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1- Details on methods and results from the biological data set on phase traits 

1.1- Methods for larval pronotum color measurement 

Last-instar larvae were anesthetized with CO2 and photographed in lateral view. Pictures were corrected for white balance, using the PhotoFiltre 7© software 

improved by an external module (plugin “wbadjust”), and analyzed using ImageJ V1.37 (Abràmoff, Magalhães & Ram, 2004). Briefly, we selected the whole 

surface of the pronotum, using the “Polygone selection” function, and measured each color channel (RGB) as a 8–bit display mean value in the range 0–255, 

using the “Color Histogram” function. We then calculated the level of brightness as (R+G+B)/3 (Abràmoff, Magal hães & Ram, 2004) and the percentage of 

green color as G/(R+G+B). Brightness was transformed (1/x, based on Box-Cox normality plots) before analyses to ensure normality of the variable (Osborne, 

2010).  

Figure S1. Illustrations of larvae reared at 28°C (left) and 34°C (right), with the related percentage of green color and brightness measures. 

 

1.2- Methods for adult body shape measurement 

Adults were anesthetized with CO2 and photographed, along with a scale of 30mm, in both lateral and dorsal views. Pictures were analyzed with the software 

tpsDig© 2.17. We measured 7 morphometric distances in adult locusts: the elytron length (E), the maximum height of the pronotum (H), the length of the hind 

femur (F), and the vertical diameter of eyes (O), the pronotum length (P), the maximum width of the head (C), and the width of the vertex between eyes (V). 

  



4 
 

Figure S2. A.  Illustrations of measurements used for calculating the 5 shape variables and the body size. B. Illustrations of an adult at time of 

morphometric measurements in lateral and dorsal views. 
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1.3- Means and standard deviations for phase variables as a function of extra-molting, sex and temperature 

Table S1. Means and standard deviations for the eight phase traits measured on the desert locust 

 
N: Number of measured individuals for coloration and morphological traits; Brightness: Level of brightness, which is inversely related to the level of black 

pigmentation; %Green: Percentage of green color; E: Length of the fore wing; F: Length of the hind femur; C: Maximum width of the head; H: Height of the 

pronotum; P: Length of the pronotum; O: Vertical diameter of eyes; V: the width of the vertex between eyes. 

 

1.4- Effects of extra-molting, sex and temperature on phase variables 

We launched linear models in R 3.2.3 (R Core Team, 2015) to determine the fixed effect structure. We tested the effects of sex, temperature, extramolting and 

every single interaction between pairs of factors on adult morphometrics and on larval coloration. We performed a backward stepwise model selection by 

Akaike Information Criterion and tested the significance of factors present in the selected model with a t-test. Briefly, temperature had a significant effect on 

the E/F ratio, on the green color and the brightness whereas sex had a significant effect on the geometric size (GM) and on F/C (Table S2). In addition, the 

interaction between sex and temperature had a significant effect on all ratios except H/P. Extramolting and the interaction between sex and extramolting had a 

significant effect on GM (Table S2). On this basis and even if all effects were not statistically significant for all traits, we fitted all three effects (sex, 

temperature and extramolting) and their interactions as fixed effects in all animal models for consistency between traits. 

 

Table S2. Effects of extra-molting, sex and temperature on the 8 phase traits measured in the desert locust. For each trait, we show only variables with a 

significant effect. For %Green and Brightness, the results are presented for transformed variables (see Methods). No extramolt, male and 34°C were the 

reference levels of the tested parameters. Brightness: Level of brightness, which is inversely related to the level of black pigmentation; %Green: Percentage of 
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green color; E: Length of the fore wing; F: Length of the hind femur; C: Maximum width of the head; H: Height of the pronotum; P: Length of the pronotum; 

O: Vertical diameter of eyes; V: the width of the vertex between eyes. 

  
 

1.5- Estimates of genetic parameters of phase variables at 28°C and 34°C 

Table S3. Genetic parameters for morphological and colour traits of the desert locust estimated from with Model 1 including pedigree only as random effect, 

estimated on locusts reared either at 28°C or at 34°C. We presented values for phenotypic mean and variance (computed on raw data), additive genetic 

variance (VA) and residual variance (VR), heritability (h²) and its standard error (SE), p-values of the pedigree effect. Sample sizes are 112 and 73 for larval 
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traits at 28°C and 34°, respectively, and for 108 and 104 adult traits at 28°C and 34°, respectively. Brightness: Level of brightness, which is inversely related 

to the level of black pigmentation; Brightness: Level of brightness, which is inversely related to the level of black pigmentation; %Green: Percentage of green 

color; E: Length of the fore wing; F: Length of the hind femur; C: Maximum width of the head; H: Height of the pronotum; P: Length of the pronotum; O: 

Vertical diameter of eyes ; V: the width of the vertex between eyes.

 

2- Details on methods and results from simulated data sets 

2.1- Parameter values for crossing schemes 

Table S4: Simulated crossing schemes. Crossing schemes are defined by D_S_O_N where D is the number of dams by sire, S the number of sires and O the 

number of offspring per dam and N the total sample size. F is the number of families (D x S) and D:S is the ratio of the number of dams on the number of 

sires. *: reference crossing scheme (mimicking our biological dataset); # derived from CS12. 
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2.2- Genetic parameters for one of the best simulated crossing scheme with 208 individuals (CS12) 

Figure S3. Performance of heritability estimates evaluated from simulation datasets based on an optimized crossing scheme. We show  mean estimate 

(h²) and 95% confidence interval (empty circles and grey area, respectively), root mean square error (RMSE) (black squares) and percentage of simulations 

with significant pedigree effect (crosses) (y-axis) as a function of simulated h² (x-axis) and maternal effects (horizontal panels) . We used either Model 1 

(without specified maternal effect, top panels) or Model 2 (specifying a maternal effect, bottom panels). Details on parameter values for the crossing scheme 

CS12 can be found in Table S4. 
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Figure S4. Performance of maternal effects estimation evaluated from simulation datasets based on an optimized crossing scheme. We show mean 

estimates (m²) and 95% confidence intervals (empty circles and grey area, respectively), root mean square error (RMSE) (black squares) and percentage of 

simulations with significant maternal effect (crosses) as a function of simulated m² (x-axis) and simulated h² (panels). Estimates were obtained with Model 2. 

Details on parameter values for the crossing scheme CS12 can be found in Table S4. 
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