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Supplementary table 1. Composition of Nutrient Agar and Nutrient Broth

Composition of Nutrient Agar (NA)

Ingredients g/L

Peptic digest of animal tissue 5.00

Sodium chloride 5.00

Beef extract 1.50

Yeast extract 1.50

Agar 20.00

Final pH (at 25°C) 7.4 ± 0.2.

Population No. of generations

SA 170.50

SB 170.51

SC 170.37

HA 170.62

HB 170.54

HC 170.59
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Supplementary material

Calculation of generation time in the experiment:
We computed the number of generations (g) using the standard expression in the microbiology literature (Bennett and Lenski 1997)

where NF is the population density (measured as OD) at the end of the growth cycle and N0 is the population density at
the start of the growth cycle. It seems intuitive that F populations would have undergone less number of generations than
S populations over the span of 30 days, due to the fact that the former were experiencing stress. However, this was not
found to be the case, as seen from the data below:

This seeming anomaly is explained by the fact that at every passage, we transferred fixed volume of culture to the next
environment. Thus, though S populations reached higher OD600 value at almost every passage as compared to F
populations, they started the next generation with higher numbers as well. As a result, the S populations hit stationary
phase earlier than the F populations and, in effect, spent similar number of generations over the experimental duration.

g ¼ log2(NF/N0)
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Supplementary table 2. Novel Environments used for
estimating fitness at the individual level

Assay Environment Concentration

Cobalt chloride 28.5 mg%

Zinc sulfate 120 mg%

Streptomycin 0.0065 mg%

Norfloxacin 0.0032 mg%

Supplementary text 3. Protocol for using the Biolog plates

We used GEN III MicroPlateTM along with inoculating fluid A (IF-A) for estimating the phenotypic variation. Both plates and
inoculating fluid were stored at 4°C and thawed at room temperature before use.

A part of glycerol stock was streaked on nutrient agar plate for every replicate population of S and F. The plates were
incubated at 37°C overnight. 8 isolated clones of comparable sizes were selected for every population and inoculated into the
separate inoculation fluid tube. The transmittance was in the range of 95% to 98% for the selected clones. 100 μL of this well
mixed inoculation fluid was used to inoculate the GEN III plate. The plates were incubated at 37°C for 24 h after which they
were stored at 4°C for another day, during which time we measured optical density for all the 48 plates at 590 nm (Cooper and
Lenski 2000) using a microplate reader (SynergyHT Biotek, Winooski, VT, USA).

Supplementary table 4. Summary of the main effects of selection in the ANOVAs under individual environments

Fitness Measure Environment Means ANOVA F(1,4) Holm-Šidàk
corrected
p-values

Effect
Size±95% CI

Interpretation

S F

Yield Cobalt 4.877 7.759 43.33 0.008 1.79±0.43 Large

Norfloxacin 5.396 7.479 40.77 0.006 1.15±0.42 Large

Zinc 1.897 3.306 6.47 0.064 0.69±0.34 Medium

Streptomycin 4.000 7.519 99.53 0.002 1.77±0.42 Large

Lag Cobalt 119.070 77.000 34.53 0.017 1.46±0.36 Large

Norfloxacin 118.854 108.208 0.99 0.375 0.26±0.4 Small

Zinc 206.059 185.056 1.62 0.47 0.42±0.33 Small

Streptomycin 131.667 84.278 14.93 0.053 1.22±0.4 Large

Supplementary table 5. Summary of the main effects of the ANOVA for pooled data as well as under individual environments,
for separate analyses for two trials

We had not treated trials as repetitions at the level of the whole experiment because then we will have to conduct double the
number of statistical tests than what we have done, which would have greatly inflated our overall error rates. Therefore, in the
main manuscript, we treat trial as a random factor and analyse the data from the two trials together. However, as pointed out
by a reviewer, the two trials can also be used to check for reproducibility of the results. Therefore, we have reanalysed the
individual cell data for two trials separately and find that the results are consistent with our earlier analysis. The trends were
consistent even when the two trials are analysed separately, which underlines the reproducibility of our results.



Main effect of selection in pooled data

Assay Means ANOVA F (df effect,df error) ANOVA p Effect Size Effect Size Interpretation

S F

Lag 141.68 115.49 15.12 (1,4) 1.80E-02 0.5±0.26 Medium

Yield 3.80 6.33 43.03 (1,4) 0.003 1.04±0.28 Large

Trial I

Main effect of selection in individual environments

Assay Environment Means ANOVA F(1,4) Holm-Sidak
Correction p-values

Effect Size Effect Size Interpretation

S F

Lag Cobalt 123.13 77.57 11.36 0.108 1.3±0.57 Large

Norfloxacin 126.26 106.15 0.77 0.676 0.44±0.6 Small

Zinc 187.84 180.00 0.14 0.729 0.14±0.48 Small

Streptomycin 124.33 81.83 6.08 0.194 1±0.54 Large

Yield Cobalt 4.07 7.71 44.55 0.01 2.6±0.7 Large

Norfloxacin 5.35 7.05 7.42 0.103 0.79±0.62 Large

Zinc 2.52 4.09 3.96 0.117 0.65±0.5 Medium

Streptomycin 3.67 7.17 35.8 0.012 1.61±0.58 Large

Trial II

Main effect of selection in pooled data

Assay Means ANOVA F (df effect,df error) ANOVA p Effect Size Effect Size Interpretation

S F

Lag 153.39 121.72 7.27(1,4) 0.054 0.54±0.26 Medium

Yield 3.97 6.20 30.96(1,4) 0.005 0.85±0.27 Large

Main effect of selection in individual environments

Assay Environment Means ANOVA F(1,4) Holm-Sidak
Correction p-values

Effect Size Effect Size Interpretation

S F

Lag Cobalt 114.56 76.467 1114.07 0.00002 1.9±0.63 Large

Norfloxacin 112.04 109.679 0.04 0.852 0.06±0.53 Small

Zinc 221.32 189.838 1.62 0.47 0.76±0.47 Large

Streptomycin 139.00 87.333 9.59 0.105 1.51±0.6 Large

Yield Cobalt 5.778 7.800 6.41 0.125 1.26±0.57 Large

Norfloxacin 5.440 7.786 26.07 0.021 1.6±0.62 Large

Zinc 1.378 2.568 1.87 0.243 0.94±0.48 Large

Streptomycin 4.333 7.958 324.06 0.0002 2.15±0.67 Large



Supplementary text 6. Quantitative analysis of the cell size

One of the ways in which the F populations might have evolved could have been by change in cell shape or cell size. To study
this, we exposed individuals from all the replicate S and F populations to the same concentration of Norfloxacin as used in the
study. We used ImageJ software (Schneider et al. 2012) to measure the cell sizes right after the cells divided (to make sure that
all cells are measured at the same age). Cell lengths were measured for first two divisions and data was analysed using a two-
way ANOVAwhere selection (two levels – S and F) was a fixed factor and replicate (three levels) was a random factor nested
in selection. The difference in cell sizes is non-significant with very small effect size (F1,4 = 1.56, p = 0.279, d = 0.19). We
also provide representative images.
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Supplementary text 7. Nonparametric statistics for phenotypic variation

The discrete nature of the phenotypic variation scores violates the normality assumption of ANOVA (Zar, 1999). However, it
is important to note that:

a) ANOVA is known to be robust to departures from normality, particularly when the numbers of observations in each cell
are the same (Quinn and Keough 2002), which they are in this case.

b) The effect sizes for all comparisons have been computed and Cohen’s d does not depend on the nature of the underlying
distribution. The interpretation from the effect sizes was the same as that of the parametric analysis: there were no major
differences between the phenotypic variation of S and F.

In spite of this, as recommended by an editor, we conducted a non-parametric analysis of the data. The use of the non-
parametric alternative of the two way ANOVA (Scheirer-Ray-Hare test) is controversial in the statistical literature (Dytham
2011), and hence was not used here. Instead, we performed another commonly used nonparametric test, namely the Friedman
test (Sokal and Rohlf 1995). Phenotypic distance for every environment was averaged over three replicate populations for S
and F. This yielded 61 different values of distance each for S and F, every single value corresponding to one environment.
This data was then analysed using the Friedman test and we detected no significant difference in phenotypic variance between
the S and F populations (p=0.473) which is consistent with the results obtained from the two-way ANOVA (p=0.22; table 1 of
the article). This is not surprising as non-parametric tests have considerably lower power than the corresponding parametric
ones (Zar, 1999), and therefore any difference between means that is statistically non-significant in parametric tests will
remain non-significant in non-parametric tests.

To summarize, whatever way we analysed the phenotypic variance (ANOVA, effect size, Friedman test), the conclusions
were the same: there was no significant difference between the phenotypic variance in S and F populations.
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