BIOLOGICAL Cambridge
REVIEWS Philosophical Society

Biol. Re\(2021)96, pp. 16951722. 1695
doi: 10.1111/brv.12721

Preferred reporting items for systematic

reviews and meta-analyses in ecology and
evolutionary biology: a PRISMA extension

Rose E. ODea* ®, Malgorzata Lagisz®, Michael D. Jenniorf<®, Julia Koricheva®,

Daniel W.A. Noblé?®, Timothy H. Parkef ®, Jessica Gurevitel?, Matthew J. Pade?,
Gavin Stewart®, David Mohef ® and Shinichi Nakagawa

Evolution & Ecology Research Centre and School of Biological and Environmental Sciences, University of New South Wale

Australia

Research School of Biology, Australian National University, 46 Sullivans Creek Road, Canberra, 2600, Australia
3Department of Biological Sciences, Royal Holloway University of London, Egham, Surrey, TW20 0EX, U.K.
“Department of Biology, Whitman College, Walla Walla, WA, 99362, U.S.A.

Department of Ecology and Evolution, Stony Brook University, Stony Brook, NY, 11794-5245, U.S.A.

®School of Public Health and Preventative Medicine, Monash University, Melbourne, VIC, 3004, Australia
’School of Natural and Environmental Sciences, Newcastle University, Newcastle upon Tyne, NE1 7RU, U.K.

8Centre for Journalology, Clinical Epidemiology Program, Ottawa Hospital Research Institute, General Campus, 501 Smyth

Ottawa, ON, K1H 8L6, Canada

ABSTRACT

Since the early 1990s, ecologists and evolutionary biologists have aggregated primary research using meta-analy
methods to understand ecological and evolutionary phenomena. Meta-analyses can resolve long-standing disputes,
pel spurious claims, and generate new research questions. At their worst, however, meta-analysis publications are wol
in sheefs clothing: subjective with biased conclusions, hidden under coats of objective authority. Conclusions can be rer
dered unreliable by inappropriate statistical methods, problems with the methods used to select primary research, c
problems within the primary research itself. Because of these risks, meta-analyses are increasingly conducted as pal
systematic reviews, which use structured, transparent, and reproducible methods to collate and summarise eviden
For readers to determine whether the conclusions from a systematic review or meta-analysis should -bardisted

to be able to build upon the reviewauthors need to report what they did, why they did it, and what they found. Com-
plete, transparent, and reproducible reporting is measuregtbgrting quality. To assess perceptions and standards of
reporting quality of systematic reviews and meta-analyses published in ecology and evolutionary biology, we survey:
208 researchers with relevant experience (as authors, reviewers, or editors), and conducted detailed evaluations of 102
tematic review and meta-analysis papers published between 2010 and 2019. Reporting quality was far below optim:
and approximately normally distributed. Measured reporting quality was lower than what the community perceived,
particularly for the systematic review methods required to measure trustworthiness. The minority of assessed papers tt
referenced a guideline {6%) showed substantially higher reporting quality than average, and surveyed researchers
showed interest in using a reporting guideline to improve reporting quality. The leading guideline for improving report-
ing quality of systematic reviews is the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISM,
statement. Here we unveil an extension of PRISMA to serve the meta-analysis community in ecology and evolutionar
biology: PRISMA-EcoEvo (version 1.0). PRISMA-EcoEvo is a checklist of 27 main items that, when applicable, shoulc
be reported in systematic review and meta-analysis publications summarising primary research in ecology and evolutio
ary biology. In this explanation and elaboration document, we provide guidance for authors, reviewers, and editors, with
explanations for each item on the checklist, including supplementary examples from published papers. Authors ca
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consult this PRISMA-EcoEvo guideline both in the planning and writing stages of a systematic review and meta-analysis,
to increase reporting quality of submitted manuscripts. Reviewers and editors can use the checklist to assess reporting
quality in the manuscripts they review. Overall, PRISMA-EcoEvo is a resource for the ecology and evolutionary biology
community to facilitate transparent and comprehensively reported systematic reviews and meta-analyses.

Key wordgomparative analysis, critical appraisal, evidence synthesis, non-independence, open science, study quality,

pre-registration, registration
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I. INTRODUCTION but, from the details that authors of meta-analyses report, it is

often unclear whether systeimareview methods have been
Ecological and evolutionary research topics are often distised in ecology and evolution. For a review to providlama
tilled in systematic review and meta-analysis publicatiortzase of knowledge on which researchers can build, it is essential
(Gurevitchet al 2018; Koricheva & Kulinskaya, 2019). that review authors transpar@nteport their aims, methods,
Although terminology differs both across and within disciand outcomes (Liberatt al 2009; Parkeet al 2016).
plines, here we use the termeta-analysigo refer to the In evidence-based medicine, where biased conclusions
statistical synthesis of effect sizes from multiple independdrdm systematic reviews can endanger human lives, transpar-
studies, whereas ‘gystematic reviéws the outcome of a entreporting is promoted by reporting guidelines and check-
series of established, transparent, and reproducible metholitsts such as the Preferred Reporting Items for Systematic
to find and summarise studies f{d&ions are discussed fur- reviews and Meta-Analyses (PRISMA) statement. PRISMA,
ther in Primer A below). As with any sciéiatiproject, sys- first published in 2009 (Mohegt al, 2009) and recently
tematic reviews and meta-analyses are susceptible to qualifydated as PRISMA-2020 (Pagieal 2021), describes min-
issues, limitations, and biases that can undermine the crediinum reporting standards for authors of systematic reviews
bility of their conclusions. First, the strength of primary evi-of healthcare interventions. PRISMA has been widely cited
dence included in the review might be weakened bwnd endorsed by prominent journals, and there is evidence
selective reporting and research biases (Jennions akimproved reporting quality in clinical research reviews fol-
Mgller, 2002; Forstmeier, Wagenmakers & Parker, 2017pwing its publication (Page & Moher, 2017). Several exten-
Fraseret al 2018). Second, reviews might be conducted osions of PRISMA have been published to suit different
communicated in ways that summarise existing evidendgpes of reviews (e.g. PRISMA for Protocols, PRISMA for
inaccurately (Whittaker, 2010; loannidis, 2016). Systematietwork Meta-Analyses, and PRISMA for individual patient
review methods have been designed to identify and mitigattata: Hutton et al 2015; Moheret al 2015; Stewart
both these threats to credibility (Haddaway & Macura, 2018gt al, 2015).
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Ecologists and evolutionary biologists seldom reference We have designed version 1.0 of a PRISMA extension for
reporting guidelines in systematic reviews and meta-analysesology and evolutionary biology: PRISMA-EcoEvo. This
However, there is community support for wider use ofguideline caters for the types of reviews and methods com-
reporting guidelines (based on our survey of 208 researchenson within ourfields. For example, meta-analyses in ecology
see online Supporting Information) and bétseto their and evolutionary biology often combine large numbers of
adoption. In a representative sample of 102 systematidiverse studies to summarise patterns across multiple taxa
review and meta-analysis papers published between 20a@d/or  environmental conditions (Nakagawa &
and 2019, the 16% of papers that mentioned a reportingSantos, 2012; Seniet al 2016). Aggregating diverse studies
guideline showed above-average reporting quality (Fig. 19ften creates multiple types of statistical non-independence
In all but one paper, the reporting guideline used by authorshat require careful consideration (Notde al 2017), and
was PRISMA, despite it being focussed on reviews of clinicgliidance on reporting these statistical issues is not compre-
research. While more discipline-appropriate reportinghensively covered by PRISMA. Conversely, some of the
checklists are available for dields (e.g.ROSES RepOrt- items on PRISMA are yet to be normalised within ecology
ing standards for Systematic Evidence Syntheblgld- and evolution (e.g. risk of bias assessment, and duplicate data
away et al 2018; and the Tools for Transparency in extraction). Without pragmatic consideration of these differ-
Ecology and Evolution Parkeret al 2016), these have so ences betwesdields, most ecologists and evolutionary biolo-
far focussed on applied topics in environmental evidencgjsts are unlikely to use a reporting guideline for systematic
and/or lack explanations and examples for meta-analysiseviews and meta-analyses.
reporting items. Ecologists and evolutionary biologists need Here we explain every item of the PRISMA-EcoEvo
a detailed reporting guideline for systematic review andhecklist, for use by authors, peer-reviewers, and editors
meta-analysis papers. (Fig. 2). We also include extended discussion of the more dif-
ficult topics for authors ifive‘ Primer sections (labelled-A
E). Table 1 presents a checklist of sub-items, to aid the assess-
ment of partial reporting. The full checklist applies to system-
atic reviews with a meta-analysis, but many of the items will
be applicable to systematic reviews without a meta-analysis,
average = 65% and meta-analyses without a systematic review. Examples
of each item from a published paper are presented in the
Supporting Information, alongside text descriptions of cur-
rent reporting practices.

Estimated reporting quality

average = 55% !

II. PRIMER A: TERMINOLOGY

Number of papers

Within the ecology and evolutionary biology community
there are terminological differences regarding howeta-
analysisis ddined (Vetter, Ricker & Storch, 2013). In the
broadest sense, any aggregation of results from multiple stud-
. ies is sometimes referred to amata-analysigincluding the
Reporting score % common but inadvisable practice of tallying the number of
) ) o signficant versuson-sigriicant results, i.€vote-counting

Cited reporting guideline: [ ] no [l yes Vetteret al, 2013; Koricheva & Gurevitch, 2014; Gurevitch
Fig 1. Results from our assessment of reporting quality oft al 2018). Here, we reserve the tefmeta-analysisfor
systematic reviews and meta-analyses published between 2@t@dies in which effect sizes from multiple independent stud-
and 2019, in ecology and evolutionary biology=(102). For ies are combined in a statistical model, to give an estimate of
each paper, the reporting score represents the raeasrage a pooled effect size and error. Each effect size represents a
item % scoré across all applicable items. Full details areresult, and the effect sizes from multiple studies are expressed
provided in the Supporting Information and supplementary on the same scale. Usually the effect sizes are weighted so that
code. Red columns indicate the minority of papers that cited @,ore precise estimates (lower sampling error) have a greater
reporting guideliner(= 15 cited PRISMA, andh = 1 cited 5504 on the pooled effect size than imprecise estimates

Koricheva & Gurevitch, 2014). The subset of papers tha& X . L
referenced a reporting guideline tended to have higheazléhﬁg%hlg?we'ghted analyses can sometimes beefiisti

reporting scores (note that these observational data cann ; . .
distinguish between checklists causing better reporting, or [N comparison with meta-analyses, which have been used
authors with better reporting practices being more likely toin €cology and evolutionary biology for nearly 30 years (the
report using checklists). Wekht-test: t-value = 5.21; first meta-analysis in ecology was published by
df = 25.65;P < 0.001. Jarvinen, 1991), systematic reviews are only now becoming

30 40 50

Biological Revi®®&$2021) 16951722 © 2021 The Author®Biological Revipuislished by John Wiley & Sons Ltd on behalf of Cambridge Philosophical
Society.



1698 Rose E. ODea et al.

published sources from just one or two databases). Second,

assessing the risk of bias in primary studies is very uncommon
(based on the meta-analyses we assessed; see Supporting
Information and Section VIII). Given current best practice

PRISMA-EcoEvo guidance for:  andusage of the tertsystematic reviévin ecology and evo-
lutionary biology, the PRISMA-EcoEvo checklist is targeted

authors reviewers editors towards meta-analyses that were conducted on data collected
o ) ) ) from multiple sources and whose methods were structured,
IZ transparent, and reproducible.

reviewing

z reporting
reg reviewing m
reporting

lll. ABSTRACT & INTRODUCTION

9}
.
w2
—
=
I
o
=
I
o
(=

IZ author Item 1: Title and abstract
reporting guidelines In the title or abstract, identify the review as a
- ~— — systematic review, meta-analysis, or both. In the
abstract provide a summary including the aims

Preferred Reporting Items for

. ) published as: and scope of the review, description of the data
Systematic reviews &

set, results of the primary outcome, conclusions,

and limitations.

Meta-Analyses =) registered reports Explanation and elaboration

in Ecology Identifying the report as a systematic review and/or meta-

and Evolutionary biology ana}ly5|s_|n the title, abstract, or keywords makes these types of
’ <7 reviews idenfiable through database searches. It is essential

Fig 2. PRISMA-EcoEvo for authors, peer-reviewers, andthat the summary of the review in the abstract is accurate

editors. Planning and protocols are shown in grey becauspecause this is the only part of the review that some people

while PRISMA-EcoEvo can point authors in the right wil| read (either by choice or because of restricted access)

direction, authors should seek additional resources for detaile@o||eret al 2013). While it is currently rare for abstracts to

conduct guidance. Authors can use PRISMA-ECOEVO S gonqt Jimitations, this practice should change. Casual

reporting guideline for both registered reports (Primer C) an ! . ; L
completed manuscripts. Reviewers and editors can u%gaders can be misled if the abstract does not disclose limita

PRISMA-EcoEvo to assess reporting quality of the systemat{o"S of the review or fails to report the result of the primary

review and meta-analysis manuscripts they read. Editors c&i/tcome. Even very concise abstracts (e.g. for journals that
promote h|gh reporting qua“ty by asking Submitting authorsa”OW a maximum of 150 WOTdS) should state obvious limita-

to complete the PRISMA-EcoEvo checklist, either bytions. To signify greater accountability, authors can report
downloading a statifile at https://osf.io/t8qd2/, or by using  when their review was registered in advance (Item 3).
an interactive web application at https://prisma-ecoevo.shi Item 2: Aims and questions
nyapps.io/checklist/. Explain the rationale of the study, including ref-

erence to any previous reviews or meta-analyses

on the topic. State the aims and scope of the study
an established method (Gurevitehal, 2018; Berger-Tal (including its generality) and its primary questions
et al 2019; but see Pullin & Stewart, 2006). Systematicfe.g. which moderators were tested), including
review methods are concerned with how information wasvhether effect sizes are derived from experimental
gathered and synthesisedfigids such as medicine and con- and/or observational comparisons.
servation biology, the required steps for a systematic reviewExplanation and elaboration
are as follows: d@ing spedic review questions; identifying  An effective introduction sets up the reader so that they
all likely relevant records; screening studies against pranderstand why a study was done and what it entailed, mak-
defined eligibility criteria; assessing the risk of bias boting it easier to process subsequent information (Liberati
within and across studies (i.exitical appraisal Primer D); et al 2009). In this respect, the introduction of a systematic
extracting data; and synthesising results (which might includeview is no different to that of primary studies
a meta-analysis) (Pullin & Stewart, 2006; Liberaai, 2009;  (Heard, 2016). Previous review articles are likelyfloence
Haddaway & Verhoeven, 2015; James, Randall &thinking around a research topic, so these reviews should be
Haddaway, 2016; Cooket al 2017; Higginset al, 2019). placed in context, as their absence sigaia research gap. If
Under this formal dénition, systematic reviews in ecologythe introduction is well written and the study is well designed,
and evolutionary biology are exceedingly rare for two reathen the reader can roughly infer what methods were used
sons. First, we tend not to conduct exhaustive searchied to before reading the methods section. To achieve such har-
all relevant records (e.g. we usually rely on a sample ofiony, authors should clearly lay out the scope and primary

% standard papers
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102
102

aims of the study (e.g. which taxa and types of studies;
hypothesis testing or generating/exploratory). The scope is
crucial because thisflnences many aspects of the study
design (e.g. eligibility criteria; Iltem 4) and interpretation of
results. Itis also important to distinguish between experimen-
tal and observational studies, as experiments provide an eas-
ier path to causal conclusions.

applicable
102
102
72
102
102
102

102
100
8

92
18

73
98
88
92
100

Papers meeting No. papers
a7

component (%)

57

IV. PRIMER B: TYPES OF QUESTIONS

Broadly, systematic reviews with meta-analyses can answer
guestions of two kinds: the generality of a phenomenon, or
its overall effect (Gurevitcat al, 2018). When PRISMA
was published in 2009 for reviews assessing the overall effect
(i.e. the meta-analytic intercept/mean) it recommended that
guestions be stated with reference R}CO’ or ‘PECO':
population (e.g. adult humans at risk of cardiovascular dis-
ease), intervention or exposure (e.g. statin medication), com-
parator (e.g. control group taking a placebo), and outcome
(e.g. difference in the number of cardiovascular disease
events between the intervention and control groups)
(Liberatiet al 2009). When a population is limited to one
species, or one subset of a population, the number of studies
available to quantify the overall effect of an intervention or
exposure is typically small (eg20 studies) (Gurevitch

et al, 2018). However, even when ecological and evolution-
ary questions can be framed in termsSRICO’ or ‘PECO/,

the ‘population is often broad (e.g. vertebrates, whole eco-
systems) leading to larger and more diverse data sets
(Gerstneet al 2017). Examples include the effect of the lat-
itudinal gradient on global species richness (Kinlock
et al 2018;n= 199 studies), the effect of parasite infection
on body condition in wild speciesaf®hezet al 2018;

n= 187 studies), the effect of livestock grazing on ecosystem
properties of salt marshes (Davidsbal, 2017;n= 89 stud-

ies), and the effect of cytoplasmic genetic variation on pheno-
typic variation in eukaryotes (Doblet al, 2014;n = 66
studies).

In ecological and evolutionary meta-analyses, determining
the average overall effect across studies is usually of less inter-
est than exploring the extent, and sources, of variability in
effect sizes among studies. Combining a large number of
studies across species or contexts increases variability and
makes estimation and interpretation of the average effect dif-
ficult and arguably meaningless. Instead, exploring variables
which imMluence the magnitude or direction of an effect can
be particularly fruitful; these variables could be biological
or methodological (Gerstnet al, 2017). To explore sources
of variation in effects, and quantify statistical power, it is
important to report the magnitude of heterogeneity among
effect sizes (i.e. differences in effect sizes between studies
beyond what is expected from sampling error; Item 22). Het-
erogeneity is typically high when diverse studies are com-
bined in a single meta-analysis. High heterogeneity is
considered problematic in medical meta-analyses (Liberati

Provide a reference list of all studies included in the systematic review or meta-analysis
List included studies as referenced sources (e.g. rather than listing them in a table or supplement)

evidence (e.g. taxonomic and geographical research biases)
Provide names€liafions, and funding sources of all co-authors

Summarise the m@idings in terms of the magnitude of effect
Summarise the maiindings in terms of the precision of effects (e.g. size f@dence intervals,
List the contributions of each co-author

statistical sigficance)

Summarise the matindings in terms of their heterogeneity
Consider limitations and theirfinence on the generality of conclusions, such as gaps in the availgble

Summarise the matindings in terms of their biological/practical relevance

Compare results with previous reviews on the topic, if available

Provide contact details for the corresponding author
Disclose any cfiicts of interest

Sub-item

25.1
25.2
25.3
254
255
25.6

26.1
26.2
26.3
26.4

27.1
27.2

Sub-item
number

Table 1. (Cont.)
Checklist item
Contributions and funding

Discussion
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et al, 2009; Mukaet al, 2020), but it is the norm in ecology VI. PRIMER C: REGISTRATION AND

and evolutionary biology (Stewart, 2010; SeniorREGISTERED REPORTS

et al 2016), and identifying sources of heterogeneity could

produce both biological and methodological insightssuboptimal reporting standards are often attributed to perverse

(Rosenberg, 2013). Authors of meta-analyses in ecology aipdentives for career advancerg@oannidis, 2005; Smaldino &

evolutionary biology should be aware that high heterogeneavicElreath, 2016; Moheet a, 2020; Munaféet al 2020): Pub-

ity reduces statistical power for a given sample size, especiaiyi or perishresearch cultures rewaitte frequent production

for estimates of moderator effects and their interactionsf papers, especially papers that gain citations quickly.

(Valentine, Pigott & Rothstein, 2010). It is therefore impor-Researchers are therefore emaged, both directly and indi-

tant to report estimates of heterogeneity (Item 22) alongsidectly, to extract more-compelling narratives from less-

full descriptions of sample sizes (Item 20), and communica¢empelling data. For example, given multiple choicesin statistical

appropriate uncertainty in analysis results. analyses, researchers might fayaths leading to statistical sig-
nificance (i.e. ‘P-hacking Simmons, Nelson &
Simonsohn, 2011; Heaet al 2015). Similarly, there are many
ways to frame results in a maaorigt. Results might be more

V. REGISTRATION impactful when framed as evidence for a hypothesis, even if data
were not collected with the intéon of testing that hypothesis
Item 3: Review registration (a problematic practice known'&ARKing’ — Hypothesising
Register study aims, hypotheses (if applicable), After the Results are KnownKerr, 1998). Engaging in these
and methods in a time-stamped and publicly acces- behaviours does not require malicious intent or obvious dishon-
sible archive. Ideally registration occurs before the esty. Concerted effort is required to avoid the trap of self-
search, but it can be done at any stage before data deception (Forstmeiezt al 2017; Aczelet al 2020). For
analysis. A link to the archived registration should researchers conducting a systematic review or meta-analysis, we
be provided in the methods section of the manu- need both to be aware that these practices could reduce the cred-
script. Describe and justify deviations from the reg- ibility of primary studies (Primer D), and guard against commit-
istered aims and methods. ting these practices when conducting and writing the review.
Explanation and elaboration ‘Registratioh or ‘pre-registratioh is an intervention

Registering planned research and analyses, in a tim@itended to make it harder for researchers to oversell their
stamped and publicly accessible archive, is easily achiewesults (Rice & Moher, 2019). Registration involves publicly
with existing infrastructure (Nosekal, 2018) and is a prom- archiving a written record of study aims, hypotheses, experi-
ising protection against false-positiiadings (Allen & mental or observational methods, and an analysis plan prior
Mehler, 2019) (discussed in Primer C). While ecologists arid conducting a study (Allen & Mehler, 2019). The wide-
evolutionary biologists have been slower to adopt registr&pread use of public archiving of study registrations only
tions compared to researchers in the social and medical seimerged in the 2000s whes in recognition of the harms
ences, our survey found that authors who had trieccaused by false-positiiadings— the International Com-
registrations viewed their experience favourably (see Supittee of Medical Journal Editors, World Medical Associa-
porting Information). Given that authors of systematiction, and the World Health Organisation, mandated that
reviews and meta-analyses often plan their methods @l medical trials should be registered (Goldacre, 2013). Since
advance (e.g. to increase the reliability of study screenirigen, psychologists and other social scientists have adopted
and data extractions), only a small behavioural change woulggistrations too (which they tefpre-registratioris Rice &
be required to register these plans in a time-stamped aniloher, 2019), in response to high-fil®cases of irreproduc-
publicly available archive. Inexperienced authors might fegble research (Nelson, Simmons & Simonsohn, 2018; Nosek
ill-equipped to describe analysis plans in detail, but theret al 2019). In addition to discouraging researchers from
are still bensts to registering conceptual plans fishing for the most compelling stories in their data, registra-
(e.g. detailed aims, hypotheses, predictions, and variablégn may also help locate unpublished null results, which are
that will be extracted for exploratory purposes only). Deviatypically published more slowly thampositivé findings
tions from registered plans should be acknowledged and juslennions & Mgller, 2002) (i.e. registrations provide a win-
tified in thefinal report (e.g. when the data collected cannotdow into researchersfile drawer§ a goal of meta-analysts
be analysed using the proposed statistical model due to violdtat seemed out of reach for decades; Rosenthal, 1979).
tion of assumptions). Authors who are comfortable with reg- Beyond registration, a more powerful intervention is the
istration might consider publishing their planned systematioegistered reportbecause these not only make it harder for
review or meta-analysis as‘registered repott whereby researchers to oversell their research and selectively report
the abstract, introduction and methods are submitted to a@utcomes, but also prevent journals basing their publication
journal prior to the review being conducted. Some journalglecisions on study outcomes. In a registered report, the
even publish review protocols before the review is undembstract, introduction, and method sections of a manuscript
taken (as is commonly done in environmental scienceste submitted for peer review prior to conducting a study,
e.g. Greggor, Price & Shier, 2019). and studies are provisionally accepted for publication before
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their results are known (Parker, Fraser & Nakagawa, 201%hould be stitiently broad to address the research question

This publication style can therefore mitigate publication biasneaningfully, while being achievable within the authors

and helps to addresdaws in researchérguestions and constrained resources (time and/or funding) (Forero

methods before it is too late to change them. Although thet al 2019).

‘in principle acceptance for publication does rely on authors The eligibility criteria represent a kéforking path in

closely following their registered plans, fidislity comes with  any meta-analysis; slight mdations to the eligibility cri-

the considerable advantage of not requirirayrprising  teria could send the review down a path towards substan-

results for a smooth path to publication (and, if large changesally different results (Palpacuet al, 2019). When

reverse the initial decision of provisional acceptance, authopdanning a review, it is crucial to filee explicit criteria

can still submit their manuscript as a new submission). Cufer which studies will be included that are as objective as

rently, a small number of journals that publish meta-analysgsossible. These criteria need to be disclosed in the paper

in ecology and evolutionary biology accept registered reportsr supplementary information for the review to be replica-

(see https://cos.io/rr/ for an updated list) and, as with aregu-ble. It is especially important to describe criteria that do

lar manuscript, the PRISMA-EcoEvo checklist can be used toot logically follow from the aims and scope of the review

improve reporting quality in registered reports. (e.g. exclusion criteria chosen for convenience, such as

Systematic reviews and meta-analyses are well suited for regigeluding studies with missidgta rather than contacting

tration and registered reports because these large and comguthors).

cated projects have establistewl predictable methodology  Item 5: Finding studies

(Moheret al 2015; lopez-lopezet al 2018; Mukeet al 2020). Define the type of search (e.g. comprehensive

Despite these advantages, in ecology and evolutionary biologgarch, representative sample), and state what

registration is rare (see Supporting Information). When we susources of information were sought (e.g. published

veyed authors, reviewers, and editors, we found researchensd unpublished studies, personal communica-

had either not considered registration as an option for systemations). For each database searched include the

reviews and meta-analyses or did not consider it worthwhilexact search strings used, with keyword combina-

Even in medical reviews, registration rates are lower thations and Boolean operators. Provide enough infor-

expected (Pussegadal 2017). Rather than aleap to perfect sci- mation to repeat the equivalent search (if possible),

ence, registration is a step towards greater transparency in theluding the timespan covered (start and end

research process. Still, the practice has been criticised for rdates).

addressing underlying issues with research quality and externaExplanation and elaboration

validity (Szollosét al 2020). lllogical research questions and Finding relevant studies to include in a systematic review is

methods are not rescued by regiion (Gelman, 2018), butreg- hard. Weeks can be spent sifting through massive piles of lit-

istered reports provide the opportunity for them to be addresseerature tofind studies matching the eligibility criteria and

before a study is conducted. Overall, wider adoption of registraret, when reporting methods of the review, these details are

tions and registered reports is the clearest path towards transpypically skimmed over (average reporting quatig0%;

ent and reliable research. see Supporting Information). While authors might deem it
needlessly tedious to report the minutiae of their search
methods, the supplementary information can service readers
who wish to evaluate the appropriateness of the search

VII. FINDING AND EXTRACTING methods (e.JPRESS — Peer Review of Electronic Search
INFORMATION Strategies; McGowaet al, 2016). Detailing search methods
is also necessary for the study to be updatable using approx-

Item 4: Eligibility criteria imately the same methods (Garredral, 2016). Although

Report the speci fic criteria used for including or journal subscriptions might vary over time and between dif-
excluding studies when screening titles and/or ferent institutions (Mann, 2015), all authors can aim for
abstracts, and full texts, according to the aims of approximately replicable searches. For instance, authors
the meta-analysis (e.g. study design, taxa, data searching for studies throughleb of Sciesteuld specify
availability). Justify criteria, if necessary (i.e. not which databases were included in their search; institutions
obvious from aims and scope). will typically only have access to a portion of the possible

Explanation and elaboration databases.

Fully disclosing which studies were included in the review To recall how and why searches were conducted, authors
allows readers to assess the generality, orffisgigciof the  should record the process and witoWw of search strategy
reviews conclusions (Vettat al, 2013). To decide upon development. Often, multiple scoping searches are trialled
the scope of the review, we typically use an iterative procelssfore settling on final search strategy (Siddaway, Wood &
of trial-and-error to réne the eligibility criteria, in conjunc- Hedges, 2019). For this process of trial-and-error, authors
tion with reining the research question. These planningcan check the ability of different searchesind a known
stages should be conducted prior to registering studset of suitable studies (studies that meet, or almost meet, the
methods. Pragmatically, the scope of a systematic reviesligibility criteria; Item 4) (Bartels, 2013). The scoping
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searches can be conducted using a single database, but ibésreliable. Preferably, each study is independently screened

preferable to use more than one database fofitta¢ search by more than one person. Authors should report how often

(Bramer et al 2018) (requiring duplicated studies to beindependent decisions were in agreement, and the process

removed prior to study selection, for which software is avaifor resolving coficting decisions (Littell, Corcoran &

able; Rathboneet al 201% Westgate, 2019; Muka Pillai, 2008). To increase the reliability and objectivity of

et al 2020). Sometimes potentially useful records will be iniscreening criteria, especially when complete independent

tially inaccessible (e.g. when authdrsme institutions do screening is impractical, authors could restrict independent

not subscribe to the journal), but efforts can be made tgarallel screening to the piloting stage, informing protocol

retrieve them from elsewhere (e.qg. inter-library loans; directlgevelopment. Regardless of how studies were judged for

contacting authors) (Stewattal 2013). Authors should note inclusion, authors should be transparent about how screen-

whether the search strategy was designed to retrieve unpubg was conducted.

lished sources and grey literature. While most meta-analystsitem 7: Data collection process

in ecology and evolutionary biology only search for published Describe where in the reports data were collected

studies, the inclusion of unpublished data could substantialfyom (e.g. text or figures), how data were collected

alter results @chez-Djar et al, 2018). (e.g. software used to digitize figures, external data
Traditional systematic reviews aim to be comprehensivsources), and what data were calculated from other

and find all relevant studies, published and unpublishedyalues. Report how missing or ambiguous informa-

during a‘comprehensive searctPrimer A). In order to tion was dealt with during data collection (e.g.

achieve comprehensive coverage in medical reviewauthors of original studies were contacted for miss-

teams of systematic revieweften employ an information ing descriptive statistics, and/or effect sizes were

specialist or research librarian. In ecology and evolutionealculated from test statistics). Report who col-

ary biology, itis more common to obtain a sample of availlected data and state the number of extractions that

able studies, sourced from a smaller number of sourcegere checked for accuracy by co-authors.

and/or from a restricted time period. The validity of this  Explanation and elaboration

approach depends on whether the sample is likely to be Describing how data were collected provides both infor-

representative of all availaldtudies; if the sampling strat- mation to the reader on the likelihood of errors and allows

egy is not biased, aiming for a representative sample is justher people to update the review using consistent methods.

tifiable (Cote & Jennions, 2013). We encourage authors tata extraction errors will be reduced if authors followed

be transparent about the aim of their search and consideure-spedied data extraction protocols, especially when

the consequences of sampling decisions. Further guidaneecountering missing or ambiguous data. For example, when

on reporting literature searches is available fromsample sizes were only available as a range, were the mini-

PRISMA-S (Rethlefsemt al, 2021), and guidance on mum or mean sample sizes taken, or were corresponding

designing and developing searches is available from Baauthors contacted for precise numbers? Were papers

tels (2013), Brameet al (2018), Siddawagt al (2019) excluded when contacted authors did not provide informa-

and Stewaret al (2013). tion, or was there a decision rule for the maximum allowable
Item 6: Study selection range (e.g. such that = 10-12 would be included, but
Describe how studies were selected for inclusion n = 10-30 would be excluded)? Another ambiguity occurs
at each stage of the screening process (e.g. use of when effect sizes can be calculated in multiple ways, depend-
decision trees, screening software). Report the ing on which data are available (sensibly, firs priority
number of people involved and how they contrib- should be given to raw data, followed by descriptive statistics
uted (e.g. independent parallel screening). — e.g. means and standard deviations, followed by test-
Explanation and elaboration statistics and theR-values). Data can also be duplicated

As withfinding studies, screening studies for inclusion is across multiple publications and, to avoid pseudo-replication
time-consuming process that ecologists and evolutionatiForstmeieret al, 2017), the duplicates should be removed
biologists rarely describe in their reports (average reportinfpllowing objective criteria. Whatever precedent is set for
quality <10%; see Supporting Information). Typically, missing, ambiguous, or duplicated information from one
screening is conducted in two stages. First, titles and abstrastsdy should be applied to all studies. Without recording
are screened to exclude obviously ineligible studies (usuathe decisions made for each scenario, interpretations can eas-
the majority of screened studies will be ineligible). Softwariéy drift over time. Authors can record and report the per-
can help speed up the process of title and abstract screeniogntages of collected data that were affected by missing,
(e.g. Rathbone, Hoffmann & Glasziou, 2@1%uzzani ambiguous, or duplicate information.
et al 2016). Second, the full texts of potentially ineligible Data collection can be morefiefent and accurate when
studies are downloaded (e.g. using a reference managatthors invest time in developing and piloting a data collection
and screened. At the full-text stage, the authors should recofdrm (or database), which can be made publicly available to
reasons why each full text did not meet the eligibility criteridacilitate updates (Item 18). €tiorm should describe precisely
(Item 19). Pre-determined, documented, and piloted eligibilwhere data were presented in the original studies, both to help
ity criteria (Item 4) are essential for both stages of screeningr®-extractions, and because some data sources are more reliable
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than others. Using software to extract data frigures can quality assessment, risk of bias assessment, dedtaral
improve reproducibility [e.g. metaDigitise (Pick, Nakagawa &appraisdl (Cookeet al 2017), ecologists and evolutionary
Noble, 2019) and metagear (Lajeunesse, 2016)]. Ideally, all ddi@logists seldom undertake these steps. When surveyed,
should be collected by at least two people (which should corresmtithors, reviewers, and editors of systematic reviews and
for the majority of extraction evrs). While fully duplicating meta-analyses in ecology and evolutionary biology were
extractions of large data sets might be impractical for smdirgely oblivious to the existence of study quality or risk of
teams (Primer B), a portion of collected data could be indepefias assessments, sceptical of their importance, and some-
dently checked. Authors can then report the percentage of calhat concerned that such assessments could introduce more
lected data that were extracted or checked by more than onaias into the review (see Supporting Information). In this

person, error rates, and how dlispancies were resolved. respect, little has changed since 2002, when Simon Gates
Item 8: Data items wrote that randomization and blinding deserve more atten-
Describe the key data sought from each study, tion in meta-analyses in ecology (Gates, 2002).
including items that do not appear in the main It is difficult to decide upon metrics ofjuality for the
results, or which could not be extracted due to diverse types of studies that are typically combined in an eco-
insuf ficient information. Describe main assump- logical or evolutionary biology meta-analysis. We typically
tions or simpli fications that were made (e.g. cate- consider two types of qualiyinternal validity and external
gorising  both ‘length> and ‘mass’ as  validity (Jamest al, 2016). Internal validity describes meth-
‘morphology ). State the type of replication unit odological rigour: are the inferences of the study internally
(e.g. individuals, broods, study sites). consistent, or are the inferences weakened by limitations such
Explanation and elaboration as biased sampling or confounds? External validity describes

Data collection approaches fall on a spectrum betweewhether the study addresses the generalised research ques-
recording just the essential information to address the aiion. In ecology and evolutionary biology, the strongest
of the review, and recording all available information fromcausal evidence and best internal validity might come from
each study. We recommend reporting both data that werdarge, controlled experiments that usbest practice
collected and attempted to be collected. Complete reportingnethods such as blinding. If we want to generalise across taxa
facilitates re-analyses, allows others to build upon previoasd understand the complexity of nature, however, then we
reviews, and makes it easier to detect selective reporting méed’ messierevidence from wild systems. Note that in the
results (Primer C). For re-analyses, readers could be intenedical literature, risk of bias (practically equivalent to inter-
ested in the effects of additional data items (e.g. species infoel validity) is considered a separate and preferable construct
mation), and it is therefore useful to know whether those dat® ‘study quality (Bittneret al 2020), and there are well
are already available (Item 18). Similarly, stating which datastablished constructs sucH@RADE’ for evaluating the
were unavailable, despite attempts to collect them, iggEnti body of evidence Grading of Recommendations, Assess-
gaps in primary research or reporting standards. For selectivaent, Development and Evaluation&uyatt et al, 2008).
reporting, authors could collect a multitude of variables butn PRISMA-EcoEvo we are broadly referring to study qual-
present only a selection of the most compelling resultg{in ity (Item 9) until such a time when more precise and accepted
ing the risk of false positives; Primer C). Having a registeretbnstructs are developed for digids.
analysis plan is the easiest way to detect selective reportingn PRISMA-EcoEvo we encourage ecologists and evolu-
(Item 3). Readers and peer-reviewers can also be alertedtionary biologists to consider the quality of studies included
this potential source of bias if it is clear that, for examplein systematic reviews and meta-analyses carefully, while
three different body condition metrics were collected, butecognising difculties inherent in such assessments. A funda-
the results of only one metric were reported in the paper. mental barrier is that we cannot see how individual studies

were conducted. Usually, we only have the auth@gorts

to base our assessments on and, given problems with report-

ing quality, it is arguable whether the authorsports can
VIIl. PRIMER D: BIAS FROM PRIMARY STUDIES reliably represent the actual studies (Libegdtial 2009;

Nakagawa & Lagisz, 2019). Quality assessments are most
The conclusions drawn from systematic reviews and metaeliable when they measure what they claim to be measuring
analyses are only as strong as the studies that comprise théoonstruct validity) with a reasonable degree of objectivity,
(Gurevitchet al 2018). Therefore, an integral step of a for- so that assessments are consistent across reviewers (Cooke
mal systematic review is to evaluate the quality of the inforet al, 2017). Despite the stated importance of quality assess-
mation that is being aggregated (Pullin & Stewart, 2006ment in evidence-based medicine, there are still concerns
Haddaway & Verhoeven, 2015). If this evaluation revealshat poorly conducted assessments are worse than no assess-
that the underlying studies are poorly conducted or biasednents (Herbison, Hay-Smith & Gillespie, 2006), and these
then a meta-analysis cannot answer the original researconcerns were echoed in responses to our survey (see Sup-
guestion. Instead, the synthesis serves a useful role garting Information). Thoughtful research is needed on the
unearthingflaws in the existing primary studies and guidingbest way to conduct study quality and/or risk-of-bias assess-
newer studies (loannidis, 2016). While otiedds emphasise ments. While internal validity (or risk of bias) will usually be
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easier to assess, we urge review authors to be mindful af each effect size and (if applicable) its sampling
external validity too (i.e. generalisability). variance, or derive the equations and state the
assumed sampling distribution(s).
Explanation and elaboration
For results to be understandable, interpretable, and

IX. ANALYSIS METHODS dependable, the choice offedt size should be carefully
considered, and the juStiation reported (Harrison,
Item 9: Assessment of individual study quality 2010). For interpretable results it is essential to state the
Describe whether the quality of studies included direction of the effect size clearly (e.g. for a mean differ-
in the meta-analysis was assessed (e.g. blinded data ence, what was the control, was it subtracted from the
collection, reporting quality, experimental versus  treatment, or was the treamt subtracted from the con-
observational), and, if so, how this information trol?). Sometimes, results will only be interpretable when
was incorporated into analyses (e.g. meta-regres- the signs of some effect sizare selectively reversed
sion and/or sensitivity analysis). (i.e. positive to negative, gice vejsand these instances
Explanation and elaboration need to be spefed (and labelled as such in the available

Meta-analysis authors in ecology and evolutionary biologgiata; Item 18). For example, when measuring the effect
almost never report study quality assessment, or the risk of a treatment on mating success, both positive and nega-
bias within studies, despite these assessments befimjgde tive differences could bgood outcomes (e.gnoreff-
feature of systematic reviews (average reporting qualigpring andlesstime to breed), so the signs afood
<10%, see Supporting Information; Primer D). Potentially,negative differences would be reversed.
authors arefiltering out studies deemed unambiguously Choosing an established effect size (such as Heffges
unreliable during the study selection process (Item 6), but thisean differences, or Fisfee for correlations) carries the
process is poorly reported, making reproducibility impracti-advantage of the effect Sistatistical properties beingfsuf
cal. A more informative approach would be to code indicaciently understood and described previously (Rosenberg,
tors of study quality and/or risk of bias within studies, andRothstein & Gurevitch, 2013). When a non-conventional
then use meta-regression or subgroup analyses to assefsct size is chosen, authors should provide equations for
how these indicators impact the revigwonclusions (Curtis both the effect size and its sampling variance. Details should
et al, 2013). While sensible in theory, quality assessmenthg provided on how the equations were derived, and how the
difficult in practice (some might say impossible, given currersampling variance was determined (with analytic solutions or
reporting standards in the primary literature; Primer D). The simulations) (Mengersen & Gurevitch, 2013).
principal dificulty is that we rely on authdrbeing reliable Item 11: Missing data
narrators of their conduct; omitting important information, Describe any steps taken to deal with missing
such as the process of randomization, leaves us searchinglata during analysis (e.g. imputation, complete
the dark for a signal of study quality '@dyle, Banks & case, subset analysis). Justify the decisions made.
Gonzalez-Mulé, 2017). Uncertainty about the reliability of Explanation and elaboration
author reports is exacerbated by the absence of registration There are multiple methods to analyse data sets that are
for most publications in ecology and evolutionary biologymissing entries for one or more variables, therefore the cho-
(Primer C). Until further research is conducted on reliablesen methods should be reported transparently. Statistical
methods of quality assessment in fieids, we recommend programs often default teomplete casedeleting rows that
review authors critically consider and report whether meaneontain missing data (empty cells) prior to analysis, but our
ingful quality (or risk of bias) indicators could be collectedssessment of reporting practices found it was uncommon
from included studies. For example, indicators for experifor authors to state that complete case analysis was conducted
mental studies could include whether or not data collectiofidespite their data showing missing values for meta-
and/or analysis was blinded for those collecting or analysingegression moderator variables). Understandably, authors
data [as blinding reduces the risk of bias (van Wilgenburg &ight not recognise the passive method of complete case
Elgar, 2013; Holmaret al 2015)] and whether the study analysis as a method of dealing with missing data, but it is
showed full reporting of results [e.g. using a checklist suémportant to be explicit about this step, both for the sample
as Hillebrand & Gurevitch (2013); an example of the lattersize implications (Item 20) and because of the potential to
is shown in Parkest al (201&)]. Authors should then mea- introduce bias when data are riotissing completely at ran-
sure the impact that quality indicators have on the re\dew dom’ (Nakagawa & Freckleton, 2008; Little & Rubin, 2020).
results (Items 16 and 24). Ultimately, as with collecting studhs an alternative to complete case analysis, authors can
ies and data (Items 5 and 7), review authors are bound by thmpute missing data based on the values of available corre-

reporting quality of the primary literature. lated variables (e.g. multiple imputation methods, which
Item 10: Effect size measures retain uncertainty in the estimates of missing values; for dis-
Describe effect size(s) used. For calculated effect cussion of these methods, see Ellingtbal, 2015). Data

sizes (e.g. standardised mean difference, log imputation can be used for missing moderator variables as

response ratio) provide a reference to the equation well as information related to effect sizes (e.g. sampling
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variances), thereby increasing the number of effect sizemgnitudes, ignoring directisnare relatively common in ecol-
included in analyses (Item 20) (Lajeunesse, 2013). Becaogg and evolutionary biology. There are two possible correc-
imputation methods rely on the presence of correlated infortions for bias from analyses of absolute valigEnsg
mation, authors might extract additional data items toMorrissey, 2016)i)(transform-analysewhere the folded dis-
inform the imputation models, even if those data items aréribution is converted to an unfited distribution before analy-
not of interest to the main analyses (Item 8). When justifyingis, or; i{) ‘analyse-transformwhere the folded estimates are
the chosen method, authors can conduct sensitivity analydesck-transformed to correct for bias.

(Item 16) to assess the impact of missing data on estimatedtem 13: Software

effects. Describe the statistical platform used for infer-
Item 12: Meta-analytic model description ence (e.g. R), and the packages and functions used
Describe the models used for synthesis of effect to run models, including version numbers. Specify
sizes. The most common approach in ecology and any arguments that differed from the default
evolution will be a random-effects model, often with settings.
a hierarchical/multilevel structure. If other types Explanation and elaboration
of models are chosen (e.g. common/ fixed effects Given the many software options and methods available
model, unweighted model), this requires for conducting meta-analyses, transparent reporting is
justi fication. required for analyses to be reproducible (Sandve
Explanation and elaboration etal 2013). Authors should cite all software used and provide

Meta-analyses in ecology and evolutionary biology usuallgomplete descriptions of version numbers. When describing
combine effect sizes from a broad range of studies, makingsivftware, it is easy to overestimate familiarity among the
sensible to use a model that allows thee’ effect size tovary readership; changes from the default settings will not be obvi-
between studies in aandom-effects meta-analysithe  ous to some and should be described in full. That said, this
alternative is dcommon or ‘fixed-effect meta-analysis). item is less important than sharing data and code (Iltem 18)
Both frequentist and Bayesian statistical packages can impleecause shared code will convey much of the same informa-
ment random-effects meta-analyses. It is also common ftion in a more reproducible form. Nonetheless it is helpful to
multiple random effects to be included in a multilevel or hier-describe software details in the text for the majority of readers
archical structure to account for non-independence (ltemwvho will not dig into the shared code.

14). Traditional meta-analytic models are weighted so that Item 14: Non-independence

more precise effects have a great@uénce on the pooled Describe the types of non-independence encoun-
estimate than effects that are less certain (Primer A). Intered (e.g. phylogenetic, spatial, multiple measure-
random-effects meta-analysis, weights are usually taken franents over time) and how non-independence has

the sum of within-study sampling variance and the betweereen handled, including justi fication for deci-

study variance. As a consequence of these variances begngns made.

combined, large between-study variance will dilute the Explanation and elaboration

impact of within-study sampling variances. Alternatively, Meta-analyses in ecology and evolutionary biology regu-
weights can be taken from the within-study sampling varitarly violate assumptions of statistical non-independence,
ances alone (as is done for common-effect modelshich can bias effect estimates anfiaie precision. For
(Henmi & Copas, 2010). When between-study variance isxample, studies  containing pseudo-replication
large (which can be assessed with heterogeneity statistiQrstmeieret al, 2017) have iftated sample sizes and
Item 22), these two weighting structures could give differemownwardly biased sampling variances. When multiple
results. Authors could therefore assess the robustness of tledfect sizes are derived from the same study, they are often
results to alternative weighting methods as part of sensitivityot statistically independersuch as when multiple exper-
analyses (Items 16 and 24). imental groups are compared to the same control group

Unweighted meta-analyses are regularly published in ecql&leser & Olkin, 2009). Alternatively, there may be non-
ogy and evolutionary biology journals, but we advise that thesadependence among effect sizes across studies. There are
analyses be interpretecautiously, and jusiéd suficiently. numerous sources of non-independence at this level,
Theoretically, when publication bias is absent and effects hauecluding dependence among effect sizes due to phyloge-
a normal sampling distribution, unweighted analyses can praretic relatedness (discussed in Primer E), and correlations
vide unbiased estimates sfiju with lower precision) between effect sizes originating from the same population
(Morrissey, 2016). However, it is hard to detect effects that am research group (Nakagaved al, 2019). Despite the
inflated due to publication bias without sampling variancesibiquity of non-independence in ecological and evolution-
(Item 16), and from unweighted analyses we cannot estimaiey meta-analyses, these issues are often not disclosed in the
the contribution of sampling variance to the overall variationreport (32% of 102 meta-analyses described the types of
among effects (i.e. heterogeneity; Item 22). Unweighted analysem-independence encountered; see Supporting Informa-
become more problematic for alyses of absolute values,tion). We recommend that authors report all potential
because th&olded sampling distribution produces upwardly sources of non-independence among effect sizes included
biased estimates (Nakagawa & Lagisz, 2016). Such analyses ohe meta-analysis, and the proportion of effect sizes that
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are impacted (for further guidance, see Nodtl@l, 2017; regressions should be reported with obvious caveats (or else
Lopez-lopezet al, 2018). avoided completely), to discourage the results from being

In addition to listing all sources of non-independenceinterpreted with unwarranted cédence (Tipton, Puste-
authors should report and justify any steps that were takgovsky & Ahmadi, 2019). Meta-regressions have lower statis-
to account for the stated non-independence. Steps randial power than meta-analyses, especially when including
from the familiar (e.g. averaging multiple effect sizes fronmteraction terms between two or more moderator variables
the same source, the inclusion of random effects, and robu$iedges & Pigott, 2004). Low statistical power can be due
variance estimation; Hedges, Tipton & Johnson, 2010) to th® any combination of too few available studies, small sample
more involved (e.g. modelling correlations directly by includsizes within studies, or high amounts of variability between
ing correlation or covariance matrices). Complicatedstudy effects, and therefore jdstition of meta-regression
methods of dealing with non-independence are best commurodels should include consideration of sample sizes (Item
nicated through shared analysis scripts (Item 18). When pr20) and heterogeneity (Item 22) (Valengnal, 2010).
mary studies are plagued by pseudo-replication (which Item 16: Publication bias and sensitivity analyses
could be considered in quality assessment; Item 9), an effecDescribe assessments of the risk of bias due to
size could be chosen that is less sensitive to biased sample siEgsing results (e.g. publication, time-lag, and tax-
(Item 10) (e.g. for mean differences, the log response ratimnomic biases), and any steps taken to investigate
INRR rather than the standardised mean differemteand the effects of such biases (if present). Describe any
(to be more conservative) sampling variances could hmher analyses of robustness of the results, e.g.
increased (Noblet al, 2017). due to effect size choice, weighting or analytical

It is not expected that non-independence can beanodel assumptions, inclusion or exclusion of sub-
completely controlled for. As with primary studies, problemsets of the data, or the inclusion of alternative mod-
of non-independence are complicated, and often the inforerator variables in meta-regressions.
mation necessary to solve the problem is unavailable Explanation and elaboration
(e.g. strength of correlation between non-independent sam- Reviews can produce biased conclusions if they summarise a
ples or effect sizes, or an accurate phylogeny). Where thavased subset of the available information, or ifthere is bias within
are multiple, imperfect, solutions, we encourage running setlhe information itself. Authors should therefore assessrisks of bias
sitivity analyses (Item 16) and reporting how these decisiossthat cofidence inthe conclusions (or lack thereof) canbe accu-
affect the magnitude and precision of results (Item 24).  rately conveyed. Bias within the information itself was discussed

Item 15: Meta-regression and model selection in Item 9 and Primer D. Publication bias occurs when journals

Provide a rationale for the inclusion of modera- and authors prioritise the publitan of studies with particular
tors (covariates) that were evaluated in meta- outcomes. For example, journals might prefer studies that sup-
regression models. Justify the number of parame- portan exciting hypothesis, rather than publishing null or contra-
ters estimated in models, in relation to the number dictory evidence (Rosenthal, 1979; Murtaugh, 2002; Leimu &
of effect sizes and studies (e.g. interaction terms Koricheva, 2004). Meta-analys@ ecology and evolutionary
were not included due to insuf ficient sample sizes). biology typically rely on published papers for data (Item 5) and
Describe any process of model selection. hence are especially vulnerable to the effects of publication bias

Explanation and elaboration (e.g. @&nchez-Djar et al 2018). Even if all research was pub-

When meta-regressions are used to assess the effectisbéd, the resulting papers would still provide information that
moderator variables (i.e. meta-analyses with one or mongas biased towards certain taxa (e.g. vertebrates), geographical
fixed effects), the probability of false-positiuvedings locations (e.dield sites close to Western universities), and study
increases with multiple comparisons. Therefore, rationaledesigns (e.g. short-term stsdientained within the length of a
for each moderator variable should be provided in eithefPhD) (Pseket al 2008; Rosenthadt al 2017). Suchresearch
the introduction or methods section of the meta-analysibiase’s(Gurevitch & Hedges, 1999) should be considered when
manuscript. Analyses conducted solely for exploration anchtegorising studies (Item 8).
description should be distinguished from hypothesis-testing While none are entirely satisfactory, multiple tools are
analyses (see Item 17). Authors should also report how closalrilable to detect publication bias in a meta-analytic data
the chosen moderator variables relate to the biological pheset (Mgller & Jennions, 2001; Parekh-Bhtad, 2011; Jen-
nomena of interest (e.g. using mating call rate as a proxyionset al 2013). Many readers will be familiar with funnel
for mating investment), and how the variables were cateplots, whereby effect sizes (either raw, or residuals) are plot-
gorised (Item 8). ted against the inverse of their sampling variances, which

For model selection and justation, principles from ordi- should form a funnel shape. Asymmetries in the funnel indi-
nary regression analyses apply to meta-regressions toate studies that arenissing due to publication bias, but
(Gelman & Carlin, 2014; Harrisoat al 2018; Meteyard & could also be a benign outcome of heterogeneity (Item 22)
Davies, 2020). To avoid cryptic multiple hypothesis testingeggeret al 1997; Terrinet al 2003). Although funnel plots
and associated high rates of false posfihdings, authors and Eggels regression (a test of funnel plot asymmetry) were
should report full details of any model selection procedureariginally only useful for common-effect meta-analytic
(Forstmeier & Schielzeth, 2011). Under-powered metamodels (Eggeet al 1997), modied methods have been
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proposed to suit the random-effects meta-analytic models Sharing data, metadata, and code scripts (or equivalent
commonly used in ecology and evolutionary biology (Itentlescriptions) is the only way for authors to acharaputational

12; Morenoet al, 2009; Nakagawa & Santos, 2012). Publica+eproducibility (the ability to reproduce all results presented in a
tion bias might also be indicated by a reduction in the magpaper) (Piccolo & Frampton, 2016). Data, metadata andiesle
nitude of an effect through time (tested with a meta-also preserve importantinformationinaformatthatsomereaders
regression using publication year as a moderator, or with will find easier to understand than wordy summaries
cumulative meta-analysis) (Jennions & Mgller, 200Zg.g. descriptions of statistical methods). Thanks to a decadal shift
Leimu & Koricheva, 2004; Koricheva & Kulinskaya, 2019). in journal policies to mandate data sharing, this is one aspect of
When biases are detected, we recommend authors repartporting where ecological and evolutionary biology meta-
multiple sensitivity analyses to assess the robustness ofdhalyses are ahead of medi@ts (Rochet al 2015; Sholler
reviews results (Rothstein, Sutton & Borenstein, 2005etal 2019). During this coming decade our community can raise
Vevea, Coburn & Sutton, 2019). Subgroup analyses can bibe bar higher by mandating sharing of metadata and analysis
reported to test whether the original effect remains once thscripts (or complete descriptions of \iovk for point-and-click
data set is restricted to recent studies, or studies that haseftware). We strongly encourage authors to provide data in a
been assessed to have a lower risk of bias (Item 9). To asssss-friendlfile format [such as a .c8le rather than a table in

the sensitivity of the results to individual studies, authora .pdf or .docfile; see also th€&AIR’ principles by Wilkinson
can also reportleave-one-outanalyses, and plot variability et al(2016), urging for data to @dable, accessible, interopera-

in the primary outcome (Willis & Riley, 2017). ble, and reusable]. Currently,are than half of meta-analysesin
Item 17: Clari fication of post hoc analyses ecology and evolution share data without corresponding meta-
When hypotheses were formulated after data data (i.e. complete descriptions of variable names; see Supporting

analysis, this should be acknowledged. Information), and this can render the data itself unusable. Authors
Explanation and elaboration should also consider sharing other materials that, in a spirit of col-

Usually, a hypothesis should only be tested on data that welegiality, could be helpful to otheesearchers (e.g. bibliographic
collected with the prior intentiorftesting that hypothesis. While files from a systematic search; Iltem 5).
a meta-analysis can test different hypotheses from thoseDataand code should be provided from the peer-review stage
addressed in primary studies on which it is based, it is importa&oldacre, Morton & DeVito, 2019) (for double-blind reviews,
that these hypotheses are foratet! in advance. It is common, files can be anonymised). Currently, the requirement by most
however, forresearchersto be curious about patternsintheir daj@urnals in ecology and evolutionary biology for data to be shared
after they have already been collected. Exploration and descrippon publication reduces this important task to an afterthought.
tion are integral to research, but problems arise when such ang/e recognise that many peer-reviewers, who are already over-
lyses are presented as hypothesis-testing, especially when thegened, will not check computational reproducibility. But
deviate fromwhatis stated in aregistration (also caligabthe-  some will, and this background level of accountability should
sising After Results are Knoiva- see Primer C; Kerr, 1998). improve the standards of authors, who are ultimately responsible
Ideally, authors willhave aregistered analysis plan (Item 3) to préer the trustworthiness of theirork. From our experiences, the
tect against the commaself-deception that post-h@nalysis analyses described in papers can differ markedly from what is
was, in hindsight, the obvious-priori choice (Parker contained in the code, and data collection and processing mis-
et al 201&). When a public registration is not provided, the takes are common. Evidence from othelds suggests that data
reader is reliant on the memory and honesty of the authors. It isnd/or code provided by authors often do not reproduce the
currently rare to sepost-h@cknowledgements in ecology andresults presented in a paper (Nasteld 2015; Stodden, Seiler &
evolution meta-analyses (or indeed in primary studies) but, Ma, 2018). For full transparency and computational reproduc-
the methods section, we encourage authors to state transparetittiity, authors should provide raw and pre-processed data and
which analyses were developddradata collection and, inthe the accompanying scripts (Sandse al 2013; Piccolo &
discussion, temper cagtence in the results of such analysed-rampton, 2016). Thatway, the pipeline of data tidying, calcula-

accordingly. tions (including effect size calculations), and any outlier exclusions
Item 18: Metadata, data, and code can be reproduced. Rather than uploading these materials as
Share metadata (i.e. data descriptions), data, and staticfiles along with the supplentary materials, which might
analysis scripts with peer-reviewers. Upon publica- not be stored permanently, we recommend authors create an
tion, upload this information to a permanently active project repository (e.g. on the Open Science Framework)
archived website in a user-friendly format. Provide so that, if the authors wish, the materials and code can be
all information that was collected, even if it was not improved (e.g. if readers spot small mistakes).
included in the analyses presented in the manuscript Occasionally it might be jusiable to withhold raw data
(including raw data used to calculate effect sizes, and (e.g. due to cdidentiality or legal issues, or if future pro-
descriptions of where dataw ere located in papers). If jects are planned with the data). In such a case, a dummy
a software package with graphical user interface data set, approximately repéting the real data, could be
(GUI) was used, then describe full model speci fica- made available to peer-reviewers along with analysis
tion and fully specify choices. scripts. Because meta-analyses in ecology and evolutionary
Explanation and elaboration biology typically summarise published studies, which are
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unlikely to contain ethically Bsitive information (such as that phylogenetic comparative methods remain an active
precise locations of endangered species), it is exceedingiga of research and different analysis assumptions could
rare that withholding data past an embargoed date is justilead to different outcomes, authors could present results
fiable. Aiming for computational reproducibility can be from multiple analyses as part of sensitivity analyses
burdensome but, increasingly, these efforts should hgtem 24) (and whether or not a meta-analytic data set con-
viewed favourably by academic reward systems (Mohéains a phylogenetic signal is itself a potentially revealing
etal, 2018). Rewards aside, as authors of reviews we showddtcome). Regardless of how authors choose to handle
practice what we preach. When collecting data for a metaphylogenetic non-independence, transparency is essential
analysis, much time is wasted in frustration when data arfor a phylogenetic meta-analysis to be reproducible
not adequately reported in published papers, and reques{Borrieset al, 2016).
for datafrom authors have varying success (Item 7). Archiv-
ing data from primary studies an online repository would
make the data collection process far easier, faster and more
accurate. If we wish this practice from authors of the priXl. REPORTING RESULTS
mary studies that systematic reviews and meta-analyses
are reliant upon, then we should hold ourselves to the samem 19: Results of study selection process
standard. Report the number of studies screened, and the

number of studies excluded at each stage of screen-

ing (with brief reasons for exclusion from the full-

text stage). Present a Preferred Reporting Items
X. PRIMER E: PHYLOGENETIC NON- for Systematic Reviews and Meta-Analyses
INDEPENDENCE (PRISMA)-like flowchart (www.prisma-statement.org).

Explanation and elaboration
Meta-analysesin ecology and evolutionary biology often encoun- Without knowing the number of studies found (Iltem 5) and
ter phylogenetic non-independence (or relatedness). Phylogereened (Iltem 6), and the reasons why full-text articles were
netic non-independence a special type of statistical non- excluded, the reliability of a systematic search is unclear. The
independence occurs because we usyabmbine data origi- flow-chart template, originally provided by PRISMA in 2009
nating from different species, whose evolutionary history causasd modfied in 2020, presents this information in a concise
them to be related to each othentarying extents (i.e. each spe- and consistent format, and it is the aspect of PRISMA that
cies is not an independent unit) (Noital 2017). Phylogenetic is most commonly referenced by meta-analysis authors in
signal in a meta-analytic data set may impact the outcome of thecology and evolutionary biology (see Supporting Informa-
analysis (Chamberla@t al 2012). In many cases we can modeltion). Conceptual examples of PRISM@owcharts are
phylogenetic non-independence by converting a phylogenetihown in Fig. 3; authors can customiseftbechart as they
tree into a correlation matrix, which describes relationshipplease, but the following should be presenigthg number
among species in the data set. The matrix can then be incorpof records that originated from each source of information;
rated into the meta-analytic model, which becomgghgloge- (i) the number of records after duplicates were removed,;
netic meta-analysis (Adams, 2008; Lajeunesse, 2009;(ii) the number of full texts screendd) the tallied reasons
Hadfield & Nakagawa, 2010). A plogenetic meta-analysis is why full texts were excluded; amithe total number of stud-
mathematically identical to a phylogenetic comparative modaks included in the systematic review and meta-analysis
that accounts for sampling error in the measured trait§which might differ), and the number of effect sizes. Tracking
(Nakagawa & Santos, 2012). thesefive details during the search and screening process
Advances in phylogenetic comparative methods andequires conscientious wédws. In addition, as recom-

software have made it supieially easy to incorporate mended in the updated PRISMAow diagram, authors
phylogeny into meta-analytic models, but the particulargould list the number of records that were removed by
of the methods are contestable. Phylogenetic trees vamyachine learning clagsirs, and the number of full texts that
in quality and rely on simplifying assumptionscould not be retrieved. While tH®owchart summarises why
(e.g. Brownian motion model of evolutionary divergencejull texts were excluded, for full accountability we recom-
(Harmon, 2018). When a meta-analysis combines datmend that authors provide the references of all articles
from a diverse collection of species, it becomes harder #xcluded at the full text stage, alongside reasons for their
resolve deep phylogenetic relationships, and some specéxslusion.
might be excluded from existing trees (resulting in incom- Item 20: Sample sizes and study characteristics
plete data). One solution to uncertainty in individual trees Report the number of studies and effect sizes for
is to incorporate multiple trees into the analysedataincluded in meta-analyses, and subsets of data
(Nakagawa & de Villemereuil, 2019). Once you have ancluded in meta-regressions. Provide a summary
tree, there are different methodsorresponding to differ- of key characteristics for reported outcomes (either
ent models of evolutioAto convert the relationships into in text or figures; e.g. one quarter of effect sizes
a correlation matrix (Nakagawa & Santos, 2012). Givemeported for vertebrates and the rest invertebrates)
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(A) Classic flowchart (B) With parallel/sequential search/screening
Records identified: Duplicate records Database 1 =3 Database 2 =3 Other
* Database | 3 removed (n =?) v 2 v
(date, n =2) Duplicate records > —> >
* Database 2 . L 1 3 o
d > == removed by machine >
ate, n = ?) X
* Other sources classifier (n.=?) —3
(dates, n =7?)
Records screened Records excluded
(n=? n=2)

(C) With citation-based searches

Records sought for Records with full text
full-text retrieval —_— not retrievable > —> >
(=2 (n=2) v v
> >
v v
Full-text papers Papers excluded: > >
screened (n = ?) ¥ - Reason (n=2) v
* Reason2 (n=7?) TN =
l * Reason3 (n=7?) * *
Papers/studies
included in the review L e
(=2 2

Effect sizes included in
the review /
meta-analysis (k = ?)

D) With search update
( p

Old Databases =» Other
v
— ->
| [ >
Legend: identification v -
n — number of papers/studies deduplication —3
k — number of effect sizes screening —
Old — existing data set 2 v
exclusion New 3
New — papers/studies from update ;o o l

Fig 3. PRISMA-styleflowcharts and some variations. (A) The claksicchart: all searches are conducted around the same date,

and screening occurs after de-duplication. (B) Records are obtained from different databases (or other sources, e.g. personal
archives or requests) and screened separately. De-duplication occurs after at least one stage of screening. (C) The studies include
after a classic search are then used assied for a new search, based on citation information. Authors can retrieve all papers

cited in included articles (backwards search), and all papers that cite the included articles (forwards search). A second round of de-
duplication and screening then occurs. (D) When a systematic review is an update of an already existing one, the newly found
papers are added to the existing (old) set of included papers. As a further extension, it wouldidial bemecord, and report,

how many of the included articles originate from each source. For example, if one database contributed none of the included
articles, then updates of the review could save time by not screening articles from that database.

and their limitations (e.g. collinearity and overlaps to withhold that a sample sizelof 20 effect sizes originated

between moderators), including characteristics from only n = 2 studies. Figures or tables can be used to

related to individual study quality (risk of bias). report sample sizes concisely across multiple hierarchical
Explanation and elaboration levels of meta-analyses, as well as across and within different

Meta-analyses and meta-regressions cannot answer quesderator variables included in meta-regressions [e.g. see
tions for which there are no, or almost no, data available. Itig. 3 in Lagiszt al (2020) and table 1 in Chaplin-Kramer
is therefore essential to report complete sample sizes for evetyal (2011)].
analysis that was conducted (these can be reported in suppleWhen presenting results from meta-regressions, authors
mentary tables, if brevity is required). Authors should proshould report complete case sample sizes for moderators con-
vide sample sizes for the number of studies (or equivaletstining missing data (Item 11) and, in the case of categorical
unit of analysis) because, for example, it would be misleadirfge. discrete) moderators, sample sizes for all included
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categories. In meta-regressions with more than one moderfermat and summarise the magyrde and direction of research

tor it is important to consider the extent to which moderatorbiases (Item 16).

variables overlap. In the case of multiple categorical vari- Item 21: Meta-analysis

ables, authors should report sample sizes across all possiblBrovide a quantitative synthesis of results across

combinations of categories. For example, in a metastudies, including estimates for the mean effect

regression including the interaction betwéeertebrate or  size, with con fidence/credible intervals.

invertebraté and ‘urban or wild moderator variables, Explanation and elaboration

authors could reporh = 8 studies on invertebrates were The meta-analytic mean and associatedidence interval

divided inton= 6 studies in urban environments, amd 2  can be provided in the text or displayed graphically. For some

in wild environments, whila = 20 studies on vertebrates questions the primary outcome will be slopes or contrasts from

were evenly split witm = 10 studies in each category of meta-regressions (Item 23), and the meta-analytic mean or its

urbanisation. When reporting meta-regressions with botlstatistical sigficance might not be biologically interesting

continuous and categorical moderators, we recommen¢e.g. for analyses of absolutduga). In those cases, authors

reporting the amount of coverage of the continuous moderaean justify not displaying the meta-analytic mean.

tor within each category using descriptive statistics or data Item 22: Heterogeneity

visualisations (e.g. when including the contintiaes effect Report indicators of heterogeneity in the estimated

of study year, authors should report whether studies coreffect (e.g. I, tau® and other variance components).

ducted in‘urban and‘wild’ environments spanned a similar  Explanation

time period). Statistical heterogeneity in a meta-analysis describes varia-
It is important to report sample sizes comprehensively sion in the outcome between studies that exceeds what would

that the risk of inaccurate parameter estimates can be evalbe expected by sampling variance alone. When heterogene-

ated. Statistical power in a random-effects meta-analysity is high, meta-regressions can be run to see whether mod-

(Item 12), with asingle random effect for study identityflisin erator variables account for some of the unexplained

enced by: the number of included studies and sample sizeariation in outcomes. It is trickier to quantify heterogeneity

within them (i.e. number of independent effect sizes and thefor multilevel models (which are commonly used to account

precision); the amount of variation in effects between studiefgr non-independence; Item 14), but methods are available

the (pre-spefied) size of thirue' effect being investigated; (Nakagawa & Santos, 2012). For unweighted meta-analyses

and the accepted probability of falsely rejecting the nul(ltem 12) it is not possible to quantify heterogeneity as prop-

hypothesis (conventionally set at alph@.05 for ecological erly ddined, but residual errors can be used as a surrogate

and evolutionary analyses) (Valengt@l 2010). Statistical (as sampling errors will be absorbed into the residual error

power is always lower for estimates of moderating effects coeemponent). High heterogeneity is the norm in ecology and

pared to the meta-analytic mean, and much lower for estievolution meta-analyses (Primer B; Seei@i, 2016). Given

mates of the interaction between multiple moderating effecthat we usually summarise studies that differ in multiple

(Hedges & Pigott, 2004). Power calculations are further comways, it is surprising and notablefiod an effect with low

plicated by uneven sampling within studies and multiple typeseterogeneity (e.g. Rutkowska, Dubiec & Nakagawa, 2013).

of statistical non-independence (as is common in ecology a@pinions differ on the most informative heterogeneity statis-

evolutionary biology; Item 14). Data simulations are usuallyics, and the best way to report them. In addition to present-

required to estimate the probability of false-positive resultisig a single summary of heterogeneity for a meta-analysis, it

for these complex analyses [for further guidance on thesuight be benfcial to estimate heterogeneity on subsets of

issues, see Gelman & Carlin (2014), Tipppal (2019) and studies that are considered more homogeneous

Valentineet al(2010)]. (as characterised in Item 20). Authors can also present pre-
A key feature of any review is to summarise what research hagtion intervals alongside dafence/credible intervals, to

been conducted and highlight gajm the literature. For broad capture uncertainty in the predicted effect from a future

topics this can be the sole purpose of the review. For exampfudy (IntHoutet al, 2016; Nakagawat al, 2020).

‘systematic mapke a snapshot of the current state of research, Iltem 23: Meta-regression

and'bibliometric map'schart afields developmentby analysing  Provide estimates of meta-regression slopes

publication and citation histories (Nakagaetal 2019). The (i.e. regression coef ficients) for all variables that

topics summarised by meta-arss might be comparatively were assessed for their contribution to heterogene-

narrow, but their results are still context-dependent; forexampléty. Include con fidence/credible intervals, and

if all available studies were on temperate bird species it would bbeport interactions if they were included. Describe

misleading to generalise abgish, or even tropical birds @k  outcomes from model selection, if done (e.g. R®

et al 2008). Most ecology and eviddun meta-analyses contain and AlC).

too many studies for the characteristics of each individual study Explanation and elaboration

tobe conveyedtothereader. Aotk could thereforeadoptsome  Meta-regressions test whether a given variable moderates the

‘mapping tools (e.g. Haddaway al 2019) to distil the key char- magnitude or direction of an effect, and can therefore provide

acteristics of their data set in a concise (and sometimes beautiftdview or ‘synthesis-generateévidence (Cooper, 2009;
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Nakagawaet al 2017). Moderator variables can be biologicalgenerally, authors should consider if their results are robust
(e.g. sex), methodological (esgperimental design; Dough- to subjective decisions made during the review, such as: eligi-
erty & Shuker, 2015), and sociological (e.g. publication statusility criteria (Item 4); data processing (including outlier
Item 24; Murtaugh, 2002). Authors should distinguish betweetreatment and choice of effect size; Item 10); and analysis
results from exploratory and hypothesis-testing models (Itemethods (including how non-independence was handled;
15 and Item 17), with the latteequiring complete reporting Items 12 and 14). There are usually multiple fiedtie ways
of the number of tests that werenr(so that the false-positive to conduct a meta-analysis: each subjective decision creates
discovery rate can be adjusted for multiple comparisongn alternative path, but results are robust when many paths
(Forstmeieet al 2017). When justifying the choice of model,lead to the same outcome (Palpaceeal 2019). Multiple
authors can present statistical parameters of nindelg.R?)  sensitivity analyses will generate an abundance of informa-
and information criterion [e.g. Akaike Information Criterion tion that can be presented within the supplementary
(AIC) and Deviance Inform@in Criterion (DIC)]. When information.
meta-regressions are run, authors can preQestatistics to
guantify whether moderator variables account for Saamt
heterogeneity (Item 22). Model selection is &cdlf and
debated topic (Dennist al 2019), but all methods share the XII. DISCUSSION AND CONTRIBUTIONS
principle of transparently reporting outcomes.

Authors should provide all estimates from all modeldtem 25: Discussion
(i.e. complete reporting), to avoid thEexas sharpshooter =~ Summarise the main findings in terms of the
fallacy (whereby someone randontises many gunshots at magnitude of effects, their precision (e.g. size of
a barn, paints a target around the tightest cluster, and theponfidence intervals, statistical signi ficance), their
claims they are a good shot; Evers, 2017) (Primer C; Itetheterogeneity, and biological/practical relevance.
3; Item 17). Complete reporting will often require supple-Compare results with previous reviews on the topic,
mentary tables (especially for extensive sensitivity analysésyailable. Discuss limitations and their in fluence
Item 24). Figures are an effective way to communicate then the generality of conclusions, such as gaps in the
main results from meta-regressions. For categorical moderavailable evidence (e.g. taxonomic and geographi-
tor variables, it is common to plot the estimate of each catezal research biases).
gorys intercept, with whiskers representing fiamce Explanation and elaboration
(or credible) intervals (showing uncertainty in the mean effect There are six notes that we think authors should hit in
for a given category). Authors can also include predictiotheir discussions, while allowing for variety in personal
intervals— showing uncertainty in the value of effect sizestyles and journal requirements. First and second, both
from future studies— which provide intuitive displays of het- the magnitude and precision of the main results should
erogeneity (Item 22) (for further ideas on displaying predide discussed. Some readers will skip straight from the
tion intervals, see Nakagaved al 2020). For categorical introduction to the discussion, so it should be clear
variables with more than two levels, authors who wish tevhether the effects being discussed are small or large,
make inferences about the differences between mean estird whether they have been estimated withficiemce.
mates‘(ntercept’) should report the precision of &lopes  Third, do not ignore variation among studies when sum-
or ‘contrasty not just the contrast from one baseline cate-marising aggregated results (i.e. discuss heterogeneity;
gory. Continuous moderator variable slopes can be displaydtem 22). Fourth, put the results into a wider biological
on top of a scatterplot or, better yet, laubble plot of raw  context (or state if the available evidence does not provide
effect sizes (in a bubble plot, the size of points can represenmte; do not overreach). Such discussions can include the
weights from the meta-regression model; Letna, 2012). generation of testable hypotheses from exploratory ana-

Item 24: Outcomes of publication bias and sensi- lyses (Item 17). Fifth, discuss how the results of previous
tivity analyses reviews or ifiluential studies are strengthened or under-

Provide results for the assessments of the risks of mined by the current evidenceix®, discuss limitations
bias (e.g. Egger’s regression, funnel plots) and of the current research, caused by either the methods of
robustness of the review °’s results (e.g. subgroup the review itself, or the information that was available
analyses, meta-regression of study quality, results from the primary literature. Imitations in the primary lit-
from alternative methods of analysis, and temporal erature can refer to both the quality of individual studies
trends). (Primer D), and knowledge gaps (research biases; Item

Explanation and elaboration 20), both of which can be addressed by future research.

Results from meta-analyses need to be considered alorf@enversely, authors could identify types of studies that
side the risk that those results are biased, due to biases eithave been sttiently common such that that future
across or within studies (i.e. publication bias, or problemsesources would be better spent elsewhere.
with the included studies). When authérsd evidence of Item 26: Contributions and funding
bias, they should estimate the impact of suspected bias onProvide names, af filiations, contributions, and
the reviewsresults (i.e. robustness of results; Item 16). Morall funding sources of all co-authors. Provide

Biological Revi®@®&w$2021) 16951722 © 2021 The AuthorBiological Revipuilished by John Wiley & Sons Ltd on behalf of Cambridge Philosophical
Society.



PRISMA-EcoEvo 1715

contact details for the corresponding author. Dis- reviews and meta-analyses. Improved reporting in review
close any conflicts of interest. articles is in the best interests of everyone. For authors of
Explanation and elaboration reviews, it will become easier to build upon earlier work; pub-

The corresponding author should provide an email addreskshed methods and materials will make it easier to conduct
with no intended expiry date (institutional email addresseloth original reviews and update old ones. Clear reporting
might expire when authors leave the institution). The recenvill help editors and reviewers provide reliable assessments
uptake in the author iderter ORCID has made it easier to of meta-analysis manuscripts. For flgdds of ecology and
contact authors when their corresponding email addressvolutionary biology as a whole, well-reported systematic
changes (or to contact co-authors when the correspondingviews provide clarity on what research has been done, what
author is no longer available). In medic¢alds, systematic we can and cannot say with dafence, and which topics
reviews are regularinanced by private companies that might deserve attention from empiricists.
havefinancial cofiicts of interest in the reviésvconclusions. The PRISMA-EcoEvo checklist is available to download at
When such external arthancial cofiicts of interest are pre- https://osf.io/t8qd2/, and as an interactive web application at
sent (which is conceivable for applied topics in ecology and evatips://prisma-ecoevo.shinyapps.io/checklist/. The web
lutionary biology) it is expected they are disclosed. Currently, &pplication allows for automatic reporting quality assessments
is not common to disclose internal fimts of interests, such as that are consistent with those detailed in the Supporting Infor-
the professional befits authors expect from publishing a high- mation. Over time, PRISMA-EcoEvo can be updated to
profile review paper. For contributions statements, authorseflect improved reporting standards; users can provide feed-
usually only list their contributions when there is a dedicatetack for an update by going to https://doi.org/10.17605/
section in the journal, but we encourage authors to take it upo@SF.IO/GB5VX and following the instructions therein.
themselves to precisely state their contributions in the methods
or acknowledgements sections (Evetral 2019) (see also
‘CRediT’ — Contributor Roles Taxonomy; Holcombe, 2019). (1) PRISMA-EcoEvo for authors

Item 27: References Authors of systematic reviews and meta-analyses in ecology

Provide a reference list of all studies included in and evolutionary biology could make use of PRISMA-
the meta-analysis. Whenever possible, list included EcoEvo at any stage. Most of the items can bditptdy
studies as referenced sources (e.g. rather than list- planned ahead of time and registered in a time-stamped pub-
ing them in a table or supplement). lic repository or submitted to a journal as a registered report

Explanation and elaboration (Primer C; see also PRISMA for Protocols; Moher

Studies included in a review article should be cited, so thatt al 2015). When conducting a systematic review and
they appear in the citin counts of sciefiit databases, to meta-analysis, heeding the checklist items will help with orga-
ensure that authors of primary studies are credited for their comisation and project management, as PRISMA-EcoEvo pro-
tribution (Kuefferet al 2011). For authors of primary studies, it vides a guide for which pieces of information should be
can be frustrating to have their hard work included in reviewsracked and recorded. For in-depth conduct guidance,
but not cited, as most commonly occurs when sources forraview authors should consult more specialised resources,
meta-analysis are listed in a table or the supplementary informasany of which are cited in the items above. Once a system-
tion. To give primary studies their due credit, studies includeétic review and meta-analysis is completed and is being pre-
in the review can eithel) pe included in the main reference list pared for submission to a journal, PRISMA-EcoEvo
of the paper, and indicated by an asterisk (or other symbol) forovides a checklist for authors on what to report in their
distinguish them from papers cited elsewhere in the review; ananuscript. Checklists are useful tools as they reduce cogni-
(i) be listed in a secondary reference list that appears at the btitre burdens (Parkeet al 2018). Conscientious authors
tom of the journal article. The latter option has the advantage o€ould assist reviewers by submitting the checklist alongside
delineating between studies included in the meta-analysis attte key location for each item. When items are not applicable
studies that are cited in the text (e.g.etial 2010; Kinlock  for their study, authors can provide a brief explanation.
et al 2018), while allowing all studies to be correctly indexetUpon first reading the checklist, the amount of detail and
within citation databases. Repusing this choice is not always information might overwhelm some authors, but items that
available to authors, we encourage journals, and editors @fppear out of reach can be considered stretch goals
review articles, to require all studies included in a meta-analydise. things to aim for in the future). We do not expect any
be included in the main reference list, or else to ensure that citauthors, including ourselves, to achieve every item all at
tions in supplementary information are appropriately indexedonce, but we aim to make small improvements over time.

Even if every manuscript reported only one extra item, we
would raise reporting standards for the whigddd.

Xlll. HOW AND WHY TO USE PRISMA-ECOEVO . .
(2) PRISMA-EcoEvo for reviewers and editors

We aim for PRISMA-EcoEvo to help the ecology and evolu-Editors and reviewers of meta-analyses in ecology and evolu-
tion community raise the quality of reporting in systematidionary biology can use PRISMA-EcoEvo as a checklist for
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complete reporting and transparency in the manuscriptsurrently lags furthest behind in review registration
they assess. Peer-reviewers should feel empowered(Resimer C) and assessing individual study quality (Primer
request additional information from authors, including D). Both these areas are currently contentious (as voiced
data and analysis scripts. When we assessed reporting gual+espondents to our survey; see Supporting Information),
ity in the current meta-analytic literature (detailed in thebut we hope to see improvements spurred by PRISMA-
Supporting Information), itwas impossible to evaluate EcoEvo. Two areas where ecology and evolution might
multiple aspects of reporting quality haphazardly; typicallype ahead of some medidatlds are in the consideration
some items were reported well and others poorly, so diffepf statistical non-independence (because our data are often
ent aspects of reporting (i.e. items on the checklist) needetbre’ complex), and data sharing. We can further strive to
to be assessed systematically. Journals could reduce tm@rove the useability of our shared data (e.g. with better
burden on reviewers by requesting authors to submit anetadata), and lift code sharing to match the level of data
completed PRISMA-EcoEvo checklist alongside theisharing.

manuscript (as is done in many medical journals). Impor-

tantly, a poorly reported manuscript does not mean that

the study itself was poorly conducted, but to be able to work

ggthitgﬁ quality of a study, reporting quality needs Oy V. CONCLUSIONS

(1) Systematic reviews and meta-analyses are vital contri-

(3) Valuing permanent online repositories butions to researchields when conducted well. How-
ever, when conducted poorly, erroneous conclusions
can mislead readers. Transparent and complete
reporting of these studies is therefore required, both
so that cofidence in the revielw results can be accu-
rately assessed, and to make the review updatable
when new information is published.

(2) Evidence suggests that reporting guidelines and

checklists improve reporting quality. PRISMA, the

most-cited guideline, was developed for reviews of
medical trials. Multiple extensions of PRISMA have

already been published to suit different types of
reviews, but until now there has not been a checklist
spedically designed for ecology and evolution meta-

analyses. Having explanations and examples tar-
geted at the ecology and evolutionary biology com-
munity should increase uptake of the guideline in

thisfield.

(3) We created an extension of PRISMA to serve the ecol-
ogy and evolution systematic review and meta-analysis
community: version 1.0 of PRISMA-EcoEvo.
PRISMA-EcoEvo is a 27-item checklist that outlines
best reporting practices as they currently stand.

(4) Authors, editors, and reviewers can use PRISMA-
EcoEvo for systematic review and meta-analysis publi-

(4) Comparisons with PRISMA-2020 cations (both traditional papers, and registered

reports). Authors can use it before, during, and after

conducting a review to assist with recording and
reporting aims, methods, and outcomes. Editors and

For PRISMA-EcoEvo to be effective, authors will need to
report information supplementary to the main paper. The
legacy of print journals engendered brevity in papers, which
remains, in part, for the befieof the typical reader who does
not want, or need, the tedium of complete reporting. Perma-
nent, findable, and accessible online repositories are there-
fore essential for those readers who want to know the basis
for the conclusions of a review article. Our survey of report-
ing standards suggested supplementary resources are cur-
rently under-used (data shown in the Supporting
Information), especially given that free and permanent
online repositories remove the barriers previously imposed
by journals (such dmite archiving and fees). The commu-
nity may need to undergo a cultural shift to better appreciate
and value materials supplementary to the main paper. Cur-
rently, authors might understandably feel the time spent pre-
paring such materials does not return adequate fitshbut

this could change if editors and reviewers request the addi-
tional information, and if supplementary materials are cited
independently of the main text (Mohetral, 2018) (the mate-
rials can have their own DOI through platforms such as the
Open Science Framework).

PRISMA-EcoEvo continues a long and valuable tradition of
meta-analysts in ecology and evolution learning from prac-
tices in evidence-based medicine. To improve review . .
methods, we often look towards mediiltls for inspiration, reviewers can use .PRlSMA'ECOEVQ to Increase
as they are continually improving (due to both more reporting stgndards n the systematic review and
researchers, funding, and stakeholders). PRISMA-2020 meta-analyss manuscripts they review. .
requests greater reporting detail than the original PRISMA ®) 'Collectlvely, the meta-analysis gommynlty can
checklist did, and we encourage systematic review and Improve reporting standards by_ mclu_dmg (and
meta-analysis authors in ecology and evolution to read the requ_estlng) more PRISMA'EC.OEVO items in the man-
updated statement paper (Pagteal, 2021) as well as the uscripts they prepare, and review, over time. Re_search
explanations and elaborations (Patal, 202%). In compar- W'”. be more eicient and effective when published
ing our respectivéelds, ecology and evolutionary biology reviews are transparent and reproducible.
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