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Introduction 

Drosophila sechellia is a fly species belonging to the same evolutionary subgroup as 

Drosophila melanogaster. D. sechellia is a specialized species found on the Seychelle islands, 

and it is able to consume and live on Morinda fruit, Morinda citrifolia (Jones, 2005). Morinda 

fruit contain fatty acids that are known to be toxic to most insects, including D. melanogaster; 

however, studies have shown that D. sechellia, unlike D. melanogaster, is behaviorally attracted 

to and physiologically resistant to octanoic and hexanoic acids, which are two fatty acids found 

in Morinda fruit (Jones, 2005). These unique traits inspire questions about how D. sechellia 

evolved a behavioral attraction to Morinda fruit over the course of its evolutionary history. 

To investigate this trait in that 

evolutionary context, my research project 

includes two species of flies in addition to D. 

sechellia: Drosophila simulans and Drosophila 

melanogaster. D. simulans is D. sechellia’s 

closest relative (Image 1, McBride, 2007, Fig. 1). 

By studying D. simulans in comparison to D. 

sechellia, we can gain an insight into how and 

when behavioral variation may have arisen as D. 

sechellia branched off from its sister species. D. melanogaster is included in this project, because 

it is a species that is well understood in the scientific community in regard to its biology, 

genetics, and behavior (Hales, 2015). D. melanogaster, used for comparison, is a generalist 

species that cannot survive on Morinda fruit (Jones, 2005). 

Image 1. McBride 2007, Fig. 1 
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Different types of adaptations have been studied concerning D. sechellia’s ability to live 

on Morinda fruit, including variation in gene expression, metabolism, and olfaction between D. 

sechellia and D. melanogaster (Dworkin & Jones, 2009; Dekker, 2006). My research project 

focuses on the gustatory sensory abilities of D. sechellia. D. sechellia has fewer receptors that 

are predicted to detect bitter tasting substances as compared to other members of the 

melanogaster clade (McBride, 2007). The question we seek to investigate is how differences in 

gustatory sensitivity to host-derived compounds connect with D. sechellia’s specialization to 

Morinda fruit. We explore this question by comparing the behavioral responses of three related 

species, D. melanogaster, D. simulans, and D. sechellia,  to a Morinda fatty acid, octanoic acid. 

We specifically seek to compare D. sechellia’s behavior to that of D. simulans to determine if D. 

simulans shows signs of possessing a similar tolerance to fatty acid, and then speculate when D. 

sechellia’s trait may have arisen through evolution. 

 

Method: Binary Choice Feeding Tests 

Binary Choice Feeding Tests are behavior assays that 

allow us to determine the flies’ relative preference between 

two alternatives of taste stimuli. For each experiment, two 

types of food were prepared in 0.75% agarose. The first was a 

control:  2 mM sucrose. The second was an experimental 

sample that contained a mixture of 2 mM sucrose with the 

selected concentration of octanoic acid (0.05%, 0.1%, or 

0.5%). The two tastant mixtures also contained dye: either 

blue (25 mg/mL indigo carmine) or pink (50 mg/mL sulforhodamine B). Dye colors were 

Image 2. Petri dishes are 
spotted with the control 
and experimental 
samples. 
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swapped for a similar number of trials to compensate for any possible dye preference. 

Additionally, a control test was conducted simultaneously with the experimental test in which the 

samples are 2mM sucrose with blue dye and 2mM sucrose with pink dye.  The stimuli were 

spotted on a tight-fit petri dish with nine 10μl dots each for the control and experimental samples 

(Image 2). 

  Ten females and ten males of a species were placed into 

each dish after being starved. The flies were sorted and aged 6-7 

days after eclosion and starved on tissues soaked in water.  D. 

melanogaster and D. simulans were starved for 24 hours and D. 

sechellia were starved for 26 hours. The longer starvation time 

accounts for D. sechellia’s decreased metabolism due to raising 

them in lab conditions that deviate from their ideal ecological 

conditions. The dishes were put in a dark, humid container in a 

25 ⁰ C incubator for two hours. Afterwards, the samples were 

frozen at -80⁰ C for at least 30 minutes and abdominal colors 

were scored within 24 hours. 

Abdominal color was scored for each fly as pink, blue, purple or white (Image 3). Trials 

in which participation was lower than 45% were not included in the data analysis. A Preference 

Index (P.I.) was calculated for each species for all experimental conditions as:  

P.I. = ((number of flies that choose the fatty acid sample) − (number of flies that choose the 

control)) / (total number of flies that participated). 

P.I. values were used to compare the behavior of the three species of flies. 

 

Image 3. Flies with the four 
possible colored abdomens. 



4 
 

Results 

Control Tests. 

(a) 

 

(b) 

  

 

Figure 1. (a) Mean P.I. values for each species for the control tests. n=11-13 (b) The data 
from (a) is separated by sex. Signs test revealed that P.I. values are not significantly 
different from 0 (p≥0.5). *p < 0.05,**p < 0.01, Mann-Whitney U test. Error bars indicate 
SEM. 
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The control tests allowed us to confirm that the experimental method is effective and that 

the flies participated as expected in the experiment. The Preference Indexes (P.I.) values are 

shown for each species in Figure 1a. Positive P.I. values indicate a preference for pink dye and 

negative P.I values show a preference for blue dye. Figure 1(a) suggests that there is no dye 

preference among the different species of flies. However, if the data is separated by sex for each 

species (Figure 1(b)), the mean P.I. values for female flies are all positive and the P.I values for 

male flies are negative for each species, which indicates that there is a dye preference based on 

the sex of the fly. An explanation cannot be provided for this phenomenon, but we were able to 

account for this confounding factor by performing the dye swap for every experimental 

condition, for a similar number of trials, and then pooling the data. 

Experimental Tests. 

  

 

Figure 2. Mean P.I. values for each species for each experimental condition. n=9-19, ♦ 
indicates significant difference at p<0.05 found via Kruskal-Wallis test. *p < 0.05,**p < 0.01, 
Dunn's multiple comparisons test. Error bars indicate SEM. 
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The graph above (Figure 2) shows the mean P.I. values for each species and experimental 

condition with .05%, 0.1%, and 0.5% octanoic acid (OA). Negative P.I. values signify flies 

choosing the control sample (aversive behavior) and positive values indicate a preference for the 

food with the fatty acid. There is no significant difference among the PI values for the 0.05% 

testing condition, but there are noticeable differences at higher concentrations of OA. At 0.1% 

OA, both D. melanogaster and D. simulans show aversive behavior with negative P.I. values. 

The results for the 0.5% OA test shows a similar result; D. melanogaster and D simulans show a 

distinct aversion to OA and D. sechellia expressing a preference for OA. Therefore, D. simulans 

expresses a pattern of behavior similar to that of D. melanogaster; both species tend to show an 

aversion towards octanoic acid at higher concentrations. D. sechellia, in contrast, tends to 

express a preference for octanoic acid (Figure 3) From these results, I can draw the following 

conclusions. The differences in feeding behavior between D. simulans and D. sechellia reveal 

that, despite being D. sechellia’s closest relative, D. simulans does not have the same tolerance 

to bitter taste that D. sechellia has. These results are consistent with the idea that D. sechellia’s 

tolerance to bitter taste evolved when the species branched off from its sister species and 

specialized to its ecological niche. 

 

Figure 3. The same experimental data from Figure 2 is separated by species to show 
general patterns of behavior expressed by each species. The graph for D. simulans looks 
more similar to that of D. melanogaster than D. sechellia by exhibiting aversive behavior 
to OA at higher concentrations, which contrasts D. sechellia’s preference for OA. 
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Table 1 Experiment:  0.05% 0.10% 0.50% 

D. melanogaster n 9 9 9 

 Mean P.I. 0.1134 0.1984 0.4718 
 

p  0.763 0.5743 0.027 

D. simulans n 19 9 9 

 Mean P.I. 0.2114 0.6348 0.3824 
 

p  >0.9999 0.0014 0.062 

D. sechellia n 17 8 9 

 Mean P.I. 0.2734  0.0955 0.3390 

 

Future Research: Decanoic Acid 

The scope of this project can be expanded by including behavior tests with other fatty 

acids found in Morinda fruit. Binary Choice Feeding Tests are currently being conducted with 

decanoic acid. Decanoic acid has the lowest abundance in Morinda when compared to that of 

octanoic acid and hexanoic acid, which are more commonly studied (Farine et al., 1996). 

Decanoic acid seems to be a strong aversive cue in D. melanogaster, which shows feeding 

aversion to concentrations as low as 0.025% and 0.05% (Figure 4). Considering the overall all 

patterns of behavior exhibited by all three species to 0.025% and 0.05% decanoic acid, we 

suspect that D. simulans may express an intermediate phenotype in relation to D. sechellia’s 

attraction to DA (Figure 5). Further investigation can provide insight into how D. sechellia 

differentiated from D. simulans, the types of adaptations involved, and the possibility of D. 

simulans possessing an intermediate behavioral response to Morinda host-derived compounds. 

Table 1. Sample size and mean P.I. values for each test condition. P values indicate 
significant difference from the mean P.I. values of D. sechellia, Dunn’s test. 
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Discussion 

This project can contribute to our understanding of D. sechellia’s gustatory neurobiology 

and how it compares to other species. This research can provide evidence for further 

investigation on these flies to understand the physiological and genetic mechanisms involved in 

taste sensation in a comparative perspective, such as comparing the sensory receptors of the three 

species and determining which are related to D. sechellia specialization. Additionally, studying 

the natural origins of this tolerance trait in D. sechellia can also contribute to our knowledge of 
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Figure 4. Data for decanoic acid binary choice tests with mean P.I. values of each species. 

 

Figure 5. The data from Figure 4 has been separated by species to observe trends in feeding 
behavior. 
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evolutionary processes that result in organisms developing traits that affect their behavior when 

they adapt to specific environments. An understanding of taste sensation in these flies and how 

evolution may have a role in the variation in taste perception can be applied to other fields of 

research, such as agriculture. This information could be used to investigate questions about how 

insects develop tolerance to pesticides and if gustatory sensation could play a role in those traits. 

Furthermore, Drosophila flies are convenient model organisms to study and understand 

neurosensory systems, which may then contribute to our knowledge of sensory systems in 

humans. Drosophila melanogaster especially is easy to maintain in lab, its biology and genetics 

are well understood, and there are many research tools that allow researchers to manipulate 

genes and study neural activity in flies (Hales et al., 2015). 
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