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SUMMARY

A comparison of the results of 13 generations of directional selection (with
control lines) for higher body weight in Drosophila melanogaster in two variable
temperature environments (cyclic and random) with those of three constant
temperature environments (19°, 245°, and 27°C) is made. Rates of genetic gain
obtained in the variable environments were similar to those achieved in constant
temperature environments. The ability to buffer against environmental changes,
in terms of body weight and some fitness characteristics, was altered by selection
for higher body weight but not by the environmental regimes. Lines selected
at the presumed optimum temperature (24.5°C) performed best at all tem-
peratures. These results indicate that long-term genetic gain in a quantitative
trait through directional selection is probably unaffected in any major way by
normal variations in environmental conditions and that selection for overall
performance should be carried out in the most favourable environment.

1. INTRODUCTION

The response of a population to many cycles of selection in constant and
in heterogeneous environments is a subject of longstanding interest. Popula-
tions experiencing more variable environmental conditions are thought to
require relatively more genetic or phenotypic flexibility for survival in
comparison with populations adapted to more stable habitats (Darlington,
1939; Mather, 1943; Thoday, 1953). Some evidence from natural and
experimental populations of Drosophila support this premise (Beardmore,
1960; Tantawy and Mallah, 1961; Beardmore and Levine, 1963; Long,
1970; Band, 1972; Nevo, 1978), but the evidence is by no means extensive
or uniform (Gottlieb and Sacks, 1968; Brown and Feidmeth, 1971). The
ability of a population to buffer against changes in environmental conditions
may be related to the genetic variability of the population (Fontdevila,
1973; MacDonald and Ayala, 1974), but the genetic mechanism involved
in this possible association between genetic variability and environmental
variability remains unclear, and may in fact differ for different traits
(MacKay, 1981).

A few long-term selection experiments reported in the literature are
relevant to this problem of predicting the effects of many cycles of selection
on a population evolving through heterogeneous environments. These
experiments were designed mainly to observe the response of a population
under selection in a constant environment and then subsequently to test
the product of selection in several different environments (Falconer, 1960;
Druger, 1962; Hardin and Bell, 1967; Jinks and Connolly, 1973, 1975). In
general, the results of these experiments showed that the greatest mean
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response over a variety of environments came from selection for perform-
ance in the least favourable environment. This general conclusion may
have some practical implication because animals or plants are usually
selected in one environment and then expected to thrive in many different
environments. In addition, the above experiments all found that maximum
genetic progress was made in the environment in which the progeny will
be maintained. This conclusion is not surprising since genetic correlations
between measurements of the same trait in different environments (Hazel,
1943) cannot be expected to exceed unity. For a correlated response to
selection to be higher than a direct response, a large difference in heritability
and a very high genetic correlation between measurements of the trait
taken in different environments are necessary. Satisfying both of these
conditions in any one case would be difficult.

Due to the absence of long-term selection experiments under variable
environmental conditions, there is little information available on the relative
effects of selection, in terms of both direct and indirect responses, between
constant environments and varying environments. In the present study,
experiments were carried out to investigate the effects of selection for a
metric trait in three constant environments (Experiment I) and two variable
environments (Experiment II). Temperature was used as the environmental
variable and Drosophila body weight was used as the metric character
under directional selection. In addition, the fecundity and fertility of
individual flies were observed to assess the correlated response in fitness
due to selection for higher body weight. Due to limitations of labour,
experiment II was carried out subsequent to experiment I. For this reason,
differences in the results of the two experiments may be influenced by the
difference in time periods or by genetic sampling. However, we were careful
to provide, as nearly as possible, identical experimental conditions for the
two experiments.

2. MATERIALS AND METHODS

The genetic stock used in experiment I was synthesized by crossing two
laboratory strains, "Crossbred" and "Texas" in 1976. "Crossbred" was
originally synthesized from four-way crosses of four laboratory strains in
1971. "Texas" was founded from several Drosophila melangaster captured
in 1974. This large synthetic stock was maintained by random mating for
12 generations prior to the commencement of the experiment. The genetic
stock was resynthesized from "Texas" and "Crossbred" in experiment II.

All lines in this study were reared in half-pint milk bottles, each
containing approximately 50 ml of standard Drosophila cornmeal medium
or, when indicated, reared in 10 dram glass vials with approximately 5 ml
of food in each vial. All flies used in the study were aged, sexes separate,
two days before being individually weighed to the nearest one hundredth
of a milligram on a Schultz model 30 microbalance. The flies of each
generation of each line were reared in one of three temperatures: 19°,
245°, or 27°C. The 19° and 27°C temperatures were maintained by Pre-
cision Scientific constant temperature cabinets. The 245°C temperature
was maintained in a controlled temperature room.

The experimental procedure was carried out in a similar fashion in both
experiments I and II, except as noted. This procedure consisted of three
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steps:

(i) Estimation of differential fertility and fecundity

Differential fertility (the proportion of females producing one or more
offspring) and fecundity (number of offspring per fertile female) were
estimated at the beginning and end of this experiment in the following
manner. Virgin male and female flies were collected and pair-mated in
separate vials and then randomly placed in one of the three temperatures.
Offspring from each vial were counted over a period equal to the generation
length of the flies in the temperature in which they were raised, i.e., 8 days
in 27°, 9 days in 24•5°, and 20 days in 19°C. This procedure insured that
no second generation flies were counted.

(ii) Selection phase

The base population of experiment I was partitioned into six experi-
mental lines (three selected and three control) in the following manner.
Forty pairs of parents were chosen at random from the base population.
Six male and six female progeny from each pair of parents were randomly
assigned to one of six lines that were designated HS, HC, WS, WC, CS,
CC. Hence, each line originated from 40 virgin females and 40 males.
Also, the gene pools of all six lines were similar. The 40 pairs of parents
within each line were randomly assigned, 10 pairs per bottle, to one of
four bottles.

In experiment II, 30 pairs of parents were randomly chosen from the
base population. Eight male and eight female progeny from each pair of
parents were randomly assigned to one of eight lines that were designated
RC1, RC2, Ri, R2, Sd, SC2, Si, S2. Thus, the gene pools of the four
selected lines and four control lines were similar. The 30 pairs of parents
within each line were randomly assigned, 10 pairs per bottle, to one of
three bottles. The two control lines in each variable environment were
combined to form one line (RC or SC) because only one control line per
variable environment was needed. In addition, each pooled control line,
with its greater number of parents (60), was expected to provide more
accurate information on the selected lines.

After being reared in the bottles for six days, all adults in all lines in
both experiments were removed.

In the constant environment experiment, all generations of the H lines
were raised at 27°C, all generations of the W lines were raised at 245°C,
and all generations of the C lines were raised at 19°C. There were two
lines for each temperature, a selection line (S) and a control line (C).

Two variable temperature environments were studied in experiment II.
The environments were made to vary from generation to generation. Under
the cyclic (5) regime, the parents were placed in one temperature environ-
ment and their progeny were reared, aged, and weighed in the same
environment. The 30 or 60 pairs of progeny chosen to be the parents of the
next generation were placed in a different environment and their resultant
progeny raised in this new environment. The choice of the temperature
environment was dictated by the following prearranged temperature cycle.
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Environment H W C H W C H W C H W C H
Generation 1 2 3 4 5 6 7 8 9 10 11 12 13

where H = 27°C, W =245°C, and C = 19°C. Every three generations the
populations underwent a complete temperature cycle. There were two
replicates of the cyclic selection line (Si, S2) and one control line (SC).
The replicates were selected separately, but Si, S2, and SC were run
simultaneously.

The random environmental regime also had a control line (RC) and
two selection line replicates (Ri, R2). the experimental procedure was
identical to that of the cyclic lines with the exception that each generation
was transferred to a different environment according to the following
predetermined schedule.

Environment W H C W C H C W H W H C W
Generation i 2 3 4 5 6 7 8 9 10 ii 12 i3

In the control line of experiment I (Experiment II), 40 (60) pairs of
flies were collected, aged (sexes separate), and weighed. These flies were
then randomly assigned, 10 pairs per bottle, to one of four (six) bottles to
continue the control line. This procedure was followed for 13 generations.

Approximately 160—200 (150) pairs of flies for each selection line were
collected per generation, aged (sexes separate), and weighed. The heaviest
40 (30) pairs were randomly assigned, 10 pairs per bottle, to one of four
(three) bottles to continue the selection line. The selection intensity for
each generation was thus approximately 20—25 per cent (20 per cent).
Selection was practiced for 12 generations.

(iii) Testing phase
At generation 13, 90 pairs of flies from each line were collected, aged,

weighed, and randomly assigned (10 pairs per bottle) to one of nine bottles
(for a total of 54 bottles over all lines in each experiment). Three bottles
per line were then placed in each of the three experimental temperatures,
27°, 245°, and i9°C. Twenty-seven pairs of flies per bottle were collected,
aged, and weighed. In experiment I, an estimate of average net fitness was
obtained by dividing the total number of offspring that emerged from each
bottle by 10. In addition, estimates of individual fertility and fecundity
were made in the temperature environment in which the line had been
maintained. In experiment II, individual fertility and fecundity counts were
made in each of the three experimental temperatures for each of the six
lines.

The following mixed model was used in the ANOVA of body weight
of each sex in experiment I:

Yjikim = jL+S +E1 + Tk +SE1 +ST1k +ETIk +SETIk +B,(,k)+ Cjjklm

where Yijkjm is the individual body weight of the ,nth fly (in = 1,. . ., 27),
in the lth bottle (1 =1,. . . , 3), the kth testing temperature (k = 1,. . . , 3),
the jth experimental temperature (j= 1, . . . , 3), and the ith line (i =
i, 2—selected or control).
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ANOVA of body weight of each sex in experiment II was done using:

Ykrslm = i + Tk +Pr + TPk +Ls(r)+ TLk5(,) +B1(krs) +Ekrsjm

where Ykrslm is the body weight of the mth fly (m = 1, . . . , 27), in the lth
bottle (1 = 1, . . . , 3), the sth line (s = 1, . . . , 3), the rth pattern (r =
1, .. . , 2), and the kth testing temperature (k = 1,. .. , 3). Individuals and
bottle effects were assumed to be random variables while lines, pattern,
experimental temperatures, and testing temperature were assumed to be
fixed. Similar ANO VA's were carried out on the fertility, fecundity, and
net fitness data.

Individual body weight, fecundity, and net fitness data were transformed
to logarithms for analysis.

3. RESULTS

The effects of temperature on body weight and some fitness characteris-
tics were measured on the base populations (table 1). Unfortunately, in
experiment II, samples from the base population reared at 19°C were lost
prior to weighing. Body weight and generation length decreased in both

TABLE 1

Effects of temperature on the base population in experiment I (experiment II)

Temperature
Characteristic 19°C 245°C 27°C

Males
Mean

Std. dev.

091
(—)
007

085
(090)
008

0.81
(0.86)
007

Body weight (mg)

Females
Mean

Std.dev.

(—)
132
(—)
012
(—)

(0.08)
129

(F37)
042
(043)

(009)
1.25
(1.34)
040

(0.18)

Fertility 091
(097)

089
(097)

080
(0.86)

Fitness Fecundity

Net fitness

833
(855)
758
(83.1)

1658
(97.2)
1476
(945)

1318
(101.2)
1054
(868)

Generation
length (days) 20 9 8

males and females with increasing temperature. Although net fitness was
highest at 245°C and lowest in 19°C, fertility, fecundity, and net fitness
in different temperatures were not significantly different. Heritability in
the base population of experiment I (experiment II) was estimated by
means of a full sib ANOVA (Turner and Young, 1979) and gave values
of O2 (0.73) with a standard error of 0.3 (123).

The mean weights for the three constant environment control lines
fluctuated randomly over the generations (fig. 1). In the cyclic control (SC)
line, the mean body weight varied randomly until generation seven, after
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FIG. 1. Mean pooled weights (male and female) of the control lines across generations in
constant environments (top) and variable environments (bottom).

which the mean body weights increased or decreased in a cyclic pattern
following that of the temperature environment. The regression coefficients
were not significantly different from zero. The random environment control
line (RC), however, did have a significant negative slope due to the decrease
in mean body weight from generation six onward (fig. 1).

Selection responses within constant and variable environment regimes
(fig. 2) were compared using realised heritabilities. The estimates of herita-
bility in each selection line {with standard error (Hill, 1972)] were as
follows: (a) constant environments: 27°, 020 (0.01); 245°, 013 (0.01);
27°, 017 (0.01); (b) variable environments: Si, 016 (0.01); S2,
015 (0.01); Ri, 018 (0.01); R2, 0•22 (00i). The 245°C line had a
significantly lower rate of genetic gain than either the 19°C or the 27°C
line. In experiment II, estimates of realised heritability were not significantly
different between replicates in the cyclic environment, but significant
differences were found between replicates in the random environment.
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FIG. 2. Rates of genetic gain in constant environments (top and variable environments
(bottom).
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Offspring from all experimental lines were raised in each of the three
different temperature environments in the testing phase. Thus, estimates
of genetic correlation, genotype x environment interaction, and buffering
ability (for body weight and net fitness) obtained from flies selected under
different regimes could be compared.

(i) Genetic correlation

Two kinds of realised genetic correlation, the average realised genetic
correlation, rAG, and the individual realised genetic correlation rG, were
calculated from the testing phase data in experiment I as described below
(Falconer, 1960 a).

rAG =(CRCR/RxRy)"2 and rG = CRxixhx/Rxiyhy

where

CR = correlated response at temperature X resulting from
selection in Y;

R = direct response at temperature X due to selection in X;
I = cumulative selection differential;

h = the square root of the heritability.

The realised genetic correlations for body weight between temperatures
were generally high. The average genetic correlation (rAG) decreased with
increasing difference in temperatures, e.g., r(27,24.5) = 096, T(24.s°,l9') =
084, r(27,1) =069. Estimates of the individual genetic correlations, r
(table 2), also showed that the correlated responses between temperature
were asymmetrical, e.g., flies selected in the higher temperature showed a
highly correlated gain when raised in the cold environment, while flies
selected in the cold temperatures performed poorly in the high temperature.

TABLE 2

Realised genetic correlations (rG) for body weight

Selection
temperature 19°

Testing temperature
245° 27°

19° — 053 027
245° 091 — 101
27° 086 085 —

This asymmetry of correlated responses is in agreement with earlier findings
reported by Falconer and Latyszewski (1952) and Falconer (1960) in mice
and Druger (1962) and Anderson (1966) in Drosophila.

(ii) Genotype x environment interactions

After 13 generations of selection, progeny of each line were tested in
the three temperatures (table 3). The sources of variation in an ANOVA
of body weight due to testing temperature and selection in experiment I,
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TABLE 3

Testing phase body weight means (mg) of control (C) and selected (S) lines

Testing temperature
Sex Line 19° 245° 27° Mean

(a) Experiment I
Male 19° S 1-18 096 0-82 0-99

C 0-95 0-86 0-78 0-86
245° 5 108 1-01 102 1-04

C 0-93 0-86 0-81 0-86
27° S 117 1-02 1-00 1-06

C 098 084 0-80 0-87
Mean 1-05 093 0-87

Female 19° S 1-68 1-56 F30 F51
C 139 1-36 121 1-32

24-5° S 158 1-55 153 1-55
C 127 1-29 1-26 1-27

27° S 169 1-52 1-59 160
C 137 128 124 129
Mean 1-50 1-43 135

(b) Experiment II
Male Random C 0-97 0-84 0-85 0-88

Si 1-34 1-21 1-18 124
S2 1-31 1-13 1-16 1-20

Cyclic C 0-99 0-91 0-84 0-92
Si 1-24 112 1-09 1-15
S2 1-20 1-13 1-13 1-15
Mean 148 1-06 1-04

Female Random C 135 1-28 131 1-31
Si 1-90 1-63 1-62 1-72
S2 1-90 1-73 1-71 1-78

Cyclic C 1-44 1-44 1-28 1-39
Si 1-81 1-70 1-64 1-72
S2 1-76 1-75 1-73 1-75
Mean 1-69 1-59 1-55

and testing temperature and lines in experiment II, were highly significant
for both sexes, i.e., selected lines had higher mean weights than control
lines and mean weight also increased with decreasing testing temperature.
These two sources represented 53—63 per cent and 68—78 per cent of the
total phenotypic variation in experiments I and II, respectively. Of special
interest was the presence of a highly significant (p <0-001) genotype by
environment interaction that implied flies evolved in different temperature
regimes performed differently in the testing temperatures. This interaction
was foreshadowed by the genetic correlations presented earlier (details of
ANOVA not shown).

Relative sensitivities of selected and unselected flies to environmental
changes were compared using separate ANOVA of body weight data of
control and selected lines (table 4). As can be seen there are highly
significant genotype by environment effects for flies selected in different
temperature regimes but the same effects were negligible for unselected
flies. Further investigation of the genotype x environment interaction con-
stants in experiment I revealed that each selected line performed well in
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TABLE 4

Analysis of variance of body weight [In (mg)J of control and selected lines

Source df

Mean square
Control Selected

Females df Males FemalesMales

(a) Experiment I
Experimental

temperatures (E) 2 0008 0120 2 0.353* 0474
Testing

temperatures (T) 2 1,560*** 0.742* 2 2,670*** 1,984***
ET 4 0038 0204 4 0,483** 0,900***
Bottles within

treatments 18 0.041*** 0,118*** 18 0.080*** Q.153***
Error 702 0006 0017 702 0007

(b) Experiment II

0'024

Testing
temperatures (T) 2 O.821*** 0.434* 2 1,796*** 2.434***

Patterns (P) 1 0129 0.690* 1 1.227** 0081
TP 2 0'065 0,366* 2 0.092* 0.697**
Replicates (R) — 2 0.109* 0.317*
TR — 4 0'057 0'153
Bottles within

treatments 12 0.039*** 0.094*** 24 0.025*** 0,061***
Error 468 0004 0015 936 0•009 0023

*p<0,05
**P<0.01.

*** P<0.001.

the temperature in which it was maintained (details not shown). This result
is in accordance with the literature cited earlier.

(iii) Net fitness

Effects of selection in different environmental regimes on fertility, mean
fecundity, and mean net fitness were investigated. In experiment I, measure-
ments were made on the base population and, after 13 generations, on all
the control and selection lines (table 5). Lines raised at 24'5°C were superior

TABLE 5

Mean fecundity, fertility, and net fitness of the base population and the 13th generation of all
selected and control lines in experiment I

Fertility

Line 19° 245° 27°

Fecundity Net fitness*

19° 245° 27° 19° 245° 27°

Base
population 0'91 0'89 0'80 829 1667 131'8 758 1476 105'4

Control 086 F00 0'80 903 1596 113'O 774 1S96 904
Selected 0'89 1.00 0'89 758 1134 931 671 113•4 82'S

* Net fitness = fertility x fecundity.
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to the lines raised at 27° or 19°C both before and after selection in terms
of fertility, fecundity, and net fitness. The differences in fecundity and net
fitness are statistically significant. Selection had a significant effect on
fecundity, but not on fertility or net fitness. These results suggested that
245°C was the optimum temperature and that selection lowered the overall
fitness of the flies.

Average net fitness means obtained from total bottle counts in the three
testing temperatures are shown in table 6. No significant genotype by
environment interaction was found.

TABLn 6

Testing phase means of fitness characteristics

Testing temperature

Characteristic Line 19° 245° 27° Mean

(a) Experiment I

Averaged CC 646 680 832 719
net fitness* CS 583 54•9 671 601

WC 628 81•7 870 771
WS 700 797 688 728
HC 307 560 566 477
HS 580 511 551 548

(b) Experiment II

Fertility RC 080 094 097 0'90
RI 0•86 1.00 097 094
R2 0•94 O91 086 090
SC 0•89 083 089 087
Si 089 094 080 0•88
S2 097 094 089 093

Fecundity RC 613 106'9 992 891
Ri 450 113•0 108•5 88•9
R2 331 190•0 62•8 620

SC 335 141•1 145•3 1066
Si 526 99•9 951 826
S2 624 1328 893 94•8

Net fitnesst RC 491 i009 964 821
Ri 385 1133 1054 857
R2 312 823 538 558
SC 297 i169 1287 91•8
Si 46•6 94•2 762 723
S2 606 125'2 79.1 88•3

*Bottle means.
t Vial means.

In experiment II, fertility was unaffected by either temperature or
environmental regime. Different testing temperatures had significantly
different effects on fecundity in the selected lines and on net fitness of both
control and selected populations. There was also a significant temperature
by pattern interaction effect on net fitness of the selected populations.
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(iv) Buffering ability

Comparison of the relative sensitivity of the selected lines to changes
in environmental conditions is also of interest. One simple measure of
comparison can be obtained by calculating within-line variances over testing
temperatures of the means of each trait (details not presented here). A
relatively low variance for a line is an indication of its greater uniformity
of performance over testing temperatures and, thus, is an index of its
buffering ability. The buffering indexes of any two lines were compared
by the usual variance ratio test, but the test is insensitive due to the small
number of degrees of freedom associated with each variance. Nevertheless,
selection did have some effect on the buffering ability of lines in terms of
both body weight and net fitness. Among the selected lines, the 245°C
lines exhibited much smaller variation than did the 27°C and 19°C lines
for body weight. However, no significant differences were observed between
any lines for body weight or net fitness.

In experiment II, female body weight means of cyclic selection line two
(S2) were significantly more uniform across testing temperatures than those
of its replicate (Si) and the cyclic control line (SC). Buffering ability within
the random lines did not differ significantly for body weight. Cyclic environ-
ment lines were less variable than random environment lines in terms of
body weight but this difference was not significant. No significant differences
were found between any of the lines in terms of net fitness.

Arguments could be made that some of the differences in the above
responses were due to culture density rather than body weight differences,
since body weight increased with decreasing fecundity in the base popula-
tions (table 1). However, inspection of tables 3 and 6 reveals that the
highest fecundity is not necessarily concomitant with the highest body
weight, or vice versa, within lines across temperatures or across lines within
temperatures. Also, previous work in our lab using the above methodology
indicated that culture densities probably would have negligible effects on
our results.

4. Discussion

The present experimental design attempts to mimic, in a mechanical
way, selection in constant and variable environments. The environmental
variable used is a powerful agent which can drastically alter both the body
weight, fertility, and fecundity of flies.

Before comparing results obtained from the two experiments, some of
the expectations from earlier studies will be recalled. Selection in the
variable environments was expected to be less efficient. Also, flies selected
under variable environmental conditions were expected to be better able
to buffer against environmental stresses. However, results of the present
investigation show that neither of the above expectations was realised.

Rates of genetic gain in variable environments were similar to rates of
gain in constant environments. In fact, rates of genetic gain in the cyclic
and the random temperature lines were similar to the average of the rates
of gain obtained in the three constant temperature selection lines. Further-
more, the rate of gain achieved in the random lines (Ri, R2) was at least
as large as that observed in any single line (27°, 245°, or 19°C) selected
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in a constant temperature. This outcome is to some extent anticipated by
the high average genetic correlations between temperatures found in experi-
ment one.

When selection lines raised under different environmental conditions
were exposed to the three temperatures at generation 13, highly significant
genotype by environment interactions with respect to body weight were
found in both variable and constant environments. Further analysis of the
data revealed that the same interaction terms, while highly significant in
all selected lines, were, except in one case, nonsignificant in the control
lines. Clearly, the ability to resist environmental stress was altered by
selection but not by the environmental regime.

There was a general decline in net fitness in lines selected for higher
body weight in both variable and constant temperatures due to a loss in
fecundity rather than a loss of fertility. This decrease could be due either
to inbreeding in the selected lines or to the fact that individuals in the
selected populations are phenotypically extreme individuals (Falconer,
1960a; Robertson, 1955, 1969). On the other hand, lines reared, but
unselected, in these temperature regimes had fitness values comparable to
those of the base populations. Additionally, different lines, reared under
different selection pressures in diffejent environments were qualitatively
similar in their fitness responses to the test regimes, as indicated by the
absence of significant genotype x environment interactions. Thus, in terms
of fitness, lines evolved under constant environments appear to be no less
flexible as compared with those evolved in variable environments.

Another measure of the ability of a particular line to cope with changing
environments is its "buffering index" constructed here. Indexes of lines
reared in constant environments are comparable to those of lines reared
in variable environments in terms of body weight means. In fact, the lowest
value, indicating the most uniform performance across testing temperatures,
belongs to the line selected in the constant temperature of 24'5°C. Indexes
for net fitness are higher for lines reared in variable environments due to
low fecundity means in the 19°C temperature.

Our results, in agreement with the conclusion of earlier workers, show
that genetic progress was greatest when the progeny were raised in the
same environment in which the selection line evolved. However, the selec-
tion lines performed differently when progeny of each line were tested in
all three temperatures. In particular, both control and selected lines reared
at 245°C showed the highest fitness values both before and after selection
as compared with flies reared in higher or lower temperatures. Additionally,
the high body weight line selected under the 245°C temperature environ-
ment performed equally well in all other temperatures. If we assume that
the optimum temperature constitutes a superior environment as compared
with those represented by the other temperatures, then selection for overall
performance should be carried out in the most favourable environment.
This conclusion is in contradiction to those cited earlier. However, the
environmental treatment used in the current experiment is different from
those used in earlier experiments.

The results also show that lines evolved after many generations of
exposure to variable temperature environments are not superior (in terms
of ability to resist environmental changes) when compared with those reared
in constant temperatures. However, these experiments were conducted
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over a period of only 13 generations. This is, of course, an extremely short
length of time in terms of the history of populations and thus these results
cannot be directly compared with those reported by Tantawy and Mallah
(1960), for example. However, we can conclude that if organisms that have
evolved through variable environments are more flexible, then this greater
flexibility (or greater ability to resist environmental changes) probably was
not acquired within 10—20 generations.

In view of the above, we concluded that long-term genetic gain in a
quantitative trait through directional selection is probably unaffected in
any major way by normal variations in environmental conditions and that
selection is probably most efficient when the progeny are reared in the
same environment as the selected parents. However, whether selection for
performance in a variety of environments should be carried out under
favourable or unfavourable environmental conditions is probably depen-
dent upon the environment.
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