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Female Remating inDrosophila ananassaeBidirectional
Selection for Remating Speed
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In Drosophila ananassaertificial selection was carried out for fast and slow remating speed
for 10 generations. Response to selection resulted in rapid divergence in remating time in each
of two replicates of both fast and slow lines. There were significant differences in mean remat-
ing time in females among fast, slow, and control lines. Regression coefficients for both fast
and slow lines are significantly different from zero. The realized heritability over 10 genera-
tions of selection is from 0.26 to 0.33 for two replicates of fast line and from 0.23 to 0.27 for
two replicates of slow line. These findings suggest that female remating tiDieaimanassae

is under polygenic control. Remating frequency of females showed a correlated response in both
fast and slow lines. At generation 10, correlated response to selection was also investigated.
Mating propensity oD. ananassa®f fast and slow lines was observed in an Elens-Wattiaux
mating chamber. Fifteen pairs per test showed that on the average, the fast lines (11.20, 11.60)
were more successful in mating than those of slow (6.40, 5.60) and control (8.00) lines. Pro-
ductivity of once-mated females was measured in terms of number of progeny produced per fe-
male and the results of productivity analysis indicate that females of fast lines (157.83, 130.83)
produced more progeny compared with slow (72.70, 85.83) and control (109.23) lines.

KEY WORDS: Drosophila ananassaeselection; fast and slow remating; mating propensity; productivity;
polygenes.

INTRODUCTION to fertilize eggs as they are laid. Once a virgin female
D. melanogastehas mated, she is usually unwilling to
accept another male for some time because after mating
behavioral and physiological changes occur, including
decreased attractiveness to males (Tram and Wolfiner,
1998); decreased receptivity to further mating (Fuyama,
1995); elevation of egg laying (Hihara, 1981); storage
and utilization of sperm (Pitnick, Markow, and Spicer,
1999); and decreased lifespan (Chapretal., 1995).

In D. melanogasteithese behavioral changes are due in
part to sperm and in part to seminal fluid (Hihara, 1981;

Reproductive capacity is particularly a good index of
fitness in organisms that go through repeated cycles of
rapid population growth. In such organisms any feature
of the reproductive biology that increases reproductive
rate will be favored by natural selection. Remating and
sperm storage are specific features that can play im-
portant roles in determining female fecundity and male
mating success and, hence, fithess (Leetrad., 1980).
Female remating is an important component of genus
Drosophilamating systems because females store the

2 . . Scott, 1987).
sperm after mating in the paired spherical spermathe-

. : Remating in females is common for many species
cae and a single elongate tubular seminal receptacle .
(Pitnick, Markow, and Spicer, 1999) and utilize them O.f _Drosophllaunder both n_atural and laboratory con-
' ’ ' ditions (Anderson, 1974; Richmond and Ehrman, 1974;
- Levine et al., 1980; Loukas, Vergini, and Krimbas,
! Genetics Laboratory, Department of Zoology, Banaras Hindu Uni- 1981 Markow and Ankey, 1984; Barbadiléa al
versity, Varanasi- 221 005, India. ! ' ] ] "
2To whom correspondence should be addressed. Fax: (91) 0542-1991' Joly, Car|_0u1 and L_E‘Chalse’ 1991; Etges and
368714. email: bnsingh@banaras.ernet.in Heed, 1992; Aspi and Lankinen, 1992; Ochartlal.,
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1996; Service and Vossbrink, 1996; McRobetrtal., X-Y linked nucleolus organizer is found. The Y-4
1997; Price, 1997; Clark, Begun, and Prout, 1999; association of the nucleolus organizer suggests that
Bundgaard and Barker, 2000). The phenomenon of re-a translocation of the nucleolus organizer region from
mating by females is a prerequisite for the occurrence X to 4 has occurred during speciationdnfananassae.
of sperm competition between males (Parker, 1970; D. ananassadas been used extensively for genetic
Birkhead and Moller, 1998; Price, Dyer, and Coyne, studies, particularly population genetics, behavior ge-
1999; Civetta, 1999). The total impact of sperm com- netics, and crossing over (see Singh, 1996). Recently,
petition on male fitness (Gromko and Pyle, 1978) and female remating and male rematingDn ananassae
the significant effect of remating on the fitness of the have been studied by present authors (Singh and Singh,
female (Pyle and Gromko, 1978), make an excellent ex-1999, 2000). The results have shown that: (1) male re-
ample of sexual selection. According to Rice (1996), mating occurs more frequently than female remating,
sperm competition offers a unique opportunity to study (2) strain variation for remating time exists for both
adaptations shaped by the interacting forces of natural,males and females, and (3) shorter duration of copula-
sexual, and antagonistic selection. Remating by femalestion exists in second mating compared with first mat-
is insurance against male sterility and subfertility (Gib- ing. Evidence for sperm displacement and greater pro-
son and Jewell, 1982). According to Pyle and Gromko ductivity of remated females has also been reported in
(1978), remating results in increasing the genetic het-D. ananassa€Singh and Singh, 2001).
erogeneity of offspring. It is known that female remat- The genetic control of female remating speed in
ing depends on the amount of sperm stored (Letsinger,D. melanogastehas been studied extensively. How-
and Gromko, 1985), the components of the male semi-ever, the results of these studies differ. The genetic con-
nal fluid (van-Vianen and Bijlsma, 1993), level of nu- trol of female remating speed[h ananassaenother
trition and egg laying (Chapman and Partridge, 1996), cosmopolitan species, has not been tested. In view of
and in the laboratory by different experimental designs this, we conducted bidirectional artificial selection ex-
(Newport and Gromko, 1984). periments for fast and slow remating timedinananas-

According to Parsons (1973), extreme phenotypes sae.We also investigated other aspects of mating be-
continuously favored during selection will be controlled havior related to selection for the timing of remating at
by genotypes which are likely to be more homozygous generation 10, such as mating propensity and produc-
than the unselected base populations. Manning (1961 tivity of once-mated females of all the selection lines
1968) selected for fast and slow mating spedal imelan- and the control line. The results of these experiments
ogasterandD. simulansand demonstrated the contribu- are reported herewith.
tions of phototaxis and general activity to variation in
mating speed. Manning found that general activity was
different from the sexual activity and concluded that mat- MATERIALS AND METHODS
ing speed is the outcome of the complex interaction of : .

. Selection Experiment

several factors and that fast and slow mating speed may
be achieved by different routes. Genetic control of female Five mass culture wild type strains bf ananas-
remating speed iDrosophilahas been reported only saederived from different geographic localities (Bari-
in D. melanogaste(Pyle and Gromko, 1981; Gromko pada, Orissa; Chinsura, West Bengal; Elenthikara, Ker-
and Newport, 1988a, 1988b; Fukui and Gromko, 1991a,ala; Jammu, Jammu and Kasmir and Rameswaram,
1991b, 1991c; Sgro, Chapman, and Partridge, 1998). Tamil Nadu) in India were reciprocally crossed with

D. ananassaeg cosmopolitan and domestic species, each other. Hybrids were mixed to construct the base
belongs to theananassaespecies complex of the population. The base population was maintained for
ananassasubgroup of thenelanogastespecies group. 6 generations before starting the selection experiment.
This species occupies a unigue status in the whole ofFrom the base population, groups of virgin females and
the genudDrosophilaowing to certain peculiarities in  males were collected and aged for 4 to 5 days in food
its genetic behavior (Singh, 2000). These peculiarities vials separately. To obtain once-mated females, 4- to
are spontaneous male crossing-over, varied chromoso5-day-old virgin females were placed individually in
mal polymorphism, heterosis without coadaptation, food vials with a single 4- to 5-day-old male. The vials
segregation distortion, high mutability, extrachromo- were carefully and continuously examined, and at
somal inheritance, parthenogenesis, and Y-4 linkage10-minute intervals those vials containing newly cop-
of the nucleolus organizer. Inrosophila,usually an ulating pairs were gently set aside. Observation was
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continued until 50 females had mated, usually within time was noted. In this way, the total number of mat-
an hour. Following the completion of copulation, males ings (15 femalex 15 males-5 replicates) was recorded
were removed by aspiration. The next morning, for each replicate of fast and slow lines and for the con-
50 once-mated females were individually paired with trol line.

virgin males and observed at 10-minute intervals for 2

hours daily at the time of transfer, until they remated .

or 14 days had elapsed. Females that remated on an)l?roducnwty of Once-mated Females
one of the 14 testing days were no longer given the op- For the productivity analysis, virgin females and
portunity to remate. The first 10 females to remate were males were collected from each replicate of the two se-
used to establish the high (fast) line and the last 10 fe-lected lines and the control line and aged for 4 to 5 days
males to remate (up to 14 days) were used to establishin separate vials. In each of the selected lines and the
the low (slow) line. In each generation, the remating control line, a single virgin female was placed in a food
time (in days) for 50 once-mated females in each repli- vial with a single virgin male. The pair was observed
cate of selection lines was noted and the first 10 fe-for 30 minutes and any pair not mating during this pe-
males to remate in the fast line were used as parentgiod was recorded as unmated. The male was aspirated
for the subsequent generation. The last 10 females toout of the observation vial following copulation. Each
remate (up to 14 days) in the slow line were taken asmated female was kept in an individual food vial for a
parents for the subsequent generation. From the sameeriod of 3 days and then was transferred to a fresh
base population, 10 remated females were selected ranfood vial every third day. Three successive changes
domly to establish the control line. In each generation, were made and then the females were discarded. Thus,
remating time (in days) was noted for 50 once-mated there were four sets of vials (total time>43 = 12
females, and from these remated females, 10 femaleslays) for counting the progeny. The total humber of
were selected randomly to serve as parents for the subflies that emerged from each vial was counted. Data
sequent generation in the control line. Two replicates were pooled and the mean number of progeny per fe-
were maintained in each of the two lines (fast and slow) male was calculated in each selected line and the con-
for selection. In each generation, remating frequency trol line. A total of 30 females were tested for progeny
was also noted for all lines. Selection was continued analysis in each replicate of selected lines and the con-
for 10 generations. trol line.

During the course of the study, a simple culture
medium containing agar-agar, brown sugar (crude
sugar), dried yeast, maize powder, nipagin, propionic

In order to test the correlated response to selec-acid, and water was used. All the experiments were car-
tion, both mating propensity and productivity of once- ried out at a room temperature of approximately 24°C
mated females were studied at generation 10 of selec{75°F) with 60% to 80% relative humidity (RH) and

Correlated Response to Selection

tion in all selected lines and the control line. 12-hour light/dark cycle.
Mating Propensity RESULTS
For mating propensity experiments, virgin females The mean remating time (days) in females during

and males were collected from each selected line andthe 14-day (2 hours daily observation design) observa-
from the control line and aged for 4 to 5 days in food tion period in each generation for all selection lines and
vials. Females and males were stored separately in foodhe control line is presented in Table I. The results of
vials in groups of 15 individuals in each vial. This ex- selection are shown in Fig. 1. Over the 10 generations
periment was carried out by direct observation in an of selection, the mean remating time (days) was 4.39
Elens-Wattiaux (1964) mating chamber. In each trial, and 4.50 days in the two replicates of high (fast) line,
15 females and 15 males were used. Females were in10.30 and 9.59 days in the two replicates of low (slow)
troduced first into the mating chamber and, in all five line, and 8.31 days in the control line (Table Il). From
trials, were run for each selected line and for the con-Fig. 1 it is apparent that the response to selection was
trol line. Mating was directly observed in the mating immediate from the fifth generation of selection, with
chamber at 5-minute intervals for 30 minutes. When a rapid divergence in female remating time in both high
pair commenced mating, it was aspirated out and the(fast) and low (slow) lines. Although there were some
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Table I. Mean Remating Time (days SE) During 14 days (2-hr Daily Observation Design) in
Various Generations of the Selection Experiment in Both Replicates of Fast and Slow
Lines inD. ananassaéControl is Also Given for Comparison)

Generation F F, S, S, Control

0 — — — — 7.46+ 0.27
1 6.42+ 0.35 6.30+ 0.17 6.86+ 0.36 6.93+ 0.62 8.80+ 0.43
2 5.25+ 0.41 5.52+ 0.36 11.26+ 0.48 6.50+ 0.29 6.26+ 0.41
3 5.60* 0.39 6.20+ 0.42 10.90+ 0.44 8.30+ 0.34 5.50+ 0.34
4 4.74+ 0.52 6.00=+ 0.40 10.15+ 0.34 7.05+ 0.17 6.50+ 0.28
5 5.69+ 0.36 3.76+ 0.86 8.50+ 0.34 9.79+ 0.27 10.80+ 0.48
6 4.16+ 0.58 4.87+ 0.49 8.20+ 0.33 11.09+ 0.29 9.55+ 0.49
7 3.33* 0.67 4.34+ 0.55 9.09+ 0.29 10.43+ 0.54 8.25+ 0.24
8 3.07+ 0.78 2.60=+ 0.89 11.55+ 0.53 11.45+ 0.51 8.90=+ 0.52
9 291+ 0.87 2.85+ 0.97 11.60+ 0.51 12.10+ 0.55 9.20+ 0.26
10 2.70+ 0.84 2.55+ 0.99 11.40+ 0.54 12.25+ 0.64 8.35+ 0.32

fluctuations between the two replicates of fast and slow significance for fast and slow lines. Realized heri-
lines, there were no significant differences between thetability was estimated in the lines undergoing selection
two fast lines and between the two slow lines (Table for fast and slow remating time, according to Falconer
I1). Table Il presents the values of realized heritabil- and Mackay (1996). Realized heritability over 10 gen-
ity and regression coefficient and results of the test of erations of selection are 0.33,JF0.26 (k), 0.27 ()

—8—F1 ——F2 —5—51 —5—52 --A-- Control |

Mean remating time (days)

Fig. 1. Response to selection for fast and slow female remating (time in daps)imanassaek1 and F2, fast lines; S1 and S2, slow lines.
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Table Il. Comparison of Mean Remating Time (Days) Over Table IV. Remating Frequency (%) in Various Generations of the
10 Generations of Selection Between Control and Selected Lines Selection Experiment for Female Remating Time in Both
and Between Fast and Slow Linesthtests inD. ananassae Replicates of Fast and Slow Lines and the Control
Line in D. ananassae
Line Mean= SE Comparison t df P
Generation F F, S, S, Control
Fy 439+ 0.42 Controlvs. F 5.37 18 <0.001
Controlvs. 5 4.33 18 <0.001 0 — — — — 48
F, 450+ 0.47 Controlvs. § 2.29 18 <0.05 1 52 66 58 60 52
Controlvs. $ 2.21 18 <0.05 2 64 54 46 48 54
S 10.30* 1.80 3 60 60 40 54 44
Fivs. § 6.96 18 <0.001 4 68 60 38 38 48
S, 959+0.70 HRvs. S 482 18 <0.001 5 58 74 52 38 50
Fovs. S 6.74 18 <0.001 6 62 62 50 46 62
Control 8.31+ 0.29 Kvs. S 4.45 18 <0.001 7 60 64 64 56 64
Fivs. B 0.39 18 ns 8 58 60 44 44 60
Sivs. S 0.95 18 ns 9 66 64 40 42 50
10 60 68 46 40 62
and 0.23 (§. Regression coefficients over 10 genera-
tions of selection are-0.51 and—0.63 for i and R forming the percentage to angle by Arcsine square root
lines, respectively, anet0.73 and+0.89 for S and S transformation. The differences were significant in all

lines, respectively. These values and the results of thecomparisons. These results indicate that fast line fe-
test of significance indicate that significant progress males remate more frequently than those of slow and
was achieved in both fast and slow directions. control lines and control line females also remate more

The mean remating time (days) in females over frequently than those of slow line. The two replicates
10 generations of selection was calculated for eachof each selection line did not differ significantly from
replicate of fast and slow lines as well as for the con- each other.
trol line. These values are shown in Table Ill. The dif- At generation 10, correlated response of selection
ferences between control and each replicate of selectedvas tested by scoring mating propensity of all the se-
lines and between fast and slow lines were tested bylection lines and the control line and by measuring
t-test. The differences were significant in all the com- productivity of once-mated females. Mean number of
parisons, which also shows that significant progress hasmatings in 30 minutes in the Elens-Wattiaux mating
been made during selection for fast and slow rematingchamber out of 15 pairs (15 femalas15 males—5
speed. Remating frequency (%) for females in each
generation of the selection in both replicates of fast and
slow lines and in the control line is given in Table IV.  Table V. Comparison of Mean (Arcsin Tranformed) Remating
The mean percentage of remating over 10 generations Frequencies Over 10 G_enerations of Selection Between

. . . . Control and Selected Lines and Between Fast and Slow

of selection was calculated in each replicate of the high, Lines byt-tests inD. ananassae
low, and control lines (Table V). The differences be-
tween the control and selected lines and between the Line Mean+ SE Comparison  t df P
fast and slow lines were tested byest after trans-

= 51.26+ 0.84 Controlvs F 2.19 18 <0.05
Controlvs 5 3.15 18 <0.01

Table Ill. Realized Heritability If?), Regression Coefficienby, F 5270+ 1.03 Controlvs § 3.01 18 <0.01
Standard Deviation of Regression Coefficiesit)( Controlvs $  2.63 18 <0.02
and Results of the Test of Significance far F,, S S 43.74* 1.52
and S Lines inD. ananassae Fivs § 349 18 <0.01
S, 43.04= 141 HRvsS 212 18 <0.05
Line h? b Sbh df t P F,vs § 6.01 18 <0.001
Control  47.09+= 096 FkvsS 498 18 <0.001
Fy 0.33 -0.51 0.22 8 2.32 <0.05 Fivs K 0.90 18 ns
F, 0.26 —0.63 0.23 8 2.74 <0.05 Sivs S 0.51 18 ns
S, 0.27 +0.73 0.31 8 2.35 <0.05
S, 0.23 +0.89 0.36 8 247 <0.05 *t-test was performed after transforming percentage to angles by

arcsin transformation.
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Table VI. Number of Matings (meart SE) in 30 Minutes, out
of 15 Pairs (15 Femalg 15 Male—Replicates) Tested in
Selected Lines and in the Control Line at Generation 10

in D. ananassat

Line Mean= SE Comparison t df P
F1 11.20+ 0.38 Controlvs. F 853 8 <0.001
Controlvs. 5  7.06 8 <0.001
F, 11.60+ 0.51 Controlvs. § 6.40 8 <0.001
Controlvs. $ 4.71 8 <0.01
S 6.40+ 0.24
Fivs. S 9.79 8 <0.001
S, 560+ 040 FRvs. S 8.24 8 <0.001
F,vs. § 7.88 8 <0.001
Control 8.00£0.32 FKvs. S 7.23 8 <0.001
Fivs. B 0.66 8 ns
S vs. S 2.10 8 ns

Singh and Singh

replicates) in both replicates of selected lines and in the
control line at generation 10 are shown in Table VI and
mating propensity (%) at 5-minute intervals in 30 min-
utes is shown in Fig. Z-test was used to compare the
mean number of matings observed in control line with
mean number of matings observed in each replicate of
high and low lines. The differences between the con-
trol and selected lines and between the high and low
lines were statistically significant (Table VI). These re-
sults of mating propensity tests indicate that the flies
of high (fast) line are more successful in mating com-
pared with those of the low and control lines.

Number of progeny produced per female (Mean
SE) for each replicate of the fast and slow lines and the
control line is given in Table VII. Fig. 3 shows the hum-
ber of progeny produced per female (range, mean, and

*t-test was performed for comparison of mean number of matings SE) in each replicate of the selected lines and the con-
between control and selected lines and between fast and slow Iinestro| line at generation 10. A comparison of mean num-

90

ber of progeny produced per female between the dif-
ferent lines was done using theéest (Table VII). The
results show that the differences are significant in all

80 4

Mating propensity (%)
8 &8 8 8 3

N
o
3

10

s "

10

L) LJ L

15 20 25 30

Time (min)

Fig. 2. Mating propensity (%) at 5-minute intervals for 30 minutes out of 15 pairs (15 fetnatemale—replicates) tested in each replicate of
selected lines and the control line at generation 1D.iananassae.
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Table VII. Number of Progeny Produced Per Female in Selected Lines and in the
Control Line at Generation 10 . ananassae

Number of progeny/female

Line N (Mean=* SE) Comparison t P
Fy 30 157.83*+ 6.06 Control vs. F 5.06 <0.001
Control vs. i 3.00 <0.01
F> 30 130.83+ 2.92 Control vs. § 4.51 <0.001
Control vs. $ 2.97 <0.01
S 30 72.70+ 4.54
Fivs. § 5.06 <0.001
S, 30 85.83+ 5.32 Rvs. S 8.39 <0.001
F,vs. § 8.65 <0.001
Control 30 109.23t 6.49 Evs. S 9.41 <0.001

* t-test was performed for comparison of number of progeny produced per female between
control and selected lines and between fast and slow lines,5#.

B

g

&

E

B

2

Mumber of progeny Per female

40

Fig. 3. Number of progeny per female with range, mean, and standard error in each replicate of selected lines and the con&oétamteoat g
10 inD. ananassae.
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the comparisons and indicate that the once-mated fe-interval between the first and second mating). Pyle and
males of the fast line are more productive compared Gromko (1981) found evidence for a relatively small
with those of the slow and control lines. number of genes, deviation from additive gene action,
and involvement of X chromosomes in artificially se-
lected single line for fast remating in both sexes of
D. melanogasterin selecting both fast and slow lines,

It is evident from these results that selection for which was based on behavior of one sex, they suggested
high (fast) and low (slow) remating time (in days) in that genes affecting remating speed in females are
femaleD. ananassa&vas effective and two lines, each largely sex limited in their action (Gromko and New-
with fast and slow remating time, were established. port, 1988a). Moreover, Gromko and Newport (1988b)
Fig. 1 shows clear divergence in both directions with were able to demonstrate correlated responses to se-
respect to remating time in females ananassaerlhe lection in virgin mating behavior, early fecundity,
response to selection for remating time in both direc- courtship elicited by mated females, and the relation
tions provides evidence that there is substantial addi-between sperm use and remating interval. However,
tive genetic variation for this trait iD. ananassae. chromosome substitution analysis, biometrical and
Thus, remating time is under polygenic control in planned comparision analysis, and recombination
D. ananassae-emale remating frequency (%) was also analysis of their experiment for remating speed demon-
recorded in each generation of selection in both repli- strates the involvement of chromosome II, which con-
cates of fast and slow lines and in the control line. The tributed significantly to the differences in remating
comparison of remating frequency showed a correlatedspeed in selected lines (Fukui and Gromko, 1991a,
response to selection in both fast and slow lines and1991b, 1991c). Recently, Sgro, Chapman, and Partridge
suggests that remating time is heritable and rapid re-(1998) found significant direct response to selection for
mating is pleiotropically associated with frequent re- time to remating irD. melanogastefemales for both

DISCUSSION

mating inD. ananassaeln D. melanogastersgro, selection lines (fast and slow) and suggested that re-
Chapman, and Partridge, (1998) found such associatiormating time is heritable and rapid remating is pleiotrop-
only in high lines. ically associated with frequent remating. These results

There is considerable genetic variability in Indian also suggest that remating time in females is under
populations ofD. ananassa€Singh, 1996), and the polygenic control.
base population was constructed by crossing five mass At generation 10 of selection for remating time in
culture wild-type strains derived from eco-geographi- females, correlated response to selection was also
cally different localities in India. Further, significant tested. The results of mating propensity experiments
strain variation in female remating time was found, for virgin flies, a correlated response to selection, at
which indicates that there is substantial genetic varia- generation 10 indicate that the flies of the high (fast)
tion for female remating time in populations of line are more successful in mating compared with those
D. ananassaéSingh and Singh, 1999). During the pre- of the low (slow) line and the control line. Significant
sent study, fluctuations in remating time occurred in strain variation in mating propensity was found, which
early generations. Such fluctuations in early genera-indicates that substantial genetic variation exists for
tions of selection experiments for mating propensity, mating propensity in populations &. ananassae
spontaneous male recombination, pupation height, and(Singh and Singh, 1999). Mating propensity is a com-
choice of oviposition site preference have also been ob-plex trait based on interaction of both sexes. Success-
served irD. ananassaéfor references, see Singh, 2000). ful mating depends on male activity and female recep-
Falconer and Mackay (1996) claim that both directional tivity. According to Ehrman and Parsons (1981), rapid
dominance and directional gene frequencies would notmating is associated with male genotype, whereas in
be expected to exert such an effect in the early generaslow mating female genotype plays a progressively
tions of selection. more important role.

Experiments on genetic basis of female remating Similarly, the results of productivity analysis of
in Drosophila are primarily restricted td. mela- once-mated females at generation 10 indicate that high
nogasterMost of the experiments on this aspect have (fast) line females are producing significantly more
been carried out by Gromko and coworkerBimmela- progeny compared with low (slow) line females. How-
nogasterusing various experimental designs. Their ever, Pyle and Gromko (1981) found that productivity
results vary with respect to remating speed (the time of once-mated females decreased in the selected line
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compared with the control line. This has been explainedAspi, J., and Lankinen, P. (1992). Frequency of multiple insemina-
by suggesting that females that received a smaller sup- ~ §972 ”ﬁ?ra' populations @frosophila montana. Hereditas
ply of stored sperm would need to remate sooner to re-garbadilla, A., Quezada—Diaz, J.E., Ruiz, A., Santos, M., and

plenish stored sperm, hence low egg production rates.  Barbadilla, A. (1991). The evolutionary history Dfosophila

; ; ; _ buzzatii.XVIl. Double mating and sperm predominanGenet.
But their comparison was only between one line for de Sel. Evol 23133140,

creased remating time and control line, whereas in thegijrkhead, T. R., and Moller, A. P. (1998$perm competition and
present study two different lines for high (fast) and low sexual selectiorLondon: Academic Press.

; ; ; Bundgaard, J., and Barker, J. S. F. (2000). Remating, sperm trans-
(slow) remating time (speed) in females were used, and fer, and sperm displacement in cactophilic speBiessophila

it is likely that females of different lines received dif- buzzatiiPatterson and Wheeler (Diptera: Drosophiliddgipl.
ferent amounts of sperm. . ananassaesignificant J. Linn. Soc71:145-164.

; iati ; F N Chapman, T., and Partridge, L. (1996). Female fitneBsdsophila
strain variation for mating activity and pI’OdUCtIVIty was melanogasterAn interaction between the effect of nutrition and

reported (for references, see Singh and Singh, 1999).  of encounter rate with maleBroc. Roy. Soc. London, Ser. B,
It has been reported that mating activity and produc- ~ 263755-759.

N _ Chapman, T., Liddle, L. F., Kalb, J. M., Wolfner, M. F., and Par-

tivity are CorrelaFed charactersn ananassagfor ref tridge, L. (1995). Cost of mating iDrosophila melanogaster

erences, see Singh, 1996). Fulker (1966) also found  females is mediated by male accessory gland prodiatsire

positive correlation between mating activity and pro- 373241(—244-) | . §
TR Civetta, A. (1999). Direct visualization of sperm competition an

dUCtIVIty n _D'_ me"’_jangaSter' sperm storage iDrosophila. Curr. Biol.9:841-844.
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