


Appendix S4 Methods for the hierarchical analysis of response as a function of magnitude of the climate
treatment.

Figure S4.1 Graphical representation of the hierarchical model’s (a) structure and (b) functional
relationship of analysis of effect size as a function of magnitude of treatment. & vector of parameters
included in the analysis (a: maximum effect size and &: half-saturation constant), o: origin (native and
non-native), . terrestrial, a: aquatic, temp: temperature, prec: precipitation.

Supplementary methods for the hierarchical analysis

We explored the relationship between effect size (i.e., magnitude of performance response) and the
treatment magnitude (i.e., degree of climatic change) within a hierarchical framework. For species i in

study s (analyzed separately for negative and positive responses), the likelihood of observing that effect

size was calculated as:

ES,psis ~ Normal(ES;, a,~2)

with process model:
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The variance associated with each effect size, .2, was estimated as a combination of the observed

: . , : 1 1 1 ,
variance in response size and an overall variance: — =——+—. aozbs(l.), the observed variance, was
Gi Gobs([)

calculated from the standard deviation (SD) or standard error reported in the original study for the
response variable. To estimate the observed variance associated with each effect size, we ran 10,000
simulations calculating effect size from the mean response and reported SD. If measurements of

variability around each effect size were not available (219 out of 755 observations), we then estimated

this variance as 1/ afbs(i) ~ Gamma(0.01,0.01). The overall variance, 77, was estimated from a

distribution with non-informative priors, 1/ 77* ~ Gamma(0.01,0.01).

The parameters, associated with the process model, for maximum effect size (parameter a) and

the half saturation constant (parameter ») were estimated hierarchically as:

2
aorigin,syslem,driver ~ Nor mal (alnrig[n,system: Oq4 )
2 .
aloiginsystem ~ Normal(a2oigin, 64;°) and o, ~ Uniform(0,1000)

a2,yigin ~ LogNormal(0,10000) and o,1 ~ Uniform(0,1000)
and

2
borigin,system,driver ~ Normal (b 101‘igin,system; Op )
2 .
b1, igin system ~ Normal(b2,igin, 031°) and oy, ~ Uniform(0,1000)

b2yigin ~ LogNormal(0,10000) and o1 ~ Uniform(0,1000)

We used non-informative priors for the hyperparameters, a2 and b2, and the variances, o°, and lognormal
distributions for the overall parameters, a2 and 52, to ensure positive values. This structure allowed us to

make comparisons between native and non-native species at three levels: overall, parameters a2, and



b2,,igin; Within each system, parameters a2,igin, sysem NA H2,yigin, syseem; AN Within system for each driver,
parameters a2y igin sysiem driver ANA B2rigin sysiem ariver- Additional fixed (e.g., response type, latitude, or study
duration) or random effects (e.g., study) did not improve the model fit (based on Deviance Information

Criterion; Spiegelhalter ez al. 2000); thus, results from the basic model were reported in the main text.

Reference

Spiegelhalter, D.J., Best, N., Carlin, B.P. & Linde, A.V.D. (2000). Bayesian measures of model

complexity and fit. J. Royal Statist. Soc. B, 64, 583-639.



Appendix S5 Results of mixed models used to assess effects of potential covariates.
All mixed models were run in OpenBUGS, called from R using the R20penBUGS package. Three chains
were run for 10,000 iterations, thinning by 25, and convergence was assessed visually and using the

Gelman-Rubin criteria.

Model 1: The first mixed model was the simplest, modeling effect size (difference-to-mean ratio £S) as a
function of origin-driver-system groups and including a random effect to account for studies.

ES ~ a'lpha[Origin, driver, System] + RandomEffeCt[study]
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Figure S5.1: Results for Model 1. Points represent mean responses (difference-to-mean ratio ES; see
Methods) for each origin-driver-system combination, and error bars represent 95% credible intervals.
Asterisks denote responses that are significantly different from zero for native (black circles) and non-
native species (gray triangles). The number under each pair of responses gives the probability that the
non-native species are responding more positively than the natives (calculated from the difference
between the two in the model). Clover symbols mark those where non-natives show a statistically
significant advantage over native species.



Appendix S5 (con’t)
Model 2: The second mixed model tested how effect size (difference-to-mean ratio ES) varied as a
function of origin-driver-system groups and the magnitude of study treatment, while again including a

random effect to account for studies.

ES ~ alphaorigin, driver, system] T D€ta[0rigin, driver, system;™ Treatment Magnitude + RandomEffect gy
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Figure S5.2. Intercepts (a) and coefficients (b) describing the effect of study magnitude on responses in
each of the driver-origin categories. Points represent mean parameter estimates for each origin-driver-
system combination, and intervals are 95% credible intervals. Asterisks denote effect sizes that are
significantly different from zero for native (black circles) and non-native species (gray triangles). The
number under each pair of responses gives the probability that the non-natives are responding more
positively than the native species (calculated from the difference between the two in the model). Clover
symbols mark comparisons where non-native species show a statistically significant advantage over
natives.
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Model 3. The third mixed model explored the effects of multiple additional covariates, none of which
were significant in this analysis:

Random effects:
e Latitude
e Study duration
e Study magnitude
e Study

Fixed effects:
e Stage (Adult/ Juvenile / Other)
e Habitat (Forest / Grassland / Herbaceous / Aquatic / Other)
e Response variable (Growth / Photosynth / Reproduction / Survival)
e Life history (Annual / Perennial / NA)

Study duration Study magnitude Latitude
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Figure S5.3. Parameter estimates for additional covariates. Points represent mean parameter estimates for
each origin-driver-system combination, and intervals are 95% credible intervals.
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Figure S5.3 (cont.). Parameter estimates for additional covariates. Points represent mean parameter
estimates for each origin-driver-system combination, and intervals are 95% credible intervals.
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Figure S5.4. Contrasts showing the differences in effects between native and non-native species for the
covariates in Model 3. None of the contrasts from Model 3 were significant.
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Model 4. The fourth mixed model included latitude only (as well as a random effect for study) and
indicated a marginally significant effect of latitude in aquatic temperature studies.

Table S5.1. Parameter value estimates for the effect of latitude from Model 4, as well as contrasts
between native and non-native species (the marginally significant contrast for effect of latitude is shown
in bold).

System Origin Driver parameter mean sd val2.5pc val97.5pc

Aquatic Native Temperature beta.lat[1,1,1] -0.1276 0.1177 -0.4065 0.04609
Aquatic Native C02 beta.lat[1,1,2] 0.2541 0.1682 -0.0721 0.5876
Aquatic Native Plus Precip beta.lat[1,1,3] -0.0776 10.05 -20.06 19.57
Aquatic Native Minus Precip beta.lat[1,1,4] 0.133 10.01 -19.58 19.87
Aquatic Non-native Temperature beta.lat[1,2,1] 0.02346 0.07209 -0.1052 0.1989
Aquatic Non-native CO2 beta.lat[1,2,2] 0.2847 0.1676 -0.04197 0.6148
Aquatic Non-native Plus Precip beta.lat[1,2,3] -0.05197 10.04 -19.52 19.78
Aquatic Non-native Minus Precip beta.lat[1,2,4] 0.104 9.834 -19.03 19.57
Terrestrial  Native Temperature beta.lat[2,1,1] 0.02218 0.07934 -0.1308 0.1878
Terrestrial  Native Cc0o2 beta.lat[2,1,2] 0.09549 0.135 -0.1694 0.3622
Terrestrial  Native Plus Precip beta.lat[2,1,3] 0.01722 0.1587 -0.2962 0.3271
Terrestrial  Native Minus Precip beta.lat[2,1,4] 0.05129 0.1279 -0.1983 0.2909
Terrestrial  Non-native Temperature beta.lat[2,2,1] 0.02884 0.07481 -0.109 0.1822
Terrestrial  Non-native CO2 beta.lat[2,2,2] 0.1762 0.1366 -0.09007 0.4474
Terrestrial  Non-native Plus Precip beta.lat[2,2,3] -0.01521 0.1564 -0.3197 0.2944
Terrestrial  Non-native Minus Precip beta.lat[2,2,4] -0.002346 0.0933 -0.188 0.1804

Contrast Native — Non-native effects

Aquatic Temperature cont.lat[1,1] -0.1511 0.1243 -0.4282 0.05067 *
Aquatic Cco2 cont.lat[1,2] -0.03065 0.1641 -0.3531 0.294
Aquatic Plus Precip cont.lat[1,3] -0.02563 14.12 -27.77 27.54
Aquatic Minus Precip cont.lat[1,4] 0.02903 13.93 -27.49 27.15
Terrestrial Temperature cont.lat[2,1] -0.006657 0.08758 -0.1791 0.1677
Terrestrial CO2 cont.lat[2,2] -0.08069 0.08064 -0.2403 0.0772
Terrestrial Plus Precip cont.lat[2,3] 0.03243 0.1334 -0.2299 0.2925

Terrestrial Minus Precip cont.lat[2,4] 0.05364 0.1169 -0.1805 0.2816




Appendix S6 Posterior mean (SD) and 95% CI parameter values for the hierarchical analyses. Cases
where native and non-native species are significantly different (i.e. non-overlapping 95% ClIs) are

indicated in bold.

Parameter

Maximum effect size (a)
Overall

Terrestrial

Aquatic
Terrestrial-temperature
Terrestrial-precipitation
Terrestrial-CO,
Aquatic-temperature
Aquatic - CO,

Half saturation constant (b)

Overall

Terrestrial

Aquatic
Terrestrial-temperature
Terrestrial-precipitation
Terrestrial- CO,
Aquatic-temperature
Aquatic - CO,

Variances
2

n

o,’ terrestrial
2 -

.2 aquatic

oy’ terrestrial

o2 aquatic

Negative responses

Native Non-native
0.73(0.32) 1.55(0.41)
0.3,1.41 0.6,2.41
1.05(0.32) 1.67(0.49)
0.58,1.78 0.84,2.77
0.92(0.24) 1.97(0.58)
0.55,1.53 0.96,3.26
1.15(0.42) 1.86(0.69)
0.59,2.16 0.81,3.51
0.98(0.24) 1.57(0.48)
0.63,1.59 0.81,2.7
1.13(0.39) 1.64(0.56)
0.6,2.12 0.71,2.92
0.89(0.1) 2.34(0.63)
0.7,1.11 1.18,3.69
0.9(0.26) 1.97(0.6)
0.59,1.52 0.89,3.32
0.06(0.127) 0.04(0.17)
0.000008,0.53 0.000003,0.53
0.51(0.32) 1.21(0.6)
0.05,1.28 0.18,2.5
0.27(0.29) 1.5(0.55)
0.008,1.09 0.39,2.62
0.39(0.27) 0.69(0.44)
0.04,1.01 0.069,1.78
0.58(0.39) 1.27(0.71)
0.07,1.57 0.22,3.01
0.53(0.35) 1.35(0.69)
0.05,1.343 0.26,3.15

0.012(0.02) 1.4(0.54)
0.0004,0.08 0.4,2.54
0.17(0.25) 1.64(0.68)
0.008,0.81 0.39,3.16
0.14(1.72)
0.12,0.17
0.02(.01) 0.03(0.02)
0.005,1.5 0.006,3.36
0.02(0.01) 0.05(0.02)
0.004,2.38 0.007,11.4
0.02(0.017) 0.06(0.02)
0.0054,1.47 0.008,5.33
0.02(0.016) 0.04(0.02)

Detrimental effects of climate change

Positive responses

Beneficial effects of climate change

Native Non-native
0.91(0.4) 1.28(0.42)
0.37,2.05 0.55,2.25
1.11(0.38) 1.46(0.41)
0.54,1.98 0.79,2.46

1.33(0.456) 1.76(0.55)
0.58,2.87 0.88,3.14
1.68(0.23) 2.18(0.64)
1.27,2.2 1.18,3.63
0.69(0.15) 1.01(0.13)
0.5,1.11 0.8,1.34

0.82(0.33) 1.5(0.61)
0.44,21.68 0.66,3.05
1.25(0.56) 2.11(0.64)
0.47,2.7 1.07,3.58
1.46(0.65) 1.84(0.62)
0.57,3.12 0.84,3.39
0.07(0.26) 0.16(0.47)
0.00001.0.72 0.000007,1.59
0.34(0.29) 0.81(0.52)
0.02,1.16 0.08,21.96
0.92(0.64) 1.17(0.51)

(0.1,2.64) 0.25,2.23
0.2(0.08) 0.75(0.38)
0.06,0.4 0.2,1.64

0.14(0.19) 0.09(0.09)
0.003,0.7 0.002,0.33
0.44(0.4) 1.007(0.63)
0.02,1.51 0.15,2.63

1.12(0.77) 1.07(0.45)
0.15,3.11 0.34,2.1
1.02(0.76) 1.32(0.66)
0.07,3.03 0.26,2.96
0.13(1.61)
0.11,0.15

0.2(0.11) 0.14(0.05)
0.04,5.47 0.02,7.84

0.03(0.02) 0.04(0.02)

0.006,7.94 0.007,14.73
0.02(0.01) 0.1(0.04)
0.004,2.24 0.01,7.63
0.04(0.02) 0.04(0.02)




0.004,4.88 0.006,11.93 0.006,11.93 0.006,10.07

a2 0.11(0.06) 0.06(0.03) 0.11(0.04) 0.07(0.03)
0.02,2.05 0.01,3.55 0.01,3.95 0.01,4

o1’ 1.03(0.1) 0.15(0.12) 0.97(0.09) 0.97(0.09)

0.23,11 0.24,10 0.22,9.9 0.22,9.8




Appendix S7 Results of hierarchical analyses by system and climate driver. Observed (symbols) and

predicted effect size (mean middle lines, and 95% PI lower and upper lines) as a function of magnitude of

treatment are given for native (black circles and solid lines) and non-native species (gray triangles and
dashed lines). Analyses were conducted separately for species responding negatively (left panels) and

positively (right panels) to climatic changes.
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