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conclusions depends on the primary studies they synthesise, assessing the internal

the norm and is commonly done using Risk of Bias assessment tools.

2. Risk of Bias (RoB) assessment is however rare in ecology and evolutionary biology

Handling Editor: Pen-Yuan Hsing (EEB) even though several RoB tools have been developed in some ecological
subfields and related fields. To identify potential reasons for a limited uptake,
we conducted a survey of ecologists and evolutionary biologists with evidence
synthesis experience and reviewed 275 journals that publish EEB research for
guidelines on performing RoB or related assessments.

3. Only 28 of 232 (12%) survey respondents had correct interpretation of the
RoB concept, while 46 (40%) of 116 that had heard of RoB have confused RoB
with publication bias. Just 10 (4%) had conducted a RoB assessment, most of
whom found it challenging. Out of the 209 EEB journals that explicitly solicit
evidence synthesis (N=58) or reviews (N=151), only five (2%) directly mentioned
standards for conducting evidence synthesis, which include RoB or related (e.g.
critical appraisal) assessments. An additional 45 (22%) journals indirectly linked
to RoB or a related assessment via referring to the guidelines for reporting
evidence synthesis (e.g. PRISMA), despite such reporting guidelines not providing

information on how to conduct RoB assessments.
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4. To increase its uptake in EEB we recommend making RoB assessment: (1) known
and recognised as an essential component of a reliable evidence synthesis by
including it in training materials, and journals' and funders' guidelines and policies;
(2) easy to perform by bringing the synthesis community together to determine
the need for developing new or adjusting existing RoB tools; and (3) possible by
further improving reporting standards for primary studies so that RoB assessment
can be done on these studies. For those unfamiliar with the RoB assessment, we
provide five key RoB questions that existing tools often cover. These questions
can be considered to understand the basic composition of the evidence included

in evidence synthesis.

KEYWORDS
best practices, bias assessment, evidence-base, meta-research, reproducibility, research
integrity, research synthesis, study quality

BOX 1 Aspects that affect trust in primary studies and in the overall evidence synthesis.

Primary study (adapted from Juni, 2001; Guyatt et al., 2011; Sedgwick, 2014; Frampton et al., 2022; Stanhope & Weinstein, 2023):

Internal validity—the extent to which a study can establish a causal relationship between the independent and dependent variables,
free from confounding factors (Frampton et al., 2022). Internal validity will depend on the extent of any trend or systematic deviation

in data collection, data analysis or data interpretation. The potential threats to the internal validity are called the Risk of Bias.

Random error—an error that arises from the inaccuracy of estimation that is inherent to probabilistic treatment assignment in research
studies. Such an error is always present in estimates, especially when sample sizes are small. Sometimes, precision and internal

validity together are referred to as ‘Methodological quality’.

Reporting quality—the completeness of the reporting of methodological approaches, study results and other elements such as
research data. High reporting quality should allow for a complete reproduction of the study (i.e. all methodological aspects of data
collection and analysis are fully described so they can be repeated). Results should be reported in full (e.g. mean value, error measure

(confidence measure) and sample size).

External validity—the extent to which results of a study can provide a correct basis for generalisation to other circumstances (i.e.

generalised to the population that the sample was meant to represent).
Evidence synthesis:

Reviewer bias—any bias that might influence the decisions of the researchers conducting the evidence synthesis. Researcher bias can
affect all aspects of the evidence synthesis process, such as search strategy, exclusion/inclusion decisions or the analytic approach.
For instance, if a researcher conducting screening has a strong opinion on the direction of the effect, they might be more likely to
unconsciously exclude studies that do not support such an opinion. See, for example, Burghardt et al. (2012), Bishop (2017) and Ciria
et al. (2023).

Literature bias—a set of biases present in the overall set of primary studies included in the evidence synthesis. These include publication
bias, language bias, taxonomic biases (e.g. studies are predominantly conducted on a certain species), geographic biases and similar

biases. See, for example, Nakagawa et al. (2022), Konno et al. (2020) and Nuiiez and Amano (2021).

Risk of Bias—at the level of evidence synthesis, Risk of Bias (RoB) refers to the presence of biases within each primary study (i.e. the
internal validity) included in the evidence synthesis. See Frampton et al. (2022).

Methodological quality of evidence synthesis—refers to the appropriateness of the search strategy, screening process, data extraction
and analysis (including assessment of the RoB and literature bias). See Haddaway and Verhoeven (2015) and Foo et al. (2021).

Reporting quality of evidence synthesis—refers to the completeness of reporting of all the methodological steps (e.g. search strings,
search dates, databases used for search, inclusion and exclusion criteria, number of researchers doing screening), results and collected
data used for the analysis. See more in Haddaway and Macura (2018) and O'Dea et al. (2021).
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1 | INTRODUCTION

Do search costs of mate choice enhance speciation by sexual
selection? To what degree do trans-generational effects on life
histories, such as maternal effects, impact population dynamics?
These and other questions in ecology and evolutionary biology can
be investigated by conducting experimental or observational studies
(i.e. primary studies). However, the findings of primary studies
are mostly limited to an often narrow context, and generalisation
frequently requires synthesis. Further, primary studies will exhibit
some combination of random error, systematic bias and contextual
variation that must be assessed before findings can be generalised.
Evidence synthesis integrates information across primary studies,
and thus often across taxonomic, geographical and other scales. In
evidence synthesis, information on a topic of interestis systematically
searched for and reviewed, commonly via systematic review and
often subsequently quantitatively summarised using meta-analysis
(Arnqvist & Wooster, 1995).

Evidence synthesis is becoming essential to inform research
and policy development and to communicate scientific findings
to the public (Cooke et al., 2017). A robust evidence synthesis can
also be a starting point for research or grant applications (Grainger
et al., 2020; Nakagawa et al., 2020). The robustness of the evidence
synthesis, and thus its conclusions, depends on how evidence syn-
thesis is conducted and reported (summarised in Box 1). Thus, it is of
the utmost importance that systematic reviews and meta-analyses
are conducted and reported according to the highest standards.
Systematic reviews and meta-analyses in ecology and evolutionary
biology have adopted more rigorous methodological approaches
and reporting standards over time (Koricheva & Gurevitch, 2014;
Lodi et al., 2021). Many of these were taken and adjusted from med-
icine, a field where reliable systematic reviews and meta-analyses
have direct implications for human health interventions. For exam-
ple, the PRISMA (Preferred Reporting Items for Systematic reviews
and Meta-Analyses) guidelines and checklist (Moher et al., 2009;
Page et al., 2021) were recently extended to PRISMA-EcoEvo
(O'Dea et al., 2021), and the ROSES standards (RepOrting stan-
dards for Systematic Evidence Syntheses in environmental research,
Haddaway et al., 2018) were recently developed. Methodological
approaches to testing for publication bias in ecological and evolu-
tionary meta-analyses have also been recently reviewed and ex-
tended (Nakagawa et al., 2022).

Publication bias and other sensitivity analyses, and reporting
following reporting standards take place after evidence has already
been included in a meta-analysis. What is typically missing is a step
that clearly and transparently evaluates the evidence before sum-
marising it, that is, an assessment of the internal validity of the pri-
mary studies included (see Box 1). Internal validity describes the
extent of systematic (i.e. non-random) error inherent to an individual
study (Frampton et al., 2022). If we cannot trust some primary stud-
ies, can we trust the evidence synthesis including these studies?

The potential threats to the internal validity of a study are often
termed ‘Risk of Bias’' (RoB), and are commonly assessed using RoB
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tools. Any ‘systematic deviation from the truth’, that is, any system-
atic bias (e.g. Wang et al., 2022) might lead to invalid conclusions
of a primary study, but also of a synthesis of such studies. We note
that the general phrase ‘Risk of Bias’ is sometimes used to describe
other aspects related to bias, usually a bias within the overall pool
of studies relative to some larger inferential population (see Box 1),
such as geographic (e.g. Martin et al., 2012), language (e.g. Nufiez &
Amano, 2021), taxonomic (e.g. Troudet et al., 2017) or publication
bias (e.g. Nakagawa et al., 2022), which can also lead to further con-
fusion, as we discuss later. Here, we focus on within-study RoB and
argue that assessing the RoB of each included primary study (i.e. as-
sessing its internal validity) should be standard practice in ecological
and evolutionary evidence synthesis. Moreover, beyond the context
of evidence synthesis, researchers can use RoB tools to help mini-
mise bias when designing and conducting primary studies.

While RoB tools have been developed in the field of environmen-
tal evidence, which intersects with ecology (Konno et al., 2021), for
studies assessing temporal trends in ecology (Boyd et al., 2022) and
for animal studies (Hooijmans et al., 2014; Sterne et al., 2016), these
tools have not become widely used in ecology and evolutionary bi-
ology (Stanhope & Weinstein, 2023). Further, while some reporting
standards that have increasingly been adopted in meta-analysis
(such as PRISMA-EcoEvo) mention RoB or related concepts, they do
not provide guidance on how to conduct RoB assessments.

With this contribution, we aim to raise awareness of and pro-
mote the use of RoB assessment in ecology and evolutionary biology
by: (1) stressing the importance of performing RoB assessments in
evidence synthesis; (2) understanding the reasons for the low prev-
alence of RoB assessments in these fields by surveying evidence
synthesists and journals; (3) suggesting key actions to promote RoB
assessments. We also summarise the main elements of several exist-
ing RoB tools into five questions that readers could consider when
conducting evidence synthesis or designing primary studies. We
argue that applying the RoB assessment approach to both the design
and evaluation of primary studies can reduce bias and strengthen
the inferences we can draw from ecological and evolutionary pri-

mary studies.

1.1 | The importance of Risk of Bias assessment

In this section, we highlight the importance of RoB assessments
for readers who are not familiar with the concept. We adopted
the common view that RoB pertains to the internal validity of the
study (Wang et al., 2022; Frampton et al., 2022; but see Pescott
et al., 2023). A study's internal validity describes the extent of its
systematic error—that is, the extent to which the expected value
of the within-study estimate differs from the within-study target
parameter owing to flaws in study design, conduct or analysis rather
than random error (Frampton et al., 2022). This may be contrasted
with external validity, which concerns the extent to which the within-
study target parameter can be used to answer a broader question
without systematic error (Frampton et al., 2022). Internal validity
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may be compromised by confounding, which occurs when a common
cause of the explanatory variable and the response induces a non-
causal dependence between the two. Observational studies, which
do not randomise treatment assignment, are particularly susceptible
to confounding. Another threat to internal validity is ‘structural’
selection bias, which occurs when selection of units into the sample
creates a non-causal dependence between the explanatory variable
and the response (Hernan et al., 2004).

The RoB assessment can be a component of a broader assess-
ment of other aspects at the level of the primary study (e.g. external
validity, reporting quality, precision; see Box 1), or biases at the level
of the overall evidence synthesis (e.g. reviewer/researcher bias, tax-
onomic bias; see Box 1). Unfortunately, the literature is frequently
unclear or inconsistent on the definitions of the above-mentioned
terms, which likely contributes to the confusion about their applica-
tion and intent (cf. Wang et al., 2022). For example, the term ‘criti-
cal appraisal’ can sometimes mean assessing RoB only, but in other
cases can include other aspects, such as transparency of primary
studies (see examples in Stanhope & Weinstein, 2023).

The internal validity of a study will depend on the presence of bi-
ases in data collection, analysis, and results interpretation. These bi-
ases can vary in magnitude, and thus, their effect on the validity of a
study's conclusions will also vary. However, RoB assessment usually
aims to evaluate how susceptible primary studies are to biases rather
than to quantify those biases, although quantitative bias assess-
ments are well-developed in some disciplines (e.g. Lash et al., 2009).
RoB assessment in systematic reviews and meta-analyses involves
evaluating whether threats to internal validity are present in each
included primary study, so that the findings of the primary studies
and the systematic review or meta-analysis can then be interpreted
considering those potential biases. Neglecting RoB in evidence syn-
thesis can lead to incorrect conclusions. Meta-analyses including
studies at higher Risk of Bias can systematically overestimate treat-
ment effects, and restricting to low-risk studies can substantially
reduce effect sizes and, in many cases, alter or reverse conclusions
(e.g. Pildal et al., 2007). Another example is early pooled summa-
ries and published trial reports that supported the idea that antiviral
medication oseltamivir reduced serious complications and justified
large government stockpiles (e.g. Kaiser et al., 2003). An updated
Cochrane systematic review obtained full clinical study reports, ap-
plied rigorous RoB assessment and re-analysed the trials and found
both far weaker evidence of benefit and nontrivial harms (Jefferson
et al., 2014), casting doubt on the rationale for the huge stockpil-
ing policies implemented between 2009 and 2010. In a field that
intersects with ecology, Konno et al. (2025) collected articles that
assessed the impact of different biases (including what we consider
here under the Risk of Bias) on effect estimates in environmental
research, finding that some types of bias influenced effect size esti-
mates (e.g. confounding bias, detection bias, selection bias).

RoB tools have been developed to facilitate and standardise
RoB assessment and are generally required and extensively used
in medicine (especially for clinical trials). For example, out of 1172
randomised clinical trials systematic reviews that were published

between 2023 and 2024, 1140 (97.3%) reported assessing the qual-
ity or RoB of the primary studies (Sandoval-Lentisco et al., 2024).
Relatively close to ecology, the Center for Environmental Evidence
has been developing a CEECAT tool (Collaboration for Environmental
Evidence Critical Appraisal Tool; Konno et al., 2021). Similar tools
exist for studies assessing temporal trends in ecology (Boyd
et al., 2022) and for animal studies (Hooijmans et al., 2014; Sterne
et al., 2016). However, these seem not to be widely used as a recent
analysis of 680 systematic reviews in ecology found that only 4%

included any form of critical appraisal (Stanhope & Weinstein, 2023).

1.2 | Understanding the reasons behind the low
use of RoB assessments

Given their importance for the validity of the conclusions of
systematic reviews and meta-analyses, the question is ‘Why aren't
RoB assessments commonly applied in ecology and evolution?’.
To start answering this question, we surveyed 232 ecologists and
evolutionary biologists who reported having published systematic
reviews and meta-analyses. In addition, we reviewed the guidelines

of 275 ecology and evolution journals.

2 | METHODS
2.1 | Surveyon RoB awareness and use

The survey was approved by the Ethics Committee of the Ruder
Boskovi¢ Institute, Zagreb, Croatia, ref. ZV/3218/1-2023. The survey
aimed at ecologists and evolutionary biologists who have published
at least one meta-analysis. It included non-identifying questions
on familiarity with the concept of RoB, awareness and use of RoB
assessments and questions on familiarity with meta-analysis, their
field of research and career stage (survey questions can be found in
the Supporting Information).

The survey, created in Google Forms, was sent on the 11th
September 2023 to the emails of 3346 corresponding authors of
meta-analyses in ecology and evolutionary biology, as well as to
several mailing lists (NC® Collaborative Research Centre; Society
for Open, Reliable, and Transparent Ecology and Evolutionary
Biology; German Zoological Society; Sociedad Espafola de Etologia
y Ecologia Evolutiva; europelist@conbio.org). The survey was also
advertised via Slack channels (Big Team Science Conference Slack
Channel, German Reproducibility Network Event Slack Channel,
ESMARConf Slack Channel), Twitter, and the SORTEE newsletter.
The survey was open to responses until the 15th October 2023. The
invitation email text is available in the Supporting Information.

To determine the corresponding authors of published meta-
analyses, we searched for meta-analyses published in 300 journals
that publish ecology and evolutionary biology research via Web of
Science (databases: SCI-EXPANDED, SSCI, AHCI, ESCI) on the 25th
April 2023 (the search string, with journal codes, is available in the
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Supporting Information and in the Culina et al., 2025) (datasets and
codes for this work). The search retrieved 3289 results (potential
meta-analyses), BibTeX list of these available in the datafile (Culina
et al., 2025) published between 1991 and 2023. We then extracted
a list of all corresponding email addresses from these articles using
packages revtools 0.4.1 (Westgate, 2019a, 2019b) and stringr 1.5.0
(Wickham, 2023) in R 4.2.3 (R Core Team, 2021). Code is available
in the data file (Culina et al., 2025). This resulted in 3346 email ad-
dresses we sent the email to, of which 789 (~24%) bounced back.

The survey received 232 responses. Most of the respondents
were 10+ years after their PhD (n=106). Others were 5-10years
(h=57) and within 5-year post-PhD (n=40), PhD student (n=22),
undergraduate (N=3), non-researcher (N=3) and master student
(N=1). Respondents were relatively experienced in conducting sys-
tematic reviews and meta-analysis: 73 had led several such stud-
ies, 63 had co-authored multiple, and 87 had led one, while 24 had
co-authored one meta-analysis (note that there is a minor overlap
between these groups). Details on career stage, expertise level and
research area of the respondents can be found in the data file (Culina
et al., 2025).

Some responses were prone to subjective judgement regarding
their meaning. Thus, four assessors (AC, AST, MG, REO; authors)
went through the answers of 188 respondents who had answered
‘Yes' to the question ‘Prior to receiving this survey invite, were you
familiar with the concept of Risk of Bias (RoB)?’ or who had answered
‘No’ but their remaining answers indicated otherwise. Each assessor
provided an answer ‘Yes’, ‘No’, ‘Unsure’ or ‘NA’ to the following six

questions for each of those 188 respondents:

Has the respondent heard of RoB?

Does the respondent have a correct interpretation of RoB?

Does the respondent claim to have conducted a RoB assessment?
Have they truly conducted RoB assessment?

Does the respondent think RoB is publication bias?

R o

Has the respondent likely conducted publication bias, rather than
RoB assessment?

We then compared the responses among all four assessors.
When more than two assessors had the same interpretation, we
chose the most common answer as the final one. For disagreements
(26 out of 708 questions), we discussed the interpretations and
agreed on whether the final answer should be ‘Yes’, ‘No’ or ‘NA'’ (i.e.
the question is irrelevant given the previous answers, or we could
not agree on the interpretation, or we agreed that the answer was
too vague to interpret). The original data table with separate scores
for each assessor and the table with the final (combined) scores are
available in data file (Culina et al., 2025).

2.2 | Journals and RoB assessment

Between 19th April 2025 and 12th May 2025, authors AC, AST,
OLP and REO checked the websites of 275 ecology and evolutionary
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biology journals. The list of journals was taken from Ivimey-Cook
et al. (2025) and is available from the data file (Culina et al., 2025).
We checked each journal's Aims & Scope, Author instructions and
Editorial policy sections to search for whether a journal accepts
evidence synthesis, and whether it mentions RoB or related
concepts (e.g. critical appraisal) for authors of evidence synthesis
articles. Here, a journal can explicitly mention a need for a RoB or a
related assessment (e.g. critical appraisal), it can link to the external
guidelines on RoB or a related assessment (e.g. CEE guidelines, JBI
guidelines on critical appraisal), or it can link to reporting guidelines
that just mention that RoB (or related) assessment should be
reported (e.g. PRISMA, PRISMA-EcoEvo, ROSES).

We piloted the data extraction on 10 journals to adjust the data
extraction questions and align responses between the reviewers.
We used Google Forms for data extraction. The exact extraction
questions can be found in the Supporting Information. The main
questions, with the potential answers in brackets, were as follows:

1. Does the journal explicitly solicit some form of evidence syn-
thesis? [Yes, No, Unsure]

2. Does the journal specifically mention RoB or related assessment
of primary literature in guidelines to authors of evidence
synthesis, or is RoB/related assessment specifically mentioned in
linked other guidelines (e.g. journal states something like ‘follow
PRISMA guidelines when reporting MA’ but no further detail on
RoB or related is mentioned)? [Yes, No, Unsure]

3. What concept related to RoB (including RoB itself) does the
journal or a linked guideline exactly mention? [RoB, Critical
appraisal, Quality appraisal, Other]

4. If the journal links or refers to external guidelines that mention
RoB or related assessment, what are these guidelines? [PRISMA,
PRISMA-P, PRISMA-EcoEvo, CEE guidelines, ROSES, EQUATOR,
JBI Guidelines, Does not refer to any guidelines, Other].

5. What specific RoB or related tool/checklist is mentioned in jour-
nal guidelines, or in linked guidelines? [No tool mentioned, CEE
critical appraisal tool (CEECAT), ROBITT, SYRCLE, Cochrane RoB
tool, Cochrane RoB2 tool, Cochrane EPOC checklist, Cochrane
ROBINS-I tool, JBI checklist for quasi-experimental studies, Other]

6. What is the strength of the journal's policy on the use of RoB or
related assessment? [mandated (wording such as ‘expect’, ‘must’,
‘have to’, ‘require’), encouraged (wording such as ‘should’, recom-
mends', ‘requests’), optional (wording such as ‘we invite authors to
provide a RoB assessment’, or ‘if they simply mention the guide-

line but say nothing else’)]

Based on the pilot extraction, we decided to: (a) follow this defi-
nition of evidence synthesis: ‘Evidence syntheses are conducted in an
unbiased, reproducible way to provide evidence for practice and policy-
making, as well as to identify gaps in the research. Evidence syntheses
may also include a meta-analysis, a more quantitative process of syn-
thesising and visualising data retrieved from various studies’ (https:/
guides.library.cornell.edu/evidence-synthesis); (b) score journals that
explicitly solicit narrative reviews and similar (e.g. the Annual Review of
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Ecology, Evolution and Systematics solicits ‘essay reviews' but not sys-
tematic or quantitative reviews) as ‘No’ for question (1) above, whereas
journals that do not explicitly solicit evidence synthesis, but something
more general (e.g. review articles, reviews and comprehensive synthe-
sis, reviews) were scored as ‘Unsure’ for the same question.

We divided journals across reviewers, and one reviewer checked

each journal. The data table containing data reviewer initials and

their scores can be found in data file (Culina et al., 2025).

3 | RESULTS
3.1 | Surveyon RoB awareness and use

Only 28 of 232 (12%) survey respondents correctly interpreted RoB
(Figure 1), and only 10 (4%) had used a RoB tool (an existing one,
or one they had developed themselves). While around half of our
survey respondents (N=116) had heard of RoB, it appears that many
confused RoB with publication bias (N=46, Figure 1) or had some
other interpretation. Similarly, while 66 respondents claimed to be
aware of some RoB tools, when asked to list some, 37 listed pub-
lication bias tools. Finally, 53 respondents answered that they had
conducted a RoB assessment; however, 34 had actually used some
form of publication bias test (Figure 2).

Out of 10 respondents who had conducted RoB assessment, 8
judged it to be relatively difficult (5 or more on a scale of 1 to 10,
where 1 is ‘very easy’ and 10 is ‘very difficult’). Despite this, 7 re-
spondents said they were likely to conduct a RoB assessment again.

200
150
Count

100

50

Have heard of RoB

3.2 | Journals and RoB assessment

Out of 275 journals, only 58 explicitly solicited evidence synthesis,
while 151 solicited the vague term ‘Reviews’. Out of these 209 jour-
nals that solicited evidence synthesis or reviews, only five explicitly
mentioned standards of conducting evidence synthesis, which in-
clude RoB or a related (e.g. critical appraisal) assessment (Figure 3).
These journals either then linked to guidelines on critical appraisal
assessment directly (e.g. CEE guidelines) or to reporting guidelines
(e.g. PRISMA) that, within them, mention the need for the RoB as-
sessment. An additional 45 journals did not mention standards for
conducting evidence synthesis, but rather reporting guidelines
for evidence synthesis (e.g. PRISMA) and through these reporting
guidelines only indirectly (and likely unintentionally) link to RoB

assessment.

4 | DISCUSSION

4.1 | Increasing the application of RoB assessment
in ecology and evolutionary biology

RoB tools developed in other fields (including those intersecting with
ecology) are rarely used in ecology and evolutionary biology (Stanhope
& Weinstein, 2023). Based on the findings of our survey, previous re-
search and our own experience in the field, we recommend three main
sets of actions to increase the use of RoB assessment in ecology and
evolutionary biology (Figure 4).

e

No - Other
No - RoB as PB
No - Other 22 Unclear

. Yes

No - RoB as PB 46

Unclear 20

Understanding of RoB (Among those who

have heard of RoB)

FIGURE 1 Survey results on RoB awareness among ecologists and evolutionary biologists with experience in evidence synthesis. Left-
hand bar: Respondents who claimed to have heard of RoB (‘Yes’) or not (‘No’). Right-hand bar: Respondents who had a correct understanding
of RoB ('Yes'), those who confused RoB with publication bias (‘No—RoB as PB’), had some other incorrect interpretation (‘No—Other’), and
those for whom we could not judge their level of understanding based on the responses (‘Unclear’). The figure can be reproduced using data

and code from the data file (Culina et al., 2025).
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. No
No - Other
count . No - PB not RoB
No - Other 6 Unclear/NA
. Yes
% No - PB not RoB 34
Unclear/NA 3
0

Did truly conduct RoB?
(Among those who claim
to have conducted RoB)

Claim to have conducted RoB
(Among those who have heard of RoB)

FIGURE 2 Survey results on experience in conducting RoB assessment among ecologists and evolutionary biologists who were aware of
RoB. Left-hand bar: The respondents who claimed to have conducted a RoB assessment (‘Yes') or not (‘No’). Right-hand bar: The respondents
who truly had conducted a RoB assessment (‘Yes'), those who had actually conducted a publication bias test (‘No—PB not RoB’), some other
test/assessment (‘No—Other’), and those with responses from which we could not judge what they had conducted (‘Unclear’). The figure can
be reproduced using data and code from data file (Culina et al., 2025).
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Solicit evidence
synthesis?

other (0)

Mentions any relevant
guidelnes?

275 journals

—

{UnsureH 151 journals

27 journals [—In reference to

66 journals Not assessed further

FIGURE 3 Summary results on the mention of RoB or related assessment by 275 journals that publish ecological and evolutionary biology
research. We first assessed whether journals solicited evidence synthesis (‘'YES') or just vaguely referred to ‘Reviews’ (‘Unsure’). We then
checked if they mentioned any guidelines that directly address RoB assessment or related (i.e. critical appraisal) or other guidelines (e.g.
reporting guidelines) that within themselves mention RoB or related. Bold text represents journals that were assessed in the next steps.

4.1.1 | Raising awareness and providing guidelines improve this situation, we recommend that RoB assessments are as

follows: included in evidence synthesis teaching materials; explicitly
Our survey results indicated that the primary driver of the low up- mentioned in journals' and funders' guidelines and requirements for
take of RoB assessment might be low awareness of its existence and evidence synthesis; and promoted via editorials, perspectives and
importance among evidence synthesis researchers and journals. To similar articles. We also noticed that most of the journals (151 of
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Risk of Bias assessment as a norm
Make it:

Known Easy

Train & Guide

¢ Include RoB in
teaching

e Journals/funders tools

mention RoB in
guidelines

e Journals explicit items
about systematic vs
narrative reviews

Possible

Facilitate RoB

Assessment
e Create/adapt RoB

¢ Convene experts to
define relevant RoB

*Make it easy to use

FIGURE 4 The main sets of actions, with examples, to increase the use of Risk of Bias (RoB) assessment in ecology and evolutionary

biology.

275) just mention accepting ‘Reviews’, without further specifying
whether these include systematic reviews or only narrative reviews.
Being explicit about the types of evidence synthesis, together with
clear guidelines on conducting and reporting them, would be an im-
portant step in ensuring high-quality evidence synthesis in ecology
and evolutionary biology.

41.2 | Facilitating RoB assessment

Another reason behind the low update of RoB assessment could be
that RoB tools are perceived as too time-consuming to apply. Our
survey indicates that the 10 authors who had conducted RoB as-
sessment found it relatively difficult. Crocker et al. (2023) applied
Version 2 of the Cochrane RoB tool for randomised controlled tri-
als to a systematic review which took an average of 358 min for
assessing each study. Since the average meta-analysis in ecology
and evolutionary biology includes about 40 studies (median=41
studies in plant ecology, Koricheva & Gurevitch, 2014; average =
40 studies in EEB, Yang et al., 2025), that could constitute an average
of around 240h of additional work per meta-analysis, or 30 8-h days.
While large centres for evidence synthesis (e.g. Cochrane, Campbell)
have large teams dedicated to and trained for conducting evidence
synthesis (including RoB assessment), most ecological and evolu-
tionary synthesis work is done by less specialised and smaller teams.
Small team size combined with often non-tailored yet detailed tools
might further lead to low use of RoB assessments in ecology and
evolutionary biology.

Adjusting the existing tools or potentially creating new ones that
would fit the requirements of a wide range of research studies in
ecology and evolutionary biology is challenging. In Box 2, we provide

the main steps in creating a robust RoB tool, and hope that this arti-
cle will encourage ecologists and evolutionary biologists to embark
on this critical step or to at least reach a consensus that one of the

existing tools should be used and potentially adjusted.

4.1.3 | Making RoB possible—reporting standards

While we did not ask this question in the survey, the well-known
low reporting quality of primary studies will make some of the RoB
items difficult orimpossible to judge. For example, primary studies in
ecology and evolutionary biology rarely explicitly mention whether
researchers were blinded to data collection or analysis (e.g. Kim
et al., 2021; Mentesana et al., 2025). Similarly, under-reporting im-
portant details of methods, such as sample sizes, is common in ecol-
ogy and evolution (Parker et al., 2016). Such poor reporting makes
RoB assessment difficult or impossible and can also lead to exclu-
sion of primary studies from meta-analyses (e.g. Moran et al., 2021,
Santostefano et al., 2025). Often, when a RoB item cannot be scored
due to insufficient reporting (i.e. rated as ‘unclear’), the study is con-
sidered to have failed to mitigate that specific RoB (e.g. such as in
CEECAT; Konno et al., 2021).

Journals play a crucial role in establishing detailed report-
ing guidelines of published articles. For instance, to improve the
transparency of reporting and the reproducibility of published re-
sults, authors of research papers in life sciences, behavioural and
social sciences, and ecology, evolution and environmental sciences
submitting to Nature portfolio journals must provide a completed
reporting summary that will be made available to editors and review-
ers during manuscript assessment and published with all accepted
manuscripts. Other examples include Ecology Letters, which in 2012
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BOX 2 How to create risk of bias tools.

Given the difficulty of reaching universal agreement on definitions of study quality and related attributes (Higgins et al., 2011; Wang
et al., 2022), RoB tools are typically developed through consensus-building exercises. A typical scenario is for project leads to draw
up long lists of potential RoB domains. This is followed by larger Delphi-technique-type processes (Mukherjee et al., 2015), in which
collaborators review evidence, discuss uncertainties and ultimately seek consensus on RoB source inclusion, definitions, supporting
descriptions, guidance, tool ‘signalling questions’ and structure (e.g. Boyd et al., 2022; Higgins et al., 2011). Signalling questions have
been described as ‘reasonably factual questions with yes/no answers that inform RoB judgments’ (Sterne et al., 2019). Frampton
et al. (2022) described the process of developing RoB tools as ‘constantly evolving’, pointing to the ‘target study’ paradigm for
assessing the RoB in non-randomised studies, where a focal trial is compared to a Platonic conception of the perfect randomised
target study for answering the question of interest (the perfect study imagined may not even be possible to conduct in the real world;
Sterne et al., 2016).

Once the tool has been designed, it has to be evaluated to enhance consistency in its interpretation and application and to make it
user-friendly. Researchers have progressively evaluated RoB tools by measuring their inter-rater reliability and have identified tool
size and complexity, clarity of user guidance and the necessity of individual judgement as key sources of variability (Hartling, 2009;
Hartling et al., 2013; Minozzi et al., 2019). Evaluations have also measured the time costs of applying different tools and the time
taken for reviewer teams to resolve conflicting assessments and reach consensus (Jeyaraman et al., 2020).

Tools are commonly upgraded, drawing on user feedback and other considerations. For example, the update to the Cochrane RoB
tool for randomised controlled trials, RoB2 (Sterne et al., 2019), involved reviewing how the original tool of Higgins et al. (2011) had
been used, an empirical systematic review and meta-analysis of evidence synthesis efforts in epidemiology focused on associations
between bias domains and effect sizes (Page & Higgins, 2016) and a separate systematic review of the ‘theoretical and conceptual
literature on types of bias in epidemiology’ (Sterne et al., 2019); other sources of evidence relating to the types and frequencies of

biasing domains in medical research were also used (e.g. Page & Higgins, 2016).

Frampton et al. (2022) emphasised that new tool creation is not always necessary: Fundamental study design types are limited
across disciplines, and therefore, bias domains tend to be repeated as well. Frampton et al. (2022) recommend using FEAT (Focused,

Extensive, Applied, Transparent) principles in this decision-making:

(i) Does a tool Focus clearly on RoB as opposed to other broad quality constructs such as reporting guideline compliance?
(ii) Is the tool Extensive in its coverage? That is, does it cover all possible sources of RoB for the study type?

(iii) Can the RoB tool outcomes be Applied in a useful way? That is, can outcomes be clearly and logically incorporated into
evidence synthesis reporting?; and.

(iv) Are the RoB judgements required by the tool explicit and unambiguous (i.e. Transparent)?

_

introduced reporting standards in experimental studies (Hillebrand
& Gurevitch, 2013), and Functional Ecology that has recently intro-
duced the requirement of a ‘replication statement’ to be included in
the Materials and Methods section. A growing number of contribu-
tions explain how to report the primary studies so they can be easily
included in evidence synthesis (e.g. Gerstner et al., 2017; Hennessy
et al., 2022). However, requiring reporting guidelines or providing
reporting checklists must be accompanied by other actions that en-

sure that these are followed.

4.2 | Assessing RoB—A basic guideline

Many existing, detailed and validated tools could be consulted,
adjusted or directly applied when conducting a RoB assess-
ment in ecology and evolutionary biology. Some of these in-
clude the CEECAT tool (Konno et al.,, 2021), ROBITT (Boyd
et al.,, 2022), SYRCLE (Hooijmans et al., 2014) and Robins-I

(Sterne et al., 2016). Use of non-standard tools utilising review-
specific criteria is also an approach that has been used (see in
Stanhope & Weinstein, 2023). As long as questions are asked and
answered transparently, readers can judge the appropriateness
for themselves. However, we caution against application of scor-
ing scales or generic checklists that conflate reporting or preci-
sion or other methodological components with assessment of the
internal validity of the study.

For those not familiar with existing RoB tools, we provide a list
of five questions that summarise the main items of RoB assess-
ment. We created these based on the existing RoB assessment tools
(CEECAT, Konno et al., 2021; ROBINS-I, Sterne et al., 2016) and the
Catalogue of Bias (https://catalogofbias.org/). While we recommend
the use of some of the existing, tested and well-developed tools,
researchers can use our questions to understand the basic compo-
sition of the evidence they include in meta-analysis or to evaluate if
the design of the primary study they plan might have some issues.
These questions are as follows:
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4.21 | Wasrandomisation applied? (relevant mostly
for experimental studies)

In experiments, randomisation involves assigning experimental units
(e.g. individuals, plots) randomly to each treatment. Randomisation
minimises any differences between the experimental units in the
control and treatment groups (but see Senn, 2013) that do not come
from the difference in the treatment. A general overview of the
importance of randomisation in inferring causality can be found in
Greenland (1990).

In observational studies, units are not assigned to exposure by
the investigator; instead, inferring the causality depends on sam-
pling design or statistical strategies to approximate random as-
signment. In many ecological and evolutionary studies, complete
randomisation is impossible. For example, land areas might not be
equally available or accessible to sample from. In this case, analytical
approaches might partly account for the issue, although inferential
certainty might be weakened (e.g. yielding lower precision).

4.2.2 | Was selection bias avoided?

Selection bias refers to situations where study units have unequal
chances to be included in the sample depending on a trait of interest
that the study investigates. This type of bias is often present in
observational studies and experimental studies that have failed to
properly randomise their control and experimental groups.

For example, Culina et al. (2013) were interested in whether indi-
viduals in pairs of great tits (Parus major) that remained together over
the successive breeding seasons had higher over-winter survival than
birds from those pairs that have changed partners. Here, assigning
a bird as alive or dead in each year depended on whether a bird was
recaptured in the wild. For both sexes, Culina et al. (2013) found that
females and males that remained with their partner were more likely
to be recaptured than were the individuals that had changed part-
ners. Thus, the subsequent survival model has accounted for this
difference in recapture rate. Not doing so would falsely lead to lower
estimates of survival for the individuals that have changed partners.

Selection bias can also happen when the method of selecting
study units leads to a sample that does not represent the intended
study population (this may also be referred to as sampling bias). For
example, this happens when a study uses only adult animals but
makes inferences about the population of any age. In this case selec-
tion bias will influence the external validity (see Box 1) of the study,

but not its internal validity, and thus RoB assessment.

4.2.3 | Was confounding considered? (relevant for
observational studies, and experiments that failed to
properly randomise)

Biases can arise due to an uncontrolled (or inappropriately controlled)
variable (confounder) that influences both the explanatory variable

and the outcome (more in Marshall, 2024); including studies where
no or an inappropriate control group is used (e.g. Engqvist &
Reinhold, 2016).

Byrnes and Dee (2025) provide an example where researchers
wanted to study the causal effect of temperature on snail abun-
dance in the Gulf of Maine. For this, they measured snail abundance
and temperature at several locations. However, snail abundance
is also driven by snail recruitment that partly depends on the re-
gional oceanography. Thus, oceanography influences both water
temperature and recruitment. Here, recruitment and oceanography
are unobserved confounding variables. Byrnes and Dee (2025) used
simulated data to compare the performance of different types of
modelling approaches and showed that simple regression models
(the type ecologists would typically use) consistently produce esti-
mates that are well-below the true effect size.

It can be difficult to control for potential confounders in ob-
servational studies, often because many confounders remain un-
known. Furthermore, compared to meta-analyses of clinical trials,
where primary studies are often more standardised, and almost
always conducted on the same species, studies included in meta-
analyses in ecology and evolutionary biology are commonly very
diverse (e.g. different species, different habitats), which can lead
to confounders likely differing between the studies. If the studies
did control for the confounders in the analysis, but confounders are
different between the studies, it might not be possible to include
such ‘diverse’ effect sizes in the meta-analysis. Thus, combining
results from ecological and evolutionary biology studies that use
either inappropriate controls for confounders, or else different sets
of controls may impact the overall reliability of the meta-analytic
estimates (Valentine & Thompson, 2013). Confounding bias can
also occur when meta-analyses include primary study estimates
for the effects of variables originally modelled as controls. A nice
example can be found in Westreich and Greenland (2013) who
demonstrate how this can lead to confusion between direct-effect
estimates and total-effect estimates for covariates in the model.
Petersen et al. (2022) and Konno et al. (2021) provide tools and fur-
ther details on assessing confounding bias in systematic reviews of

observational studies.

424 | Were the methods for obtaining or
measuring the outcome data the same across the
groups/individuals?

Biases can arise from systematic differences between the true
and the measured value, where the differences are group-specific
(caused by the observer or measuring mode). For example, a study
wants to examine if male birds have larger bills than females, using
the same measurement method. The measurement in females is
always taken by observer A, and the measurement in males is al-
ways taken by observer B. Here, each observer might measure in a
slightly different way, especially if observers have not received com-
mon training in how to obtain a measurement. For example, Clark
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et al. (1991) found that there was a statistically significant inter-
observer effect in the American crow (Corvus brachyrhynchos) beak
width measurements.

An outcome can also be measured in different ways. For example,
collecting bird sperm for measuring sperm length can be done using
either faecal samples or abdominal massage. Girndt et al. (2017)
demonstrated that sperm was significantly shorter in faecal samples

compared to abdominal massage samples.

4.2.5 | Was the observer or analyst blind to the
allocation of subjects?

Blinding is a procedure where a person collecting or analysing
data (or subjects of data collection in human studies) is unaware
of any information that could bias observations (e.g. awareness of
the treatment condition of a sample). In ecology and evolutionary
biology, blinding is rarely applied (less than 20% of 981 studies,
Purgar et al., 2022; 6.3% of 960 studies, Burghardt et al., 2012). Yet,
evidence gathered so far suggests that unblinded data collection
leads to inflated effect sizes compared to blinded data collection
(Holman et al., 2015; Kardish et al., 2015).

Blinding oneself during data collection is often not possible or
extremely impractical in ecology and evolutionary biology, especially
in field studies. In this case, researchers can usually blind themselves
during data analysis. Further, non-blinding might not be a problem if
a study uses objective tools to judge outcomes (e.g. a quantitative
outcome derived from the application of some measuring device).
However, even if blinding is difficult to implement in any given study
and/or quantitative measurements are made, the resulting RoB re-
mains non-zero: unconscious expectations can still subtly influence
data processing or interpretation even when a device generates nu-
meric outputs (MacCoun & Perlmutter, 2015).

As an example, Kozlov and Zvereva (2015) asked 31 research-
ers to measure asymmetry of 100 leaves (scanned images) collected
from the same tree. The researchers, experienced in studying fluc-
tuating asymmetry, were told that the study they were participating
in was testing the working hypothesis that the asymmetry was larger
in highly polluted areas. The researchers were either provided (i.e.
were not blind to the ‘treatment’) or not provided (i.e. were blind
to the ‘treatment’) with the information on the area that the leaves
supposedly came from. The researchers who thought that they were
handling leaves from a heavily polluted area reported significantly
higher values of FA compared to the researchers who were told that
the leaves came from an unpolluted site. This clearly demonstrates
that having information on the sample can influence the judgement
of the experts.

5 | LIMITATIONS AND FUTURE WORK

Our work has several limitations. First, we assume that assessing
and accounting for RoB of bias in primary studies will yield less

-

biased meta-analysis estimates in ecology and evolutionary biology.
However, this assumption cannot be tested as an insufficient
number of meta-analyses in these fields include a RoB assessment. If
the use of RoB assessment would increase, it would become possible
to evaluate its impacts on meta-analytic results. In a field close to
ecology, Konno et al. (2025) compiled papers that evaluated the
potential impacts of 39 types of bias (including RoB as defined in
our work) in environmental research, and their results indicate that
different biases could change the estimated effects.

Second, our survey respondents might not be representative of a
larger population of evidence synthesists in ecology and evolution-
ary biology. However, our estimates of the awareness and use of
RoB were so low that we doubt that the overall population would
show anything near adequate rates. Further, our estimate of how
many researchers did apply RoB (around 4.3%) is almost identical to
the rates of use of any form of critical appraisal in systematic reviews
in ecology, which was 4% (Stanhope & Weinstein, 2023).

6 | CONCLUSIONS

Risk of Bias (RoB) assessment is essential for the transparency and
quality of evidence synthesis results, and it enables explorations
of effect heterogeneity and reliability. Our work proposes several
main steps towards increasing the use of RoB assessment in ecol-
ogy and evolutionary biology and highlights the important role of
the synthesis community, but also of journals and funders. It is on
the community to start teaching and applying RoB assessment and
discussing the need for adjustment of the existing tools, or the de-
velopment of new ones. It is on journals and funders to provide
clear guidance on the highest quality standards by explicitly link-
ing to existing best practice for conducting and reporting evidence
synthesis. Journals should also clearly state whether they accept
systematic reviews, meta-analyses and other evidence synthe-
sis contributions in their ‘Aims & Scope’ or under ‘Article types’.
Journals should further aim to improve the reporting quality of
primary studies (as previously recommended, e.g. lhle et al., 2017,
Gerstner et al., 2017; Hennessy et al., 2022), which would enable
easier assessment of RoB. Finally, we note that many RoB elements
will be very difficult to fully address in ecological and evolutionary
studies, especially in observational ones. This does not mean such
studies should be discouraged, but such limitations need to be con-
sidered when making inferences.

RoB assessment should be an essential part of any systematic
review and meta-analysis, and its use should be extended to any-
one planning a primary study or critically reading research articles.
To increase its application in ecology and evolutionary biology, we
advocate for elevating the importance of RoB assessment through
different channels (training, guidelines and policies). It is time for
the evidence synthesis community within ecology and evolutionary
biology to come together and promote the use of the Risk of Bias
assessment in ecological and evolutionary synthesis. We believe our
contribution could be a starting point for this positive change.
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SUPPORTING INFORMATION

Additional supporting information can be found online in the
Supporting Information section at the end of this article.

Data S1. (1) Survey on the familiarity with the risk of bias, (2) Email
text/ call to participate in the survey, (3) Search string for identifying
meta-analyses published across 300 journals and (4) Journals and

the Risk of Bias - data extraction form.
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