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Abstract: Genetic diversity in natural populations has been explored through evolutionary analysis, and patterns of microscale 
biodiversity have been studied in populations at “Evolution Canyon”, Israel. A total of 2,000 eggs from each of iso-female 
Drosophila melanogaster line 2-1 from the north-facing slope (NFS) and line 6-1 from the south-facing slope (SFS) were placed in 
20 vials and evaluated. Egg-to-adult viability was 0.89 and 0.75 in lines 2-1 and 6-1, respectively, and the difference was statistically 
significant by t-test. Genetic diversity was higher on the harsher SFS than on the milder NFS. Inter-slope genetic differences 
corroborated the effect of stochastic climate selection pressures to viability polygenes in populations at “Evolution Canyon”, Israel. 
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1. Introduction 

“Evolution Canyon” has a typical Mediterranean 
climate, and variations in topography and ecosystems 
within the canyon, particularly the opposing 
orientations of slopes produce very different 
ecological characteristics due to solar radiation that is 
approximately 600% higher on the south-facing slope 
(SFS) than the north-facing slope (NFS) during certain 
periods of the year [4, 5]. Viability is one component 

 

In nature, multiple genetic variations can co-occur 
due to the low disparity of individual fitness within 
species populations. The genetic structure of species is 
maintained or adapted based on interactions with 
internal and external environmental factors. In the 
1980s, Dobzhansky and colleagues studied and 
discovered many genetic variations in Drosophila 
pseudoobscura, such as viability, chromosomal 
structure, and polymorphisms [1, 2]; of these, 
polymorphisms were thought to be due to random 
genetic drift [3].  
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of fitness, and natural selection acts on even small 
differences designated as the viability polygene [6-8]. 
Fertility is another obvious component of fitness in 
Drosophila, but this one is much more difficult to 
characterize as there is tremendous environmental 
variability in fertility among females with the same 
homozygous chromosomes. 

Complex and varying patterns have been 
demonstrated among genetic, morphological, and 
behavioral components of biodiversity in local 
populations. In this paper, genetic biodiversity of 
viability (polygene), natural selection based on solar 
radiation, and genetic drift in local populations of 
Drosophila melanogaster in “Evolution Canyon”, 
Israel are discussed. 

2. Materials and Methods 

2.1 Stations and Fly Collection 

Biogeographically, the middle East is at the 
intersection of the Oriental, Afrotropical, and 
Palearctic regions (Fig. 1). 

In “Evolution Canyon”, seven stations are arranged 
along a north-south transect that extends from the top 
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Fig. 1  Map of Israel showing Haifa at the north-most tip 
(by pamphlet). 
 

to the bottom of the SFS (stations 1, 2 and 3) and the 
NFS (stations 5, 6 and 7), while station 4 is at the 
Mediterranean Sea (Fig. 2). 

2.2 Flies 

D. melanogaster individuals were reared on standard 
cornmeal-yeast medium at 25 °C. Wild-type laboratory 
strain Oregon-R served as a control. Iso-female line 
2-1 was established from a specimen collected on the 
SFS, and iso-female line 6-1 was established from a 
specimen collected on the NFS. Statistical analyses 
were conducted as described in Ref. [9]. 

2.3 Egg-to-Adult Viability 

Oviposit eggs were produced by placing 50 adult 
files (sex ratio of 1:1) of each line in a glass “cut-vial” 
(3 cm diameter and 4 cm length). After oviposition, 
100 eggs were allocated to each of 20 standard glass 
vials (3 cm diameter and 11 cm length) for each line 
(Fig. 3). A total of 2,000 eggs were used as the starting 
materials for each line. Viability was determined as 
the number of adult flies/initial egg number in each 
vial. 

3. Results and Discussion 

3.1 Egg-to-Adult Viability 

Table 1 shows the egg-to-adult viability for each 
vial and the mean ± standard error (SE) for the two 
iso-female lines, 2-1 and 6-1. One of the most 
important components of fitness is having appreciable 
genetic variation in natural populations. The 
mechanisms involved in the maintenance of genetic 
variability of viability and determination of how many 
types of genes are involved in viability polygenes in 
populations of D. melanogaster were previously 
conducted, and the molecular basis of these genes was 
shown to be a combination of minor aberrations, such 
as insertions, and deleterious and base changes in the 
viability polygenes [7]. The mechanisms for 
maintenance of this kind of variability are 
mutation-selection balance together with genotype 
environment interaction. 

 

 
Fig. 2  Stations along the north-south transect in “Evolution Canyon”. The east-side along with the SFS (stations 1, 2 and 3) 
has a tropical ecosystem, and NFS (stations 5, 6 and 7) has a lush, green ecosystem. Station 4 is at the Mediterranean Sea. 
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Fig. 3  Experimental materials: original “cut-vial” with 
medium, Petri dish with 70% ethanol, and a long spatula. 
 
Table 1  Values of egg-to-adult viability in lines 2-1 and 
6-1. 

Vial number Line 
 2-1 6-1 
1 73.0 63.4 
2 99.0 73.8 
3 55.1 85.1 
4 99.0 57.4 
5 99.0 75.0 
6 94.9 67.3 
7 88.0 92.1 
8 81.6 87.4 
9 81.2 76.9 
10 98.0 72.9 
11 98.0 73.8 
12 80.8 89.9 
13 84.0 55.0 
14 92.0 82.5 
15 90.0 72.3 
16 99.0 81.6 
17 99.0 71.4 
18 59.0 80.0 
19 85.4 71.3 
20 94.1 78.2 
Mean ± SE 87.5 ± 2.91 76.7 ± 2.61 

Ranges of values for each line are shown in parentheses. 

The rapid rate of global climate change is having 
strong effects on many species and, at least in some 
cases, is driving evolution in East Africa where the 
predominant climates range from dry field (like that of 
SFS) to generally wetter conditions (like that of NFS) 
with more prolonged wet and dry intervals [10]. 
Temperature and/or humidity are among the most 
important environmental factors affecting organismal 
adaptive strategies, stochasticity, and Drosophila 
evolution at “Evolution Canyon”. 

4. Conclusions 

Genetic variability of viability is maintained mainly 
through a selection-drift balance of natural 
populations, genotype-environment interactions 
appear to have caused increased gene frequencies by 
viability polygenes in natural populations of 
Drosophila melanogaster in “Evolution Canyon”, 
Israel. 

References 
[1] Lewontin, R. C. 1974. The Genetic Basis of Evolutionary 

Change. New York and London: Columbia University 
Press. 

[2] Lewontin, R. C., Moore, J. A., Provine, W. B., and 
Wallace, B. 1981. Dobzhansky’s Genetics of Natural 
Populations, I-XLIII. Columbia University Press. 

[3] Wright, S. 1931. “Evolution in Mendelian Populations.” 
Genetics 16 (2): 97-159. 

[4] Harry, M. E., Rashkovetsky, T., Pavilicek, S., Baker, E. 
M., Derzhavets, P., Capy, M.-L., Cariou, D., Lachaises, 
N., Asada, N., and Nevo, E. 1999. “Fine-Scale 
Biodiversity of Drosophilidae in ‘Evolution Canyon’ at 
the Lower Nahal Oren Micro Site, Israel.” Biologia 54: 
685-705. 

[5] Nevo, E. 2001. “Evolution of Genome-Phenome 
Diversity under Environmental Stress.” Proceedings of 
the National Academy of Sciences, U.S.A. 98 (11): 
6233-40. 

[6] Kusakabe, S.-I., and Mukai, T. 1982. “Maintenance 
Mechanisms of Genetic Variability due to Viability 
Polygenes and Its Implication to Adaptive Evolution of 
Organisms.” Japanese Journal of Genetics 57: 193-218. 
(in Japanese) 

[7] Kusakabe, S.-I., and Mukai, T. 1984. “The Genetic 
Structure of Natural Populations of Drosophila 



Relative Viability in Drosophila melanogaster in “Evolution Canyon”, Israel 

 

172 

melanogaster. XVIII. Clinical and Uniform Genetic 
Variation over Populations.” Genetics 108 (3): 612-32. 

[8] Mukai, T. 1990. “Viability Polygenes in Populations of 
Drosophila Melanogaster.” In Population Biology of 
Genes and Molecules, edited by Takahata, N., and Crow, 
J. F. Baifukan, 199-217. 

[9] Sokal, R. R., and Rohlf, F. J. 1969. Biometry. The 
Principles and Practices of Statistics in Biological 

Research. San Francisco: W. H. Freeman and Company. 
[10] Johnson, T. C., Werne, J. P., Brown, E. T., Abbott, A., 

Berke, M., Stein, M., Steinman, B. A., Halbur, J., 
Contreras, S., Grosshuesch, S., Deino, A., Lyons, R. P., 
Scholz, C. A., Schouten, S., and Sinninghe-Damste, J. S. 
2016. “A Progressively Wetter Climate in Southern East 
Africa over the Past 1.3 Million Years.” Nature 537: 
220-4. 

 


