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Effect of temperature and density on larval pupation site preference in different species
of Drosophila. — Vandal N.B., Siddalingamurthy G.S., and Shivanna N. — The larval pupation
site preferences (PSP) in different species of Drosophila were studied at varied larval density and
temperatures. Compared to control, at highest larval densities, the percentage of media pupation
decreased and glass pupation increased at lowest temperatures in D. yakuba, whereas at highest
temperatures with lowest larval density the media pupation increased. At all the larval densities
studied; in D. mauritiana the glass and media pupation increased at 20°C, whereas at highest tem-
peratures the media pupation increased and the glass pupation decreased, in D. rajasekari the cot-
ton pupation and in D. virilis the glass pupation decreased and the media pupation increased at
lowest and highest temperatures, the larvae of D. novamexicana prefer to pupate maximum on
glass and minimum on media at lowest temperatures and at highest temperatures the pupation in-
creased on glass and decreased on the media. In D. hydei the glass and media pupation decreased
at lowest temperatures, and increased glass and decreased the media pupation at highest tempera-
tures with highest and lowest density respectively. Statistical analysis has revealed that the varia-
tion of PSP in all the species with temperature, density, and sites is significant. These results show
that at lowest and highest temperature and larval density the PSP significantly differ in all the spe-
cies of Drosophila analyzed.
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Bansinue TeMnepaTypsl U IUNIOTHOCTH Ha BBIOOP MeCT OKYKJIMBAHMS JHYNHKAMH JIP0O30-
¢ua. — Bannan H.B., Cugnanunramypru JIx.C., llnBanna H. — 3yyeH BIOOp MeCT OKYKITH-
Banusg (BMO) nnuuHKaMu 1po30Ghul Ipy pa3inuyHbIX MOKa3aTeNsIX MIIOTHOCTH JIMYHHOK H TEMIIe-
parype. Ilo cpaBHEHHIO C KOHTPOJIBHOU IPYNIOH, IPH HAUBBICIICH INIOTHOCTH JIMUYMHOK IIPOLCHT
OKYKJIMBAaHHS Ha CPEAe yMCHBLIAJICS, a Ha CTEKJIC YCHIMBAICS NPH HU3KUX TeMIepaTypax s
D. yakuba. HanipoTuB, IpH BBICOKUX TEMIIEPaTypax ¢ HU3KOH INIOTHOCTHIO THYNHOK OKYKIMBAHHE
Ha cpele ycwinBajiochk. [Ipu BceX M3yYeHHBIX IUIOTHOCTSX JIMYMHOK HAOMIONANOCh CIEdyrolee:
it D. mauritiana OKyKINBaHHE Ha CTEKJIe W Ha cpeje ycmwmusanoch npu 20°C, B To BpeMs Kak
IPH BBICOKUX TEMIIEpaTypax OKyKJIMBAaHUE Ha CPE/ie YBEIHMINBAIOCH C OCIA0ICHUEM OKYKIIMBAHHS
Ha cTekne; 1 D. rajasekari okyKkIMBaHHE HA XJIONKe M I D. virilis OKyKINBaHHE Ha CTEKIIC
YMEHBIIAINCE, a OKYKIMBAHHE HA CPEE BO3PACTAIO P HU3KUX M BBICOKHX TEMIIEpaTypax COOT-
BETCTBEHHO; JIMUMHKH D. novamexicana OKyKIUBAINCH OONbIIE Ha CTEKIE U MEHBIIE Ha cpene
IpH HU3KUX TEMIIEpaTypax, a MPU BBICOKUX TEMIEpaTypax HUX OKYKIMBAHHE YCHIIHBAJIOCH Ha
CTEeKJIe I yMEHBIIANOCh Ha cpexne. s D. hydei okykinuBaHHe Ha CTEKIIC U HAa CpeJie yMEHBIIAIOCh
IpH HHU3KHX TEMIIepaTypax, a MPH BHICOKHX TEMIEpaTypax OHO YBEJIMYHMBAJIOCH Ha CTEKJIE U
YMEHBIIATIOCh Ha Cpefie MPH caMOW BBICOKOH M CaMOW HU3KOH INIOTHOCTH COOTBETCTBEeHHO. CTa-
TUCTHYCCKUH aHaU3 TMoKasal, 4To n3meHeHns BMO 1o temmeparype, IUIOTHOCTH ¥ MECTY OKYK-
NMBaHMs OBUIM 3HAYMMBIMH Y BceX BUIOB Drosophila. Takum 00pa3oM, npu HU3KOW M BBICOKOM
TeMIepaTypax M INIOTHOCTAX JTNYHHOK BMO nocToBEepHO OTIHYaeTCsl y BCEX HCCICAOBAHHBIX BH-
TIOB Ip030(HII.

Knmiouesvle cnosa: Drosophila, npeanouTeHne MecT OKyKJIMBaHUS, IUNIOTHOCTb, TEMIEPATypa,
JIMYUHKA, OHOTOMHYIECKHE IPEATOUTCHHS.
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Temperature and density both have major phenotypic effects on the life-history
traits in Drosophila melanogaster (Prasad, Joshi, 2003). The effect of temperature has
been studied in different species of Drosophila on both adult and preadult characters.
Compared to individuals reared at the standard temperature of about 25°C, rearing at a
colder temperature (16 to 17°C) results in an increased egg size as well as an increased
larval and pupal duration, mature larval size and adult size at eclosion, larger wing size,
larval critical weight, life span, life time fecundity and progeny production but this re-
duces daily fecundity (David et al., 1994; Delpuech et al., 1995; Partridge et al., 1995;
Noach et al., 1996; Crill et al., 1996; Lazebry et al., 1996; de Moed et al., 1997, 1999;
Imasheva et al., 1997; French et al., 1998; Eanes, 1999; Blankenhorn, 1999; Robinson,
Partridge, 2001; Bochdanovits et al., 2003).

Increased larval crowding in laboratory cultures results in a decrease in the food
available over time and an increase in the metabolic waste levels, especially that of am-
monia (Borash et al., 1998). The major phenotypic effects of rearing larvae at high (sev-
eral hundreds per vial) versus moderate (50 to 100 per vial) density are an increased larval
and pupal mortality, larval development time, pupation height and adult life span as well as
reduced adult size and fecundity (Mueller, 1986, 1997; Guo et al., 1991; Zwaan et al.,
1991; Mueller et al., 1993; Roper et al., 1996; Chippindale et al., 1997; Joshi, Mueller,
1997; Santos et al., 1997; Shiotsugu et al., 1997; Sokolowski et al., 1997; Mueller, Joshi,
2000; Prasad et al., 2001).

Drosophila species usually show less specificity in their adaptations for larval sites
than for oviposition sites, and the adaptive differentiation in response to temperature
stress among a population of D. pseudoobscura is more pronounced for puparia than for
adults (Kaneshiro et al., 1973; Coyene et al., 1983). Joshi (1997) reviewed the obvious
effects of density on the adaptations of both larva and adult. The food medium rapidly
becomes very moist and soggy in crowded cultures. In such cultures, individuals pupat-
ing on or close to the surface of the medium have an increased chance of being dislodged
and drowned in the medium. The larval pupation site preference (PSP) is an important
event in Drosophila preadult development, because the place selected by the larva can
have decisive influence on its subsequent survival as a pupa (Sameoto, Miller, 1968). De
Souza et al. (1968) has reported that the simple genetic control for pupation site choice
in D. willistoni under high-density conditions clearly implicates a different type of be-
haviour than the pupation height measured for D. melanogaster and D. simulans (Sokal
et al., 1960; Sameoto, Miller, 1968).

The PSP has been analyzed by two types of phenotypic characters, one is the pupa-
tion height and the other is pupation site preference. The pupation height studies have
been made by using different factors such as moisture, light, temperature, density, sex,
larval developmental 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, Sokolowski, 1985; Casares, Car-
racedo, 1987; Singh, Pandey, 1993 a, b; Pandey, Singh, 1993). An environmental vari-
able 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; J.A. McKenzie, S.W. McKenzie, 1979;
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Fogleman, Markow, 1982; Schnebel, Grossfield, 1986; Kimura, 1988; Schnebel, Gross-
field, 1992).

The PSP has also been studied by analyzing the percentage of pupae pupated at dif-
ferent sites viz; cotton, glass and the medium in the culture. The studies of Barker (1971),
Shirk et al. (1988), Shivanna et al. (1996), Vandal et al. (2003), Vandal and Shivanna
(2004, 2005 a, b, 2006, 2007) have reported that most of the species [D. simulans, D. gib-
berosa, D. bipectinata, D. malerkotliana, D. yakuba, D. mauritiana, nasuta subgroup
species (D. nasuta nasuta, D. nasuta albomicans, D. nasuta kepulauana, D. sulfurigaster
sulfurigaster, D. sulfurigaster neonasuta), D. immigrans, D. rubida and D. pararubida)
under normal conditions prefer to pupate maximum on the media. The quantity of larval
salivary gland protein, larval locomotory path length, pattern, temperature and substrates
plays a role in larval pupation site preference in Drosophila. Larval PSP has not been
studied using combined factors like temperature and density. In view of this the present
study was undertaken to know the effect of temperature along with density on larval PSP
in Drosophila species occupying different sites for pupation at constant conditions.

MATERIALS AND METHODS

For the present investigation, closely related sibling species were taken to study the
effect of temperature with varying larval densities on PSP: D. yakuba and D. mauritiana
belong to melanogaster subgroup species, D. rajasekari is a closely related sympatric
species belonging to suzukii subgroup, D. virilis and D. novamexicana belong to virilis
group and D. hydei belongs to repleta group (Bock, Wheeler, 1972; Ehrman, 1978; Ran-
ganath et al., 1985; Ashburner, 1989). These Drosophila species were collected from the
Drosophila stock centre, University of Mysore, Mysore, India, maintained about 20
years.

In order to maintain uniformity with regard to age of the larvae the eggs were col-
lected every 6 hours using a modified technique of Delcour described by Ramachandra
and Ranganath, (1988) and allowed to hatch. First instar larvae — about 50 (control
22+1°C), 100, 150, 200, and 250 from the cultures were isolated and transferred to a vial
(10 x 3.8 cm) containing equal quantities of the wheat cream agar medium (Shivanna et
al., 1996). About 50 ul of dilute yeast was added everyday to feed the larvae and to
maintain the moisture content of the food medium. The cultures were kept at four differ-
ent temperatures viz; 15, 20, 25, and 30°C.

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 the medium. Primary data (the number of pupae on dif-
ferent sites) were subjected to three-way ANOVA (temperature x density x sites) to ana-
lyze the combined effect of temperature and density at three different sites of Drosophila.

RESULTS

Figure 1 (la, 2a and 3a) reveals that the percentage of cotton pupation is minimum
at all the temperatures and densities in D. yakuba and D. mauritiana. Compared to con-
trol, the cotton pupation decreased at all the larval densities and at different temperatures
in D. mauritiana whereas it increased at 15°C with 100 to 250 larvae/vial and 25°C with
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100 and 250 larvae/vial. D. rajasekari prefers to pupate maximum on cotton at all the
temperatures at varied densities. Compared to control, the larval pupation on cotton de-
creased at all the larval densities and at different temperatures except at 20°C, wherein

the cotton pupation increased with 100 to 250 larvae/vial.
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Fig. 1. Percentage of larval pupation site preference at different temperatures and densities in Dro-
sophila: 1 — D. yakuba, 2 — D. mauritiana, 3 — D. rajasekari; a — cotton, b — glass, ¢ — media

Figure 1 (1b, 2b, and 3b) shows the mean percentage of glass pupation in D. ya-
kuba, D. mauritiana and D. rajasekari at different larval densities and temperatures. The
larvae of D. yakuba and D. mauritiana prefer to pupate minimum on glass at all the tem-
peratures and larval densities. The glass pupation at 15°C increases in D. yakuba,
whereas in D. mauritiana it increases at 20°C with 100 to 250 larvae/vial compared to
control. The larvae of sympatric species of D. rajasekari prefer to pupate more on glass
at 15°C with 200 and 250 larvae/vial, 20°C with 100, 200, and 250 larvae/vial and 25°C
with 100 to 250 larvae/vial than control.
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Figure 1 (lc, 2¢, and 3c¢) shows the mean percentage of media pupation in D. ya-
kuba, D. mauritiana, and D. rajasekari at different larval densities and temperatures. It
reveals that the larvae of D. yakuba and D. mauritiana prefer to pupate maximum on the
media at varying densities and temperatures. Compared to control, D. yakuba larvae pre-
fer the media for pupation at 25°C with 150 and 200 larvae/vial and at 30°C with 100 and
150 larvae/vial. Whereas D. mauritiana prefers it at 20, 30°C with 100 to 250 larvae / vial
and at 25°C with 100 and 150 larvae/vial. The larvae of D. rajasekari prefer to pupate
minimum on media at varying densities and temperatures. Compared to control, the media
pupation increased at 15, 25, and 30°C with an increase from 100 to 250 larvae / vial.
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Fig. 2. Percentage of larval pupation site preference at different
temperatures and densities in Drosophila: 1 — D. virilis, 2 — D. no- c
vamexicana, 3 — D. hydei; a — cotton, b — glass, ¢ — media 3

Figure 2 (3a) shows the mean percentage of cotton pupation in D. hydei. Compared
to control, the larvae prefer cotton for pupation (0.73%, 1.6% and 2.32%) at 15°C with
150 to 250 larvae/vial and (0.95% and 1.88%) at 30°C with 200 and 250 larvae/vial. In
control, D. virilis, D. novamexicana and D. hydei do not prefer to pupate on cotton.
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Figure 2 (1b, 2b, and 3b) shows the mean percentage of glass pupation in D. virilis,
D. novamexicana, and D. hydei at different larval densities and temperatures. It reveals
that D. virilis, D. novamexicana, and D. hydei larvae prefer to pupate maximum on the
media at varying densities and different temperatures. Compared to control, the larvae of
D. virilis decrease the glass pupation at all the temperatures with a varied larval density.
Whereas the larvae of D. novamexicana increase their glass pupation at 15 and 30°C
with 100 to 250 larvae/vial, at 25°C with 100 to 200 larvae/vial and 20°C with 100 and
200 larvae/vial. The larvae of D. hydei increase the glass pupation at 25°C with 100 to 250
larvae/vial, 30°C with 100, 200, and 250 larvae/vial and at 15°C with 100 larvae/vial.

Figure 2 (1c, 2¢, and 3c¢) shows the mean percentage of media pupation in D. virilis,
D. novamexicana, and D. hydei at different larval densities and temperatures. Compared
to control, the larvae of D. virilis increase their media pupation at all the temperatures
and a varied larval density except at 30°C with 250 larvae/vial. The larvae of D. no-
vamexicana and D. hydei decrease their media pupation at all the temperatures with a
varying larval density except D. novamexicana at 25°C with 200 larvae/vial and D. hydei
at 20°C with 100 and 250 larvae/vial.

The highest mortality is found to be in D. yakuba (7.1, 7.26, 7.75, and 7.8%) at all
the densities 100, 150, 200, and 250 larvae/vial at 30°C and (7.8, and 7.53%) with 100
and 150 larvae/vial at 25°C. Followed by D. mauritiana (9.36%) with 250 larvae/vial at
15°C, (9 and 7.55%) with 150 and 200 larvae/vial at 25°C, and (13.6 and 11.4%) with
200 and 250 larvae/vial at 30°C. D. rajasekari (20.8, 25.7 and 33.68%) with 150 to 250
larvae/vial at 15°C, (10.4%) with 100 larvae/vial at 20°C and (10.3%) with 150 lar-
vae/vial at 25°C. D. virilis (10.5%) with 100 larvae/vial at 15°C. D. novamexicana (8%)
with larvae/vial at 15°C, (11.6 and 14%) with 100 and 250 larvae/vial at 20°C, (9.4%)
with 250 larvae/vial at 25°C, and (11%) with 100 larvae/vial at 30°C. D. hydei (7.04 and
7.8%) with 250 larvae/vial at 15 and 20°C and (8.2% and 8.8%) with 100 larvae/vial at
25 and 30°C compared to control (table 1).

Table 1
Percentage of larval mortality with varying larval densities at different temperatures
in different species of Drosophila

Species, larvae/vial 15°C 20°C 25°C 30°C
1 2 3 4 5
D. yakuba (Control, nil
100 5.8 7.3 7.8 7.1
150 4.4 4.4 7.53 7.26
200 6.7 4.8 6.8 7.75
250 6.16 7.64 5.44 7.8
D. mauritiana (Control, nil)

100 4.9 4.9 5.2 8.0
150 1.6 4.6 9.0 8.66
200 7.5 4.75 7.55 13.6
250 9.36 5.8 6.36 11.4
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Table 1 (continuation)

1 | 2 | 3 | 4 | 5
D. rajasekar (Control, nil)
100 6.3 10.4 4.5 5.1
150 20.8 4.13 10.33 3.86
200 25.7 4.75 7.75 6.3
250 33.68 5.72 6.32 6.48
D. virilis (Control, 1.8)
100 10.5 6.9 3.9 5.6
150 5.66 5.0 4.66 5.34
200 3.6 5.35 3.2 3.5
250 5.8 6.8 6.08 2.24
D. novamexicana (Control, 5.0)
100 5.6 11.6 7.2 11.0
150 8.0 6.2 44 6.74
200 4.85 5.8 6.55 4.1
250 5.12 14.0 9.4 3.84
D. hydei (Control, nil)
100 5.6 4.2 8.2 8.8
150 5.26 6.86 5.8 6.73
200 6.4 6.0 3.6 6.0
250 7.04 7.8 2.8 6.48

Three-way ANOVA on the combined effect of temperature and densities data at three
different sites viz; cotton, glass and media pupation has revealed that the variation of larval
pupation site preference in all the species and sites are significant except D. yakuba on
cotton, D. rajasekari on the media, D. virilis and D. novamexicana on glass (table 2).

Table 2
Three-way analysis of variance of pupation site preference
at three different sites in Drosophila

Species Source of variation Dfﬁ;g:iisni)f F- value p-value

D. yakuba Temperature x Density x Glass 10 78.334* <0.001
Temperature x Density x Media 10 76.913* <0.001

Temperature x Density x Cotton 10 3.170 <0.001

D. mauritiana Temperature x Density x Glass 10 66.932* <0.001
Temperature x Density x Media 10 48.809* <0.001

Temperature x Density x Cotton 10 6.358* <0.001

D. rajasekari Temperature x Density x Glass 10 13.030* <0.001
Temperature x Density x Media 10 1.286 <0.001

Temperature x Density x Cotton 10 133.83* <0.001

D. virilis Temperature x Density x Glass 10 1.489 <0.001
Temperature x Density x Media 10 13.083* <0.001

D. novamexicana Temperature x Density x Glass 10 2.210 <0.001
Temperature x Density x Media 10 5.516* <0.001

D. hydei Temperature x Density x Glass 10 24.631* <0.001
Temperature x Density x Media 10 10.444* <0.001

Temperature x Density x Cotton 10 26.068* <0.001

*Significant.
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DISCUSSION

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 the pre-adult stages can be just as important as those affecting 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.). Pupation
site choice can be critical for survival. Differences in pupation site choice can reflect the
ability of larvae to find food, niche, and competition in general.

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). Temperature involves limitations on the Drosophila activity while temperature
sensitivity involves behavioural alterations, which are expressed only at or above a criti-
cal temperature. Different species show different optimum temperatures for growing,
and some cannot be grown above a certain temperature (within 16 — 30°C), depending
on the species, the flies moved to the cooler end of the tube at 22°C when the tempera-
ture was above 41°C (Grossfield, 1978). High temperatures and dry periods for several
days may act as a strong selective force on developing pupae (Tonzetich, Ward, 1972).
Spassky (1951) found that a particular homokaryotype of D. pseudoobscura showed a
higher viability on wet food at high temperatures whereas other ones had a higher viabil-
ity on dry food at lower temperatures. The pupal survivorship decreases at lower tem-
peratures than at higher temperatures in D. melanica (Tonzetich, Ward, 1972). Within a
stressful temperature range (30 to 34°C), the adults of the sibling species D. simulans
flies died after 15 hours at 32°C, those of D. melanogaster being low after 24 hours. At
28°C, no death occurred for both the species after 15 hours (Parson, 1978).

The larval pupation site preference (PSP) is one of the behaviour of late third instar
larvae in Drosophila. It has been analyzed by two types of phenotypic characters, one is
the pupation height and the other is pupation site preference. The pupation height is the
distance the larva moved upward and pupated above the food media. PSP is the percent-
age of larvae moved / not moved upward and pupated at different sites. The larval PSP at
both the control and different temperatures with a varied larval density has revealed that
D. yakuba and D. mauritiana prefer to pupate maximum on the media and minimum on
glass and cotton. The larvae of D. rajasekari prefer to pupate maximum on cotton and
minimum on the media and glass. Whereas the larvae of D. virilis, D. novamexicana,
and D. hydei prefer to pupate maximum on glass and minimum on the media. The larval
PSP analyzed is affected by temperature and the larval density.

At lowest temperatures, the maximum pupation height occurs within repleta and
willistoni groups and at higher temperatures all the species show a little pupation height
or no upward movement (Schnebel, Grossfield, 1992). David and Clawel (1968),
Srivastava and Singh (1998) reported the reduction of oviposition at low temperatures in
different species of Drosophila.

Selection for faster development and that for adapting to larval crowding share
some superficial similarity in the individuals failing to eclose before a certain point in
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time die, either because of food shortage, or because of being not included in the breed-
ing adults. At high larval densities there is a clear environmental signal, in the form of
food running out, available to the larvae such that they can make the switch from feeding
to pupation. Rather than speeding up the development in real time, it is probably more
important for larvae to acquire food faster than others. Such that they attain the critical
size for pupation before their food runs out (Joshi, Mueller, 1996).

De Souza et al. (1968) reported that genetically determined pupation site choice in
D. willistoni under a high density found that allelic variation at a single locus pupated in
food cups or on the bottom of the population cage appeared to have an advantage and
rapidly increased in frequency. Any larva pupating on the surface of the medium is
likely to be buried if there is still an actively feeding larval population which suggests
that the fitness of genotypes which vary in pupation height may be a function of larval
density (Mueller, Sweet, 1986). Sokal et al. (1960) investigated those genetic and envi-
ronmental factors that govern the selection of pupation sites by D. melanogaster. They
reveal that densities below 52 eggs/vial do not affect pupation site, but at higher densi-
ties a greater proportion of larvae tends to pupate on the surface of the medium instead
of on the wall of the vials. At the high-density level considered, there appears no relation
between pupation site and density. In contrast, Pandey and Singh (1993), Sokolowski et
al. (1997) and Joshi (1997) have reported that there is an increase in the pupation height
with an increased larval density in D. melanogaster, D.ananassae, D. bipectinata, D. maler-
kotliana, and D. biarmipes.

The larval mortality varies from species to species at all the larval densities and
temperatures. The highest larval mortality is found in D. yakuba, followed by D. mau-
ritiana, D. rajasekari, D. virilis, D. novamexicana, and D. hydei compared to control
(table 1). In a culture that contains a high density of larvae or adults, the food medium
rapidly becomes very moist and soggy. In such cultures, individuals pupating on or close
to the medium have an increased chance of being dislodged and drowned in the medium
(Joshi, Mueller, 1993). Earlier studies also reported a highest pupal mortality at varying
heights above the food surface on vials even at low densities (Joshi, Mueller, 1993;
Borash et al., 1998).

The present study reveals that, compared to control, the percentage of media pupa-
tion decreased and glass pupation increased in D. yakuba with highest larval densities of
200 and 250 larvae/vial at lowest temperatures of 15 and 20°C (Figure 1 (15)). Whereas
the larvae of D. mauritiana increase the percentage of glass and media pupation with
highest larval densities of 200 and 250 larvae/vial at lowest temperatures of 15 and 20°C
(Figure 1 (2b, 2¢)). D. rajasekari larval pupation on cotton decreases at 15°C and in-
creases at 20°C at highest larval densities of 200 and 250 larvae/vial (Figure 1 (3a)). D.
virilis larval preference on glass pupation decreases and the media pupation increases
with highest larval densities of 200 and 250 larvae/vial at lowest temperatures of 15 and
20°C (Figure 2 (1b, 1¢)). D. novamexicana larvae prefer glass for pupation more than the
media with larval densities of 200 and 250 larvae/vial at lowest temperatures of 15 and
20°C (Figure 2 (2b, 2¢)). In D. hydei larval pupation on glass decreases and media pupa-
tion increases at 15°C (Figure 2 (35, 3¢)).
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At highest temperatures with lowest larval densities, D. yakuba larvae prefer the
media for pupation at 100 and 150 larvae/vial at 30°C and decreases at 25°C. Whereas
D. mauritiana prefers the media more and glass less for pupation at highest temperatures
of 25 and 30°C at lowest larval densities 100 and 150 larvae/vial than the control. The
larvae of D. rajasekari preferred to pupate maximum on cotton in control, wherein it
decreased about 32 to 75.5% at highest temperatures of 25 and 30°C at lowest larval
densities of 100 and 150 larvae/vial. In D. virilis the larval pupation on glass decreases
and the media pupation increases at highest temperatures of 25 and 30°C in lowest larval
densities of 100 and 150 larvae/vial. Whereas in D. novamexicana and D. hydei the glass
pupation increases and the media pupation decreases at highest temperatures of 25 and
30°C at lowest larval densities of 100 and 150 larvae/vial. The combined effect of tem-
perature and density at three different sites viz; cotton, glass, and media pupation ana-
lyzed by three-way ANOVA (temperature x density x sites) has revealed that the varia-
tion of larval pupation site preference in all the species is significant except D. yakuba
on cotton, D. rajasekari on the media, and D. virilis and D. novamexicana on glass (ta-
ble 2).

Barker (1971), Shirk et al. (1988), Shivanna et al. (1996), Vandal et al. (2003) re-
ported that at constant temperature and density most of the species (D. simulans, D. gib-
berosa, D. bipectinata, D. malerkotliana, D. yakuba, D. mauritiana, nasuta subgroup
species (D. nasuta nasuta, D. nasuta albomicans, D. nasuta kepulauana, D. sulfurigaster
sulfurigaster, D. sulfurigaster neonasuta), D. immigrans, D. rubida and D. pararubida)
preferred to pupate maximum on the media, D. melanogaster, D. ananassae, D. virilis,
D. novamexicana, and D. hydei larvae preferred to pupate highest on glass, and D. ra-
Jjasekari preferred to pupate highest on cotton. They have reported that the PSP depends
on the quantity of glue protein synthesized by the salivary glands of the larvae. Compari-
son between all the species showed a variation in pupation with varying larval densities
at different temperatures. The species collected from different geographical distributions
and ecological backgrounds were maintained for about 2 decades at a constant tempera-
ture in the laboratory. They were not adapted for a constant temperature. When the larval
densities and temperatures changed, the larval PSP also changes. This indicates that the
larval density and temperature influences the PSP in different species of Drosophila. 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 competition (Fogleman, Markow, 1982; Ricci,
Budnik, 1984; Schnebel, Grossfield, 1986; Kimura, 1988). The present study reveals that
the significant variations in larval pupation site choices in sibling, sympatric, virilis and
repleta group species are due to the extreme variations of temperatures and larval densi-
ties. Apart from the glue protein, locomotory path length, pattern and substrates, high
and low temperatures and densities also affect the larval pupation site/habitat preference
in Drosophila.

ACKNOWLEDGEMENT

Thanks are due to Professor H.A. Ranganath Drosophila Stock Centre (DSC) De-
partment of Zoology, University of Mysore, «Manasagangotri» Mysore, for Drosophila

96 TTOBOJIKCKUIM SKOJIOTMYECKHUI )KYPHAJT Ne2 2008



EFFECT OF TEMPERATURE AND DENSITY ON LARVAL PUPATION

stocks and UGC Minor Research Project sanctioned to Dr. N. Shivanna. F.31-234/2005
(SR) for financial assistance.

REFERENCES

Ashadevi J.S., Ramesh S.R. Intraspecific variation with respect to certain components of fitness
in Drosophila nasuta nasuta at different temperature // Ind. J. Exp. Biol. 1998. Vol. 37. P. 37 — 42.

Ashburner M. Drosophila: A laboratory hand book. New York: Cold Spring Harbor Labora-
tory Press, 1989.

Barker J.S.F. Ecological differences and competitive interaction between D.melanogaster
and D. simulans in small laboratory populations // Oecologia. 1971. Vol. 8. P. 139.

Bauer S.J., Sokolowski M.B. A genetic analysis of path length and pupation height in natural
population of D. melanogaster // Can. J. Genet. Cytol. 1985. Vol. 27. P. 834 — 840.

Blankenhorn M. Different growth responses to temperature and resource limitation in three
fly species with similar life histories / Evol. Ecol. 1999. Vol. 13. P. 395 — 409.

Bochdanovits Z., van der Klis H., De Jong G. Covariation of gene expression and adult body
size in natural populations of Drosophila melanogaster // Molecular Biology and Evolutionl. 2003.
Vol. 20. P. 1760 — 1766.

Bock L.R., Wheelar M.R. The Drosophila melanogaster species Group // Studies Genet. VII.
Univ Texas Publ. 1972. Ne7213. P. 1 — 102.

Borash D.J., Gibbs A.G., Joshi A., Mueller L.D. A genetic polymorphism maintained by
natural selection in temporally varying environment // Amer. Naturalist. 1998. Vol. 151, Ne2.
P. 148 — 156.

Borash D.J., Teotonio H., Rose M.R., Muller L.D. Density-dependent natural selection in
Drosophila: Correlation between feeding rate, development time and viability // J. Evol. Biol.
2000. Vol. 13. P. 181 — 187.

Casares P., Carracedo M.C. Pupation height in Drosophila: Sex differences and influence of
larval developmental time // Behavior Genetics. 1987. Vol. 17. P. 523 — 535.

Chippindale A.K., Alipaz J.A., Chen H.W., Rose M.R. Experimental evolution of accelerated
development in Drosophila. 1. Developmental speed and larval survival // Evolution. 1997. Vol. 51.
P. 1536 — 1551.

Coyen J.A., Bundgaard J., Prout T. Geographic variation of tolerance to environmental
stress in Drosophila subobscura // Amer. Naturalist. 1983. Vol. 122, Ned. P. 474 — 488.

Crill W.W., Huey R.B., Gilchrist G.W. Within- and between — generation effects of tempera-
ture on the morphology and physiology of Drosophila melanogaster // Evolution. 1996. Vol. 50.
P. 1205 - 1218.

David J., Clawel M.F. Influence de la temperature sur le nombre le nombre. le pourcentage
eclosion et la tail le des oenfs pondus par D. melanogaster // Annal. Soc. Entmol. 1968. Vol. 5.
P. 161 —177.

David J.R., Allemand R., Van Herreweg J., Cohe Y. Ecophysiology: abiotic factors / The
Genetics and Biology of Drosophila / Eds. M. Ashburner, H.L. Carson, J.N. Thompson. London:
Academic Press, 1983. Vol. 3B. P. 106 — 109.

David J.R., Moretea B., Gautier J.R., Stockel A., Imasheva A.G. Reactions norms of size
characters in relation to growth temperature Drosophila melanogaster: an isofemale line analysis //
Genet. Select. Evol. 1994. Vol. 26. P. 229 — 251.

De Moed G.H., de Jong G., Scharloo W. Environmental effects on body size variation in
Drosophila melanogaster and its cellular basis // Genet. Res. 1997. Vol. 70. P. 35 —43.

De Moed G.H., de Jong G., Scharloo W. The energetics growth of Drosophila melanogaster.
Effect of temperature and food conditions // Netherlands J. Zoology. 1999. Vol. 48. P. 169 — 188.

TTOBOJIKCKUM SKOJIOTMYECKHUI )KYPHAJT Ne2 2008 97



N.B. Vandal, G.S. Siddalingamurthy, and N. Shivanna

De Souza H.L., da Cunha A.B., dos Santos E.P. Adaptive polymorphism of behaviour devel-
oped in laboratory population of Drosophila willistoni // Amer. Naturalist. 1968. Vol. 102, Ne928.
P. 583 —585.

Delpuech J.M., Moreteau B., Chicke J., Pla E., Vouidibio J., David J.R. Phenotypic plasticity
and reaction norms in temperate and tropical population of Drosophila melanogaster: ovarion size
and development temperature // Evolution. 1995. Vol. 49. P. 670 — 675.

Eanes W.F. Analysis of selection on enzyme polymorphism // Annal. Rev. Ecol. Syst. 1999.
Vol. 30. P. 301 — 326.

Ehrman P. Sexual behaviour // The genetics and biology of Drosophila / Eds. M. Ashburner,
T.R.F. Wright. New York: Academic Press, 1978. Vol. 2 b. 171 p.

Fogleman J.C., Markow T.A. Behavioural differentiation between two species of cactophilic
Drosophila 11 Pupation site preference / Southwestern Naturalist. 1982. Vol. 27. P. 315.

French V., Feast M., Partridge L. Body size and cell size in Drosophila: the developmental
responses to temperature // J. Insect. Physiol. 1998. Vol. 44. P. 1081 — 1089.

Grossfield J. Non-sexual behaviour of Drosophila // The genetics and biology of Drosophila
/ Eds. M. Ashburner, T.R.F. Wright. New York: Academic Press, 1978. Vol. 2 a. 179 p.

Guo P.Z., Mueller L.D., Ayala F.J. Evolution of behaviour by density-dependent natural se-
lection // Proc. of the National Academy of Sciences USA. 1991. Vol. 88. P. 10905 — 10906.

Imasheva A.G., Loeschcke V., Zhivatovsky L.A., Lazebny O.E. Effects of extreme temperature
on phenotypic variation and developmental stability in Drosophila melanogaster and Drosophila
buzzatti // Biol. J. Linn. Soc. 1997. Vol. 6. P. 117 — 126.

Joshi A. Laboratory studies of density-dependent selection: Adaptation to crowding in Dro-
sophila melanogaster // Current Science. 1997. Vol. 72. P. 555 — 562.

Joshi A., Mueller L.D. Directional and stabilizing density-dependent natural selection for pu-
pation height in Drosophila melanogaster // Evolution. 1993. Vol. 47. P. 176 — 184.

Joshi A., Mueller L.D. Density-dependent natural selection in Drosophila: trade-offs between
larval food acquisition and utilization // Evol. Ecol. 1996. Vol. 10. P. 463 — 474.

Joshi A., Mueller L.D. Adult crowding effects on longevity in Drosophila melanogaster in-
crease in age independent mortality // Current Science. 1997. Vol. 72. P. 255 — 260.

Kaneshiro K.Y., Carson H.L., Clayton F.E., Heed W.B. Niche separation in pair of homose-
quential Drosophila species from the island of Hawaii // Amer. Naturalist. 1973. Vol. 107, Ne958.
P. 766 — 774.

Kimura M.T. Adaptation to temperate climates and evolution of over wintering strategies in
the Drosophila melanogaster species group // Evolution. 1988. Vol. 42. P. 1288 — 1297.

Lazebry O.E., Zakharchuk E.B., Imasheva A.G. Larval density and variation of body size in
laboratory lines of Drosophila melanogaster // Russian J. of Genetics. 1996. Vol. 32. P. 1010 — 1012.

Markow T.A. Survey of intra and inter specific variation for pupation height in Drosophila //
Behavior Genetics. 1979. Vol. 9. P. 209.

McKenzie J.A., McKenzie S.W. Comparative study of resource utilization in natural popula-
tion Drosophila melanogaster and Drosophila simulans // Oecologia. 1979. Vol. 40. P. 299 — 309.

Mensua J. Some factors affecting pupation height of Drosophila // Drosophila Information
Service. 1967. Vol. 42. P. 76.

Mueller L.D. Density-dependent rates of population growth: estimation in laboratory popula-
tions / Amer. Naturalist. 1986. Vol. 128, Ne2. P. 282 —293.

Mueller L.D. Theoretical and empirical examination of density-dependent selection // Annal.
Rev. Ecol. Syst. 1997. Vol. 28. P. 264 — 288.

Mueller L.D., Sweet V.F. Density-dependent natural selection in Drosophila: evolution of
pupation height // Evolution. 1986. Vol. 40. P. 1354 — 1356.

98 TTOBOJIKCKUIM SKOJIOTMYECKHUI )KYPHAJT Ne2 2008



EFFECT OF TEMPERATURE AND DENSITY ON LARVAL PUPATION

Mueller L.D., Graves J.L.Jr., Rose M.R. Interaction between density-dependent and age spe-
cific selection in D. melanogaster // Functional Ecology. 1993. Vol. 7. P. 469 — 479.

Noach E.J.K., de Jong G., Scharloo W. Phenotypic plasticity in morphological traits in Dro-
sophila melanogaster // J. Evol. Biol. 1996. Vol. 9. P. 831 — 844.

Pandey M.B., Singh B.N. Effect of biotic and abiotic factors on pupation height in four spe-
cies of Drosophila // Ind. J .Exp. Biol. 1993. Vol. 31. P. 912 - 916.

Parson P.A. Boundary conditions for Drosophila resource utilization in temperate regions.
Especially at low temperatures / Amer. Naturalist. 1978. Vol. 112, Ne988. P. 1063 — 1074.

Partridge L., Barrie B., Fowler K., French V. Evolution and development of body size and cell
size in Drosophila melanogaster in response to temperature // Evolution. 1995. Vol. 48. P. 126 — 127.

Prasad N.G., Joshi A. What have two decades of laboratory life-history evolution studies
Drosophila melanogaster taught us? // J. Genet. 2003. Vol. 82. P. 45— 76.

Prasad N.G., Mallikarjun Shakarad, Amit D., Rajamani M., Joshi A. Correlated responses to
selection in Drosophila: the evolution of larval trait / Evolution. 2001. Vol. 556. P. 1363 — 1372.

Ramachandra N.B., Ranganath H.A. Estimation of population fitness of parental races Dro-
sophila nasuta nasuta and Drosophila nasuta albomicana and of the newly evolved Cytoraces I
and IT // Genome. 1988. Vol. 30. P. 58.

Ranganath H.A., Gowda L.S., Rajasekarshetty M.R. Competition studies between three sym-
patric species of Drosophila // Entomon. 1985. Vol. 10. P. 249 — 253.

Ringo J., Wood D. Pupation site selection in Drosophila simulans // Behavior Genetics.
1983. Vol. 13. P. 17 - 27.

Roper C., Pignatelli P., Partridge L. Evolutionary responses of Drosophila melanogaster life
history to differences in larval density // J. Evol. Biol. 1996. Vol. 9. P. 609 — 622.

Sameoto D.D., Miller R.S. Selection of pupation site by Drosophila melanogaster, Droso-
phila simulans // Ecology. 1968. Vol. 49. P. 177.

Santos M., Borash D.J., Bounlutay N., Mueller L.D. Density-dependent natural selection in
Drosophila: evolution of growth rate and body size // Evolution. 1997. Vol. 51. P. 420 — 432.

Schnebel E.M., Grossfield J. Pupation- temperature range in 12 Drosophila species from dif-
ferent ecological backgrounds // Experientia. 1986. Vol. 42. P. 600 — 604.

Schnebel E.M., Grossfield J. Temperature effects on pupation height response in four Droso-
phila species traids // J. Insect. Physiol. 1992. Vol. 38. P. 727 — 732.

Shiotsugu J., Leroi A.M., Yashiro H., Rose M.R., Muller L.D. The symmetry of correlated re-
sponses in adaptive evolution: An experimental study using Drosophila // Evolution. 1997.
Vol. 51. P. 163 - 172.

Shirk P.D., Roberts P.A., Harn C.H. Synthesis and secretion of salivary gland proteins in
Drosophila gibberosa during larval and prepupal development // Roux’s Arch. Dev. Biol. 1988.
Vol. 197. P. 66.

Shivanna N., Siddalinga Murthy G.S., Ramesh S.R. Larval pupation site preference and its rela-
tionship to the glue proteins in a few species of Drosophila // Genome. 1996. Vol. 39. P. 105 — 111.

Singh B.N., Pandey M.B. Selection for high and low pupation height in Drosophila ananas-
sae // Behavior Genetics. 1993 a. Vol. 23. P. 239.

Singh B.N., Pandey M.B. Evidence for polygenic control of pupation height in Drosophila
ananassae // Hereditas. 1993 b. Vol. 119. P. 111.

Sokal R.R., Ehrlich P., Hunter P., Schlager G. Some factors affecting pupation site in Dro-
sophila // Annals of the Entomological Society of America. 1960. Vol. 53. P. 174 — 182.

Sokolowski M.B., Pereira H.S., Hughes K. Evolution of foraging behaviour in Drosophila by
density-dependent selection // Proc. of the National Academy of Sciences USA. 1997. Vol. 94.
P. 7373 -7377.

TTOBOJIKCKUM SKOJIOTMYECKHUI )KYPHAJT Ne2 2008 99



N.B. Vandal, G.S. Siddalingamurthy, and N. Shivanna

Spassky B. Effect of temperature and moisture content of the nutrient medium on the viability
of chromosomal types in Drosophila pseudoobscura // Amer. Naturalist. 1951. Vol. 85, Ne822.
P. 177 - 180.

Srivastava T., Singh B.N. Effect of temperature on oviposition in four species of the
melanogaster group of Drosophila // Rev. Brasil. Biol. 1998. Vol. 58. P. 491 — 495.

Tonzetich J., Ward C.L. Interaction effects of temperature and humidity on pupal survival in
Drosophila melanica // Evolution. 1972. Vol. 27. P. 495 — 504.

Vandal N.B., Modagi S.A., Shivanna N. Larval pupation site preference in a few species of
Drosophila // Indian J. Exp. Biol. 2003. Vol. 41. P. 918 — 920.

Vandal N.B., Shivanna N. Effect of water on larval pupation site preference in a few species
of Drosophila // Drosophila Information Service. 2004. Vol. 87. P. 64 — 66.

Vandal N.B., Shivanna N. Studies on larval pupation site preference in a few species of Dro-
sophila: Water and Density // Indian Entomol: Health Prod. 2005 a. Vol. 3. P. 323 — 333.

Vandal N.B., Shivanna N. Larval path length and patterns influences the pupation site prefer-
ence in Drosophila // Intern. J. Diptero. Res. 2005 b. Vol. 16. P. 217 —224.

Vandal N.B., Shivanna N. Temperature dependent larval pupation site preference in different
species of Drosophila // Povolzhskiy J. Ecology. 2007. Ne 2. P. 91 — 105.

Zwaan B.J., Bijlsma R., Hockstra R.F. On the developmental theory of ageing. I. Starvation
resistance and longevity in Drosophila melanogaster in relation to pre-adult breeding conditions //
Heredity. 1991. Vol. 66. P. 29 — 39.

100 TTOBOJIKCKUIM SKOJIOTMYECKHUI )KYPHAJT Ne2 2008





