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Abstract 
In the local condition of Chitwan Nepal the study on morphology and capacity of Drosophila 

melanogaster was not investigated. Therefore, an experiment was carried out to determine morphology 

and capacity of Drosophila melanogaster in changing climate and variable environmental factors. 

Laboratory and field study of D. Melanogaster was carried out in five sample stocks that were collected 

from the field and at the same time evaluation in field condition was also carried out; the research was 

conducted from January 2022 to December 2022. Samples of D. Melanogaster with similar body size 

and wing structure were accumulated in the laboratory condition to determine variation in morphology 

(wing size) with respect to different month period artificializing similar temperature in laboratory 

condition as that of external environment. In the field, the samples were analyzed from the same site 

through where the insects collected for laboratory study, however with different elevation. The variation 

in morphology, i.e., size of wings (length and breadth) was studied in the laboratory while for each ten 

minutes the flight or climbing capacity of sample Drosophila were counted or recorded in the field. It 

was found that the average length and breadth of the wings of Drosophila fluctuated in variable months 

of the year. Longest length (with average of 3mm) and width of wings (2 mm in average) observed in the 

sample Drosophila during the month of June, July, October, November, and December, while shortest 

length of wings (2.5 mm in average) and width (1.5 mm in average) found in the month of February, 

March, April, May, August, and September in the similar samples of Drosophila. Higher reduced flight 

or climbing capacity in average (81%) were observed in the Drosophila stock samples flying at lower 

elevation of 150 masl (i.e., having higher CO2) and lower reduced flight or climbing capacity in average 

of 30% were observed in similar sample Drosophila flying at higher elevation of 850 masl (i.e., having 

lower CO2). Morphology and capacity of sample Drosophila melanogaster was found affected by 

variable environmental and presumed changing climate in Chitwan district of Nepal. 

 

Keywords: Capacity, elevation, flying, temperature, wing 

 

Introduction 

The extinction of species or organisms or its population may be caused by various pressure or 

stress of the environmental condition that may decrease fitness to the extent that have negative 

consequences in the organism or reproduction or activities (Hoffmann and Parsons, 1991) [22]. 

Physiological limits can have effect in the susceptibility of organisms to climate change and 

indicate vulnerability (Bernardo et al., 2007; Williams et al., 2008; Huey et al., 2009) [8, 54, 

23]. The population of vertebrates from lowland site may be influenced as they resemble close 

to their thermal threshold and are could be observed experiencing stressful condition 

(Bernardo and Spotila, 2006; Huey et al., 2009) [9, 23].  

In nature, organisms also often face small periods of stressful conditions that extend outside 

the range of conditions in which organisms can be cultured. Phenotypic plasticity is the cause 

that the organism with thermal extremes tolerating such short. At the individual level, 

physiological limits therefore depend on the trait being analyzed, length of exposure of the 

extreme conditions and plastic responses.  

Adaptive evolution or transformation could be observed with environmental variables like 

temperature, photoperiod and food availability vary over spatial and temporal scales, driving 

adaptive divergence among populations, etc. 
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The subject of organism’s life history is quite interesting due 

to the ecological and evolutionary impact of latitude (Roff, 

1980; Mittelbach et al., 2007; Kapun et al., 2016; Rajpurohit 

et al., 2017) [46, 32, 28, 39], altitude (Hawkins, & DeVries, 1996; 

Sørensen , 2005; Pitchers et al., 2013; Klepsatel et al., 2014; 

Ayhan et al., 2016) [21, 47, 37, 29, 36, 1] and seasons (Bergland et 

al., 2014; Dobzhansky and Ayala, 1973; Rajpurohit et al., 

2017; Williams et al. 2017; Machado et al., 2021; Rodrigues 

et at., 2021) [39, 54, 6, 39, 31, 44].  

The seasonal consistent pattern of winter versus summer 

seasons in temperate regions or wet versus dry seasons in 

tropical regions formed by the annual pattern in photoperiod 

and temperature varies with latitude and seasonal changes in 

these environmental parameters. Therefore, seasonally 

varying environments can incline the selective pressures as a 

function of time compared to the stable non-seasonal 

environments. These variations in the measure of seasonality 

might be one of the measures where spatial clines are 

prepared and appear because of the seasonal phase cline 

models (Rhomberg and Singh, 1986) [43]. For example, we can 

observe the population of Drosophila melanogaster residing 

in high-latitude collected in autumn are genetically and 

phenotypically similar to low-latitude populations (Cogni, et 

al., 2014; Behrman et al., 2015; Cogni et al., 2015) [13, 14, 4] 

The organism’s evolutionary linkage to the seasonality, which 

is formed by a complex and fluctuating environmental 

pressure, ensures that existing genetic polymorphisms are 

preserved.  

In one of the studies in North America observed that the 

seasonal genomic oscillations in Drosophila populations 

delivers an important insight into rapid adaptation to seasons 

(Bergland et al., 2014) [6]. Bergland et al. (2014) [6] identified 

alleles called ‘fall like’ and ‘spring like’, which have the 

capacity to fluctuate rapidly within seasons, which confirms 

that the populations rapidly adapt to changing environments.  

Clinal patterns have been observed in some scientific 

evidence that indicates that temperature is the primary cause 

for this issue. In a laboratory study it was observed that the 

body size of Drosophila evolved in concordant with 

latitudinal sorting under thermal adaptation (Cavicchi et al., 

1989; Partridge et al., 1994) [11, 33]. Many other ecological and 

environmental parameters, such as rainfall, humidity, and UV 

exposure, vary along latitudes. Recent studies have attempted 

to identify the ecological and environmental factors that may 

have resulted in latitudinal changes for body size (Jones et al., 

2005; Stillwell Stillwell et al., 2007; et al., 2008) [25, 47-48]. Due 

to adaptation in polygenic traits the adaptation to new 

environments usually occurs and as selection alters the 

optimal values of life history traits in new environment. In 

Drosophila the polygenic morphological traits such as body 

size could be assessed (Turner et al., 2011; Pitcher et al., 

2019) [50, 37] and previous studies showed positive correlation 

between size related traits such as thorax length, body weight 

and wing size in (Reeve, 1950; Cowley and Atchley, 1990; 

Partridge et. al., 1994) [33, 14, 41], although wing size is the 

highly applied proxy of body size (Reeve and Robertson, 

1953) [40]. The body size is linked with various life history 

characters such as lifespan (Partridge and Fowler, 1992; 

Rodriguez and Fanara, 1999; Norry and Loeschcke, 2002) [32, 

34], mating behavior and flight ability (Ray et al., 2016) [39], 

any of the morphological traits related to body size can be 

used as a “model trait” to track changes in traits correlated 

with respect to body size. 

The study on morphology and ability variation in D. 

melanogaster due to changing climate and environmental 

factors will be carried out for twelve months over a year in 

Chitwan district of Nepal.  

 

Materials and Methods 

The sample population of D. melanogaster were collected 

from the field during January 2022 to December 2022 in 

Chitwan district of Nepal. The sample insects were with 

similar body size, wing size and shape which were then 

accumulated in the laboratory condition. Five stocks of (each 

with 20 sample) were placed in the bottle with 270c in already 

prepared medium of yeast, sugar, and cornmeal.  

Measurement of the wings were taken and were regularly 

recorded using microscope. The morphological changes 

(wing’s size-length and width) were timely analyzed with 

varying environmental conditions (i.e., variable months).  

The ability percentage of D. melanogaster climbing in 

different elevation were studied in the field. Each 20 samples 

were investigated from the same spot where five stocks of 

insects were assessed for field study. These samples were 

analyzed for 10 minutes in each stock samples of D. 

melanogaster with variable field elevation (i.e., fluctuating 

CO2).  

The recorded data were all tabulated and systematically 

arranged using MS- Excel which were subjected to Analysis 

of Variance (ANOVA) and Duncan’s Multiple Range Test 

(DMRT-0.05 level) for mean separations using Gen stat 

software. 

 

Results and Discussions 

Size of D. melanogaster’s wing in variable months 

Length of the wing  
 

 
 

Fig 1: Variable wing size (length) with changing environment condition of each month 

https://www.entomoljournal.com/


Journal of Entomology and Zoology Studies https://www.entomoljournal.com 
 

~ 153 ~ 

It was found that the length of wing of Drosophila samples 

were fluctuating in different zones of months. In each stock of 

insect samples, the length was with average size of 2.5mm, 

2.6 mm, 2.6 mm, 2.5 mm, and 2.5 mm respectively in first, 

second, third, fourth and fifth stocks. Similarly, the length 

became consistent from April- May. They increased with 

average of 3 mm, 3 mm, 2.8 mm, 2.9 mm, and 3 mm in each 

first, second, third, fourth and fifth stock samples of 

Drosophila respectively during June-July. Again, with 

decrease in Aug-Sep the increment could be observed at final 

ends of the year (Figure 1). The temperature was maintained 

as that of the external environment throughout the year in 

laboratory.  

Similar studies were caried by Bergland et al. (2014) [6], 

Machado et al. (2021) [31], Rodrigues et al., (2021) [44] and 

result coincide with our investigation. Our findings were also 

supported by the evaluation conducted by Behrman et al., 

(2015) [4] and Behrman et. al., (1870) [3]. 

 

Width of the wing  
 

 
 

Fig 2: Variable wing (width) with changing environment condition of each month 

 

It was analyzed that the width of wings was smaller during 

Feb-Mar (in av.), i.e., 1.5 mm, 1.6 mm, 1.5 mm, 1.5 mm, and 

1.6 mm in first, second, third, fourth and fifth stock samples 

respectively in Drosophila. Almost similar size could be 

observed in the month of April-May. The width only 

increased in June-July and end parts of the year, and became 

extreme of 2 mm, 2.1 mm, 2.3 mm, 2.2 mm, and 2.0 mm first, 

second, third, fourth and fifth stock samples respectively 

during the month of Dec (Figure 2). The temperature was 

maintained as that of the external environment throughout the 

year in laboratory.  

It was found that temperature plays significant role in size 

(width) of wings of Drosophila, and temperature varies with 

time duration (Bergmann, 1847; David et al., 1977; Coyne 

and Beecham, 1987; Capy et al., 1993; Imasheva et al., 1994; 

James et al., 1995; van’t Land et al., 1995; Gilchrist and 

Partridge, 1999; Flatt, 2020) [33, 19, 6, 51, 10, 18]. The accelerated 

temperature has irrelevant relationship with the body size and 

wings designs. In contrast the available temperature has 

significant non-linear relation with wings size of D. 

melanogaster.  

 

Flight or climbing ability of Drosophila in variable carbon 

dioxide level  
 

 
 

Fig 3: Climbing ability of D. melanogaster in different elevation or carbon dioxide level 
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It was found that with 150 masl (i.e., higher CO2) the average 

reduction in climbing or flight were 80%, 81%, 79%, 78%, 

and 80% for first, second, third, fourth and fifth stock samples 

respectively while studying for 10 minutes for each. The 

climbing ability gradually increases or reduction in flight 

decreases with elevation (i.e., lower CO2) and it reduced in 

average up to 30%, 31%, 30%, 31%, and 31% at 850 masl in 

first, second, third, fourth and fifth stock samples respectively 

while studying for 10 minutes for each (Figure 3).  

This study was supported by the investigations of some 

similar research (Piazza et al., 2009; Tinkerhess et al., 2012) 
[35, 49]. The methods of climbing and ability of Drosophila 

were supported by the analysis of Tinkerhess et al., 2012 [49]. 

Badre et al. (2005) [2] & Brosnan and Pham (2008) [9] 

explained that the CO2 directly inhibits glutamate receptors. It 

works as of the mammalian nicotinic receptors on motor end 

plates. There could be the direct involvement in the 

mechanism to inhibit muscle activity in D. melanogaster. The 

probability could be minimal in the initiation of the antennal 

CO2 receptor, which is made up of the Gr21a and Gr63a 

chemosensory receptor (Jones et al., 2007) [26]. However, such 

receptors are likely saturated at CO2 status much below than 

those that are necessary for anesthesia (Kwon et al., 2007) [29]. 

The variation in morphology of Drosophila with each time 

span (within a year) and their capacity were found at different 

elevation of the district.  

 

Conclusion 

The sample (five stocks) D. melanogaster were collected 

from the field during January 2022 to December 2022 in 

Chitwan district of Nepal. Samples with similar body size and 

wing structure were accumulated in the laboratory condition. 

In field, the samples were analyzed from the same site 

through where the insects collected for laboratory study, but 

with different elevation. The variation in morphology, i.e., 

size of wings (length and breadth) was studied in laboratory 

while for each ten minutes the flight or climbing capacity of 

sample Drosophila were counted or recorded in the field. It 

was found that average length and breadth of the wings of 

Drosophila found fluctuating in variable months of the year, 

with similar kind of temperature maintained in laboratory as 

that of environment. Highest length and width of wings (in 

average) were found in the month of June, July, October, 

November, and December, while shortest (in average) found 

in February, March, April, May, August, and September in 

the same samples of Drosophila. Higher reduced flight or 

climbing capacity in average were observed in the Drosophila 

stock samples flying at lower elevation (i.e., having higher 

CO2) and vice-versa. Morphology and capacity of sample 

Drosophila melanogaster was found effected by variable 

environmental and presumed changing climate in Chitwan 

district of Nepal.  

 

Acknowledgements  

I would like to express my sincere gratitude to my supervisor, 

Asst. Prof. Suraj Karki for his insightful support, invaluable 

guidance & supervisions. I always keep in mind the kind 

support I got from the staff of Agriculture and Forestry 

University (AFU), Chitwan. I think this entire work was 

impossible without the support of my family. I am indebted to 

my parents for all kinds of desired support. I am highly 

thankful to my teammates and colleagues who have 

consistently supported me during the research and article 

preparation process. Lastly, I must express my thanks to all 

known and unknown helping hands from my organization, 

and all others respected persons. 

 

Conflict of interest 

The authors declare that they have no known competing 

financial interests or personal relationships that could have 

appeared to influence the work reported in this paper. 

 

References 

1. Ayhan N, Güler P, Onder BS. Altitudinal variation in 

lifespan of Drosophila melanogaster populations from 

the Firtina Valley, northeastern Turkey. J Therm Biol. 

2016;61:91-7. 

2. Badre NH, Martin ME, Cooper RL. The physiological 

and behavioral effects of carbon dioxide on Drosophila 

melanogaster larvae. Comp Biochem Physiol A Mol 

Integr Physiol. 2005;140:363-76. 

DOI:10.1016/j.cbpb.2005.01.019. 

3. Behrman EL, et al. Rapid seasonal evolution in innate 

immunity of wild Drosophila melanogaster . Proc R Soc 

B Biol Sci. 2018;285(1870):2017-2599. 

4. Behrman EL, Watson SS, O'Brien KR, Heschel MS, 

Schmidt PS. Seasonal variation in life history traits in 

two Drosophila species. J Evol Biol. 2015;28(9):1691-

704. 

5. Bergland AO, Behrman EL, O'Brien KR, Schmidt PS, 

Petrov DA. Genomic evidence of rapid and stable 

adaptive oscillations over seasonal time scales in 

Drosophila. PLoS Genet. 2014;10(11):e1004775. 

6. Bergmann K. Über die Verhältnisse der Wärmeökonomie 

der Thiere zu ihrer Größe. Göttinger Studien. 

1847;3:595-708. 

7. Bernardo J, Ossola RJ, Spotila J, Crandall KA. 

Interspecies physiological variation as a tool for cross-

species assessments of global warming-induced 

endangerment: validation of an intrinsic determinant of 

macroecological and phylogeographic structure. Biol 

Lett. 2007;3:695-8. 

8. Bernardo J, Spotila JR. Physiological constraints on 

organismal response to global warming: mechanistic 

insights from clinally varying populations and 

implications for assessing endangerment. Biol Lett. 

2006;2:135-9. 

9. Brosnan RJ, Pham TL. Carbon dioxide negatively 

modulates N-methyl-D-aspartate receptors. Br J Anaesth. 

2008;101:673-9. DOI:10.1093/bja/aen266. 

10. Capy P, Pla E, David JR. Phenotypic and genetic 

variability of morphometrical traits in natural populations 

of Drosophila melanogaster and D. simulans. I. 

Geographic variations. Genet Sel Evol. 1993;25(6):517-

36. 

11. Cavicchi S, Guerra D, Natali V, Pezzoli C, Giorgi G. 

Temperature-related divergence in experimental 

populations of Drosophila melanogaster . II. Correlation 

between fitness and body dimensions. J Evol Biol. 

1989;2(4):235-51. 

12. Cogni R, et al. The intensity of selection acting on the 

couch potato gene—spatial–temporal variation in a 

diapause cline. Evolution. 2014;68:538-48. 

13. Cogni R, et al. Variation in Drosophila melanogaster 

central metabolic genes appears driven by natural 

selection both within and between populations. Proc Biol 

Sci. 2015;282:20142688. 

14. Cowley DE, Atchley WR. Development and quantitative 

https://www.entomoljournal.com/


Journal of Entomology and Zoology Studies https://www.entomoljournal.com 
 

~ 155 ~ 

genetics of correlation structure among body parts of 

Drosophila melanogaster . Am Nat. 1990;135(2):242-68. 

15. Coyne JA, Beecham E. Heritability of two morphological 

characters within and among natural populations of 

Drosophila melanogaster . Genetics. 1987;117(4):727-

37. 

16. David J, Bocquet C, De Scheemaeker-Louis M. Genetic 

latitudinal adaptation of Drosophila melanogaster : new 

discriminative biometrical traits between European and 

equatorial African populations. Genet Res. 

1977;30(3):247-55. 

17. Dobzhansky T, Ayala FJ. Temporal frequency changes of 

enzyme and chromosomal polymorphisms in natural 

populations of Drosophila. Proc Natl Acad Sci USA. 

1973;70(3):680-3. 

18. Flatt T. Life-history evolution and the genetics of fitness 

components in Drosophila melanogaster . Genetics. 

2020;214(1):3-48. 

19. Gilchrist AS, Partridge LA. Comparison of the genetic 

basis of wing size divergence in three parallel body size 

clines of Drosophila melanogaster . Genetics. 

1999;153(4):1775-87. 

20. Hawkins B, DeVries PJ. Altitudinal gradients in the body 

sizes of Costa Rican butterflies. Acta Oecol. 

1996;17:185-94. 

21. Hoffmann AA, Parsons PA. Evolutionary Genetics and 

Environmental Stress. Oxford: Oxford University Press; 

c1991. 

22. Huey RB, Pascual M. Partial thermoregulatory 

compensation by a rapidly evolving invasive species 

along a latitudinal cline. Ecology. 2009;90:1715-20. 

23. Imasheva AG, Bubli OA, Lazebny OE. Variation in wing 

length in Eurasian natural populations of Drosophila 

melanogaster . Heredity. 1994;72(5):508-14. 

24. James AC, Azevedo RB, Partridge L. Cellular basis and 

developmental timing in a size cline of Drosophila 

melanogaster . Genetics. 1995;140(2):659-66. 

25. Jones J, et al. Multiple selection pressures generate 

adherence to Bergmann's rule in a Neotropical migratory 

songbird. J Biogeogr. 2005;32(10):1827-33. 

26. Jones WD, Cayirlioglu P, Kadow IG, Vosshall LB. Two 

chemosensory receptors together mediate carbon dioxide 

detection in Drosophila. Nature. 2007;445:86-90. 

DOI:10.1038/nature05466. 

27. Kapun M, Fabian DK, Goudet J, Flatt T. Genomic 

evidence for adaptive inversion clines in Drosophila 

melanogaster . Mol Biol Evol. 2016;33(5):1317-36. 

28. Klepsatel P, Gáliková M, Huber CD, Flatt T. Similarities 

and differences in altitudinal versus latitudinal variation 

for morphological traits in Drosophila melanogaster . 

Evolution. 2014;68(5):1385-98. 

29. Kwon JY, Dahanukar A, Weiss LA, Carlson JR. The 

molecular basis of CO2 reception in Drosophila. Proc 

Natl Acad Sci USA. 2007;104:3574-8. 

DOI:10.1073/pnas.0700079104. 

30. Machado HE, et al. Broad geographic sampling reveals 

the shared basis and environmental correlates of seasonal 

adaptation in Drosophila. Elife. 2021;10:67577. 

31. Mittelbach GG, et al. Evolution and the latitudinal 

diversity gradient: Speciation, extinction and 

biogeography. Ecol Lett. 2007;10(4):315-31. 

32. Norry FM, Loeschcke V. Temperature-induced shifts in 

associations of longevity with body size in Drosophila 

melanogaster . Evolution. 2002;56(2):299-306. 

33. 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. 

1994;48(4):1269-76. 

34. Partridge L, Fowler K. Direct and correlated responses to 

selection on age at reproduction in Drosophila 

melanogaster . Evolution. 1992;46(1):76-91. 

35. Piazza N, Gosangi B, Devilla S, Arking R, Wessells R. 

Exercise-training in young Drosophila melanogaster 

reduces age-related decline in mobility and cardiac 

performance. PLoS ONE. 2009;4:e5886. 

DOI:10.1371/journal.pone.0005886. 

36. Pitchers W, Pool JE, Dworkin I. Altitudinal clinal 

variation in wing size and shape in African Drosophila 

melanogaster : one cline or many?. Evolution. 

2013;67(2):438-52. 

37. Pitchers W, et al. A multivariate genome-wide 

association study of wing shape in Drosophila 

melanogaster . Genetics. 2019;211(4):1429-47. 

38. Rajpurohit S, Zhao X, Schmidt PSA. Resource on 

latitudinal and altitudinal clines of ecologically relevant 

phenotypes of the Indian Drosophila. Sci Data. 

2017;4(1):1-6. 

39. Ray RP, Nakata T, Henningsson P, Bomphrey RJ. 

Enhanced flight performance by genetic manipulation of 

wing shape in Drosophila. Nat Commun. 2016;7(1):1-8. 

40. Reeve ECR, Robertson FW. Studies in quantitative 

inheritance. J Genet. 1953;51(2):276-316. 

41. Reeve ECR. Genetical aspects of size allometry. Proc R 

Soc B Biol Sci. 1950;137(889):515-18. 

42. Rhomberg LR, Singh RS. Evidence for a link between 

local and seasonal cycles in gene frequencies and 

latitudinal gene clines in a cyclic parthenogen. Genetica. 

1986;78(1):73-9. 

43. Rodrigues MF, Vibranovski MD, Cogni R. Clinal and 

seasonal changes are correlated in Drosophila 

melanogaster natural populations. Evolution. 

2021;75(8):2042-54. 

44. Rodriguez C, Fanara JJ, Hasson E. Inversion 

polymorphism, longevity, and body size in a natural 

population of Drosophila buzzatii. Evolution. 

1999;53(2):612-20. 

45. Roff D. Optimizing development time in a seasonal 

environment: the ‘ups and downs’ of clinal variation. 

Oecologia. 1980;45(2):202-8. 

46. Sørensen JG, Norry FM, Scannapieco AC, Loeschcke V. 

Altitudinal variation for stress resistance traits and 

thermal adaptation in adult Drosophila buzzatii from the 

New World. J Evol Biol. 2005;18(4):829-37. 

47. Stillwell RC, Morse GE, Fox CW. Geographic variation 

in body size and sexual size dimorphism of a seed-

feeding beetle. Am Nat. 2007;170(3):358-69. 

48. Stillwell RC, Moya-Laraño J, Fox CW. Selection does 

not favor larger body size at lower temperature in a seed-

feeding beetle. Evolution. 2008;62(10):2534-44. 

49. Tinkerhess MJ, Ginzberg S, Piazza N, Wessells RJ. 

Endurance training protocol and longitudinal 

performance assays for Drosophila melanogaster . J Vis 

Exp. 2012;61:3786. DOI:10.3791/3786. 

50. Turner TL, Stewart AD, Fields AT, Rice WR, Tarone 

AM. Population-based resequencing of experimentally 

evolved populations reveals the genetic basis of body size 

variation in Drosophila melanogaster . PLoS Genet. 

2011;7(3):e1001336. 

https://www.entomoljournal.com/


Journal of Entomology and Zoology Studies https://www.entomoljournal.com 
 

~ 156 ~ 

51. Van’t Land JP, van Putten H, Villarroel A, Kamping W, 

van Delden L. Latitudinal variation in wing length and 

allele frequencies for Adh and α-Gpdh in populations of 

Drosophila melanogaster from Ecuador and Chile. Dros 

Inf Serv. 1995;76:156. 

52. Williams CM, et al. Understanding evolutionary impacts 

of seasonality: An introduction to the symposium. Integr 

Comp Biol. 2017;57(5):921-33. 

53. Williams SE, Shoo LP, Isaac JL, Hoffmann AA, 

Langham G. Towards an integrated framework for 

assessing the vulnerability of species to climate change. 

PLoS Biol. 2008;6:2621-6. 

https://www.entomoljournal.com/

