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Temperature dependent larval pupation site preference in Drosophila. — Vandal N.B.,
Shivanna N. — The pupation site preferences (PSP) in sibling, sympatric and closely related spe-
cies of Drosophila belonging to different groups were studied at different temperatures. The study
has revealed that the pupation site choice varies significantly at extreme temperatures compared to
the control one. Different species of Drosophila differ in PSP at different temperatures. The devia-
tions from the control among the sibling species, sympatric and closely related species indicate
that temperature affects the PSP.
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Bausinue TemmnepaTypbl Ha BbIOODP MeCT OKYKJIHBAHMS JIMYHHKAMH Apo3oduibl. — Ban-
nan H.B., lluBanna H.— M3yden BEIOOp MeCT OKYKIMBAHHS CECTPUHCKUMY, CHMIIATPHIECKAMU
U TECHO CBSI3aHHBIMH JIPYT C APYTOM BHIAaMHU JP030(UIIbI, HPHHAIICKALMMH K Pa3IHIHBIM TPYII-
maM, TIpU pa3IMYHBIX TemIeparypaX. IToka3aHo, YTO 3TOT BBIOOP CYLIECTBEHHO MEHSETCS HMPH
9KCTpeMalbHBIX TeMIlepaTypax II0 CPaBHEHHIO C KOHTPONBHOI. Pa3nmmuHble BHIBI Ap030QHIIBI
pa3InyaTCs B BHIOOPE MECT OKYKJIMBAHUS HPH PAsIMYHBIX TemmepaTypax. OTIH4ust OT KOH-
TPOJBHON TPYMIIbI, BCTPEYAIONIHecs MEXTy CECTPUHCKUMH, CUMIATPUUECKHIMH U TE€CHO CBS3aH-
HBIMHU JIPYT ¢ JPYTOM BHJAMH, YKa3bIBaIOT Ha BIMSHUE TEMIEPaTyphl Ha BEIOOP MECT OKYKINBA-
HHSL.

Kniouesvie cnosa: Drosophila, anantanus, Temneparypa, JU4YHMHKA, OHOTOMMYECKUE MPeoy-
TeHUS.

INTRODUCTION

The environmental conditions at which a species can carry out its vital life-history
stages will directly influence its geographical and habitat distribution. Conditions that
influence pre-adult stages can be just as important as those affecting the adults. Since
insect pupae are immobile, they can remain exposed to potentially harmful biotic and
abiotic factors for varied periods of time (desiccation, predation, infection etc...). Pupa-
tion site choice can be critical for survival. Differences in pupation site choice can reflect
larval differences in the methods of finding food, as well as differences in niche breadth
and competitive ability in general.

The effect of temperature has been studied in different species of Drosophila on
both adult and preadult characters. Interspecific competitions of larvae have shown to be
influenced by temperature in Drosophila (Fogleman, Wallace, 1980; Budnik, Brncic,
1984; Ricci, Budnik, 1984). Drosophila species usually show less specificity in their
adaptations for larval sites than for oviposition sites and adaptive differentiation in re-
sponse to temperature stress among populations of D. pseudoobscura is more pronounced
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for puparia than adults (Kaneshiro et al., 1973; Coyene et al., 1983). Adaptation to high
and low temperatures produced different adult body sizes in two temperate populations
of D. pseudoobscura and two tropical populations of D. melanogaster (Anderson, 1973;
Noach et al., 1996; Crill et al., 1996; Moed et al., 1997, 1999; Eanes, 1999; Blanken-
horn, 1999; Robinson, Partridge, 2001; Bochdanovits, Jong, 2003; Bochdanovits et al.,
2003). Drosophila reared under stressful conditions has been shown to increase pheno-
typic variations in its developmental time, dry weight eclosion, thorax length, wing
length, ovariole numbers and sterno pleural chaeta (Gebhardt, Stearns, 1988, 1992; David
et al., 1994; Delpuech et al., 1995; Lazebry et al., 1996; Imasheva et al., 1997, 1998).

R.R. Sokal et al. (1960) observed the maximum pupation height at 22 — 25°C.
J.L. Mensua (1967) found that the pupation height increased from 13 — 25°C and then
decreased at 29°C. J.C. Fogleman and T.A. Markow (1982) detected small but signifi-
cant differences in PSP of D.metleri and D. nigrospiracula at 24.4+0.2°C and
23.1+0.2°C. At high temperature extremes, all the species show little or no upward
movement. At low temperature extremes, the maximum height is observed in some spe-
cies within the repleta and willistoni groups, and the entire melanogaster traid. However,
the other species within the repleta and willistoni groups, and the entire virilis traid show
no upward movement at all under the same low-temperature conditions (Schnebel,
Grossfield, 1992). The maximum pupation height occurs at 24°C in D. ananassae, D. bi-
pectinata and D. malerkotliana (except D. biarmipes) and there is a considerable de-
crease in the pupation height at low/high temperatures (Pandey, Singh, 1993).

The PSP has been analysed by two types of phenotypic characters, one is the pupa-
tion height and the other is pupation site choice. The pupation height studies have been
made by different factors such as moisture, light, temperature, density, sex, larval devel-
opmental time, selection for high and low pupation height and its genetic control (Sokal
et al., 1960; Mensua, 1967; Sameoto, Miller, 1968; Markow, 1979; Fogleman, Markow,
1982; Ringo, Wood, 1983; Bauer, 1984; Bauer, Sokolowski, 1985; Casares, Carracedo,
1987; Singh, Pandey, 1991, 1993 a, b; Pandey, Singh, 1993). An environmental variable
known to influence pupation in Drosophila is temperature. Species differences in the
ability to pupate successfully, as well as in pupation height choice have been shown to
be temperature-dependent (Grossfield, 1978; McKenzie, McKenzie, 1979; Fogleman,
Markow, 1982; Schnebel, Grossfield, 1986 a; Kimura, 1988; Schnebel, Grossfield, 1992;
Pandey, Singh, 1993).

J.S.F. Barker (1971), P.D. Shirk et al. (1988), N. Shivanna et al. (1996), N. Shivan-
na and S.R. Ramesh (1997) have studied the pupation site preference (PSP) at constant
conditions and classified the species into three categories depending on the quantity of
glue protein and percentage of pupation and showed the lack of intraspecific variations
in PSP. For the present investigation the species occupying different sites for pupation at
constant conditions and belonging to varied ecological backgrounds were used. Intra-
and interspecies variations in pupation height and competition studies in D. ananassae,
D. bipectinata, D. malerkotliana and D. rajasekari have revealed that these are sympat-
ric species (Ranganath et al., 1985; Singh, Pandey, 1991). PSP of larvae belonging to
different species occupying different sites in the cultures has not been studied at different
temperatures. In view of this the present study was undertaken to know the effect of
temperature on PSP in different species of Drosophila.
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MATERIALS AND METHODS

For the present investigation, closely related sibling species, D. melanogaster,
D. simulans, D. yakuba and D. mauritiana belong to melanogaster subgroup species,
D. ananassae, D. bipectinata, D. malerkotliana and D. rajasekari are closely related
sympatric species belonging to ananassae subgroup of the melanogaster species group.
D. virilis, D. novamexicana belong to virilis group and D. hydei belongs to repleta spe-
cies group were taken to study the effect of temperature on the larval PSP (Bock,
Wheeler, 1972; Ehrman, 1978; Ranganath et al., 1985; Ashburner, 1989; Singh, Pandey,
1991). D. virilis and D. novamexicana all are cosmopolitan species. The cosmopolitan
Drosophila species (D. melanogaster, D. simulans, D. virilis, D. ananassae and D. hy-
dei) feeds on anything small enough, often man’s garbage. D. melanogaster and its sib-
ling species D. simulans, D. yakuba, and D. mauritiana are primarily tropical but have
expanded to temperate zones. In contrast, the D. ananassae distribution is restricted to
the tropics and subtropics where it needs not have tolerance for temperature extremes.
D. ananassae, D. bipectinata, D. malerkotliana and D. rajasekari are sympatric species.
D. ananassae is a domestic species while D. bipectinata, D. malerkotliana and D. ra-
jasekari are semiwild species. D. virilis and D. novamexicana are subtropical/tropical of
the southern China / India and arid environment species belonging to virilis group and
being able to live in warmer lines than the cooler subarctic regions (Grossfield, 1978;
Parson, Stanley, 1981; Ranganath et al., 1985; Schnebel, Grossfield, 1986; Singh,
Pandey, 1993 a). These Drosophila species were collected from the Drosophila stock
centre, University of Mysore, Mysore, India maintained about 20 years (table 1).

Table 1
Origin and Ecological backgrounds of isofemale lines of Drosophila species
Species Stock No Origin Ecological backgrounds
D. melanogaster* 1.001 Mysore Cosmopolitan
D. simulans* 2.001 Varanasi Cosmopolitan
D. yakuba* 3.001 Germany Cosmopolitan
D. mauritiana* 4.001 Germany Cosmopolitan
D. ananassae** 11.001 Mysore Cosmopolitan
D. bipectinata** 13.001 Mysore Cosmopolitan
D. malerkotliana** 12.001 Mysore Cosmopolitan
D. rajasekari** 70.001 Mysore Cosmopolitan
D. virilis*** 309.001 Mysore Subtropical / tropical of the southern
China / India
D. novamexicana*** 308.001 Germany Arid environment
D. hydei” 306.001 Germany Cosmopolitan

* _ Sibling species, ** — sympatric species, *** — closely related virilis group species, * — re-
pleta group species.

In order to maintain uniformity with regard to the density and age of the larvae the
eggs were collected every 6 hours using a modified technique of Delcour described by
N.B. Ramachandra and H.A. Ranganath (1988) and allowed to hatch. First instar larvae
about 50 from the cultures were isolated and transferred to a vial (10x3.8 cm) containing
equal quantities of wheat cream agar medium (Shivanna et al., 1996). The cultures were
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kept at four different temperatures viz; (22°C control) 15°C, 20°C, 25°C, and 30°C.
About 50pl of dilute yeast was added to the culture vials to feed the larvae everyday.

Ten replicates were carried out for each experiment. The mean values as well as the
percentage of pupation were calculated based on the number of larvae pupated at differ-
ent sites viz; cotton, glass, and medium. The primary data (number of pupae on different
sites) were subjected to one-way ANOVA followed by DMRT to analyze the effect of
temperature on PSP in different species within the species at different sites. Between the
species at three different sites viz; cotton, glass and media pupation in ten replicates of
each species were compared using two-way ANOVA (species x temperature).

RESULTS

Table 2 reveals that the percentage of glass pupation is maximum at all the tempera-
tures in D. melanogaster, D. ananassae, D. virilis, D. novamexicana, and D. hydei.
Compared to the control the percentage of glass pupation is decreased in D. melanogas-
ter 30.0%, D. ananassae 45.0% at 30°C, and D. virilis 9.0% at 15°C, respectively.
Whereas the percentage of pupation increased at 20°C about 7.0% in D. ananassae,
15.0% at 15°C in D. novamexicana, and 6.0% at 25°C in D. hydei. Except D. hydei at
15°C it is decreased to 16.0%. The glass pupation is minimum at all the temperatures: in
D. simulans it ranges from 0.2 to 7.0%, in D. yakuba it ranges from 10.2 to 37.2%, in
D. mauritiana it ranges from 15.4 to 32.6%, in D. bipectinata it ranges from 3.0 to
15.4%, in D. malerkotliana it ranges from 6.4 to 16.8%, and in D. rajasekari it ranges
from 6.0 to 13.4% and nil at 30°C compared to control.

Table 2
Mean + SD and percentage (in parentheses) of glass pupation at different temperatures
in different species of Drosophila

Species 15°C 20°C 22°C (Control) 25°C 30°C
D. melanogaster | 40.5+2.12% (81) |43.8+2.25 (87.6) | 47.1+4.35 (94.2) | 45.4+1.64 (90.8) |31.942.96* (65.8)
D. simulans 0.7+0.82 (1.4) | 3.561.43(7) | 2.3£1.15(4.6) | 2.0£0.94 (4) | 0.1£0.31* (0.2)
D. yakuba 18.6+5.58* (37.2)| 12.0£1.76 (24) | 18.6£1.89 (36.8)| 9.042.0 (18) | 5.142.99* (10.2)
D. mauritiana | 14.142.13 (28.2) | 14.542.46 (29) | 16.3+3.32 (32.6) | 12.1%2.28 (24.2) | 7.743.80* (15.4)
D. ananassae | 38.143.72 (76.2) | 42.8+1.98 (85.6)| 39 £ 5.03 (78) |35.2£1.75 (70.4)| 16.5+3.83* (33)
D. bipectinata 2.0£0.94 (4) |7.7£3.56* (15.4)| 1.941.66 (3.8) | 3.5:1.08 (7) 1.5:1.58 (3)
D. malerkotliana | 5.7+2.98 (11.4) | 8.0£1.24 (16) | 8.4%4.71 (16.8) | 7.2£1.75 (14.2) | 3.2+4.89* (6.4)
D. rajasekari 3.0£2.16% (6) | 8.5£1.08* (17) | 5.2£1.2 (10.40) | 6.7£1.70 (13.4) | 0.040.0* (0)
D. virilis 48.1+1.28 (96.2) [42.4+1.26 (34.8) | 47.5£1.26 (95) |44.4+1.07 (38.8)] 45.941.79 (91.8)
D. novamexicana| 45.6+1.56 (91.2) | 38.842.09* (77) | 38.3+4.52 (76.6) | 40.4+2.91 (80.8) | 42.142.23 (84.2)
D. hydei 32.842.22* (65.6)|39.442.36 (78.8) | 37.1x2.13 (74.2)| 40.3+2.40 (80.6) | 40.5+2.36 (81)

* — Significant at 5% level according to DMRT.

Table 3 reveals that the percentage of media pupation is maximum at all the tem-

peratures in D. simulans, D. yakuba, D. mauritiana, D. bipectinata, and D. malerkot-
liana. Compared to control the percentage of media pupation is decreased in D. simu-
lans, D. yakuba, D. mauritiana and D. bipectinata: 7.0, 13.2, 2.0 and 11.4% at 20°C,
15°C, 20°C and 20°C, respectively. The percentage of media pupation increased by 2.0%
in D. simulans and by 12.0% in D. yakuba at 30°C, respectively, in D. mauritiana 14.6,
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10.4 and 25.4%, D. bipectinata 1.4, 2.6 and 6.0% at 15°C, 25°C and 30°C, respectively.
In D. malerkotliana the media pupation is increased at all the temperatures. The media
pupation is minimum in D. melanogaster it ranges from 3.2 to 16.0%, in D. ananassae it
ranges from 3.4 to 58.8%, and in D. rajasekari it ranges from 13.0 to 93%. In D. virilis it
ranges from 0 to 9.4%, in D. novamexicana it ranges from 3.4 to 18.4%, and in D. hydei
it ranges from 11.6 to 27.2%.

Table 3
Mean + SD and percentage (in parentheses) of media pupation at different temperatures
in different species of Drosophila

Species 15°C 20°C 22°C (Control) 25°C 30°C

D. melanogaster | 4.3£1.49 (8.6) | 3.541.58 (7) | 1.622.83 (3.2) | 3.1%0.94 (6.2) | 13.0£2.26* (16)
D. simulans 46.241.22 (92.4) |43.140.87* (86.2)| 46.6£1.71 (93.2) | 44.6£1.50 (89.2) |47.2£1.61* (94.2)
D. yakuba 29.145.22% (58.2)| 34.342.0 (68.6) |37.242.20 (74.4)|35.6+2.59 (71.2) |41.7+2.98* (83.4)
D. mauritiana_ |33.9+1.91 (67.8) |25.6+2.79* (51.2)| 26.6+4.24 (53.2) | 31.8+2.14 (63.6) |39.33.46* (78.6)
D. ananassae 1.741.63 (3.4) | 4.241.39(84) | 4.6%2.59 (9.2) |11.6+1.50 (23.2)|29.4+3.62* (58.8)
D. bipectinata 44+1.41 (88) |37.143.17* (74.2)| 44.843.93 (86.6) | 44-1.15 (89.2) | 46.3+1.76 (92.6)
D. malerkotliana | 41%3.91 (82) | 38.5£1.50 (77) | 37%5.75 (74) |38.842.57 (17.6)| 43.245.15* (86.4)
D. rajasekari  |29.947.06* (59.8)| 6.5£1.35* (13) | 8.9£1.26 (17.8) | 24%1.69* (48) | 46.5:1.08* (93)
D. virilis 0.0£0.0* (0) | 4.741.05* (9.4) | 1.6%0.96 (3.2) | 4.240.91 (8.4) | 1.841.47 (3.6)

D. novamexicana| 1.7£1.63* (3.4) | 4.6£0.96 (9.2) | 9.244.13 (18.4) | 5.5:1.84(11) | 3.4£1.07 (6.8)

D. hydei 13.8£1.81% (27.2)] 6.6£2.31 (13.2) | 12.941.10 (25.8) | 6.142.28 (12.2) | 5.8+2.04* (11.6)

* — Significant at 5% level according to DMRT.

Table 4 reveals that the percentage of cotton pupation is maximum at all the tem-

peratures in D. rajasekari. Compared to the control the cotton pupation is decreased to
32.0% and 0% at 15°C and 30°C, respectively. Whereas the percentage of cotton pupa-
tion increased by 3.2% at 20°C. The cotton pupation is minimum in D. yakuba it ranges
from 1.8 to 3.6%, in D. mauritiana it ranges from 4.2 to 14.2%. In D. ananassae it
ranges from 1.4 to 15.2%. The cotton pupation in D. bipectinata and D. malerkotliana is
3.6% and 4.0% in control, 1.8% and 3.8% at 15°C, respectively. At other temperatures it
is nil. At 30°C the cotton pupation is nil in all the species except D. melanogaster. The
cotton pupation is nil in D. yakuba and D. mauritiana at 15°C.

Table 4
Mean + SD and percentage (in parentheses) of cotton pupation at different temperatures
in different species of Drosophila

Species 15°C 20°C 22°C (Control) 25°C 30°C
D. melanogaster | 2.1+0.99 (4.2) | 0.2£0.42 (0.4) | 0.0+0.0 (0) 0.0£0.0 (0) | 0.1£0.31(0.2)
D. simulans 0.020.0 (0) 0.0 £0.0 (0) 0.020.0 (0) 0.020.0 (0) 0.020.0 (0)
D. yakuba 0.0£0.0 (0) | 0.9+0.87 (1.8) | 1.440.97 (2.8) | 1.8+0.78 (3.6) | 0.0£0.0 (0)
D. mauritiana 0.0£0.0 (0) | 5.6£1.17 (11.2) | 0.7+1.87 (14.2) | 2.1£0.99 (4.2) | 0.0£0.0 (0)
D. ananassae 7.6+4.16 (15.2) | 1.2+1.13 (2.4) | 5.14£5.17 (10.2) | 0.7+0.08* (1.4) 0.0£0.0 (0)
D. bipectinata 0.9+1.10 (1.8) | 0.0£0.0 (0) | 1.8+3.01(3.6) | 0.0+0.0 (0) 0.020.0 (0)
D. malerkotliana | 1.9+1.28 3.8) | 0.020.0 (0) 1.8+4.39 (4) 0.020.0 (0) 0.0£0.0 (0)
D. rajasekari 16£7.19% (32) | 32.5+1.71* (65) | 27.82.2 (55.6) | 16.7+2.49 (33.4)|  0.0+0.0 (0)
D. virilis 0.020.0 (0) 0.00.0 (0) 0.00.0 (0) 0.00.0 (0) 0.00.0 (0)
D. novamexicana |  0.0+0.0 (0) 0.00.0 (0) 0.00.0 (0) 0.020.0 (0) 0.020.0 (0)
D. hydei 0.020.0 (0) 0.0£0.0 (0) 0.0£0.0 (0) 0.00.0 (0) 0.00.0 (0)

* — Significant at 5% level according to DMRT.
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The percentage of larval mortality varies from species to species (Table 5). The
highest percentage of mortality is found in D. melanogaster (18.0%) at 30°C, D. no-
vamexicana (13.2%) and (9.0%) at 20°C and at 30°C, respectively. In D. hydei the mor-
tality is 8.0% at 20°C. The lowest mortality is 4.4% in D.bipectinata at 30°C, 2.8% in
D. virilis at 25°C, 3.6% in D. ananassae at 20°C, and 2.2% in D. rajasekari at 15°C.

Table 5

Percentage of larval mortality at different temperatures in different species of Drosophila
Species 15°C 20°C 22°C (Control) 25°C 30°C

D. melanogaster 6.2 5.0 2.6 3.0 18.0
D. simulans 6.2 6.8 2.2 6.8 5.0
D. yakuba 4.6 5.6 0.0 7.2 6.4
D. mauritiana 4.0 8.6 0.0 8.0 6.0
D. ananassae 52 3.6 2.6 5.0 8.2
D. bipectinata 6.2 10.4 3.0 5.0 44
D. malerkotliana 2.8 7.0 5.2 8.0 7.2
D. rajasekari 22 5.0 0.0 52 7.0
D. virilis 3.8 5.8 1.8 2.8 4.6
D. novamexicana 5.4 13.2 5.0 8.2 9.0
D. hydei 7.2 8.0 0.0 7.2 7.4

Statistical analysis reveals a significant decrease in glass pupation in D. melano-
gaster, D. simulans, D. yakuba, D. mauritiana, D. ananassae, D. malerkotliana and
D. rajasekari at 30°C, D. hydei at 15°C, D. virilis at 20°C and D. melanogaster at 15°C
and 30°C compared to control. Whereas D. yakuba and D. novamexicana show a signifi-
cant increase in glass pupation at 15°C, D. rajasekari at 20°C and 25°C. D. yakuba and
D. novamexicana show a significant decrease in media pupation at 15°C, D. bipectinata
at 20°C and D. hydei at 30°C. Whereas D. melanogaster, D. simulans, D. yakuba, D. bi-
pectinata and D. malerkotliana show a significant increase in media pupation at 30°C,
D. virilis and D. hydei at 20°C, D. ananassae at 25°C and 30°C, D. mauritiana at 20°C
and 30°C, D. rajasekari at 15°C, 25°C and 30°C. Table 4 reveals that D. rajasekari

shows a significant increase at

Table6 20°C and a decrease at 15°C,

D. ananassae shows a signifi-
cant decrease at 25°C in cotton

One-way ANOVA of PSP at different sites
at all the temperatures in different species of Drosophila

Species Cotton Glass Media : s s

upation. The remaining com-

D. melanogaster 32.645 46.533 54.204 p p b diff gtt
D. simulans 0.00* 17.882 13.802 parison between different tem-
D. yakuba 13.152 3782 21.067 peratures on glass, in media
D. mauritiana 3.495 42.859 124.887 and in cotton pupation is insig-
b bipecinat 150 | 1319 | a0sop  leant (ables 2 - 4). The
. bipectinata . . . . ]
D. malerkotliana 2.779 3.905 27.516 cgmparlso.ns among some Spe
D. rajasekari 121058 | 62442 | 212087  cies at different temperatures
D. virilis 0.00* 29.258 37.595 are significant except D. simu-
D. novamexicana 0.00* 10.084 15.576 lans, D. virilis, D. novamexi-
D. hydei 0.00* 22.608 37.611 cana and D. hydEI (p < 0.001,
* — Insignificant. df, = 4, df; = 49, table 6). The
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analysis of variance (two-way ANOVA) has revealed that the variation of pupation site
preference at three different sites such as glass, media and cotton, between species and
temperatures is significant (table 7).

Table 7
Two-way analysis of variance of pupation site preference at three different sites in Drosophila

Sites Source of variation Degrees of freedom F-value p-value

Glass Species 10
Temperature 3 42.45% <0.001

Temperature X sites 30

Media Species 10
Temperature 3 57.67* <0.001

Temperature X sites 30

Cotton Species 10
Temperature 3 18.59%* <0.001

Temperature x sites 30

* — Significant.

DISCUSSION

The pupation site preference (PSP) is one of the behaviour of late third instar larva
in Drosophila. It has been analysed by two types of phenotypic characters, one is the
pupation height and the other is pupation site preference. The pupation height is the dis-
tance a larva moved upward and pupated above the food media. PSP is the percentage of
larvae moved / not moved upward and pupated at different sites. Figure 1b and table 2
indicate that the PSP both at control and different temperatures of D. melanogaster,
D. ananassae, D. virilis, D. novamexicana and D. hydei is on glass, D. simulans, D. ya-
kuba, D. mauritiana, D. bipectinata, D. malerkotliana is in/on media, and D. rajasekari
is on cotton. The PSP in all the species analysed is affected by temperature. The percent-
age of pupation increased by 7.0, 15.0 and 6.0% in D. ananassae, D. novamexicana and
D. hydei on glass at 20°C and decreased by 16.0% at the lowest temperature 15°C in
D. hydei. The percentage of pupation increased by 10.2 and 1.2% in D. novamexicana
and D. virilis on glass at 15°C, D. bipectinata by 12.4% at 20°C and D. rajasekari by 4.2
and 0.6% on glass at 15°C and 25°C. At higher temperatures (25°C and 30°C) D. hydei
and D. novamexicana preferred glass whereas in other species it is decreased compared
to control. D. hydei is a cosmopolitan and D. novamexicana is an arid environment species.

Effects of different external factors on oviposition patterns have been investigated
in various species of Drosophila (Gruwez et al., 1971; McKenzie, 1975; Ohnishi, 1977,
Rockwell, Grossfield, 1978; Parson, 1978; Seizer, Sanner, 1983; Schnebel, Grossfield,
1986 b). Temperature plays a very important role in the oviposition behaviour of Droso-
phila species. It is severely reduced at low temperatures in D. melanogaster, D. simu-
lans, D. ananassae, D. bipectinata, D. malerkotliana and D. biarmipes (McKenzie,
1975; Parson, 1978; Srivastava, Singh, 1998). J.R. David and M.F. Clawel (1968) found less
than one half of the maximum daily eggs production in D. melanogaster. D. melanogaster,
D. simulans and D. ananassae are cosmopolitan species and D. ananassae is restricted to
the tropics and subtropics where it need not have a high tolerance for temperature ex-
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tremes. D. bipectinata and D. malerkotliana are cosmopolitan and semiwild species. At
the lowest temperature, the maximum pupation height occurs within repleta and willis-
toni group and at higher temperatures all the species show a little pupation height or no
upward movement (Schnebel, Grossfield, 1992).

1001 —O— — D. melanogaster
—1— - D. yakuba
= 80 —/\— — D. ananassae
S —<— - D. malerkotliana
= —+— — D. virilis
g- 60- —@— — D. hydei
o —&— — D.simulans
g —— — D. mauritiana
g 40- —A— — D. bipectinata
L: —%— — D. rajasekari
1) —O— - D. novamexicana
= 20
0+ T ,
a
1007
= 804
2
=
&
5" 60
o
g
= 40+
Gt
o
X 201
0 1
1007
£ 0]
b5
s
2 601
2
B
g 401
Gt
S)
X 20+
M B e — D
0 T T T —~ T T 1

15 20 control 25 30
Different temperatures, °C
c

PSP at different temperatures in different species of Drosophila: a — Cotton, b — Glass, ¢ — Media

98 TTOBOJIKCKUI SKOJIOTMUYECKHUI XKYPHAJT Ne2 2007



TEMPERATURE DEPENDENT LARVAL PUPATION SITE PREFERENCE

Figure 1c and table 3 reveal that D. yakuba, D. bipectinata, D. rajasekari and
D. virilis correspondingly increase glass pupation at 15°C and D. novamexicana at 15°C,
20°C, 25°C and 30°C. Whereas media pupation in D. bipectinata (1.4%), D. rajasekari
(34.0%) and D. hydei (1.2%) increased at 15°C. In D. virilis the media pupation de-
creased to 0.5% and increased to 6.2% and 5.2% at 20°C and 25°C. D. ananassae pu-
pated highest on cotton at a lower temperature 15°C. D. rajasekari is a cosmopolitan and
semiwild species, wherein the cotton pupation decreased to zero and media pupation
increased to 58.8% at 30°C. As temperature increases the media pupation in D. simulans,
D. yakuba, D. mauritiana, D. bipectinata and D. malerkotliana increased to 1.0, 12.0,
25.4, 6.0 and 12.4% at 30°C, respectively. Whereas the minimum media pupating do-
mestic species D. melanogaster and D. ananassae increased to 11.8 and 49.6% on media
at 30°C (Figure la and table 4). The maximum pupation height occurs at 24°C in
D. ananassae, D. bipectinata, and D. malerkotliana (except D. biarmipes) and there is a
considerable decrease in pupation height at high /low temperatures in D. biarmipes
(Pandey, Singh, 1993).

J.S.F. Barker (1971), P.D. Shirk et al. (1988), N. Shivanna et al. (1996), N.B. Van-
dal et al. (2003) reported that at a constant temperature most of the species (D. simulans,
D. gibberosa, D. bipectinata, D. malerkotliana, D. yakuba, D. mauritiana, nasuta sub-
group species (D. nasuta nasuta, D. nasuta albomicans, D. nasuta kepulauana, D. sulfu-
rigaster sulfurigaster, D. sulfurigaster neonasuta), D. immigrans, D. rubida and D. pa-
rarubida) preferred to pupate maximum on media, D. melanogaster, D. ananassae,
D. virilis, D. novamexicana and D. hydei larvae preferred to pupate highest on glass and
D. rajasekari preferred to pupate highest on cotton. They reported that the PSP depends
on the quantity of glue protein synthesized by the salivary glands of larvae. The present
study revealed a significant decrease in glass pupation in D. simulans, D. yakuba,
D. mauritiana, D. ananassae, D. bipectinata, and D. malerkotliana at 30°C, D. ra-
jasekari and D. hydei at 15°C, D. virilis at 20°C and D. melanogaster at 15°C and 30°C
compared to control. Whereas the glass pupation increased significantly in D. yakuba
and D. novamexicana at 15°C and D. rajasekari at 20°C and 25°C. D. yakuba, D. ana-
nassae and D. novamexicana showed a significant decrease in media pupation at 15°C,
D. bipectinata at 20°C and D. hydei at 30°C. Whereas the D. melanogaster, D. simulans,
D. yakuba, D. bipectinata and D. malerkotliana media pupation is significantly in-
creased at 30°C, D. virilis and D. hydei at 20°C, D. ananassae at 25°C and 30°C and
D. mauritiana, D. rajasekari at 15°C, 25°C and 30°C. D. yakuba and D. mauritiana are
primarily tropical but have expanded to the temperate zones. The cotton pupation in
D. rajasekari significantly increased at 20°C and decreased at 15°C and 30°C. At 15°C
and 25°C the cotton pupation is increased and decreased in D. ananassae.

In Drosophila, temperature is the most important environmental factor which af-
fects all the biological processes at the molecular, cellular and organismic levels (David
et al., 1983). Different strains of D. nasuta nasuta showed intraspecific variations with
respect to preadult fitness at constant and ambient temperatures (Ashadevi, Ramesh,
1998). The temperature involves limitations on Drosophila activity while temperature
sensitivity involves behavioural alterations, which are expressed only at or above some
critical temperature. Different species show different optimum temperatures for growing
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and some of them cannot be grown above a certain temperature, which may be 16 —
30°C depending on the species and that the flies were moved to the cooler end of the
tube at 22°C when the temperature was higher (above 41°C) (Grossfield, 1978). The
present study revealed that the minimum media pupating species D. melanogaster,
D. ananassae pupated 16.0%, 58.0% on media at a higher temperature (30°C) whereas
the maximum cotton pupating species D. rajasekari pupated 93.0% on media at 30°C.
The maximum media pupating species D. simulans, D. yakuba, D. mauritiana, D. bi-
pectinata and D. malerkotliana showed no change in pupation.

A high temperature and dry periods for several days may act as a strong selective
force on developing pupae (Tonzetich, Ward, 1972). S. Spassky (1951) found that a par-
ticular homokaryotype of D. pseudoobscura showed a higher viability on wet food at
high temperatures whereas another one had a higher viability on dry food at a lower
temperature. The pupal survivorship decreases at a lower temperature than the higher
temperature in D. melanica (Tonzetich, Ward, 1972). At a stressful temperature ranging
30°C to 34°C adults of the sibling species D. simulans flies died after 15 hours at 32°C
and D. melanogaster being low after 24 hours. At 28°C, no death occurred for both the
species after 15 hours (Parson, 1978). Table 5 reveals that the highest mortality is found
in D. melanogaster (18.0%), D. ananassae (8.2%) and D. rajasekari (7.0%) at 30°C.
D. simulans (6.8%), D. yakuba (7.2%) and D. malerkotliana (8%) at 25°C, D. simulans
(6.8%), D. mauritiana (8.6%), D. bipectinata (10.4%), D. virilis (5.8%), D. novamexi-
cana (13.2%) and D. hydei (8.0%) at 20°C. At 15°C, the mortality is less than 6% except
D. hydei, D. melanogaster and D. simulans. Whereas the mortality is nil in D. yakuba,
D. rajasekari, D. mauritiana and D. hydei in control.

The acidic resource of pH exerts clear effects on pupation height than the natural
resource in D. melanogaster and D. hydei and the larva pupated closer to the lowest pH
of resource than the highest pH resource (Hodge et al., 1996; Hodge, Caslaw, 1997,
Hodge, 2001). Drosophila is sensitive to a wide variety of odorants and capable of odor
discrimination. It is likely that olfactory response plays an important role in the selection
of food and identification of hazardous substances (Fuyama, 1978; Shaver et al., 1998).
The olfactory response is slow when the larvae keep away from the odour and a larva
near the source responds early if the concentration of the odourant is high (Bala et al.,
1998; Hussain et al., 2003).

Among the species analyzed in the present study, D. melanogaster, D. simulans,
D. yakuba and D. mauritiana are closely related sibling species belonging to the
melanogaster subgroup. It is evident that the larvae of D. melanogaster pupate maxi-
mum (94.2%) on glass in control and it is decreased gradually from control to 90.8, 87.6,
81.0 and 65.8% at 25°C, 20°C, 15°C and 30°C. The lowest percentage of pupation is at
30°C. These results indicate that the maximum pupation is found at 20°C and 25°C
whereas its highest activity is within 15 — 32°C (Ashburner, Thompson, 1978). The me-
dia pupation is highest (16.0%) at 30°C. The larvae of the sibling species D. simulans
pupate minimum on glass (0.2 to 7.0%) at different temperatures analyzed. This shows
that the maximum (7.0%) glass pupation is at 20°C. Whereas the media pupation is
found to be highest at all the temperatures 94.2% at 30°C, 92.4% at 15°C, 89.2% at 25°C
and 86.2% at 20°C. The media pupation is comparatively more than the glass one at all
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the temperatures. D. yakuba and D. mauritiana show increased glass pupation compared
to D. simulans at all the temperatures. Among these two species, D.yakuba pupates
about 37.2% at 15°C and D. mauritiana pupates 29.0% at 20°C whereas both species
pupate less on glass at 30°C. The media pupation is comparatively lesser for D. simu-
lans. This shows that the maximum media pupation is at 30°C in these two species.

D. ananassae, D. bipectinata, D. malerkotliana and D. rajasekari are sympatric
species (Ranganath et al., 1985; Singh, Pandey, 1991). D. ananassae pupates maximum
on glass (85.6%) at 20°C and it decreases to 33.0% at 30°C. Whereas the media pupation
is highest (58.8%) at 30°C and lowest (3.4%) at 15°C. This indicates that the media pu-
pation of this species is highest at the highest temperature (30°C), whereas its highest
activity reported is at 25°C (Ashburner, Thompson, 1978). The present study reveals that
in D. ananassae the glass pupation is more at 20°C and media pupation is highest at
30°C. D. bipectinata and D. malerkotliana show similarity in their pupation site prefer-
ence. The glass pupation is very less compared to D. ananassae. The glass pupation is
highest at 20°C in both the species (15.4% and 16.0%) and very less at 30°C (3.0% and
6.4%). The media pupation is highest compared to D. ananassae. Both species show the
highest pupation on media at 30°C (92.6% and 86.4%). D. rajasekari shows a contrast
result compared to all the species analyzed. The glass and cotton pupation is not found at
30°C. 17.0% (highest) of the larvae pupated at 20°C on glass. Whereas the media pupa-
tion is 93.0% at 30°C the cotton pupation is highest (65.0%) at 20°C. D. ananassae,
D. bipectinata, D. malerkotliana and D. rajasekari belong to sympatric species, their
pupation varies. D. ananassae pupates more on glass. D. rajasekari pupates more on
cotton. Whereas D. bipectinata and D. malerkotliana equally pupate on media at the
varied temperatures analyzed. This shows that the sympatric species prefer different sites
for their pupation.

D. virilis, D.novamexicana and D. hydei pupate similar to D. melanogaster and
D. ananassae. All these species do not belong to the same group. D. virilis and D. no-
vamexicana belong to virilis group and D. hydei belongs to repleta species group, they
show similarity in their glass pupation site preference to the melanogaster species group
species (D. melanogaster and D. ananassae). Whereas the media pupation is also similar
in all the three species and it resembles the media pupation of D. melanogaster and
D. ananassae at all the temperatures analyzed. The highest pupation on glass is at 30°C.
D. virilis does not pupate on media at 15°C whereas the D. hydei pupates highest
(27.2%) at 15°C. At 15°C both the species show contrast pupation site preference.
D. virilis and D. hydei are active at 24°C (Ashburner, Thompson, 1978). The sibling
species show similarity in their pupation site preference except D. melanogaster. The
sympatric species also shows similarity in their pupation site preference except
D. ananassae. The closely related species D. virilis, D. novamexicana and D. hydei show
similarity in their pupation and also it is related to the pupation site preference of
D. melanogaster and D. ananassae even though they belong to different groups. One-
way ANOVA on pupation site preference within species at different sites differs from
non-significant to significant in different species (F = 0.000 to 121.658 on cotton, F =
=3.758 to 62.4 on glass and F = 13.802 to 212.087 in media). This shows that closely
related species show similarity in their pupation site preference. Statistical analysis (two-
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way ANOVA) between species and within sites shows a significant difference (F =
=18.59 on cotton, F = 42.45 on glass and F = 57.67 in media). This indicates that the
pupation site preference between species significantly varies.

Comparison between sibling, sympatric and closely related species showed a varia-
tion in pupation at different temperatures. The species collected from different geo-
graphical distribution and ecological backgrounds were maintained for about 2 decades
at a constant temperature in the laboratory. They were not adapted for a constant tem-
perature. When temperature changes their PSP also changes. This indicates that tempera-
ture influences the PSP in different species the temperature range is not similar for all
the species. Differences in the temperature-dependent pupation responses among closely
related species have been implicated as a possible basis for reducing interspecific com-
petition (Fogleman, Markow, 1982; Ricci, Budnik, 1984; Schnebel, Grossfield, 1986 a;
Kimura, 1988). The present study reveals that the significant variation in larval pupation
site choices in different species is due to extreme temperatures. High and low tempera-
tures affect the behavioural activities / response of the larvae, which may cause pupation
site / habitat variations. It is an adaptation of larvae to protect pupa from hazardous ef-
fects of temperature.
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