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Abstract

Background: Recently there has been considerable focus on the ecosystem services concept which has resulted in
important advancements in biodiversity conservation across land management scales. Many have, however, cau-
tioned against the ecosystem services approach because of its focus only on certain aspects of the ecosystem which
may be unsustainable in the long term. This has encouraged calls for deeper study into ecosystem functioning using
an holistic ecosystem multifunctionality framework. Here greater biodiversity is thought to facilitate greater function-
ing leading to more sustainable ecosystems. Although ecosystem multifunctionality is a relatively recent develop-
ment, the general premise is based on the hypothesis that diversity begets stability. However, several key review
syntheses have consistently called for ecosystem stability driver-outcome relationship studies to extend beyond tradi-
tional measurements. Understanding these relationships requires holistic approaches which are often challenging to
investigate experimentally due to resource constraints. Systematically mapping out the relationships between various
stability drivers and outcomes could provide a more empirical basis on which both the ecosystem multifunctionality
and services land management frameworks could be based. This work outlines the protocol for the first systematic
map which will identify and catalogue diversity—stability related studies within the grassland biome. The outcomes

of this study will produce a searchable database of the body of literature relevant to the debate and suggest future
research directions in both empirical and applied ecology fields.

Methods: Relevant studies will be sourced from online databases. Inclusion criteria will be applied to the returned
articles to identify studies relevant to the primary question; what evidence is available on the drivers of grassland
ecosystem stability across a range of outcome measurements. These inclusion criteria will be based on (1) subject
population—the grassland biome; (2) possible ecosystem stability drivers and comparators (i.e. measures of diver-
sity, functioning, food web connectedness, and disturbances); and (3) stability outcomes considering all measures

of ecosystem stability (i.e. coefficients of variation, changes in ecosystem functionality, resistance to disturbances

and invasions, return rates following disturbance). Studies will be screened for relevance and included articles will be
critically appraised for meta-analysis and systematic review potential. A narrative synthesis, together with a search-
able and expandable database, will be compiled to catalogue the relevant studies. Descriptive summary statistics and
bibliometric network analyses will also be presented.
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Background

Ecosystem services

Ecosystems biology has seen the explosion of the eco-
system services concept over recent decades where
ecosystems are studied principally to understand their
socio-economic contribution to human societies [1, 2].
This discipline has largely formed out of the growing
awareness of the anthropically-driven demand for natural
resources which is driving the biodiversity crisis affecting
both humans and the environment [3-7]. The ecosystem
services concept has rapidly spread from academic are-
nas and is now influencing governmental policies result-
ing in numerous important conservation projects aimed
at ensuring that the supply of these services is maintained
or restored [8-10].

Ecosystem services are, however, somewhat subjec-
tively defined and quantified, as they are based on the
needs or desires of a particular human population at a
given space and time and are therefore anthropogeni-
cally biased [11]. Whilst this is useful for policy develop-
ment [1, 12-14], it is not useful when objectively defining
or describing ecosystems and their functioning in their
natural state. The danger here is that humans may be
shifting their management focuses of largely undisturbed
ecosystems towards those which promote only a few key
beneficial or profitable services whilst other services are
ignored [11]. There do exist important ethical debates
surrounding anthropocentric perspectives towards envi-
ronmental management [15, 16]; however, an anthro-
pocentric approach is often key to mitigating poverty
and suffering in under-resourced communities. In these
scenarios Fisher et al. [17] argued that there must be a
strong focus on maintaining ecosystem services use to
ensure both human and ecological community sustain-
ability. Successful examples of this approach include alien
plant clearing programmes in South Africa [18, 19], pro-
tected areas in Madagascar which aim to alleviate pov-
erty, improve natural resource sustainability as well as
conservation [20], forest restoration in Vietnam [21], and
conventional (monocropped) versus traditional (three
species intercropped) farming methodology in Costa
Rica [22].

There have indeed been impressive positive advance-
ments and applications of the ecosystem services concept.
However, whilst highlighting the breadth of knowledge
across several key scientific disciplines Abson et al. [23]
also identified a low occurrence of key sustainability ter-
minology (<40% of 265 key terms identified during their
systematic mapping) in nine key research clusters. Mace
et al. [24] have identified difficulties in handling termi-
nology surrounding the complex relationships which
exist between biodiversity and ecosystem services which
has negatively impacted the way humans manage land as
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many interactions between biodiversity and ecosystem
processes are poorly understood. This raises some issues
concerning the ecosystem service approach’s to sustaina-
bility when managing land. Although acknowledging the
ecosystem services concept’s importance in solving many
important problems, Norgaard [25] similarly argued that
the ecosystem services concept’s rapid proliferation may
blind us to the underlying complexity. This is relevant
particularly from a pure ecology perspective which lacks
universal or generic models that can be easily imported
into economic models [26]. Therefore, calls for further
investigations to understand the complex feedback and
trade-off mechanisms involved when sustainably man-
aging land for multiple ecosystem services to meet basic
human needs seem valid [27, 28]. In a sense these authors
recognised the limitations of applying reductionist
approaches to ecosystems studies.

Ecosystem multifunctionality—the bridge

between applied and theoretical ecology

Manning et al. [11] recognised this problem of somewhat
ambiguous ideas and definitions. Their proposed solution
is an important distinction between ecosystem services
and ecosystem functioning. They suggested that ecosys-
tem services be quantified in situations where human
gain and wellbeing is a primary concern, but ecosystem
multifunctionality (the positive relationship between spe-
cies diversity and number of functions; [29]) be studied
in more general scenarios where an objective measure of
the ecosystem’s overall performance is useful. Knowledge
on ecosystem functioning is thus logically an important
prerequisite for productive and sustainable ecosystem
management.

Superficially, ecosystem functions (generally measures
of vegetation production and removal, nutrient cycling,
and soil microbe and plant pathogen activities; [11, 29—
31]) do not appear to be important ecosystem services.
However, investigations of land use change’s effect on
ecosystem multifunctionality revealed a marked reduc-
tion in species diversity whilst grass biomass production
increased dramatically as agricultural land uses shifted
from a natural state towards functionality focussed on
biomass production [32, 33]. Thus, communities become
more similar across trophic levels as one function
becomes dominant—an example of biotic homogenisa-
tion [33].

Whilst the ecosystem multifunctionality topic is
a relatively recent development [34], it only consid-
ers the relationship between diversity and function-
ing. An agricultural setting may strive for biotic
homogenisation to boost productivity in intensive
agriculture. However, the danger of biotic homogeni-
sation is more easily understood when considering the
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diversity—stability hypothesis which underpins the mul-
tifunctionality thesis. More diverse systems have been
hypothesised to be more stable for several decades
(reviewed by [35]). Larger species pools lead to more
complex species interactions which may help mitigate
ecological shifts during environmental perturbations
[36]. Tilman and Downing’s [37] drought resistance
assessment showed that higher grass species diversity
results in proportionately less change in biomass produc-
tion during droughts. The similarities between ecosystem
stability and engineering principles was then realised
by Naeem and Li [38]. This idea suggests that each spe-
cies (or each part in a machine) carries out a particular
function which contributes to the overall system’s func-
tioning. The more unique species present in the com-
munity, the greater the number of functions within the
community. Greater species number can also result in an
insurance effect where multiple species performing one
function will allow the function to persist in the ecosys-
tem even if some species become lost from the ecosystem
[39]. Isbell et al. [40] conducted a global analysis of how
the number of species promoting ecosystem functioning
changes across space and time. They concluded that most
plant species (approximately 84%) occurring in grass-
lands provide ecosystem services. Thus, losing only a few
species could severely affect the ecosystem’s sustainabil-
ity and stability thereby reducing the area’s ability to con-
sistently and effectively supply ecosystem services.

Diversity and stability—its current relevance

The studies highlighted in the previous section suggest a
strong link between species diversity and ecosystem sta-
bility which have direct or indirect effects on sustainable
land management to promote for ecosystem services.
However, Donohue et al. [41] showed how ecologists
and environmental policymakers and practitioners dif-
fered widely in their usage of stability-related terms. This
has made ecosystem stability a confusing term to grasp
[42] and makes measuring policy implementation suc-
cess difficult to quantify and monitor. Donohue et al.
[41] proposed several solutions which could address this,
an important one being developing methods to quan-
tify the stability of whole ecological networks through
time and space. Several metricise have been developed
to address this (Rapid Ecosystem Function Assessment
[43], Landscape Function Analysis [44]). These methods
are based largely on biodiversity—ecosystem functioning
which, like the ecosystem multifunctionality thesis, pro-
vide a more holistic understanding of the ecosystem [24].
Whilst this is an important step forward these metricise
do not actively identify the underlying mechanisms driv-
ing and sustaining biodiversity and ecosystem function-
ing remain unknown. Combination studies addressing
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ecosystem stability and functioning do exist. However,
these tend to study the effect of diversity on biomass pro-
duction stability (for examples see [45-47]). Even fewer
studies have addressed multiple stability and disturbance
components in one experiment [41]. This likely results
from methodological challenges in measuring multiple
variables across an entire ecosystem. Given that the eco-
system services concept encompasses functions derived
from almost all levels of an ecosystem, the current empir-
ical framework on which stability-promoting policies
can be based on seems insufficient. What Donohue et al.
[41] may be alluding to then in order to better answer the
question is the harmonisation of the ecosystem multi-
functionality and stability paradigms. This harmonisation
could exist in the intersection of biodiversity, ecosystem
multifunctionality [48—-50] and stability, an area that has
recently gained important traction [51, 52].

Although the diversity—stability debate remains, at
present, unanswered, both classical and recent reviews
have consistently called for increased field-based data to
be collected from across trophic levels and beyond spe-
cies richness assessments [35, 41, 53, 54]. McCann [39]
critically assessed the diversity—stability topic conclud-
ing that stability likely originates from the high level of
interconnectedness between trophic levels whereas insta-
bility on the other hand results from species loss which
reduces interconnectedness (for further developments of
this idea see [55—57]). Large scale experiments have also
revealed that environmental conditions and grassland
diversity may not be the most important contributor to
multifunctionality and aboveground vegetation biomass
production may not be the most important measure of
functionality but that individual trophic levels may con-
tribute more than others to particular functions [30].
It appears then inter-trophic relationships contribute
importantly to stability. This is consistent with theses
highlighting that ecosystem functions are mediated by
complex aboveground and belowground biota linkages
[33, 58]. However, the magnitudes, directions, and mech-
anisms involved in promoting ecosystem connectedness
and, by extension, stability and sustainability remain
unknown.

The rate at which multifunctionality is lost varies geo-
graphically, between ecosystem types, across trophic lev-
els [59], and land-use intensities [32, 33]. However, many
of these ecosystem stability and multifunctionality stud-
ies have been conducted in grassland ecosystems [41,
59] which are both economically and socially important
and globally threatened principally through land trans-
formation and degradation such as by eutrophication,
overgrazing, herbivore or fire exclusion [47, 60-63]. If
ecosystem functioning is a key component to ecosys-
tem sustainability, then the underlying mechanisms
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maintaining and promoting functionality should be stud-
ied in greater detail and incorporated into the ecosys-
tem services discipline. In little over a decade there has
been substantial development in the volume of literature
addressing the diversity—stability debate (354 studies
identified in 2016—[41], 52 studies identified in 2007—
[64]). We believe that a systematic map identifying the
drivers of the various measures of ecosystem stability in
grassland ecosystems from across the globe could help
identify solutions to a somewhat broad and challenging
topic. A systematic map to capitalise on this rapid growth
and identify future research trajectories for the ecologi-
cal stability literature will make important contributions
to both pure and applied ecologists and land manag-
ers working to maintain reliable ecosystem functioning
through space and time.

This systematic map could also be incorporated into
current ecosystem assessment protocols by encourag-
ing increased focus towards relevant drivers of ecosys-
tem stability—a potentially valuable tool for assessing
policy effectiveness, implementation success, and eco-
system management sustainability [24]. Areas needing
deeper research and areas where systematic reviews and
meta-analyses can be carried out will also be highlighted
through this systematic map.

Stakeholder engagement

The scope and focus of the systematic map were broadly
established by the review team and then refined follow-
ing stakeholder input. Stakeholders were engaged via an
online Google Forms survey. Approximately 60 invita-
tions were sent out via email to potential stakeholders
with 22 responses received. Majority of the respondents
identified as academics (68.2%) with the next biggest
identifying as directly influencing local or national policy
and governance (18.2%). Most stakeholders were South
Africans (41.01%), North Americans (31.81%), and Euro-
peans (18.18%) with one Brazilian respondent. Stakehold-
ers provided key input into search string development
and contributed key articles which were incorporated
into the test list. Helpful suggestions on the systematic
map presentation were also provided (see Additional
file 1 for the individual and summarised responses).

Objectives of the systematic map

The primary objective of this systematic map is to iden-
tify the body of evidence related to the biotic and abi-
otic drivers of grassland ecosystem stability from across
trophic levels. Data for this map will be sourced from
experimental, quasi-experimental and observational
studies conducted in natural, conserved, and agricultural
grassland settings from across the globe. The outputs of
this systematic map will consist of a narrative synthesis
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summarising the evidence pertaining to the different
driver and outcome measures of ecosystem stability. This
will be presented together with suggestions on how these
data can be used by theoretical, pure, and applied ecolo-
gists and the ecosystem services discipline. The narra-
tive synthesis will be accompanied by a searchable and
expandable database documenting the driver-outcome
relationships of grassland ecosystem stability research.

There have also been recent calls that solutions to the
problem of ecosystem sustainability should be based on
ideas synthesised from the pure ecology discipline and
then implemented into society at large [11, 41]. This study
thus, secondarily aims to identify areas where ecologists
and stakeholders may enter into relationships to identify
and develop future questions and solutions which can be
applied to policy revisions and development.

Primary question
What evidence is available on the drivers of grass-
land ecosystem stability across a range of outcome
measurements?

Components of the primary question

Population/subject Experimentally manipulated, undis-
turbed, conserved, or extensively managed grasslands.
Depending on the focus of the article, studies within the
savanna biome may also be included. Studies where the
grassland has been structurally altered anthropogenically
into a monocrop or has experienced dramatic urbanisa-
tion will not be included.

Intervention/exposure Potential drivers of grassland
ecosystem stability largely acknowledged in the ecologi-
cal literature. These could include positive drivers such
as diversity and connectedness but also negative drivers
such as invasions or climatic instabilities.

Comparator Absence or lack of a driver or alternatively
a treatment application gradient. This treatment gradient
could be different levels or frequency of a disturbance or
different numbers of species within a plant community.

Outcome Measures of grassland ecosystem stability
largely acknowledged in the ecological literature. Com-
monly used measurements include temporal coefficients
of variation or return times to a pre-disturbance state.

Methods

Searches

Search terms

The search term consists of three parts each pertain-
ing to the three aspects of the primary question; pop-
ulation, driver (which includes both intervention and
comparator terms), and outcome. The population
search consists of synonyms referring to ‘grassland’
from across the globe. This list was generated by
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extracting commonly occurring terms in the Inter-
national Vegetation Classification divisions used to
describe grassland regions [65] together with stake-
holder input. Drivers of ecosystem stability comprising
the intervention component of the primary question
were selected from terms suggested as important
from key diversity—stability debate reviews [39, 41, 64]
together with articles and suggestions from the stake-
holder community. The terms comprising the outcome
search string component were selected from a the-
matic review [64] and a terminology inventory article
[42] together with articles and suggestions from the
stakeholder community.

The search is based on three groups of search terms,
the grassland synonyms (population), the contributors
to stability (driver), and the stability measurements
(outcome). Search terms within each question compo-
nent will be combined using the Boolean “OR” opera-
tor. Each question component will then be combined
using the “AND” operator. A wildcard (*/$) will be
used where accepted by a database or search engine to
return multiple prefixes and suffixes.

Population *grass®* OR prairie* OR meadow* OR
rangeland* OR steppe OR veld* OR pasture* OR
pampa* OR heath* OR tagia* OR campo* OR llano* OR
tundra OR lawn

Driver richness OR *synchron* OR turnover OR
divers* OR *function* OR process* OR product* OR bef
OR complexit* OR interact* OR *connect* OR web OR
network OR trophic OR invasion* graz* OR *herbivor*
OR fire OR drought OR precipitation OR rain* OR fer-
tili* OR land use OR perturb* OR disturb* OR spatial
varia* OR temporal varia* OR spatio-temporal varia*
OR pulse*

Outcome stabl* OR unstabl* OR *stabilit* OR *sus-
tain* OR chao* OR invasibilit* OR coefficient of varia*
OR resist* OR return* OR Holling* OR resili* OR alter-
nat* OR recover* OR collapse* OR *equilibrium OR
transition

Where databases do not allow wildcards, the sim-
plest root word will be included in the search string. If
complex search terms are not accepted the search term
will be modified according to suggestions in the search
platform’s help documentation. If the search term is
restricted to length a simplified phrase will be used.
No time or document type restrictions will be applied
to database searches. Only the English language will
be used to search within the databases. Should the sys-
tematic map process take longer than 18 months, these
database searches will be updated.
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Publication databases

All key journals which were suggested by the stake-
holder community are included in the following data-
bases and so no targeted e-journal searches will be
conducted. The search will include the following online
databases:

« Agricola

+ CAB Direct

+ EBSCO Academic Search Complete
« EBSCO GreenFILE

+ PubAg

+ PubMed

+ Scopus

» ISI Web of Science Core Collection

Grey literature

We will search the following databases and websites for
links or references to articles not returned using publi-
cation databases or search engines:

« arXiv (https://arxiv.org/)

« bioRvix (https://www.biorxiv.org/)

« Dissertation.com (http://dissertation.com/)

+ Open Access Theses and Dissertations (https://
oatd.org/)

+ Open Grey (http://www.opengrey.eu/)

+ OpenThesis (http://www.openthesis.org/)

+ ProQuest Dissertations & Theses Open (https://
pqdtopen.proquest.com/search.html)

+ Regime Shifts DataBase (http://www.regimeshif
ts.org/)

To access governmental and non-governmental
organisation literature, internet searches will be per-
formed using the following search engines:

+ Google (http://www.google.com)

+ Google Scholar (http://www.scholar.google.com)

+ Google Custom International Governmental
Organizations  (IGO)  (https://cse.google.com/
cse?cx=006748068166572874491:55ez0c3j3ey)

+ Google Custom Non-Governmental Organiza-
tions (NGO) search (https://cse.google.com/
cse?cx=012681683249965267634:q4g16p05-a0)

The first 300 records returned using each of the above
Google search engines will be examined for data rele-
vant to the primary question.
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Targeted searches

Principal investigators of major long term ecological
experiments (e.g. Biodiversity and Ecological Processes
in Terrestrial Herbaceous Ecosystems [66], Cedar
Creek Ecosystem Science Reserve [67], Inner Mongo-
lia Grassland Ecosystem Station [68], Jena Experiment
[69], Konza Prairie Long-Term Ecological Research
[70], Nutrient Network [71]) and national park research
teams [72-74] will be contacted for information on any
publications, databases, or unpublished data related to
the primary question. Online databases such as Data-
ONE [75], DEIMS-SDR [76], Dryad [77], ESA’s Eco-
logical Archives [78] and Google’s Dataset Search [79]
will also be queried for any relevant studies pertaining
to the primary question. Articles within reference lists
of reviews identified as relevant to the primary ques-
tion but not included in the final analysis will also be
included in the search.

Assessing the specificity and sensitivity of the search
Comprehensiveness tests of the search terms was
assessed using ISI Web of Science (results are docu-
mented in Additional file 2). Each proposed population
search term was queried together with AND (*stabl* OR
*stability*). The full population search string together
with AND (*stabl* OR *stability*) was then queried
together with each driver term. Finally, the full popula-
tion and driver search strings were queried together with
each stability outcome search term. Each term’s specific-
ity was assessed by recording the number of hits returned
for each term and the proportion of relevant results (out
of 50 citations screened at title level). To give an indica-
tion of each term’s (and each full string’s) sensitivity the
number of test list articles returned was also recorded.
The test list (also contained within Additional file 2) was
developed based both on contributions from stakehold-
ers via the survey and from the review team. All stake-
holder and review team test article suggestions were then
considered, and a final list was developed which covered
a range of topics relating to the components of the pri-
mary question as well as being drawn from various key
journals and authors. The final search term included all
articles in the test list.

Article retrieval strategy

All articles obtained during this systematic map will be
stored in bibliographic files. A log file recording the time
and date of each database search will be kept together
with these source files. All databases will then be loaded
into EndNote X8, compiled into one library and dupli-
cate references will be removed. This library will then be
exported and will then be uploaded to CADIMA (https
://www.cadima.info/). Inclusion/exclusion criteria will
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then be applied. We will exclude publications for which
we cannot access the full text as it will be needed to accu-
rately assess the study validity and accurately code and
catalogue. When we do not have access to the full text we
will attempt to acquire the article through inter-library
loans or by contacting the authors via email.

Article screening and study eligibility criteria
Article screening
Search results will be screened by all members of the
review team working independently with equal work-
loads over three stages: title, abstract, and full text.
Before each screening stage the reviewers’ study screen-
ing consistency will be assessed using Kappa statistics.
These statistics will be based on the reviewers’ decisions
made on 10% of the total records to be screened up to a
maximum of 200 records per reviewer. If there is not sub-
stantial consensus between the reviewers (K<0.6) then
discrepancies in the inclusion criteria will be discussed to
clarify or revise the inclusion criteria to ensure consistent
screening by all authors. Each title, abstract and full text
article will be screened by two reviewers with any dis-
crepancies at this level screening will be addressed by the
third reviewer. If there is still uncertainty the article will
be included for screening at the subsequent level. Articles
included at title level will then be screened at abstract
level. Articles included at the abstract level will then be
screened at the full text level. If a reviewer has authored a
returned article, this article will be screened by two other
members of the review team or an external reviewer who
has been briefed sufficiently on the screening protocol.
Conflicting inclusion/exclusion decisions at the
abstract and full text screening stages will be addressed
by consensus of the review team. Publications found by
means other than publication database searches will
enter the screening process at the abstract screening
stage (if an abstract is available) or the full text stage.

Eligibility criteria
Each study will have to fulfil the following criteria to be
included in the map.

Relevant subjects Grasslands across the globe. Grass-
lands may include any extensively managed, conserved,
undisturbed or disturbed region which is primarily dom-
inated by grasses and forbs, shrubs, crusts, and or suc-
culents. Including studies concerning dramatic anthro-
pogenic influence (e.g. ecological restoration, intensive
agricultural practices) may provide useful insight and so
we will include these studies as well as studies conducted
in natural systems. However, studies where the grassland
has been structurally altered anthropogenically into a
monocrop or has experienced dramatic urbanisation will
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not be included. As this map is focussed on grasslands,
studies conducted within savanna or forest habitats will
not be targeted in this map. However, those which address
the dynamics between grassland and wooded states will
be included. Whether a study took place in a savanna
biome will be determined based on the reference to tree—
grass interactions in the article’s study site or experimen-
tal design; article inclusion will be conservative. No stud-
ies conducted in fresh (e.g. wetlands, deltas, marshes) or
marine (seagrass meadows, beaches) aquatic systems will
be included. However, studies conducted in grasslands
occurring along the boundaries of any of these systems
will be included. Studies documenting “paleo-grasslands”
will not be included.

Relevant stability drivers Drivers may be any measure
of diversity (e.g. alpha, beta, gamma, richness), climate
(e.g. precipitation, fire, drought, temperature), distur-
bance (e.g. grazing, fertilisation), trophic level complexity
(number of levels, number of nodes, network asymmetry,
network nestedness). Other drivers may be identified as
screening progresses. These will be considered on a case
by case basis.

Relevant types of comparators Either driver treatment
gradients or levels (e.g. comparisons across numbers of
connections within a food web or numbers of functional
groups, or various intensities of experimentally imposed
or naturally occurring drought) or absence of a driver
treatment serving as a control.

Relevant types of outcomes There must be a measure-
ment of stability reported in the study’s results. This may
include variability (or its inverse), coefficient of variation,
network stability, rates of ecosystem functioning, persis-
tence following disturbance, return time until reaching
a pre-disturbance state, transitions into alternate stable
states or temporal fluctuations. Studies which allude to
their results being important in the diversity—stabil-
ity debate without actively quantifying stability will be
included in the map and will be categorised accordingly.

Relevant types of study Experimental, quasi-experimen-
tal, greenhouse, microcosm, laboratory (only those incor-
porating grassland taxa) or observational studies address-
ing the primary question will be included. Modelling,
opinion, synthesis, commentary, and narrative review
articles which are found to relevant will also be included
in the database and will be coded accordingly for easier
future reference.

Language Only studies published in English will be
included during screening.
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Date No date restrictions will be applied.

Bibliographic data for all articles included in the final
database will be extracted and included in the final
report. All articles excluded at full text level together
with reasons for exclusion will be provided in a separate
database table in the final systematic map.

Study validity assessment

Because of the breadth of this systematic map and the
variety of methods and experimental designs study valid-
ity assessment will not be applied to this systematic map.
However, basic descriptions of the experimental pro-
tocols will be recorded to assist in identifying areas of
future more detailed critical appraisal and synthesis on
smaller, more homogenous sub-sections of the final sys-
tematic map.

Data coding strategy

Following full-text screening included article metadata
will be extracted by all members of the review team. Bib-
liographic information, experiment metadata and driver/
outcome data will be extracted and categorised subjec-
tively based on reviewer interpretations of the article.
Bibliographic data will be extracted from the citation
record. Experimental metadata will consist of the country
where the experiment was conducted, the type of grass-
land the experiment was conducted in, the land use type
of the grassland during the experiment (intensive grazing,
roadside, old croplands, restored mine dump etc.), the
start and end dates of the experiment, the type of experi-
ment (laboratory, field trial, modelling etc.) the length of
the experiment, and bioclimatic data. In order to stand-
ardise climatic metadata across all sites bioclimatic data
will be extracted from the WorldClim database [80]
based on the study site geographical coordinates. The
type and measurement scale used to quantify driver and
stability measurements will be also recorded. For each of
these aspects four levels of data (category, sub-category,
data type, and measurement scale) will be recorded. The
destabilising effect (if any) will also be recorded here
together with the directional response of the system to
the destabilising effect following an increase in driver
magnitude.

Table 1 summarises the tables and each table’s associ-
ated fields which the final systematic map database file
will contain. Data coding has been piloted with the first
25 records returned from a Web of Science Core Col-
lection search using the full search query (https://stuar
t-demmer.shinyapps.io/grassland-ecosystem-stability-
systematic-map/). Categories used for categorical fields
will be continually populated as the review proceeds.
The article’s DOI will be employed when constructing
relationships between tables for complex querying and
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Table 1 Systematic map database tables (column headings) and associated fields (rows)

Bibliographic information Inclusion/exclusion

Experimental metadata

Stability drivers and outcome measurements

Authors DOl DOI DOl

Publication year Included Country Driver category

Title Excluded at title Grassland type Driver sub-category
Abstract Excluded at abstract Latitude Driver data type

Source journal Excluded at full text Longitude Driver measurement scale
DOI Reason for exclusion Study start date Outcome category
Publication type Notes relating to exclusion Study end date Outcome sub-category

Funding source

Experiment site name
Experiment site ID

Outcome data type
Outcome measurement scale

Altitude Destabilising effect

MAP Effect direction

MAT No. of experimental units

Soil type Data recording spatial resolution

Land use type

Data recording temporal scale
Meta-analysis suitability

DOl digital object identifier, MAT mean annual temperature, MAP mean annual precipitation

filtering. As multiple drivers and outcomes may be meas-
ured for one study, there may be multiple records for
each study in the drivers and outcomes tables. Each sta-
bility driver will be linked to an outcome measurement
based on decisions made by the authors of the study. If
this relationship is not explicitly stated by the authors,
the reviewers will decide which stability outcome to asso-
ciate with which driver based on the results of the article.
Where there is more than one article for a study area (for
example, where more than one study has been published
for one experimental site), each study will be recorded
independently but all these studies will be cross refer-
enced using a shared ‘Experiment site ID’ field value.

To test the repeatability of the data extraction strat-
egy before beginning data coding, each member of the
review team will independently code data from a sub-
set of 30 included articles. Where there are inconsisten-
cies between reviewers, the data extraction process will
be discussed and revised. Once inconsistencies in data
coding are rectified, data coding will be conducted by all
members of the review team.

Study mapping and presentation

The systematic map database will describe the current
evidence pertaining to the drivers and outcome meas-
urements of grassland ecosystem stability. Based on
stakeholder requests for an easily available, online data-
base we plan to present this map as an interactive Shiny
web application [81]. This will invite easy exploration
and access by both the public and scientific communi-
ties. The database will be hosted on an Amazon Web
Services domain with the data queried and presented
via Shiny (https://stuart-demmer.shinyapps.io/grass
land-ecosystem-stability-systematic-map/). Each of the
four tables as well as a personalised dataset based on

the user’s querying and filtering can be downloaded as
a comma separated value or Microsoft Excel Workbook
file from this web application. An option to include new
articles to this database will be made available follow-
ing the publication of the final systematic map. A note
stating that these articles were not part of the origi-
nal systematic map will be included for transparency.
Adopting a live web-based repository to host the sys-
tematic map whilst allowing new articles to be added
to the database will help ensure the continual relevance
beyond the final systematic map publication.

A description of the review process, figures, tables,
and bibliometric network analyses carried out using
the ‘nails’ package (Network Analysis Interface for Lit-
erature Studies; [82]) will accompany the database. An
overview of the trends in experimental design will also
be presented in a summarised form. The volume and
key characteristics of the evidence base (descriptions
on the environmental and methodological aspects of
the studies, detailed summaries of identified driver-
outcome relationships) will also be presented in the
final report together with narrative discussions explain-
ing the observed trends. Knowledge gaps will be identi-
fied and highlighted as future primary research topics
and knowledge clusters will be proposed as future evi-
dence syntheses topics.

Additional files

Additional file 1. Individual and summarised stakeholder survey
responses.

Additional file 2. Search term comprehensiveness assessment, test article
list and the number of articles returned by proposed search databases.



https://stuart-demmer.shinyapps.io/grassland-ecosystem-stability-systematic-map/
https://stuart-demmer.shinyapps.io/grassland-ecosystem-stability-systematic-map/
https://doi.org/10.1186/s13750-018-0137-z
https://doi.org/10.1186/s13750-018-0137-z

Demmer et al. Environ Evid (2018) 7:25

Authors’ contributions

SD, KK, and MT conceived the study. All authors defined the study bounda-
ries based on the resources available. SD wrote the manuscript, designed

the search strings, their quality assessment process, inclusion criteria, critical
appraisal, and database coding strategy with inputs from all other authors. All
authors read and approved the final manuscript.

Acknowledgements

The authors thank two anonymous reviewers and the editor for construc-
tive comments which substantially improved the quality of the manuscript.
We also greatly acknowledge the stakeholders who contributed importantly
towards improving the quality and direction of this study. Craig Morris’com-
ments on the final draft of this manuscript were also incredibly helpful.

Competing interests

The authors declare that they have no competing interests. Should any
research studies included be authored by a member of the review team, that
reviewer will not be involved in any decisions regarding their own work.

Availability of data and materials

This article will be published open access, under terms of the Creative Com-
mons Attribution 4.0 International License (https://creativecommons.org/
licenses/by/4.0/). The references and their associated meta-data collected for
the systematic map will similarly be made available as an expandable online
Shiny web application (https://stuart-demmer.shinyapps.io/grassland-ecosy
stem-stability-systematic-map/).

Consent for publication
All participants in the survey provided consent to participate and have their
responses published under the provision of anonymity.

Ethics approval and consent to participate

Ethics approval for this study was granted by the University of KwaZulu-Natal's
Humanities & Social Sciences Research Ethics Committee (Approval Number
HSS/1620/018M).

Funding
None.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 23 May 2018 Accepted: 3 November 2018
Published online: 16 November 2018

References

1. Malinga R, Gordon LJ, Jewitt G, Lindborg R. Mapping ecosystem services
across scales and continents—a review. Ecosyst Serv. 2015;13:57-63.

2. Chaudhary S, McGregor A, Houston D, Chettri N. The evolution of ecosys-
tem services: a time series and discourse-centered analysis. Environ Sci
Policy. 2015;54:25-34.

3. Ceballos G, Ehrlich PR, Barnosky AD, Garcia A, Pringle RM, Palmer TM.
Accelerated modern human-induced species losses: entering the sixth
mass extinction. Sci Adv. 2015;1:¢1400253.

4. Visconti P, Bakkenes M, Baisero D, Brooks T, Butchart SHM, Joppa L,
Alkemade R, Di Marco M, Santini L, Hoffmann M, et al. Projecting global
biodiversity indicators under future development scenarios. Conserv Lett.
2016;9:5-13.

5. Godfray HCJ, Beddington JR, Crute IR, Haddad L, Lawrence D, Muir JF,
Pretty J, Robinson S, Thomas SM, Toulmin C. Food security: the challenge
of feeding 9 billion people. Science. 2010;327:812-8.

6. Foley JA, DeFries R, Asner GP, Barford C, Bonan G, Carpenter SR, Chapin FS,
Coe MT, Daily GC, Gibbs HK. Global consequences of land use. Science.
2005;309:570-4.

7. Tilman D, Cassman KG, Matson PA, Naylor R, Polasky S. Agricultural sus-
tainability and intensive production practices. Nature. 2002;418:671-7.

8.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 9 of 10

LG, Fu B, Feng X, Zeng Y, Liu'Y, Chang R, Sun G, Wu B. A policy-driven
large scale ecological restoration: quantifying ecosystem services
changes in the Loess Plateau of China. PLoS ONE. 2012;7:€31782.

Daily GC, Matson PA. Ecosystem services: from theory to implementation.
Proc Natl Acad Sci USA. 2008;105:9455-6.

Bullock JM, Aronson J, Newton AC, Pywell RF, Rey-Benayas JM. Restora-
tion of ecosystem services and biodiversity: conflicts and opportunities.
Trends Ecol Evol. 2011;26:541-9.

. Manning P, Plas F, Soliveres S, Allan E, Maestre FT, Mace G, Whittingham

MJ, Fischer M. Redefining ecosystem multifunctionality. Nat Ecol Evol.
2018;2:427-36.

Braat LC, de Groot R. The ecosystem services agenda: bridging the worlds
of natural science and economics, conservation and development, and
public and private policy. Ecosyst Serv. 2012;1:4-15.

De Groot RS, Alkemade R, Braat L, Hein L, Willemen L. Challenges in inte-
grating the concept of ecosystem services and values in landscape plan-
ning, management and decision making. Ecol Complex. 2010;7:260-72.
Maes J, Egoh B, Willemen L, Liquete C, Vihervaara P, Schagner JP, Grizzetti
B, Drakou EG, La Notte A, Zulian G, et al. Mapping ecosystem services for
policy support and decision making in the European Union. Ecosyst Serv.
2012;1:31-9.

Jax K, Barton DN, Chan KM, de Groot R, Doyle U, Eser U, Gorg C, Gémez-
Baggethun E, Griewald Y, Haber W. Ecosystem services and ethics. Ecol
Econ. 2013;93:260-8.

Schroter M, Zanden EH, Oudenhoven AP, Remme RP, Serna-Chavez HM,
Groot RS, Opdam P. Ecosystem services as a contested concept: a synthe-
sis of critique and counter-arguments. Conserv Lett. 2014;7:514-23.
Fisher JA, Patenaude G, Meir P, Nightingale AJ, Rounsevell MDA, Williams
M, Woodhouse IH. Strengthening conceptual foundations: analysing
frameworks for ecosystem services and poverty alleviation research.
Golobal Environ Chang. 2013;23:1098-111.

Turpie J, Marais C, Blignaut JN. The working for water programme: evolu-
tion of a payments for ecosystem services mechanism that addresses
both poverty and ecosystem service delivery in South Africa. Ecol Econ.
2008;65:788-98.

Shackleton S, Kirby D, Gambiza J. Invasive plants—friends or foes? Con-
tribution of prickly pear (Opuntia ficus-indica) to livelihoods in Makana
Municipality, Eastern Cape, South Africa. Dev S Afr. 2011;28:177-93.
Gardner CJ, Nicoll ME, Mbohoahy T, Oleson KLL, Ratsifandrihamanana
AN, Ratsirarson J, Rene de Roland LA, Virah-Sawmy M, Zafindrasilivonona
B, Davies ZG. Protected areas for conservation and poverty alleviation:
experiences from Madagascar. J Appl Ecol. 2013;50:1289-94.

Jourdain D, Boere E, van den Berg M, Dang QD, Cu TP, Affholder F, Pandey
S. Water for forests to restore environmental services and alleviate
poverty in Vietnam: a farm modeling approach to analyze alternative PES
programs. Land Use Policy. 2014;41:423-37.

Berbes-Blazquez M, Bunch MJ, Mulvihill PR, Peterson GD, de Joode BV.
Understanding how access shapes the transformation of ecosystem
services to human well-being with an example from Costa Rica. Ecosyst
Serv. 2017;28:320-7.

Abson D, Von Wehrden H, Baumgartner S, Fischer J, Hanspach J, Hardtle
W, Heinrichs H, Klein A, Lang D, Martens P. Ecosystem services as a
boundary object for sustainability. Ecol Econ. 2014;103:29-37.

Mace GM, Norris K, Fitter AH. Biodiversity and ecosystem services: a
multilayered relationship. Trends Ecol Evol. 2012,27:19-26.

Norgaard RB. Ecosystem services: from eye-opening metaphor to com-
plexity blinder. Ecol Econ. 2010,69:1219-27.

Carpenter SR, Defries R, Dietz T, Mooney HA, Polasky S, Reid WV,

Scholes RJ. Millennium ecosystem assessment: research needs. Science.
2006;314:257-8.

Suich H, Howe C, Mace G. Ecosystem services and poverty alleviation: a
review of the empirical links. Ecosyst Serv. 2015;12:137-47.
Raudsepp-Hearne C, Peterson GD, Bennett E. Ecosystem service bundles
for analyzing tradeoffs in diverse landscapes. Proc Natl Acad Sci USA.
2010;107:5242-7.

Hector A, Bagchi R. Biodiversity and ecosystem multifunctionality. Nature.
2007;448:188-90.

Soliveres S, Van Der Plas F, Manning P, Prati D, Gossner MM, Renner SC, Alt
F, Arndt H, Baumgartner V, Binkenstein J. Biodiversity at multiple trophic
levels is needed for ecosystem multifunctionality. Nature. 2016,536:456-9.


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://stuart-demmer.shinyapps.io/grassland-ecosystem-stability-systematic-map/
https://stuart-demmer.shinyapps.io/grassland-ecosystem-stability-systematic-map/

Demmer et al. Environ Evid

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

(2018) 7:25

Maestre FT, Quero JL, Gotelli NJ, Escudero A, Ochoa V, Delgado-Baquerizo
M, Garcia-Gémez M, Bowker MA, Soliveres S, Escolar C. Plant species
richness and ecosystem multifunctionality in global drylands. Science.
2012;335:214-8.

Allan E, Manning P, Alt F, Binkenstein J, Blaser S, Blithgen N, Bohm S,
Grassein F, Holzel N, Klaus VH. Land use intensification alters ecosystem
multifunctionality via loss of biodiversity and changes to functional
composition. Ecol Lett. 2015;18:834-43.

Gossner MM, Lewinsohn TM, Kahl T, Grassein F, Boch S, Prati D, Birkhofer
K, Renner SC, Sikorski J, Wubet T. Land-use intensification causes
multitrophic homogenization of grassland communities. Nature.
2016;540:266-9.

Gamfeldt L, Roger F. Revisiting the biodiversity—ecosystem multifunction-
ality relationship. Nat Ecol Evol. 2017;1:0168.

Hooper DU, Chapin F, Ewel J, Hector A, Inchausti P, Lavorel S, Lawton J,
Lodge D, Loreau M, Naeem S. Effects of biodiversity on ecosystem func-
tioning: a consensus of current knowledge. Ecol Monogr. 2005;75:3-35.
McNaughton SJ. Diversity and stability of ecological communities: a com-
ment on the role of empiricism in ecology. Am Nat. 1977;111:515-25.
Tilman D, Downing JA. Biodiversity and stability in grasslands. Nature.
1994;367:363-5.

Naeem S, Li S. Biodiversity enhances ecosystem reliability. Nature.
1997;390:507-9.

McCann KS. The diversity—stability debate. Nature. 2000;405:228-33.
Isbell F, Calcagno V, Hector A, Connolly J, Harpole WS, Reich PB, Scherer-
Lorenzen M, Schmid B, Tilman D, Van Ruijven J. High plant diversity is
needed to maintain ecosystem services. Nature. 2011;477:199-202.
Donohue |, Hillebrand H, Montoya JM, Petchey OL, Pimm SL, Fowler MS,
Healy K, Jackson AL, Lurgi M, McClean D. Navigating the complexity of
ecological stability. Ecol Lett. 2016;19:1172-85.

Grimm V, Wissel C. Babel, or the ecological stability discussions: an inven-
tory and analysis of terminology and a guide for avoiding confusion.
Oecologia. 1997;109:323-34.

Meyer ST, Koch C, Weisser WW. Towards a standardized Rapid Ecosystem
Function Assessment (REFA). Trends Ecol Evol. 2015;30:390-7.

Tongway D, Hindley N. Landscape function analysis: a system for moni-
toring rangeland function. Afr J Range Forage Sci. 2004,21:109-13.

Reich PB, Tilman D, Isbell F, Mueller K, Hobbie SE, Flynn DF, Eisenhauer N.
Impacts of biodiversity loss escalate through time as redundancy fades.
Science. 2012;336:589-92.

Tilman D, Reich PB, Knops JM. Biodiversity and ecosystem stability in a
decade-long grassland experiment. Nature. 2006;441:629-32.
Hautier Y, Tilman D, Isbell F, Seabloom EW, Borer ET, Reich PB. Anthropo-
genic environmental changes affect ecosystem stability via biodiversity.
Science. 2015;348:336-40.

Tilman D, Knops J, Wedin D, Reich P, Ritchie M, Siemann E. The influence
of functional diversity and composition on ecosystem processes. Science.
1997;277:1300-2.

Hector A, Schmid B, Beierkuhnlein C, Caldeira M, Diemer M, Dimitrako-
poulos P, Finn J, Freitas H, Giller P, Good J. Plant diversity and productivity
experiments in European grasslands. Science. 1999,286:1123-7.

Diaz S, Cabido M. Vive la différence: plant functional diversity matters to
ecosystem processes. Trends Ecol Evol. 2001;16:646-55.

Carmona CP, de Bello F, Mason NW, Leps J. Traits without borders:
integrating functional diversity across scales. Trends Ecol Evol.
2016;31:382-94.

Mouchet MA, Villéger S, Mason NW, Mouillot D. Functional diversity
measures: an overview of their redundancy and their ability to discrimi-
nate community assembly rules. Funct Ecol. 2010;24:867-76.

Eduardo AA. Multiple dimensions of biodiversity and ecosystem
processes: exploring the joint influence of intraspecific, specific and
interspecific diversity. J Theor Biol. 2016;404:215-21.

Nikisianis N, Stamou GP. Harmony as ideology: questioning the diversity—
stability hypothesis. Acta Biotheor. 2016;64:33-64.

MacDougall AS, McCann KS, Gellner G, Turkington R. Diversity loss with
persistent human disturbance increases vulnerability to ecosystem col-
lapse. Nature. 2013;494:86-9.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.
75.

76.
77.
78.
79.
80.
81.

82.

Page 10 of 10

Kadoya T, McCann KS. Weak interactions and instability cascades. Sci Rep.
2015;5:12652.

Tunney TD, McCann KS, Lester NP, Shuter BJ. Food web expansion and
contraction in response to changing environmental conditions. Nat
Commun. 2012;3:1105.

Wardle DA, Bardgett RD, Klironomos JN, Setéld H, Van Der Putten WH, Wall
DH. Ecological linkages between aboveground and belowground biota.
Science. 2004,304:1629-33.

Lefcheck JS, Byrnes JE, Isbell F, Gamfeldt L, Griffin JN, Eisenhauer N, Hensel
MJ, Hector A, Cardinale BJ, Duffy JE. Biodiversity enhances ecosystem
multifunctionality across trophic levels and habitats. Nat Commun.
2015;6:6936.

Parr CL, Lehmann CE, Bond WJ, Hoffmann WA, Andersen AN. Tropical
grassy biomes: misunderstood, neglected, and under threat. Trends Ecol
Evol. 2014;29:205-13.

Wright CK, Wimberly MC. Recent land use change in the Western

Corn Belt threatens grasslands and wetlands. Proc Natl Acad Sci USA.
2013;110:4134-9.

Cremene C, Groza G, Rakosy L, Schileyko AA, Baur A, Erhardt A, Baur

B. Alterations of steppe-like grasslands in eastern Europe: a threat to
regional biodiversity hotspots. Conserv Biol. 2005;19:1606-18.

Hautier Y, Seabloom EW, Borer ET, Adler PB, Harpole WS, Hillebrand H,
Lind EM, MacDougall AS, Stevens CJ, Bakker JD, et al. Eutrophication
weakens stabilizing effects of diversity in natural grasslands. Nature.
2014;508:521.

Ives AR, Carpenter SR. Stability and diversity of ecosystems. Science.
2007;317:58-62.

Dixon A, Faber-Langendoen D, Josse C, Morrison J, Loucks C. Distribution
mapping of world grassland types. J Biogeogr. 2014;41:2003-19.
BIODEPTH (biodiversity and ecological processes in terrestrial herbaceous
ecosystems: experimental manipulations of plant communities). http://
www.research-projects.uzh.ch/p396.htm. Accessed 15 May 2018.

Cedar Creek Ecosystem Science Reserve. http://www.cedarcreek.umn.
edu/. Accessed 15 May 2018.

Inner Mongolia Grassland Ecosystem Research Station, CAS. http://engli
sh.ib.cas.cn/Resources/Field_stations/200906/t20090605_4249.html.
Accessed 15 May 2018.

The Jena Experiment. http://www.the-jena-experiment.de/. Accessed 15
May 2018.

Konza Prairie Long-Term Ecological Research (LTER). http://Iterkonza ksu.
edu/. Accessed 15 May 2015.

Nutrient Network: A Global Research Cooperative. http://www.nutne
tumn.edu/. Accessed 15 May 2018.
https://www.nps.gov/yell/learn/management/ycrhtm. Accessed Sept
2018.

https.//www.sanparks.org/conservation/scientific_new/. Accessed 14
Sept 2018.

http://tawiri.or.tz/centers/serengeti/. Accessed 14 Sept 2018,

Data Observation Network for Earth (DataONE). https://www.datao
ne.org/. Accessed 15 May 2018.

Dynamic Ecological Information Management System—site and dataset
registry. https://data.lter-europe.net/deims/. Accessed 15 May 2018.
https://datadryad.org/. Accessed 14 Sept 2018.
http://esapubs.org/archive/. Accessed 14 Sept 2018.

Google Dataset Search. https://toolbox.google.com/datasetsearch.
Accessed 9 Oct 2018.

WorldClim Version 2. http://worldclim.org/version2. Accessed 15 May
2018.

Easy web applications in R. http://www.rstudio.com/shiny/. Accessed 8
Oct 2018.

Knutas A, Hajikhani A, Salminen J, Ikonen J, Porras J. Cloud-based biblio-
metric analysis service for systematic mapping studies. In: Proceedings of
the 16th international conference on computer systems and technolo-
gies. New York: ACM; 2015. p. 184-91.


http://www.research-projects.uzh.ch/p396.htm
http://www.research-projects.uzh.ch/p396.htm
http://www.cedarcreek.umn.edu/
http://www.cedarcreek.umn.edu/
http://english.ib.cas.cn/Resources/Field_stations/200906/t20090605_4249.html
http://english.ib.cas.cn/Resources/Field_stations/200906/t20090605_4249.html
http://www.the-jena-experiment.de/
http://lter.konza.ksu.edu/
http://lter.konza.ksu.edu/
http://www.nutnet.umn.edu/
http://www.nutnet.umn.edu/
https://www.nps.gov/yell/learn/management/ycr.htm
https://www.sanparks.org/conservation/scientific_new/
http://tawiri.or.tz/centers/serengeti/
https://www.dataone.org/
https://www.dataone.org/
https://data.lter-europe.net/deims/
https://datadryad.org/
http://esapubs.org/archive/
https://toolbox.google.com/datasetsearch
http://worldclim.org/version2
http://www.rstudio.com/shiny/

	What evidence is available on the drivers of grassland ecosystem stability across a range of outcome measurements: a systematic map protocol
	Abstract 
	Background: 
	Methods: 

	Background
	Ecosystem services
	Ecosystem multifunctionality—the bridge between applied and theoretical ecology
	Diversity and stability—its current relevance

	Stakeholder engagement
	Objectives of the systematic map
	Primary question
	Components of the primary question


	Methods
	Searches
	Search terms
	Publication databases
	Grey literature
	Targeted searches
	Assessing the specificity and sensitivity of the search
	Article retrieval strategy

	Article screening and study eligibility criteria
	Article screening
	Eligibility criteria
	Relevant subjects 
	Relevant stability drivers 
	Relevant types of comparators 
	Relevant types of outcomes 
	Relevant types of study 
	Language 
	Date 


	Study validity assessment
	Data coding strategy
	Study mapping and presentation

	Authors’ contributions
	References




