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I. INTRODUCTION

The problem of generation interval in experimental populations of Drosophila has
been briefly considered by Moree (1955). Difficulty arises because in theoretical
investigations the unit of time is one generation, whereas in experimental population
data the unit is one day. Thus, theoretical models and predictive equations can only
be applied to experimental data when these two units can be converted to a common
scale, i.e. days per generation. Generation interval is defined as the average time
from a specific point in the reproductive life of one generation to the same point in
the next. Any experimentally convenient reference point may be used, provided
the same one is used in both generations. The mean time of egg-laying is used in
the experiments reported here.

Several workers have estimated the generation interval in experimental popula-
tions of Drosophila (Table 1). Some of these estimates have been based on observed
changesin gene frequency, and relating these to changes expected due to postulated
selection effects (Ludwin, 1951 ; Merrell, 1953). Others have been based on average

Table 1. Estimates of generation interval in experimental populations

of Drosophila
Tempera- Generation
Population ture interval
Reference technique Species (°C.) (days)
Buzzati-Traverso (1955) Vial series  D. melanogaster 25 15
Susman & Carson (1958) " s 25 13
Carson (1958) ' ’s 25 14
Reed & Reed (1950) Bottles » 20 21
Ludwin (1951) ” » 20 30
Merrell (1953) . " 20 . 24
This study ' s 25 14
This study ’ D. simulans v 25 16-18
Wright & Dobzhansky (1946) Cages D. pseudoobscura 25 24-5
‘Wallace (1950) ’s D. melanogaster 25 14
Prout (1954) 33 s 25 14
Erk (1955) » » 25 12-15
Hochman (1958) ’ ’ 25 15
This study »» » 25 23
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time of eclosion after the insertion of a medium jar into a population cage (Wright &
Dobzhansky, 1946; Erk, 1955), or the minimum time from egg to adult (Carson,
1958; Susman & Carson, 1958). Other workers have assumed a value for the gener-
ation interval in their populations, but give no information as to how this was
arrived at (Reed & Reed, 1950; Wallace, 1950; Prout, 1954; Buzzati-Traverso,
1955; Hochman, 1958). The estimates in Table 1 are quite variable, and some are
certainly not valid estimates of the generation interval.

An experimental method that may be used to estimate generation interval was
discussed by Birch (1948). The data required are the female life table giving the
probability at birth of being alive at age x (designated [,), and the age-specific
fecundity table giving the mean number of female offspring produced in a unit time
by a female aged x (designated m,). These may be experimentally determined for
some convenient interval of age, but an accurate estimate of the generation interval
cannot be obtained until the value of the intrinsic rate of increase (r) is known. An
approximate estimate (7') may be calculated independently of r if I, and m, are
experimentally determined:

S xl,m,
7= Sm, M

This method, however, is not of much value for studies of Drosophila populations
because I, and m, would be estimated in culture bottles or vials, where external
conditions such as crowding would be quite different from those in experimental
populations. As these external conditions affect survival and longevity (I,) (Sang,
1949a, b, ¢; Lewontin, 1955; Birch, 1955) and fecundity (m,) (Robertson & Sang,
1944 ; Chiang & Hodson, 1950), the generation interval estimate so obtained would
have little relevance to experimental populations.

In this paper, two sets of experiments are described in which the generation
interval has been determined for populations maintained at 25 + 0-5°C. in popula-
tion cages and in population bottles. The cages and bottles used, and associated
techniques, have been described by Barker (1960a, b). Briefly, the cage consists of
a glass-topped wooden box, with space for 16 media jars, one of which is used for
egg sampling and the remainder to maintain the population. Each week, five of
the latter are replaced, one each day, Monday to Friday, so that a jar remains in
the cage for 3 weeks. Each jar contains 15 to 20 ml. of medium. The population
bottle is made up of two cylindrical bottles joined by plastic tubing. The older of
the bottles is replaced by one containing 10 ml. fresh medium every 2 weeks, so
that a medium bottle remains in position for 4 weeks.

2. POPULATION CAGE EXPERIMENTS

(i) Method of estimation
Given that a sample of eggs can be placed in the population cage, the aim is to
determine the mean time of egg-laying of the adults emerging from them. The time
interval between the laying of the initial egg sample and this mean time of egg-laying
is then an estimate of the generation interval.
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The methods used were: approximately 1000 flies were placed in each of five
cages; one cage being set up with wild-type D. melanogaster (Oregon-R-C), the
other four with the vermilion (v) mutant of D. simulans. These cages were main-
tained for 9 weeks to allow the population numbers to build up and stabilize to
some extent. A sample of D. melanogaster eggs was then obtained by taking all the
media jars from a D. simulans v cage and placing them in the D. melanogaster cage
for 7-5 hours (9 a.m. to 4.30 p.m.), after which the jars were replaced in the D.
simulans cage. All D. simulans flies that had emerged into the D. melanogaster cage
during this period were removed and replaced in the D. simulans cage. An initial
egg sample whose mean egg-laying time was known was thus obtained.

From the 7th day after this initial egg sample, daily egg samples were taken
from the D. simulans (experimental) cage, by placing a medium jar in the cage for
24 hours. When removed, samples of eggs were taken from the surface of the
medium and each placed in a culture bottle containing dead yeast fortified medium.
Each egg sample was taken on a sector of the medium surface, the size of the sector
being variable as an attempt was made to take approximately 200 to 300 eggs on
each. On dead yeast fortified medium, competition between larvae is reduced and
the count of adults emerging from an egg sample is essentially a measure of the
numbers of viable eggs in the sample. The flies emerging from these egg samples
were collected daily and counted by eye colour as wild-type (D. melanogaster) or
vermilion (D. simulans) until there were no further emergences. Thus, from each
daily egg sample, an estimate was obtained of the percentage of D. melanogaster
eggs laid in the cage that day.

However, it must be remembered that the D. melanogaster would be laying eggs
in another medium jars in the cage and that these would give rise to a second
generation. This was prevented by imposing a secondary rotation of medium jars
on the experimental cage. Once a jar has been in a cage for 6 days, it contains many
larvae but these larvae have not begun to crawl out on to the floor of the cage to
pupate. Therefore, if jars are removed after 6 days in the cage, no flies will enter
the cage population from them. However, the population of D. simulans v in the
cage must be maintained so that each jar was replaced by a 6-day-old jar from a
cage containing this stock. Twelve-day-old jars were similarly replaced. This
secondary rotation commenced 14 days after the initial egg sampling, when all jars
6-days-old or older were removed from the experimental cage and replaced by jars
from a D. simulans v cage. Daily thereafter, 6-day-old and 12-day-old jars were
removed and replaced.

The daily egg sampling from the experimental cage was continued until no
D. melanogaster eggs were being laid. The data obtained were thus: (i) Time
zero — mean time of egg laying of the initial egg sample, and (ii) an estimate of the
percentage of D. melanogaster eggs among the total laid in the cage each 24 hours
after Time zero. This latter may be taken as an estimate of the expectation of
offspring for each day of age. That is, referring to the estimation procedure of
Birch (1948), one obtains a direct estimate under population cage conditions of
l,m, for each day x, except that this does not refer to females only. Generation
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interval can then be estimated from equation (1). If P;is the estimate of the per-
centage of D. melanogaster eggs laid in each 24-hour period (z;), then the variance
of the mean is calculated as:

V(@) = X P:*/(Z P)? (2)
where o? = 3 [Pix;— %)X P; (3)

(ii) Results

Two estimates of the generation interval of D. melanogaster Oregon-R-C under
population cage conditions were obtained. They were not strict replicates, as one
estimation was carried out 9 months later than the other, and with one difference
in the methods used. In Estimate 1, four samples of eggs were taken from each
daily egg sample, while in Estimate 2, eight were taken. The means (and their
standard errors) of the numbers of adults scored from each daily egg sample were,
for Estimate 1, 1092-9 + 55-3, and for Estimate 2, 2104-6 +145-2. The larger
numbers scored in Estimate 2 might be expected to give a better estimate of the
percentage of D. melanogaster eggs laid each day. "

The results in Fig. 1 show both estimates to have a similar trend with two main
peaks in the curve, although Estimate 2 lags about 2 days behind Estimate 1.
The generation interval estimates, however, are not significantly different (Table 2).

Table 2. Estimates of generation interval (x) of D. melanogaster Oregon-R-C
maintained in population cages

Standard
z (days) error
Estimate 1 22.7 1-70
Estimate 2 240 1-38

t(ea) = 0'62; 0-5<P<06.

3. POPULATION BOTTLE EXPERIMENTS

(i) Method of estimation

The method used was essentially similar to that for populations maintained in
cages. Two experiments, with six replications in each, were carried out to estimate
the generation interval of D. melanogaster Oregon-R-C. Concurrent with the second
experiment, the generation interval of D. simulans v also was estimated, with four
replications. Initially, six replications were started but two had to be discarded as
very few flies emerged from the initial egg sample (43, 12 in one and 33, 29 in the
other).

In each experiment, a number of population bottles, some D. melanogaster
Oregon-R-C and some D. simulans v were initiated, each with 100 to 200 flies, and
were maintained for 6 weeks. Then, when a fresh medium bottle was being attached
to each population bottle, the adult flies from a D. melanogaster population were
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placed into a D. simulans population bottle. In the first experiment, they remained
there for periods varying from 24-5 to 29-5 hours, when they were removed and
the D. simulans populations, which had been stored separately in culture bottles,
replaced in the population bottle from which each had been taken. An initial egg
sample whose mean egg-laying time was known was thus obtained for each replicate.
In the second experiment, six populations of D. melanogaster and six of D. simulans
were paired. When the fresh medium bottles were being attached, the adults from
a D. melanogaster population were placed into the D. simulans population bottle
with which it was paired and vice versa. For all populations, these adults were
returned to their original population bottle exactly 24 hours later. In both experi-
ments, from the 8th day after this initial egg sampling, the populations were lightly
etherized at the same time each day and any adults of the appropriate species that
had emerged from the egg sample removed. The first such adults collected were
placed in a culture bottle. Those collected the next day were placed in another
culture bottle and the previous day’s collection transferred into this bottle without
etherization. This procedure was repeated every 24 hours until no further adults
emerged into the population bottle. Thereafter, the adults were transferred into
fresh culture bottles at the same time each day until all had died, or in some cases,
until a few males only remained in the bottles. The progeny emerging in these
transfer bottles were counted daily until there were no further emergences. The
data obtained for each population was thus: (1) Time zero — meantime of egg-laying
of the initial egg sample, and (ii) the number of progeny (n;) produced by the adults
emerging from this initial egg sample, in each 24-hour period after Time zero (z;).
These numbers of progeny produced may be taken as an estimate of the number of
eggs laid in each 24-hour egg collection period, or the expectation of offspring.
Generation interval can then be calculated from equation (1) as:

X T

RS ®)

(ii) Results
D. melanogaster—Ezxperiment 1

The generation interval estimates are given in Table 3, while Fig. 2 shows the
distribution of the numbers of D. melanogaster adults that emerged from each
24-hour egg collection. These numbers are each presented relative to the day on
which the eggs were laid.

Four of the replicates (Nos. 2, 3, 4, and 5) reached peak egg production on Day 13,
one (No. 6) on Day 15, while the remaining one (No. 1) shows a number of peaks
over the period Day 13 to Day 17. This latter distribution is spurious and due to
an experimental error. The culture bottles used in the daily transfer for the 24-hour
egg collections normally contained dead yeast fortified medium. The flies of Repli-
cate No. 1 were accidentally placed in bottles containing unfortified medium on
Days 14 and 16. The amount of food available per larva in these would be less than
with fortified food and the mortality of immature stages would thus be increased.
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F1a. 2. Numbers of D. melanogaster emerging from the daily egg collections in Experiment 1,
estimation of generation interval of D. melanogaster maintained in population bottles.

Replicates 3 and 6 are omitted for clarity, as they largely overlap with replicates 4 and 2
respectively.
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Analysis of variance (Table 3) shows that the generation interval estimates are
significantly different. The variance of each estimate is small because of the large
numbers of individuals on which the estimate is based. The differences between

Table 3. Estimates of generation interval (x) in Experiment 1 for D. melanogaster
Oregon-R-C maintained in population bottles, together with the total numbers of pro-
geny scored in each estimate, and analysis of variance of the estimates

Replicate No. z (days) Sin;
1 16-25 9156
2 14-39 3924
3 14-49 8102
4 14-73 12,031
5 13-73 2415
6 15-14 4130

Mean + S.E. 14-79 + 0-35

Total 39,758

Analysis of variance

Source of variation - D.F. Mean square
Between means 5 4521-98*
Within means 39,752 229-64

* P <0-001.

estimates could be due to a number of factors. Although the populations were
started together and maintained in the same way, the micro-environment of each
population bottle may be expected to be unique due to differences in population

Table 4. Numbers of flies laying the initial egg samples and numbers of their progeny
that emerged in the population bottles used in.the estimation of generation interval
of D. melanogaster (Experiment 2), and D. simulans v

No. of flies emerging

No. of flies from initial egg sample
laying initial . A N
Replicate No.  egg sample Males Females Total

D. melanogaster

1 158 29 26 55

2 198 47 317 84

3 401 42 73 115

4 218 11 19 30

5 339 51 63 114

6 240 18 21 39
D. simulans v

1 237 42 38 80

2 181 25 15 40

3 217 13 13 26

4 255 24 18 42
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size, in yeast growth, in degree of mould contamination, and other factors. Further,
the number of flies laying the initial egg samples varied from population to popu-
lation, as did the numbers that emerged from the initial egg sample (Table 4). The
pattern of egg-laying over the 24 hours or so of the initial sample may vary from
population to population. As it is most likely that the differences in the estimates
from replicate populations were due entirely to such uncontrollable factors, the
mean of the six estimates may be taken as a reasonable estimate of the generation
interval. In experimental populations, one might expect the generation interval
to vary from generation to generation for similar reasons. That is, each generation
interval is unique. However, comparison of experimental results from such popu-
lations with theoretical expectations would have to be done by using the average
generation interval over the period studied. This would be equivalent to the
determination here of the mean of six generation intervals estimated at the same
time in six different populations.

D. melanogaster—Experiment 2

Results are presented in the same way as for Experiment 1 in Table 5 and Fig. 3.
In this experiment, conducted one year after Experiment 1, the populations reached
peak egg production about the same time (five on Day 13 and one on Day 15), but
maintained egg production at a higher level for slightly longer. Again, the estimates

Table 5. Estimates of generation interval (x) for D. melanogaster Oregon-R-C
(Ezperiment 2), and D. simulans v maintained in population boitles, together with
the total numbers of progeny scored in each estimate, and analysis of variance of
the estimates

D. melanogaster Oregon-R-C D. simulans v
Replicate , & N - A N
No. z (days) Sy z (days) Sn,;
1 13-85 3586 19-74 8508
2 14-64 3792 18-34 4186
3 14-74 9225 17-26 4145
4 15-25 2992 19-10 5655
5 15-02 5136
6 14-22 2074
Mean + S.E. 14-62 £ 0-22 18-61 + 0-53
Total 26,805 22,494
Analysis of variance
D. melanogaster Oregon-R-C D. simulans v
Source of p A S p A N
variation D.F. Mean square D.F. Mean square
Between means 5 908-34* 3 6163-00t
Within means 26,799 224-36 22,490 396-30

*P<001; tP<0-00l.
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F1c. 3. Numbers of D. melanogaster emerging from the daily egg collections in Experiment 2,
estimation of generation interval of D. melanogaster maintained in population bottles.
Replicates 1 and 6 are omitted for clarity, as they largely overlap with replicates 2 and 4
respectively.
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are significantly different, although the between means variance is less than in
Experiment 1. Although there were significant differences between the estimates
in each experiment, their mean estimates do not differ significantly (¢,, = 0-41,

0-7 > P > 0-6).

D. simulans v

The results are presented in Table 5 and Fig. 4. Peak egg production was reached
in all replicates on Day 13 or 14. Beyond this point, there was considerable day to
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Fic. 4. Numbers of D. simulans v emerging from the daily egg collections in the estimation

of generation interval of D. simulans v maintained in population bottles.
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day fluctuation, but egg production was maintained at a higher level for longer than
in the D. melanogaster populations. Although the numbers of eggs produced by
D. melanogaster in the first few days (up to and including peak production) were
much higher than the numbers produced by D. simulans, the numbers of adults
producing these eggs differed for the two species. The mean numbers of females
collected into the transfer bottles by the day of peak egg production were 31+ 7
for D. melanogaster and 21 + 6 for D. simulans, considering only D. melanogaster
Experiment 2, which populations were studied at the same time as the D. simulans.
The mean numbers of eggs per female per day, up to and including peak egg produc-
tion were 21-9 + 3-2 for D. melanogaster and 23-9 + 4-1 for D. simulans. On this
rough estimation no differences in fecundity in the first few days of adult life are
apparent,

Again, the replicate estimates are significantly different, but the mean is calcu-
lated as before. This mean generation interval of D. simulans v is about 4 days
longer than that of D. melanogaster Oregon-R-C.

4. DISCUSSION

The estimation procedure presented here would seem to be a reasonable first
approach, although there are some potential sources of error. The main assumption
is that the competition provided by the other species is the same as intraspecific
competition, as far as its effects on life cycle components are concerned. Considering
the estimation for D. melanogaster, D. simulans certainly provides the high density
conditions of the population cage or bottle, but it is not known to what extent these
conditions are similar to those in a pure D. melanogaster population. Even within
species, there is evidence that the viability and adaptive values of genotypes are
dependent on what other genotypes are co-existing with them and on their fre-
quencies (Levene, Pavlovsky & Dobzhansky, 1954, 1958; Lewontin, 1955; Spiess,
1957; Bonnier, Jonsson & Ramel, 1959; Parsons, 1959). As D. simulans v is rapidly
eliminated from a population by D. melanogaster Oregon-R-C when the two are
placed in competition (Claringbold & Barker, 1961), the competition provided by
D. simulans is presumably of a lower order than that within a pure D. melanogaster
population. Therefore, although the magnitude of the biasin the generation interval
estimates is unknown, the effect probably would be an underestimate of the interval
for D. melanogaster and an overestimate for D. simulans. In addition, underesti-
mation will result if males tend to live longer than females and remain fertile.

In the population cage estimation, most of the D. melanogaster eggs in the initial
sample would have been laid in the freshest medium jar, which was placed into the
cage at the beginning of the egg sampling period and consequently had no D. simu-
lans eggs on it. The rate of development of the zygotes hatching from these eggs
may have been faster than that of equivalent first laid eggs in a population compris-
ing D. melanogaster only. Basing the expectation of offspring on the percentage of
D. melanogaster adults emerging from each 24-hour egg sample involves the assump-
tions that the propensity for egg-laying of the D. simulans population is constant,
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and that the hatchability and survival of immature stages of D. melanogaster are
not affected by the relative proportions of the two species. The total number of
D. simulans flies in the cage will certainly not be constant. Variation in the size of
this population may be the inverse of variation in that of D. melanogaster, because
the D. melanogaster emerging from the initial egg sample are effectively replacing a
portion of the D. simulans population. Although this would change the shape of
the percentage D. melanogaster distribution, increasing the height of the peak, there
appears to be no reason to expect that it will result in any change in the mean. It
has been pointed out that the viability of a genotype depends on what other geno-
types are co-existing with it and on their frequencies. If the survival of D. melano-
gaster is different when competing with D. simulans than when alone, this will affect
the estimate of the percentage of D. melanogaster eggs in each 24-hour egg sample,
but will introduce a bias only if there is a frequency-dependent effect. Unfortun-
ately, there are no data on this, but any effect may be small as the flies of the 24-hour
samples were reared under relatively uncrowded conditions on dead yeast fortified
medium.

Similarly for the population bottle estimation, there are a number of potential
sources of error. The major criticism is that the fecundity table of the adults
emerging from the initial egg sample is not obtained under population bottle con-
ditions, but under the more optimal conditions of daily transfer to fresh medium.
This could affect two components of the generation interval, fecundity and longev-
ity, possibly increasing both and consequently increasing the estimated generation
interval. Robertson & Sang (1944) found, when comparing fecundity under more
optimal conditions with population conditions, that (i) females reach peak fecundity
at about the same time (the 3rd and 4th days after emergence), (ii) they maintain
egg production for a longer time, and (iii) the mean number of eggs laid per day is
increased. The second would result in an overestimate of the generation interval,
while the last may increase the number of eggs laid each day without affecting the
mean of the distribution. Any increase in longevity caused by the daily transfer to
fresh medium is unlikely to affect greatly the D. melanogaster estimates. Figures 2
and 3 show that the numbers of eggs produced beyond Day 25 are very low, so that
these eggs will be contributing relatively little information to the estimate. Ifthey
were, in fact, eggs that would not be laid under population bottle conditions, the
generation interval would be overestimated, but the bias would be small.

In the D. simulans estimation, the daily transfer to fresh medium is likely to
cause greater bias as D. simulans maintained egg production at a higher level for
longer than did D. melanogaster. Under population bottle conditions, a fresh
medium bottle is attached on Day 14, and probably only those eggs laid in the few
days following this have any change of giving rise to adults of the next generation.
Thus the generation interval of D. simulans v is certainly overestimated. However,
when the next medium bottle is attached (Day 28), it would be expected from Fig. 4
that some of these D. simulans v will still be present in the population (along with
their progeny), and that they will produce eggs. In other words, there will be
generation overlap and the generation interval will be less than 18 days but probably
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greater than 15 days. A more accurate estimate of the generation interval of
D. simulans v might be obtained by daily transfer to a D. melanogaster population.
The technique would be exactly the same, except that the fecundity table would be
obtained under population conditions. However, this would involve daily anaes-
thetization of the flies and, as pointed out below, this might have a deleterious
effect on their longevity. Thus, one source of error would be removed, but another
introduced. As it would involve a large number of populations for daily transfer,
it was not felt to be justified at this stage.

Some information on the degree of generation overlap in the population bottles
was obtained during the collection of the flies emerging from the initial egg samples.
Each day when the population was etherized and the flies from the initial egg sample
collected, the numbers of flies of the other species present were counted (Table 6).
For D. melanogaster, the numbers reach a minimum on Day 11 or 12, and then
increase as the next generation starts to emerge. There is not likely to be any
generation overlap as those few individuals present on Day 11 or 12 will almost
certainly die before the next medium bottle is added on Day 14. The D. simulans
populations (except for No. 6) also reach a minimum on Day 11 or 12, but these
minimum numbers generally are much higher than those for D. melanogaster.
Some of them could conceivably survive to enter the breeding population of the
next generation, thus giving rise to some degree of generation overlap. Although
the numbers of D. simulans v increase after Day 11 or 12, they do not increase as
do the D. melanogaster and tend to fluctuate somewhat from day to day. This
could be an artifact resulting from some adverse effect of the daily etherization.
D. simulans v succumb to etherization far more rapidly than do D. melarogaster,
so that to etherize the D. melanogaster emerging in these populations, the D. simu-
lans v would receive more than is necessary merely to anaesthetize them. Repeated
etherization then may reduce their longevity.

A further source of error in the population bottle estimates results from the
counting of the numbers of adults emerging from each 24-hour sample as estimates
of the numbers of eggs laid. Survival of immature stages is known to be dependent,
on their density (e.g. Lewontin, 1955), and as the numbers of adults emerging from
these samples varied between 1 and over 2000, some error will be introduced.
This could be overcome by counting the numbers of eggs laid each day.

There are, therefore, a number of potential sources of error in the estimated
generation intervals. Nevertheless, this is a useful first approach to an experi-
mental estimation under population conditions and the generation intervals
estimated at 25°C. may be taken operationally as:

D. melanogaster (Oregon-R-C), population cages: 23 days
D. melanogaster (Oregon-R-C), population bottles: 14 days
D. simulans v: population bottles: 16 to 18 days

5. SUMMARY
A method for the experimental estimation of generation interval is presented
together with results obtained at 25° C. for D. melanogaster Oregon-R-C maintained
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in population cages and in population bottles, and for D. simulans v in population
bottles. Although there is significant variation between the replicate estimates
obtained in population bottles, and although a number of potential sources of
error have been discussed, it is suggested that this method provides useful opera-
tional estimates of the parameter, which may be taken as 23 days for D. melano-
gaster Oregon-R-C in population cages, 14 days for the same stock in population
bottles, and 16 to 18 days for D. simulans v in population bottles.
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