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Appendix 1 
Preliminary tests 
Preliminary test A1: determination of appropriate period for egg parasitism 

Since all following tests require every single P. maculiventris host eggs to be successfully parasitized 

by T. podisi, we determined the amount of time egg masses would have to be exposed to the parasitoid 

colony to maximize ensuing emergence. Accordingly, we tested for the potentially negative impact of 

intraspecific competition on parasitoid emergence with the intent of minimizing such effect despite its 

existence being unlikely considering several characteristics of the parasitoid species including its patch 

guarding behaviour (Field 1998). Parasitoid emergence was measured from 50 egg masses of a size 

ranging between 10–15 eggs previously laid for up to 72 h (within this range, there is no effect of host 

age on parasitoid acceptance; Zhou et al. 1994) and left in the colony for 3, 6, 9, 24 or 48 h. Using 

Tukey multiple comparisons (implemented with the “glht” function in the “multcomp” package of R 

software; Hothorn et al. 2008) on a generalized linear model (GLM), we found no evidence of negative 

effects that could be attributed to superparasitism. The proportion of parasitoid emergence was similar 

at ~90% through the treatments except for the short 3 h exposure period, producing significantly less 

(~40%) parasitoids (Appendix 2 Fig. A2). For future tests, egg masses were considered successfully 

parasitized by T. podisi following a 24 h exposure period in the parasitoid colony. 

 

Preliminary test A2: egg colour changes due to parasitoid development and UV exposure 

Darkening of parasitized host eggs could affect the level of parasitoid sensitivity to UV radiation 

throughout its immature development. To 1) characterize how parasitoid development affects host egg 

darkening over the entire developmental period, and 2) test whether the rate of darkening is influenced 

by UV exposure, PI measurements were taken on 100 parasitized P. maculiventris eggs (either exposed 

or not to UV) for 18 consecutive days, from egg laying to parasitoid emergence. First, pigmentation of 

newly laid (unparasitized) P. maculiventris eggs was measured on filter paper on day 0 to separate 

initially “light” (PI = 4.57–0.72) from initially “dark” (PI = 19.79–10.98) eggs. Eggs of the same colour 

category were separated from the oviposition substrate and glued upright with non-toxic white glue on 
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small (~3 cm2) pieces of white filter paper, to form four masses of 25 eggs (two for each egg colour 

category) that were then placed in the T. podisi colony for a 24 h exposure period to parasitism. 

To test whether UVR affects egg darkening, the egg masses were placed in the UV exposure 

setup at eight cm from the lamp, and were exposed to different UV intensity treatments: 1) Exposed: 

dark or light egg masses exposed to a UV intensity treatment of 1.00 mW cm–2 and 2) Control: dark or 

light egg masses placed under a UV lens filter. Using a linear mixed model (LMM) with three fixed 

factors (UV treatment, initial egg pigmentation level and day of development) and the individual egg as 

the random factor, we found no significant pigmentation level differences between the UV-exposed and 

not exposed treatments for a given egg colour category (Likelihood-ratio test (LRT), χ2 = 0.19, p = 

0.66); data were thus pooled with respect to level of UV exposure. We found that both initially light 

and dark host eggs darkened throughout parasitoid development (LRT, χ2 = 931.93, p < 0.0001). The 

interaction between the day of development and the egg colour treatment was significant (LRT, χ2 = 

334.24, p < 0.0001), indicating that the darkening rate of light eggs was significantly greater than dark 

eggs, with light eggs almost reaching the pigmentation level of initially dark eggs (Appendix 2 Fig. 

A3). These results confirmed that pigmentation of parasitized host eggs – and thus potentially UV 

sensitivity – could change during development, justifying the use of two different exposure periods in 

subsequent experiments.  

 

References 
Field, S. A. 1998. Patch exploitation, patch�leaving and pre�emptive patch defence in the parasitoid 

wasp Trissolcus basalis (Insecta: Scelionidae). – Ethology 104: 323–338. 

Hothorn, T. et al. 2008. Simultaneous inference in general parametric models. – Biom. J. 50: 346–363. 

Zhou, Y. et al. 2014. Increasing host age does not have the expected negative effects on the fitness 

parametersF of an egg parasitoid. – Entomol. Exp. App. 151: 106-111. 

  



	

3	
	

Appendix 2 

Figures 

 

 

 

 

 

 

 

 

 

 

 
Figure A1. Spectral output of the UV lamp used in the experiment. 

  



	

4	
	

 

 

 

 

 

 

 

 

 

 

 

 

Figure A2. Proportion of T. podisi parasitoids emerging from P. maculiventris egg masses left in the 
parasitoid colony for five different periods of exposure to parasitism (3; 6; 9; 24; or 48 h). Black 
circular points represent the mean proportion of parasitoids emerging following each exposure period 
treatment. Different letters indicate significant differences among treatments (p <0.05; Tukey contrast 
following general linear mixed model analysis). Total n = 50 egg masses 
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Figure A3. Darkening of host egg colour (pigmentation index) throughout the entire parasitoid 

development for two initial egg pigmentation categories (triangular points – light colour; circular points 

– dark colour) of eggs laid by P. maculiventris on day 0 and parasitized by T. podisi before day 1. Total 

n = 100 eggs 
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Figure A4. Number of offspring produced by female T. podisi parasitoids emerging from P. 
maculiventris eggs of two different pigmentation level categories (light colour; dark colour) exposed to 
a low (0.30 mW cm–2) and constant intensity of UVR emanating from a UVA/B lamp (300–390 nm; 
applied daily for a 16 h light period) over two different periods of exposure (first – 9 first days; control 
– all 18 developmental days under a UV-filtering lens with a minimal UV intensity of 0.03 mW cm–2). 
Shaded boxes: dark egg colour; white boxes: light egg colour. Black circular points show the mean 
development time of a given egg colour and exposure period treatment. Total n = 87 female 
parasitoids. Although PI was analyzed as a continuous factor, it is represented here categorically in the 
interest of clarity 
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Figure 
A5. 

Longevity of male and female T. podisi parasitoids emerging from P. maculiventris eggs of two 
different pigmentation level categories (light colour; dark colour) exposed to two different constant 
intensities of UVR (low – 0.30 mW cm–2; high – 1.00 mW cm–2) over three different periods of 
exposure (first – 9 first days of development; second – 9 last days of development; control – all 18 
developmental days under a UV-filtering lens with a minimal UV intensity of 0.03 mW/cm2). Shaded 
boxes: dark egg colour; white boxes: light egg colour. Small circular black points show the mean 
development time of a given egg colour, parasitoid sex, UV intensity, and exposure period treatment. 
Refer to Appendix 3 Table A8 and Table A9 for detailed statistical information. Total n = 1010 
parasitoids. Although PI was analyzed as a continuous factor, it is represented here categorically in the 
interest of clarity. Overlapping outlier points are plotted as “sunflowers” with respective number of 
“leaves” 
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Appendix 3 

Tables 

Table A1. Statistical comparison of the emergence of T. podisi parasitoids depending on the 
pigmentation index (PI) of the P. maculiventris host eggs, on the intensity (low or high) and period 
(first, second or control) of developmental UV exposure and on the two-way and three-way interactions 
between the levels of these factors. 

Factor Level Coefficient SE χ 2 df p 
Intercept  0.80 0.68    
Period    104.29 6 < 0.0001 

 Second 0.98 0.84    
 Control 2.60 0.90    

Intensity    91.49 3 < 0.0001 
 High -6.54 0.77    

PI  0.27 0.065 27.26 3 < 0.0001 
Period: Intensity    56.83 2 < 0.0001 

 Second: High 5.13 0.93    
 Control: High 6.90 0.99    

Period: PI    18.67 2 < 0.0001 
 Second: PI -0.14 0.082    
 Control: PI -0.35 0.085    

Intensity: PI    1.06 1 0.30 
 High: PI 0.14 0.14    

Period: Intensity: PI    4.36 3 0.23 
 Second: High: PI 0.026 0.17    
 Control: High: PI -0.22 0.17    

Significance was assessed with likelihood ratio tests (LRTs) comparing generalized linear mixed models (GLMM). 
Coefficients are relative to an intercept of an egg mass with a PI of 0, exposed to a low intensity of UVR during the first 
period. A shaded background indicates that the factor or the interaction of the factors was not significant and was thus not 
included in the simplified model. 
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Table A2. Statistical significance of the influence of host egg pigmentation index (PI) on the 
emergence of the parasitoid T. podisi, depending on UV intensity and period of exposure (first, second 
or control). 

Intensity Period 
PI 

χ 2 p 
Low    

 First 12.51 0.0004 
 Second 0.10 0.75 
 Control 0.34 0.56 

High    
 First 7.82 0.0052 
 Second 9.74 0.0018 
 Control 1.76 0.18 

Significance was assessed with likelihood ratio tests (LRTs) comparing generalized linear mixed models (GLMM). 
Significant effects are italicized. 
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Table A3. Statistical comparison of the secondary sex ratio of T. podisi parasitoids depending on the 
pigmentation index (PI) of the P. maculiventris host eggs, on the intensity (low or high) and period 
(first, second or control) of developmental UV exposure and on the two-way and three-way interactions 
between the levels of these factors. 

Factor Level Coefficient SE χ 2 df p 
Intercept  -0.75 0.20    
Period    10.38 8 0.24 

 Second -0.43 0.27    
 Control 0.23 0.25    

Intensity    7.01 6 0.32 
 High 1.78 1.86    

PI  0.058 0.18 5.71 6 0.46 
Period: Intensity    4.46 4 0.35 

 Second: High -1.57 1.89    
 Control: High -2.11 1.88    

Period: PI    2.44 4 0.66 
 Second: PI -0.013 0.26    
 Control: PI 0.067 0.26    

Intensity: PI    4.67 3 0.20 
 High: PI -1.82 1.90    

Period: Intensity: PI    1.51 2 0.47 
 Second: High: PI 1.43 1.92    
 Control: High: PI 1.61 1.92    

Significance was assessed with likelihood ratio tests (LRTs) comparing generalized linear mixed models (GLMM). 
Coefficients are relative to an intercept of an egg mass with a PI of 0, exposed to a low intensity of UVR during the first 
period. A shaded background indicates that the factor or the interaction of the factors was not significant and was thus not 
included in the simplified model.	
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Table A4. Statistical comparison of the development time of T. podisi parasitoids depending on their 
sex, on the pigmentation index (PI) of the P. maculiventris host eggs, on the intensity (low or high) and 
period (first, second or control) of developmental UV exposure and on the two-way, three-way and 
four-way interactions between the levels of these factors. 

Factor Level Β SE exp β χ 2 df p 
Sex     194.10 2 < 0.0001 

 Male 0.91 0.093 2.48    
Period     182.8 6 < 0.0001 

 Second 0.96 0.18 2.62    
 Control 0.87 0.17 2.38    

PI  0.068 0.012 1.07 29.60 3 < 0.0001 
Intensity     237.92 4 < 0.0001 

 High -0.24 0.22 0.79    
Period: PI     25.21 2 < 0.0001 

 Second: PI -0.072 0.016 0.93    
 Control: PI -0.072 0.016 0.93    

Sex: Intensity     8.19 1 0.0042 
 Male: High 0.42 0.14 1.52    

Period: Intensity     89.97 2 < 0.0001 
 Second: High 1.82 0.24 0.24    
 Control: High 0.68 0.23 1.97    

Intensity: PI     0.0042 1 0.95 
 High: PI 0.56 0.48 1.75    

Sex: Period     5.60 2 0.061 
 Male: Second 0.70 0.42 2.015    
 Male: Control 0.98 0.41 2.65    

Sex: PI     0.42 1 0.52 
 Male: PI 0.059 0.027 1.06    

Sex: Period: PI     10.15 5 0.071 
 Male: Second: PI -0.045 0.040 0.96    
 Male: Control: PI -0.070 0.038 0.93    

Sex: Period: Intensity     7.25 4 0.12 
 Male: Second: High -6.26 6.88 0.0019    
 Male: Control: High -6.52 6.89 0.0015    

Sex: Intensity: PI     2.03 3 0.57 
 Male: High: PI -0.51 0.50 0.60    

Period: Intensity: PI     5.30 3 0.15 
 Second: High: PI -0.54 0.48 0.58    
 Control: High: PI -0.58 0.48 0.56    

Sex: Period: Intensity: PI     17.45 13 0.18 
 Male: Second: High: PI 0.50 0.50 1.65    
 Male: Control: High: PI 0.51 0.50 1.66    

Significance was assessed with likelihood ratio tests (LRTs) comparing survival models. Coefficients are relative to an 
intercept of a female parasitoid emerged from an egg with a PI of 0, exposed to a low intensity of UVR during the first 
period. A shaded background indicates that the factor or the interaction of the factors was not significant and was thus not 
included in the simplified model.	
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Table A5. Statistical significance of the influence of host egg pigmentation index (PI), of the period of 
exposure (first, second or control) and of the interaction of these factors levels on the development time 
of the parasitoid T. podisi, depending on sex and intensity of UV exposure (low or high).  

Sex Intensity 
Overall model Submodels comparisons for Period: PI 

Period PI Period: PI First Second Control 
χ 2 p χ 2 p χ 2 p χ 2 p χ 2 p χ 2 p 

Female              
 Low 9.00 0.011 3.84 0.050 9.30 0.0096 7.47 0.0063 3.90 0.048 1.84 0.17 
 High 18.58 < 0.0001 0.29 0.59 0.63 0.73       

Male              
 Low 10.12 0.0063 6.55 0.010 16.43 0.00027 23.63 < 0.0001 0.078 0.78 0.80 0.37 
 High 20.42 < 0.0001 0.25 0.61 1.49 0.47       
Significance was assessed with likelihood ratio tests (LRTs) comparing survival models. Significant effects are italicized. 
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Table A6. Statistical comparison of the size of T. podisi parasitoids depending on their sex, on the 
pigmentation index (PI) of the P. maculiventris host eggs, on the intensity (low or high) and period 
(first, second or control) of developmental UV exposure and on the two-way, three-way and four-way 
interactions between the levels of these factors. 

Factor Level Coefficient SE χ 2 df p 
Intercept  347.86 2.56    

Sex    107.33 1 < 0.0001 
 Male -11.57 1.13    

Period    60.35 4 < 0.0001 
 Second 17.20 2.73    
 Control 9.37 2.69    

PI  0.96 0.20 25.39 3 < 0.0001 
Period: PI    13.70 2 0.00011 

 Second: PI -0.90 0.25    
 Control: PI 0.74 0.25    

Intensity    3.78 1 0.052 
 High -84.13 57.36    

Sex: Period    3.97 2 0.14 
 Male: Second -9.60 6.75    
 Male: Control -1.19 6.57    

Sex: PI    0.81 1 0.37 
 Male: PI 0.051 0.44    

Sex: Intensity    4.05 2 0.13 
 Male: High 87.41 60.23    

Period: Intensity    4.51 3 0.21 
 Second: High 81.07 57.50    
 Control: High 79.54 57.48    

Intensity: PI    3.80 2 0.15 
 High: PI 5.68 4.17    

Sex: Period: PI    4.84 5 0.44 
 Male: Second: PI 0.82 0.64    
 Male: Control: PI 0.18 0.62    

Sex: Period: Intensity    11.81 8 0.16 
 Male: Second: High -77.14 60.63    
 Male: Control: High -82.18 60.58    

Sex: Intensity: PI    6.43 5 0.27 
 Male: High: PI -5.49 4.39    

Period: Intensity: PI    4.60 6 0.60 
 Second: High: PI -5.42 4.18    
 Control: High: PI -5.56 4.18    

Sex: Period: Intensity: PI    18.61 17 0.35 
 Male: Second: High: PI 4.19 4.44    
 Male: Control: High: PI 5.06 4.44    

Significance was assessed with likelihood ratio tests (LRTs) comparing linear mixed models (LMM). Coefficients are 
relative to an intercept of a female parasitoid emerged from an egg with a PI of 0, exposed to a low intensity of UVR during 
the first period. A shaded background indicates that the factor or the interaction of the factors was not significant and was 
thus not included in the simplified model.	
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Table A7. Statistical significance of the influence of host egg pigmentation index (PI) on the size of the 
parasitoid T. podisi, depending on sex and period of exposure to UV (first, second or control). 

Sex Period 
PI 

χ 2 p 
Female    

 First 5.74 0.017 
 Second 0.001 0.97 
 Control 1.26 0.26 

Male    
 First 10.84 0.00099 
 Second 0.96 0.33 
 Control 0.49 0.49 

Significance was assessed with likelihood ratio tests (LRTs) comparing linear mixed models (LMM). Significant effects are 
italicized. 
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Table A8. Statistical comparison of the longevity of T. podisi parasitoids depending on their sex, on the 
pigmentation index (PI) of the P. maculiventris host eggs, on the intensity (low or high) and period 
(first, second or control) of developmental UV exposure and on the two-way, three-way and four-way 
interactions between the levels of these factors. 

Factor Level β SE exp β χ 2 df p 
Sex     309.2 8 < 0.0001 

 Male 1.52 0.23 4.56    
Period     42.89 8 < 0.0001 

 Second -0.66 0.12 0.52    
 Control -0.15 0.13 0.86    

PI  0.0075 0.0093 1.01 6.70 4 0.15 
Intensity     36.77 8 < 0.0001 

 High -0.19 0.31 0.83    
Sex: Period     12.72 4 0.013 

 Second 0.65 0.23 1.91    
 Control 0.062 0.22 1.06    

Sex: PI     6.17 2 0.046 
 Male: PI -0.029 0.016 0.97    

Sex: Intensity     18.93 4 0.00081 
 Male: High -0.11 0.52 0.89    

Period: Intensity     29.71 4 < 0.0001 
 Second: High 0.90 0.28 2.47    
 Control: High -0.033 0.29 0.97    

Intensity: PI     6.17 2 0.046 
 High: PI -0.025 0.015 097    

Sex: Period: Intensity     10.56 2 0.0051 
 Male: Second: High -0.85 0.50 0.43    
 Male: Control: High 0.21 0.48 1.23    

Sex: Intensity: PI     6.05 1 0.014 
 Male: High: PI 0.063 0.026 1.07    

Period: PI     1.97 2 0.37 
 Second: PI 0.022 0.022 1.022    
 Control: PI 0.015 0.024 1.015    

Sex: Period: PI     1.97 4 0.74 
 Male: Second: PI -0.016 0.040 0.98    
 Male: Control: PI 0.015 0.038 1.015    

Period: Intensity: PI     2.48 4 0.65 
 Second: High: PI -0.69 0.56 0.50    
 Control: High: PI -0.65 0.56 0.52    

Sex: Period: Intensity: PI     2.49 6 0.87 
 Male: Second: High: PI 0.69 0.56 1.99    
 Male: Control: High: PI 0.62 0.56 1.87    

Significance was assessed with likelihood ratio tests (LRTs) comparing survival models. Coefficients are relative to an 
intercept of a female parasitoid emerged from an egg with a PI of 0, exposed to a low intensity of UVR during the first 
period. A shaded background indicates that the factor or the interaction of the factors was not significant and was thus not 
included in the simplified model.	
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Table A9. Statistical significance of the influence of host egg pigmentation index (PI), of the period of 
exposure and of the interaction of these factors on the longevity of the parasitoid T. podisi, depending 
on sex and intensity of UV exposure (low or high). 

Sex Intensity 
Period PI Period: PI 

χ 2 p χ 2 p χ 2 p 
Female        

 Low 30.65 < 0.0001 1.55 0.67 1.091 0.58 
 High 12.67 0.013 4.93 0.18 3.16 0.21 

Male        
 Low 1.76 0.78 4.23 0.24 0.64 0.73 
 High 0.30 0.99 2.44 0.49 0.20 0.90 

Significance was assessed with likelihood ratio tests (LRTs) comparing survival models. Significant effects are found in 
italic.	

	

	

 


