Appendix A: Permutation test for each effect size
1) Effect of genetic variation: populations were separated into two groups with low and high
genetic variation, with the genetic variation assignment randomized in each permutation.
Within each level of genetic variation, we calculated the average of the mean δ13C values for
each strain combination. The difference in these averages quantifies the effect of low vs. high
genetic variation on mean resource use (i.e. mean δ13C). The distribution of such differences
from randomized datasets represents the null distribution under no effect of genetic variation.
If genetic variation increased the degree of behavioral niche expansion, we would find that
the difference between groups observed in the original data would occur very rarely in this
null distribution, unlikely to be explained by chance alone. The p value for the effect of
genetic variation on the degree of behavioral niche expansion was therefore calculated as the
probability of finding a between-group difference at least as large as that observed.
2) Effect of competition: populations were separated into two groups for low and high
competition, with the competition assignment randomized in each permutation. The effect
size and null distribution for the competition effect was calculated exactly as described for
genetic variation (above).
3) Interaction effect of genetic variation and competition: populations were separated into four
groups, representing the four experimental treatments (genetic variation crossed factorially
with competition, Table 1; henceforth called “interaction groups” to distinguish from the
genetic variation and competition treatments). The average value of mean δ13C was
calculated for strain combinations within each group, and the between-group variance in this
average was used as the effect size for the interaction effect. The interaction group
assignment was randomized in each permutation to obtain the null distribution for between-
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group variance in average mean δ13C. If interaction group had no effect on mean δ13C, the
probability of finding a variance as large as observed would be very high.
For across-generation niche expansion, we tested whether the effects of genetic variation and
competition on niche expansion varied significantly across the different time periods (i.e. wheat
– generation 4 versus generations 4 – 8). For each permuted dataset above, we calculated the
difference in the effect of each explanatory variable between the two time periods; this was our
effect size. We used the resulting null distribution of effect sizes to calculate the two-tailed p
value for obtaining an effect size as large as that observed. If the effects of genetic variation
during the first and last four generations were not significantly different, we would expect that
the observed effect size would fall within the distribution of differences from permuted datasets.
One of the advantages of a permutation-based approach (as opposed to a more traditional
parametric statistical analysis) is that it is more robust to inequality of variances among groups,
and to unbalanced experimental designs. Our unbalanced design was a necessary consequence of
the experimental manipulation of strain combinations, in which there is only one possible 4strain combination of 4 strains, but 6 possible 2-strain combinations.
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Table S1: Among-strain ecological variation

Strain

Fecundity

% Egg survival

% Larvae

n = 36 females

n = 150 eggs

choosing corn

Wheat

Corn

Wheat

Corn

patch
n = 46 larvae

Col-2

16.25±4.8 1.5±0.65

100±0

85.7±0.03

43.48±0.07

Pak-3

19.8±3.08 5.4±1.29

100±0

54.45±0.04

15.21±0.05

8.33±1.67 1.0±0.58 86.65±0.03 61.65±0.04

13.04±0.05

18.6±1.54 1.4±1.17 87.35±0.03

34.78±0.07

Z-7
Tiw-5

6.75±0.02

Mean values (± standard error) are shown for each trait, measured for isolated individuals
of each of the four experimental strains. n indicates the sample size for each strain (and
flour type, where applicable).
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Figure S1: Experimental setup
The picture shows a top-down view of a population container, with corn (yellow) and
wheat (off-white) flour patches and beetles seen moving on the surface. Non-adult life
stages typically occupy deeper flour layers. During the experiment, the container was
lidded (with holes for air) to prevent beetles from escaping.

Figure S2: Temporal variation in population size in WC
Mean population size at each generation is shown for replicates of each strain
combination. Solid lines represent low-diversity populations; dashed lines represent highdiversity populations.

