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ABSTRACT 

Natural populations of Drosophila willistoni collected both in urban sites and in the wild, as control, were analysed with 
respect to their isoenzyme polymorphisms in six loci of enzyme systems, through horizontal electrophoresis. The first 
pool of populations was collected and analysed during the years 1987 and 1988, and the other during 1992 and 1993, 
in comparable seasons. The level of enzymatic polymorphism first detected was smaller in comparison to that observed 
four years later, suggesting an increase of variability along the time elapsed since the first sampling of this species, in 
the city of Porto Alegre. Our findings are suggestive of an increasing adjustment of the species to this new environment. 
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RESUMEN 

Poblaciones naturales de Drosophila willistoni recolectadas en lugares urbanos y silvestres, como control, fueron 
analizadas seg¼n su polimorfismo isoenzimatico en seis loci de sistemas enzimaticos, mediante electroforesis 
horizontal. El primer grupo de poblaciones fue obtenido y estudiado en Ios afios 1987 y 1988, mientras el segundo lo 
fue en Ios afios 1992 y 1993, en periodos del afio comparables. El nivel de polimorfismo enzimatico detectado en el 
primer perfodo fue pequefio en comparaci6n con el detectado en el segundo grupo de muestras, obtenidas cuatro afios 
despues, sugiriendo un incremento de variabilidad temporal. Nuestros hallazgos sugieren un ajuste creciente de la 
especie a su nuevo ambiente. 
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INTRODUCTION 

Marginal populations present a unique 
opportunity for evolutionary studies, since it is 
under such conditions that genetic adaptation to 
extreme environments could more frequently be 
found. In the Genus Drosophila, the genetics of 
marginal populations has been the matter of 
several classical studies (Da Cunha & 
Dobzhansky 1954, Da Cunha et al. 1959, Carson 
1955, 1959, Dobzhansky 1965). 

Drosophila willistoni is a wild, widespread 
species, native to hot and humid Neotropical 
forests, occurring from Florida and Mexico, that 
corresponds to the Northern range of its 
distribution, to Argentina, in the South (Spassky 
et al. 1971, Cordeiro & Winge 1995). Although 
classified as a "wild" species (Dobzhansky 1965, 
Carson 1965), D. willistoni seems to be capable 
of exploring man-altered environments 
(Dobzhansky 1965), due to its wide genetic 
variability expressed through several genetic 

markers until now surveyed. These include enzyme 
variability, documented by Borba & Napp (1986) 
for samples from southern latitudes. This 
potentiality was confirmed by the finding of this 
fly in samples from urban places in the city of 
Porto Alegre of southern Brazil, by Valente & 
Araujo (1986) and by Gofii et al. (1997, 1998) in 
urban and suburban places of the city of Montevi-
deo, in Uruguay. The present report is an attempt 
to describe the level of genetic variability of 
these urban populations of D. willistoni. 

MATERIAL AND METHODS 

Samples of natural populations of Drosophila 
willistoni were collected flying around banana 
baits, or as they emerged from rotten fruits of 
native and exotic plants, in parks and squares of 
Porto Alegre city (30° 1 0' S, 51 o 06' W), as well 
as in a wild control site, Eldorado do Sul (30° 05' 
S, 51 o 30' W) 40 km distant. 
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Fermented fruits colonised by preadult forms 
of Drosophila were carried to the laboratory and 
individually placed in tubes with culture medium 
(Marques et al. 1966) until the emergence of adult 
flies, according to Brncic & Valente (1978). The 
emerged flies were aspirated and classified by 
inspection of their distinctive characteristics of 
external genitalia. Isofemale lines of D. willistoni 
were immediately established, with one F1larva 
per female dissected, processed according to 
Ash burner ( 1967) and analysed with respect to 
its chromosomal polymorphism (Valente et al. 
1993). Following this routine, through the 
analysis of the polytene chromosomes, we also 
discarded the possibility of misidentifications, 
since the sibling species D. paulistorum is 
sympatric to D. willistoni in almost all our 
samples. After their emergence, the flies were 
aged for a week, homogenized, and subjected to 
horizontal electrophoresis assays. 

Adult individuals of both sexes were submitted 
to horizontal electrophoresis in polyacrilamide 
gels revealed for the following enzymatic systems, 
under their respective conditions. Octanol 

dehydrogenase (Odh) and Malate dehydrogenase 
(Mdh): buffers according to Poulik (1957); 8 % 
and 6 % concentration of the gels, respectively, 
and staining according to Ayala et al. (1972). 
Acid phosphatase (Acph) and a-glycerophosphate 
dehydrogenase (a-Gpdh): Htiettel & Bush (1972) 
buffers, gels at 6 % and staining by Ayala et al. 
(1972). Amylase (Amy): buffer of Scandalios 
(1969), 8 % concentrated gels. 

Expected heterozygosities per locus (Ayala et 
al. 1972) were compared to observed heterozygo-
sities by the d test of Bailey (1974). 

Two sample pools were analysed: the first 
collected between 1987 and 1988, and the other 
collected between 1992 and 1993, in comparable 
seasons. 

RESULTS AND DISCUSSION 

Table 1 corresponds to the data on the variation 
found in the Mdh locus analysed in D. willistoni 
populations. It can be observed that urban 
populations tended to become more polymorphic 

TABLE 1 

Allelic frequencies and heterozigosity in the Mdh locus of urban and wild populations of 
Drosophila willistoni 

Frecuencias a1elicas y heterozigosidad en e1 locus Mdh de poblaciones urban as y si! vestres de Drosophila willistoni 

Sample 
1987-1988 1992 1993 

Urban Wild Urban Urban 
Allele Goethe Tristeza Eldorado Eldorado M. Cardoso Eldorado M. Cardoso 

(+) (++) (+) (+) (+) (+) (+) (+) 

1.50 0.0076 
1.31 0.0090 
1.29 0.0225 0.0173 
1.26 0.0090 0.0690 
1.20 0.0056 0.0800 0.0357 0.0518 0.0278 
1.14 0.0152 
1.10 0.0200 0.0090 
1.00 0.9592 1.0000 0.9815 0.9551 0.8000 0.8751 0.8104 0.8834 0.9546 
0.94 0.0090 0.0556 
0.89 0.0345 0.0111 
0.85 0.0306 0.0185 0.0112 0.0800 0.0179 0.0173 0.0076 
0.82 0.0268 0.0111 0.0151 
0.75 0.0111 
0.60 0.0102 0.0056 
Genes 98 80 54 178 50 112 58 180 132 
analysed 
Obs. het. 0.0408 0.0000 0.0370 0.0899 0.2000 0.1787 0.3104 0.0556 0.0607 
Exp. het. 0.0789* 0.0000 0.0363 0.0871 ** 0.3464*** 0.2316*** 0.3290*** 0.2154*** 0.0882* 

+ = collected in fruits of Syag rus romanzoffiana 
++ = collected in fruits of Averrhoa carambola 
Significant at levels= *0.05; **0.01; ***0.001 
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with time, as seen in the heterozygosis levels that 
appeared to increase from the first samples ( 1987-
1988) to the later ones (1992-1993). This also 
seems to be true for the number of alleles detected 
in this enzymatic system. 

The Odh-2 locus (Table 2) clearly showed the 
same tendency, especially with regard to the 
comparison of the heterozygosis values, which in 
the 1987-1988 samples were similar but increased 
considerably in the urban populations, sampled in 
1992 and 1993. On the contrary, the Odh-1 locus 
(Table 3 ), only analysed in the years 1992 and 
1993, showed inverse tendencies in the number of 
alleles, in these two samples. In 1992, the urban 
populations showed more alleles than the wild 
one, contrary to what occurred in samples of 
1993. In both samplings, however, the 
heterozygosis was higher in the urban populations 
than in the wild ones. 

The a-Gpdh system, whose functional role in 
the wing vibration is well known for several 
winged insects and is also important to the 
dispersion of coloniser populations, had its 
variability diminished between the first and the 
second period of sampling, as can be seen in 
Table 4. This was true both for the heterozygosity 

measurement and for the number of alleles 
detected. Our interpretation for these findings is 
that in an initial phase, when the populations were 
exploiting the new urban environment, 
heterozygote flies had been favoured, and several 
alleles had been "tested" in face of the new 
challenges found. Later, when the populations 
were already established, the number of possible 
combinations dropped, a certain tendency to allele 
fixation emerging. For instance, among the 
samples of two contiguous and comparable places, 
as those of 0. B. Viana street (1988) and of M. 
Cardoso square (1992), only one of the alleles 
initially found showed the tendency of being fixed. 

Table 5 shows data of the acid phosphatase 
(Acph) locus, in which we also observed a 
tendency for increasing variability between the 
two periods of sampling, but in this case this 
phenomenon seems also to occur in wild 
populations. Some urban populations, however, 
as those of Redencao Park, that in the first period 
presented few alleles and low heterozigosity, 
doubled the number of alleles and showed high 
heterozygosity in the later samples. The same was 
verified in the samples from 0. B. Viana (1987-
1988) and from P. M. Cardoso (1992). 

TABLE2 

Allelic frequencies and heterozigosity in the Odh-2 locus of urban and wild populations of 
Drosophila willistoni 

Frecuencias alelicas y heterozigosidad en el locus Odh-2 de poblaciones urbanas y silvestres de Drosophila 
willistoni 

Sample 
1987-1988 1992 1993 

Urban Wild Wild Urban Wild Urban 
Allele Redencao Goethe 0. B. Viana Tristeza C. Batista J. Botanico Eldorado Eldorado Eldorado P. M. Cardoso Eldorado P. M. Cardoso 

(+) (+) (+) (++) (+) (+++) (+) (+) (+) (+) (+) (+) 

1.14 0.0091 
1.12 0.0263 0.0417 0.0323 0.0429 0.0352 0.0336 0.0339 0.0435 0.0357 
110 0.0119 
100 0.9649 10000 0.9583 0.9032 0.9476 0.9648 0.9552 0.9661 0.9791 0.9131 0.9546 0.9047 
0.94 0.0209 0.0182 0.0357 
0.90 0.0088 0.0484 0.0095 0.0112 0.0435 0.0091 0.0119 
0.81 0.0091 
0.75 0.0161 
Genes 114 66 48 62 210 256 268 118 48 46 110 84 
Obs. het. 0.0702 0.0000 0.0833 0.1290 0.1048 0.0547 0.0896 0.0678 0.0417 0.1738 0.0910 0.1190 
analysed 
Exp. het. 0.0682* 0.0000 0.0799 0.1806*' 0.1001*" 0.0679*' 0.0863'*' 0.0655' 0.0409 0.1625* 0.0880* 0.1787** 

+=collected in fruits of Syagrus romanzojfiana 
++ = collected in fruits of A verrhoa carambola 
+++ = collected in fruits of Butia eriospatha 
Significant at levels= *0.05; **0.01; ***0.001 
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TABLE 3 

Allelic frequencies and heterozigosity in the Odh-1 locus of urban and wild populations of 
Drosophila willistoni 

Frecuencias alelicas y heterozigosidad en el locus Odh-1 de poblaciones urbanas y silvestres de Drosophila 
willistoni 

Sample 
1987-1988 1992 1993 

Urban Urban 
Allele R e d e n c a o  R e d e n c a o  

(+) (+) 

1.75 
1.70 0.0175 
1.62 0.9825 0.8912 
1.55 0.0218 
1.50 0.0870 
Genes analysed 114 46 
Obs. het. 0.0000 0.1304 
Exp.het. 0.0344 0.1977* 

+=collected in fruits of Syagrus romanzoffiana 
Significant at levels= *0.05; **0.01; ***0.001 

Wild Urban Wild 
Eldorado P. M. Cardoso Eldorado 

(+) (+) (+) 

0.1185 0.0448 
0.0373 

1.0000 0.7368 0.8358 
0.1448 0.0821 

46 76 134 
0.0000 0.3158 0.1641 
0.0000 0.4221 *** 0.2913*** 

TABLE4 

Allelic frequencies and heterozigosity in the a-Gpdh locus of urban and wild populations of 
Drosophila willistoni 

Frecuencias alelicas y heterozigosidad en el locus a-Gpdh de poblaciones urbanas y silvestres de Drosophila 
willistoni 

Sample 
1987-1988 1992 

Urban Wild Wild Urban 
Allele Redencao Goethe 0. B. Viana Tristeza Andaraf J. Botii.nico C. Batista Eldorado Eldorado Eldorado Redencao P.M.Cardoso 

(+) (+) (+) (++) 

1.20 0.0096 0.0196 0.0125 
1.17 
1.00 0.9904 1.0000 0.9706 0.9750 
0.84 0.0098 0.0125 
Genes 104 38 102 80 
analysed 
Obs. het. 0.0192 0.0000 0.0588 0.0500 
Exp. het. 0.0190 0.0000 0.0574 0.0491 

+ = collected in fruits of Syagrus romanzofjiana 
++=collected in fruits of Averrhoa caramhola 
+++ = collected in fruits of Butia eriospatha 
Significant at levels= *0.05; **0.01; ***0.001 

(+) (+++) 

1.0000 0.9952 
0.0048 

136 210 

0.0000 0.0095 
0.0000 0.0056 

Finally, the Amy system (Table 6), analysed in 
samples collected in 1993, showed a higher 
number of alleles and heterozigosity in the urban 
population in contrast to the wild one. 

The conclusions obtained from this analysis of 
all enzymatic loci comparing urban and wild 

(+) (+) (+) (+) (+) (+) 

0.0109 0.0777 
0.0222 0.0135 

1.0000 0.9891 1.0000 0.8667 0.9865 1.0000 
0.0333 

164 184 134 90 74 86 

0.0000 0.0217 0.0000 0.1554 0.0270 0.0000 
0.0000 0.0216 0.0000 0.2423*** 0.0267 0.0000 

populations of D. willistoni for sampling periods 
separated by four years, are as follows. We 
observed a general tendency of an increase in the 
number of alleles and/or of the levels of 
heterozygosity in urban populations, when 
compared to those from the wild control site. This 
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TABLES 

Allelic frequencies and heterozigosity in the Acph locus of urban and wild populations of 
Drosophila willistoni 

Frecuencias alelicas y heterozigosidad en el locus Acph de poblaciones urbanas y silvestres de Drosophila willistoni 

Sample 
1987-1988 1992 

Urban Wild Wild Urban 
Allele Redencao Goethe 0. B. Viana Tristeza J. Botanico Andarai C. Batista Eldorado Eldorado Eldorado Redecao P.M.Cardoso 

(+) (+) (+) (++) (+++) (+) 

1.37 
1.20 0.0048 
1.16 0.0263 0.0102 0.9474 
1.00 0.9737 1.0000 0.9745 0.0526 0.9904 1.0000 
0.87 
0.85 0.0153 0.0048 
0.81 
0.75 
0.56 
Genes analysedll4 38 196 38 208 70 
Obs. het. 0.0526 0.0000 0.0510 0.1053 0.0286 0.0000 
Exp. het. 0.0512 0.0000 0.0499 0.0997 

+=collected in fruits of Syagrus romanzoffiana 
++ = collected in fruits of Averrhoa carambola 
+++ = collected in fruits of Butia eriospatha 
Significant at levels= *0.05; **0.01; ***0.001 

0.0283 0.0000 

is valid for the main proportion of the enzymatic 
systems evaluated. Considering the short 
generation period of this species, and the time 
elapsed between the two sampling periods ( 1987 I 
1988-1992/1993 ), we suggest that the increase of 
genetic variability could be the consequence of 
the success of D. willistoni in becoming 
established in the new urban environment. The 
same populations were analysed with respect to 
their chromosomal polymorphism for paracentric 
inversions (Valente et al. 1993) and the results 
clearly showed a significant loss of structural 
chromosomic variability in urban populations. 
This finding support the idea of homoselection 
operating in marginal populations (Carson 1955, 
1959). According to this hypothesis, an increase 
of recombination allowed by the loss of inversions 
could generate higher allelic variability. This 
seems to be the case for our populations. 

We think that this is the most probable 
explanation for our findings, given our studies on 
both urban fly populations for more than fifteen 
years (Valente & Araujo 1985, Bonorino & 
Valente 1989, Santos & Valente 1990, Valente et 
al. 1989, 1993, Bonorino et al. 1993, Regner & 
Valente 1993, Rohde & Valente 1996, 1997; 
Valiati & Valente 1996, 1997), and of wild ones 
(Valente & Araujo 1991, Saavedra et al. 1995). 

(+) (+) (+) (+) (+) (+) 

0.1429 

0.0342 0.0176 0.0077 0.2427 0.4500 0.2738 
0.9179 0.9471 0.9615 0.6986 0.5000 0.5714 

0.0294 0.0119 
0.0479 0.0353 0.0308 0.0250 

0.0074 0.0250 
0.0074 
0.0074 

162 170 130 136 40 84 
0.1481 0.0823 0.0769 0.5000 1.0000 0.4762 
0.1399 0.1014* 0.0745 0.4520*** 0.5463** 0.5780*** 

TABLE6 

Allelic frequencies and heterozigosity in the 
Amy locus of urban and wild populations of 

Drosophila willistoni 

Frecuencias alelicas y heterozigosidad en el locus Amy 
de poblaciones urbanas y silvestres de Drosophila 

willistoni 

Sample 
1993 

Wild Urban 
Allele Eldorado P. M. Cardoso 

(+) (+) 

1.25 0.0062 
1.12 0.0070 0.0186 
1.00 0.8056 0.8088 
0.92 0.0209 
0.89 0.1667 0.1605 
0.82 0.0062 
Genes analysed 144 162 
Obs. het. 0.2084 0.2965 
Exp. het. 0.3227** 0.3197*** 

+ = collected in fruits of Syagrus romanzoffiana 
Significant at levels= *0.05; **0.01; ***0.001 
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During this time, we have observed that the urban 
environment is unfavorable to wild species (like 
D. willistoni and others). They are poorly 
represented in the samples emerged from fruits 
collected in the city, being strongly surpassed by 
cosmopolitan species as D. simulans, D. hydei, D. 
immigrans, D. kikkawai, and others in smaller 
scale. These later species clearly present 
characteristics of being better competitors than 
the wild studied species (D. willistoni, D. 
paulistorum, D. nebulosa, D. cardinoides, D. 
polymorpha). 

With respect to food, we also observed great 
unpredictability in urbanised places: rotting fruits 
does not remain available for much time due, in 
part, to the consumption by other animals, 
including those associated with human activities 
(as rats, for instance), or because they are collected 
by man and swept away from public and/or private 
places. So, no evidences in the relaxation of the 
selective forces could be invoked to explain the 
increase of the genetic variability found in our 
samples. 
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