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Drosophila mojavensis sonorensis inhabits the Sonora 
Desert and primarily uses cladodes of the columnar cactus 
Stenocereus thurberi (Engelm.) Buxb. as host (Pfeiler et al., 
2009). However, when available, this subspecies also 
uses decomposing fruits of cacti of the genus Opuntia (L.) 
Mill. (known as tunas) as seasonal hosts (Mateus et al., 
2019). Therefore, the objective of this study was to test 
the stressing effect of two semi-natural diets, one from the 
primary host (S. thurberi cladodes) and another from the 
seasonal host (Opuntia spp. tunas), on the development 
of D. m. sonorensis, using the level of asymmetry of the 
wings as an index of instability on the development due 
to the different composition of these diets.

Three populations of D. m. sonorensis, Las Bocas, Nogales 
and Obregon from Sonora Desert in Mexico, were used in the 
experiments. Larvae of these populations were transferred 
to the semi-natural diets (10 replicates of 40 larvae for each 
diet and population). The composition of the diets, the 
volume used of the diets, and the maintenance conditions 
of larvae, as temperature, humidity and photoperiodicity, 
are described in Mateus et al. (2019). Right and left wings 
of up to 100 adults of each combination of sex x diet x 
population (totalizing approximately 1,200 flies) were 
removed, and twelve type I anatomic markers (Figure 1) 
were inserted in the dorsal region of each wing image 
(Rohlf, 2015).

The level of wing shape asymmetry was determined 
by coordinates aligned of Generalized Procrustes Analysis 
(GPA, Marchand et al., 2003; Lima et al., 2016) as dependent 
variables in a Procrustes ANOVA, performed using MorphoJ 
1.06d (Klingenberg, 2011) and R 3.3.0 (R Development 
Core Team, 2016) softwares. In this analysis, the individual 
factor corresponds to the individual variation of shape, and 
the side factor (right and left) corresponds to directional 
asymmetry (DA); the interaction between side and 
individual corresponds to fluctuating asymmetry (FA); 
and the residue is the error measure, which corresponds 
to the marking repetitions. Antisymmetry (AS) in the 
wing shape was analyzed through dispersion charts of the 
difference between the right and left side of each marker 

(Palmer, 1994; Klingenberg and McIntyre, 1998; Palmer 
and Strobeck, 2003). Procrustes distance between right 
and left wings of each individual was used as the level of 
individual net asymmetry NAi (fluctuating + directional) 
and the global population asymmetry was estimated by 
the average of the NAi in each population (Marchand et al., 
2003).

The Procrustes ANOVA results showed that both 
semi‑natural diets caused instability in the development 
(Table 1), mostly because of Las Bocas males (Mann‑Whitney 
U = 5,859, p < 0.05), with the higher proportion of 
asymmetry being related to FA (Figure  2). There are 
two possible reasons for these results. First, the diets 
were not stressful enough as there was no difference in 
the asymmetry levels between diets and the response 
of the three populations were similar (excepted in Las 
Bocas males; see Figure 2). Similar results were already 
shown in other works that found that the host cactus 
could exert similar influence in the viability and life 
history of organisms of different species (Soto et al., 2007, 
2008). Costa et al. (2015), in a study on the geographical 
distribution of D. antonietae Tidon-Sklorz & Sene, 2001, 
found that despite a variation in the net asymmetry 
between populations, these presented equivalent levels 
of fluctuating asymmetry, which were also related with 
similar responses given by populations when submitted 
to the same level of stress.

Second, selective pressures exerted by the cladodes 
and tunas differ along the larval development of the 
flies, causing a trade-off between the characteristics of 
life history and diet quality, producing similar levels of 
stress. Mateus et al. (2019) analyzed development time, 
dry weight, and viability in the same populations used in 
this study, and found that tunas and cladodes influenced 
the organisms in different manners. The individuals in 
the tuna diet had a development time shorter than the 
individuals in the cladodes diet. Besides that, the dry weight 
of the adults and viability larva-pupae were greater in the 
tuna diet, while in the cladodes diet, the total viability 
and the viability pupa-adult were greater than in the tuna 
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diet. Mateus et al. (2019) suggested that the difference in 
food quality regarding the low concentration of sugar in 
the cladodes semi-natural diet would be increasing the 
development time and diminishing the mortality rates of 
adult flies. This way, the larvae that developed in cladodes 
and resist the larval phase were thereafter favored in the 
other phases of development. On the other hand, the larvae 
that developed faster and in greater size in the tuna diet 
had more difficulty in the metamorphosis and to emerge. 
These observations in Mateus et al. (2019) mean that both 
the higher amount of sugars in tuna and the secondary 
compounds of cladodes affected the larval development, 
which is only perceived over the development of the fly. 
In our case, as the analyzed adults were obtained after the 
larvae developed in one or the other diet, the amount of 
sugar and the presence of secondary compounds probably 
generated similar levels of instability during development.

According to Matzkin et al. (2009), metabolic differences 
among 12 ecologically diverse Drosophila species most 
likely reflect the evolution of metabolic adaptations to 
the ecologically diverse diets utilized by these species, 
which could have led each species to a unique evolutionary 
trajectory of metabolic pathways. Therefore, in conclusion, 

Table 1. Procrustes ANOVA of shape asymmetry of females and males of Drosophila mojavensis sonorensis. SS = sum of squares; MS = mean 
square; DF = degrees of freedom; F = F ratio. 

Effect SS MS DF F

Females Diet 0.0218140 0.0010907 20 27.90***

Population 0.8600120 0.0215003 40 550.00***

Individual (I) 0.4570800 0.0000390 11720 3.59***

Side (S) 0.0025280 0.0001264 20 11.62***

I x S 0.1272240 0.0000108 11780 7.11***

Error 0.0354000 0.0000015 23600

Males Diet 0.0149860 0.0007493 20 17.24***

Population 0.9200440 0.0230011 40 529.29***

Individual (I) 0.4912880 0.0000434 11320 3.38***

Side (S) 0.0006580 0.0000329 20 2.56***

I x S 0.1456640 0.0000128 11380 6.96***

Error 0.0410040 0.0000018 22780

SS = sum of squares; MS = mean square; DF = degrees of freedom; F = F ratio. ***P <0.001.

Figure 1. Dorsal view of the right wing of Drosophila mojavensis 
sonorensis with the position of the 12 type I anatomical landmarks.

Figure 2. Net Asymmetry level (DA+FA) of Drosophila mojavensis 
sonorensis, in females (A) and males (B). FA, fluctuating asymmetry 
(dark gray); DA, directional asymmetry (light gray); c, cladode; 
t, tuna.
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the use of both diets for D. m. sonorensis in nature must 
have generated developmental adaptations during this 
species evolutionary history, which resulted in similar 
patterns of instabilities and levels of asymmetry in the 
presence of the different stressors studied in this work.
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