, on populations of Drosophila pseudoobscura, shows 
that temperature has a highly significant effect on the egg production. 
Females lay more eggs at a low than at a high temperature. This agrees 
with the data of Alpatov (1932) on Drosophila melanogaster and of Dob- 
zhansky (1935) on Drosophila pseudoobscura. 

Robertson (1957) reported that body size of Drosophila melanogaster may 
influence egg laying capacity. Our results on the whole agree with Robert- 
son's results, but the present work indicates a highly significant effect of the female body size on the capacity for egg laying, and on the longevity 
of the females. Alpatov (1929) and Sang (1950) have found that small flies which hatch in crowded cultures lay fewer eggs. However, Spiess (1958) reported different results. 

The highly significant correlations found between body size and egg pro- duction may indicate that these two characters are genetically correlated. The available data do not warrant such a conclusion, but it would be in- teresting to investigate experimentally this problem in Drosophila pseudo- obscura Robertson (1957) found in his selection experiment for size in Drosophila melanogaster that only in one comparison, after five generations of selection, was there evidence of correlation between size and egg pro- duction; in the others the difference in the egg output of large, small and unselected groups were negligible. He concluded that a substantial change in body size by selection does not lead to parallel changes in egg produc- 
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tion. Our results indicate that changes in body size of Drosophila pseudo. 

obscura are accompanied by changes in egg production. This statement 

needs to be clarified by more experimental studies on selection for large 

and small sizes and lifetime egg production at different generations of 

selection. 
Results obtained clearly show that size has a great influence on egg 

production, on longevity of adult females, but not on egg viability. This 

indicates that egg viability is a character which depends entirely on pa. 

rental genotype rather than their phenotypes. 

SUMMARY 

1. An experiment was designed to test the effects of body size in Dro 

sophila pseudoobscura on lifetime egg production, longevity, and egg via. 

bility. 
2. The results show that large females lay significantly more eggs than 

medium or small flies; small females lay the least number of eggs. Con. 

paring the egg laying capacity at different temperatures, it is found that 

females at 15 °C. lay more eggs than those at 25 °C. 
3. Larger females live longer than medium or small flies: the longevity 

of adult females kept at 15 °C. is greater than at 25 °C. 
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HERITABILITY 
of body size, i.e., wing and thorax length, has been thor- 

oughly studied by ROBERTSON and REEVE (1952) and TANTAWY (1959) 
working on Drosophila melanogaster. They reported that the heritability of wing 
length ranged between 30-40 percent. No estimates for body size on other species 
of Drosophila have been made. 

The most important factors that may affect the additive genetic variance of a 
given character are selection and inbreeding. The effects of selection depend 
greatly on the parental relationship. Mating between remote relatives causes an 
increase (REEVE and ROBERTSON 1953; TANTAWY 1956), while that between full 
sibs causes a decline (TANTAWY 1959). Inbreeding with random mating is the 
major factor decreasing the additive genetic variance, and the extent to which 
this may happen depends- on closeness of relationship of individuals. TANTAWY 
end REEVE (1956) and TANTAWY (1957a) reported that matings between full 
;ibs are most effective in depleting the original heterozygosity for a given char - 
icter, while crossing highly inbred lines (TANTAWY 1957b) leads to increase. 

The present investigation was carried out to study the heritability estimates for 
)ody size, i.e., wing and thorax length, in populations of Drosophila pseudo - 
)bscura and the influence of the original temperature conditions on such esti- 
mates. 

TECHNICAL PROCEDURE 

Two cages, Nos. 3 and 6 of populations of Drosophila pseudoobscura homozy- 
ous for the Arrowhead (AR /AR) gene arrangement in the third chromosome, 
/ere the material of the present study. The cages were maintained for two years 
t 25 °C and 15 °C, respectively. From each cage, 200 virgin females were meas- 
red for wing and thorax length, and selection was carried out for large, medium 
ad small wing length. Thirty females from each selected group were used for 
ying eggs for their lifetime at 25 °C and at 15 °C. For more details concerning 
easuring of adult females, methods of selection and egg counting, see TANTAWY 
ld VETUKHIV (1960) . 

Eggs from the first ten largest females and the first ten smallest females of the 
1 The present work has been carried out during the tenure of the author of the Boese Fellow - 

p at the Department of Zoology, Columbia University, N.Y., U.S.A. 
tetics 46: 227 -238 March 1961. 
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large and small selected groups were cultured in food bottles. Wing and thorax 

length of the offspring of both sexes that hatched on the first two days were meas. 

ured. On each day five males and five females were measured, i.e., 200 pairs of 

flies were used in each of the selected groups. At the same time a control stock 

kept in mass matings from each cage was maintained under each temperature 

and given the same treatment as those of the selected parents. Twenty pairs of 

flies, on the same two days, were measured from each of the control stocks. 

Methods recommended by ROBERTSON and REEVE (1952) for measuring wing 

length and control of environmental variations were followed. 

Effect of size on the productivity under various temperatures: The correlation 

coefficients between parental female size, at various degrees of temperature, and 

lifetime egg production and longevity are presented in Table 1. 

TABLE 1 

Phenotypic correlation coefficients between wing length (W) of the parental females, thorax 

length (T), lifetime egg production (G) and longevity (L), with their standard 
errors. Degrees of freedom =89 

Correlation coefficients between 

25 °C 15 °C 

Cage no. 3 Cage no. 6 Cage no. 3 Cage no. 6 

Female wing length and: 
Female thorax length (r1 5) 0.850 ± 0.029 0.865 ± 0.027 0.941 ± 0.012 0.899 ±0.0 
Egg production (rjvs) 0.506 ± 0.079 0.263 ± 0.099 0.540 ± 0.075 0.323 ±0.041 

Longevity (r,L) 0.143 ± 0.104 0.233 ± 0.100 0.340 ± 0.094 0.267 ± 0.0 

Female thorax length and: 
Egg production (rr0) 0.621 ± 0.065 0.313 ± 0.096 0.580 ± 0.070 0.369 ± 
Longevity (rTL) 0.283 ± 0.088 0.296 ± 0.097 0.436 ± 0.086 0.326 ±0.09: 

Egg production and: 
Longevity (rOL) 0.728 ± 0.049 0.558 ± 0.073 0.737 ± 0.048 0.763 ±0.014 

The path coefficient theory of WRIGHT (1921a, b, 1923, 1934) was applied to 

the correlations in Table 1. The points that need to be taken into consideration 
are: 

A. Egg production may be influenced by longevity. 
B. Wing and thorax length are influenced by genetic and environmental 

factors. 
C. The genetic factors for body growth may well influence the rate of lifetime 

egg production positively. Common genetic factors for body growth and longevim 
seem less probable though not, of course, impossible. 

D. Aspects of favorable environmental conditions on body growth may be e1 

pected to be favorable also for longevity and for rate of egg production. 
One and two factor hypotheses: From Table 1 it can be seen that there are sig 

nificant differences among the sets in all the correlations except rim and rra 

There seems to be some tendency toward higher correlations at 15 °C than at 

25 °C, and perhaps some tendency for Cage 3 to show higher correlations that 

Cage 6, but neither difference is constant. There is enough similarity among the 
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four sets to make it seem worthwhile to get a single over -all picture from the 
average correlations. The statistical analyses for all four populations and the set 

of average correlations are shown in Table 2. 

The analysis on the basis of a single common factor requires that thorax length 
be an almost perfect indicator of the general size. Factor S shows a strong effect 

on wing at all temperatures, but shows rather varied influence on lifetime egg 

production. Results are shown in the calculated path coefficients of Table 2. Ef- 

fects of S on egg production through its effect on longevity are: 0.140 and 0.144 

for females of Cages 3 and 6, respectively, which were maintained at 25 °C. The 
corresponding figures for the cages kept at 15 °C are: 0.240 and 0.223, respec- 

tively. Such results indicate clearly that factor S affects life egg production by this 
route more at a colder temperature than at a warmer one. 

On calculating the correlations from the estimated path coefficients riVT, rTc 

and rah agree exactly while, as noted, small deviations from the observed values 
are shown in the other three. Only in the case of the first population (A) is the 
deviation as much as half the standard error. This solution must thus be consid- 
ered as a possible one. The fact that it fits reasonably well does not, however, 
prove that it is correct. It would, indeed, be very surprising if wing (W), thorax 
(T) and egg production (G) were acted upon by all factors (genetic and environ- 
mental) in such closely parallel fashion that these factors could be combined 
accurately into one (S,) . Diagram 1, which is based on the average of all four 
populations, illustrates the effects of such a factor. S, affects all four different 
characters independently and also affects (G) through (L) . Such a diagram indi- 
cates that the contribution to the correlation of (W) with (G) through (S1) 
alone is 0.252 and that through S, and (L) is 0.166, which give a total correlation 
coefficient (rn.G) of 0.418. The corresponding figures for the contributions to the 
correlations of (T) with (G) are: 0.285 and 0.186, respectively, totalling 0.471, 
which indicate that (W) and (T) show rather similar relations to the egg pro- 
duction rate. 

A two factor solution introduces too many paths for a unique solution. It is of 
interest, however, to find the range of possible solutions. Consideration of equation 
(11) in Table 2, shows that exact solution may be obtained either by introducing 
an additional factor common to (W) and (T) or one common to (T) and (G), 
while an additional one common to (W) and (G) would make the fit worse. The 
same conclusion follows on making the calculations from equations (1), (3) and 
(5) instead of equations (1), (2) and (4). It seems better to postulate a factor 
(S,) common to wing and thorax, than one (S,) common to thorax and egg pro- 
duction. However, the latter was also tried out. A unique solution can be obtained 
(by iteration) by assuming that egg production is related to the additional factor 
(S3) only through longevity (Pas, = 0) as shown in Diagram 2. Another unique 
solution can be obtained by making Pos, as large as possible without making Sivx 
impossible (P1,,x = 0) as shown in Diagram 3. The solutions for the average of 
correlations under both of these assumptions are reported in Table 3. Such results 
seem to be of interest only as mathematically possible solutions, rather than as 
physiologically probable ones. 
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DIAGRAMS 1 -6.- Illustrates the different hypotheses derived by the path coefficient theo>,i, 

where S1, S2 and S3 are size factors, W = wing length, T = thorax length, G = egg production, 
L = longevity and X, Z and Y are the residuals. Note: (5) Prs should read (5) PTS1. 

The calculated coefficients with additional factor (S2) common to wing and 

thorax are given in Table 4a while 4b contains the direct and indirect paths con- 

necting T and G and their total. Diagrams 2 to 6 compare various solutions based 
on the average correlations. While solutions are possible for all values of Po 
between 0.367 (Diagram 2) and 0 (Diagram 3), these do not differ very much 
in other respects. As noted, these solutions do not seem plausible. Solutions are 

also possible for all values of P)vx between 0 (Diagram 4) and 0.439 (Diagram6) 
of which Diagram 5 is one example (exactly intermediate in Prsi). Diagrams 
with Past maximum and Past= 0 is not very plausible. The most plausible solu- 
tion is probably somewhere between Diagrams 4 and 5. The former does not differ 
very much from Diagram 1, except in postulating that the residual factor for 

(W), (here S2), has small effects on (T) and (G) instead of being restricted to 

action on (W), (factor x) . 
Heritability of wing and thorax length. It is of interest to relate heritability estimates to the set of path coefficients. This can be done if we take Diagram 4 or 5 as the most plausible and use the same diagram for both parent and offspring (which may not be wholly justified) and if then we determine what the parent - offspring correlation would be on the assumption of no dominance or interaction, 

1 

] 
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TABLE 3 

233 

Illustrates the various correlation coefficients between different characters as well as path 
coefficients on the assumptions that P083 = 0 and Pwx = 0. The approximate 

one factor (No Ss) is given for comparison 

Correlations Average correlations 

rWr = Pno1 Pral 
roo = P881 1.081 

rna = Pa01 PLaI 

rTO = PTa1 rasi + P183 r083 

rrL = Pral PLa1 + PTa3 Pf83 
roa = PoL -}-1Pcs1 PLSi + Pcs3 PLS3 

TS01= 
Pas1 T POL PLR]. 

ro93 = Pca3 -}- POL PLa3 

Too= P2rva1-}- PZtvI 

rTT=P2Ta1 P2.103 

roo= P031 roal + Pa03 ra83 + POL raL + P=ar 
rLL = P2Lg1 T PZLS3 + PELZ 

0.889 

0.408 
0.246 

0.471 

0.335 

0.696 

1.000 

1.000 

1.000 

1.000 

P,rg1 

PISS 

PTSI 

PTg3 

Pogl 

Pcs3 

PUL 

Ply 

PLg1 

PL,g3 

PLZ 

ragl 

ras3 

No S, 
One factor 

(approximate) 
0.889 
0.458 
1.000 
0 
0.285 
0 
0.609 
0.665 
0.306 
0 

0.952 
0.471 
0 

P= 0 
a 

0.930 
0.367 
0.956 
0.295 
0.274 
0 

0.624 
0.668 
0.264 
0.282 
0.923 
0.439 
0.176 

PR.I =O 

1.000 

0 

0.889 
0.458 
0.258 
0.079 
0.613 
0.671 
0.246 
0.256 
0.935 
0.408 
0.236 

Two solutions on the assumption of a factor. (S,), common to T and L in addition to one, (S1), 
common to W, T and L. One solution is obtained by assuming that Pcs - 0, the other by assum- y g 3 

any negative values, mg that P.. c = 0. Intermediate solutions can be obtained, without giving y ga 
by taking values of Pcs3 between zero and 0.0799. The approximate one factor solution (No S3) 
Is given for comparison (see Table 2) . 

plus the further assumptions that S. is wholly genetic and S1 wholly environ- 
mental in Diagram 4, or S. and Sr are wholly genetic and S1 environmental in 
Diagram 5. The results are presented in Diagram 7a and b. Diagram 7a gives a 
fairly good result for rtron-1, but too small a result for T0Tp, while Diagram 7b 
gives considerably too large a result in both cases. A system differing slightly 
from (a) in the direction of (b) would give the closest fit. There are, however, 
a good many assumptions made and it may be doubted whether one is justified 
in doing more than give the heritabilities as twice the observed parent -offspring 
correlations 

on the assumption of no dominance and interaction. Table 5 shows 
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TABLE 5 

Phenotypic correlation coefficients between parental body size and offspring size. 
Heritability of wing and thorax length are also given 
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Item 

25 °C 15 °C 

Cage no. 3 Cage no. 6 Cage no. 3 Cage no. 6 

Correlations 

WpWo 0.240 0.189 0.203 0.206 

TpTo 0.111 0.121 0.101 0.126 

Heritabilities 

Ply 0.480 0.378 0.406 0.412 

Pr 0.099 0.242 0.202 0.252 

0.50 (a) 
--..."...... 

0.721 W(p) gZ() O. 721 
Vito) `S2(P) 

> 

Q Q 
32* 32* 

T(p) T(o) 

f wowp 0.50 ( 0.721)2.0.260 (observed 0.210) 

rToTp 0.50 (0.324)2 0A52 (observed 0.115) 

0.50 (b) 
.....---"-- -------.., 

X(p) 
X(0) 

0 
' i 

0. 60 

..""..,,, 
S2(p) 0.7 W(p) 0.705 

W(o) 
O S2(0) O 
eoo 60a 

T( p) T(0) 

rw,wp 0.50 (0.410)2+0.50(0.703)20.333(obsvd.0210) 

rToTp 0.50 (0.609)2 .0.185 (abrvd.0.115) 

DIAGRAM 
7. Ill 

Diagram 
1. 

the phenotypic correlation coefficients between parental and offspring size; herit- 
ability of and thorax length are also reported. The results, as presented in 
Table 5, indicate that wing and thorax length of Drosophila pseudoobscura 
possess a considerable amount of additive genetic variance under any given tem- 
perature with insignificant differences between various degrees. 

The results indicate that with changes in the original temperature heritability 
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estimates decline. The percentage decrease in the heritability estimates for wing 

length are 15.9 percent and 8.3 percent for Cage nos. 3 and 6, respectively. Such 

results indicate that the additive genetic variance of a given trait may be affected 

more by changing temperature from warm to cold conditions, rather than the 

reverse situation. 
Relation between parental female size and offspring size: It has been shown by 

various investigators that selection of parents for wing length and thorax length 

has an effect on the progeny (ROBERTSON and REEVE 1952 and later; TANTAWY 

1959 on Drosophila melanogaster; PREVOSTI 1955 on Drosophila subobscura). 

Selection was effective in all cases, and minus selection shows more response than 

that in the plus direction. 
In the present investigation the progeny of the selected females were measured 

for wing length and thorax length, and the results are reported in Table 6. Results 

TABLE 6 

Wing length in the selected offspring and the controls (sexes averaged) at different temperatures 

with their standard errors. Units of measurements are of 1/100 mm. Response to selection 

(sexes averaged) as percentage deviations from controls 

Cage no. Temperature 

Controls Offspring 
Percent deviations 

from controls Wing (sexes avg.) Size Wing (sexes avg.) 

3 25 °C. 199.81 ± 1.09 Large 200.64 ± 1.08 + 0.42 

Small 198.47 ± 1.19 - 0.68 

6 25 °C. 199.73 ± 1.11 Large 200.17 ± 1.03 + 0.22 

Small 198.99 ± 1.03 - 0.38 

3 15°C. 226.16 ± 1.45 Large 226.80 ± 1.70 + 0.28 

Small 225.16 ± 1.14 - 0.44 

6 15°C. 229.05 ± 1.27 Large 229.86 ± 1.35 + 0.36 

Small 227.14 ± 2.06 - 0.84 

obtained for thorax length are not given since they show a similar behavior to 

wing length. 
The results as presented in Table 6 indicate that the response to selection 

should be more pronounced if male parents were also selected. The results are 

presented most effectively as percentage deviations from controls. Response to 

selection in the minus direction is greater than that in the plus one, thus agreeing 
with the results of other investigators. The results also show that populations 
under their original temperature show almost the same response to selection. 
This may indicate that response to selection, measured as percentage deviations 
from controls, does not differ significantly from one population to another of the 

same species, provided they were selected under their original temperature con- 

ditions. Such results raise interesting questions which should be investigated, 
such as the effects of the original temperature conditions on natural populations 
of Drosophila. 
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CONCLUSIONS 

The path coefficients analyses clearly indicate that body size in Drosophila 
pseudoobscura has definite effects on lifetime egg production. Such effects may 
differ according to the original temperature under which the populations have 
been kept for long time. TANTAWY and MALLAH (1961) found, in natural popu- 
lations of Drosophila melanogaster and D. simulan, that the original climatic 
conditions have significant effects in determining various quantitative characters, 
and TANTAWY and VETUKHIV (1960) reported significant effects of temperature 
on egg laying capacity in populations of Drosophila pseudoobscura. 

The present analyses indicate that egg production is a character which is 
influenced more by environmental conditions than by genetic agencies. ROBERT - 

SON (1957) stated that nonadditive effects predominate in egg production in 
Drosophila melanogaster, while the situation is reversed in the inheritance of 
body size. Body size in Drosophila pseudoobscura behaves in the same manner 
as in Drosophila melanogaster and yields similar heritability estimates. The 
higher heritability estimates found in the present study indicate that selection 
in Drosophila pseudoobscura should be effective in increasing and decreasing 
body size. 

Changes of the original temperature result in decline of the heritability esti- 
mates. This is expected on the basis that selection acts mainly on the additive 
genetic variance. Since heritability is defined as a ratio of the additive genetic 
variance to the total variation, it may be altered when either the numerator or the 
denominator is changed. Therefore, one may conclude that the decline in the 
heritability estimates in the present study is due to the increase of environmental 
variations as well as of the environment -genotype interaction, under the new 
conditions. 

SUMMARY 

1. An experiment was designed to study the effects of different temperatures 
and parental female sizes on the egg production rates in Drosophila pseudo- 
obscura. Heritability of the body size and the response to selection in one genera- 
tion were investigated. 

2. The results show that temperature and body size affect the rate of egg 

production and the longevity. The path coefficient theory has been applied to the 
correlation coefficients between different characters. 

3. The correlations between parental size and offspring size indicate that 
populations of Drosophila pseudoobscura possess a considerable amount of addi- 
tive genetic variance for body size. 

4. Changing the original temperature under which the populations have been 
maintained for a long time results in decline of the heritability estimates; this is 

followed by a decrease in the response to selection. 
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Among the chromosomes of Drosophila 
pseudoobscura the relative frequencies of 
the various gene arrangements vary with 
their geographical distribution. Dobzhan- 
sky (1943) reported that populations of 
Drosophila pseudoobscura which live in dif- 
ferent habitats often differ in the relative 
frequencies of their inversions and that the 
composition of a population captured from 
one region may differ significantly from 
season to season, suggesting that in nature 
these karyotypes are subjected to natural 
selection. Similar results have been ob- 
tained by Dubinin and Tiniakov (1945) for 
Drosophila funebris. 

These early findings indicate that the car- 
riers of the various gene arrangements must 
possess different adaptive values in various 
environmental conditions. Such results have 
been confirmed in laboratory experiments in 
which populations of Drosophila were main- 
tained artificially in cages under different 
environments. Thus, the data reported indi- 
cate that at colder or warmer temperatures 
populations carrying different gene arrange- 
ments do not reach equilibrium at the 
same frequencies. Wright and Dobzhansky 
(1946) and Dobzhansky (1947) have attrib- 
uted such a situation to the fact that the 
heterozygous genotypes possess a higher 
adaptive value than either homozygous gen- 
otype. 

After the pioneer work of Dobzhansky, 
many other investigators worked on the 
effects of several environmental conditions 
on quantitative traits in populations of Dro- 
sophila possessing various gene arrange- 
ments. For instance, Heuts (1948), Wallace 

1 The present work was carried out during the 
author's tenure of the Boese Fellowship at the 
Department of Zoology, Columbia University, New 
York, N. Y., U. S. A. 
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(1948), da Cunha (1951), Levine (1952) 
and Moos (1955) working on populations 
of Drosophila pseudoobscura, Spiess and 

Schuellein (1956) and Spiess (1958) on 

populations of Drosophila persimilis, all 

agree that flies with various gene arrange- 
ments do not show the same adaptive values 
in different environments. 

There is little evidence on the differences 
in component of fitness between the chro- 

mosomal types of Arrowhead (AR) and 

Chirichaua (CH) in populations of Droso- 
phila pseudoobscura despite the extensive 
knowledge of the behavior of these chromo- 
somal types in populations. The present 
experiments were designed to investigate 
the adaptive values of the two homozygous 
populations as well as the FI's generation 
maintained under different environmental 
conditions. Some other crosses were carried 
out to study the facilitation, if any, among 
the various arrangements of gene combina- 
tions. 

TECHNICAL PROCEDURES 

Two populations of Drosophila pseudo - 
obscrua homozygous for the Arrowhead and 

Chirichaua gene arrangements in the third 

chromosome kept for two years in popula- 
tion cages were used as basis of the present 
experiments. The foundation stocks were 

prepared by using sixteen strains homozy- 
gous for AR, and thirteen strains homozy- 
gous for CH, all derived from flies collected 
in the locality of Pinon Flats, Mount San 

Jacinto in California. For more details con- 

cerning the maintenance of these popula- 
tions, i.e., No. 180 for AR and 182 for CH, 

and crossing for population cages, see Beard- 
more, Dobzhansky, and Pavlovsky (1960). 
All populations were kept in wooden cages at 

25° C from which samples used for the pres- 

ent experiments were taken. At the begin- 
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ning of the experiments, cups were taken 
from each cage to separate virgin females of 

both homozygous classes and then crosses 

were made within and between populations. 
These parental crosses were maintained at 
temperatures similar to that of the original 
cages. After hatching, virgin females of 

AR /AR, CH /CH, and AR /CH were sepa- 
rated from males. Crosses within and be- 
tween the first two groups were carried out 
to obtain the parental and the first genera- 
tions. Females and males of AR /CH were 
crossed to obtain the second generation and 
heterozygous females were also backcrossed 
with AR /AR and CH /CH males. These six 
different crosses were designated as P1, P2, 
F1, F2, BFiP and BF,P_, respectively. 

Four different temperatures, i.e., 15° C, 
25° C, 27 °C and a fluctuating one (desig- 
nated F° C), were used. For the fluctuating 
temperature, populations were kept for 
twenty -four hour periods at 15° C, 25° C, 
and 27° C in succession. 

Lifetime egg production: Females of 
AR /AR, CH /CH, and AR /CH genotypes 
were used to estimate the lifetime egg pro- 
duction at the four different temperatures. 
At each temperature, ninety virgin females 
of each genotype were taken at random and 
crossed with the same number of males of 
appropriate genotypes for other parts of the 
experiment. Thus, the total number of 
females used in the present experiment was 
1,080. 

At each temperature, ten females and ten 
males were kept in separate vials. Each vial 
contained a paper spoon with the usual 
cream -of- wheat -molasses medium with a 
drop of Fleischmann's yeast. Every day 
spoons from the total of 108 vials were 
removed from the vials and were replaced 
with new spoons holding fresh food and 
yeast. Eggs were counted on each spoon 
under a binocular microscope. To avoid 
crowding, spoons were changed and counted 
twice a day at twelve -hour intervals for the 
first six weeks, after which counts were 
made daily. Such a procedure allowed us to 
count eggs with great accuracy and without 
injuring the eggs. At the time of changing 
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spoons, dead females were counted and dis- 
carded and the death date was recorded. 

Percentage of emergence: For each of the 
six crosses daily egg output for only twenty 
females were put in food bottles. To avoid 
crowding in bottles, eggs were counted and 
cultured twice a day for the first six weeks. 
After hatching adults were counted and clas- 
sified as to sex. Such counting of adult flies 
took place initially at the end of the first 
two days of emergence and then once every 
four days thereafter for warmer tempera- 
tures and once a week for the colder ones. 

Body size and body weight: For each 
cross parents were allowed to lay eggs at 
15° C, 25° C, and 27° C, i.e., crosses were 
kept for 24 hours under each temperature 
and then moved to the next temperature. 
Following the 27° C period the parents 
were returned to 15° C and the sequence 
was repeated four times, so that eggs from 
five days at each temperature were col- 
lected. Eggs were cultured, not more than 
100 eggs, in each food bottle. Adults after 
hatching were collected and kept in fresh 
food bottles for the measurements of body 
size, i.e., wing and thorax length. Body size 
was measured by the method recommended 
by Robertson and Reeve (1952a), and used 
by the author previously (Tantawy, 1959). 

For body weight, a microchemical 100 -A 
Quartz Helix balance was used with which 
individual flies can be weighed. Flies used 
for body weight were kept in empty vials for 
eight hours after hatching and then weighed 
immediately. Five males and five females 
from each bottle for each cross were meas- 
ured on each of the five days giving a total 
of 25 males and 25 females from each cross. 

Longevity: The different crosses were 
maintained under each of the four tempera- 
tures, and the hatched offspring used for 

studying longevity. From each cross at each 

temperature 500 pairs of males and females 

were used with 50 pairs being kept per food 

bottle. All the flies used in this study were 

collected within a period of 24 hours. At 

15° C the surviving adults in each bottle 

were transferred at weekly intervals to fresh 

food bottles and the number of deaths (fe- 
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FIG. 1. Daily lifetime egg production for females of different gene arrangements at 
various temperatures. Each point represents the daily average in a given week. 

males only) occurring during the week was 
determined by counting the dead flies. For 
warmer and fluctuating temperatures flies 
were transferred twice a week. 

RESULTS AND DISCUSSION 

Lifetime Egg Production 

The relationship between lifetime' egg 
production for females of different gene 
arrangements maintained at 15 °C, 25 °C, 
and 27° C are presented in figure 1. The 
results are reported as averages per day per 
female in a given week. The average daily 
egg production increases rapidly to the end 
of the first week of age in females main- 
tained at the warmer temperatures, and 
more slowly at the colder one. At 25 °C and 
27° C the highest peaks for all genotypes 
are at about the end of the first week, where- 
as the peak appears at the end of the third 
week of age at 15° C. Such peaks are uni- 
form for females with different gene ar- 

rangements (with significant differences) 
kept at the same temperature. 

Comparing the effects of the different 
genotypes on egg -laying capacity, it maybe 
seen that females of AR /AR reared at 15° C ' 

are superior to those of CH /CH, while those 

of AR /CH are intermediate. At 25 °C the 

AR /CH females (apart from the first week) 
are superior to all other genotypes while 
females of AR /AR are intermediate. At 

both temperatures, the CH /CH females lay 

the fewest eggs. The situation at 27° C is 

different, with AR /CH females superior 
and AR /AR females inferior to CH /CH 
females. 

Figure 2 reports the total lifetime egg pro- 
duction of the same number of females (90 

females in each group) at the four different 
temperatures. The results show clearly sig- 

nificant effects of temperature on egg pro- 
duction which agree well with those found 

by Tantawy and Vetukhiv (1960) working 
on populations of Drosophila pseudoob- 
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FIG. 2. Total oviposition rate for females of dif- 
ferent genotypes at different temperatures (90 
females in each group). Probabilities (based on the 
average lifetime per female) between: 
(AR /AR- CH /CH) < 0.001 at 15° C and 25° C, 

< 0.5 at 27° C, and < 0.2 at 
F° C. 

(AR /AR- AR /CH) < 0.001 at 15° C, < 0.01 at 
25° C and F °C, and < 0.3 at 
27° C. 

(CH /CH- AR /CH) < 0.001 at 15° C and 25° C, 
<0.7at27° C and < 0.3 at 
F° C. 

scura. The results also illustrate significant 
differences in egg -laying capacity between 
females with various gene arrangements. 
Tests of significance between different gen- 
otypes are presented in the caption of figure 
2. 

The most important feature of figure 2 is 
the results obtained from the fluctuating 
temperature. Under such temperature con- 
ditions differences in egg production be- 
tween genotypes are similar to those ob- 
tained at 27° C, but the total number of 
eggs is intermediate between the numbers 
obtained at 25° C and 27° C. 

The results as reported in figures 1 and 2 
indicate clearly that different gene arrange- 
ments possess various adaptive temperature 
norms. These results will be discussed later. 
Similar findings have been reported earlier 
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by Wallace (1948) who showed, in the same 
species, that at 25° C the SR /ST gene ar- 
rangement is superior in fecundity to the 
two homozygous groups and SR /SR is su- 
perior to ST /ST, but that at 16.5° C, the 
latter is superior to the former. Heuts 
(1948), Levine (1952), and Moos (1955) 
reported similar physiological behavior. Da 
Cunha (1951) obtained similar results when 
studying the effects of different nutritional 
conditions in the same species. 

Percentage of Emergence and Sex -Ratio 
Viability is measured as the percentage of 

emergence of adults from a given number of 
eggs cultured in ordinary food bottles. Table 
1(a) reports the total lifetime egg produc- 
tion for twenty females in each group at 
each temperature and the percentage of 
emergence, as well as the sex -ratio. Table 
1 (b) shows tests of significance for per- 
centage of emergence between different 
genotypes. 

The results as given in table 1(a) indi- 
cate clearly significant differences between 
temperatures. Eggs obtained from the 
crosses of both homozygous groups show the 
highest viability at any given temperature. 
At 15° C and 25° C crosses within AR /AR 
show greater viability than those within 
CH /CH. But at 27° C and F° C, the latter 
genotype is superior to the former. 

Percentage of emergence from eggs to 
adults is higher for the F1 generation than 
for the F2's, the differences being signifi- 
cant at 15° C and 25° C but not at 27° C 
and F° C. Females of the F1, backcrossed 
to AR /AR males, show greater viability 
(though not significantly so) than the back - 
crosses to CH /CH males at 15° C and 25° 
C. At the other two temperatures the situa- 
tion is reversed. 

Sex -ratio data, as shown in table la(C), 
indicate that at 15 °C and 25° C the number 

of females is greater though not significantly 
so. At 27° C and F° C there are significant 

differences between sexes (the level of sig- 

nificance is 1 %) with females in excess. 

These results indicate that females resist 

changes in temperatures more, and are bet- 
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TABLE la. Number of eggs cultured (A), percentage of emergence (B), and sex -ratio (C). 
See text for designation of crosses 

Crosses 
15° C 25° C 27° C F° C 

A B C A B C A B C A B C 

(1) P1 37108 76.41 53.81 16786 59.05 53.29 2711 7.52 63.03 7624 43.88 61.01 

(2) P2 6797 66.64 53.37 7849 52.06 57.75 5085 10.36 65.31 5693 54.61 62.45 

(3) F1 12897 82.63 51.89 11400 66.26 54.80 3487 15.11 68.06 7202 56.11 63.15 

(4) F2 10932 77.46 53.62 21837 56.56 56.69 3785 14.82 66.26 10834 49.27 62.21 

(5) BF1P1 11983 78.67 52.96 11707 61.93 51.70 2816 12.11 64.25 4996 53.62 59.84 

(6) B F1P_ 7134 77.17 52.55 7040 61.72 53.20 2130 14.32 66.41 9093 56.00 57.67 

b. Probabilities for percentage of emergence (B) (based on weekly averages) between: 

Crosses 
15° C 25° C 27° C F° C 

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 

1 * * * - - - - * * * * * * _ * * 

2 ** ** ** ** ** * ** ** * * _ * - * - _ 

3 * _ * ** - - _ _ _ * _ _ 

4 * * * * 

5 

* Significant at the level of 5%. 
** Significant at the level of 1%. 
- Insignificant. 

TABLE 2. Variance (Q2) of logarithms of measurements for wing length, thorax length, and 
body weight at various temperatures. See text for designation of crosses 

Crosses 
15° C 25° C 27° C 

Males Females Males Females Males Females 

a. Wing length 
P1 0.000085 0.001040 0.000067 0.000104 0.000456 0.000478 
P2 0.000314 0.000232 0.000117 0.000123 0.000332 0.000296 
Fl 0.000173 0.000181 ' 0.000109 0.000105 0.000213 0.000275 
F2 0.000364 0.000235 0.000313 0.000324 0.000378 0.000567 

BFSP1 0.000111 0.000205 0.000205 0.000211 0.000389 0.000453 

BF1P2 
b. Thorax length 

0.000346 0.000231 0.000318 0.000400 0.000299 0.000314 

P1 0.000123 0.000215 0.000150 0.000158 0.000415 0.000462 
P2 0.000305 0.000413 0.000279 0.000341 0.000311 0.000450 
F1 0.000261 0.000197 0.000234 0.000199 0.000247 0.000234 
F2 0.000433 0.000497 0.000316 0.000405 0.000497 0.000489 

BFIP1 0.000364 0.000376 0.000560 0.000489 0.000539 0.001059 
BF1p 

c. Body weight 
0.000418 0.000395 0.000617 0.000598 0.000437 0.000493 

P1 0.001985 0.002531 0.000813 0.001211 0.001933 0.001598 
P2 0.002633 0.003631 0.001825 0.002031 0.001845 0.001936 
Fl 0.001409 0.001788 0.001101 0.001012 0.001198 0.001937 
F2 0.002631 0.003617 0.002351 0.002616 0.001873 0.002137 

BF,P, 0.001636 0.002113 0.001131 0.001545 0.002714 0.002596 
Bg1p_ 0.001907 0.002231 0.001725 0.001845 0.002235 0.002411 
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Fic. 3. Average measurements and weights (sexes averaged) for wing and thorax length 1 /100 
mm and body weight in mg for flies of different gene arrangements at various temperatures. 

ter buffered than males. The same conclu- 
sions have been reached by Tantawy and 
Mallah (1961) who worked on natural pop- 
ulations of D. melanogaster and D. simu- 
lans. 

Body Size and Body Weight 
Body size, i.e., wing and thorax length, 

and body weight of the offspring resulting 
from the six different crosses are shown in 

figure 3, and the variance (u2) of logarithms 
of measurements are given in table 2. Log- 

arithms have been used here to cancel out 
the effect of the absolute size on variance, 

since these are often correlated. 
The results indicate highly significant 

differences between temperatures. The flies 

are much larger and heavier at colder tem- 

peratures than at warmer ones. Tantawy 
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and Mallah (1961) and Robertson (1959) 
reported significant effects of temperature 
on wing length. Robertson (1959) attrib- 
uted such an increase at colder temperature 
"Almost entirely to a change in cell size." 
He also concluded that "cell number re- 
mains comparatively constant." The pres- 
ent results also indicate significant positive 
correlations between body size and body 
weight. 

Comparing the different crosses at vari- 
ous temperatures, it is apparent that the off- 
spring within the homozygous AR /AR have 
longer wing and thorax length with heavier 
body weight for both sexes at 15° C and 
25° C. Crosses between the two homozy- 
gous groups produce larger offspring at 27° 
C, while those within the CH /CH genotype 
have larger offspring than those within the 
AR /AR group at 27° C. The excess of the 
F1 generation over the mid -parent will be 
considered in a later section. The results 
also indicate a tendency for a phenotypic 
correlation of body size and body weight 
with reproductive rate, as measured by egg 
production. 

Measurements of both characters for the 
F1 generation exceed those for the F2. The 
backcrosses are generally intermediate be- 
tween the F1 and the recurrent parent. 

Examination of the variance (u2) of the 
logarithms of measurements (table 2) shows 
significant differences between tempera- 
tures. Within temperatures significant dif- 
ferences also occur between genotypes. At 
15° C and 25° C the CH /CH genotype is 
more variable than AR /AR (significant at 
the 5% level). In all characters studied the 
F1 generation is generally (but not always) 
less variable than parents, while the F2 
shows insignificantly higher variability than 
the parental generations. Offspring result- 
ing from backcrossing F1 females with 
AR /AR males at 15° C and 25° C are less 
variable than those obtained from CH /CH 
males (the differences being significant at 
the 5% level). The situation at 27° C is 
reversed in favor of CH /CH genotype. 
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Longevity 

The longevity of adult females resulting 
from different crosses is shown in figures 4 
and 5, respectively, as the number of sur- 
viving females and as death rate. The re- 
sults in figure 4 indicate that at 15° C 
AR /AR females are superior to AR /CH, 
which in turn are superior to all other fe- 
males except for BF1p1. At 27° C CH /CH 
females live longer than AR /AR females. 
The F° C group (not shown) show values 
intermediate between those obtained at 25° 
C and 27° C. 

Figure 5 shows that at 15° C the highest 
values for death rate are different for differ- 
ent genotypes. Peaks are found at the end 
of the fifth week in CH /CH females and at 
the sixth week of age in other groups. At 
25° C the highest peak is found at the end of 
the second week of age in all groups. The 
results at 27° C, where two peaks can be 
found in all groups, are unexpected. They 
could be accounted for by some undetect- 
able unfavorable environmental conditions 
occurring at the end of the third week of age. 

Table 3a shows the average longevity 
(days) for females in the fecundity and the 
longevity experiments. The results indicate 
that females of the latter experiment live 
longer than those of the former. This could 
be due to "laboratory error." Table 3a (A, 
B) indicates that at 15° C the longevity of 
F1 females is intermediate between those of 
the parents, while at the other temperatures 
it is higher. There is a decline (table 3a(B) ) 

in the F2 longevity compared with that of 
the F1. At 15° C and 25° C offspring of 

AR /CH females backcrossed to AR /AR 
males live longer than those from the 
CH /CH backcross, while at 27° C and F° C 

the situation is reversed. Tests of signifi- 

cance (table 3b) indicate that significant 
differences exist between most of the longev- 

ity means at 15° C and 25° C but not at 
27° C. 

CONCLUSIONS 

It is well known from population cage 

experiments with Drosophila pseudoobscura 
(Wright and Dobzhansky, 1946; and Dob- 
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TABLE 3a. Average longevity (days) for females used in fecundity experiment and longevity 
experiment with their standard errors. See text for designation of crosses 

Crosses 15° C 25° C 27° C F° C 

A. Fecundity experiment 
(1) P1 74.18 ± 3.52 30.55 ± 3.01 11.60 ± 4.91 19.61 ± 3.81 

(2) P2 49.93 ± 5.13 21.26 ± 4.62 14.93 ± 3.79 24.64 ± 2.91 

(3) F1 63.92 ± 3.92 33.71 ± 2.32 16.23 ± 4.22 29.23 ± 1.38 

B. Longevity experiment 
(4) P1 79.80 ± 3.01 31.46 ± 2.50 13.72 ± 4.11 20.01 ± 3.15 

(5) P2 56.04 ± 4.21 23.24 ± 3.56 15.62 ± 4.23 26.40 ± 3.49 

(6) F1 66.53 ± 2.34 36.85 ± 2.49 19.12 ± 3.93 30.22 ± 2.93 

(7) F2 57.53 ± 4.39 30.73 ± 3.82 17.09 ± 4.41 24.00 ± 3.92 

(8) BF,Pi 74.07 ± 3.52 32.62 ± 3.44 15.68 ± 3.81 26.21 ± 3.76 

(9) BFiPz 66.12 ± 4.94 27.09 ± 4.01 17.85 ± 3.34 28.05 ± 7.80 

zhansky, 1948) that inversions confer dif- 
ferent adaptive values on their carriers. 
Moreover, these differences in adaptive 
value are sensitive to temperature. Briefly, 
no differences in adaptive value can be 
observed at 15° C, while at 25° C the order 
of adaptive values is AR /CH>AR /AR> 
CH /CH. The results of the present experi- 
ments show that the components of fitness 
-fecundity, longevity, and viability -can 
in large part explain the population cage 
observations. In table 4 the relative fitness 
values of the various crosses for the differ- 
ent components of adaptive value are listed. 
The heterozygotes are arbitrarily assigned 
the fitness 1.000. As the table shows, the 
order of fitness values at 25° C is AR /CH> 

AR /AR>CH /CH for all components of the 

life cycle. At the even higher temperature 
of 27° C and at F °C there is still heterosis, 
but the fitness of the two homozygotes is 

reversed, i.e., AR /CH>CH /CH >AR /AR. 
It would be extremely informative to main- 
tain population cages under fluctuating con- 

ditions to see whether the equilibrium fre- 

quencies of the inversion correspond to the 

fitness components as they do at 25° C. At 

15° C the results are equivocal, with hetero- 
sis shown for viability, but not for the other 
fitness components. This also agrees with 

the population cage results, although the 

consistent inferiority of CH /CH at 15° C 

does not. 
A point of considerable interest is the sim- 

TABLE 3b. Significance levels for differences in longevity: (longevity experiment). The values 
shown refer to % level of significance. Minus signs indicate lack of significance 
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15° C 25° C 27° C F° C 

4 5 6 7 8 9 4 5 6 7 8 9 4 5 6 7 8 9 4 5 6 7 8 9 

4 

5 

6 

7 

8 

6 5 

7 

5 8 

- 6 

7 7 

8 

7 

8 

8 

8 

7 8 - - 8 - 8 -- 
6 8 7 - - - - 

8 8 7 

8 

8 

- 
8 8- 

8 - 
8 

8 8 

- - 
8 

(fecundity experiment) 

Crosses 
15° C 25° C 27° C F° C 

1 2 3 1 2 3 1 2 3 1 2 3 

1 

2 

5 7 

7 

8 8 

6 

8 6 

8 



DEVELOPMENTAL HOMEOSTASIS IN DROSOPHILA PSEUDOOBSCURA 

TABLE 4. The relative fitness for flies of different 
gene arrangements at various temperatures 

Tempera- 
ture Pi Fi P2 Pi Fi P2 

a. Egg production c. Longevity (f ecun- 
dity experiment) 

15° C 1.400 1.000 0.525 1.161 1.000 0.781 
25° C 0.828 1.000 0.525 0.906 1.000 0.631 
27° C 0.616 1.000 0.857 0.715 1.000 0.920 
F° C 0.702 1.000 0.834 0.671 1.000 0.843 

b. Percentage of emergence 
(longevity experi- 
ment) 

15° C 0.925 1.000 0.807 1.199 1.000 0.842 
25° C 0.891 1.000 0.786 0.854 1.000 0.631 
27° C 0.498 1.000 0.686 0.718 1.000 0.817 
F° C 0.782 1.000 0.973 0.662 1.000 0.874 

ilarity of the results from the 27° C and the 
F° C experiments. It appears that in a 
fluctuating environment of high periodicity, 
it is the extreme high temperature that is 
most influential in determining results. The 
similarity exists not only for the fitness com- 
ponents but for the metric characters as well. 
It should be pointed out, however, that these 
results are at variance with those obtained 
by Vetukhiv and Beardmore (1959) in their 
experiments on crosses between geographi- 
cal populations. In their work, the results 
under fluctuating temperature, if anything, 
more closely resembled those obtained under 
the lower temperature. 

The second point of importance that can 
be derived from our experiments is the rela- 
tion between variability and fitness. Con- 
sidering variability between replicates and 
between individuals within temperatures, it 
is generally clear that greater fitness is asso- 
ciated with lower variability (tables 3a and 
4) . The superior genotype at any given tem- 
perature produces less phenotypic variabil- 
ity both for fitness components and for met- 
ric characters. The picture is not the same, 
however, when variability between temper- 
atures is considered. For longevity (fecun- 
dity experiment) table 3a(A), the coeffi- 
cient of variation of the genotypes AR /CH, 
AR /AR, and CH /CH are 0.517, 0.741, and 
0.349, respectively. That is, the poorest 
genotype has the lowest coefficient of vari- 
ability between temperatures. For longevity 
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(longevity experiment), table 3a(B), the 
corresponding values are 0.531, 0.826, and 
0.585. In this case the poorest genotype 
and the best show roughly equal coefficients 
of variability, while AR /AR individuals, 
whose mean longevity is not very much dif- 
ferent from the AR /CH (36.25 days as op- 
posed to 38.18 days), have the highest co- 
efficient of variability. It is clear, then, that 
great care must be exercised in the interpre- 
tation of variability as an index of buffer- 
ing. 

Phenotypic variation may be caused by 
genetic diversity, environmental agencies, 
and interaction of both. Many results have 
been obtained to show that in populations of 
Drosophila adaptation to environment de- 
pends on a heterozygous genotype. Thus, 
Robertson and Reeve (1952a) and Mather 
(1953 ), and Smith and Smith (1954) have 
reported that, when exposed to the same 
variety of environmental stimuli, heterozy- 
gotes produce more uniform phenotypes 
than do homozygotes. The development of 
the heterozygotes is then on the average 
better buffered against environmental dis- 
turbances than that of homozygotes. Dob- 
zhansky and Wallace (1953 ) considered this 
phenomenon to indicate a superior homeo- 
static adjustment of the developmental pat- 
tern in an average heterozygote. Robertson 
and Reeve (1952b) suggested that the de- 
crease of the variance following hybridiza- 
tion may be due to greater biochemical ver- 
satility of the heterozygotes. Lewis (1954) 
supported the idea that biochemical versa- 
tility would be manifest, at least in part, in 
alternative pathways of biosynthesis func- 
tional under different environmental op- 
tima. Lerner (1954) argued that "hetero- 
zygosity has a dual function in the life of 

Mendelian populations. On the one hand, 
it provides a mechanism for maintaining 
genetic reserves and potential plasticity, and 

on the other, it permits a large proportion 
of individuals to exhibit combinations of 

phenotypic properties near the optimum. 

Underlying both processes is the superior 

buffering ability of heterozygotes with 

homozygotes." 
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TABLE 5. Percentage of heterosis in different characters manifested at varions degrees of temperature 

Character 
15° C 25° C 27° C F° C 

Fi F2 Fi F2 Fi F2 Fl F2 

Egg production 3.9 ±1.4 - 4.8 ±5.6 35.8 ±4.4 - 30.2 ±3.9 
Percentage of 

emergence 
11.1 ±3.1 5.9 ±2.3 10.7 ±2.4 1.0 ±3.1 6.2+3.3 5.9 ±4.1 6.8 ±4.2 -0.1±1.4 

Wing length -0.9 ±0.5 -1.9 ±0.4 0.3 ±0.2 0.5 ±0.2 3.6 ±0.5 0.1 ±0.2 
Thorax length -2.5 ±0.4 -3.2 ±0.6 -0.5 ±0.4 0.9 ±0.5 3.7 ±0.3 0.7 ±0.4 
Body weight -8.6 ±2.1 -16.4 ±4.3 -2.0 ±2.4 -7.0 ±4.5 4.7 ±3.4 5.9 ±2.6 
Longevity: 

Fecundity exp. 3.0 ±1.1 - 30.2 ±5.6 22.4 ±6.4 - 32.1 ±5.8 - 
Longevity exp. -2.0 ±2.3 -15.3 ±7.4 34.4 ±5.5 12.4 ±6.7 30.3 ±5.6 16.5 ±7.3 30.3 ±4.9 3.5 ±3.4 

One may conclude from the above discus- 
sion that a population possesses greater 
adaptation than another population if it is 
adapted to a greater variety of environments 
(Lewontin, 1957). Therefore, the AR /CH 
heterozygotes may be viewed as being better 
buffered against environmental disturb- 
ances, i.e., more homeostatic, since they can 
live longer and produce more offspring than 
any other populations in a wide variety of 
environments. A similar test of this phe- 
nomenon was made by Dobzhansky and 
Levine (1955) using a range of temperature 
and food sources in Drosophila pseudoob- 
scura. They reported that homozygotes 
have a low average fitness and a high vari- 
ability as compared with heterozygotes. 

Two explanations have been advanced to 
account for superior homeostasis in hetero- 
zygous individuals. The first attributes it 
to versatility in development of heterozy- 
gotes beyond that found in homozygotes. 
The second view sees no special properties in 
the heterozygosity except the classic one of 
promoting segregation, which leads to su- 
perior buffering in hybrids by virtue of the 
heterozygous balance achieved in outbreed- 
ing species by natural selection. 

Percentage of heterosis may be expressed 
as the ratio of the F1 or F2 means to the 
average value for the parents (Tantawy, 
1957). The results are presented in this 
form in table 5 which includes all characters 
studied at the different temperatures. The 
general conclusions which can be drawn 
from such results are that the F1 hybrids 
show a heterotic increase for egg production, 

percentage of emergence, and longevity, 
over the parental level, and that the F2 gen- 

eration shows a breakdown of heterosis. 
Body size and body weight display negative 
heterosis at 15 °C, and positive heterosis at 
27° C. In the intermediate temperature the 

direction of heterosis is variable. 
The results of table 5 indicate clearly that 

even when heterosis is present in F1 hybrids 
it is not necessarily found in all charac- 
ters. They are in agreement with those re- 

ported by Vetukhiv and Beardmore (1959). 
Another point of interest is that heterosis 
for most of the characters is strongest in 

populations reared at 27° C. It has been 

suggested by Lerner (1954) that euhetero- 
sis is connected with developmental homeo- 
stasis. From the results previously reported, 
one may gather that 27° C is the most 

stringent environment for populations of 

Drosophila pseudoobscura. Therefore, one 

expects that heterosis is likely to be more 

manifested at the 27° C than at other tem- 

peratures. This is in agreement with Wal- 
lace (1948) , who measured many physio- 
logical traits in the life cycle of "Sex -ratio" 
and "Standard" genotypes of D. pseudoob- 
scura. He reported that females heterozy- 
gous for ST /SR chromosomes showed het - 

erosis more strongly at high than at low 

temperatures. Moriwaki, Ohnishi, and Nak- 

ajima (1956), who investigated the compar- 
ative viability of gene arrangement homozy- 
gotes and heterozygotes in D. ananassae, 
demonstrated that no heterosis was found 

under optimal conditions but was observed 
under unfavorable ones. 
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SUMMARY 

1. Laboratory populations of Droso- 
phila pseudoobscura carrying AR /AR and 
CH /CH gene arrangements were the basis 
of the present experiments. Various crosses 
were made to study the productive capacity 
measured as lifetime egg production, per- 
centage of emergence, body size, i.e., wing 
and thorax length, body weight and longev- 
ity of adult females. Four different experi- 
mental treatments were used: constant 
temperatures of 15° C, 25° C, 27° C, and a 
fluctuating one between these three. 

2. Lifetime egg production differed sig- 
nificantly between temperatures: 15° C 
gave the highest egg production while 27° 
C gave the lowest. AR /AR was found to be 
the best genotype at 15° C while AR /CH is 
superior at 25° C, 27° C and at the fluctu- 
ating temperature. CH /CH is generally 
inferior to all types except that at the 
warmer temperatures; it is superior to 
AR /AR. 

3. Percentage of emergence, body size, 
body weight and longevity give substan- 
tially the same picture as that found for egg 
production. 

4. Variances of quantitative characters 
of the superior gene arrangements at a given 
temperature are often smaller than of the 
poorer ones. 

5. The relative indexes of fitness show 
that the heterozygous genotypes are the 
most adapted ones, while the CH /CH is the 
least. 

6. The F1 hybrids generally show het - 
erosis in egg production, viability, and lon- 
gevity. Body size and body weight display 
more heterosis at 27° C than at 15° C or 25° 
C. In the F2 generation a breakdown of 
heterosis occurs in all the characters studied. 
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POPULATIONS OF DROSOPHILA PSEUDOOBSCURA 1) 
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(Received November 19, 1962) 

An experiment was designed to study the effects of various dosages of 

X -ray irradiation on different gene -arrangements (AR and CH) of the third 
chromosome of D. 75seudoobscura, with respect to quantitative characters. 

Egg production showed an insignificant decline at 1500r and an in- 

creasingly strong reduction by 3000 and 4500r. Other characters studied 
(emergence, longevity, body size and weight) generally showed the same 
trend. 

Irradiation of both gene -arrangements usually gave more reduction in 

fitness characters than did irradiation of one gene arrangement alone. 
Irradiation caused an increase in phenotypic variability as expressed by 
coefficients of variation. 

Heterosis in F1 was observed for most of the characters studied, and a 

breakdown of heterosis in F2. Heterosis was enhanced by irradiation at 
higher dosages. 

Relative indices of general performance indicate that the adaptive 
values decreased with the increase in radiation dosages. In all cases the 
heterozygous genotypes are the fittest while the CH /CH homozygote was 
the least fit. 

Introduction 

It is a well known fact that the use of X- irradiation has widespread 
deleterious effects on the offspring in the subsequent generations. 
The biological action of radiation is most plausibly attributed to 

chemical changes from ionization. The genetic effects are due mainly 
to point mutations arising by radiation which confer harmful effects 
on individuals carrying tl}em. In the case of recessive lethal mutations 
induced by irradiation of Drosophila melanogaster spermatozoa, it 

has been demonstrated that the relation between frequency and dose 

is substantially linear over a very wide range. 

1) The present work was carried out during the author's tenure of a Fellow- 
ship (PHS Grant No. CRT -5013) given by the Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine, U.S.A. 
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The effects of different doses of X- irradiation on quantitative 
characters in laboratory animals have been investigated by various 
workers. Thus, GOWEN & STADLER (1952), HERSKOWITZ & ABRA- 

HAMSON (1956), ABRAHAMSON & HERSKOWITZ (1957) and others have 
shown a linear decline in egg production in D. melanogaster as dosage 
of radiation increases. HERSKOWITZ (1957) and others reported that 
X- irradiation in D. melanogaster females causes a significant increase 
in egg mortality. Shortening of lifespan was noticed by BAXTER & 

TUTTLE (1957) in Drosophila, by CORK (1957) in the flour beetle, by 
WHARTON & WHARTON (1959) in the cockroach, and by ALEXANDER 

& CONNEL (1960) in mice. Reduction in fertility was demonstrated 
by KING (1952) in D. melanogaster, by YANDERS (1954) in D. robusta, 
and by PARK, DE BRUYN & BOND (1958) in the flour beetle. WALLACE 

& KING (1951) reported that irradiation caused a decline in the 
fitness of D. melanogaster. 

The present experiments were undertaken to investigate the genetic 
effects of various doses of X- irradiation in progeny carrying a de- 
scendant of one or two irradiated third chromosomes, one of the 
largest autosomes in D. pseudoobscura. Other chromosomes could 
not be controlled and were disregarded. Some quantitative characters, 
i.e. lifetime egg production, percentage of emergence from egg to 
adult stage, longevity, body size, i.e. wing and thorax length and 
body weight in populations of D. pseudoobscura possessing different 
gene arrangements, i.e. Arrowhead (AR) and Chiricahua (CH) of the 
third chromosome, were under observation. For references concerning 
the experimental work on various gene arrangements in Drosophila, 
see TANTAWY (1961). The manifestation of heterosis in the first 
generation and possible breakdown in the second one was of particular 
interest. Crosses, other than F1 and F2 generations, were carried out 
to provide complete data for comparison with those obtained previous- 
ly ( TANTAWY, 1961) in which the same populations were used but 
subjected to various temperatures. 

Technical procedure 

Two populations of D. pseudoobscura homozygous for the Arrowhead 
(AR /AR) and Chiricahua (CH /CH) gene arrangements of the third 
chromosome and kept for three years in population cages were used 
as the basis of the present experiments. The same populations were 
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used by the author (TANTAWY, 1961) in a study of the effects of four 

different temperatures on the same quantitative characters studied 

here. Details of the origin of these populations and of the crosses 

required for their maintenance are contained in the earlier paper. 

Virgin males of AR /AR and CH /CH were given different doses of 

X- irradiation, i.e. 0 r, 1500 r, 3000 r and 4500 r. Radiation was de. 

livered from a G.E., S.R.T. beryllium window machine using the 

following factors: 100 KVP, 6 ma, added filtration of 1 mm. al., target 

distance of 15 cm., and a dose rate of 100 r /minute (air). During the 

treatments the flies were kept in small gelatine capsules (50 males in 

each) on a petri dish. Temperature at the time of irradiation was 

about 25 °C. 

After irradiating the males, crosses with virgin females of BI Sc/I 

stock were carried out, using the following procedure, e.g. for AR /AR 

males. P: yy Bl Sc /L x da AR /AR. F1: y? BI Sc /L x dd AR /Bl Sc. 

F2: BI Sc /L x ód` AR /L. The underlined gene arrangements, 

AR or CH as the case may be, indicate origin from an irradiated 

ancestor. The technique was essentially the same for all doses and 

genotypes. Male offspring appearing in the F2 generation, i.e. AR /Bl 

Sc or CH/B/ Sc, in the different dosage groups were used for crosses 

with virgin females of known genetic background, i.e. AR /AR and 

CH /CH to obtain the desired females for the egg production experi- 

ment and for other crosses. The females used for measuring egg laying 

capacity were: AR/AR, CH /CH, AR /CH, AR /CH, AR /AR, AR /CH 

and CH /CH. The last three irradiated genotypes were obtained by 

crossing AR/B/ Sc and CH/B/ Sc within and between populations. 
At the same time virgin females of AR /AR, CH /CH and AR /CH from 

the control populations were obtained. 
After obtaining the required number of females for the egg pro- 

duction experiment, various crosses were carried out. Table 1 illustrates 
the control crosses and some of the 48 "irradiated" crosses which 

were maintained for each dosage of irradiation. Offspring resulting 

from crosses No. 8 -17, No. 18 -36, No. 37 -48 and No. 49 -55 should 

possess 25 %, 50 %, 75% and 100% irradiated third chromosomes, 
respectively. Such crosses were made for each different dosage to 

obtain the parental, first, second generations and both backcross 

generations (Table 1) which were designated as P1, P2, F1, F2, BFIPI, 

and BF1P2, respectively. For more details concerning such crosses the 
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TABLE 1 

TYPE OF CROSSES CARRIED OUT BETWEEN MALES AND FEMALES CARRYING DIFFER- 

ENT IRRADIATED GENE -ARRANGEMENTS ON THE THIRD CHROMOSOME 

Cross 

No. 

Gener- 
ation 9? dd 

Cross 
No. 

Gener- 
ation y? dd 

Controls 15 BF1P1 AR/CH AR/AR 
1 PI AR/AR AR/AR 16 BF1P2 AR/CH CH/CH 
2 P2 CH/CH CH/CH 17 BF1P1 AR/CH CH/CH 
3 F1 CH/CH AR/AR 
4 Fi AR/AR CH/CH 18 PI AR/AR AR/AR 
5 F2 AR/CH AR/CH 
6 BF1P1 AR/CH AR/AR 34 BF1P2 AR/CH CH/CH 
7 BF1P2 AR/CH CH/CH 35 BFIP2 AR/CH CH/CH 

36 BF1P2 AR/CH CH/CH 
Irradiated arrangements 

37 Pi AR/AR AR/AR 8 Pi AR/AR AR/AR 
9 P2 CH/CH CH/CH 

10 F1 CH/CH AR/AR 48 BF1P2 AR/CH CH/CH 
11 Fl AR/AR CH/CH 
12 F2 AR/CH AR/CH 49 P1 AR/AR AR/AR 
13 F2 AR/CH AR/CH 
14 BF1P1 AR/CH AR/AR 55 BF1P2 AR/CH CH/CH 

í paper TANTAWY (1961) should be consulted. The various females 
F obtained in the present experiment were mated with the same number 

of males of an appropriate genotype for the other parts of the experi- 
ments. 

In the egg production experiment sixty virgin females were used 
in each of the irradiated groups for each dosage. During the collection 

s of eggs, eggs were counted, collected and cultured for five successive 
h days from the crosses of Table 1 for each radiation dosage as well as 
g from controls in ordinary food bottles (not more than 150 eggs in 
d each). After hatching the adults were counted and classified as to sex. 
s, For the study of body size, five females and five males from each 
o bottle were measured on each of five days, giving a total of 175 pairs 

for controls and 1200 pairs for each of the irradiated dosages. Another 
five pairs on each day from each bottle were used for measuring body 
weight; the total number of flies was exactly the same as used for 
body size. In the longevity experiment 500 females from each of the 

e6 
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genotypes used in the egg production experiment were maintained 

for the estimation of survival and death rates. 
The technical procedure followed in the present experiments wer 

exactly the same as those reported by TANTAWY (1961). For mor 

details concerning methods for egg collection, percentage of emergem 
. 

estimate of longevity, measurements of body size, body weight and 

the control of environmental variations also see TANTAWY (1961). ii 

order to assure similar environmental conditions during the presen 

work, great care was taken to ensure that all crosses were subjec 
to the same treatments. All the experimental work was carried out 

incubators at 25 ± 0.5 °C. 

It is worthwhile to note that in the statistical analyses for percent 
of emergence, body size and weight for the offspring resulting fro 

crosses of Table 1 no significant differences were observed betwe 
the individuals of the same generation within dosage of radiation 
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whether they possessed 25 %, 50% or more irradiated third chromo- 
somes. Therefore for the sake of simplicity in the representation of the 
results, all data secured from the same generation with the same 
dosage were combined. 

Results 

Li /etime egg production 

The relationship between egg production and genotype at various 
doses of X- irradiation is presented in Figure 1, as daily average per 
female in a given week. It can be seen that the highest peak for egg 
production in all the lines (with significant differences between them) 
occurred at the end of the second week of age, following which females 
showed a decline. Females from the control stock, as well as those 
carrying a third chromosome irradiated with 1500 r, laid eggs to the 
end of the eleventh week of age, while most of the other females laid 
eggs to the end of the eighth or ninth week of age. 

Comparing the effects of different doses of radiation on egg laying 
capacity one notices that females carrying third chromosomes ir- 
radiated with 1500 r fluctuated around the control line while those 

TABLE 2 

AVERAGE DAILY LIFETIME EGG PRODUCTION PER FEMALE, WITH THEIR RESPECTIVE 
STANDARD ERRORS (± S.E.) AND COEFFICIENTS OF VARIATION (C.V. %) 

Geno- 

type 
1500 r 3000 r 4500 r 

Average C.V. Average C.V. Average C.V. 

AR/AR 12.40 ± 1.31 88.77 9.93 ± 1.31 104.15 7.15 ± 1.11 3) 122.24 
AR/CH 12.01 ± 1.39 97.34 9.96 ± 1.24 97.99 8.04 ± 1.17 3) 115.05 
AR/CH 11.05 ± 1.16 88.42 9.95 ± 1.17 93.14 7.54 ± 1.02 2) 106.50 
CH/CH 10.03 ± 1.10 92.32 7.57 ± 1.13 1) 110.30 5.55 ± 0.89 4) 118.38 
AR/AR 11.26 ± 1.33 99.47 7.96 ± 0.94 2) 94.47 6.26 ± 1.09 4) 129.23 
AR/CH 10.12 ± 1.10 91.40 9.33 ± 1.16 98.39 6.66 ± 0.97 4) 114.71 
CH/CH 9.71 ± 1.06 91.66 7.53 ± 1.08 I) 112.88 5.16 ± 0.97 4) 117.05 

Controls: AR/AR 11.76 ± 1.30 (C.V. 91.50) 
ted AR/CH 11.98 ± 1.26 (C.V. 87.84) 
if CH/CH 10.39 ± 1.48 (C.V. 100.58) 

Probabilities from controls: 
1) < 0.1 > 0.05 2) < 0.05 > 0.02 3) < 0.02 > 0.01 4) <0.01 >0.001. 
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carrying chromosomes irradiated with 3000r or 4500r laid fewer eggs 

than did the controls; the poorest females in this respect were those 

carrying chromosomes irradiated with 4500r. In all groups (except 

the I 500r) heterozygous females laid more eggs than homozygous 

females of either AR;' AR or CH /CH, with the latter being inferior to 

the former. The situation is different in females with the chromosomes 

irradiated with 4500r. The AR /AR and AR/AR females were superior, 

but not significantly so (see Table 2). 

TOTAL L6FET 

Fig. 2. Total lifetime egg production for control females an. :- -::fated ilfferent 

gene arrangements 1:&0 females in each group. P- values. based on the average 

production per female- between controls and irradiated ones, were not significant 

at 1300r_ At 300Cr, AR. AR, AR /AR, ARCH. AR, CH, and AR/CH had a P 

< ß'_3 > 0.2, CH/CH and CH;CH < 0.2 > 0.1; at 4500r, AR/CH and AR /CH 

< 0.1 > 0.05. AR AR < 0.02 > 0.01- CH`CH, AR: AR, AR/CH and CH /CH 

< 0_01 > 0.001 _ - - - - - - 
Figure 2 reports the total lifetime egg production_ The results 

demonstrate that radiation with I500r had no significant effect on 

egg laying capacity, while higher doses of radiation caused a sig- 

nificant decline in this character. The results also show significant 
di n erences among various genotypes at the same dose level, (test of 

significance from controls is shown in the caption of Figure 2). The 

egg heterozyg_ ._s females, i.e. ARCH, ARCH and 

AR/CH wit otlwsomes ;- : ed with I500r and 3000r were 

n _-cued _ ,2tww-eenn the T while the females with 4500r 

l: parent. The superiority of the heterozygous 
over h i,tmales will be discussed later. 
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The reduction in egg production at the higher doses of rediation 
is in agreement with the work reported by HERSKOWITZ & ABRAHAM - 

SON (1956) and ABRAHAMSON & HERSKOWITZ (1957) who found a 
significant decrease in the fecundity of irradiated females of D. 

nielanogaster, particularly at the higher doses of X -rays. GOWEN & 

STADLER (1952) demonstrated that the number of eggs laid by D. 
inelanogaster irradiated with 2500r was not seriously altered. Above 
2500r, however, there was a linear decline in egg production with 
increasing dose. The same linear relationship has been demonstrated 
by ANNAN (1955) in D. robusta. 

Table 2 reports the daily average of egg production per female 
for her lifetime with respective standard errors and coefficients of 
variation. It can be seen that higher doses of radiation caused a 
significantly greater decline in egg production than did the lower 
doses. The percentage decline from the controls will be shown later. 
The results shown in Table 2 indicate clearly that the CH /CH and 
CH /CH females laid the fewest eggs, the differences between these 
two groups being significant. The AR /AR and AR /AR irradiated gene 
arrangements were superior, though not significantly so, to the 
heterozygous females at 1500r, but at higher doses the latter were 
superior to all other females. 

The coefficients of variation shown in Table 2 indicate that most 
of the females with 1500r irradiated chromosomes showed a slight 
though insignificant increase in phenotypic variation as compared 
with the controls. All females carrying irradiated third chromosome 
at the higher doses of radiation showed greater variation in egg laying 
capacity than did the controls. It is interesting to note that heter- 
ozygous females with irradiated chromosomes showed variations 
intermediate between the parental groups, apart from AR /CH which 
with 1500r were more variable. Another point of interest is that the 
AR/AR females at 1500r and 3000r showed less variation for egg 
production than did CH /CH females, apart from CH /CH at 1500r, 
while at 4500r the situation was reversed. 

Such results indicate clearly that irradiation of the third chromo- 
some with higher doses increased significantly the phenotypic vari- 
ation in egg production and that this result is a function of the 
different inversions on the third chromosome. 
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Percentage of emergence and sex -ratio 
Viability was measured as percentage of emergence of adults from 

a given number of eggs cultured in an ordinary food bottle. The 

different crosses of Table 1 were used for culturing eggs. Table 3 

reports the total number of eggs cultured for each cross and the 

percentage of emergence. Sex -ratio is also presented. 
The results indicate significant effects of X- irradiation on the 

percentage of emergence. Test of significance indicates that all 

crosses with different doses showed significant differences at the level 

of 0.01. The results also demonstrate that there was a linear decline 

in this trait with increasing dosages of radiation. In all groups the F1 

generation showed a higher percentage of emergence than did the 

parental generation, while the F2 showed a non significant decline 

from either P1 or P2. The superiority of the heterozygous individuals 

over homozygous ones will be discussed later. 
In comparing the heterozygous groups in the control populations, 

it can be seen that crosses within the AR /AR gene arrangement 
showed a higher percentage of emergence, though not significantly 

so, than those within the CH /CH genotype. The situation is similar 

TABLE 3 

NUMBER OF EGGS CULTURED (A), PERCENTAGE OF EMERGENCE (B) AND SEX -RATIO 

(c). FOR TEST OF SIGNIFICANCE SEE TEXT. 

Cross A B C Cross A B C 

a: Controls c: 3000 r 
Pl 1167 65.30 + 0.95 49.9 P1 2611 39.60 ± 2.95 52.5 

P2 1620 63.71 ± 1.03 49.4 P2 2595 38.52 ± 3.30 50.6 

F1 1144 75.34 ± 0.93 50.5 F1 4790 46.36 ± 3.00 50.9 

F2 1517 62.79 ± 1.02 51.6 F2 4377 40.18 f 3.04 49.1 

BF1P1 2090 76.54 ± 0.99 50.6 BF1P1 3321 40.49 ± 2.99 50.3 

BFlp2 1542 71.69 ± 1.02 49.5 BpTP2 3214 36.88 ± 3.04 51.4 

b: 15oo r d: 4500 r 

Pl 3007 53.93 2.00 50.1 P1 2156 20.33 ± 3.51 48.3 

P2 2724 50.06 ± 2.13 51.3 P2 1734 22.65 ± 3.40 47.4 

Fl 5385 59.82 ± 2.01 52.0 F1 3894 29.76 + 3.41 48.0 

F2 4181 52.70 + 2.11 50.9 F2 3790 26.99 ± 3 50 47.4 

BF1p1 4126 58.01 ± 2.09 51.7 BF1P1 3252 20.19 ± 3.49 46.3 

BF1p2 3730 54.01 2.12 52.0 BF1P2 2719 25.02 ± 3.33 47.5 
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for crosses given 1500r and 3000r, while with those given 4500r the 
situation was reversed. The F1 females backcrossed to AR /AR males 
showed higher viability in the a, b, and c groups of Table 2 while in 
group d viability was higher in the backcross to CH /CH males. The 
percentage decline from the controls will be shown later. 

The deleterious effects of X- irradiation on percentage of emergence 
could be attributed to higher egg mortality (HERSKOwITz, 1957). 

The results obtained agree with the data reported by WALLACE 

1951), KING (1952), CATCHESIDE & LEA (1945), YANDERS (1954) and 
PARKER (1959) who showed a negative correlation between direct 
X -ray dosage and viability in Drosophila. 

Estimation of sex -ratio indicates that, in control populations as 
well as those carrying third chromosome irradiated with 1500r and 
3000r, no significant differences occurred between sexes although 
females were in excess. However, with 4500r, males predominate 
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Fig. 3. Survival of females in the control populations and in the irradiated 
Populations. 
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significantly (P < 0.05). The increase of males over females with 

higher doses of radiation agrees with the results of DEMEREC & FANO 

(1944) and CATCHESIDE & LEA (1945) who reported a significant 

shift in the male direction due to radiation. 

Longevity 
The existence of lethal effects of radiation is well known. In an 

experiment with direct gamma radiation on flour beetle, CORK (1957) 

showed that radiation, particularly at higher doses, could cause 100% 

lethality within twenty days. GOWEN & STADLER (1952) and BAXTER 

& TUTTLE (1957) found in D. melanogaster, that lifespan shortening 

was proportional to direct doses of X -rays. 
The longevity of the adult females carrying the irradiated third 

chromosome is shown in Figure 3 as number of surviving females. 

Females used in this experiment are similar in their genotypes to those 

used in the egg production experiment. The results as shown in Figure 

3 indicate significant differences between the longevity (or death rate) 

of various genotypes- particularly those carrying chromosomes 

irradiated with higher doses of radiation. Heterozygous females in 

all groups lived longer than did the of either of the homozygous 

groups. Among homozygous types CH /CH showed a lower survival 

TABLE 4 

AVERAGE LONGEVITY (DAYS) FOR FEMALES IN THE CONTROL AND IRRADIATED 

POPULATIONS. N = 500 
r 

Genotypes 1500 r 3000 r 4500 r 

AR/AR 30.28 ± 2.78 28.99 ± 3.12 18.96 + 4.11 3) 

AR/CH 39.40 + 2.41 36.95 1 3.00 32.61 + 4.00 2) 

AR/CH 39.80 ± 2.52 36.75 ± 2.92 34.61 + 3.99 1) 

CH/CH 20.58 ± 4.01 18.90 ± 4.51 15.23 ± 5.121) 
AR/AR 31.65 ± 2.88 29.08 ± 3.21 18.98 ± 4.221) 
AR/CH 39.02 ± 2.54 36.13 ± 2.45 32.55 ± 3.49 1) 

CH/CH 20.73 ± 4.12 18.77 ± 3.98 15.43 1 5.43 1) 

Controls: AR/AR 31.44 ± 2.57 
AR/CH 39.13 ± 2.21 
CH/CH 22.81 ± 3.78 

Probabilities from controls: 
1) < 0.1 > 0.05 1) < 0.05 > 0.02 3) < 0.02 > 0.01. 
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-Pe ®'ß 'Fs - BF P, -BF, P. 

Fig. 4. Average of measurements (sexes averaged) for controls and irradiated 
populations. Wing length and thorax lei %lh are expressed in 1 /100 m.m and 
body weight in mg. 

rate than AR /AR. In homozygous groups two different peaks occur 
in the death rate. The control populations as well as those with 1500r 
and 3000r showed the highest peaks at the end of the second week of 

age. Such a peak could be seen at the end of the first week of age in 
females carrying third chromosomes irradiated with 4500r. The 
situation in the heterozygous females was different; the two peaks 
were found to be at the end of the second and the third weeks of age, 
respectively. 

Table 4 reports the average longevity in days for the control and 
irradiated populations. The results indicate that 1500r of radiation 
had no significant effects on the longevity of adult females. Higher 
doses of radiation (in particular 4500r) caused a significant decline in 
longevity, 4500r caused highly significant differences in AR /AR only, 
if only individual genotypes are considered. The percentage deviation 
of the longevity from controls and the superiority of the F1 generation 
over parental ones will be discussed later. 
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Body size and body weight 
Body size, i.e. wing and thorax length, and body weight of the 

offspring resulting from different crosses of Table I are presented 

in Figure 4. These results indicate highly significant effects of higher 

doses of radiation on metric characters. Populations irradiated with 

I50.'Or did not show any significant deviation from controls. Comparing 

the offspring of different crosses at various doses of radiation, it is 

apparent that offspring of the crosses between both homozygous 

groups gave values intermediate between parental generations for the 

control and irradiated populations. Offspring in the F2 generation 

showed a decrease in size and weight compared with the F1 generation, 

In all groups F/ backcrosses to AR/AR males were longer and heavier 

TABLE 5 

VARIANCE (0- OF LOGARITH?45 OF MEASUREMENTS (SEXES AVERAGED) FOR 

W LNG LENGTH, THORAX LENGTH AND BODY WEIGHT IN THE CONTROL AND IR- 

RADIATED FOE ULA LIONS. FOR TEST OF SIGNIFICANCE SEE TEXT 

Crosses Controls 1500 r 3000 r 4500 r 

IGV i ng lengtiz: 

F1 1.33 149 192 676 
Pa 152 164 246 627 
F. 133 145 173 474 
Ea 1.48 176 345 662 
BFLPI 11.5 143 176 429 
BSI FS 121 149 254 589 

Tho7az [eng.th: 

383 385 661 1711. 

483 509 1316 2649 
353 361 449 736 

Fa 5.32 535 684 1374 

BFIFL 402 419 498 1720 

BV-IP2 441 522 971. 1713 

Body zue g.ht: 

PI 2006 2139 2929 4268 
2369 2655 3270 3869 
1574 1606 2553 2876 

Fa 184t 1937 2726 3900 
Bzi.P1 963 [189 1628 3312 
B Figs 1527 1569 2289 2789 
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than those backcrossed to CH /CH males. The percentage decline from 
controls and the increase of the F1 over the parental generation will 

be discussed later. 
The variance (62) of the logarithms of measurements are given in 

Table 5. Variance of logarithms have been used, as reported by 
TANTAWY (1961), to cancel out the effects of mean body size on 

variance as these are often positively correlated. The variance as 

presented in Table 5 indicates (by test of significance for equality 
of variance) that with 1500r no significant differences exist between 
the controls and irradiated populations. Radiation with 3000r and 
4500r, caused a highly significant increase in the variance of all 
groups for all characters (P values for 3000r and 4500r < 0.001). 

Comparing the different genotypes at the same dosage, it can be 
seen that the F1 generation showed a lower variability than did the 
other crosses, while the F2 generation showed an increase over that 
of the F1. In all groups AR /AR populations showed less variation, 
apart from wing length and body weight at 4500r, than the CH /CH 
populations. F1 females backcrossed to AR /AR males showed in 
general less variation in all characters than those backcrossed to 
CH /CH males. There are, however, some exceptions where the former 
backcross showed less variation as for example, in thorax length and 
body weight in populations treated with 4500r. 

Discussion and conclusions 

The experiments performed provide information on the effects of 

different dosages of X- irradiation, on components of fitness as well 
as on some metric characters. Third chromosomes irradiated with 
I500r showed significant effects only on percentage of emergence, 
while with 3000r and 4500r there were highly significant effects on all 
traits studied. In the following discussion three main topics of the 
effects of X -rays irradiation will be considered: percentage deviation 
from controls, heterosis and adaptive fitness. 

Percentage deviation from controls 
It has been shown by many investigators that lower doses of 

X- irradiation do not affect significantly the character or characters 
under consideration. For instance, ABRAHAMSON & HERSKOWITZ 
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(1957) found in D. melanogaster that dosages lower than 2500r did 

not influence appreciably the number of eggs laid, while higher doses 

resulted in a considerable decrease. 
Results obtained from the present study are presented in Tables 

6 and 7 as percentage deviations from controls for egg production, 
longevity, percentage of emergence, body size and body weight. The 

results thus presented indicate clearly that lower doses of radiation 

have no stistically significant effects on any of the characters studied 

except the percentage of emergence which is significantly decreased. 

It would seem of some interest to state that the deviations of females 

carrying irradiated chromosomes from controls are nearly all in the 

minus direction. In fact whilst no individual deviation is statistically 
significant 30 of the 34 comparisons show a deviation in the minus 

direction and the probability that this is a chance effect, is very low 

indeed. Thus it is not safe to say that 1500r has no effect on the 

characters studied. This decrease in percentage of emergence with 

lower doses of radiation could be explained on the basis that irradiation 

TABLE 6 

PERCENTAGE DEVIATIONS _ S.E. FROM CONTROLS FOR EGG PRODUCTION (BASED 

ON DAILY AVERAGES) AND LONGEVITY. FOR THE IRRADIATED POPULATIONS, 

THIRD CHROMOSOMES OF IRRADIATED ANCESTRY ARE UNDERLINED 

Genotype 1500 r 3000 r 4500 r 

Egg production : 

Al2;;AR 
AR 'CH 
ARCH 

+ 5.44 = 2.41 
- 0.25 - 2.11 
- 7.76 4- 3.94 

- 15.56 + 3_18 
- 16.86 f 3.01 - 16.94 ± 3.51 

- 39.20 = 4.12 

- 32.89 ± 4.81 

- 37.06 ± 4.95 

CHCH - à.46+3:09 -27.14f4.51 -46.58-5.14 
AR AR - 4.25 3.41 - 32.31 + 4.11 - 46.77 i 5.67 
AR CH -15.53=4.90 -22.124-3.89 -50.344-5.82 
CH;ÿCH - 6.54 ± 4.81 - 27.53 f 4.32 - 44.41 ± 6.31 

Longevity: 

Aat+r"AIt - 3.69 4, 1.21 - 7.79 ± 1.53 - 39.69 $ 2.84 

AR,CH -?- 0.69 _ 1.41 - 5.57 T 2.31 - 16.66 ± 3.21 
ARICH + 1.71 4- 1.22 - 6.08 $ 2.05 - 11.55 ± 2.95 
(ITCH - 9.73 3.12 - 17.14 y 3.21 - 33.23 f 3.99 
Afl2,;!AR - 0.67 4- 1.45 - 5.93 ± 2.11 - 39.63 ± 3.02 
AR,1F - 0-28 1.04 - 7.67 2.01 -17.33±3'.10 
CH¡'CH - 9.12 ± 3.44 - 17.71 3.95 - 32.35 - 4.11 
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increased the egg mortality (HERSxowITZ, 1957), due to an increase 
in dominant lethal mutations (CATCHESIDE & LEA, 1945). The results 
also indicate (Table 6) that in D. pseudoobscura dosages lower than 
1500r should have insignificant effects on production rate as measured 
by egg laying capacity. Dosages as high as 3000r or more have sig- 

nificant effects on oviposition. These results agree fairly well with 
those reported by GOWEN & STADLER (1952), ABRAHAMSON & HERS - 

KOWITZ (1957) and others who found no effects on oviposition rate in 
D. melanogaster females given lower doses. On the other hand, 
ANNAN (1955) reported that in D. robusta dosages as low as 2500r 
cause a decline in egg production. The results of Table 6 illustrate that, 
in the heterozygous individuals irradiation of the CH gene arrangement 
with 1500r or 3000r show more reduction (though insignificant) than 

TABLE 7 

PERCENTAGE DEVIATIONS ± S.E. FROM CONTROLS FOR PERCENTAGE OF EMERGENCE, 

BODY SIZE AND BODY WEIGHT FOR THE PROGENY OF THE IRRADIATED CROSSES 

Cross 
Percentage of 

emergence 
Body size 

Wing length Thorax length Body weight 

1500 r 
PI - 17.41+1.05 - 0.56+0.03 - 0.90+0.05 - 0.48+0.03 
P2 - 21.43+1.13 - 0.26+0.04 - 0.54+0.06 - 0.65+0.04 
F1 - 20.60+1.09 - 0.88+0.03 - 2.60+0.03 - 0.87+0.05 
F2 - 16.07+1.12 - 0.29+0.04 - 1.11+0.07 - 0.64+0.03 
BFIPI - 24.21+1.20 - 1.05+0.09 - 1.35+0.08 - 1.72+0.04 
BP1P2 - 24.66+1.25 - 0.12+0.09 - 0.42+0.10 - 0.38+0.04 

3000 r 
P1 - 39.36+2.00 -2.92=0.05 - 6.57+0.11 - 9.03+0.05 
P2 - 39.54+3.14 - 2.99+0.07 - 4.71+0.12 - 11.50+0.06 
F1 - 38.47+2.90 - 2.90+0.05 - 7.84+0.10 - 6.20+0.05 
F2 - 36.01+3.02 - 2.94+0.07 - 6.78+0.12 - 7.18+0.06 
BF 1P1 - 47.10+3.11 - 3.31+0.09 - 7.12+0.13 - 9.45+0,08 
BF1P2 - 48.56+3.14 - 3.20+0.11 - 6.33+0.14 - 9.82+0.09 

4500 r 

P1 - 68.87+3.09 - 7.95+0.12 - 12.61+0.15 - 24.07+0.17 
P2 - 64.45+3.09 - 5.83+0.14 - 11.31+0.15 - 18.35+0.16 
F1 - 60.50+3.00 - 6.93+0.14 - 14.09+0.13 - 18.61+0.17 
F2 - 57.02+3.15 - 6.38+0.17 - 13.62+0.14 - 18.33+0.19 
BP1P1 - 73.62+3.15 - 7.67+0.19 - 14.92+0.92 - 20.66+0.21 
BF1P2 - 65.10+3.17 - 6.98+0.18 - 11.05+0.17 - 17.86+0.20 
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if AR is irradiated, while with 4500r for longevity the situation is 

reversed. 
Comparing the two homozygous groups (Table 7) we see that the 

CH /CH populations irradiated with 1500r and 3000r showed a greater 

(though not significantly) reduction in most of the crosses compared 
with AR /AR, while with 4500r the situation is often reversed in favour 

of CH /CH. The F2 generation showed an unexpectedly smaller 

reduction than the F1 in all the characters studied except wing length 

and body weight with 3000r. Comparing the backcrosses one can see 

that with 1500r and 3000r neither group tends to be lower than the 

other, but with 4500r, F1 females backcrossed to CH /CH males show 

less reduction than those backcrossed with AR /AR males. These 

results are interesting since TANTAWY (1961) used the same popu- 

lations and the same crosses maintained at various temperatures and 

reported that the CH /CH gene arrangement is superior to the AR /AR 

one at higher temperatures, while the latter is superior at lower ones. 

From the results of the present experiments and those reported 
previously by the author one can conclude that the gene arrangement 
which is superior at higher temperatures may be less affected by higher 

dosages of irradiation than gene arrangements favoured by lower 

temperatures. Such a point needs more experimental work to be 

clarified and should be investigated on natural populations of Dro- 

sophila captured from different geographical regions. 

Heterosis 
Heterosis is measured as percentage deviations of F1 or F2 from 

parental average (TANTAWY, 1957) of the same irradiated gene 

arrangements. The results are listed in Table 8. It seems likely that 
irradiation of the third chromosome in D. pseudoobscura populations, 
caused greater heterosis in populations given 4500r than in those given 

lower doses. No significant difference were found between the control 
populations and those irradiated with 1500r. With 3000r and 4500r 

the percentage of heterosis increased in all characters with significant 
differences at 4500r, except for body size in which heterosis is less than 
that found in the control populations. At all dosages the F2 generation 
shows a breakdown in heterosis. 
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TABLE 8 

PERCENTAGE HETEROSIS IN FI AND F2 GENERATIONS, IN THE 

IRRADIATED POPULATIONS 

CONTROL AND 

Character Controls 1500 r 3000 r 4500 r 

Egg prod. F1 8.1215.17 1.9316.71 18.181 7.52 22.891 8.91 
F2 - - - - 

% Emerg. Fl 16.7913.51 15.0614.33 18.691 4.81 38.481 5.44 
F2 - 2.6513.90 1.3714.90 2.871 4.91 25.591 5.90 

Longevity F1 44.2315.53 52.6918.92 52.16+ 10.11 93.53115.14 
F2 - - - - 

Wing 1. F1 1.8310.32 1.3510.52 1.891 0.74 1.801 1.11 
F2 - 0.3310.41 0.2010.79 - 0.311 0.92 0.241 1.41 

Thorax 1. F1 7.5911.91 5.0112.14 5.111 2.24 5.011 0.54 
F2 3.8012.11 2.8612.41 2.571 2.54 1.871 2.53 

Weight F1 0.3710.53 0.1310.66 4.851 0.95 3.961 1.05 
F2 - 2.86 ±0.95 - 2.8811.42 0.411 1.13 0.951 1.27 

The results as reported in Table 8 indicate that in the F1 hybrid, 
heterosis is not found to the same degree in all characters studied; 
obvious fitness components display the highest percentage of heterosis. 
The highest heterosis is most obvious in the most unfavourable 
conditions, i.e. in the irradiated populations with 4500r. It is interesting 
to note that the effects of high dosages of radiation showed a pattern 
comparable to that of higher temperatures as shown by WALLACE 

(1948) and TANTAWY (1961) in Drosophila populations. 

Adaptive values 
The relative fitness of P1, P2 and F1 of the controls and irradiated 

third chromosome populations are presented in Table 9. The un- 
irradiated heterozygous genotypes were arbitrarily given the fitness 
1.00. No differences in the adaptive values were found between the 
controls and 1500r irradiated populations. For controls the order of 
the adaptive values was AR /CH > AR /AR > CH /CH in all the 
fitness traits. With higher dosages of radiation, adaptive values 
declined. With 4500r the order was AR /CH > AR /CH > AR /AR > 
CH /CH for all characters except for longevity where AR /CH > AR/ 
CH. With both gene arrangements irradiated, the order of the adaptive 
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TABLE 9 

THE .RELATIVE FITNESS FOR CONTROL AND R RADIATED 

DIFFERENT GENE ARRANGEMENTS 

POPULATIONS WITH 

Character AR AR ARCH ARCH - CH:CH ARÌAR - - AR/CH - CH 011 - 
1500 r 

Egg prod. 1.03 LOO 0.92 0.34 0.94 0.35 0.81 

%, Emerg. 0.65 0.99 0.94 0.54 0.69 0.92 0.60 

Longevity 0.77 1.00 L02 0.53 0.31 0.10 0.53 

3000 r 
Egg prod. 0.83 0.83 0.83 0.63 0.66 0.73 0.63 

c".,., Erg. 0.52 01.73 0.71 0.39 0.53 0.69 0.39 

Longevity 0.74 0.94 0.94 0.48 0.76 0.92 0.48 

4500 r 
Egg prod. 0_60 0.67 0.63 0.46 0.52 0.56 0.43 

Emerg. 0.39 0.44 0.40 0.28 0.26 0.46 0.43 

Longevity 0.43 0.83 0.38 0.39 0.48 0.83 0.39 

Controls: AR:AR ARCH CH/CH 
Egg production 0.95 1.0n 0.87 

Emergence 0.87 LOO 0.85. 

Longevity 0.30 1.00 01.58 

values was, for 4.500r, AR/CH > AR/AR > CH/CH, except the 

percentage of emergence where CKCH > AR/AR. It wo» d be 

interesting, to run population cages with irra±TJ gene 

anungemuents with various doses to see whe - - '..requency 

of the inversion would corres, nd to the E]: compc,Lenc-s as they 

do with 4500n, where CH/C is often supe:-: r to AR/AR. The decline 

in the adaptive vs. particularly with (lases may be due to 

new gene combiumaticips arising by Fad-nation as ra -anon may affect 

the rate of CIDOSsing-sr as well as tine kf nT enetic units present. 

Such results are in a 7reernent with those reported by WALLACE & 

KING (Mk)) who found that irradiation of the second ch NI:inosonne io 

D_ nuelemegasier caused a decrease in adaptive value. 
Conaapari®g the results of the present study with those reported by 

Tax (196», (ante may conclude that some re tionship exists 

between adaptation to higher temperature and the depression effects 

of higher doses of radiation. Further detailed investigations are 

needed and the use of populations from Lebanon and Uganda which 
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showed different adaptation to various temperatures (TANTAWY & 

MALLAH, 1961) would be of value. 
The second point of interest that can be derived from the present 

studies is the relationship between variability and fitness. It is general- 
ly clear that greater fitness is associated with lower variability (Tables 
2, 3 and 4). The superior gene -arrangement within each dosage of 
radiation produces less phenotypic variability both for fitness and 
metric characters, although the differences are not significant. The 
picture is, however, the same when variability within dosages, 
averaged for the three dosages, is considered. For average daily egg 
production (Table 2) the coefficients of variation of the genotypes 
AR /AR, AR /CH, AR /CH, CH /CH, AR /AR, AR /CH and CH /CH are: 
105.05, 103.46, 96.02, 107.00, 107.72, 101.50 and 107.20, respectively. 
The corresponding values between dosages for the controls are: 87.84, 
91.50 and 100.58 for the genotypes AR /CH, AR /AR and CH /CH, 
respectively. It is also of interest to note that irradiation of both 
gene- arrangements resulted in more phenotypic variation in such a 
character than if only one gene -arrangement was irradiated. 

The increase in the phenotypic variation by irradiation may 
indicate that higher doses of X -rays increase the response to artificial 
selection for a given quantitative character. Such an increase in the 
response could be due to increase of the genetic variability by increasing 
mutation rate (IvEs, 1959). Response to selection in irradiated popu- 
lations of D. melanogaster has been investigated by SCOSSIROLI (1954). 
He concluded that X -ray treatment was effective in producing new 
variability in the polygenic system related to the selected trait, and 
that artificial selection was able to utilize such an increase. The relation 
of such an induced variability, the nature of which is still obscure, 
to dosage should be investigated. 
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An experiment was designed using populations of Drosophila pseudoob- 

scura with different gene arrangements on the third chromosome, to study 
the effects of various temperatures and different dosages of radiation on 

the innate capacity for increase. 
The innate capacity for increase was found to increase with tempe- 

rature and decrease with higher in radiation dosages. The mean generation 
length showed a decline with both treatments with a greater decrease 
in the former treatments. 

Net reproductive rate showed a decrease in both cases while the finite 
rate of increase (íl) showed an increase in the temperature experiment and 

a decrease in the radiation experiment. 
Percentage contribution of each age group to the rate of muliplication 

per generation depends on temperature and dosages of radiation as well 

as the genetic background of the population. 

Introduction 

The capacity of a given population to grow in size is mainly de- 

termined by its innate capacity for increase and by environmental 
conditions. Therefore, the innate capacity for increase fluctuates 
widely according to fluctuations in environmental conditions. Each 

animal raised in a given environment grows and produces offspring 

for a certain time, after which it ceases to produce, either because 

of infertility or death. 
In the determination of the innate capacity of increase of a given 

population, i.e. the rite of multiplication, it is essential to know 

the survival rate or death rate and the age schedule of fecundity 
(BIRCH 1948). The first complete life- tables for Drosophila melanogasta 
were those published by PEARL & PARKER (1921) for normal wild 

type and the mutant vestigial. In subsequent papers (1922; 1924) 

they dealt with the effects of different environmental factors on 
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e- tables. Other early publications, e.g. those of GONZALEZ (1923) 

d ALPATOV & PEARL (1929) working on Drosophila melanogaster 

ould be consulted. 
LOTKA (1925) was the first to attempt the calculation of the rate 
increase in human populations and arrived at a function which 
called "the intrinsic rate of natural increase or rm "to take into 

nsideration the change in birth and death rates with advance 
age. The function rm was used by LESLIE & RANSON (1940) in 
imal ecology, BIRCH (1948; 1953 a, b), LESLIE & PARK (1949), 

VANS & SMITH (1952) and HOWE (1953 a, b) in insect populations. 
The present communication is concerned with the effects of differ - 
it temperatures and various doses of X -rays on the intrinsic rate of 

crease of Drosophila pseudoobscura populations of different genetic 
ickgrounds. 

Material and Methods 

Two populations of Drosophila pseudoobscura, one homozygous 
n the Arrowhead (AR /AR) and the other for the Chiricahua (CH /CH) 
;ne arrangements of the third chromosome, kept for almost two 
ears (temperature experiment) and for three years (radiation 
cperiment) in population cages, were used as material for the present 
tidies. TANTAWY (1961) reported the origin, locality and crosses 
ade for the maintainance of these populations and methods for 
mtrol of environmental variations. Two different experiments 
ere performed: 

Temperature experiment 
Three different temperatures were used, viz., 15 °C., 25 °C., and 

7 °C. Crosses were made between and within various populations to 
btain virgin females of AR /AR, AR /CH and CH /CH karyotypes to 
e used in lifetime egg production and longevity experiments. For 
ieasuring the egg production, 90 females (18 replicates, with five 
males in each) of each genotype were used at each temperature. 

the longevity experiment 500 females were used per genotype 
en replicates with 50 females in each, for each genotype at each 
mperature) and death rate and survival rate were calculated. 
ANTAWY (1961) reported fully the design of such an experiment 



36 A. O. TANTAWY 

and the paper should be consulted for details concerning the stocks 

and crosses and for the estimation of lifetime egg production and 

longevity. 

b. Radiation experiment 
The populations used in the temperature experiment were used 

also for the radiation study. Three different doses of X-rays, 1500r, 

3000 r, and 4500 r were given to different batches of AR/AR and 

CH/CH males. An unirradiated populations of the genotypes AR/AR, 

AR/CH, and CH/CH were used as controls. Irradiated males of 

either ARAR or CH/CH were crossed with virgin females of B1 Sc/L 

for two generations after which the desired females carrying one 

irradiated third chromosome were obtained. For more details of 

radiation methods and crosses, see TANTAWY (1962). Females used 

for lifetime egg production were: AR/AR, AR/CH and CH/CH 

karvotypes for controls, and AR/AR. AR 'CH, AR(CH, 
AR,!'AR, AR/CH and CH/CH for experimental karvotvpes, when 

underlining indicates chromosomes descended from irradiated stock 

All experiments were done in incubators kept at 25 0.5°C. 
The total number of females used in the egg production experiment 

was 60 (112 replicates, five females in each vial) for each of the seven 

irradiated genotypes at each dosage of radiation and 500 (ten repli- 

cates with 50 females in each bottle) of each genotype were used 

at each radiation dosage level to measure the death rate or survival 

rate. The methods for collecting eggs and measuring longevity were 

essentially the same as those used in the temperature experiment 

(TANTAWY, 960)). 

In the present work, the statistical analyses applied to the data 

are the same as those reported by Bure n (09'.4) on the assumption 

that sexes are equally frequent. However, all the analyses of the 

data obtained from 27:C and with 4500 r were corrected for differ- 

ences ira sex-ratio since females were significantly in excess of mall 

((Taxraw-Y, t962.1. 

Results 

The data regain-Nil for the calculation of the ìnnaite ca 
increase (rm) in a population are: 

Pr acity for 
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The survival rate of females alive at age (x), designated as lx. 

The oviposition rate of a female aged (x), designated as mx. 
Therefore, the calculation of rm should equal to: 

loge Ro 

rm T 

here, Ro = the net reproductive rate = E lxmx 

Exlxmx 
and, T = generation length = 

Elxmx 

teference should be made to BIRCH (1948) who explained the mathe- 
matical analyses to approach this problem in a very clear and lucid 
nanner. 

Effects of temperature on multiplication per gener- 
ation 

The original for 
production for a given week were reported by the author elsewhere 
TANTAWY, 1961 and 1962 for the temperature and radiation experi- 
ients, respectively). The calculations of lxmx as presented in the 
plowing tables can be worked out from the data as presented 
reviously by the author. 
Table 1 reports the net reproductive rate (Ro = E lxmx) and 
ercentage contribution for each age group maintained at 15 °C, 

5 °C, and 27 °C, while Table 2 shows the muliplication per generation. 
he results as shown in Table 1 indicate clearly that at 15 °C the 
H /CH karyotype contributes at the end of the first week of age, a 
igher percentage than all other groups; AR /AR contributes the 
;ast, while at 25 °C the situation is reversed. At 27 °C AR /CH shows 
re highest contribution and CH /CH the least. The percentage 
mtribution for each age group is different at different temperatures, 
e. 90% or more of the contribution can be obtained after the fourth, 
;coud and first week of age for the gene arrangements kept at 15 °C, 

5 °C and 27 °C, respectively. 
The net reproductive rate which is the rate of multiplication in 

ne generation (LOTKA, 1925) is shown in Tables 1 and 2. The net 
productive rates for the genotypes AR /AR, AR /CH and CH /CH 
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TABLE I 

NET REPRODUCTIVE RATE (Ro = E Ixmx) AND PERCENTAGE CONTRIBUTION OF 

EACH AGE GROUP AT DIFFERENT TEMPERATURES FOR ADULT STAGE 

Age in AR/AR 
weeks lxmx °ó 

(x) Contri- 
bution 

1xmx 

AR /CH CH/CH 
Ixmx 

Contri- Contri. 

bution bution 

15°C 

1 6.85 48.97 5.08 41.23 2.66 54.02 

2 9.23 26.83 8.48 34.18 2.87 26.73 

3 9.47 12.12 8.44 15.59 2.62 10.97 

4 7.61 9.72 6.40 5.53 2.91 5.47 

E 5-15 28.20 2.36 16.21 3.47 5.38 2.81 

Total E 61.36 3) 100.00 44.61 2) 100.00 16.44 I) 100.00 

25°C 
1 14.58 94.43 11.88 80.41 18.57 86.43 

2 9.37 4.37 10.28 16.82 5.17 12.56 

3 4.57 1.14 7.04 2.68 1.86 0.96 

4 2.57 0.05 4.70 0.04 0.44 0.05 

E 5-10 2.49 0.01 3.73 0.05 0.19 0.00 

Total E 33.58 100.00 37.63 100.00 26.23 100.00 

27°C. 

1 3.32 95.56 5.90 97.28 5.88 92.57 

2 0.97 4.43 0.87 2.71 2.33 7.33 

3 0.02 0.01 0.10 0.01 0.15 0.10 

E 4-5 0.00 0,00 0.00 0.00 0.00 0.00 

Total E 4.31 3) 100.00 6.87 3) 100.00 8.36 3) 100.00 

Test of significance for' 15'C and 27°C. as compared with optimal temperature: 
I) P<0.05 2) P<0.01 3) P<0.001 

are given by the Totals in table 1. These results indicate different 

multiplication rates between temperatures and between genotypes. 

within the same temperature. Thus, the AR /AR gene arrangement 
shows the highest multiplication at 15 °C and CH /CH the least; 

the situation at 27 °C is reversed. At 25 °C the heterozygous genotype 

shows the highest multiplication and CH /CH the least (P < 0.05). 

The comparisons between different gene arrangements for the Ro 
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i the basis of mean generation length are presented in Table 2 

here the finite rate of increase or A which equals antiloge rm, is 
rived from the intrinsic rate of increase which indicates the muli- 
Lication per female per week. The results show that A is significantly 

TABLE 2 

'TE OF INCREASE IN DIFFERENT POPULATIONS AT VARIOUS TEMPERATURES 

enotypes Intrinsic 
rate of 

increase 
(r /day) 

Mean 
generation 
length in 
weeks (T) 

Net 
reproduction 

rate (Ro) 

A *) 

Antiloge rm 

5°C 

AR/AR 0.844 4.88 61.36 2.32 
AR/CH 0.759 5.01 44.61 2.14 
CH/CH 0.805 4.72 16.44 2.23 

5°C 

AR/AR 1.634 2.15 33.58 5.10 
AR/CH 1.463 2.48 37.63 4.31 

CH/CH 1.552 2.09 26.23 4.71 

7°C 

AR/AR 1.196 1.23 4.31 3.31 
AR/CH 1.662 1.16 6.87 5.25 
CH/CH 1.611 1.32 8.36 5.00 

0) For test of significance see text 

mer (P < 0.001) at a colder temperature and significantly higher 
P < 0.01) at warmer ones, as compared with that found at the 
Itermediate temperature, i.e. 25 °C, thus indicating a positive 
orrelation between the values of A and temperature. The calculations 
f d indicate that at 15 °C carriers of the AR /AR gene arrangement 
Icrease at a greater rate than carriers of the CH /CH one, while 
t 27 °C the latter is the dominant one. 

. Effects of radiation on multiplication per generation 
Table 3 shows the net reproductive rate and percentage contri- 

ution of each age group for controls and different irradiated gene 
trangements. The control populations show almost the same trend in 
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TABLE 3a 

NET REPRODUCTIVE RATE (Ro = E 10110 AND PERCENTAGE CONTRIBUTION OF 

EACH AGE GROUP IN THE CONTROL POPULATIONS 

Age in 
weeks 

(x) 

AR /AR 

% Contrib. 

AR /CH 

1cmX % Contrib. 1,mx 

CH /CH 

% Contrib. 

1 9.89 77.79 11.71 76.44 7.93 79.37 

2 9.97 19.34 12.65 20.57 7.55 18.19 

3 4.99 2.39 5.81 2.40 2.74 1.88 

4 3.52 0.41 4.80 0.50 1.45 0.43 

E 5-10 3.35 0.06 6.17 0.09 0.96 0.13 

Total 31.72 100.00 41.14 100.00 20.63 100.00 

percentage contribution as those reported at 25 °C in the previous 

experiment (Table 1). The net reproductive rate of females carrying 

third chromosomes irradiated with 1500 r are similar to those of the 

controls, while those with 3000 r and 4500 r have a significantly 

lower net reproductive rate (test of significance is at the end of 

Table 3b). 
Comparing the different genotypes within dosage of radiation, 

there are no significant differences (by t -test) between controls for 

the contribution at the end of the first week of age. Percentage 

contribution with increasing age shows a decline compared with the 

control population; this is statistically insignificant with 1500r, 

but with 3000 r and 4500 r all irradiated gene arrangements show a 

significant decline. 
In all the four groups 90% or more of the contribution is attained 

at the end of the second week of age, thus agreeing with the results 

obtained at 25 °C (Table 1). The net reproductive rate (Tables3 

and 4) in the controls AR /AR, AR /CH and CH /CH are: 31.72, 41.14 

and 20.63, respectively. Populations given 1500 r show almost the 

same values and relative order of karyotypes as those found in the 

controls. Females given 3000 r and 4500 r show the same order but 

with lower reproductive rates as compared with the controls, par- 

ticularly those given the higher dosages. It is worthwhile to note that 

irradiation of both gene arrangements produces lower reproductive 
rates than if one is irradiated. In heterozygous individuals irradiation 
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TABLE 3b 

ET REPRODUCTIVE RATE R0 = E 1xmx AND (BETWEEN BRACKETS) PERCENTAGE 
CONTRIBUTION OF EACH AGE GROUP IN THE IRRADIATED POPULATIONS 

,ge in 
veeks 

(x) 

AR/AR AR/CH AR/CH CH/CH AR/AR AR/CH CH/ CH 

500 r 
1 

3 

3 

4 

L'5-10 

10.20 

(75.34) 

9.62 

(18.58) 

5.22 

( 4.58) 

3.98 

( 1.13) 

3.40 

( 0.37) 

10.60 

(74.46) 

11.23 

(19.11) 

6.22 

( 4.81) 

4.53 

( 1.21) 

4.30 

( 0.41) 

8.29 

(70.34) 

8.88 

(20.98) 

5.75 

( 6.13) 

4.76 

( 1.79) 

4.94 

( 0.76) 

7.53 

(81.36) 

6.09 

(15.16) 

3.20 

( 2.83) 

1.45 

( 0.53) 

0.54 

( 0.12) 

10.67 

(75.71) 

8.85 

(18.48) 

5.46 

( 4.42) 

4.11 

( 1.06) 

2.90 

( 0.33) 

8.82 

(70.86) 

7.34 

(20.71) 

4.85 

( 5.99) 

3.88 

( 1.73) 

4.51 

( 0.71) 

7.17 

(72.75) 

5.10 

(19.83) 

2.91 

( 5.40) 

1.33 

( 1.47) 

0.53 

( 0.55) 

'otal 32.42 36.88 32.62 18.81 31.99 29.40 17.04 
100.00) 

000 r 
1 9.08 9.11 8.73 6.39 7.07 8.29 6.32 

(76.13) (74.08) (71.63) (77.36) (73.01) (72.08) (76.12) 

2 7.53 8.40 6.79 4.31 5.43 6.49 4.69 

(18.22) (19.20) (20.94) (17.33) (20.10) (18.87) (18.22) 

3 4.19 4.63 4.73 1.28 2.94 3.99 1.58 

( 4.31) ( 4.98) ( 5.48) ( 4.01) ( 5.65) ( 7.21) ( 4.32) 

4 2.44 2.97 3.55 0.60 1.88 2.66 0.74 

( 1.02) ( 1.29) ( 1.44) ( 0.92) ( 0.58) ( 1.35) ( 1.02) 

15-10 1.61 3.13 2.27 0.18 1.92 2.06 0.20 

( 0.32) ( 0.45) ( 0.51) ( 0.27) ( 0.66) ( 0.49) ( 0.32) 

otal 24.85 1) 28.24 1) 26.07 2) 12.76 1) 19.24 2) 23.49 2) 13.53 i) 

100.00) 

000 
1 5.05 6.60 6.31 4.01 4.28 5.82 2.51 

(72.80) (71.84) (68.87) (72.32) (60.86) (70.97) (65.01) 

2 4.30 6.82 5.10 2.76 4.26 4.64 2.94 

(19.64) (20.18) (21.37) (19.91) (20.71) (19.93) (22.75) 

3 1.51 3.14 3.45 0.55 1.56 2.30 0.48 

( 5.46) ( 5.72) ( 6.70) ( 5.59) ( 5.99) ( 6.25) ( 7.96) 

4 0.95 2.12 2.78 0.04 0.66 2.22 0.07 

( 1.52) ( 1.62) ( 2.10) ( 1.57) ( 1.74) ( 1.96) ( 2.79) 

5-6 0.33 2.09 2.40 0.03 0.20 1.76 0.07 

( 0.58) ( 0.64) ( 0.96) ( 0.61) ( 0.70) ( 0.89) ( 1.49) 

otal 12.14 2) 20.17 3) 20.04 3) 7.39 3) 10.96 3) 16.74 3) 6.073) 
00.00) 

Test of significance from controls: 
I) P<0.01 3) P<0.01 3) P<0.001 
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of the CH gene arrangement produces a lower value than if the AR 

one is irradiated. 
The calculations of iì (Table 4) indicate that there is a negative 

correlation between the values of A and dosage of radiation. With 

higher dosages, the number of offspring per female per week declines, 

thus indicating that higher doses of radiation cause a decrease in 

the capacity of the population to increase in number. CH /CH popu- 

lations show the greater decrease especially when both chromosomes 

are irradiated and the heterozygous genotypes are often superior to 

homozygotes. 

c. Effects of temperature and irradiation on innate 

capacity for increase 
Tables 2 and 4 report the intrinsic rate of increase (rm), mean 

generation length (T), net reproductive rate (Ro), and R for all karyo- 

types for females kept at various temperatures and females carrying 

third chromosomes irradiated with different dosages of radiation. 

The intrinsic rate of increase has been defined as the rate of increase 

per head under specified physical conditions and when the possible 

effects of increasing density do not need to be considered (Btnco, 

1948). Such a measurement for a given population maintained at 

different environmental conditions should provide measures of the 

relative favourability of the respective environments. 
The values of rm (Tables 2 and 4) vary from 0.759 to 1.662 for 

temperature experiments and from 1.053 to 1.667 in radiation experi- 

ments, depending on temperature and radiation dosages given to the 

population. A higer' rm in a population does not necessarily mean 

that such a population will be more successful. The higher rm fn 

populations kept at 27 °C may indicate that a rise in the innate 

capacity for increase can most readily be obtained by increase of the 

rate of egg production early in life ( TANTAWY, 1961). A heterozygous 

individual such as AR /CH does not breed true, therefore rm has no 

meaning except in the situation in which the population consists only 

of AR /CH. 
Considering the mean generation length (Table 2) it is interesting 

to note that this character increases with decreasing temperature, 
and within the same temperature, particularily the higher one, there 

are significant differences (P < 0.05) between the different karyo- 
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TABLE 4 

RATE OF INCREASE IN DIFFERENT IRRADIATED POPULATIONS 

enotypes Intrinsic 
rate of 

increase 
(r /day) 

Mean 
generation 
length in 
weeks (T) 

Net 
reproduction 

rate (Ro) 

2 = 
Antiloge rm 

ontrols: 

AR/AR 1.401 2.47 31.72 5.06 
AR/CH 1.373 2.71 41.14 3.33 
CH/CH 1.471 2.06 20.63 4.36 

1500r 

AR/AR 1.402 2.48 32.42 4.06 
AR/CH 1.383 2.61 36.88 3.97 
AR/CH 1.234 2.82 32.62 3.42 
CH/CH 1.677 1.75 18.81 5.37 
AR/AR 1.434 2.42 31.99 4.18 
AR/CH 1.243 2.72 29.40 3.46 
CH/CH 1.304 2.17 17.04 3.67 

000r 

AR/AR 1.439 2.23 24.85 4.22 
AR/CH 1.347 2.48 28.24 3.86 
AR/CH 1.342 2.43 26.07 3.82 
CH/CH 1.466 1.74 12.76 4.35 
AR/AR 1.270 2.33 19.24 3.56 
AR/CH 1.317 2.40 23.49 3.74 
HC/CH 1.437 1.81 13.53 4.22 

500r 

AR/AR 1.282 1.95 12.14 3.60 
AR/CH 1.263 2.40 20.77 3.52 
AR/CH 1.163 2.57 20.04 3.19 
CH/CH 1.274 1.57 7.41 3.56 
AR/AR 1.245 1.92 10.96 3.46 
AR/CH 1.161 2.43 16.74 3.19 
CH/CH 1.053 1.71 6.07 2.86 

Ypes. At 15 °C and 25 °C the heterozygous individuals live longer 
han either of the two homozygous groups. The situation is similàr 
n radiation experiments where generation length declines with 
ncreasing dosages and in all cases heterozygotes live longer. The 



44 A. O. TANTAWY 

results of Table 2 for 25 °C indicate clearly that heterozygous popu- 

lations would tend to increase in number more rapidly than homo. 

zygotes. At 15 °C the carrier of the AR /AR gene arrangement may 

tend to increase faster than the carriers of AR /CH and CH /CH, 

while at higher temperature the situation is reversed in favour of 

CH /CH gene arrangements. These findings are in general agreeme 

with those reported by WRIGHT & DOBZHANSKY (1946) whose wo 

suggested that rm in Drosophila pseudoobscura populations is 

function of the different inversions in the third chromosome. BIRC1 

(1960) stated that species differ genetically in the capacity to increase 

in number, and "natural selection would tend to maximize rm foe 

the environment in which a species lives, for any mutation or gee 

combination which increases the chance of genotypes possessing 

them contributing more individuals to the next generation (that is. 

of increasing rm) will be selected over genotypes contributing fewe 

of their kind to successive generations. This is the usual meaning o 

fitness of genotype. The tendency of natural selection to maximize 

rm does not necessarily mean that natural selection will tend to make 

the number of species a maximum ". 
The fact that the intrinsic growth rate has not before been reported 

in Drosophila species and the results of the present studies raise a 

problem which should be investigated on natural populations of 

Drosophila captured from different geographical regions. Such 

problem will be taken into consideration in future experiment~. 
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Under laboratory conditions quantitative 
characters in Drosophila, such as body size 
or fecundity, are very sensitive to environ- 
mental changes, e.g., temperature fluctua- 
tions or changes in quality or quantity of 
food. In nature, the same situation is found 
where changes in annual temperature or 
humidity affect the type of flora as well as 
the size of Drosophila fauna. 

It is well known that there is a correlation 
between some quantitative characters and 
the geographical distribution of animals. 
Thus, the pioneer work of Timofeeff -Res- 
sovsky (1933) showed that strains of Dro- 
sophila funebris and Drosophila melanogas- 
ter derived from different geographical 
regions react differently to temperature. 
Studies on the morphology of wild popula- 
tions as those reported by Dobzhansky 
(1937), Reed and Reed (1947) on Droso- 
phila pseudoobscura and Drosophila per - 
similis, Stalker and Carson (1947, 1948 and 
1949) on Drosophila robusta, Prevosti 
(1955) on Drosophila subobscura, demon- 
strated that wing length and other traits 
decrease in size with geographical distribu- 
tion from north to south. 

The early work of Dobzhansky and his 
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collaborators showed that natural popula- 
tions of Drosophila pseudoobscura in dif- 
ferent geographical localities differed in the 
frequency of various inversions in the third 
chromosome. Further work by Dobzhansky 
revealed that within one locality, popula- 
tions of Drosophila pseudoobscura exhibited 
seasonal variations in respect to the fre- 
quency of different inversions. 

Laboratory investigations designed to 
test the reaction of various gene arrange- 
ments to different temperature conditions 
have been carried out by Dobzhansky in a 
series of papers on Drosophila pseudoob- 
scura, Kalmus (1945) on Drosophila mela- 
nogaster, Dubinin and Tiniakov (1945) on 
Drosophila funebris, Moos (1955) and oth- 
ers on Drosophila pseudoobscura, and Spiess 
(1958) on Drosophila persimilis. They all 
found that various genotypes react differ- 
ently to various temperatures. 

The present study, the first of a projected 
series dealing with natural populations of 
Drosophila in the Middle East and sur- 
rounding areas, was designed to test an 
hypothesis concerning the nature of devel- 
opmental homeostasis. The hypothesis to be 
tested can be expressed as follows: progeny 
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Fro. 1. Different geographical regions from 
which populations of Drosophila melanogaster and 
Drosophila simulans were captured. 

of euryokous populations (i.e., populations 
that have a wide tolerance for various envi- 
ronmental factors) are better able to with- 
stand the upper and lower limits of experi- 
mental laboratory conditions than progeny 
of stenokous populations. 

TECHNICAL PROCEDURE 

Collecting technique. All collections of 
Drosophila in the present investigation and 
in the future, have been and will be carried 
out by exposing cans measuring 6X8 in., 
each containing one pound of ripe bananas 
which was mashed, autoclaved, and then 
inoculated with a suspension of baker's 
yeast. At the time of collection, i.e., in the 
early morning and late afternoon, Dobzhan- 
sky and Epling (1944), about a dozen of 
these cans were placed on the ground in the 
shade of trees to attract the flies. The Dro- 
sophila were collected with the aid of collect- 

ing nets and were then transferred into vials 
containing cornmeal -molasses -agar medium. 

In the laboratory the flies were etherized. 
Males of Drosophila melanogaster and Dro- 
sophila simulans were classified as to species 
by examining the genitalia. Females were 
placed in individual culture bottles and 
classified by examination of their male 
progeny. 

Localities. Natural populations of Droso- 
phila melanogaster and Drosophila simulans 
were sampled from several localities, as 
shown in figure 1, one each from Lebanon 
(Safa Valley, 3,500 ft altitude) Uganda 
(Namulonge, 3,775 ft altitude) and three 
populations from Egypt (approximately at 
sea level). The Egyptian populations were 
captured from: the University of Alexandria 
Farm, Alexandria; Wadi -El- Natroon, an 
isolated desert area halfway between Alex- 
andria and Cairo (92 km southwest of 
Cairo) ; Luxor, about 550 km south of 
Cairo. Drosophila melanogaster as well as 
Drosophila simulans were found in all these 
localities except Luxor, where only Droso- 
phila melanogaster was found. However a 
simulans population from Beni -Swef, about 
112 km south of Cairo, was substituted for 
this one. These localities are designated as: 
LB, UG, UF, WD, LX, and BS, respec- 
tively. 

Most of the collecting was done during 
July and August in 1956, by placing the 
cans under grape vines, fig, or palm trees. 
Dobzhansky et al. (1957) did a preliminary 
survey collection of the Drosophila fauna in 

TABLE 1. Monthly averages of percentages of 
humidity and temperature in different geo- 

graphical regions in 1956 

Locality Humidity % Temperature ° C 

LB 60.21 ± 8.91 16.15 ± 7.38 
UF 69.17 ± 7.02 20.04 ± 6.35 
WD 63.66 ± 12.52 21.55 ± 6.95 
BS 54.83 ± 15.24 21.90 ± 7.30 
LX* 29.12 ± 14.05 25.49 ± 9.52 
UG 72.94 ± 2.95 27.34 ± 1.34 

* % humidity and temperature were not re- 
corded from September to December. 
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Egypt and obtained the frequency distribu- 
tion of adults of Drosophila melanogaster 
and Drosophila simulans captured from the 
above mentioned regions as well as other 
localities in Egypt. Average percentages of 
humidity and temperatures recorded in 1956 
for all localities are presented in table 1, 

indicating that the Uganda locality shows 
the highest percentage of humidity and tern - 
perature which are constant through the 
year, and that the Lebanon locality is the 
coldest, with wider fluctuations. 

Experimental. Ten captured fertilized 
females each of Drosophila melanogaster 
and of Drosophila simulans were chosen at 
random from each locality and placed in 
separate culture bottles for two days, and 
then transferred into fresh bottles every 
other day for a week in order to establish 
the original foundation populations. At 
every generation, the offspring of the ten 
females from each locality were intercrossed 
to obtain ten new bottles. In other words, 
males from the first bottle were intercrossed 
with virgin females of the second bottle, 
males from the second bottle with females of 
the third bottle, and so on to produce the 
first and second new bottles, respectively. 
Such a procedure was made to obtain the 
first nine bottles. The tenth new bottle was 
obtained by intercrossing males of the first 
bottle with virgin females of the tenth bot- 
tle. Progeny of the first generations of these 
females were not used in order to avoid any 
possible influence of the original environ- 
mental conditions in which females had sur- 
vived. 

The five different populations of Droso- 
phila melanogaster and of Drosophila simu- 
lans were exposed to the following tem- 
peratures: 10 °, 15 °, 18 °, 22 °, 25 °, 28 °, 
30 °, and 31° C. Populations of Drosophila 
melanogaster were examined also at 31.5° C 
and those of Drosophila simulans at 30.5° C 
(the upper limits of temperature at which 
progeny can be obtained in these species). 
These temperatures were held constant to 
within 0.1° C. 

Within a given temperature and locality 
virgin females from each of the bottles were 

intercrossed with males from other bottles 
to maintain the foundation stock as hetero- 
zygous as possible. Samples of flies were 
taken at random from each bottle (20 pairs) 
and were placed in oviposition bottles ; thus 
one hundred oviposition bottles were used 
for all the populations at a given tempera- 
ture. Eggs were collected from these bottles 
at a known temperature and cultured at the 
same temperature. 

From each of the oviposition bottles sam- 
ples of eggs were obtained and cultured in 
five food vials. To prevent competition in 
the larval stage not more than seventy eggs 
were introduced into each vial which con- 
tained the normal food culture. Collection 
and culturing of eggs were carried out on 
four successive days and after emergence 
adults were counted and classified as to sex. 

From the populations emerging from each 
of the two vials during the first two days, 
ten males and ten females were obtained at 
random on each day, in order to measure 
wing and thorax length. Thus a total of 
400 males and females from each locality in 
each temperature were examined. The total 
number of flies emerging from all vials on 
the four days was used to get an estimate of 
the percentage of emergence and sex -ratio in 
the progeny. 

Measurements of wing and thorax length 
were obtained by the method described by 
Robertson and Reeve (1952) and used by 
the senior author as described in previous 
publications, Tantawy (1959). At a given 
temperature, all populations were treated 
at the same time in the same manner and to 
minimize environmental fluctuations the 
methods recommended by Robertson and 
Reeve were used. 

RESULTS AND DISCUSSION 

Wing and thorax length. It was known 
from the work of Mellanby (1954) that 
some insects can become acclimatized to 
changes in temperature. Smith (1957) 
found that in individuals of Drosophila sub - 
obscura acclimatization takes place and de- 
pends on whether animals are homozygous 
or heterozygous, the latter showing more 
acclimatization. 
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Our results secured from the present ex- 
periment on the effects of various degrees of 
temperature on body size, i.e., wing and 
thorax length, in Drosophila melanogaster 
and Drosophila simulans are presented in 
figure 2 a and b for both species, respec- 
tively. Results obtained for thorax length 
are not given since they show a similar pat- 
tern of behavior as that obtained in the 
wing length. 

The results as presented in figure 2 a and 
b indicate clearly that Drosophila melano- 
gaster is significantly larger in wing length 
at any given temperature than is Drosophila 
simulans, and in both species the females are 
larger than the males. Various degrees of 
temperature show highly significant effects 
on body size; wing length is longer at the 
lower temperatures and decreases gradually 
with the increase of temperature. The aver- 
age percentage of decrease, for both sexes in 
all populations of Drosophila melanogaster, 
from the lowest to the highest degrees, is 
31.03 per cent and 18.66 per cent for wing 
and thorax length, respectively, and 31.79 
per cent and 22.89 per cent in Drosophila 
simulans for both dimensions, respectively. 
Such results indicate that although Droso- 
phila melanogaster is bigger in size than 
Drosophila simulans, both species were af- 
fected similarly by temperature changes, 
especially in regard to wing length. Such a 
phenomenon of changing wing length with 
various degrees of temperature are in agree- 
ment with the results of Stalker and Carson 
(1947) working on Drosophila robusta and 
Pantellouris (1957) on Drosophila melano- 
gaster. 

Considering the different populations 
from the various geographical regions, the 
results indicate that in both species popula- 
tions from Lebanon are larger in wing 
length than other populations, at almost 
every temperature. Such a population is 
morphologically larger than that from 
Uganda where the lower temperature pre- 
vails, but the situation is reversed at the 
higher temperatures, where UG populations 
show superiority in size to all other popula- 
tions. Other populations captured from 

Egypt do not show any significant differ- 
ences between them and showed almost the 
same size as UG populations, except at the 
higher temperatures where the latter ones 
show longer wing length. These results will 
be discussed later. 

Thorax length of all populations behaved 
almost in the same manner as wing length 
and figure 3 a and b for Drosophila melano- 
gaster and Drosophila simulans shows a 
highly positive correlation between the two 
measurements. The results are presented 
as log of wing plotted against log of thorax 
which indicate also that wing length is af- 
fected more than thorax length, particularly 
at the extreme temperatures. Such a point 
can be illustrated more clearly when meas- 
urements for both dimensions are expressed 
as a ratio of wing /thorax length. The 
results for wing /thorax ratio in Drosophila 
melanogaster and D. simulans indicate that 
with an increasingly cold climate, wing 
length is longer relative to thorax length 
than it is at higher temperatures, a fact 
which agrees fairly well with the findings of 
Stalker and Carson (1947) and Pantellouris 
(1957) . It has also been shown by Reeve 
and Robertson (1953) that changes of tem- 
perature during the pupal stage may have 
profound effects on wing length but not on 
thorax length. 

Phenotypic variance. Phenotypic vari- 
ance of wing length is expressed as the co- 
efficient of variation and the results are 
presented in figure 4 a and b for Drosophila 
n :elanogaster and D. simulans. 

The results as presented in figure 4 indi- 
cate that temperature has a highly signifi- 
cant effect on variability of wing length in 
all populations studied. Such variation is 

high at the two extremes of the tempera- 
ture; higher temperatures show more effects 
on phenotypic variation than lower or inter- 
mediate ones. The smallest coefficients of 
variation appear when flies were exposed to 

intermediate temperatures. The results also 
indicate that UG populations are the highest 
in phenotypic variance at almost every tem- 
perature, but are the lowest at the highest 
temperatures. LB populations show more 
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uniformity in wing length than other popu- 
lations but become the most variable at the 
highest temperature. 

Such differences in phenotypic variance 

will be discussed later, but it would be of 
great interest to know whether the variance 
is a reflection of different responses of simi- 
lar genotypes, or whether it is a reflection of 
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a wider range of genotype within a given 
population. This point we hope to investi- 
gate in the near future. 

Percentage of emergence. Percentage of 
emergence is measured by the number of 
adult flies that hatched from a certain num- 
ber of eggs cultured in food vials. The re- 
sults obtained are presented in figure 5 a 
and b for Drosophila melanogaster and D. 
simulans. 

The results as shown in figure 5 demon- 
strate that different temperatures have vari- 
ous effects on the percentage of emergence. 
In all the populations studied the percent- 
age of emergence is about 25-40 per cent at 
the lowest temperature, increasing gradu- 
ally with the increase of temperature. The 
maximum percentage of emergence can be 
seen at 25° C, i.e., 58 -76 per cent in Droso- 
phila melanogaster and at 22° C, i.e., 69 -79 
per cent in D. simulans, which shows that 
optimal conditions for both species may be 
different. At higher temperatures, the per- 
centage of emergence decreases gradually to 
8 per cent and 5 per cent in both species. 
Complete lethality of pupae occurs at 31.5° 
C in Drosophila melanogaster and 30.5° C 
in D. simulans, thus showing a temperature 
difference between these sibling species. 

Populations from the extreme north and 
extreme south end of the range differ in 
their per cent emergence in the same way as 
they differ in wing length. Populations 
from LB show higher percentage of emer- 
gence at almost every temperature, except 
that at highest temperatures where UG 
populations show the best viability. 

If we plot percentage of emergence 
against the coefficients of variation for wing 
length the results demonstrate a highly sig- 
nificant negative correlation between such 
characters in both species. It is of interest 
to note that, at lower temperatures, LB pop- 
ulations are superior to UG populations 
where the former show a higher percentage 
of emergence and lower variation for wing 
length, but at the higher temperature the 
situation is reversed. 

Optimal conditions and geographical dis- 
tribution. There is extensive evidence on 

Drosophila species other than Drosophila 
melanogaster and Drosophila simulans 
which indicates that wing length shows an 
increase in northern geographical regions, 
e.g., Stalker and Carsons (1947, 1948 and 
1949) on Drosophila robusta, Dobzhansky 
(1948) on Drosophila pseudoobscura and 
Prevosti (1955) on Drosophila subobscura. 

Our results, summarized in figures 2, 4, 
and 5, suggest that the optimal tempera- 
tures for D. melanogaster and D. simulans 
are 25° C and 22° C, respectively. The 
values of the various characters studied at 
these optimal temperatures are shown in 
table 2, the localities being arranged in 
north to south order. 

The results thus presented in table 2 indi- 
cate that northern populations, i.e., LB, are 
significantly larger in size, less variable and 
more viable than those from the extreme 
south, i.e., UG populations. In D. simulans 
there is a gradient of size from north to 
south, while in D. melanogaster flies from 
central Egypt are the smallest. Such differ- 
ences in behavior and the insignificant dif- 
ferences between some of the Egyptian pop- 
ulations and that from Uganda could be 
explained on the basis of possible immigra- 
tion throughout the Nile Valley. LB popu- 
lations are isolated from the Egyptian ones 
by the Sinai Desert. If we consider LB pop- 
ulations as northern populations and all 
other populations, i.e., from Egypt and 
Uganda, as southern ones, we find signifi- 
cant differences between them in every 
respect; the former populations are larger, 
less variable and more viable than the latter 
ones, which agrees well with the findings of 
other investigators. 

It seems probable, therefore, from such 
results, that the geographical differences in 
morphology are the results of an adaptation 
to climate and such adaptation may be of 
indirect effect. Dobzhansky (1937) stated 
that the morphological phenotype may be 
the by- product of some more fundamental 
physiological adaptation. Annual mean 
temperature as well as percentage humidity 
are the more obvious environmental condi- 
tions, which show correlations with the 
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TABLE 2. Morphological differences between males and fearaaies 1911- Drosophila nrueaauaogaster 

and Drosophila Simulan in mean wing and thorax length, al their optimal temperatures, 
with their respective coefficients of variation 1; C. I'.(:,D. Units of measurement are 

1/100 min. Percentages of emergence are also presented. 

P hula- 
tien 

Wing Length* Thorax Length* 

Percentage 
nt 

emergence 

Males Females Males Females 

Size C.V. Size Size C.V. Size C.l'. 

Drnsopbi]J nzelane7gaste r 

LB 183.-41 1.86 111.09 1.70 03.69 1.40 106.11 2.19 76.18 
UF 175.59 1.97 103.19 2.11 89.-48 2.59 102.39 1.19 68.70 
WD 176.10 1.19 101.60 1.97 91.40 3.37 104,74 2.43 63.1.3 

LX 176.16 2.36 103.78 1.99 90.81 1.64 103.47 1.71 73.49 
UG 180.03 2.50 210.27 2.36 91.54 3.41 105.03 2.37 58.11 

Drosophila sipmrlaazs 

LB 190.91 2.17 120.16 1.87 95.63 2.96 109 .95 2.36 79.91 
CF 189.36 2.77 218.66 2.19 94.75 1.44 104.39 127 72.59 
\[-D 184.97 2.73 209.63 2.49 91.10 3.52 104.34 3.03 74_34 

BS 189.44 2.25 217_98 1.79 94.811 2.86 108.86 2_66 74.83 
UG 185.96 2.58 215.52 1.99 92.41 3.21 107.31 2.47 69.49 

*Each mean is taken from 200 pairs of adult flies. 

phenotypic appearance of the animal. Other 
environmental conditions such as type of 
flora may have some effects on such adapta- 
tion. In sum. we find that animals which 
are adapted to a given temperature are less 
phenotypically variable than those not 
adapted. 

Sex -ratio. It is a ;. 

populations of Dr n' 

almost of 1:1 

fact that wild 
cive a sex- ratio 
mal conditions. 

When environment a :ions are clanged 
the ratio is also char. g 

There are some eXr ianal situations re- 
ported in which sera,-,:,- - females 
captured from nature rise to a highly 
abnormal sex- ratio. Thus, Mani (0954), 
Moriwakì et al. (19 7) working on Droso- 
phila bifasciata, Cavalcant.i and Falcon 
(19 4) on D. prosreltarns. Stalker ( 1957) on 
D. paramelanica and Malogolowkin et al. 
(19 59) on D. 2t'illist oni. all reported abnor- 
mal sex -ratio arising from some wild fe- 
males_ Mal_o_olcrwhin et al. (1959) attrib- 
uted such an abnormal situation to the 
action of an agent which is transmitted by 

the female to all her eggs and is lethal in XY 
zygote. 

In the present investigation. all ached 
tries were classified to sex an _- the results 
for the various sex- ratios at --__ _iifferent 
temperatures are presente -- -- e 6 a 

and b for Dro.cerp.lìil r ,..: r and D. 
5 . where local.: :: number 

:_ts counted are also, , 

results as sho\. u in -- - _ _ _nAicate 
an in I -,once of temperature one __x- ratio. At 

lower and higher temperatures in both 
species there are significant tl fferences 
between sexes: females predominate, while 
at milder temperatures hue ratio is almost 
one to one_ During the experiment it was 
noticed that at the two extremes of tem- 
perature, particularly at the 'guter one 
pupae fail to develop into adults. It was 
observed that adults attempted to emerge 
from te pupae. but only succeeded in 

dragging their heads and eras out of the 
pupal case. 

One may conclude front these resul, . t 
females are the stronger sex in ratina 

u. 

mv 

le 

Fis. 6_ Sex-ratio for all populations of Drosophila under various elegsco:- 
populations and numhe.r of adults coutnaed in ;t.a;c91 locality axe 
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changes in temperatures and are also better 
buffered than males. Such resistance be- 
came apparent in the immature stages of 
adults, particularly in the pupal stage. 

CONCLUSIONS 

The earliest studies of geographical vari- 
ation in different species of Drosophila 
have been reviewed by Stalker and Carson 
(1947). It has been found that size of an 
animal differs according to altitude and 
northern animals are larger in size than 
southern ones. 

Our results as reported, show clearly that 
body size and percentage of emergence as 
well as sex -ratio can be altered by changing 
temperature conditions; the latter two char- 
acters are the more sensitive ones. Such 
alteration in the new laboratory conditions 
depends to a great extent on the original 
climatic conditions in which flies had sur- 
vived. Thus, LB populations of Drosophila 
melanogaster and Drosophila simulans are 
well adapted to the colder and milder de- 
grees of temperature and UG populations to 
the warmer ones. Such populations are 
larger in wing length and thorax length with 
low phenotypic variances and higher via- 
bility under their adapted conditions. These 
findings are in general agreement with those 
of Lerner (1954) who stated that the poor- 
est adapted individuals have higher varia- 
bility. Since variability is usually regarded 
as a measure of homeostasis, on the assump- 
tion that a less variable phenotype indicates 
superior homeostatic buffering properties 
which result in a high general adaptedness 
in a range of environments, one may con- 
clude that LB populations which are 
euryokous populations are more adapted to 
wider changes in environmental conditions 
than that of UG populations which are 
stenokous populations. An analysis of the 
geographical distribution of the two popu- 
lations, shows that LB populations inhabit 
regions characterized by medium summer 
temperature and colder winter with a lower 
percentage of humidity, while UG popula- 
tions were captured from a region where 
the temperature is 27° C almost constant 

throughout the year with a higher degree of 
humidity. Thus indicating that stenokous 
populations are better adapted only to a 
temperature similar to that of their native 
conditions. This is expected since natural 
selection acts more strongly on the eury- 
okous populations than on the stenokous 
ones, therefore the former populations are 
able to adapt themselves to wider altera- 
tions of climatic conditions, i.e., they are 
more homeostatic. Results obtained in the 
present investigation are in agreement with 
those reported by Lewontin (1956 and 
1957) who has equated homeostasis with 
fitness, which indicate that the physiologi- 
cal and morphological responses of a homeo- 
static individual are adaptive so as to favor 
survival. 

The reaction of LB and UG populations 
to the temperatures, showing different 
adaptation to the extremes, gives rise to the 
following questions: 

1. What would be the response to selec- 
tion in populations of both localities under 
optimal conditions as well as colder and 
warmer temperatures? 

2. Do crosses between and within differ- 
ent populations, under the previously men- 
tioned conditions, yield the same degree of 
heterosis? 

Such points will be investigated in future 
experiments. 

SUMMARY 

1. Natural populations of Drosophila 
melanogaster and Drosophila simulans were 
captured from different geographical re- 
gions in Lebanon, Egypt, and Uganda. 

2. Offspring of such populations were 
reared under different temperatures rang- 
ing from 10° to 31.5° C in Drosophila mel- 
anogaster and to 30.5° C in Drosophila sim- 
ulans. 

3. Wing and thorax length are greater at 
lower temperatures, decreasing gradually 
with increasing temperature, while the per- 
centage of emergence is lower at the two 
extremes of temperature and significantly 
higher at optimal conditions. 

4. Wing /thorax ratio is about 2 under 
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optimal conditions, increasing at lower tem- 
peratures and decreasing at higher ones. 

5. Phenotypic variance of wing length 
is higher at both extremes, and much higher 
at warmer temperatures. 

6. Complete sterility, i.e., eggs failing to 
produce adults, occurs at 31.5° C in all 
populations of Drosophila melanogaster and 
at 30.5° C in Drosophila simulans. 

7. Lebanon populations, i.e., northern 
populations, are more vigorous, less variable 
and more viable than all other populations 
studied at almost every temperature, while 
populations from Uganda show superiority 
to all other populations only at the higher 
temperatures, i.e., their original climatic 
conditions. 

8. Extremes of temperature adversely 
affect sex -ratio. At the two extremes of 
temperature females appear to be the 
stronger sex and are significantly more 
numerous than males. At milder tempera- 
ture the sexes occur in equal numbers. 
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SELECTION under different environmental conditions varying in nutrition 
or temperature poses a problem to be solved on sound genetical grounds. The 

problem is whether the best response to selection can be achieved when selection 
is carried out under optimal conditions or when it is carried out in some other 
environment that is especially favourable for the expression of genes affecting 
the desired trait. Most selection experiments, on Drosophila, have been carried 
out under optimal conditions; for recent references see LATTER and ROBERTSON 

(1962) . 

The existence of genotype -environment interaction may mean that the "best" 
genotype in one environment is not the best in another environment. Evidence 
is accumulating that such interaction is common (PARSONS 1959; ROBERTSON 

1960a; for more general references see HULL and GOWE 1962) . 

The situation is important in breeding policy and raises two problems: (a) To 
what extent is the response to selection which is achieved in one environment 
also expressed in another environment? (b) Does the attenuation in the herit- 
ability resulting from genotype -environment interaction interfere seriously with 
the response to selection? 

Actually, the problem is much broader than expressed here. Natural popula- 
tions and also domesticated species inhabit many environments and, therefore, 
several environments have to be taken into account when selecting (see DICKER - 
SON 1962 for a good discussion of the problem) . 

The present experiments were carried out to examine the response to selection 
for wing length in Drosophila melanogaster and D. simulans at different tem- 
perature conditions. In particular, the effects of temperature on the response to 
selection as well as on the heritability of wing length were studied by trans- 
ferring the selected lines from one temperature to another. Observations were 
taken on other traits to determine their correlated responses, if any. 

EXPERIMENTAL PROCEDURE 

The initial foundation populations: One population of Drosophila melanogaster and one of 
D. simulais were the basis of the present experiments. These populations were derived from flies 
captured at the University of Alexandria Farm. For locality and technique for crosses, and also 

Genetics 49: 935 -948 June 1964. 
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for maintenance of the initial populations for the experimental work, see TANTAWY and MALLAH 

(1961). 
The absolute means for wing and thorax length for both males and females in both species 

of Drosophila at 18 °, 24° and 28 °C, and their respective coefficients of variation are presented 

in Table 1. 

The results indicate clearly that both sexes in D. melanogaster are significantly longer in 

wing length, but not for thorax length, at each temperature than in D. simulans. Males and 

females, in both species, have different mean sizes, but they show nearly the same coefficient 

of variation for wing and thorax length, although the former character is almost twice as long 

as the latter. There is a gradation in size; wing and thorax length are longer at 18 °C and 

decrease gradually with the increase of temperature. These results are in good agreement with 

those reported by TANTAWY and MALLAH (1961) working on the same two species. 
Mating system and selection procedure: Each selected line was started by measuring 60 pairs 

of flies in three sublines A, B and C and the selected flies were mated in a cyclical system of 

mating (ROBERTSON and REEVE 1952) to minimize inbreeding inevitable in the outbred selected 

lines. In other words, three largest selected pairs for wing length (plus direction) in each subline 

were used, whereby in each generation the three selected males from subline A were mated to 

the three selected females of subline B which gave offspring denoted A; selected males from B 

mated with females of C give offspring denoted B and selected males of C mated with females 

of A gave offspring denoted C and so on for every generation. The same procedure was followed 

in case of the short-wing selected lines, where the three smallest flies were selected from each 

subline and mated as before. 
In each of the two species and at each temperature of 18° and 28 °C, one line was selected 

for long wing length and the other for short wing length. The technique used for the maintaining 
different selected lines was exactly the same as that described by ROBERTSON and REEVE (1952). 
Selection for long and short wings was carried out for 25 generations at each temperature for 

both species, except in the case of short wing selected line in D. simulans at 28 °, where only 
17 generations of selection were completed. 

After 20 generations of selection at either temperature, in both species, new lines were taken 
off the high (28 °C) and the low (18 °C) temperature lines, and selected for a further five 

generations at the other temperature as well as at 24 °. The original selected lines were also 

maintained so that we can compare the effects of change of temperature on selection response 
after many generations of selection. 

Control stocks from each of the two species were maintained in mass mating at the different 
temperatures and given the same treatments as the selected lines. 

TABLE 1 

Morphological differences between males and females of D. melanogaster and D. simulans in 

mean wing length and thorax length, at different temperatures with their respective 
coefficients of variation (C.V. %) 

Temperature 

D. melanogaster D. simulans 

Wing length Thorax length Wing length Thorax length 

Mean C.V. Mean C.V. Mean C.V. Mean C.V. 

Males 
18 °C 201.81 2.47 96.26 2.40 184.23 2.38 95.62 2.53 
24 °C 180.15 1.98 93.19 2.36 175.43 2.14 92.14 2.32 
28 °C 166.83 2.46 87.35 2.47 159.52 2.73 85.92 2.69 

Females 
18 °C 227.26 2.51 106.54 2.17 203.34 2.43 106.52 2.52 
24°C 204.56 2.03 103.18 1.84 200.42 2.05 102.62 2.08 
28 °C 193.17 2.41 99.87 2.43 181.23 2.76 98.05 2.75 

Units of measurement are 1/100 mm. Each mean was taken from 100 flies. 
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Relaxed lines: Relaxation of selection was effected by allowing 20 pairs of flies, picked at 
random in a given generation, to mate and lay eggs together. Selection was relaxed in all the 
selected lines after the 5th, 10th, 15th and the 20th generations for five successive generations. 
In each case, five vials were set up on the same days as their original selected lines, and five 
pairs of flies were measured from each vial on the same days as in the selected and control lines. 

Heritability estimates. 1. The initial foundation populations: For the estimation of the 
heritability for wing and thorax length in both species at 18 °, 24° and 28 °C, five progeny tests 
were carried out in each species at each temperature, three of which were mated at random 
and the other two were mated assortatively. The regression of offspring on midparent was applied 
throughout the present analyses, since this method provides the most accurate estimates for 
heritability (ROBERTSON and REEVE 1952). The parents of each progeny test and their progeny 
were carried out under similar temperature. The technique for the maintenance of the progeny 
tests was essentially the same as that reported by TANTAWY (1959). 

2. Selected lines: Heritability was similarly estimated after the 5th, 10th, 15th, 20th and 25th 
generations in all the selected lines. At these generations, other progeny tests were carried out, 
by taking samples from the original selected line at a given temperature and rearing them at 
the reverse one. Heritability was also estimated in each of the relaxed selected lines at each 
temperature after five generations of relaxation. 

Other characters: In each generation throughout the experimental work, records were kept 
for thorax length, number of eggs cultured and the number of adults hatched, to study the 
response to selection for wing length on thorax length and the change in the percentage of 
emergence in the various selected lines. 

RESULTS 

Heritability of wing length in the initial populations: The results of each 
progeny test and the weighted means, at different temperatures, are presented 
in Table 2. Heritability estimates resulting from the assortative matings were 

TABLE 2 

Heritability of wing length in the initial foundation populations at different temperatures 

18 °C 24 °C 28 °C 

Progeny Mating 
No. system /t2 

No. of 
matings h°- 

No. of 
matings /z= 

No. of 
matings 

a. D. melanogaster 
1st Random 
2nd Random 
3rd Random 
4th Assortative 
5th Assortative 

32.21 ±3.89 
34.23 ±3.33 
30.98 ±4.14 
31.64 ±3.98 
30.39 ±4.91 

97 
100 
100 
95 

100 

35.21 ±4.10 
38.91 ±2.95 
37.82 ±3.88 
39.18 ±3.02 
40.25 ±3.21 

100 
100 
100 

98 
97 

25.13 ±4.21 
23.29 ±3.48 
24.05 ±3.62 
30.51 ±4.11 
28.42 ±3.59 

100 
95 
90 
98 
99 

Totals and 
weighted means 31.91 492 39.27 495 25.48 482 

b. D. simulans 
1st Random 25.41 ±5.56 100 30.34 ±4.32 100 21.41 ±5.06 98 
2nd Random 28.31 ±4.34 98 29.95 ±3.81 100 23.91 ±6.41 91 
3rd Random 25.40 ±5.68 95 32.81 ±3.45 98 27.84 ±5.01 95 
4th Assortative 24.33 ±6.01 100 28.99 ±4.45 100 22.44 ±5.88 95 
5th Assortative 26.82 ±6.72 100 34.81 ±4.21 100 21.41 ±6.13 95 

Totals and 
weighted means 26.29 493 31.74 498 23.44 474 
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corrected for the magnified variance between parents, as suggested by REEVE 

(1953). The results for wing length (h2 for thorax length is not included since 

it behaves in almost the same manner as wing length) indicate clearly that 
natural populations of D. melanogaster and D. simulans possess a considerable 
amount of genetic variability due to the additive gene effects. The population of 

D. melanogaster displays a higher percentage of heritability estimate, in every 
progeny test, than does D. simulans, and this is true at each temperature. The 
differences between species are significant (P <0.01). 

The weighted means for the heritability estimates at 24 °C are about 39 percent 
and 32 percent, in populations of D. melanogaster and D. simulans, respectively. 
Both estimates decline at lower and higher temperatures to 31.9 and 26.3 percent 
at 18 °, and to 25.5 and 23.4 percent at the high temperature, respectively. Thus 
the populations of the two species differ in their genetic variance for wing length 
and may also differ in the relative reduction of the heritability estimates at more 
extreme temperature conditions. The reduction in the heritability estimates may 
represent genotype -environment interaction. Such evidence for genotype- environ- 
ment interaction at lower and higher temperatures is in good agreement with that 
reported by TANTAWY (1961) on populations of D. pseudoobscura. The herit- 
ability estimates at 24° do not differ very much from those given by TANTAWY 

(1959) on other populations of D. melanogaster. 
The results of the genetic correlation between wing and thorax length in both 

species, as estimated by HAZEL'S (1943) formula for random matings and REEVE'S 

(1953) formula for assortative matings, are presented in Table 3. The genetic 
correlation is high at 24 °C and declines in both species at lower and higher tem- 
peratures. The decrease at high temperature is more pronounced than that at the 
low temperature. At either extreme temperature the genetic correlation between 
wing and thorax length in D. melanogaster shows less reduction than in D. 

simulnas. 
Response to selection. a. Changes in wing length: Since heritability estimates 

show high values for the additive genetic variance, one would expect effective 
selection in directions of long and short wing selected lines. This was found to be 

the case in both species; the results for wing length (sexes averaged) are pre- 
sented in Figure 1, as percentage deviation from controls. These results illustrate 

TABLE 3 

Genetic correlation between wing and thorax length at different temperatures 

Progeny No. 

D. melanogaster D. simulans 

18 °C 24 °C 28 °C 18 °C 24 °C 28 °C 

ist 0.8084 0.8239 0.7889 0.7588 0.7888 0.7507 
2nd 0.8095 0.7988 0.8008 0.8089 0.8109 0.7444 
3rd 0.7581 0.7881 0.7411 0.7850 0.8183 0.7608 
4th 0.7896 0.8009 0.7356 0.7503 0.7882 0.7332 
5th 0.8052 0.8236 0.7585 0.7436 0.7947 , 0.7468 

Means 0.7941 0.8071 0.7649 0.7693 0.8002 0.7472 
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clearly that selection is effective in both species at both temperatures; short wing 
selected lines show more response to selection than long, apart from the lines of 

D. simulans selected at 18 °C, where the line selected for long wings shows more 
response than that for short. 

Comparing the response to selection at different temperatures within the same 

species, one notices that in D. melanogaster, selection is more effective at 18 °C, 

in both directions, than in lines selected at 28 °. Selection at 18° is also more 
effective in the long wing selected lines in D. simulans, but at 28° selection for 

short wing is relatively more effective. The behaviour of thorax length was similar 
to that found in wing length, indicating high genetic correlation between them 
(Table 3). 

The divergence between the long wing and the short wing selected lines at 

the two temperatures, in both species, increases gradually from generation to 

generation at each temperature; D. melanogaster shows more divergence between 
the selected lines. The divergence is greater between lines selected at 18 °C than 
between those selected at 28 °, while between the long and short wing selected 
lines in all series, at the reverse temperature after the 20th generation, it shows 

a decrease compared with that found in the original selected lines for the same 

generations. Table 4 shows the divergence between long and short wing lines 

from Generation 21 to Generation 25 for the selected character under the original 

TABLE 4 

Average differences between plus and minus lines for wing length (as percentage deviations from 

controls) when selected at different temperatures, after the 20th generation of selection 
for five successive generations 

Generation 

Selected 
originally 
at 18 °C 

Selected originally 
at 18 °C and transferred to Selected 

originally 
at 28 °C 

Selected originally 
at 28 °C and transferred to 

24 °C 28 °C 24 °C 18 °C 

a. D. melanogaster 
21 25.24 24.03 21.81* 17.55 13.21* 17.36 
22 29.35 22.97* 22.701* 20.87 13.65** 18.20* 
23 26.72 25.24 24.99 20.45 14.77** 17.46* 
24 29.90 23.39* 24105* 22.13 14.90** 18.31* 
25 37.31 26.77*** 23.20*** 20.30 13.131* 16.83* 

Average 29.70 24.48 23.35 20.26 13.93 17.63 

b. D. simulans 
21 17.91 13.21* 10.91** 14.02 11.77 * ** 3.29 * ** 
22 18.79- 13.09** 9.13*** 14.95 14.47 * ** 5.80 * ** 
23 20.48 14.00** 9.94*** 18.22 15.66 * ** 10.87 * ** 
24 20.85 15.91** 10.53*** 17.18 16.79 * ** 6.65 * ** 
25 22.74 17.96** 16.16** 20.40 15.03 * ** 2.65 * ** 

Average 20.15 18.54 11.33 16.95 14.74 5.85 

Test of significance for the differences in the divergence between the selected lines at the original temperature and that 
at the reverse one: 

* Significant at the level of P<0.05. 
* Significant at the level of P <0.01. 

Significant at the level of P <0.001. 
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temperature and the reverse one. The response to selection is expressed to a lesser 
degree in the new environmental conditions, and both species show a significant 
decrease. 

Although the same character was selected in D. melanogaster and D. simulans 
under exactly the same environmental conditions, the response to selection 
differed in the two species. 

b. Relaxed lines: Selection was relaxed in all the selected lines, after every five 
generations of selection for five successive generations. Figure 1 also shows the 
results as percentage deviations from controls. The results show that relaxation 
in the earlier generations of selection causes wing length to return almost to the 
level of the unselected populations. In the later generations of selection, the 
relaxed lines returned about half way to the control level. Similar phenomena 
were observed by ROBERTSON and REEVE (1952), REEVE and ROBERTSON (1953), 
by TANTAWY (1956), all working on body size in D. melanogaster. 

c. Phenotypic variation: Phenotypic variability in all the selected lines at each 
temperature is calculated as coefficients of variation, and the results are presented 
in Figure 2 for wing length of both species. The phenotypic variability of the lines 
selected at different temperatures behaves differently. At 18 °C, the variance of 
long and short wing selected lines declines in both species, though insignificantly 
so compared with the control populations. At 28 °, the situation is different; 
selected lines show higher variability than the controls, and in both species short 
wing lines show higher variability than long wing lines. 

The relaxed selected lines (Figure 2) show an increase in their phenotypic 
variation as compared with their original selected lines. When the original 
environmental conditions for the selected lines are changed to either high or low 
temperature, the phenotypic variance increases under the new temperature of 
28 °C and decreases at 18 °C. Thus, the selected lines for long and short wing 
length in D. melanogaster at 18 °C show the values (presented as averages for 21 
to 25 generations) of 1.84 percent and 2.57 percent for the two selected lines. 
These coefficients were increased to 3.05 percent and 2.92 percent, respectively, 
when selected lines were transferred to 28 °. On the other hand, selected lines at 
28° show values of 2.75 and 2.21 percent, respectively. These values were 
decreased to 2.01 and 1.89 percent when selected lines were maintained at 18 °. 
Selected lines in D. simulans, at both temperatures, behaved in a similar manner 
as that reported in Drosophila melanogaster. 

Changes in the heritability estimates: It has been reported (Table 2) that the 
initial foundation populations of D. melanogaster and D. simulans carry a great 
deal of genetic variance, with the former species showing higher heritability than 
the latter, extremes of temperature causing a decline in both species. In the lines 
selected at 18° and 28 °C for both directions in both species, heritability of wing 
length was estimated every five generations before and after relaxation. The 
results are given in Tables 5 and 6 for both the selected and relaxed lines. These 
indicate that selection at either temperature leads to an apparent increase in the 
heritability estimates, even though the selection response has ceased in long wing 
lines, and in all cases short wing lines display greater variance than long. Relaxa- 
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Heritability estimates (percent) for wing length in the selected lines at different temperatures 

Generation 

18 °C 28 °C 

Long Short Long Short 

a. D. melanogaster 
5 35.31 ± 8.11 42.30 ± 5.91 26.53 ± 7.62 27.11 ± 6.73 

10 39.32±4.51 45.29 ± 6.07 27.66 ± 8.31 30.72±6.33 
15 40.95±6.22 50.67±7.11 31.73±9.27 38.15±8.11 
20 43.21±7.30 48.85±6.20 34.56±8.13 40.11±8.23 
25 45.56 ± 7.09 43.91 ± 7.00 38.05 ± 10.21 39.40 ± 8.92 

b. D. simulan 
5 26.31 ±5.34 31.22 ±5.11 23.51 ±6.21 25.13 ±5.31 

10 26.82 ±6.20 34.31 ±6.71 20.31 ±5.92 30.22 ±6.72 
15 30.01 ±5.91 37.33 ±6.21 26.57 ±7.32 29.51 ±5.67 
20 32.14 ±6.71 35.05 ± 7.84 25.33 ±8.32 31.64 ±6.11 
25 34.22 ±7.01 39.56 ±5.23 27.68 ±7.54 32.83 ±8.32 

lion of selection causes a decrease in the heritability estimates in the selected lines. 
The effects on heritability were also considered of reversing the temperature, 

compared with the heritability found under the original temperature (Table 5) 
at which the lines were selected. Table 7 shows the results for the various progeny 
tests carried out in each selected line. When the genetic variance is calculated 
under the new environment heritability declines at 18° and increases at 28 °C. 

Alteration of the genetic variance of body size by changing the environment 
was noticed by TANTAWY (1961) in populations of D. pseudoobscura. 

Effects on survival to adulthood: The percentage of eggs yielding adult flies for 
all the selected lines are shown in Figure 3. Selection in both directions at each 

TABLE 6 

Heritability estimates (percent) for wing length in the selected lines after relaxation 
of selection for five successive generations 

18 °C 28 °C 

Generation Long Short Long Short 

a. D. melanogaster 
5 33.25±5.62 35.53±8.12 28.13±5.61 30.00±5.62 

10 35.95±8.11 27.05±7.09 20.54±8.92 29.21±6.71 
15 34.01 ±7.23 31.77±6.23 25.34±5.67 31.22±8.92 
20 36.52±8.29 39.82±4.52 24.01 ± 7.11 30.92±5.09 
25 32.89±6.67 38.09 ± 8.23 28.92±8.21 34.05 ± 7.14 

b. D. simulan 
5 23.11 ±4.56 28.13 ±5.01 20.21 ±6.11 23.56 ±5.31 

10 24.95 ±8.11 29.00 ±6.87 18.13 ±7.23 25.11 ±6.71 
15 20.56 ± 7.23 30.19 ± 5.33 25.32 ±6.98 26.09 ± 8.09 
20 28.56 ±5.23 28.05 ±8.21 21.02 ±8.91 24.22 ±7.22 
25 25.31 ±8.01 31.43 ±6.62 23.92 ±8.84 28.56 ±6.76 
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TABLE 7 

Heritability estimates (percent) in the selected lines for wing length after 
reversing the original temperature to the reverse ones 

Lines selected at 18° 
and progeny tests for h2 at 28 °C 

Lines selected at 28° 
and progeny tests for h2 at 18 °C 

Generation Long Short Long Short 

a. D. melanogaster 
5 28.52±8.66 30.14±7.11 31.51±7.15 33.56±8.91 

10 29.31 ±5.71 31.44±8.22 35.23±6.21 32.71 ±7.32 
15 30.13±6.99 29.56±6.57 32.07±5.27 37.51±6.20 
20 25.47±8.32 31.82±6.32 29.27 ± 5.58 36.54±6.09 
25 27.23 ± 8.99 28.82±7.75 30.11±5.97 38.88±5.08 

b. D. simulan 
5 22.13 ±5.13 24.51 ±6.09 25.56 ±6.21 30.52± 6.92 

10 20.19 ±6.72 26.39 ±6.31 27.31 ±7.11 29.62 ±5.11 
15 18.37 ±8.93 25.21 ±5.02 28.41 ±8.00 29.98 ±7.08 
20 24.13 ±5.94 27.92 ±7.93 27.94 ±7.65 31.84 ±7.14 
25 25.10 ±5.72 30.11 ±6.98 31.10 ±6.87 34.85 ±7.86 

temperature causes reduction in the percentage of survival to adulthood of both 
species as compared with the controls. At each temperature, lines selected for 
long wings show a higher percentage of emergence than lines selected for short 
wings. This is true for all the selected lines apart from tests at 28 °C in D. 
simulans, where the short wing line shows a higher percentage of emergence, 
compared with long wing line at the same temperature. The relaxed lines, in the 
earlier generations, show an increase in the percentage of emergence over the 
control level, while at the later generations of selection this character shows a 

slight increase in the direction of the controls, in agreement with the results 
reported by different workers in selection experiments. 

In all the selected lines, a temperature shift downward leads to an increase in 
percentage emergence, while an upward shift leads to a decrease. Thus, the lines 
selected for long and short wing length during Generations 21 to 25 show at 18 °C 
(values are based on averages for five generations) the values of 45.42 and 37.84 
percent; these decreased to 29.23 and 28.06 percent, respectively, when the 
selected lines were transferred to 28°. On the other hand, selected lines at 28° 
showed the values of 26.91 percent for long wing and 39.71 percent for short 
wing; these increased to 41.67 and 66.69 percent, respectively, when lines were 
transferred to 18 °. Similar results were found in selected lines of D. simulans, 
although emergence was lower. 

CONCLUSIONS 

In the present experiments, long -term two -way selection for wing length in 
Drosophila melanogaster and D. simulans was carried out to study the response 
to selection in both species, at two different temperatures, 18° and 28°C. Changes 
in the genetic variability of wing length were also studied in the course of selec- 
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tion for 25 generations at one temperature, and also at the reverse temperature 
from Generations 21 to 25. 

Selection is effective in both species at both temperatures; D. melanogaster 
shows more response. Such differences in the response to selection between species 
could be attributed to the higher heritability in the initial foundation population 
of D. melanogaster and in D. simulans (Table 2). However, the higher value of 
the heritability estimate at 18 °C is also consistent with the greater response to 
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selection at this temperature than at 28. These results confirm those reported on 

selection experiments carried out by different workers, e.g. DRUGER (1962). 
The deviation from controls (Table 4) declines significantly in most of the 

selected lines, when the original temperature under which the selected lines were 

maintained for long generations, was changed either from 18° to 28 °C or vice 

versa. 
Similar results were reported by DRUGER (1962), who selected for wing length 

in D. pseudoobscura at two different temperatures. He explained his differences 
in carry -over of selection effects as the result of different growth processes being 
selected for, which would not contribute to growth to the same extent in the two 

environments. He further stated that "if these processes do not contribute to the 

character (i.e. wing length) to the same extent in other environments, selection 
for larger or shorter wings may at first involve processes which show little carry- 
over; as selection continues other underlying mechanisms which show good carry- 
over may become selected for, or vice - versa ". 

The general increase in the heritability estimates in all the selected lines may 
be explained on the hypothesis that selection, at either temperature, favors more 
heterozygous individuals as parents of next generation (REEVE and ROBERTSON 

1953) . Therefore, the selected lines may be characterized by a relatively high 
phenotypic variance, and relaxation of selection may cause an increase in vari- 
ability towards the control level, particularly in the earlier generations, and a 

decrease in the heritability estimate almost to the initial foundation populations. 
The long wing selected lines in the present work show exactly the same behaviour 
as that described by ROBERTSON and REEVE (1952) and REEVE and ROBERTSON 

(1953), but the short wing lines behave differently. They found that lines 
selected for short wing length responded neither to forward nor backward selec- 

tion and had a heritability of zero. Such differences between the present experi- 
ment and those of the previous authors may be due to the fact that our short wing 
lines have not reached the same stage as had those of ROBERTSON and REEVE, 

since ours are still responding to selection. 
From the evidence of the heritability estimates, in lines originally selected at 

18° or 28 °C, and then selected at the reverse temperature, whereupon the genetic 
variance declines (Tables 5 and 7; Generation 25), one may conclude that the 
reduction in the additive genetic variance is higher at 28° than at 18 °. Therefore, 
the decline in the heritability estimates from changing temperature is due to the 
increase of environmental variation as well as to environment -genotype inter- 
action under the new conditions. Additive genetic variance of a given trait may 
be affected more by changing temperature from warm to cold, rather than the 
reverse. Similar results were reported by TANTAWY (1961) on populations of 

D. pseudoobscura. 
The present results should be considered along with the observations of ROBERT- 

SON (1960b), who in describing the results of selection in Drosophila on different 
diets stated that "selection on a high plane of nutrition has so far led to the greater 
absolute response to selection for large body size, but the difference due to selec- 
tion is not maintained when the animals are grown on a low plane. Also, differ- 
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ences produced by selection on a poor diet are proportionally less when the diet 
is improved, while adaptation to the low plane conditions may reduce the possi- 
bility of increasing body size by further selection under better conditions ". 

Finally, one may conclude from the present results that the expression of the 
genetic makeup for a given individual under good constant environmental con- 
ditions differs from that under less favorable ones. A superior genotype in one 
environment could not be expected to show the same superiority in another 
environment. Therefore, it is apparent that selection should be carried out 
under environmental conditions similar to those in which selected lines are to 
be maintained. Such a conclusion is in agreement with those of FALCONER (1960) 
on mice and ROBERTSON (1960a,b,c,) on Drosophila. 

The authors are very indebted to DR. FORBES W. ROBERTSON of the Institute of Animal 
Genetics, Edinburgh, Scotland, for his helpful discussions and suggestions in the preparation of 
the manuscript. 

SUMMARY 

The effects of selection for wing length in natural populations of Drosophila 
melanogaster and D. simulans were studied at 18° and 28 °C. Two lines were 
selected in each species at each temperature, one for long and the other for short 
wing length. Heritability estimates were carried out in the initial foundation 
populations and at intervals of five generations before and after relaxation of 
selection. At the 20th generation, selected lines were transferred to the reverse 
temperature and selection was carried out for another five generations. Herit- 
ability of wing length was estimated in each of the selected lines, at Generations 
21 to 25. 

Heritability estimates indicate that both populations carry considerable genetic 
variability. Such estimates were 38.27 percent for D. melanogaster and 31.74 
percent for D. simulans, at 24 °. At higher and lower temperatures, heritability 
estimates were 31.91 and 26.29 percent (18 °C), and 25.48 and 23.44 percent 
(28C). 

The initial foundation populations show a high genetic correlation between 
wing length and thorax length, 0.80 in both species at 24 °; this value tends to be 
lower at higher and lower temperatures. 

Selection was effective in both species at both temperatures; short wing selected 
lines show usually more response than long ones. The response to selection is 
more pronounced in D. melanogaster than in D. simulans, and in all lines selec- 
tion is more effective at 18° than at 28 °. 

The limits of selection are reached earlier at 28° than at 18 °. 
At 28 °, selection causes án increase in the phenotypic variation of the selected 

lines over that found in the control populations, while at 18° there is an insignifi- 
cant decline. 

Both relaxing selection and changing the temperature cause a reduction in the 
heritability estimates for wing length. The response to selection is also decreased 
when the temperature is changed. 
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Selection causes a reduction in the survival to adulthood in all the selected 
lines; the decline is greater at 28° than at 18 °. 
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Studies on natural populations of Drosophilae 

III. Morphological and genetical differences in wing length 

of Drosophila melanogaster and D. simulans in relation to 

seasonal fluctuations. 

A. O. TANTAWY 

Faculty of Agriculture, University of Alexandria, Alexandria, 

Egypt, U.A.R. 

One of the problems in the field of population genetics 

is the method to be used in investigating various factors 

affecting the genetic structure of a given populations 

Population density, temperature and humidity are among the 

important variables in studies the genetics and ecology of 

natural populations. Studies on genetically controlled 

morphological variation of metric characters in Drosophila 

have been reported by many authors. The results indicate 

that a population in a single locality may adapt itself to 

the cyclic climatic changes associated with season ( for 

references see Tantawy and Mallah 1961). 

A considerable amount of information has been gained 

through the analysis of the chromosomal gene arrangements 



collection, identification of both species and technique 

used for tha maintenance of populations, see Tantawy and 

Mallah (1961). 

2. Laboratory 2o2ulations 

Populations of the same two species captured in 

the same region five years perior to the experimental work 

were used. Populations of both species were kept by mass 
o 

mating in breeding bottles at 25 C. under two different 

environmental conditions. 

a. Optimal conditions, i.e. not more than 200 eggs 

from the mass mating population cultured in a well yeasted 

bottle. 

b. Severe conditions of crowding, i.e. fifty pairs 

of flies per bottle were left to lay eggs freely in food 

bottles which were poorly yeasted. 

These laboratory populations are called "optimal" and 

"severe" populations, respectively. 

II. Ex2erimental work 

Two main experiments were carried out each month of 

the experimental period, to study the morphological and 

genetical differences in the various populations of 

Droso2hila melanoGaster and D. simulans. 

1. Mor2holozical differences 

Progeny resulting from the F2 generation 
of the 



captured females in both species and those of the laboratory 

populations were used for collecting eggs to study the 

monthly morphological differences among various populations. 

For such a study, eggs from different populations were 

cultured monthly in well yeasted vials (not more than 50 

eggs per vial) and after emergence of the adults, nir_gin 

females from each population and species, were obtained. 

Fifty males from each population were mated at random with 

fifty virgin females from the same population, in ten replicates; 

each one containing five pairs of flies. Flies were kept 

for feeding and mating for three days, after which they were 

transferred to oviposition vials for egg collection. Eggs 

from the various populations, laid on five successive days, 

were collected and cultured under optimal conditions (not 

more than 50 eggs per vial) . After emergence, twenty pairs 

of flies from each vial, of each species and population, were 

measured for wing and thorax length. In all the coatings, 

records were kept for the number of eggs cultured and the 

number of adults hatched. 

2. Genetical differences 

The following progeny tests were carried out for 

eamh species of Drosophila each month of the experimental 

period to study the monthly changes in the heritability 

estimates for wing and thorax length. 



a. Fifty males captured in nature were used; each male 

being mated with three virgin females of the laboratory 

"optimal" condition population. The progeny tests were 

carried out under optimal conditions. 

b. Fifty males from the laboratory "optimal" condition 

population were used, each male being mated with three virgin 

females of the same population_. The progeny tests were 

carried out under optimal conditions. 

c. Fifty males from the laboratory "severe" condition 

populations were mated, each with three virgin females of the 

same population. The progeny tests were carried out under 

severe conditions. 

Other progeny tests from the laboratory "severe" 

condition populations were carried out during Autumn and 

Winter of l962. Each month, fifty males from each species 

were used, each being mated with three virgin females of the 

same population, and the progeny tests were maintained under 

optimal conditions similar to those of (a) and (b) above. 

In all the various progeny tests flies were measured 

for wing and thorax length before mating. Matings were made 

at random and the parents were kept in food vials for feedibg 

and mating for five days, after which the three females in 

each mating were separated, each female being kept in a 

separate food vial. Eggs were counted daily from each female 



and cultured in well yeasted vials for optimal conditions 

or with less food and yeast for severe ones. 

After hatching, adults were counted and classified as 

to sex. Ten pairs of flies were measured for wing and thorax 

length from each vial on two successive days. Heritability 

estimates for both dimensions were calculated by the method 

of the half -sib analysis (Falconer 1960) on the basis of 

equal numbers of progeny per female. 

All the experimental work in the present study were 
o o 

carried out at 25 + 0.50 C. 

Results 

1. iriorphological differences 

a. Population density and sex -ratio in nature, in relation 

to temperature and humidity 

Figure 1 represents mean daily temperature per 

month and the mean daily percentage of humidity throughout 

the experimental period. The data indicate that monthly 

temperature (average per day) declined from September 1961 to 

February, 1962 ( 25°C. to 12.5°C. ) after which it increased 
0 

gradually to August, 1962 when it was 27 C. Percentage of 

humidity behaved almost in a parallel fashion; the highest 

temperature and humidity were found during summer months. 
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Figure 2 shows the total number of flies captured per 

month (both sexes) for Drosophila melano,zaster and D. simulans. 

The number may reflect the abundance of the flies in nature, 

since the extensive monthly collections were made twice a 

month in the same locality of approximately one square mile 

using thirty traps every time ( Tantawy and Lallah 1961) 

Figure 2 also shows that the highest peaks for the 

number of captured flies were during the period from July to 

October. One of the interesting points seen in Figure 2 is 

the excess of Drosophila simulans over D. melanozaster during 

October and November of both years. 

Sex-ratio presented as percentage of males in the 

captured flies of both species of Drosophila is given in 

table 1. The results indicate that females are captured in 

excess through the whole period. A decline of males ( shown 
2 

by significant -C tests ) during summer months is shown in 

table I. 

These results indicate that females can resist high 

temperature better than males, supporting the results given 

by Tantawy and Mallah (1961) working on the same two species 

of Drosophila. Sex-ratio in the laboratory populations is 

nearly 1 : I though females exceed males slightly. 
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Table 1. Percentage of males to the total number (per month) 

of flies captured. 

Months and 

years 

D. melanogaster 

Total No. 
of flies Males% 

D. simulans 

Total No. 
of flies Males% 

October,1961 403 47.21 552 45,98 

November 237 46.97 276 46.25 

December 214 46.95 202 47.76 

January,1962 175 48.81 163 48001 

February 125 47.61 116 45.89 

March 134 46.56 127 46.41 

April 139 48.83 151 47062 

o o 
May 175 39.81 182 38.52 

o o 

June 237 38022 203 34.29 

00 00 
July 425 35.21 328 30.25 

00 00 
August 478 30.22 374 29.07 

September 551 45.83 476 47062 

October 375 48002 510 46.77 

November 250 47.17 325 48.35 

December 210 46.39 175 47.09 

° Significant at P. <0.05 
00 Significant at P <0.01 



b. Wing length 

Figure 3 shows the absolute wing length in each month 

in different populations. The results indicate that flies 

from the optimal conditions have the largest wings, while 

those from the severe conditions have the shortest; both popula- 

tions show constant wing length throughout the period of 

study. Test of significance between different laboratory 

populations indicate significant differences ( P(0.05 ) in 

most of the months studied. The genetic make up of the 

"optimal" and "severe" populations may be responsible for 

such significances since the progeny were raised under identical 

environmental conditions. 

Flies from natural populations show values intermediate 

(but not significantly so) between optimal and severe 

laboratory populations, apart from summer months when wing 

length declines significantly, (P ( 0.05) as compared with 

the measurements of wing length of the same populations at 

other seasons of the year. Similar results were obtained by 

Stalker and Carson (1949) on DrosoEhila robusta; they reported 

that flies captured during the months of August and September 

showed the smallest wing lengths, with high negative correlation 

withltemperature. Stalker and Carson (1948) also found 

significant decrease in wing length with decreasing altitude. 

Tantawy and Mallah (1961) showed significant differences in 
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wing length of Drosophila melanoaaster and D. simulans from 

northern and southern geographical regions. Flies from high 

altitudes or northern regions are greater in wing length, 

thus agreeing with the findings of the present study that 

low temperature increases wing length. 
2 

Estimation of the total phenotypic variance ( Cr) of the 

logarithms of measurements for wing length (table 2) shows 

insignificant differences within and among various populations. 

Natural populations of both species of Drosophila show higher 

variances (but not significantly so) as compared with those 

of the laboratory ones, apart from those of summer months 

( July - September, inclusive ) for Drosophila melanoaaster 

which shows significantly higher variances (P<0.01) than other 

populations in the same months. 

c. Percentage of emergence 

Percentage of emergence was calculated as percentage 

of adult flies hatched from a given number of eggs. The 

results for all the populations are presented in figure 4. The 

results indicate significant differences between both species; 

Drosophila melanoaaster shows higher emergence. Both optimal 

and severe laboratory populations show almost a constant 

percentages of emergence (with insignificant differences 

between them) throughout the period of studies. 



144 

2 

Table 2. Variance (6 ) of logarithms of measurements for 

wing length in different populations (sexes averaged) in 

each month. n = 400 

D. melanogaster 

Laboratory 
Mo n the 

Optimal Severe 

De simulans 

Laboratory 
Natural 

Optimal Severe 
Natural 

October 0.000108 0.000113 0.000118 0.000137 0,000145 0.000189 
(1961) 
November 0.000097 0.000114 0.000189 0.000156 0.000161 0.000175 

December 0.000113 0.000124 0.000130 0.000187 0.000203 0.000217 

January 0.000120 0.000141 0.000184 0.000209 0.000218 0.000238 
(1962) 
February 0.000089 0.000107 0.000115 0.000134 0.000193 0.000251 

March 0.000103 0.000142 0.000163 0.000213 0.000224 0.000231 

April 0.000112 0.000124 0.000175 0.000228 0.000295 0.000296 

May 0.000097 0.000135 0.000178 0.000207 0.000214 0.000219 

June 0.000112 0.000130 0.000175 0.000219 0.000245 0.000284 

July 0.000105 0.000141 0.000286 0.000274 0.000281 0.000295 

August 0.000123 0.000137 0.000298 °0.000281 0.000291 0.000301 

September 0.000110 0.000145 0.000298 °0.000272 0.000281 0.000291 

October 0.000113 0.000152 0.000179 0.000271 0.000322 0.000302 

November 0.000110 0.000149 0.000185 0.0002.83 0.000291 0.000297 

December 0.000117 0.000162 0.000173 0,000294 0.000305 0.000302 

° See text for test of significance 
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Natural populations of Drosophila show percentage of 

emergence not significantly different from those of the 

laboratory populations; populations of Drosophila melanoaster 

give values higher than those of D. simulans. The two species 

behaved differently; D. melanoEaster shows a decrease 

insignificant during summer months while D. simulans shows 

a steady rise to the end of the period. 

2. Genetical differences 

a. Heritability estimates 

Heritability of wing length was calculated fmr 

each month of the period studied by progeny tests carried out 

for each population. The method of half -sib analysis was 

used and the results are presented in table 3 as weighted means 

per season; each mean was based on Monthly estimates within 

season. The data indicate that, in general, D. melanoEaster 

possesses higher additive genetic variance for wing length 

than D. simulanse These results agree with those reported by 

Tantawy et al (1564) working on the same two species. Comparing 

the genetic variance between different populations, it is 

clear that populations of both species maintained under optimal 

conditions show lower but constant values throughout the period 

of studies. 

Populations raised under severe conditions and the progeny 

tests were carried out also under severe ones show the .tighest 
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Table 3. Weighted means for the percentage of the heritability 

estimates at different seasons (based on monthly values per 

season) for wing leng th, with their respective standard errors. 

Laboratory populations 
Seasons and 

years Optimal Severe 

ao Droso2hila melanozaster 

Natural populations 

Autumn,1961 33.75 + 3.14 49.31 + 4.74 39.92 + 2.94 

Winter,1962 34.49 + 2.58 53.61 í 3.39 42.18 + 4.32 

Spring,1962 32.64 + 3.10 49.53 4.04 40.29 + 3.75 

o 

Summer,1962 34.37 + 4.09 52.10 4.18 29.77 + 3.25 

Autumn,1962 35.62 + 3.85 48.92 3.79 37.66 + 3.17 

Winter,1963 34.27 + 3.06 50.34 3.82 41.32 + 3.79 

Spring,1963 31.95 + 3.15 48.43 j1 3.87 40.01 + 3.65 

0 

Summer,1963 35.97 + 2.97 47.53 3.76 23.75 + 3.42 

Autumn,1963 31.42 + 3.14 

b. Drosophila simulane 

49.95 4.14 49.48 + 4.06 

Autunn,1961 31.36 + 3.18 49.76 + 4.11 29.36 + 3.27 

Winter,1962 30.36 + 4.07 52.84 + 5.33 36.46 + 4.18 

Spring,1962 28.14 + 3.46 50.49 + 4.82 35.98 + 3.18 

Surnmer,1962 28.94 + 3.27 52.13 + 5.07 39.43 + 3.37 

Auturnn,1962 29.96 + 3.29 46.18 f 3.97 33.96 + 4.18 

Winter,1963 32.24 + 4.15 51.75 # 4.18 34.76 + 3.74 

Spring,1963 29.01 + 3.75 48.97 t 4.97 34.85 + 3.37 

Snmmer,1963 35.34 + 3.54 47.18 f 4.18 40.98 + 2.89 

Autumn91963 36.86 + 3.52 50.35 t 3.75 35.87 + 3.87 



Table 3. Cont. 
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c. "Severe" laboratory 2o2ulations:_Prozeny tests were carried 

out at oztimal conditions. 

D. álelanoc,áster D. si:nu' ans 

Autumn,1962 31.23 + 3.15 28.65 + 3.16 

Winter,1962 29074 + 2.74 28.25 ± 3.47 

° See text for test of significance 
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heritability estimates. On the other hand, when the progeny 

tests from the severe populations were carried out under 

optimal conditions (table 3e) genetic variance has the smallest 

values. Thus,the results indicate that populations raised 

under severe conditions show a higher level of genetic 

variability; this might result from a greater variety of 

niches in the fluctuating environment. Beardmore (1961) 

reported that Drosophila populations of common ancestory 

raised under varios environmental conditions differed in their 

additive genetic variance; fluctuating environment gave 

higher heritability estimates. 

The most interesting features of the present study are 

those obtained from the natural populations. The two species 

of Drosophila behaved differently; D. simulans shows a rise 

though insignificantly so, in the heritability estimates from 

29.36 + 3.27 percent in Autumn 1961 to 36.46 + 4.18 in winter 

1962 and then stays more or less constant. Populations of D. 

melano; aster show constant values throughout the period 

apart from summer seasons of 1962 and 1963, when the 

heritability values decline significantly ( P < 0.05 ) as 

compared with the results obtained in the other seasons. 

b. Phenotnic, genetic and environmental correlations 

between wine and thorax lengths 

The total phenotypic correlation between wing (W) 

length and thorax (T) length in populations of Drosophila,i.e. 
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rPWPT, can be devided into its genetic and environmental 

components as follows: 

rPWPT 
_ hWhTrGWGT - 

e We TrLwET 

Whe re , 

h and hT = square root of the heritability estimate 

for wing and thorax lengths, respectively. 

rG G = genetic correlation between wing and thorax 
W T 

lengths. 

e,l7 and eT = f l_ h and / 1 h2 , respectively, 

2rom the previous equation the environmental correlation 

(rDj'VET) between wing and thorax length can be worked out 

since r can be estimated from the half -sib covariances. 
G WGT 

Monthly correlations between the two dimenti.o.s in both species 

of Drosophila are presented in figure 5. The results indicate 

that various correlations in optimal and severe populations 

remain almost constant from month to month; both species 

behaved similarly. Significant differences (P(0.01) were 

observed in the total phenotypic and environmental correlations 

between the different laboratory populations; optimal 

populations show higher values. On the other hand, genetic 

correlation (r ) do not show such significant differences. 
GWGT 

Correlation coefficients in natural populations are 

different. The values remain almost constant in D. melanozaster 
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throughout the experimental period apart from those of the 

summer months, when they decline significantly (P <0.05) as 

compared with other values. The total phenotypic correlation 

in D. si.::ulans remains almost constant among months, genetic 

correlation declines significantly in summer months, while 

environmental correlation shows its only significant decline 

in September and October of both years. 
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Conclusions 

Recent results indicate that different wild species of 

Drosophila react differently in their adaptive adjustments 

to seasonal changes. Dobzhansky (1943) studying Drosophila 

p,seudoobscura and Dubinin (1945) working on Drosophila 

funebr_is were the first to report genetic differences related 

to seasonal variation (but see Timofeeff- Ressovsky, 1940 for 

similar report on another organism). They pointed out that 

carriers of different gene- arrangements may be favoured or 

discriminating against by environmental agencies. Stalker 

and Carson (1949) attributed seasonal and altitudinal 

morphological differences between strains of Drosophila 

robusta to the adjustment of the various inversion frequencies. 

The seasonal morphological differences observed in 

the present study on natural populations of Drosophila 

melanogaster and D. simulans indicate a significant decline 

in wing length during summer months, i.e. with highest 

temperature and humidity. Such a decrease in wing length is 

due mainly to temperature effects (Tantawy and Mallah 1961) 

as food resources are abundant throughout summer. Thus winter 

and summer seasons tend to resemble latitudinal changes in 

their effects on Drosophila size. These results are in 

agreement with those reported by Stalker and Carson (1949). 

Genetic variance in Drosophila melanogaster at various 

seasons of the year indicates that environmental conditions 
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in summer cause a significant decrease in the heritability 

estimates for wing length; the situation in D. simulans is 

different, genetic variance remains almost constant. These 

results indicate that the species react differently to 

environmental conditions. The two species contrast sharply; 

Drosophila melanozaster is very frequently chroínosomally 

polymorphic (Patterson and Stone 1952) while D. simulans has 

not been observed to deviate from a strict chromosomal 

monomorphism. Previous studies of both species (Mourad and 

lallah 1960) captured in the same region as for the present 

studies support the findings of Patterson and Stone. 

Dobzhansky (1947) stated that the inversion mechanism may 

facilitate adaptation to different ecological niches in the 

same geographical environment. There is abundant evidence 

from the field and laboratory experiments in Drosophila that 

the chromosomal po] morphs are means for adaptation to 

environmental changes. Cyclic seasonal changes in the relative 

frequencies of karyotypes of Drosophila pseudoobscura have 

been reported by Dobzhansky (1961). Therefore, one may 

conclude that differences in the genetic make -up of the two 

species may be responsible for the different behaviour in the 

genetic component of variance in wing length. 

During winter, temperature and humidity are relatively 

low and food is scarce, as compared with summer. It seems 
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reasonable that if environmental conditions are changed, 

the fitness of some karyotypes may either improve or deter- 

iorate in relation to that of other karyotypes. Natural 

selection will enhance the frequencies of the more fit and 

depress those of less fit karyotypes. Dobzhansky (1962) 

stated that " A living species always faces a variety of 

environments; adaptation to multiplicity of environments can 

be achieved in two ways. First, genotypes are favored by 

natural selection which confer upon their carriers the 

property of homeostasis, physiological or developmental 

buffering, in the range of the environments which the species 

normally meets. Secondly, another form of natural selection 

(diversifying or disruptive selection) favors a genotypic 

variety or polymorphism, the different genotypes making their 

carriers relatively fitter in different environments ". 

Considering variability, in the present study, between 

populations within species and between months within 

populations, it is generally clear that greater fitness (figure 3) 

is associated with lower variability (table 2). Total 

phenotypic variation for a given trait may be caused by 

genetic, environmental agencies and interaction of both. 

Robertson and Reeve (1952) reported that adaptation to 

environment in Drosophila melanogaster depends on heterozygous 
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genotypes, where heterozygosity causes more uniform phenotypes 

than homozygosity. Similar results were obtained by Tantawy 

(1961) for Drosophila pseudoobscura. 

Summary 

The present experiments were designed to study 

morphological and genetical differences in various populations 

of Drosophila melanoEaster and De simulans through the period 

of October, 1961 to December, 1962. Populations used are 

one of each species in nature and two in the laboratory. One 

of the latter for each species was reared under optimal 

conditions and the other under severe one. The following 

results were obtained: 

1. Collections of flies from the natural populations indicate 

that both species are more abundant in summer than in winter. 

Drosophila melanoaster dominates D. simulans throughout the 

period of the study apart from September to December of both. 

Years when the latter species was more abundant. 

2. Sex -ratio in natural populations of both species of 

Drosophila is almost constant; females are in excess though 

insignificantly so except in summer months when males are in 

significantly less numerous than females. Sex -ratio in the 

laboratory populations remain almost constant throughout the 

period, females being slightly in excess. Wing length remains 
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almost stable; the "severe" population. has shorter wing length 

than that reared under optimal conditions. Natural 

populations show a significant decrease in wing length in 

stammer. 

3. Percentage of emergence of adults (from known number of 

eggs) behaves differently in natural populations of 

Drosophila melanoEaster and D. simulans, with D. melanoEaster 

generally significantly higher. In the summer D. melanoEaster 

shows an insignificant decline in percentage of emergence 

and D. simulans showed a steady rise from October, 1561 to 

December, 1562 

Laboratory populations do not change in this respect with 

season and there are no differences between different 

populations. 

4. Heritability estimates for wing length in natural 

populations are greater for Drosophila melanoEaster than 

D. simulans. The results indicate that the heritability of 

wing length remaines fairly constant in D. simulans during 

all months of the year while D. melanoEaster shows a 

significant decline in the heritability estimates during 

summer. On the other hand, laboratory populations show 

constant valueywith significant differences between different 

conditions. 

5. Total phenotypic correlation between ruing and thorax 

length, genetic correlations, and environmental ones were 
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calculated and discussed. 
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Resemblance between relatives with respect to a given 

quantitative character is a basic genetic phenomenon; the 

degree of resemblance determines the amount of additive 

genetic variance. The causes for such resemblance are related 

not only to genetics but also to environment. Therefore, the 

phenotypic value for a given individual is the sum of genetic 

and environmental effects (REEVE and ROBERTSON l953) 

Most characters in Drosophila are highly responsive to 

environmental changes (TANTAWY and MALLAH 1961) and only a 

proportion of the total phenotypic variance is actually 

accounted for by gene action. In selection programs (e.g., 

TANTAWY, MALLAN and TEWFIK 1964) it is essential, in some 



experiments, to devide the total variation of a given trait 

into its various components, particularly that component due 

to the additive gene effects. Correlation coefficients 

between various characters are needed; the genetic correlation 

is important because the response to selection for the primary 

character may influence the secondary characters (REEVE and 

ROBERTSON 1953; CLAYTON, KNIGHT, MORRIS and ROBERTSON 1957). 

The present experiments were designed to study the 

genetical and environmental effects on the total phenotypic 

value for a given character in populations of two Drosophila 

species. Heritability estimates were made for each of the 

characters wing length, thorax length, longevity of adult flies 

and lifetime egg production, and correlation coefficients 

were determined between each pair. 

TECHNICAL PROCEDURE 

The initial foundation 2o2ulation: Populations used in the 

present experiments are similar to those used by TANTAWY and 

MALLAH (1961) which were captured at the University of 

Alexandria Farm. In each species eggs (not more than 70 per 

vial) from the mass -mating population were cultured in well 

yeasted food vials in ten replicates. After emergence, virgin 

females were separated from males. Twenty pairs, ten on each 

day, from each replicate (given a total of 200 pairs) were 



meanu:?ed for wing and thorax length. The measured flies were 

also used for estimating the lifetime egg production and the 

longevity of both sexes. Measurements of wing and thorax 

lengths, lifetime egg production and longevity were carried 

out as described by TANTAWY (1961a). 

Prozenr tests: Eggs from both species were cultured as before 

in 20 food vials. After emergence virgin females were obtained 

and 20 pairs of flies from each vial, ten on each day, were 

measured for wing and thorax lengths. Random pair -matings 

were carried out within the measured flies of each vial; life- 

time egg production and longevity were also estimated. Eggs 

from the 400 pair matings were cultured in food vials, and 

after emergence of the Fl progeny virgin females were also 

obtained. Five males and five females from the progeny of 

each pair mating were used for measuring wing and thorax lengths, 

as well as lifetime egg production and longevity. Heritability 

of each character was estimated by doubling the phenotypic 

correlation between mothers and daughters. Since the statistical 

analyses indicate no significant differences between replicates 

the results were therefore combined and presented as we,ghted 

means. 

All the experimental work were carried out under optimal 

constant temperature of 25 + 0405 C. 



RESULTS 

Com2arisons between Droso2hila melanoEaster and Droso2hila 

simulans: Table 1 shows the absolute means for the four 

different characters studied. The results indicate clearly 

that the species are different; the former displays greater 

measurements for each trait than the latter, and females of 

Droso2hila melanoEaster lay significantly (P <0.01) more eggs. 

Moreover, TANTAWY andIALLAH (1961) reported that eggs of 

D. melanoEaster are the more viable. In both species females 

are significantly longer (P(0.01) in vying length than males, 

and females of both species live no significant longer than 

males. 

Total 2henotuic correlations: Table 2 presents the various 

correlation coefficients between the characters studied. 

There are clearly significant positive correlations between 

the different characters which raises the question as to the 

origin of such an association and whether it is due to 

environment, to heredity or to both ?. SANG (1950) has noted 

that the smaller flies which result from crowded conditions 

during growth lay fewer eggs. ROBERTSON (1957b) reported 

similar positive correlations between body size and egg 

production in D. melanoEaster.. TANTAWY and VETUIßIIV (1960) 

and TANT,WY (1961b) showed positive correlations among the 



same four characters used in the present study, but in Do 

2seudoobscura; a given reduction in D. 2seudoobscura leads 

to a proportional reduction in egg production and longevity 

as well. 



Table 1, Means (1 /100 mm) for wing length, thorax length; 

longevity (days) and lifetime egg production (average per 

female) with their respective coefficients of variation, C.V. 

n = 200 

Charac- 

ters 

Do melanogaster D. simulans 

Males Females Males Females 

Means C.V. Means C.V. Means C.V. Means C.V. 

Wing 
I" 

175.32 2.95 204.17 3.20 173 . 69 3.89 200.83 3.62 
(w) 

Th(T) L. 
89.25 3.95 103.25 3.72 85.85 4.27 100.11 4.49 

Longevity 14.06 2íe44 14.80 31.01 8,95 34.52 12.59 32.84 

Life time 
egg (pr)o d. 389.50 60,12 191,75 80,23 



Table 2. Observed total phenotypic correlations between the 

four different characters. d.f. = 380 

Correlations 
D. melanogaster D. simulans 

between 

VV - T 0,5775 + 0,116 0.5840 + 0.098 

W - G 0,2440 + 0.137 0.2189 + 0.118 

W - L 0.2197 + 0.138 0.2143 + 0.124 

T - G 0.5055 + 0.112 0.2508 + 0.117 

T - 0.3315 ± 0.133 0.1190 + 0.112 

L - G p 0.7568 + 0.137 0.4035 + 0.110 

° For symbols see Tabla 1 



- 8 - 

Heritability estimates: It seems to be very important to 

give all the observed d parent (mothers) - offspring (daughters) 

correlations for both species (Table 3) which includes not 

only the correlations with respect to the same characters but 

also the cross correlations, e.g. parent's wring vs offspring's 

thorax. The results indicate positive correlations between 

different characters. The parent offspring correlation 

(rD 
x 

) was used in estimating the heritability (h2= 2rio ) 

x x 
of each character and e2 = 1 - h2, the results are presented in 

Table 4, where t'h" and "ett have their usual meanings and 

usefulness. The results indicate clearly that metric 

characters are more heritable than fitness ones. The value of 

h2 expresses the proportion of the total variance that is 

attributable to thelaverage effects of genes; this is what 

determines the degree of resemblance between relatives. The 

total variation for a given character includes additive, non - 

additive and environmental causes; non- additive causes play 

a great role in the total variation of fitness characters 

than the mertic ones. Similar results were reported by 

ROBERTSON (1957b). 

Knowledge of the degree of the correlation between 

phenotypic and breeding values, i.e. h, for a given trait is 

important in the prediction of the response to selection. 



Table 3. Parent -offspring correlations ( e.g., wing vs wing) 

and the cross correlations ( e.g., wing vs thorax ), with 

their respective standard errors 

Parents 
O f f s p r i n g 

a. 

T 

Drosophila nelanogaster 

Z G 

W 0.1231+0.032 0.0819+0.021 0.0150+0.025 0.0005+0.039 

T 000957+0.025 0.1017+0.020 0.0104+0.037 0.0014+0.048 

L 0.0750+0.049 0.0889+0.034 0.0564+0.043 0.0058+0.033 

G 0.0019+0.054 0.0014+0.042 0.0004+0.038 0.0128+0.026 

b. Droso2hila simulans 

W 0.1090+0.031 0.1780+0.022 0.0303+0.024 0.0004+0.038 

T 0.0436+0.034 0.1165+0.025 0.0221±0.041 0.0010+0.051 

L 0.0708+0.045 0.1228+0.036 0.0730+0.045 0.0030+0,038 

G 0.0026+0.049 0.0015+0.039 0.0014+0.039 0.0556+0.037 

° For symbols see Table 1 
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Table 4. Heritability (h2= 2r ), 
e2 

= 1 - há for each 
x X 

character as well as "h" and "e ". Number of matings =400 

o 
Characters h2 e2 

a. Drosophila melanozaster 

h e 

0.2462 0.7538 0,4962 0.8682 

T 0.2034 0.7966 0.4510 0.8926 

L 0.1129 0.8871 0.3360 0.9419 

G 0.0257 0.9743 0.1603 0.0971 

b. Drosophila simulans 

0.2180 0.7820 0.4669 0.8843 

T 0.2330 0.7670 0.4827 0.8758 

L 0.1460 0.8540 0.3821 0,9241 

G 0.1112 0.8888 0.3355 0.9428 

° For symbols see Table 1 



The results indicate that the breeding values for metric 

characters are higher than those of fitness ones, while the 

"e" values are reversed in favor of the latter characters. 

These results agree with those reported by ROBERTSON (1957b) 

in showing the gradation of the heritability estimates for 

metric characters and finess Ones in Drosozhila melanoGaster. 



- 12 - 

Genetic and environmental correlations: Estimates of the 

genetic (rG) and environmental (rE) components of the 

phenotypic correlations, e.g. between the two characters X 

and Y, could be given from the following equations : where 

P and 0 denote parents and offspring, respectively. 

Y 
_ 2v/ 

rpXOYrpYO,X 

rEXE Y 
= rOXOY - hXhYrGXGY / eXeY 

The quantities rG h1hy and rE eXeY should add up 
X Y "X 'Y 

exactly to r1Y of Table 2. 

The results obtained from the present experiments for the 

genetic and environmental correlations between different 

characters in both species of Drosophila are presented in 

Table 5. The results for the genetic correlation (rG) between 

wing -thorax lengths, wing length- longevity and thorax- longevity 

are high,in both species, which indicate that flies of longer 

wing length have longer thorax length and live longer time 
war, 

than small flies. These results agree the findings of TANTAWY 

and VETUKIV (1960) in Drosophila pseudoobscura. Other genetic 

correlations, particularly those with egg production,are 

very low; indicating that a change made by selection for wing 
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Table 5. Genetic (rG) and environmental (rE) correlations 

between different characters. d.f. = 380 

Items 
W-T 

a.. Drosophila melanoaster a_e ...e__ _-- 

Correlation between 

W-G W-L T-G T-L L-G 

(1) 2 tir 

PXOY 
r 
PYOX 

0.1771 0.0020 0.0671 0.0028 0.0608 0.0030 

(2) hXhY 0.2238 0.0795 0.1667 0.0723 0.1515 0.0539 

(1)/(2)=rG G =rG 0.7913 0.0252 0.4025 0.0387 0.4013 0.0557 
X Y 

(3) r0 0.5775 0.2440 0.2197 0.5055 0.3315 0.75d8 
X Y 

(4) (3) - (1) 0.4004 0.2420 0.1526 0.5027 0.2707 0.7538 

(5) eXe Y 0.7749 0.8570 0.8178 0.8810 0.8406 0.9297 

(4)/(5)=rE E =rE 0.5167 0.2824 0.1866 0.2706 0.3220 0.8108 
Y 

b. Drosophi1a simulans 

(1) 2k/r r 0.1762 
PXOY PYOX 

0.0020 0.0926 0.0025 0.1042 0.0041 

(2) hghY 0.2254 0.1557 0.1784 0.1610 0.1844 0.1274 

(1)/(2)=rG G =rG 0.7817 0.0128 0.5191 0.0155 0.5651 0.0322 
X Y 

(3) r 0.5840 0.2189 0.2143 0.2508 0.1190 0.4035 
OXOY 

(4) (3) - (1) 0.4078 0.2169 0.1217 0.2483 0.0148 0.3994 

(5) eXeY 0.7745 0.8337 0.8172 0.8257 0.8093 0.8712 

(4)/(5)=rE =rE 0.5265 0.2602 0.1489 0.3007 0.0183 0.4584 
X Y 

° For symbols see Table 1 
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length in Drosophila is not accompanied with similar change 

in lifetime egg production. REEVE (1954) reported, in spite 

of the value of 0.27 as the genetic correlation between 

body size and egg production in Droso2hila melan_ogaster, that 

a change in the former character made by selection did not 

lead to a parallel change in the latter one. ROBERTSON(1957b) 

reported that, in only one comparison after five generations 

of selection, there was clear evidence of correlated change 

in egg production; in others, the differences in the output 

between large, small and unselected strains are negligible. 

Environmental correlation (rE) between different traits, 

which is due to the correlation of en vironmrntal deviations 

together with non- addtive genetic ones, shows how the genetic 

and environmental causes of correlation combine together to 

give the total phenotypic correlations. The results (Table 5) 

indicate that if both characters possess low heritability 

estimates (e.g., longevity and egg production) then the 

phenotypic correlation between them is determined chiefly by 

environmental correlation, and on the other hand if they 

display high additive genetic variance (e.g., wing and thorax 

length) then the genetic correlation is more important. The 

results obtained for wing and thorax lengths confirm those 

given by REEVE and ROBERTSON (1953) who reported the values 
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of 0.75 and 0.50 as genetic and environmental correlations, 

respectively. REEVE and ROBERTSON (1954) stated that " The 

genetic and environmental variations affecting a quantitative 

character should at least partly mimic each other's effects, 

since they must often influence the same chemical processes. 

Thus, both genetic and environmental factors affecting wing 

and thorax length in Drosophila cause partly correlated and 

partly uncorrelated variations, so that the genetic and 

environmental correlations are typically of the same order ". 

The present results agree, in general, with those reported 

by the previous authors. 

Conclusions 

For a detailed study of the genetic variance in wild 

populations of Drosophila, it is essential to investigate and 

compare the properties of the genetic variation in many 

different characters. Various authors attacked such a 

problem in Drosophila melanozaster, e.g. ROBERTSON and REEVE 

(1952); REEVE and ROBERTSON (1;53); TANTAWY (1964) and TANTAWY 

et al (1564) working on body size, CLAYTON et al (1957) on 

bristle number, ROBERTSON (1957a) on ovary size and 

ROBERTSON (195Th) on egg production. The present investigation 

adds more information on the inheritance of quantitative 

characters in both Drosophila melanoaster and D. simulans and 

the relationship between some of the different characters 
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namely wing length, thorax length, longevity and lifetime egg 

production. 

The results as presented in Tables 1 and 4- indicate 

clearly that characters with lower heritability estimates 

show greater phenotypic variance. Similar results were reported 

by ROBERTSON (1957b) on D. melanogaster and TANTAIXY (1961b) on 

De Eseudoobscura. It is interesting, however, to note that 

fitness characters of lower heritability estimates experienced 

the greatest reduction during inbreeding than metric ones, 

TANTAWY (1959) . 

The higher heritability estimates for wing and thorax 

length indicate that selection for longer or shorter dimensions 

is more effective than that for egg production or longevity. 

These results agree with those reported by different 

investigators working on such a problem, for review and 

references see TANTAWY et al (1964) . The genetic correlation 

can be utilized more accurately as basis for selection for a 

given character than the phenotypic one if both are estimated 

with equal accuracy. For instance, selection for wing length 

would be accompanied by a similar change in the same 

direction for thorax length or vice versa (ROBERTSON and REEVE 

1952; REEVE 1954; TANTAWY 1959 and TANTAWY et al 1964), to 

a lesser degree for longevity, but not for egg production 

(ROBERTSON 1957b). From the various correlation coefficients, 
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one may conclude that egg production is correlated with 

body size and with longevity through non -additive gene 

effects; gene- environment interaction may play a great role 

in such association. This is likely to be important in 

view of the sensitivity of growth to nutritional variation 

(ROBERTSON 1963). If most individuals never attain their 

maximum potential size, large individuals will be favoured 

by virtue of their greater output and might expect a clear 

cut correlation between body size and egg production and 

probably also growth rate. 

Few experiments have been performed to check the adequacy 

of the response to selection for a primary character on 

correlated ones. For instance, REEVE (1954); CLAYTON et al 

(1957) and ROBERTSON (1957a,b) all reported that the observed 

response to selection for a given metric character in 

Droso2hila melanogaster fits well with the th:oretical 

expectation. Therefore, the next paper All deal with long 

term two -way selection for wing length and its effects on the 

other three correlated characters. 
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SUMMARY 

The present experiments were carried out to investigate 

the various correlation coefficients between four different 

characters, i.e. wing length, thorax length, lifetime egg 

production and longevity of adult flies. 

The total phenotypic (r070Y) and the cross correlations 

(rp 
0 

) between each two characters indicate clear positive 
X Y 

values. :ding and thorax lengths display higher heritability 

estimates ( h2 = 2rP ) than egg production or longevity in 
X X 

both species of Drosophila melanozaster and D. simulans. 

Genetic correlations involving wing length, thorax length 

and longevity are high while those including egg production 

are very low; all the genetic correlations are positive. 

Environmental correlations between different characters 

were calculated and discussed. 
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Quite a number of experiments have been designed to 

study the response to selection in Drosophila; most of them 

deal with the comparison between response to selection for 

a given metric character with changes in one or more traits. 

ROBERTSON and REEVE (1952b); REEVE and ROBERTSON (1953, 1954); 

TANTAWY (1959) and TANTAWY, MALLAH and TEWFIK (1964) working 

with wing length in Drosophila melanoaaster and RASMUSSON 

(1955); CLAYTON, MORRIS and ALLAN ROBERTSON (1957) and CLAYTON, 

KNIGHT, MORRIS and ALLAN ROBERTSON (1557) selecting different 

bristle number in Drosophila melan_oaaster, reported that 

selection for the primary character was accompanied by 



correlated changes in other characters. 

Nevertheless few experiments have been carried out to 

study how the response to selection for a given metric 

character involves correlated changes in components of 

fitness. ROBERTSON (1G57b) reported that selection for 

wing length in Drosophila melanogaster did not lead to 

correlated changes in egg production but in t4.e all the 

selected lines egg viability decreased. TANTAWY and 

VETUI IV (1960) reported that selection for long or short 

wing length, for only one generation in Drosophila 

pseudoobscura, was accompanied by similar changes in thorax 

length, the longevity of adult flies and also lifetime egg 

production as well. 

The present experiments were undertaken to study the 

effects of long -term two -way selection for wing length in 

Drosophila melanogaster on other three character, i.e. thorax 

length, the longevity of adult flies and egg production. 

Selection was carried out in plus and minus directions with 

two different systems of mating,i.e. brother -sister and 

outbreeding. The selected inbred lines were crossed at a 

known level of homozygosity to study the percentage of 

heterosis in all the characters. 
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TECHNICAL PROCEDURES 

Initial foundation population 

A population of Drosophila melan_ogaster, from flies 

captured early in 1962 at the University of Alexandria Farm, 

was the basis of the present investigations. Further details 

of locality, crosses between the captured flies and handling 

of the initial population, are given by TANTAWY and NIALLAH 

(1961), 

The characters studied 

Wing and thorax lengths of the live flies were measured 

by an instrument devised by ROBERTSON and REEVE (1952b). 

Eggs from pair matings were collected by the methods reported 

by these authors and the longevity of the adult flies was 

estimated in the manner described by TANTAWY (1961). 

Experimental design 

a. Characters of the base population 

Heritability of the four different characters studied, 

i.e. wing length, thorax length, longevity and lifetime egg 

production were estimated in the initial foundation population 

before starting the selection experiments. Eggs from the 

mass matin population were cultured in ten food vials (not 

more than 70 per vial) for five successive days and after 

emergence virgin females from each vial were obtained. Twenty 
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pairs of flies from the progeny of each vial, giving a total 

of 200 pairs, were measured for wing and thorax length. The 

measured flies were then mated at random in pairs; lifetime 

egg production was noted daily from each pair and at the same 

time the longevity of both sexes was determined. Eggs from 

each pair mating were cultured in food vials for five 

successive days and after hatching of the progeny, virgin 

females were collected. Ten pairs of flies, on two days, 

from each parental pair were measured for wing and thorax 

lengths, and then mated ( 5 pairs per vial ) at random. The 

lifetime egg production and longevity of both sexes were 

estimated. These data provide relevant information about the 

four different characters in the base population, including 

heritability estimates ( by doubling the correlation between 

mothers and daughters ) and all the possible genetic 

correlations between few of the characters. 

b. Selection procedures 

Two different selection experiments were carried out 

in succession; the first involved matings between full sibs 

and the other between unrelated individuals, these will be 

considered in this order. 

1. Full sib matings 

This experiment was started from the F2 generation of 

the captured females; matings were carried out between full 



brothers and sisters for nine successive generations. Pour 

selected lines were maintained, two plus and two minus lines. 

The selection experiment was carried out in the following way: 

Four vials of eggs were maintained from the mass 

mating population and after emergence virgin females were 

separated from males. Twenty pairs of flies from each vial 

were measured for wing and thorax length. Five selected pairs 

from the progeny of each of the vials No. l and 2 were set 

up and assortative matings were made between the largest male 

and the largest female to establish the two selected lines 

( A and B ) in the plus direction. Progeny resulting from 

vials No 3 and 4 were used to initiate the two lines ( C 

and D ) in the minus direction. The procedure was similar 

to that in the plus direction except that the assortative 

matings were between the smallest flies. Each plus and minus 

line was always continued from the largest or smallest pairs, 

respectively. 

Eggs from the selected pairs were counted daily from the 

5th. day up to the 10th. and cultured separately in well 

yeasted vials. At each generation of selection twenty pairs 

of flies , on two days , were measured for wing and thorax 

lengthen each of the selected inbred lines and the selection 

procedure was repeated for nine generations. 
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A control population was kept mass mating under similar 

environmental conditions to those of the inbreds and at each 

generation 20 pairs of flies on the same two days were 

measured for wing and thorax length. 

Correlated characters 

Longevity of adult flies was estimated in the selected 

lines and the control population at the 1st., 3rd., 6th. and 

at the 9th, generations of selection by taking samples of 

100 pairs from each line. After measuring their wing and 

thorax lengths, each pair of flies was kept in an oviposition 

vial. All the flies used in the test were collected within 

twenty four hours. The surviving adults in each vial were 

transferred daily to fresh ones and the number of deaths in 

both sexes were recorded. The daily egg production from each 

pair was recorded. 

Egg production was calculated as the number of eggs laid 

per female during its highest peak, i.e. from the 5th, day up 

to the 10th. day of her life. Results obtained for lifetime 

egg production in the initial population ( TANTAWY and RAKHA 

1964 ) indicated that females lay most of their eggs during 

this period. Therefore, in each selected line, at a particular 

generation of selection the same flies which were measured for 

wing length were also measured for thorax length, longevity and 



egg production. 

A control stock was maintained under similar environmental 

conditions and the four different characters, as in the 

inbred lines, were examined. 

Crosses between the selected inbred lines 

Crosses between the four different lines, i.e. large 

(L) lines of A and B, and the small (S) lines of C and D were 

carried out at nearly 25, 50 and 75 percent coefficients of 

inbreeding. Six different crosses were carried out ( LA X LB, 

LA X SC, LA X SD, LB X SC, LB X SD and SC X SD ) and in each 

cross twenty random pair matings were used ( males were used 

from the first line in each cross ); eggs were counted for 

five successive days and cultured in well yeasted vials. 

Twenty pairs of flies were measured from the Fl progeny, ten 

pairs on each of two days, An F2 generation was also obtained 

from which twenty pairs were used At each level of inbreeding 

wing length, thorax length, egg production and egg viability 

in the parental, Fl and F2 generations were estimated as 

before. 

2. Outbreeding matings 

Four different selected lines two plus ( A', B' ) and 

two minus ( C' , D' ) were established from the original 

foundation population. Each selected line was maintained by 



measuring 60 pairs of flies in three sublines of a, b and c. 

The three largest pairs in each sublime were selected and a 

cyclical system of mating was used as shown by TANTAWY et al 

(1964). Such a type of mating minimize the inbreeding, 

ROBERTSON and REEVE (1952b) . This system was carried out 

for ten generations; in each generation the three extreme 

males and females from each subline within the selected strain 

were mated together to perform the new separate line. 

Wing length, thorax length, longevity and egg production 

in each of the selected lines were determined at the 1st., 

3rd., 6th. and at the 9th, generations of selection. Also a 

control population was maintained with the outbred selected 

lines and given the same treatments. The technical procedure 

in the study of the correlated traits was exactly as that 

done in the selected inbred lines, apart from the differenóes 

in relationship, 

c. Heritability estimates in the selected lines 

In both systems of mating, one selected line in each 

direction ( i.e.,1ines A, C and A', C' of the inbred and the 

outbred selected ones, respectivel) was used to estimate the 

heritability of each of the characters studied. Progeny tests 

were carried out at the 1st., 3rd., 6th. and at the 9th. 
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generations of selection. The progeny resulting from the 

one hundred flies in each of A, C, A' and C' lines used in 

the study of the correlated characters were raised to obtain 

their FI generation. From each parental pair matings 10 

pairs of flies from the Fl were measured for wing and thorax 

length after which matings were made at random, five pairs 

being kept in an oviposition vial. Egg production was determined 

in the period from the 5th. date up to the 10th., while the 

death rate was calculated throughout the flies lifetime. 

These data allow us to measure the heritability of each 

character in the selected lines by doubling the phenotypic 

correlation between mothers and daughters as before. 

U.0 Percentaze of emerzence 

In all the selected lines at each generation, as well 

as in the crosses between the selected limes, records were 

kept of the number of eggs cultured per vial and the number 

of adults which hatched. 

All the experimental work reported in the present 
0 

investigations were carried out at 25 + 0.50 C. 
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RESULTS 

Various characters in the initial foundation population 

The absolute means for each of the characters studied 

in the base population, their coefficients of variation and 

heritability estimates are presented in Table 1. The results 

indicate clearly that the metric characters possess higher 

heritability estimates and lower variability than fitness 

ones and also demonstrate an inverse relation between 

heritability and phenotypic variation. 

The genetic correlations (Table 2) indicate a high 

correlation between wing and thorax; with lifetime egg 

production the correlations are very low; with longevity the 

values are intermediate. The highest total phenotypic 

correlation is between longevity and egg production - hardly 

surprising - followed by the value between wing and thorax 

length. The results are in agreement with those reported 

by different authors, edge ROBERTSON and REEVE (1952b); REEVE 

and ROBERTSON (1953); TANTAWY (1959) working on wing length 

and Thorax length and ROBERTSON (1957b) on egg production in 

Drosophila melanoaaster. TANTAWY, I ALLAH and TEWKIK (1964) 

reported similar results for wing and thorax length in 

Drosophila melanoaaster and D. simulans derived from the 

same locality as of the present study. ìAYNARD SMITH (1959) 



found that the heritability of longevity in Drosophila 

subobscura to be about 30 percent, calculated from his data 

by doubling the correlation between mothers and daughters. 
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Table lo Means and coefficients of variation°(C.V.) for 

wing length, thorax length (1%100 mm), longevity (days) 

and lifetime egg production (average per female); heritability 

estilLates in the initial population are also presented 

Characters Means00 C.V. Heritability 

Wing length (W) 189.75 3.07 0.2462 

Thorax length (T) 96,25 3083 0.2034 

Longevity (L) 14043 30022 0.1129 

Egg Production (G) 389050 60.12 0.0257 

° Sexes averaged 

00 Each mean is based on 200 flies 

000 d. f0 = 380 
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Table 2. Total phenotypic (r2) and genetic (rG) correlations 

between different characters 

o 
Correlations 

rP 
between 

rG 

W - T 0.5775 + 0.116 0.7913 

W - L 0.2197 + 0,138 0.4025 

W - G 0.2440 + 0.137 0,0252 

T - L 0033l5 _ 0.133 0.4013 

T - G 0.5055 + 0.112 0.0387 

L - G 0.7568 + 0.137 0.0557 

° For symbols see Table 1 
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Response to selection for the primary character 

The response to selection for wing length in plus and 

minus directions for both brother -sister and outbreeding 

are presented in Figure la and lb as percentage deviations 

from controls. The results indicate clearly that both 

systems are effective in separating the initial population; 

selection for short wing length is more effective. In the 

case of sibs, selection is effective up to the third 

generation after which the selected lines are more or less 

constant, while the outbred selected lines show continuous 

response up to the tenth generation. 

When selection was relaxed at different generations, 

the systems behaved differently. The selected inbred lines 

returned to the control level at lower coefficients of 

inbreeding while at higher coefficients relaxed selection 

led to no change. The outbred selected lines tend to return 

at the earlier generations to the control level while at 

the later generations relaxed lines returned half way. 

These results are in agreement with those reported by 

different authors working on similar experiments; for review 

see TANTAWY, MALLAH and TEWFIK (1964). 
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Correlated response to selection 

The effects of selection on the other three characters, 

i.e. thorax length, longevity and egg production are shown 

in Figure 2. Since both lines, in each direction of selection 

within each system of mating,behaved almost identically, the 

plus or minus selectee: lines have been averaged and the 

results are presented as percentage deviations from controls. 

The results indicate clearly that thorax length shows a 

response to selection similar to that reported for wing length 

indicating a high genetic correlation between them (Table 2). 

The inbred and the outbred selected lines for wing length 

tend to show that flies with longer wing length live 

significantly (P ( 0.05) longer than those selected for short 

wings. The correlated response to selection is more pronounced 

in the plus than in the minus direction; this is contrary to 

what was found in wing or thorax length. 

The results for egg production indicate that selection 

for wing length causes the selected lines to diverge also in 

their capacity for laying eggs. Plus and minus inbred 

selected lines particularly at the higher levels of inbreeding, 

show significant decrease in egg production compared with 

the controls although long wing selected lines lay more eggs 

than those selected for short wings. The outbred selected 
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lines differ from those of sib matings since the long wing 

outbred selected lines lay more eggs than the controls, but 

the difference is not statistically significant while the 

short wing lines laid significantly ( P <0.05 ) fewer 

eggs than the controls. 

The effects of relaxed selection on the secondary 

characters are similar to those found in wing length. There 

is apparent fixation of genes affecting different characters 

in;the selected inbred lines particularly at the higher levels 

of homozygosity. The outbred selected lines returned back 

half way to the control level. These results indicate that 

the inbred and the outbred selected lines behaved differently 

for all the characters studied. 

Heritabilities and zenetic correlations in the selected lines 

Heritability, due to additive gene effects for a given 

trait, was estimated in both systems of mating by progeny 

tests carried out at the 1st,, 3rd,, 6th. and at the 9th. 

generations of selection. Due to the great labour involved, 

only one line in each direction of selection in each 

system of mating was used. The results of the heritability 

estimates ( doubling the correlation between mothers and 

daughters ) for all the characters studied are presented in 

Table 39 which indicate clearly that inbreeding with sibs 
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is a major factor in eliminating heterozygosity, i. e. the 

genetic variance, particularly at the higher levels of 

inbreeding. These results agree fairly well with those 

reported by TANTAWY and REEVE (1956) and TANTAWY (1959) on 

other populations of Drosophila melanoEaeter. On the other 

hand, the outbred selected lines behaved differently; 

heritability estimates do not change although there is a 

tendency for an insignificant increase as compared with 

the values of the initial populations. In both systems of 

mating minus selected lines show a tendency to display 

somewhat greater genetic variance than the plus ones. 

Such results confirm those reported by REEVE and ROBERTSON 

(1953) working on De melanozaster and by TATTTÂWY, ALLAH and 

TE JPIK (1964) on D. melanogaster and D. sirnulans. 

The genetic correlation between pairs of characters is 

presented in Table 4. The genetic correlations, in general, 

tend to decrease with increasing homozygosity. In the 

outbred selected lines genetic correlations tend to increase 

slightly over the levels of the foundation population. In 

both systems of mating, short wing selected lines display 

higher values than long wing ones. Similar results were 

Ewen by ROBERTSON and REEVE (1953) for the outbred selected 

lines and by TANTAWY (1959) for the inbred ones. 
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Table 3. Heritability estimates in the primary and correlated 

characters at different generations of selection 

Generations 

á. Wi.nz lenzth 

1 

3 

6 

9 

Brother -sister 

+ - 

0.213+0.054 0.224-0.059 

0.185-0.011 0.189+0.034 

0.053±0.037 0.O61-t0.053 

0.039+0.028 0.042-0.045 

Outbreeding 

+ 

0.254+0.054 0.278+0.056 

0.285+0.073 0.314J-0.082 

0.291+0.079 0.294%-0.075 

0.314+0.067 0.328+0.063 
IMO 

b. Thorax lenzth 

1 0.235 +0.063 0.22'Z +0.054 0.262 +0.054 0.274 +0.059 

3 0.214 +0.055 0.218±0.049 0.300 +0.061 0.302 +0.070 

6 0.095 +0.061 0.120±0.081 0.294 +0.072 0.324 +0.069 

c. 

9 

I,ónzevi ty 

0.049+0.050 0.085±0.073 0.305+0.084 0.318+0.072 

1 0.134+0.052 0.132±0.064 0.187+0.082 0.194+0.074 

3 0.101+0.063 0.121t0.057 0.153+0.073 0.184+0.059 

6 0.085+0.040 0.083±0.049 0.143+0.065 0.153+0.075 

9 0.002+0.035 0.014±0.043 0.147+0.059 0.158+0.063 

d. Ects próduçtián 

1 0.095+0.054 0.089t0.047 0.120+0.037 0.127+0.053 

3 0.088 +0 -.949.0.082 *0.045 0.101±0.094 0.135 +0.075 

6 0.054 +0.074 0.071 +0.061 0.095 +0.081 0.114 ±0.076 

9 0.005+0.089 0.009 +0.059 0.110 +0.076 0.123 ±0.064 
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Table 4. Genetic correlations between different characters 

in the selected lines at various generations 

Generations 
and 

correlations 

Generation 1 

Brother - sister 0utbreeding 

+ - + 

W - T 0.8874 0.8607 0.9381 0.9265 

W - L 0.4005 0.3768 0.4105 0.4007 

W - G 0.0688 0.0076 0.0984 0.0075 

T - L 0.3981 0.3652 0.3817 0.4120 

T - G 0.0474 0.0399 0.0517 0.0732 

L - G 0.0497 0.0399 0.0517 0.0732 

Generation 

Vr - T 0.8543 0.8001 0.8947 0.9451 

W - L 0.3514 0.3017 0.4267 0.4056 

W - G 0.0674 0.0066 0.0095 0.0093 

T - L 0.3014 0.2906 0.3987 0.3776 

T - G 0.0148 0.0094 0.0157 0.0214 

L - G 0.0331 0.0297 0,0581 0.0476 

Generation 6 

W - T 0.7956 0.7652 0.9508 0.9357 

W - L 0.3094 0.2741 0.4717 0.4067 

W - G 0.0189 0.0053 0.0149 0.0098 

T - L 0.2971 0.2540 0.4311 0.3998 

T - G 0.0054 0.0057 0.0247 0 .0097 

L - G 0.0343 0.0412 0.0592 0.0501 
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Table 4. Cont. 

Generations 
and 

correlations 

Brother - sister 

+ - 

0ubre e ding 

+ 

Generation 9 

W - T 007143 0.7013 0.9413 0,9641 

W - L 0.2811 0.2564 0.4798 0.4081 

W - G 0.0097 0.0009 0.0195 0.0093 

T - L 0.2541 0.2208 0.4352 0.3849 

T - G 0.0022 0.0041 0.0347 0.0213 

L - G 0.0211 0 .0139 0.0611 0.0514 

° For symbols see Table 1 
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Coefficients of variation in the selected lines 

o 
Phenotypic variances for wing and thorax lengths are 

calculated as coefficients of variation in order to minimize 

the effects of change in the mean size on variance. It was 

found that males and females have nearly the same coefficients 

of variation (Table 1) so that their coefficients have been 

averaged. The results are presented in Figure 3a and 3b 

which indicate that inbreeding is accompanied by a decrease 

in the phenotypic variance of wing length, compared with the 

controls, until wing length reached the selection limits. 

Selection with outbreeding did not change variability. 

Thorax length as a correlated character behaves almost 

exactly like wing length. The phenotypic variability of 

longevity and egg production (results are not included) also 

indicate that inbreeding causes a decline and outbreeding an 

increase in variance. 

Ex2ected responses to selection 

The expected responses to selection for the different 

primary and correlated characters studied were calculated by 

comparing, at a given generation, the selection differentials 

in units of the phenotypic standard deviation, heritabilities 

and the genetic correlation between the primary and the 

secondary concerned character. The statistical analyses were 
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were exactly as reported by FALCONER (1960). The results, 

presented in Table 5, indicate, in general, good agreement 

in the outbred selected lines between the expected and the 

observed responses to selection for wing and thorax lengths. 

On the other hand, fitness characters show higher observed 

responses than expected. 

The inbred selected lines behave differently since the 

expected responses to selection do not agree with the observed 

ones at higher levels of inbreeding even with metric traits 

due to increased homozygosity. Close agreements between 

observed and expected responses to selection cannot be expected, 

with characters of very low heritabilities. With low genetic 

correlations the expected response is small and liable tobe 

obscured by random drift ( CLAYTON, KNIGHT, et al 1ß57 ). 
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Table 5. Observed and expected responses to selection in 

the primary and secondary characters in the A, C inbred 

lines and the A', C' outbred selected lines 

Geher- 
Brother - sister Outbreeding 

estions + - + 

d. 

ÖEs. Exp. bEs. Exp. 05s. Exp. 

WinE ïenEth ( 1 /100 mm, sexes averaged ) 

OEs. Expo 

1 0.950 1.039 -1.204 -1.342 1.846 1,891 -2.022 -2.041 

3 5.S82 0.561 -5.784 -0.915 6.331 6.011 -5.345 -5.731 

6 5.990 0.145 -6.679 -0.190 5.424 5.139 -10.582 -10.189 

9 5.108 0.078 -6.908 -0.125 6.906 6.842 -12.273 -12.051 

b. Thorax lenEth ( 1/100 mm, sexes averaged ) 

1 0.904 0.939 -1.083 -1,197 1.637 1.861 -1.649 -1.898 

3 2.134 0.483 -2.675 -0.838 5.741 5.833 -4.897 -5.020 

6 1.909 0.149 -3.427 -0.212 5.106 4.827 -9.342 -10.086 

9 2.083 0.061 -3.502 -0.127 6.531 6.494 -10.384 -11.118 

c. LonEevity ( days, sexes averaged ) 

1 2.243 0.310 -1.419 -0.412 4.507 0.681 -2.316 -0.699 

3 2.459 0.125 -1.951 -0.256 6.084 1.786 -4.609 -1.871 

6 3.167 0.050 -2.145 -0.069 6.763 1.463 -5.113 -3.438 

9 3.420 0.002 -2.762 -0.021 7.949 1.910 -6.708 -4.010 

d. EEE Qro duction ( average per female per day ) 

1 -2.654 0.005 - -4.237 -0.058 1.705 0.010 -4.994 -0.136 

3 -2.635 0.003 -9.283 -0.047 2.321 0.033 -6.263 -0.036 

6 -4.137 0.001 -10.781 -0.004 5.217 0.029 -11.064 -0.094 

9 -5.959 0.001 -12.049 -0.002 5.128 0.038 -13.261 -0.144 
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Percentage of emergence 

The percentage of emergence was calculated as the number 

of flies that hatched from a given number of aggs. The 

results in all the selected lines are presented in Figure 4a 

and 4b. It is clear that inbreeding is effective in decreasing 

the percentage of emergence in all the selected lines up to 

the third generation after which it ceased to decrease. The 

outbred lines show, though less effects on percentage of 

emergence than in the inbreds, a gradual decrease was observed 

in this character; low lines are more viable than the high ones. 

Relaxation of selection causes no effects in the inbred 

lines particularly at the higher levels of homozygosity, while 

in the outbred lines relaxation of selection causes percentage 

of emergence to return back to the control level. 

The above results agree with those reported by ROBERTSON 

and REEVE (1953); TANTAWY (1956, 1959) on Drosophila 

melanogaster, by TANTAWY, MALLAH and TEWFIK (1964) on D. 

melanogaster and D. simulans and by PREVOSTÍ (1955) on D. 

subobscura. 
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Crosses between selected inbred lines 

The four different selected inbred lines ( large A and 

B; small C and D) were crossed together at the first, third 

and at the seventh generations of selection,i. e, at the 

levels of 25, 50 and 75 percent coefficients of inbreeding, 

to study the percentage of heterosis in wing length as well as 

in the different correlated characters, The dominance ratio 

for only wing length and thorax length was calculated when 

the response to selection had cea6.ed ( ROBERTSON and REEVE 

1955). 

Percentage of heterosis 

Percentage of heterosis has been estimated in the Fl 

and F2 generations as percentage deviation from the mid-parent 

value as suggested by ROBERTSON and REEVE (1955) and TANTAWY 

(1957). The results are presented in Table 6, from which the 

following points emerge; for the percentage of heterosis in 

wing, thorax lengths and egg production. 

a. Percentage of heterosis increases with increasing 

homozygosity; the highest values are shown at 75 percent. 

There is a break down in the level of heterosis in the F2 

generation. 

b, When the long wing selected lines were crosses, the F1 

generation does not differ significantly from their mid - 

parent level, although there is a tendency for a positive 
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deviation. 

c. In crosses between small body size there is a general 

tendency for the percentage of heterosis to be higher than in 

crosses between long wings lines. 

d.. Crosses between selected inbred lines of different body 

sizes lead to greater heterosis than between lines of similar 

sizes. 

Fitness characters, i.e. egg production and egg viability 

are more affected by crossing than metric ones. Table G also 

shows that the F1 hybrids particularly at the higher levels of 

inbreeding produce higher number of eggs per day than the 

parental lines. There is always a breakdown in heterosis in 

F2 generation. The results also suggest that crosses between 

lines of different body sizes give higher heterosis than those 

of similar sizes. 

Egg viability is considered to be the most heterotic 

character (TANTAWY 1957) and there are different proportions 

of heterosis percentage in the various crosses between 

different inbred lines. These results are expected because 

of the great effects of selection and inbreeding (Figure 4a,b) 

on such a character. Significant decrease in the percentage 

of emergence are particularly clear at the higher levels of 

inbreeding and when the inbred lines are crossed the F1 progeny 
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Table 6, Percentage of heterosis resulting from croases of 

the various selected lines at different levels of inbreeding. 

Crosses were made between long (L) wing lines and short (S) 

wing lines as well as between long x short wings. 

Coefficients 
of inbreeding 

Crosses Fl 

á. Wing length 

25% 

F2 Fl 

50% 

F2 F1 

75% 

F2 

L x L -0.61 0.96 1.08 0.43 0.99 0.76 

L x S 0.90 1.12 2.29 1.48 2.37 1.39 

b. 

S x S 1.25 

Thorax length 

0.67 0.71 0.11 1.25 1.01 

L x L 0.74 0.56 1.17 0.59 1062 0.21 

L x S 0.57 0.48 1.78 1.09 1.39 0.81 

S x S 2.61 1.78 2.33 1.73 1.44 0.33 

c. Daily average egg production 

L x L 11.89 3.68 3.91 3.37 17.11 8.37 

L x S 12.63 1.48 22.95 12.32 47.00 20.00 

S x S -3.94 9.54 19.19 14.16 25.23 17.12 

d. Percentage of emergence 

L v L -4.75 -1.31 90.03 47.57 135.03 103.40 

L x S 4.56 -2.95 55.82 39.46 93.07 71.55 

S x S 4.01 2.72 45.48 33.61 54.03 41.45 



- 33 - 

display greater heterosis. Again we find a positive correlation 

between the extent of inbreeding and the magnitude of heterosis. 

Phenotypic varaition in the crossed inbred lines 

Phenotypic variation of wing and thorax length measured 

as coefficients of variation are presented in Table 7, for 

the parental, Fl,F2 generations and also for the controls. 

Variations of egg production and of egg viability (results 

are not presented) behave in a similar way as wing length but 

show much higher variability. 

The results , presented in Table 7, indicate that the F1 

generation is generally, but not always, less variable than 

the parental generation, while the F2 shows insignificantly 

higher variability than the parental generation. The results 

suggest that environmental variance is not constant for all 

genotypes and tends to be smaller in heterozygous individuals 

than homozygotes. Such results agree with those reported by 

ROBERTSON and REEVE (1952a) on Drosophila meianogaster and 

MAYNARD SMITH (1959) on D. subobscura. 
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Table 7. Coefficients of variation for wing and thorax lengths 

in the controls, mid- parent (L.P.) and in the different crosses 

between the various selected lines (sexes averaged) at 

different levels of inbreeding. 

Crosses 

a. V4'inE lEnEth 

25% 

F1 F2 L.P. 

50% 

F1 F2 M.P. 

75% 

F1 F2 

Controls 3.43 3009 2.82 3.09 2.76 2.83 2.79 2.43 2.47 

L x L 2.64 2.91 2.81 2.02 1.68 1.62 1.85 1.59 1.69 

L x S 2.72 2.52 2.44 2.02 1.54 2.28 1.80 1.54 2.02 

S x S 2.84 2.05 2.24 2.12 1.38 2.35 1.76 1.37 2.26 

Averages 
2.73 

for crosses 
2.49 2.50 2.05 1.53 2.08 1.80 1.50 1.99 

b. Thorax lenEth 

Controls 4.12 3.68 3.52 3.68 3.52 3.76 3.56 3.20 3.17 

L x L 3.37 3.13 3.68 3.10 2.39 2.19 2.51 1.87 2.06 

L x S 3.38 2.95 3.40 3.05 2.44 3.30 2.52 2.19 3.18 

S x S 3.40 2,88 2.54 2.99 2.00 2.75 2.54 2.09 2.78 

Averages 
for crosses 3.38 2.99 3.21 3.05 2.28 2.75 2.52 2.05 2.67 
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Dominance ratio in the crossed inbred lines for wine and 

thorax lenEths 

ROBERTSON and REEVE (1955) estimated the dominance ratio 

for body size in Drosophila melanoeaster after crossing 

various selected inbred lines; crossing was carried out when 

the selection limits had been achieved. Table 8 summarises 

the results of the different crosses between various selected 

lines of different body sizes at the 8th. generation. There 

is a considerable differences in size between parents and it is, 

therefore of great interest to examine the position of the 

Fl generation with regard to the parent and mid- parent sizes. 

Table 8 shows the size differences between parents (P1 - F2) 

where P1 is the larger parent, the absolute deviations 

( Fl - M.P. ) and the dominance ratio as suggested by ROBERTSON 

and REEVE (1955) . The ratio will be one for complete dominance 

and zero for strict intermediacy. 

It is clearly shown from the results presented in 

Table 8 that there is a higher degree of dominance ratio for 

wing length in crosses between large x small for the large 

line A than for line B. Crosses between lines of similar 

body size ( large x large or small x small ) suggest complete 

dominance for wing length and thorax length. The various 

crosses suggest that the F1 generation is never below the mid - 

parent level, and there is a considerable departure of the F1 
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from the strict intermediacy in favour of the larger parent. 

These results agree fairly well with those reported by 

ROBERTSON and REEVE (l955), 
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CONCLUSIONS 

The experiments confirm and extent the results of similar 

studies carried out by various investigators, e.g. ROBERTSON 

and REEVE (1952b); TANTAWY (1959) ; TANTAWY, MALLAH and TEWFIR 

(1964) working with wing length in Drosophila melanogaster, 

and DRUGER (1962) with Drosophila pseudoobscura. 

The salient features include: 

1. Selection for short wing is more effective than selection 

for long wing length. 

2. Selection response is curtailed by inbreeding. 

3. Fraction due to inbreeding consequent on selection, is 

reflected in the stability of the mean when selection is relaxed 

both for the primary character selected and also other characters 

which show different degrees of correlated change. As expected 

there is a high correlation between wing and thorax length, 

since both reflect changes in body size. 

There is evidence that lines selected for long wings live 

longer which is not anticipated. In outbred lines, egg 

production is virtually unchanged by increase in wing length,i.e. 

body size, confirming the evidence of ROBERTSON (1957a), but 

there is an association with body size since the smaller flies 

lay fewer eggs. This may well be due to the higher levels of 

homozygosity in lines selected for .small size and therefore the 
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apparent correlation may be rather indirect and complex in 

origin compared with say, the simple correlation between wing 

and thorax length. 

Comparing the apparent genetic correlation in the base 

population with the effects of selection, we find greater 

correlated change in longevity than expected and the same is 

true for egg production in the call lines, for the probable 

reason just noted. 

Crossing between selected inbred lines follow the same 

pattern as that reported by ROBERTSON and REEVE (1955)° 

Heterosis is generally highest in crosses between lines which 

show the greatest reduction below the normal level and this 

is clearly associated with the return to the highly 

heterozygous gene arrays which occur in the wild population° 
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SUI, IARY 

1. The experiments were designed to examine correlated 

changes in thorax length, longevity and egg production when 

wing length in Drosophila melanogaster was selected for. Two 

different mating systems were used: brother - sister mating x 
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outbreeding and for each system selected plus and minus lines 

were maintained. 

2. Heritability was estimated in the unselected base 

population; and was found to be 0.25, 0,20, 0.11 and 0.03 for 

wing length, thorax length, longevity and egg production, 

.respectively, 

3, The inbred lines failed to respond further after three 

generations of selection, while the outbred lines were still 

responding when the experiment was stopped in the tenth 

generation, 

4. When selection was relaxed, the inbred lines hardly changed, 

especially at higher levels of homozygosity, while the outbred 

lines always returned to the control level, 

5. Selection for wing length was accompanied by change in 

the other three characters. Thorax length showed a closely 

similar proportional change to that of wing length; flies 

selected for larger wing length lived longer while egg 

production was reduced in short wing lines; otherwise no 

change took place, 

6. The different inbred lines were intercrossed at 25, 50 

and 75 percent coefficients of inbreeding and the percentage 

of heterosis was deermined for the F1. This increased as the 

level of homozygosity increased and there was also a decline 

in the F2 below the Fl level. 
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