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1606 P. S. SCHMIDT AND D. R. CONDE

FIG. 2. Change in the frequency of diapause incidence (mean !
SE) over time in Pennsylvania orchard (O) and urban (U) isofemale
line populations.

TABLE 2. Maximum likelihood parameter estimates for the logistic regression modeling the log odds (dispause/nondiapause) in seasonal
collections of isofemale lines from Pennsylvania orchard and urban habitats.

Term Estimate SE "2 P Odds ratio

Intercept #0.2084 0.0467 19.88 0.0001
Date (July 2003) 0.0665 0.101 0.44 0.508 1.14
Date (July 2004) 0.0868 0.102 0.73 0.393 1.19
Date (May 2003) 0.438 0.112 15.26 0.0001 2.41*
Date (May 2003) 0.521 0.105 24.43 0.0001 2.83*
Date (Sept. 2003) #0.471 0.104 20.44 0.0001 0.39*
Habitat (orchard) 0.885 0.0467 358.24 0.0001 5.86*
Date (July 2003) $ habitat (orchard) #0.0571 0.101 0.32 0.569 0.89
Date (July 2004) $ habitat (orchard) 0.0138 0.102 0.02 0.892 1.03
Date (May 2003) $ habitat (orchard) 0.471 0.112 17.59 0.0001 2.56*
Date (May 2004) $ habitat (orchard) 0.158 0.105 2.26 0.133 1.37
Date (Sept. 2003) $ habitat (orchard) #0.146 0.104 1.96 0.161 0.75

* The 99% confidence intervals do not include 1.0.

was equivalent between treatments but differed between sex-
es, as would be expected. Although neither genetic back-
ground nor treatment had significant effects on weight, flies
of the A genetic background were heavier in the control treat-
ment, whereas flies of the B genetic background were heavier
in the stress treatment. These differences are reflected in the
significant genetic background-by-treatment interaction term.

Development time as well as transformed egg-to-adult vi-
ability also diverged between treatments (Table 5; Fig. 4B).
Mean time to eclosion was 18.4 h longer for flies from the
stress relative to the control treatment. However, the mean
proportion of eggs laid that successfully eclosed as adults
was 19.6% higher in the stress compared to control treatment.
Genetic background also had a significant effect on egg-to-
adult viability, as flies of the B background exhibited slightly
higher (8.3%) mean viability.

DISCUSSION

Drosophila melanogaster is a tropical insect that has col-
onized temperate habitats in North America in the relatively
recent past (David and Capy 1988). Temperate populations
persist over time by means of adult overwintering, which has
been associated with delays in the onset of reproduction in
both European (e.g., Boulétreau-Merle and Fouillet 2002) and
Australian (Mitrovski and Hoffmann 2001) populations. Dia-
pause expression is a widespread mechanism for overwin-
tering in insect taxa that occupy seasonal environments, in-
cluding temperate species of Drosophila (e.g., Lumme and
Lakovaara 1983; Kimura 1988b). The life-span extension,
reduction in age-specific mortality rates, and greatly in-
creased stress resistance that accompany diapause expression
indicate that this trait is also functionally associated with
overwintering in the cosmopolitan species D. melanogaster
(Tatar et al. 2001).

This inference predicts that diapause frequency should be
positively associated with the degree of seasonality and se-
verity of stress experienced in a given habitat during unfa-
vorable periods. This was observed, as diapause incidence is
clinal across the latitudinal gradient in the eastern United
States (Schmidt et al. 2005a). Given the potential fitness ad-
vantages of diapause expression during prolonged periods of
environmental stress (e.g., Lumme and Lakovaara 1983; Ki-
mura 1988a; Tatar et al. 2001), it is not surprising that dia-
pause incidence is at high frequency in northern temperate
populations. Substantial gene flow among populations in the
eastern United States is expected based on both direct esti-
mates of dispersal (e.g., Coyne and Milstead 1987) and in-
direct estimates from the geographic distribution of presum-
ably neutral genetic markers (e.g., Hale and Singh 1991;
Berry and Kreitman 1993; Sezgin et al. 2004). This may, in
part, explain the occurrence and persistence of nondiapause
genotypes in temperate regions. What remains unclear is why
diapause-expressing genotypes are at relatively low frequen-
cy in southern neotropical locales. In such habitats, Dro-
sophila populations are not exposed to temperatures that
would both induce and maintain reproductive quiescence for
long periods of time; diapause expression may not be required
for overwinter survivorship of individuals or associated with
population persistence.

[Schmidt et al. 2006]

Adaptive seasonal oscillations 
in D. melanogaster



Shift in allele frequencies

[Bergland et al., 2014]
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Expectations: Local adaptation

Sympatric vs. Allopatric

Statistical test:

[Blanquart et al., 2013]

Control for the effect of: 
- Genetic quality
- Environment quality

Traitijk= SAij + origin_fruit:test_fruitij + errorijk
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Ongoing work: 
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Generation 3: Traitijk= origin_fruit:test_fruitij + errorijk

Generation 1: Traitijk= origin_fruit:test_fruitij + origin_fruit:test_fruitij + errorijk

Genetic + non-genetic effects
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Figure 4 – Relationship between the estimates of the interaction between the test environment and
original environment at generations G1 and G3, for oviposition preference (A), oviposition stimulation (B),
emergence rate (C) and number of adults (D). The sympatric interactions (i.e., when the test environment
corresponds to the original environment) are represented in red color. Dots correspond to the interaction
of the four tested environments with the three original environments, for all traits, except for oviposition
preference, where there were 12 tested environments with three original environments. The P-value and R2

values of the correlation of the interaction between the test and original environments at generations G1
and G3 are provided. The straight line represents the slope of the linear regression.

4. Discussion

Instead of an all-plastic, jack-of-all-trade species thriving on rather unchallenging host fruits

throughout the year, our results depict D. suzukii as a generalist species damaging a range of

challenging hosts through repetitive bouts of fast genetic adaptation.
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Figure 4 – Relationship between the estimates of the interaction between the test environment and
original environment at generations G1 and G3, for oviposition preference (A), oviposition stimulation (B),
emergence rate (C) and number of adults (D). The sympatric interactions (i.e., when the test environment
corresponds to the original environment) are represented in red color. Dots correspond to the interaction
of the four tested environments with the three original environments, for all traits, except for oviposition
preference, where there were 12 tested environments with three original environments. The P-value and R2

values of the correlation of the interaction between the test and original environments at generations G1
and G3 are provided. The straight line represents the slope of the linear regression.

4. Discussion

Instead of an all-plastic, jack-of-all-trade species thriving on rather unchallenging host fruits

throughout the year, our results depict D. suzukii as a generalist species damaging a range of

challenging hosts through repetitive bouts of fast genetic adaptation.
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Figure 4 – Relationship between the estimates of the interaction between the test environment and
original environment at generations G1 and G3, for oviposition preference (A), oviposition stimulation (B),
emergence rate (C) and number of adults (D). The sympatric interactions (i.e., when the test environment
corresponds to the original environment) are represented in red color. Dots correspond to the interaction
of the four tested environments with the three original environments, for all traits, except for oviposition
preference, where there were 12 tested environments with three original environments. The P-value and R2

values of the correlation of the interaction between the test and original environments at generations G1
and G3 are provided. The straight line represents the slope of the linear regression.

4. Discussion

Instead of an all-plastic, jack-of-all-trade species thriving on rather unchallenging host fruits

throughout the year, our results depict D. suzukii as a generalist species damaging a range of

challenging hosts through repetitive bouts of fast genetic adaptation.
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Figure 4 – Relationship between the estimates of the interaction between the test environment and
original environment at generations G1 and G3, for oviposition preference (A), oviposition stimulation (B),
emergence rate (C) and number of adults (D). The sympatric interactions (i.e., when the test environment
corresponds to the original environment) are represented in red color. Dots correspond to the interaction
of the four tested environments with the three original environments, for all traits, except for oviposition
preference, where there were 12 tested environments with three original environments. The P-value and R2

values of the correlation of the interaction between the test and original environments at generations G1
and G3 are provided. The straight line represents the slope of the linear regression.

4. Discussion

Instead of an all-plastic, jack-of-all-trade species thriving on rather unchallenging host fruits

throughout the year, our results depict D. suzukii as a generalist species damaging a range of

challenging hosts through repetitive bouts of fast genetic adaptation.
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Figure 4 – Relationship between the estimates of the interaction between the test environment and
original environment at generations G1 and G3, for oviposition preference (A), oviposition stimulation (B),
emergence rate (C) and number of adults (D). The sympatric interactions (i.e., when the test environment
corresponds to the original environment) are represented in red color. Dots correspond to the interaction
of the four tested environments with the three original environments, for all traits, except for oviposition
preference, where there were 12 tested environments with three original environments. The P-value and R2

values of the correlation of the interaction between the test and original environments at generations G1
and G3 are provided. The straight line represents the slope of the linear regression.

4. Discussion

Instead of an all-plastic, jack-of-all-trade species thriving on rather unchallenging host fruits

throughout the year, our results depict D. suzukii as a generalist species damaging a range of

challenging hosts through repetitive bouts of fast genetic adaptation.
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Figure 4 – Relationship between the estimates of the interaction between the test environment and
original environment at generations G1 and G3, for oviposition preference (A), oviposition stimulation (B),
emergence rate (C) and number of adults (D). The sympatric interactions (i.e., when the test environment
corresponds to the original environment) are represented in red color. Dots correspond to the interaction
of the four tested environments with the three original environments, for all traits, except for oviposition
preference, where there were 12 tested environments with three original environments. The P-value and R2

values of the correlation of the interaction between the test and original environments at generations G1
and G3 are provided. The straight line represents the slope of the linear regression.

4. Discussion

Instead of an all-plastic, jack-of-all-trade species thriving on rather unchallenging host fruits

throughout the year, our results depict D. suzukii as a generalist species damaging a range of

challenging hosts through repetitive bouts of fast genetic adaptation.
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Consequences of homogeneous environment? 

Watsonville strawberry fields, USA, 2012
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Conclusion: generalist with polymorphism

• Maintenance of genetic diversity throughout the year

• Phenotypic variability in fruit exploitation

• Does specialization evolve in homogeneous environments?  



Invasive species

Drosophila suzukii

[Fraimout et al., 2017; Andreazza et al., 2017]
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Mediterranean coasts of Lebanon and Syria. Of these, the regions with the highest suitability
in the model developed with the MaxEnt algorithm are the countries in East Asia, including
Japan, North and South Korea and the entire coast of China, in addition to Georgia, which lies
on the border between Europe and Asia.

Fig 1. Potential distribution of D. suzukii. (A) Known existing sites of occurrence of D. suzukii used to
generate the predictive models. (B) Predictive model of the geographic distribution of D. suzukii generated by
the GARP algorithm. (C) Predictive model of the geographic distribution of D. suzukii generated by the
MaxEnt algorithm. The legend indicates low (0) and high (1) environmental suitability for D. suzukii.

https://doi.org/10.1371/journal.pone.0174318.g001

Global potential distribuition of Drosophila suzukii

PLOS ONE | https://doi.org/10.1371/journal.pone.0174318 March 21, 2017 4 / 13

Fraimout et al. 2017 MBE
Andreazza et al. 2017 Neotrop. Entomol.

Native range

Distribution de D. suzukii

Drosophila suzukii



Mediterranean coasts of Lebanon and Syria. Of these, the regions with the highest suitability
in the model developed with the MaxEnt algorithm are the countries in East Asia, including
Japan, North and South Korea and the entire coast of China, in addition to Georgia, which lies
on the border between Europe and Asia.

Fig 1. Potential distribution of D. suzukii. (A) Known existing sites of occurrence of D. suzukii used to
generate the predictive models. (B) Predictive model of the geographic distribution of D. suzukii generated by
the GARP algorithm. (C) Predictive model of the geographic distribution of D. suzukii generated by the
MaxEnt algorithm. The legend indicates low (0) and high (1) environmental suitability for D. suzukii.

https://doi.org/10.1371/journal.pone.0174318.g001

Global potential distribuition of Drosophila suzukii

PLOS ONE | https://doi.org/10.1371/journal.pone.0174318 March 21, 2017 4 / 13

2008 2008

Fraimout et al. 2017 MBE
Andreazza et al. 2017 Neotrop. Entomol.

Invasive range
Native range

Drosophila suzukii

Distribution de D. suzukii



Mediterranean coasts of Lebanon and Syria. Of these, the regions with the highest suitability
in the model developed with the MaxEnt algorithm are the countries in East Asia, including
Japan, North and South Korea and the entire coast of China, in addition to Georgia, which lies
on the border between Europe and Asia.

Fig 1. Potential distribution of D. suzukii. (A) Known existing sites of occurrence of D. suzukii used to
generate the predictive models. (B) Predictive model of the geographic distribution of D. suzukii generated by
the GARP algorithm. (C) Predictive model of the geographic distribution of D. suzukii generated by the
MaxEnt algorithm. The legend indicates low (0) and high (1) environmental suitability for D. suzukii.

https://doi.org/10.1371/journal.pone.0174318.g001

Global potential distribuition of Drosophila suzukii

PLOS ONE | https://doi.org/10.1371/journal.pone.0174318 March 21, 2017 4 / 13

2008 2008

2013 2013
2015

Fraimout et al. 2017 MBE
Andreazza et al. 2017 Neotrop. Entomol.

Invasive range
Native range

Drosophila suzukii

Distribution de D. suzukii



Generalist populations

Without
polymorphism

With
polymorphism

Generalist genotypes
OR

Generalist
genotype

FallSummer



Generalist populations

Without
polymorphism

With
polymorphism

Generalist genotypes
OR

FallSummer
Mean fitness Mean fitness



Generalist populations

Without
polymorphism

With
polymorphism

Generalist genotypes

Pool of specialist genotypes

OR

FallSummer
Mean fitness Mean fitness



Generalist populations

Without
polymorphism

With
polymorphism

Generalist genotypes

Pool of specialist genotypes

OR

FallSummer
Mean fitness

Mean fitness Mean fitness

Mean fitness



Heterogenous selection
in natural populations?

Origin and maintenance of biodiversity 

Microevolution è macroevolution

Epidemiology, biological invasions


