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ABSTRACT

Body color polymorphism of urban populations of cosmopolite fly Drosophila kikkawali
Burla, 1954 was investigated in relation to its possible association with environmental temperature.
Samples of D. kikkawai were collected in spring, summer, autumn and winter between 1987 to 1988,
in zones with different levels of urbanization in the southern Brazilian city of Porto Alegre, Rio
Grande do Sul. A clear association was observed between darker flies and both seasons with low
temperatures and areas of low urbanization (where temperature is generally lower than in urbanized
areas). Results of preliminary laboratory experiments involving six generations of flies grown in
chambers at temperatures of 17° and 25°C confirmed this tendency to a relationship between body
color and temperature, with allele frequency of the main gene involved in body pigmentation
changing over time.
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INTRODUCTION

Drosophila kikkawai Burla, 1954 isacosmopolitan species of fruit fly (PINHEIRO &
VaLENTE, 1993). It belongs to the D. melanogaster species group and occurs both in
domestic and disturbed non-domestic sites. Tsacas & Davip (1978) suggested that the
introduction of this species to South America and Africa occurred prior to, and
independent of human activity, and AsHBurNER (1989) considered that this species had
only recently spread fromitsoriginin Southeast Asiato South Americaand Africa. This
speciesisof interest to evolutionists because it presents discrete genetic polymorphisms,
including various types of karyotypes (Baimai et al.,1986) and variable posterior
abdominal segment pigmentation (FReiRe-MalA, 1953). FRelRe-MalA & FrReiRe-M Al (1964)
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observed higher frequencies of light-colored D. kikkawai femalesin populations collected
in hot climates at different latitudes. It is also known that in some other Drosophila
species, darker forms occur more commonly in samples collected in colder climates (Heep
& BLAKE, 1963; LEE, 1963; GiBerT et al., 1996, 1998; MacHaDo et al ., 2001). Therearetwo
different systemsfor explaining the abdominal color polymorphism in D. kikkawai, the
earlier being that of FReire-MAla et al. (1954) and Freire-Maia (19644), which states that
geographical genetic differences in modifier genes affect this character and produce
three phenotypes, dark/dark (CC genotype), dark/light (Cc genotype) and light/light (cc
genotype). A more recent system isthat of Giserr et al. (1999), who worked with Indian
populations of D. kikkawai and suggested co-dominance of the major gene involved in
abdominal segment color and modifier gene effectsto explain the dark/dark (DD), dark/
light (DL) and light/light (LL), phenotypes found in their studies.

Inthe southern Brazilian city of Porto Alegre, D. kikkawai iscommon in Drosophila
assemblieswhereit issympatric with somewild speciesthat arein the process of colonizing
the urban environment (VaLenTE et al., 1989). Porto Alegreislocated in the coldest area
of Brazil, has four well-defined seasons and has a known urbanization pattern. The
subject was an analysis of the variations of abdominal segment pigmentation and
fluctuations of D. kikkawai populations in relation to environmental variables in Porto
Alegre and attempts to detect some type of association between these variables as a
function of time and the level of disturbance (urbanization) of the collection sites.

MATERIAL AND METHODS

Fruit fly populations were sampled by the authors in Porto Alegre city (30°02'S; 51°31'W;
roughly 1,3 million inhabitants) between January 1987 and December 1988 by collecting pre-adults
(eggs, larvae and pupae) from rotten fruits and trapping adult flies on closed banana baits (model of
Tipon & SeNg, 1988) placed in parks, squares and streets along transects correspondent to the main
avenues of the city, in three different urbanization zones characterized by Ruszczyk (1986/1987) in
the 1980 decade: a highly urbanized zone mainly occupied by buildings where cover vegetation is less
than 20% (high urbanization, HU); a zone of medium urbanization containing houses and some
buildings and having 20 to 40% of cover vegetation (medium urbanization, MU); and a zone of low
urbanization predominantly occupied by houses and having more than 40% cover vegetation (low
urbanization, LU) (fig. 1). Urbanization characteristics of the sampling site (percentage vegetation
cover, distance from the center of the city, altitude) were recorded (tab. 1). Climatic data (temperature,
relative humidity and rainfall scores during the month of collection and the preceding month) for
Porto Alegre were obtained from the 8° Distrito de Meteorologia, Ministério da Agricultura do Brasil.

Drosophila kikkawai samples were sorted by sex and phenotypic color (dark, medium and
light, fig. 2-7), based on the color of their abdominal segments, according to the system of Freire-
Maia et al. (1954) and FrReire-MAIA (1964a). Specimens testimony of these samples are deposited in
the Drosophilid collection of the Departamento de Genética, Universidade Federal do Rio Grande do
Sul (UFRGS).

Laboratory experiments were also performed to investigate the effect of temperature on
abdominal color polymorphism in these populations. Seven virgin females of each phenotype were
mated with seven males of the three different phenotypes to form three populations. This was done
by mating CC, Cc and cc females with CC males (population 1, P1), Cc males (population 2, P2) and
cc males (population 3, P3). Three replicates of all crosses and populations were maintained in
chambers at constant temperatures of 25° or 17°C + 1°C and 60% relative humidity, respectively, on
standard culture medium (MARQuUEs et al., 1966). To obtain the next generations (G1-G6) the adult
flies were transferred to new vials with fresh food, three times. The adult progeny was allowed to
interbreed to produce the next generation and then their abdominal color polymorphism were
analyzed.
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Table |. Original data used to perform the multiple regression analysis of Drosophila kikkawai
frequency and weather and urban action variables. Samples 1 to 44 were collected during 1982 to
January 1987; samples 45 to 79 were collected during February 1987 to 1988 (S, sample; F, frequency
(%) of flies; TEMP ANT MAX, TEMP ANT MIN, previous temperature of collection, maximum
average, minimum average; TEMP COL MAX, TEMP COL MIN, temperature of the month of
collection, maximum average, minimum average; RH ANT, previous humidity of collection; RH
COL, relative humidity of the month of collection; RH ANT, previous rainfall of collection; RH
COL, rainfall of the month of collection; % VEG, percentual vegetation; DIST, distance from
downtown to collection point; ALT, altitude).

TEMP | TEMP | TEMP | TEMP
ANT ANT CcoL CcoL RH RH RF RF %

S F MAX MIN MAX MIN ANT | COL | ANT | COL | VEG DIST | ALT
01 16.43 21.6 12.9 233 145 78 78 1954 | 193.2 20 33 41
02 19.28 253 16.9 219 11.6 78 79 130.7 | 1109 20 34 33
03 18.63 219 11.6 20.1 11.6 79 83 1109 | 109.9 20 34 33
04 35.79 20.1 11.6 211 1.0 83 79 109.9 | 108.8 20 33 41
05 25.40 20.1 11.6 211 11.0 83 79 109.9 | 108.8 20 20 19
06 7.49 20.1 11.6 211 1.0 83 79 109.9 | 108.8 30 7.0 n
07 18.63 22.2 145 257 15.9 78 75 150.6 63.9 30 7.0 1
08 5.07 257 15.9 29.5 18.1 75 66 639 | 229.0 50 8.0 3
09 22.22 295 18.1 295 19.3 66 70 2290 | 161.6 20 34 33
10 11.39 29.5 18.1 29.5 19.0 66 70 2290 | 1616 50 8.0 3
1 4.25 29.5 193 317 213 70 69 161.6 39.3 50 54 35
12 21.30 295 19.3 317 213 70 69 161.6 39.3 10 0.2 5
13 17.05 29.5 193 217 213 70 69 161.6 39.3 20 11 10
14 35.24 295 19.3 317 213 70 69 161.6 39.3 50 7.0 50
15 574 295 193 317 213 70 69 161.6 39.3 10 23 12
16 28.18 295 19.3 317 213 70 69 161.6 39.3 10 0.3 5
17 55.67 295 193 317 213 70 69 161.6 39.3 10 25 15
18 16.74 295 19.3 317 213 70 69 161.6 39.3 50 42 35
19 7.92 29.5 19.3 317 21.3 70 69 161.6 39.3 30 6.5 n
20 30.92 317 21.3 29.8 20.6 69 73 393 | 1413 45 7.7 2
21 6.02 29.8 20.6 276 18.6 73 75 1413 | 1371 20 33 41
22 17.15 29.8 20.6 27.6 18.6 73 75 1413 | 1371 20 34 33
23 20.79 29.8 20.6 276 18.6 73 75 1413 | 1371 45 7.7 2
24 9.7 29.8 20.6 27.6 18.6 73 75 1413 | 1371 30 7.0 1
25 2.50 276 18.6 259 18.1 75 80 137.1 | 156.8 20 5.8 n
26 7.71 276 18.6 25.9 18.1 75 80 137.1 | 156.8 20 3.4 33
27 6.55 276 18.6 259 18.1 75 80 137.1 | 156.8 20 35 38
28 26.64 22.0 12.9 22.3 12.3 78 82 164.4 61.3 20 5.8 1
29 6.55 220 12.9 22.3 12.3 78 82 164.4 61.3 50 12.2 8
30 30.85 22.3 12.3 20.3 10.4 82 79 61.3 | 1265 20 5.8 1
31 15.34 22.3 12.3 20.3 10.4 82 79 61.3 | 1265 20 3.4 33
32 3.53 22.3 12.3 20.3 10.4 82 79 61.3 | 1265 30 43 75
33 9.10 22.3 12.3 20.3 10.4 82 79 61.3 | 1265 50 54 35
34 11.83 22.3 12.3 20.3 10.4 82 79 61.3 | 1265 10 5.4 35
35 14.42 22.3 12.3 20.3 10.4 82 79 61.3 | 1265 10 0.3 5
36 8.13 22.3 12.3 20.3 104 82 79 61.3 | 1265 10 3.6 3
37 18.43 22.3 12.3 20.3 10.4 82 79 61.3 | 1265 50 38.0 2
38 8.13 223 12.3 20.3 10.4 82 79 61.3 | 1265 30 7.0 n
39 3.80 24.0 143 26.5 17.6 71 74 138.1 | 2834 30 4.6 75
40 9.63 285 19.2 29.4 20.0 70 74 103.3 | 170.0 50 12.2 8
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Table |. (continued)

TEMP | TEMP | TEMP | TEMP
ANT ANT CcoL CcoL RH RH RF RF %

S F MAX MIN MAX MIN ANT | COL | ANT COL | VEG DIST | ALT
41 69.30 285 19.2 29.4 20.0 70 74 103.3 | 170.0 20 11 10
42 59.15 285 19.2 29.4 20.0 70 74 103.3 | 170.0 50 7.0 50
43 35.24 285 19.2 29.4 20.0 70 74 103.3 | 170.0 10 2.3 12
44 43.97 285 19.2 294 20.0 70 74 103.3 | 170.0 10 13 20
45 1.97 30.3 20.7 29.9 19.0 75 75 118.2 89.0 10 3.6 3
46 4.37 30.3 20.7 29.9 19.0 75 75 118.2 89.0 30 3.7 55
47 12.52 30.3 20.7 29.9 19.0 75 75 118.2 89.0 50 12.2 8
48 58.50 29.9 19.0 259 174 75 80 89.0 | 1146 10 23 12
49 26.06 29.9 19.0 259 17.4 75 80 89.0 | 114.6 10 13 20
50 16.22 29.9 19.0 259 174 75 80 89.0 | 1146 30 44 39
51 13.81 29.9 19.0 259 17.4 75 80 89.0 | 114.6 50 9.6 18

52 4.37 29.9 19.0 25.9 174 75 80 89.0 | 1146 50 9.6 18

53 5.74 29.9 19.0 259 17.4 75 80 89.0 | 1146 30 33 55
54 3.34 29.9 19.0 259 174 75 80 89.0 | 1146 20 11 10
55 3.34 29.9 19.0 259 17.4 75 80 89.0 | 1146 30 7.8 0

56 4.05 29.9 19.0 259 17.4 75 80 89.0 | 114.6 50 9.6 18
57 18.72 259 174 19.7 10.7 80 78 114.6 | 200.9 20 21 19
58 23.58 259 17.4 19.7 10.7 80 78 1146 | 200.9 20 33 41
59 15.68 259 174 19.7 10.7 80 78 114.6 | 200.9 50 4.2 35
60 4.33 19.7 10.7 19.1 8.2 78 80 200.9 829 20 21 19
61 1.90 19.7 10.7 19.1 8.2 78 80 200.9 82.9 20 5.8 1
62 5.74 238 14.6 26.6 173 73 74 1025 | 170.4 10 22 15

63 10.94 26.6 173 285 18.8 74 2 1704 | 103.6 50 12.2 8
64 4.93 26.6 173 285 18.8 74 72 170.4 | 103.6 50 12.2 8

65 30.33 285 18.8 30.1 21.2 7 75 103.6 | 148.7 30 3.9 30
66 15.34 30.1 21.2 29.6 20.1 75 70 148.7 24.3 20 0.9 1
67 24.88 29.6 20.1 320 21.4 70 66 243 63.0 20 21 55
68 5.74 25.3 145 19.1 10.4 71 81 75.1 435 50 12.2 8
69 29.47 253 14.5 19.1 10.4 71 81 75.1 435 20 21 19
70 30.98 191 10.4 177 6.9 81 83 435 | 170.8 30 39 30
71 35.24 19.1 10.4 17.7 6.9 81 83 435 | 170.8 20 0.9 n
72 29.13 191 10.4 177 6.9 81 83 435 | 170.8 50 12.2 8
73 3.67 20.5 1.6 20.0 12.6 7 82 21.0 | 2345 50 12.2 8
74 1.99 20.0 12.6 245 133 82 69 2345 | 1304 50 6.9 50
75 3.09 20.0 12.6 245 133 82 69 2345 | 1304 20 21 19
76 24.95 245 133 27.0 155 69 66 130.4 | 130.1 50 12.2 8
7 23.58 245 133 27.0 155 69 66 1304 | 130.1 20 0.9 n
78 25.99 245 133 27.0 155 69 66 130.4 | 130.1 10 3.6 3
79 28.66 245 133 27.0 155 69 66 1304 | 130.1 30 3.9 30
RESULTS

Despite extensive sampling, involving more than 136 individual samplings and
33,650 flies, only about 613 (about 2%) D. kikkawai were captured in the two years of
the study in Porto Alegre (tab. Il). This species was present in each of the three
urbanization zones of Porto Alegre, although it was most abundant in highly urbanized
areas. Climatic conditions such astemperature, relative humidity and rainfall during the
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Porto Alegre

Fig. 1. Sampling sites of Porto Alegre city: 1. Fernando Machado Sq.; 2. Dona Amélia St.; 3. Veleiros
do Sul Club; 5. Mario Totta St.; 8. Oswaldo Cruz St.; 9. Piratini Sq.; 14. Teresopolis St.; 18. Farroupilha
Sq.; 19. Lucas de Oliveira St.; 20. Itaborai St.; 23. Conceicdo St.; 24. Hil&rio Ribeiro St.; 26. Goethe
Sq.; 28. Dona Laura St.; 31. Darcy Vignoli Sg.; 34. Visconde do Rio Branco St.; 35. Pinheiro Machado
Sg. Transects (1-5) beginning in the center and radiating to the periphery of the city (HU, high
urbanization; MU, medium urbanization; LU, low urbanization, according to Ruszczyk (1986/1987)).

month of collection and the preceding month, aswell asfactorsrelated to the urbanization
of the sampling site such as percentage vegetation cover, distance from the center of the
city and altitude were also considered for statistical purpose.

Multiple regression analysis was performed using the frequency of occurrence of
D. kikkawai as the dependent variable versus all the other variables (urbanization and
climatic data and collection date). No significant correlation results were obtained (F=
1.60658; p> 0.25< 0.10) for samples45to 79, in spite of the tendency observed for species
distribution in the urbanized zones (figs. 8-10). For these samples, however, only
percentage of vegetation cover and the amount of built-up land used as co-variables
were significant, suggesting a more specific role for these variablesin the distribution of
D. kikkawai. It seems that D. kikkawai was capable of exploiting several types of
breeding sites, including native plants (Butia eriospatha (C. Mart. ex Drude) Becc.,
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Table Il. Characterization of Drosophila kikkawai samples in Porto Alegre city. Number and abdominal
color phenotypes of flies emerged in the laboratory (P) and of the next generation (G1) (S, summer; A,
autumn; W, winter; SP, spring; HU, high urbanization; MU, medium urbanization; LU, low urbanization;
N, total flies; FCC, FCc and Fcc, absolute frequency of CC, Cc and cc females, respectively; % FCC, %
FCc and % Fcc, relative frequency of CC, Cc and cc females, respectively; - no flies detected).

S| s|T|VY Generation
ale|r b
m|ajlajl?d P Gl
p s | n i
| o|s|Z Maleg Females Males Females
e n € t

c l') % % % % % %

t n| N FCC|FCC|FCc| FCc| Fcc| Fcc| N FCC [FCC |FCc |FCc | Fcc |Fcc
oL| S 5 |MU| 10| 4 1 17 2 33 3 50 | 289 143| 29 | 20 | 72 | 49 | 45 | 31
02| S| 4 |LU| 1| - - - 1|100| - - - - - - - - - -
03| A 1 |LU| 19 6 - - 4 31 9 69 | 313|181| 23 | 17| 66 | 50 | 43 | 32
04| A 2 |HU| 32| 19 - - 3 23| 10 | 77 | 249| 133| 17| 15| 65 | 56 | 34 | 29
05| A 1 |HU| 32| 17 - - 1 7 14 | 93 | 329 192| 16| 12| 8 | 62 | 36 | 26
06 | A 3 |MU| 34 | 18 - - 7 44 9 56 | 233|131 14| 14| 59 | 58 | 29 | 28
07 | A 1 || 5| 1] - - - - 4 | 100 99 | 73 | - - |2 | 77| 6 | 23
08| A 1 |LU| 15 5 - - 4 40 6 60 | 243 | 108| 18 | 13| 87 | 64 | 30 | 22
W|A| 4 | MU| 1| - - - - - 1 |100| - - - - - - - -
10| A 3 |HU| 8 4 - - 1 25 3 75| 55| 33 3 14| 15| 68 4 18
n| A 1 || 1| 1] - - - - - - - - - - - - - -
12| A 1| LU 4 1 - - 2 67 1|33|60]| 27| 4 12| 23| 70 6 18
13| A | 4 |HU| 9% | 40 | - - | 15| 27| 41| 73 |402| 211 | 39 | 20 | 108| 57 | 44 | 23
14| A 4 |MU| 58 | 28 - - 8 27 | 22| 73 | 342|193| 28 | 19| 84 | 56 | 37 | 25
15| A 1 |MU| 9| 3| - - 5 (8| 1| 17| 92| 33| 12| 20| 32| 54| 15| 25
16 | W 4 |HU| 13| 4 - - 6 67 3 331170 87 | 19| 23| 43 | 52| 21| 25
7| W | 4 |[MU| 5| 3| - - 1|5 | 1|65/ - - - - - - - -
18| SP| 5 |[MU| 2 - - - 2 | 100 - - - - - - - - - -
9| S| 1wl 7| - - | 4 100 - - | 289| 111| 29| 16| 92 | 52 | 57 | 32
20 S 1| LU 1 1 - - - - - - - - - - - - - -
21| S| 3 |MU| 11| 4 | - - 7 | 100| - - | 311|137| 21| 12 | 103| 59 | 50 | 29
2| S| 4|HU| 21| 9 | - - | 12100 - - | 254|107 11| 7 | 79| 54| 57| 39
23| A| 4 |MU| 20| 9| - - 7 | 54| 5| 3| - - - - - - - -
24 | A 1|LU| 4| - - - | 4 100 - - - - - - - - - -
25| A | 4 |HU| 16| 6| 1| 10| 7 | 70| 2 | 20| 243| 11| 27| 21| 66 | 50 | 39 | 29
26 | W 3 |MU| 22 9 1 7 9 70 3 23 1332|159 36 | 21| 88 | 51 | 49 | 28
27 | W 4 |HU | 16 7 - 6 67 3 33 1223|113 24| 22| 66 | 60 | 20 | 18
28 | W 1 |LU| 42| 15 2 8 19 | 70 6 22 | 386|183 63 | 31| 91| 45 | 49 | 24
29|W | 1 |LU| 1| 1] - - - - - - - - - - - - -
30| SP| 2 | LU 1 - - - 1 ]100| - - - - - - - - - -
31| SP| 4 |HU| 1| 1| - - - - - - - - - - - - - -
32|sSP| 1|LU|2| 9| - - 6 | 55| 5 | 45 |277|124| 32| 21| 70 | 46 | 51 | 33
33| SP| 4 |HU| 26| 11| - - 8 | 53| 7 | 47 | 321|149| 34| 20| 91 | 53 | 47 | 27
34|SP| 5 | MU| 19| 5| - - 8 | 57| 6 | 4333|187 10| 7 | 79 | 53 | 59 | 40
3B|SP| 3 | MU| 3B | 17 - - 1nmn|e1r| 7 39 | 363|168| 35| 18 | 107| 55 | 53 | 27

s 613 | 265| 5 171 172 6210|3094| 544 1691 881
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Figs. 2-7. Pigmentation polymorphism phenotypes of Drosophila kikkawai: 2, dark ¥; 3, medium %;
4, light &; 5, dark &; 6, medium J&; 7, light &.

Eugenia edulisBenth. & Hook. f. ex Griseb., FicusorganensisMiq., Psidiumguajaval.
and Syagrus romanzoffiana (Cham.) Glassman), exotic plants (Averrhoa carambola L.,
Citrusreticulata Blanco, Citrus sinensis (L.) Osbeck, Diospyros kaki L. f., Eriobotrya
japonica (Thunb.) Lindl. and Prunus persica (L.) Batsch) and garbage, as well as the
banana baits where the adult flies were captured.

The frequency distribution of the three phenotypic classes of first generation
offspring of flies (and their respective inferred genotypes) collected during the study
(tab. I, fig. 9) showed that the effect of temperature on abdominal color polymorphism
occurred in thewild D. kikkawai populations. Dark phenotypes were the most common
during the coldest months (May to August) and the light phenotypes during hot months
(December to March). Thistendency was specialy clear in samples of 1988.

When abdominal polymorphism was analyzed in relation to the urbanization levels
of origin, agradient was obtained (fig. 10) showing that darker forms (CC and Cc) are
associated with less urbanized areas.

For the laboratory experiments on the effects of temperature on body color,
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Table I11. Phenotypic absolute number (both sexs) and gene frequency (%) of aelles C and c in relation
to abdominal tergite pigmentation polymorphism of Drosophila kikkawai maintained in chambers at
25°C and 17°C, during 6 generations (G1-G6) (CC, dark; Cc, medium; cc, light; N, total flies analyzed per

generation; P, parental generation).

Charmber a 25°C
Generation
B Gl G2 G3 G4 G5 G6
Pop. 1 Phenotypic number cc 28 9 1 2 1 1 0
(FcexgCe, Ce, oo) Ce 7 235 32 266 267 280 293
c 7 0 0 0 0 0 0
N a2 244 323 268 268 281 203
Gere Frequency C 07500 05184 05015 05037 05019 05018 05000
c 02500 04816 04985 04963 04981 04982 05000
Pop. 2 Phenotypic number cC 7 15 4 1 0 0 0
(ECex GCC, Ce, o) ce 28 184 235 154 166 144 159
cc 7 286 305 229 242 244 259
N 2 485 544 384 408 388 418
Gere Frequency C 05000 02206 02233 02031 02034 0185%  0.1902
c 05000 07794 07767 07969 07966 08144  0.8098
Pop. 3 Phenotypic number cC 7 0 0 0 0 0 0
(Seex $CC, Ce, o) ce 7 o 146 130 134 159 140
cc 28 274 261 305 285 261 273
N Y 368 407 435 419 420 413
Gere Frequency C 02500 01277 01794 01494 01509 01893  0.695
c 07500 08723 08206 08506 08401 08107  0.8305
Charber at 17°C
Generation
B Gl G2 G3 G4 G5 G6
Pop. 1 Phenotypic number cc 28 20 12 18 13 21 28
(FCCxCC, Ce, o) ce 7 196 219 205 206 201 229
cc 7 0 0 0 0 0 0
N 2 216 231 223 219 22 257
Gere Frequency C 07500 05463 05260 05404 05207 05473 05545
c 02500 04537 04740 04596 04703 04527  0.4455
Pop. 2 Phenotypic number cc 7 12 12 21 14 15 22
(FCexGCC, Ce, ) ce 28 206 247 187 192 201 199
c 7 200 233 187 160 163 148
N Y 418 492 395 366 379 369
Gere Frequency C 05000 02751 02754 02899 03005 03047 03293
c 05000 07249 07246 07101 06995 06953  0.6707
Pop. 3 Phenotypic nurber cc 7 0 0 0 0 0 0
(Feex g CC, Cc, co) Ce 7 184 181 192 214 patl 207
cc 28 188 174 160 146 153 133
N a2 372 355 352 360 364 340
Gere Frequency C 02500 02473 02549 02727 02792 02898 03044
c 07500 07527 07451 07273 07208 07102  0.6956
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Fig. 8. Frequency of Drosophila kikkawai

in the parental (P) generation for each urbanization level
during the period from January 1987 to December 1988 (HU, high urbanization; MU, medium
urbanization; LU, low urbanization).
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Fig. 9. Phenotype distribution (¢ medium; A light; B dark) of Drosophila kikkawai (G1 generation)
according to seasons of collection during the years 1987 and 1988. Red dots represent the fluctuation

of the average minimum temperatures (T) (S, summer; A, autumn; W, winter; SP, spring).
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differences were found in the frequencies of the C (dark) and c (light) allelesin the three
laboratory populations (P1, P2 and P3) after six generationsin all the crosses maintained
at the two different temperatures (tab. I11). In population 1 at 25°C, the frequency of the
Cdleletended to drop from 75 to 52% in thefirst generation (G1) and maintained values
around 50% until the sixth generation (G6). The same population at 17°C al so presented
adropinthefrequency of C, inthefirst generation (G1), although not so abrupt, with the
C dellevarying around 55% until the sixth generation. Population 2 at 25°C showed an
abrupt fall inthefrequency of the C allelefrom 50 to 22% between the parent (P) generation
and the first generation, this frequency tending to be maintained at about 19% in
subsequent generations. At 17°C the fall was less abrupt, with stabilization occurring in
the sixth generation at a C alelefrequency of about 33%. With population 3, the C alele
frequency at 25°C decreased from 25 to 13% in thefirst generation and oscillated around
15t019% inthefollowing generations, whileat 17°C theinitial C allele frequency tended
to increase until it attained 30% in the sixth generation.

The tendencies observed in these experiments suggest some advantages for the C
alele at lower temperatures. These findings are similar to those obtained for natura
populations, where darker flies are more frequent in winter (fig. 9) and in less urbanized
zones (fig. 10) where temperatures tend to be lower than in more urbanized zones.

F (%)

60

40 —
30 —
20 —

HU MU LU
Urbanization

Fig. 10. Percent distribution (F %) of darker females (CC and Cc) in relation to all Drosophila
kikkawai collected at each urbanization level in Porto Alegre city, in the parental (P) generation
(HU, high urbanization; MU, medium urbanization; LU, low urbanization).

DISCUSSION

In spite of the small number of Drosophila kikkawai specimens in the Porto
Alegre samples, its presence was constant during the collection period, unlike other wild
species such as Drosophila willistoni Sturtevant, 1916, Drosophila nebul osa Sturtevant,
1916, and Drosophila paulistorum Dobzhansky & Pavan, 1943 whose popul ations have
shown clear peaks during several years of observation (VALENTE et al., 1989).
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If neither climatic factors nor variations in the urban environment contribute
exclusively to the maintenance of D. kikkawai in cities, the availability of trophic resources
may be an important factor in the regulation of D. kikkawai populations. Although this
fruit fly seemsto prefer exotic fruits (six out of eleven plants sampled) it isalso successful
inexploiting the nativeflora (5 plants). We found aweak associ ation between the numbers
of D. kikkawai and the more urbanized areas of Porto Alegre in which there is little
vegetation cover and therefore a lower availability of naturally occurring fruits. This
suggests that this species can successfully exploit substrates provided by man, such as
garbage. Taken together, these findings suggest the recent introduction of D. kikkawai
to this location and support its classification as a cosmopolitan species (PINHEIRO &
VALENTE, 1993); LEmEUNIER €t al. (1986) having attributed the dispersion of D. kikkawai
exclusively to human activity.

The present results on pigmentation polymorphism of the posterior abdominal
segments of D. kikkawai support those of FrReire-Maia (1963, 19644, b) and FreiRe-
Mala & FrReiRe-Maia (1964) who showed that heterozygotesfor this polymorphism were
the best adapted genotype, characterizing a type of balanced polymorphism. In high
temperature locations, FReiRe-Maia (1949, 1953), Freire-Mala et al. (1954) and Freire-
Maia & Freire-Mala (1964) also observed that light phenotypes were more common,
whereas the darker forms appeared to be favored at places having lower temperatures.
Their studies, however, were based on a survey of geographical variation at various
sites along the Brazilian coast during the same season. Although the study reported in
the present paper relies on data obtained by observation of seasona variation over a
two-year period, they reinforce the results obtained by FrReire-Maia (1949, 1953).

Other evidence of temperature effects on this polymorphismin natural popul ations
of D. kikkawai comes from the analysis of the association between the frequencies of
darker formsand low urbanization levels of the sampling sites. If we consider that zones
of higher urbanization are considerably warmer than peripheral zones (DuckwoRTH &
SaNDBERG, 1954), these findings support the idea that darker phenotypes are well
suceeded inlow temperatures. According to BrRyson & Ross (1972) the well-documented
climatic differences between cities and their surroundings are due to a combination of
the extensiveroad cover, lessair circulation caused by buildingsand air pollution, all of
which contribute to turning the city into a‘thermal island’. The gradient observed in the
frequencies of the color patterns of D. kikkawai from the center to the periphery of
Porto Alegre, may reflect a temperature gradient imposed by the radial urbanization
characteristic of Porto Alegre and suggests that the difference of a few degrees of
temperature caused by different levels of urbanization is enough to favor different
phenotypes in each urban zone.

The temperatures used in laboratory experiments (17° and 25°C) did not appear to
be sufficient to promote strong differences in gene frequencies in the D. kikkawai
populations analyzed. Gigerr et al. (1999) found color differencesin Indian populations
of D. kikkawai subjected to seven other experimental temperatures from 12° to 30°C. In
fact, in Porto Alegre environmental temperatures are considerably lower than 17°C in
winter (average minimum temperature of about 8°C) and higher than 25°C in the summer
(average maximum temperature of about 30°C). Despite these differences between the
experimental conditionsand thosefound in the Porto Alegre environment and the limited
number of generations analyzed, we still observed opposite tendenciesin the frequencies
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of the C and c aleles in laboratory populations kept at 17° and 25°C. These finding
suggests once again that the allele determining dark body color is favored at lower
temperatures.

Color polymorphism in abdominal segmentsis not an uncommon phenomenon in
Drosophila (review in PavanT, 1986), and has been studied by DA CunHA (1949), Heep &
BLAKE (1963), Narp MARTINEZ & Corpeiro (1970) and MacHADo et al. (2001) in South
American Drosophila polymor pha Dobzhansky & Pavan, 1943. Da CunHa (1949) found
that geneswith adifferent mode of action are responsiblefor the control of the expression
of abdominal pigmentation in populations of the northern part of South Americacompared
with thosefromtherest of Brazil. Theselatitudinal differences may reflect, onceagain, a
selective response to different temperatures. Perhaps such latitudinal differences can
also explain the different pattern of phenotype variation found by Giserr et al. (1999) in
Indian populations of D. kikkawai compared with those found in Brazilian popul ations
of thisfly.

The physiological basis for the advantage of darker forms of D. kikkawai in
winter months and in colder environmentsis still not completely clear. The association
between darker bodies and lower temperatures (and vice-versa) can be explained by the
thermal budget hypothesis, which states that dark bodies absorb solar radiation better
than those of light ones. Consequently, darker forms are favored in their sexual
performances, activities of locomotion and in flight when they are subject to low
temperatures.
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