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Reproductive success of large and
small flies in Drosophila bipectinata
complex

M. S. Krishna and S. N. Hegde

Department of Studies in Zoology, University of Mysore,
Manasagangotri, Mysore 570 006, India

Reproductive success of large and small flies of Dro-
sophila malerkotliana and D. bipectinata has been
studied using no-choice method. Results indicate that
large males have higher remating ability and longev-
ity than small males as a result of which they can
inseminate more females in their lifetime than small

males. Large females also have higher reproductive
success because they have more number of overioles,
lay more eggs and produce more fertile offspring
than the small female and also mate with more males
in their lifetime than small female by having higher
longevity. These findings suggest that large flies have
higher reproductive success than small flies.

BODY size is the most obvious, easily observable and
measurable phenotypic trait and there 1s compelling evi-
dence indicating that it 1s directly related to fitness'. In
Drosophila, as in many organisms, body size is closcly
linked to life history traits such as fecundity, dispersal
ability and mating success>™ and has been widely used
in studies on quantitative genctics”. The adaptive nature
of body size in Drosophila has also been demonstrated
by many workers both in natural populations®’ and in
laboratory populationsa‘g. Body size also influences
mating speed, fecundity and other fitness characters'®™",

Many workers have used thorax length as an index of
body size in Drawphi!a”"”. Apart from thorax Iength,
other morphological traits such as wing length, wing
width and face width have been uscd as index of body
size. Wing is another phenotypic trait which can be used
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as an index of body size''°. Relationship between wing
length and mating speed had been studied in
D. malerkotliana'®. Correlation between copulation du-
ration and fertility; and variation in mating propensity
had also been studied in D. bipectinata'™™"®. The fitness
characters such as fecundity, fertility, male remating
ability and longevity of large and small flies have not
been made. Moreover, mating speed alone does not
quality an individual to have higher reproductive suc-
cess. Hence the present investigation is aimed at under-
standing reproductive success of large and small flies in
D. bipectinata species complex.

The stocks used in the present study were Drosophila
malerkotliana and D. bipectinata. All experiments were
made separately for each of these two species. The
stocks used in the present study originated from 150
naturally inseminated females from Mysore, Karnataka.
When progeny appeared, flies were distributed to differ-
ent culture bottles and were maintained under constant
temperature (22 £ 1°C). For every generation, flies mul-
tiplied in different culture bottles were mixed together
and eggs were collected using Delcour's®® procedure.
Eggs (100) were seeded in fresh quarter pint milk bot-
tles with 25 m! of wheat cream-agar medium to avoid
larval competition during development (this procedure
allows us to reduce environmental variation in size).
After 10 generations, when adults emerged, virgin fe-
males and males were isolated within 3 h of their eclo-
sion and maintained separately at 22+ 1°C. Wing
lengths of male and female flies were measured sepa-
rately when they reached the required age. Each fly was
etherized individually, the intact left wing kept in hori-
zontal plane was measured from humeral cross vein to
the tip with an ocular micrometer at 100 X magni-
fication. Wing length was measured in units of 1/10 mm.
After measuring the wing length, each fly was placed
separately 1n fresh food vials to study fitness characters.

To study fecundity and fertility, five to six-day-old
virgin females and bachclor males of chosen wing size
(see Table 1 for chosen wing size) were taken and dif-
ferent crosscs were made (large male X large female;
large male x small female; small male X large female;
small male X small female). Soon after mating, mated
females were transferrcd into {resh food vials every 24 h
without ctherization. The total number of egas laid in
cach vial and the total number of progeny appeared were
counted over a period of 15 days. 50 trials were run for
cach cross and mcan fecundity and fertility were ob-
tained,

To study the remating ability of male, 5 to 6-day-old
virgin females and bachelor males of chosen wing size
(sce Table 1 for chosen wings size) were taken and dif-
ferent crosses were made (large male X large female;
large male x small female; small male x large female;
small male x small female). When maung occurred,
the pair was allowed to complete copulation. After
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Table 1. Fitness characters of different crosses

eyl ek SN i e

Large male X

Crosses

Large male %

Small male X

il

Small male x

el

Parameters Large female Small female Large female Small female  F-value
A: Drosophila malerkotliana
Mean %+ SE Mean % SE Mean t SE Mean * SE

Fecundity 313.24 £ 4.01 281.35 £ 6.07 309.27 £ 5.57 268.09 £ 0.58 15.84*

Fertility 305.71 + 3,87 268.86  5.02 303.00 £ 5.04 233.86 £ 5.55 43 27%*

Remating ability of male 56610.14 556+ 0.13 3.00£0.08 3461 0.14 28.47**

B: Drosophila bipectinatu

Fecundity 262.39 £ 2.91 215.40% 236 249.33 £ 3.09 199.34 £ | .81 133.17**
" Fertility 249.79 + 2 .54 204.00 + 2.87 236.11 £ 294 186.84 £ 2.13  125.56**

Remating ability of male 4.84 1 0.17 5.5210.25 3.20%0.18 3.64 £0.21 16.05*

Mean velues are reported with standard error *P < 0.05; ** P < 0.01.

D. malerkotliana

(17.06 units)
(14.34 units)
(18.39 units)
(15.88 units)

Large male
S mall male
Large female
Small female

Wing length of large and small flies is given in parenthesis.

copulation, the mated female was aspirated out and re-
placed with another virgin female and the same proce-
dure repeated. Observation was made for 2 h and the
number of females mated by single male was recorded.
If there was no mating within 2 h, then the pairs were
discarded. The remating ability of 50 males (trials) were
studied for each cross and mean remating ability of male
was calculated.

One-way analysis of variance was carried out on mean

values of fecundity, fertility and remating ability of

male.

Five to six days old large and small females of chosen
wing length (see Table 1 for chosen wings size) were
used to determine the number of ovarioles in them. In-
dividual females were separately dissected out in a drop
of physiological saline under binocular stereomicro-
scope. The ovarioles of each ovary were separated from
each other with a fine needle and counted. Student’s ¢
test was carried out on mean number of ovari-
oles/individual of 25 large and 25 small individuals.

To measure longevity, virgin females and bachelor
males of chosen wings size (see Table 1 for chosen
wings size) were taken and different crosses were made
as above. One female and a male were transferred into
fresh food vials containing wheat cream—agar medium.
Active yeast was also added to vials 48 h prior to use.
Vials were renewed daily during measurement of lon-
gevity. All cultures were maintained at 22 + 1°C and at
a 12:12 hght/dark cycle. Adult longevity 1s measured

here from the date of completed eclosion to the death of

an individual. A total of 50 replicates was made for each
Cross.
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D. bipectinata

(17.28 units)
(14.04 units)
(19.36 units)
(16.32 units)

Sexual selection is common among animals because
the female’s reproductive success is limited by the num-
ber of eggs she can produce in her lifetime and a male’s
reproductive success i1s limited by the number of females
he can inseminate. In the present study, data on fecun-
dity and fertility (Table 1) show the advantage of large
stze in both D. malerkotliana and D. bipectinata. Both
fecundity and fertility were highest in crosses involving
males and females with long wings and lowest in crosses
involving females with short wings. This is in confor-
mity with the work of Singh and Mathew”"** who, while
working in D. ananassae, reported that flies possessing
high number of sternopleural bristles are larger 1n size
than those with low number of bristles. The flies with
high number of bristles show greater mating success and
produce more progeny than those with low number of
bristles.

Table 1 also shows the data on remating ability of
male in different crosses. According to these data, the
remating ability of large male crossed with large female
was more when compared to small male crossed with
small female, indicating that a large male can inseminate
more females and produce more fertile offsprings than a
small male. The data presented 1n Table 1 also show that
males of both D. malerkotliana and D. bipectinata have
remating ability. In Drosophila, males of many species
have this ability”~*, Table 1 also show that a large male
has higher remating ability than small males. The remat-
ing ability was highest when the large male was allowed
to mate with large female. With higher remating ability
and aggressiveness, the large male can inseminate more
females in a multiple-choice situation or in nature and
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increase its fitness than small males. Even in D. bipecti-
nata, though the remating ability was slightly different
from that of D. malerkotliana, the larger male had
higher remating ability.

The size of the ejaculate is also an important factor
which determines the fitness of males. No direct evi-
dence could be obtained on the size of the ejaculate or
the number of sperms that enter the female genital tract.
In Drosophila when copulation occurs, the sperms are
stored in the spermatheca and fertilized eggs are re-
leased. The female is able to receive the second male
only when most of the sperm in the spermatheca are ex-
hausted. Thus the female remating interval provides
some evidence on the size of the ejaculate. Our unpub-
lished data on remating interval show that when a large
female 1s mated by a small male, the remating interval is
short (in terms of days) because it receives lesser num-
ber of sperms and it has to receive the males more fre-
quently than the large male. When a small female is
mated by a large male, the remating interval is long and
confirms that a large male has an advantage over small
males. According to Gruwez et al.,* higher fecundity of
female 1s correlated with number of ovarioles present in
it. The present data on wing length and number of
ovarioles (Figure 1) show that large females have more
number of ovarioles than small ones. These observations
agree with the findings of Montague®’ who demonstrated
that larger females carry more ovarioles and have higher
potential fecundity and Santos et al."> who found pOSi-
tive correlation between thorax length and number of
ovarioles in D. buzzatii.

Large males are capable of inseminating more females
than small males'' and transfer more sperm per ejacu-
late. Large females with more number of ovarioles when
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Figure 1, Mean pumber of ovarioles of large and small females, L,
Jurge femule; 5, small female,
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Figure 2. Longevity of large and small flies. L, large, S, small;
* P < 0.05 (by y*-value).

mated by a large male therefore can receive and store
more sperms than small females and this offers greater
fitness advantage for large individuals.

Higher reproductive success of large flies can also be
accounted from its longevity. From Figure 2 it is clear
that large flies have higher longevity than small flies in
both D. malerkotliana and D. bipectinata. Partridge and
Farquhar'' have pointed out that larger males have been
demonstrated to have greater longevity. In contrast to
this we found both large male and female have greater
longevity than small male and female. Large males with
higher longevity could inseminate more females than
small males and as a result the total number of progeny
they produce 1s greater. Higher longevity of large fe-
males could also give an opportunity to mate with more
number of males in their lifetime and produce more off-
spring than small female. Thus 1t 1s evident that the
large males have higher reproductive fitness because
they are able to mate more females by their higher re-
mating ability compared to small males and they also
have higher longevity than smaller males as a result of
which they can inseminate more females in their lifetime
than small males. Large females also have higher repro-
ductive success because they have more number of
ovarioles, lay more eggs and produce more fertile ofl-
springs than the small female and also mate with more
males in their lifetime than small female by having
higher longevity.

. Ruiz, A., Santos, M., Barbadilla, A., Quezada-thaz, J. K., Has-
son, E. and Fontdevila, A., Genetics, 1991, 128, 739-750.
Robertson, F. S., J. Genet., 1987, 88, 428-4413,

Roff, 1). A., Bioxcience, 1986, 36, 316--323.

Partridge, L., in Reproductive Succesy (ed. Clutton-Brock,
T. 11.), University of Chicago Press, Chicago, 198%, pp. 11-213,
§. Robertson, . 8., J. Genet., 1957, 35, 428-4413

:ﬁsutJ

749



RESEARCH COMMUNICATIONS

L el Shlinli - -

Tl

6. Parsons, P. AL, The Evolutionary Biology of ColomZing Species,

Cambndyge University Press, Cambridge, 1983,

Covne, J. A and Beecham, E., Genenics, 1987, 117, 727-737.

Anderson, W. W, Evolution, 1973, 27, 278-284.

Powell, J. R, J. Hered., 1974, 65, 257-258.

Monclus, M. and Prevosti, A., Evolution, 1971, 25, 214-217.

Fartridee. L. and Farguhar, M., Anim. Behav., 1983, 31, 871-

8§77.

12. Santos. M., Ruiz, A, Barbadilla, A., Quezada-Diaz, J. E., Has-
son, E. and Fontdevila, A., Heredity, 1988, 61, 255-262,

13. Santos. M., Ruiz, A., Quezada-Dhaz, J. E., Barbadilla, A. and
Fontdevila, A.. J. Evel. Biol., 1992, §, 403-422.

14. Partridge, L., Ewing, A. and Chandler, A., Anim. Behav., 1987,
35, 555-3062.

[5. Sokoloff, A., Evelution, 1966, 20, 49-71.

16. Naseerulla, M. K. and Hegde, S. N, Boll. Zool., 1992, 59, 367-370.

17. Seema Sisodia and Singh, B. N., Zoological Studies, 1996, 35,
25-29,

18. Seema Sisodia and Singh, B. N, Braz. J. Genet., 1996, 19, 205-
207.

~J

.

19. Singh, B. N. and Seema Sisodia, Biol. Zentralbl. 1995, 114, 95—
101.

20. Delcour, 1., Drosoph, Inf. Serv., 1969, 44, 133-134.

21. Singh, B. N. and Mathew, S., Curr. Sci., 19586, 70, 1088-10%9

22. Singh, B.N. and Mathew, S., Curr. Sci., 1997, 72, 112-114.

23. Kvelland, 1., Hereditas, 1966, 53, 281-306.

24. Pctit, C., Bourgeron, P. and Mecrcot, H., Heredity, 1980, 45,
281-291. -

25. Stromnaes, O. and Kvelland, 1., Hereditas, 1962, 48, 442—444.

26. Gruwez, G., Hoste, C., Lints, C. V. and Lints, F. A, Experien-
ha, 1971, 27, 1414-1416.

27. Montague, J. R, Drosoph. Inf. Serv., 1985, 61, 123-125.

ACKNOWLEDGEMENTS. We thank the Department of Biotechnol-
ogy, New Delhi, for financial assistance and Drosphila Stock Centre
for providing facilities.

Recetved 18 December 1996; revised accepted 9 April 1997.

Deformational features in the river
bluffs at Ter, Osmanabad district,
Maharashtra: Evidence for an ancient
earthquake

C. P. Rajendran
Centre for Earth Science Studies, Trivandrum 695 031, India

Decformational features developed on the sedimen-
tary sections at Ter, Osmanabad district in Ma-
harashtra offer evidence for a spatially restrictive,
but a damaging earthquake in the vicinity. The seis-
mogenic features exposed in the sedimentary sections
include flexures, warps, buckle folds and vertical
offsets. Apparent trend of these structures suggests
their formation under regional compressive stresses
acting in the northeast-southwest direction. The ra-
diocarbon age data obtained on the carbonaceous
materials from the section indicate that the causative
processes must have occurred ~1500 years ago. These
structures, located 40 km northwest of Killari, the
site of 1993 earthquake, add a new dimension to the
question of spatio-temporal characteristics of earth-

quake generation in the Deccan Trap region.

OBTAINING evidence for past earthquakes is an impor-
tant part in the seismic hazard evaluation of a region.
This 1s particularly relevant in the shield regions where
the historical seismicity data are meagre. And, most
often these earthquakes recur at intervals longer than the
reccorded human history. Regions where large earth-
quakes have occurred in the recent years provide type
areas to look for relics of past activity. Accordingly, we
investigated scveral sites around Killari for possible
indications of previous deformation'™. One locale of
interest was Ter which lies on the west bank of the river
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Terna, and 1s located 40 km, northwest of Killari and 18 km
to the north-northcast of Osmanabad (Figures 1a and b).

Maharashtra

e Sholapur

Figure 1 a, Location map of the area; b, Location of river bluffs at
Ter. The section under study is denoted by *A’. Arrows indicate
direction of o;. Dashed line indicates probable trend of the seis-

mogenic fault.
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