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Supplementary Figure 1: Phenotypic variance (°C?) in each selected line at each generation. Up-selected
(orange triangles), Down-selected (blue squares), Acclimated Up-selected (red circles) and Control (green

diamonds).
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Supplementary Figure 2: The presence of a hard ceiling for CTmax generates A) a non-linear mapping of
the genotypic values onto the phenotypic values in CTmax and B) a decrease in plasticity after selection for
increased upper thermal tolerance.

In panel A the graphical model suggests how the presence of a hard-upper limit in CTmax (grey striped line) affects
the mapping of individual differences in CTmax at the genotypic level into phenotypic differences. According to
this model, the presence of the hard-upper limit in CTmax introduces non-linearity in the mapping between the two
levels that affects the distribution of the phenotypic values. We illustrate this effect for the Down-selected lines
(blue) and the Up-selected lines (orange) which show similar variation at the genotypic level. This scenario
assumes that CTmax is affected by a large number of loci with alleles of small effects (The infinitesimal model;
(1-3)), and that genetic variance is not affected by selection (4). Due to the non-linearity of the genotype-
phenotype map, variation at the phenotypic level differs between the two lines; the closer mean CTmax is to the
upper limit, the narrower and more skewed the phenotypic distribution of CTmax is. This difference in the

distribution of CTmax is what we observed at the Fs between the Up- and Down-selected lines (Fig. 4).

Panel B represents the effects of selection on the reaction norm of CTmax in the presence of the hard ceiling. The
two curves represent the reaction norm of CTmax With acclimation temperature. The acclimation effect on CTmax
(i.e. plasticity in CTmax) is represented by the steepness of the slope between the two acclimation temperatures.

The lower curve (solid line filled dots) represents the reaction norm of CTmax before selection (see (5) for an
empirical assessment of this reaction norm). After selection to increase CTmax (dash line, open dots), there is an
upwards shift in the Up-selected lines acclimated to 28°C (orange open point in panel B). However due to the
presence of the hard ceiling the Acclimated Up-selected line have less potential to increase in CTmax. This

generates a decrease in plasticity (shallower slope).
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Supplementary Figure 3: Upper thermal tolerance (CTmax) measured in all selected lines at the last
generation (Fe) after acclimation at 24, 28 and 32°C. Mean + SE of each replicate line (n = 60 individuals):
Up-selected (orange triangles), Down-selected (blue squares), Acclimated Up-selected (red circles) and Control
(green diamonds). Estimates from Ime model: contrast with Control at 24 °C: Up-selected 0.08 + 0.08, t = 0.96,
p = 0.36; Down-selected -0.69 £ 0.08, t =-8.70, p < 0.001; Acclimated Up 0.19 £ 0.08, t =2.375, p = 0.04. At 28
°C: Up-selected 0.07 £ 0.09, t = 0.83, p = 0.42; Down-selected -0.55 £ 0.09, t =-6.42, p < 0.001; Acclimated Up
0.19 £ 0.09, t =2.22, p = 0.04. At 32 °C: Up-selected -0.07 £ 0.09, t = -0.83, p = 0.42; Down-selected -0.33 +
0.08, t=-3.87, p=10.002; Acclimated Up +0.07 £ 0.09 °C, t=0.77, p = 0.46.



Supplementary Table 1: Summary table of the mean trial duration, CTmax, standard deviation, selection
differential and selection response at each generation for each replicate. The selection response in the Up and

Down lines is relative to the Control lines.

Line Generation  Mean trial Mean SD Selection Selection
duration Differential Response
(mins) CTmax

Up1 0 44.2 41.27 0.44 - -
1 455 41.65 0.36 0.44 0.23
2 44.6 41.39 0.38 0.33 0.09
3 45.0 41.49 0.39 0.37 0.11
4 455 41.64 0.42 0.39 0.01
5 45.3 41.59 0.43 0.38 0.35
6 45.8 41.75 0.34 0.4 0.08

Up2 0 44.2 41.27 0.44 - -
1 449 41.48 0.38 0.44 0.06
2 44.4 41.33 0.43 0.36 0.02
3 447 41.40 0.41 0.43 0.02
4 45.7 41.72 0.41 0.4 0.08
5 454 41.63 0.37 0.38 0.39
6 46.4 41.92 0.30 0.35 0.25

Down1 0 44.2 41.27 0.44 - -
1 44.3 41.28 0.36 -0.50 -0.13
2 43.1 40.94 0.46 -0.41 -0.37
3 42.8 40.83 0.5 -0.53 -0.56
4 442 41.27 0.55 -0.56 -0.37
5 42.1 40.63 0.66 -0.63 -0.61
6 43.1 40.94 0.71 -0.75 -0.73

Down2 0 44.2 41.27 0.44 - -
1 44.7 41.40 0.36 -0.5 -0.02
2 43.5 41.05 0.46 -0.40 -0.25
3 42.3 40.69 0.65 -0.53 -0.69
4 44.0 41.21 0.53 -0.69 -0.42
5 424 40.71 0.62 -0.59 -0.53
6 42.8 40.85 0.64 -0.75 -0.82

Acclimated Up1 0 35.3 42.58 0.32 - -

1 35.6 42.69 0.31 - -
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Realised heritability and SE for each replicate line

We estimated realized heritability 4 as the slope of the regression of the cumulated response to selection
on the cumulated selection differential across generation (OLS model). We used a linear mixed effect
model where the response variable was the per generation line average cumulated response to selection
and the predictor variables were the per generation line average cumulated selection differential,
generation and treatment. Replicate was a random factor. This means that our sample size per treatment
was n =12 (i.e. 6 generations x 2 replicates). Alternatively, realized heritability can be estimated by the
ratio between the cumulated response to selection (Rc) and the cumulated selection differential (Sc), or
OLS regression or Generalized Least Square models (GLS) on individual data. GLS models can include
information about heteroscedasticity and autocorrelation in the residuals across generation due to drift
and other factors. Thus, if the three methods (Rc/Sc, OLS or GLS) provide unbiased estimates of the
realized heritability /°, they provide different estimates of the standard error of 4° (5 page 599). When
performed on every individual in each line at each generation, the OLS method underestimates the
standard error in A’ (6), while standard errors provided by the ratio Rc/Sc (see equation below) and GLS
models are more realistic and relatively similar, although standard errors provided by GLS models tend
to be smaller when % is small and the number of generations of selection limited. However, compared
with these estimates based on individual data, our method based on line means is expected to
overestimate the standard error in /4. To assess this overestimation, we used the equation provided by
Walsh and Lynch (eq. 18.18 page 600 in 5) to estimate the standard error in /4 in the Rc/Sc method.

This equation shows that the variance of the estimated realized heritability b, is:

Var[R.(T)] _(T/N)hid? + aZ/M;
SA(T) S2(T)

Var (Bt) =

where AZ is the ratio of the cumulated response over the cumulated selection differential, 7 is the
number of generations (6 in our case), N is the number of individuals selected at each generation (150
in our case), o2 is the phenotypic variance (we used the variance at the starting generation because it is
the one estimated with the strongest accuracy), S2(T) is the square of the cumulated selection
differential, and My is the size of the population (450 in our case). The SE of the realized heritability

will be the square root of Var(Bt).



The cumulative selection differentials and cumulative responses to selection used for these calculations
along with the resulting SE are shown in the table below and heritability for each replicate line is shown
in the figure below. Considering the large sample size in each line used in this experiment, standard
errors in realized heritability calculated using the Rc/Sc method are smaller than the standard errors
obtained with the OLS model performed on line means. We decided to present the latter, more

conservative estimates, in the main document.

Supplementary Table 2: Realized heritability estimates for each replicate. Realised heritability is calculated
using two methods, the ratio of the cumulative response to selection and the cumulative selection differential
(Rc/Sc) and using ordinary least square (OLS) regression of the cumulative response to selection on the
cumulative selection differential using the mean of each line at each generation. The standard error (SE) for each
replicate is calculated as the SE of the realized heritability estimated as the ratio between the cumulated response

and the cumulated differential using the equation outlined in the methods section and taken from Walsh and Lynch

(6).

Line Cumulative Cumulative Realised Realised SE SE
selection response to heritability heritability
differential (Sc) selection (Rc) (Rc/Sc) (Re/Sc)  (OLS)
(OLS)
Up1 2.31 0.08 0.03 0.09 0.011 0.035
Up2 2.36 0.25 0.10 0.11 0.015 0.025
Down1 -3.38 -0.73 0.22 0.24 0.014 0.024

Down2 -3.46 -0.82 0.24 0.24 0.014 0.031
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Supplementary Figure 4: Realised heritability (h?) of upper thermal tolerance (CTmax) in wild-caught
zebrafish in each replicate line. The realised heritability was estimated for each line (2 lines per treatment) as
the slope of the regression of the cumulative selection differential on the cumulative response to selection using
a linear model passing through the origin. Slopes are presented for the two Down-selected lines (blue), two Up-
selected lines (orange). Two shades are used for each of the replicate lines within a treatment and data points

represent the mean of each replicate (n = 450) over six generations of selection.
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