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A large-scale in silico replication of ecological 
and evolutionary studies

Yefeng Yang    1,5  , Erik van Zwet    2,5, Nikolaos Ignatiadis    3 & 
Shinichi Nakagawa    1,4 

Despite the growing concerns about the replicability of ecological 
and evolutionary studies, no results exist from a field-wide replication 
project. We conduct a large-scale in silico replication project, leveraging 
cutting-edge statistical methodologies. Replicability is 30%–40% for studies 
with marginal statistical significance in the absence of selective reporting, 
whereas the replicability of studies presenting ‘strong’ evidence against the 
null hypothesis H0 is >70%. The former requires a sevenfold larger sample 
size to reach the latter’s replicability. We call for a change in planning, 
conducting and publishing research towards a transparent, credible and 
replicable ecology and evolution.

The rapidly evolving field of meta-science has spotlighted that many 
published research findings have low credibility1–3. Large-scale collabo-
rative replication projects in the social and natural sciences, such as 
the Open Science Collaboration3 and Registered Replication Reports4 
reveal a low replication probability of previous findings. Ecology and 
evolution have yet to see the results of such large-scale initiatives. Some 
large-scale collaborative initiatives have been proposed in ecology and 
evolution5, such as ManyPrimates and ManyBirds, but none has yet 
been implemented. The scope of these projects is specific in terms of 
their taxonomic coverage and the questions proposed are more about 
assessing the generalizability than the replicability of previous research 
results. The lack of replication initiatives may be due to insufficient 
incentives and field-specific challenges related to the complexities 
and high costs of replicating studies involving rare species and unique 
ecosystems2.

Yet, low replicability is probably pervasive in ecology and evolu-
tion. A registered report highlighted widespread publication bias (for 
example, file-drawer problem), low power (15%) and high inflation of 
effect (fourfold) across 87 ecological and evolutionary meta-analyses 
published from 2010 to 20192. Subsequent analyses of 350 recent 
studies (2018 to 2020) echoed these concerns, revealing prevalent 
exaggerated effect sizes and publication bias1,6. Therefore, indirect evi-
dence has accumulated for low replicability in ecology and evolution, 
although direct evidence is lacking. Fortunately, recent methodologi-
cal developments allow us to estimate replicability across the field7–10.

Here, we use the expansive meta-analysis literature available2,11 to 
conduct a large-scale in silico replication project in ecology and evolu-
tion. The coverage of this dataset is comprehensive, obtained previ-
ously through a systematic search of meta-analyses indexed in Web of 
Science categories relevant to ecology and evolution, encompassing 
88,218 effects (Supplementary Fig. 1) from 12,927 primary studies12 
across a diverse array of research topics within ecology and evolution2,11. 
We summarize our data in terms of the ‘true’ effect ES, the effect-size 
estimate ES  and its standard error SE. Being careful to take the statisti-
cal dependence of multiple observations within the same study into 
account, we obtain the marginal distribution of the z statistics 
z = ES/SE using a Gaussian mixture model. Next, we use a statistical 
technique called ‘deconvolution’ to estimate the marginal density of 
the signal-to-noise ratio SNR = ES/SE  (more details in Methods and 
the reproducible R code at https://yefeng0920.github.io/replica-
tion_EcoEvo_git/). As with earlier work3,4, replicability here is defined 
as finding a statistically significant effect size in the same direction  
in an exact replication study (in silico replication). Since the true 
effects are unobservable7,9, being able to estimate replicability is 
remarkable.

The estimated marginal density of the z statistics and SNR is shown 
in Fig. 1, Extended Data Figs. 1 and 2, Extended Data Table 1 and Sup-
plementary Fig. 2. We constructed the joint distribution between z 
statistics and SNR (Extended Data Table 1) and the replicability profile 
corresponding to the observed z statistics (Fig. 1 and Supplementary 
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study has <50% probability of being successful. Such a replication 
study would need a sevenfold increase in sample size to achieve a prob-
ability of successful replication of 75% (95% CI = [69%–83%]; Fig. 2b). 
The estimates of replicability corresponding to different types of 
effect-size measures were also consistent (Extended Data Figs. 2 and 3 
and Extended Data Tables 1–4 give standardized mean difference, log 
response ratio and Fisher’s r-to-Zr; for the detail of each subset dataset 
see Methods). We successfully repeated the above results in an second 
dataset containing 17,748 ecological and evolutionary effect sizes 
from 3,807 meta-analyses (Extended Data Figs. 1 and 4 and Extended 
Data Table 5; for the detail of this dataset, see Methods), which were 
collected to maximize the coverage of different topics in ecology and 
evolution2 and found very similar results.

Studies with ‘strong’ statistical evidence against a null hypoth-
esis H0 (P = 0.001) showed a replicability of 75% (95% CI = [69%–76%]; 
Fig. 2, Extended Data Fig. 3 and Supplementary Fig. 4) but would 
still require at least a twofold increase in sample size to ensure a 
replicability of around 90% (95% CI = [87%–92%]; Fig. 2, Extended 
Data Fig. 4 and Supplementary Fig. 5). Only studies with ‘very strong’ 
statistical evidence against a null hypothesis H0 (P = 0.0001) could 
achieve replicability as high as 85% (95% CI = [81%–87%]). Among 
66,958 statistically significant effects, the average replicability was 
77%, assuming no selective reporting exists, which is unlikely (see 
below)2,6. An earlier survey on replication studies conducted in ecol-
ogy and evolution found only 11 replication studies, with four claim-
ing successful replication18. Large-scale replication projects across 
different disciplines have revealed that around half the effects with 
P < 0.05 could be successfully replicated4,19). As in many areas of 
research, most ecological and evolutionary studies were underpow-
ered (Extended Data Fig. 5 and Supplementary Fig. 4). The immediate 
consequence of these findings is that statistical significance alone 
does not provide a guarantee of successful replication, whereas an 
unsuccessful replication does not mean that the original study was 
a fluke.

Our study has two important caveats. First, all replicabilities were 
estimated assuming the absence of publication bias. Because some 
evidence for publication bias exists2,6, the estimated replicability here 
should be interpreted as the upper bound of the true replicability. 
Second, the estimated replicability assumes that the replication study 
is an ‘idealized exact replication’ of the original study (that is, no het-
erogeneity). Therefore, while the in silico replication approach used 
in our study provides valuable insights into replicability, we call for a 
true large-scale replication project, which could eliminate the impact 
of publication bias and take heterogeneity into account.

The actions for improving replicability have been discussed else-
where2. Replicability can be increased by using larger sample sizes2 
but this costs time and resources20 and might be impossible when 
experiments involve rare species and remote and unique ecosys-
tems. At the community level, we encourage coordinated distributed 
experiments, big-team science and adversarial collaborations2,20,21. All 
well-conducted studies that are supported by sound theory should be 
published regardless of their statistical significance20.

At present, single studies often do not have sufficient power to 
provide definitive answers in ecology and evolution. Therefore, we 
advocate for emphasizing the experimental design rather than solely 
focusing on statistical significance20,21. Well-designed studies, even with 
small sample sizes, are not necessarily problematic, if all results (for 
example, effect-size estimates and CIs), including positive and negative 
ones, are published to mitigate the file-drawer problem. Meta-analyses 
can aggregate evidence from those small studies to increase power 
(and thus replicability). We call for more open science campaigns to 
eliminate questionable research practices21, including embracing 
transparent reporting, (pre)registrations, registered reports, data and 
code archiving and multiverse analysis1,2,6. We encourage ecologists 
and evolutionary biologists to use the computational methods we 

Fig. 3). As there is a one-to-one correspondence between the z statistic 
and the two-sided P value under the standard normal distribution, 
the replicability profile corresponding to the observed P values can 
also be constructed. We further facilitated the interpretation by cat-
egorizing in terms of an informal notion of the strength of statistical 
evidence against a null hypothesis H0 (debates in refs. 13–17). Finally, 
we show how replicability increases the larger the sample size of a 
replication study, relative to the original study (Fig. 2b). All our results 
are accompanied by 95% confidence intervals (CIs) obtained using the 
Dvoretzky–Kiefer–Wolfowitz F-localization approach (Methods; Sup-
plementary Information)8.

We found that a study at a significance level ranging from 0.05 
to 0.01, which is equivalent to a z statistic between 1.96 and 2.58, had 
an approximate successful replication probability of 38% (95% CI =  
[34%–41%]) to 56% (95% CI = [51%–58%]; Fig. 2a and Supplementary 
Fig. 4), in the absence of selective reporting. This implies that if we 
randomly select an ecological and evolutionary study with ‘moderate’ 
statistical evidence against a null hypothesis H0 an exact replication 

0%

10%

20%

30%

D
en

si
ty

0%

20%

40%

60%

80%

100%

0 2 4 6 8

z statistic

Re
pl

ic
ab

ili
ty

Fig. 1 | The estimated successful replication probability of 88,218 ecological 
and evolutionary effects. A large-scale in silico replication of ecological 
and evolutionary studies was conducted using the cutting-edge statistical 
methodologies. The point estimates of replicability and 95% CIs were derived 
using the ‘deconvolution’ statistical technique7,10 and the F-localization method8 
(Methods), respectively. Top, the estimated marginal density of the absolute z 
statistics. Bottom, the probability of successful replication given the observed 
z statistic of the original study. The line within the shaded area represents the 
point estimate of successful replication probability. The shaded area represents 
the corresponding 95% CI. Extended Data Figs. 1 and 4 and Extended Data Table 5 
report the replication probability results for the second dataset containing  
17,748 ecological and evolutionary effect sizes. See Extended Data Fig. 2 and 
Extended Data Tables 1–3 for results for different types of effect size metrics.
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have developed to launch in silico replication projects in their specific 
topics, although it cannot substitute a true, collaborative replication 
project. We have implemented them both in R and the Julia language 
(Supplementary Information; also https://github.com/Yefeng0920/
replication_EcoEvo_git).

Methods
Database
The database comprised 466 meta-analytic datasets and 111,327 obser-
vations of ecological and evolutionary effects, curated by ref. 11 (refer 
to ref. 11 for a detailed description of their systematic search). Briefly, 
they searched the Web of Science for ‘meta-analys*’ AND ‘ecol*’ while 
limiting to categories potentially related to ecology (for example, ecol-
ogy, evolutionary biology and multidisciplinary sciences). The remain-
ing papers were screened for relevance by examining the titles and 
abstracts. Then, full text, supplements and appendices were reviewed 
to confirm that the paper addresses an ecological topic and determine 
if data on effect sizes and their sampling variances were available. Thus, 
a carefully curated and wide-ranging collection was obtained, which we 
believe to be representative of the field (at least the field of ecology).

We eliminated effect-size estimates with zero and missing sam-
pling variances and calculated z statistics using the square root of sam-
pling variances, leading to 106,486 z statistics. The 466 meta-analytic 
datasets encompassed diverse research topics within ecology and 
evolutionary biology. Although this diversity ensured a comprehensive 
representation of the field, it also necessitated interpreting our find-
ings as general trends rather than being specific to certain research 
domains. Given the known prevalence of publication bias in ecology 
and evolution, the true replicability is likely to be lower than our esti-
mated replicability. Our dataset presented two potential sources of 
data dependence. The first type was within-study dependence, stem-
ming from the hierarchical structure in which each study contributed 
several effect-size estimates. To address this, we used a weighting 
strategy when computing replication probabilities (see next section 
on ‘Estimating joint distributions’) and constructing simultaneous 
CIs (see section on ‘Computing confidence intervals for replication 
probability’). The second type was between-study dependence, arising 
from the possibility of different meta-analyses sharing the same study. 
To mitigate this, we identified and removed duplicated studies. After 
this, our dataset consisted of 88,218 z statistics derived from 12,927 
independent studies12. We conducted two sensitivity analyses to exam-
ine the robustness of our results (see section on ‘Robustness check’).

Estimating joint distributions
For all 88,218 observations in our main database, let ES denote the 
(unobservable) true effect size and ES  be the observed effect size. ES  
follows a normal distribution with the mean of true effect ES and known 
sampling variance V (the square of the standard error SE of ES):

ES|ES ∼ N (ES,V ) (1)

The main effect-size measures in our database, included standard-
ized mean differences (SMD; 45%), log-transformed response ratios 
(lnRR; 36%) and Fisher’s r-to-Zr coefficients (Zr; 15%). The z statistic is 
defined as z = ES/SE. If the absolute value of the z statistic exceeds the 
nominal significance threshold (1.96) then the observed effect is statisti-
cally significantly different from zero (two-sided P < 0.05). Finally, we 
defined the signal-noise ratio (SNR) as the true effect size (signal) rela-
tive to the standard error of the estimate (noise)7, that is SNR = ES/SE.

We used a two-step approach to obtain the joint distribution of z 
and SNR (Extended Data Figs. 1 and 2). First, we modelled the marginal 
density of z as a mixture of four components of zero-mean normal 
densities:

f (z) =
4
∑
k=1

wkφ(z/σk)/σk (2)

where φ denotes the standard normal density function, wk the probabil-
ity of the kth component (wk ≥ 0 and ∑4

k=1 wk = 1) and σk represents the 
standard deviation of the kth normal distribution (σk > 1). To account 
for the dependence between multiple effect estimates from the same 
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Fig. 2 | The impact of strength of statistical evidence against a null hypothesis 
H0 and sample size on the estimated successful replication probability of 
88,218 ecological and evolutionary effects. a, The quantitative relationship 
between the replication probability and tentative evidence strength benchmarks. 
b, The quantitative relationship between the replication probability and the 
relative sample size of the replication study compared to the sample size of the 
original study. We distinguish cases where the original study presented ‘weak’ 
and ‘strong’ statistical evidence. Note the controversy over the informal notion 
of interpreting P values as measures of the strength of statistical evidence against 
a null hypothesis H0 (refs. 13–17). In a, the dot within the error band represents 
the point estimate of the successful replication probability and error band 
represents the 95% CI derived from the F-localization method8. In b, the line 
within the shaded area represents the point estimate of successful replication 
probability and the shaded area represents the 95% CI. The two-sided P value was 
converted from the z statistic under the standard normal distribution. For other 
details refer to Fig. 1.
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study, we weighted each observation zij of the ith unit inverse- 
proportionally to the number of observations nj in the same study. We 
used the maximum likelihood method to estimate weights wk  and 
standard deviations σk (Extended Data Tables 1–5). By equation (1), the 
distribution of the z statistic is the convolution of the distribution of 
SNRi and standard normal distribution7

z|SNR ∼ N (SNR, 1) (3)

Consequently, we can derive the marginal density of SNR through 
‘deconvolution’ of the estimated density of z (equation (2)) and the 
standard normal density. This is done by subtracting 1 from the esti-
mated variance of the normal distribution. Thus, we estimate the den-
sity of the SNR as

g (SNR) =
4
∑
k=1

wkφ(SNR/τk)/τk (4)

where τk = √σ2
k
− 1. The estimated marginal densities are summarized 

in Extended Data Fig. 1 and Extended Data Tables 1–5. Besides the two 
marginal densities, we also have the conditional density of z given SNR. 
Therefore, we have estimates of the joint density and thus also of the 
conditional density of SNR given the density of z. We used R (v.4.0.1) to 
estimate the joint distribution of z and SNR.

Estimating replication probability
We used the estimated joint distribution of z and SNR based on the 
106,486 observed effects to estimate the replication probability of eco-
logical and evolutionary studies. Suppose we have conducted a study 
and obtained a z statistic. Now consider a (hypothetical) replication 
study with the same specification as the original study (for example, 
no heterogeneity). We define replication probability (replicability) as 
the event where the replication reaches statistical significance in the 
same direction as the original study at the two-sided level α = 0.05.

z × zrepl > 0AND ||zrepl|| > 1.96 (5)

where zrepl is the test statistic of the replication study. As we have the 
joint distribution of the z statistic and the SNR, we can compute the 
conditional probability of a successful replication given the z statistic 
of the original study. Note that our notion of replication probability 
is closely related to the notion of power. In essence, replication prob-
ability is the long-run frequency of exact replication studies (that is, 
replication and original studies are identical in every aspect) having sta-
tistical significance in the correct direction when there is a true effect.

Therefore, we also estimated the statistical power, which is defined 
as the probability of a study reaching statistical significance (two-sided, 
level α = 0.05) when there is a true effect. Statistical power can be 
expressed in terms of the SNR.

Φ (−1.96 − SNR) + 1 −Φ (1.96 − SNR) (6)

where Φ represents the cumulative distribution function of the standard 
normal distribution. We can easily transform our estimate of the distri-
bution of the SNR into an estimate of the distribution of the power. We 
note that equation (6) yields the statistical power against the true effect 
ES and should not be confused with the power against an a priori-defined 
biologically meaningful effect size (power for study design), nor with 
the power against the observed effect size ES  (the ‘observed’ or ‘post 
hoc’ power). The power we present includes the probability of a study 
reaching statistical significance in the wrong direction.

Predicting the sample size requirements for replication studies
If the sample size of the replication study is m times larger than that of 
the original study, then the SNR of the replication study will be larger 
by a factor square root of m. Thus, we can also compute the conditional 

probability of a successful replication given the z statistic of the original 
study when the sample size of the replication study is m times larger 
(with all other aspects of the study remaining identical). We evaluated 
the impact of increasing the relative sample size corresponding to the 
z statistics of 1.96 and 3.29, which are interpreted as weak and strong 
evidence according to the tentative evidence strength benchmarks17.

Computing confidence intervals for replication probability
We used the Dvoretzky–Kiefer–Wolfowitz F-localization approach8 
to compute CIs at the 95% level for the replication probabilities. The 
F-localization-based CIs provide simultaneous coverage over all 
replication probabilities (and so, the band in Fig. 1 is a simultaneous 
confidence band at level 95%). The F-localization approach does not 
require a fixed number of mixture components (in our implementa-
tion, we allowed up to 365 mixture components). Although the original 
Dvoretzky–Kiefer–Wolfowitz F-localization approach8 assumes inde-
pendence of the z statistic across different studies, we extended it to 
handle dependent data in our dataset, given that the z statistic from 
the same study may be arbitrarily correlated in our dataset.

CIs can be computed as follows (for technical details see Extended 
Data). First, for the marginal distribution of the SNR, we posited the 
class of all zero-centred Gaussian scale mixtures with scale parameter 
σ ∈ {10−5, 10−5 ⋅ 1.05, 10−5 ⋅ 1.052,… , 516.3} . In other words, the distri-
bution in this class consists of up to 365 mixture components whose 
standard deviation σ  takes on values on a logarithmically spaced grid 
from 10−5 to 516.3. As mentioned above, our main assumption is that the 
z statistic is (approximately) normally distributed with mean SNR and 
variance one. For the F-localization approach, we further relaxed the 
above. We modelled the absolute value of the z statistic (|z|), which fol-
lows a folded normal distribution and censored the z statistic with 
absolute values <2.3 and >10. This censorship ensures robustness to 
mild P-hacking close to the nominal significance level cutoff (|z| ≥ 1.96) 
to model misspecification near the origin and at outliers for large values 
of |z|. It is important to note that our censoring does not necessarily 
provide robustness guarantees against selection bias. The mathematical 
details of the Dvoretzky–Kiefer–Wolfowitz F-localization approach for 
dependent z statistics can be found in the Supplementary Information. 
We used Julia (v.1.10.0) to construct CIs for replication probability.

Robustness check
We conducted two sets of sensitivity analyses to examine the robust-
ness of our findings. First, we reclassified the original effect-size meas-
ures into three categories: mean difference (including SMD and lnRR; 
81%), correlation (Fisher’s r-to-Zr; 15%) and uncommon effect-size 
measures (for example, regression slope, odds ratio; 4%). Subse-
quently, we computed replicability estimates only for studies using 
mean difference and correlation as effect-size measures, respectively, 
excluding studies with uncommon effect-size measures because of 
their low occurrence. Second, we replicated our main analysis using 
an independent ecological and evolutionary meta-analytic dataset 
with 17,748 ecological and evolutionary effect-size estimates2. This 
second dataset was initially used to examine the degree of publication 
bias and effect-size inflation in ecology and evolution. In brief, the 
initial database creation process involved compiling a list of journals 
in the categories of ‘ecology’ and/or ‘evolutionary biology’ using the 
ISI InCites Journal Citation Reports. Subsequently, a search was con-
ducted in Scopus using specific strings related to meta-analysis. The 
search was limited to articles published from January 2010 to 25 March 
2019. Results were filtered to identify the 31 journals with the highest 
frequency of publishing meta-analyses. A random sample of studies 
from each of these journals resulted in a total of 297 papers. Following 
screening, the database ultimately comprised a representative sam-
ple of 102 ecological or evolutionary meta-analyses; therefore, these 
meta-analyses are likely to be representative of the field of both ecol-
ogy and evolution. We manually compared the titles of meta-analysis 
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papers from this independent dataset with those from the main dataset 
to remove the duplicated studies, making sure the two datasets were 
independent. The replicated results were consistent with those from 
our main analysis (Extended Data Figs. 3–5).

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
The data to reproduce the results of this study are available at https://
github.com/Yefeng0920/replication_EcoEvo_git). The data are also 
available via Zenodo at https://doi.org/10.5281/zenodo.12748092 
(ref. 12).

Code availability
The code for reproducing the results of this study is available at https://
github.com/Yefeng0920/replication_EcoEvo_git. The code is also avail-
able via Zenodo at https://doi.org/10.5281/zenodo.12748092 (ref. 12). 
We provide code implemented in R (v.4.0.1) and Julia (v.1.10.0). The 
reproducible R code in an interactive format (code chunks paired with 
results) also can be found in the Supplementary Information and at 
https://yefeng0920.github.io/replication_EcoEvo_git/.
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Extended Data Fig. 1 | The histogram of the observed z statistics together with 
our fitted mixture of 4 zero-mean normal distributions. Panel A: the main 
dataset containing 88,218 ecological and evolutionary effects. Panel B: the main 
dataset using standardized mean difference (SMD; containing 39,539 effects) 
as the effect size measure. Panel C: the main dataset using log response ratio 
(lnRR; containing 31,237 effects) as the effect size measure. Panel D: the main 

dataset using Fisher’s r-to-Zr (Zr; containing 13,965 effects) as the effect size 
measure. Panel E: a second dataset containing 17,748 ecological and evolutionary 
effects. The specifications of the fitted mixture model can be found in Methods. 
The detailed parameter estimates for the fitted mixture model can be found in 
Extended Data Tables 1 to 5.
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Extended Data Fig. 2 | The estimated probability of successful replication 
given the observed z statistic of the original study. The shaded area represents 
the 95% confidence interval (see Methods). Panel A: the replicability of the main 
dataset using SMD (containing 39,539 effects) as the effect size measure. Panel 
B: the replicability of the main dataset using lnRR (containing 31,237 effects) as 
the effect size measure. Panel C: the replicability of the main dataset using Zr 

(containing 13,965 effects) as the effect size measure. Panel D: the replicability of 
a second dataset containing 17,748 ecological and evolutionary effects. The line 
within the shaded area represents the point estimate of successful replication 
probability, and the shaded area represents the 95% confidence interval.  
For other details refer to Fig. 1, and Extended Data Fig. 1.
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Extended Data Fig. 3 | The quantitative relationship between the successful 
replication probability and tentative evidence strength benchmarks.  
Panel A: the relationship derived from the main dataset using SMD (containing 
39,539 effects) as the effect size measure. Panel B: the relationship derived from 
the main dataset using lnRR (containing 31,237 effects) as the effect size measure. 
Panel C: the relationship derived from the main dataset using Zr (containing 
13,965 effects) as the effect size measure. Panel D: the relationship derived 

from a second dataset containing 17,748 ecological and evolutionary effects. 
the dot within the error band represents the point estimate of the successful 
replication probability, and error band represents the 95% confidence interval 
(see Methods). The two-sided p-value was converted from the z statistic under 
the standard normal distribution. For other details refer to Fig. 1, and Extended 
Data Figs. 1 and 2.
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Extended Data Fig. 4 | The quantitative relationship between the successful 
replication probability and the relative sample size of the replication study 
compared to the sample size of the original study. Panel A: the relationship 
derived from the main dataset using SMD (containing 39,539 effects) as the 
effect size measure. Panel B: the relationship derived from the main dataset 
using lnRR (containing 31,237 effects) as the effect size measure. Panel C: the 

relationship derived from the main dataset using Zr (containing 13,965 effects) as 
the effect size measure. Panel D: the relationship derived from a second dataset 
containing 17,748 ecological and evolutionary effects. the line within the shaded 
area represents the point estimate of successful replication probability, and the 
shaded area represents the 95% confidence interval (see Methods). For other 
details refer to Fig. 1, and Extended Data Figs. 1 and 2.
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Extended Data Fig. 5 | The estimated distribution of the statistical power 
against the true effect. Panel A: the statistical power of the main dataset 
(containing 88,218 effects). Panel B: the statistical power of the main dataset 
using SMD (containing 39,539 effects) as the effect size measure. Panel C: the 
statistical power of the main dataset using lnRR (containing 31,237 effects) as 
the effect size measure. Panel D: the statistical power of the main dataset using 

Zr (containing 13,965 effects) as the effect size measure. Panel E: the statistical 
power of a second dataset containing 17,748 ecological and evolutionary effects. 
The red, green, black, and blue dashed lines represent the first quartile, the 
second quartile (median), the mean value, and the third quartile. For other details 
refer to Fig. 1, and Extended Data Figs. 1 and 2.
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Extended Data Table 1 | The estimated 4-component zero-mean mixture distributions of the z statistic and signal-noise ratio 
(SNR) of the main dataset containing 88,218 ecological and evolutionary effects

The 4-component mixture was fitted using Eqs. 2 and 4 in Methods. w denotes the weight or proportion of the k-th (k=1,2,3,4) normal distribution. m denotes the mean of the k-th normal 
distribution. σ denotes the standard deviation corresponding to the k-th normal distribution of the z statistics. τ denotes the standard deviation corresponding to the k-th normal distribution 
of the SNRs. The z statistic is the sum of the SNR and an independent, Gaussian error term.
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Extended Data Table 2 | The estimated 4-component zero-mean mixture distributions of the z statistic and signal-noise ratio 
(SNR) of the main dataset using standardized mean difference (SMD) as an effect size measure

For other details refer to Extended Data Table 1.
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Extended Data Table 3 | The estimated 4-component zero-mean mixture distributions of the z statistic and signal-noise ratio 
(SNR) of the main dataset using log response ratio (lnRR) as an effect size measure

For other details refer to Extended Data Table 1.
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Extended Data Table 4 | The estimated 4-component zero-mean mixture distributions of the z statistic and signal-noise ratio 
(SNR) of the main dataset using Fisher’s r-to-Zr (Zr) as an effect size measure

For other details refer to Extended Data Table 1.
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Extended Data Table 5 | The estimated 4-component zero-mean mixture distributions of the z statistic and signal-noise ratio 
(SNR) of a second dataset containing 17,748 ecological and evolutionary effects

For other details refer to Extended Data Table 1.
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