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1 | INTRODUCTION

There is an urgent need for action to protect and restore
natural ecosystems. Finding effective solutions through
good decision-making requires the wise use of a diverse
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Abstract

Meeting the urgent need to protect and restore ecosystems requires effective
decision-making through wisely considering a range of evidence. However, weigh-
ing and assessing evidence to make complex decisions is challenging, particularly
when evidence is of diverse types, subjects, and sources, and varies greatly in its
quality and relevance. To tackle these challenges, we present the Balance Evidence
Assessment Method (BEAM), an intuitive way to weigh and assess the evidence
relating to the core assumptions underpinning the planning and implementation
of conservation projects, strategies, and actions. Our method directly tackles the
question of how to bring together diverse evidence whilst assessing its relevance,
reliability, and strength of support for a given assumption, which can be mapped,
for example to a Theory of Change. We consider how simple principles and safe-
guards in applying this method could help to respectfully, and equitably, include
more local forms of knowledge when assessing assumptions, such as by ensuring
diverse groups of individuals contribute and assess evidence. The method can be
flexibly applied within existing decision-making tools, platforms, and frameworks
whenever assumptions (i.e., claims and hypotheses) are made. This method could
greatly facilitate and improve the weighing of diverse evidence to make decisions
in a range of situations, from local projects to global policy platforms.

KEYWORDS

conservation evidence, decision-making, evidence assessment, evidence-based, evidence-
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range of evidence from different sources (MacLeod
et al., 2022; Sutherland et al, 2004, 2022; Walsh
et al., 2015). However, those making decisions often find
that assessing this diversity of evidence is challenging when
trying to account for variability in its quality and usefulness
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for decision-making in complicated socioeconomic and cul-
tural contexts (Adams & Sandbrook, 2013; Evans
et al., 2017).

Evidence itself is sometimes challenging and contro-
versial to define, but here we adopt the broad, inclusive
definition from Salafsky et al. (2022, p. 4) that evidence
can be any ‘relevant data, information, knowledge, and
wisdom used to assess an assumption” related to a ques-
tion of interest. In conservation, there has been a broad
movement toward evidence-based or evidence-informed
conservation (i.e., promoting more effective and efficient
actions based on sound consideration of available evi-
dence; Sutherland et al., 2004). This has led to a growing
scientific evidence base on conservation solutions
(e.g., Conservation Evidence [www.conservationevidence.
com; Sutherland et al., 2019], Evidensia [https://www.
evidensia.eco/], Collaboration for Environmental Evidence
[https://environmentalevidence.org/]), an increasing avail-
ability of global information on biodiversity status and
threats (e.g., IUCN Red List; Stephenson & Stengel, 2020),
and identification of important knowledge gaps (Christie
et al, 2020; Christie, Amano, et al., 2021). Approaches
toward gathering, synthesizing, and assessing evidence to
inform conservation efforts are often focused on identifying
general patterns, recommendations, and answers (Christie
et al.,, 2020; Christie et al., 2022) across many scientific
studies in a collated evidence base through meta-analyses,
various types of reviews, or subject-wide evidence synthesis
(Cook et al., 2017; Sutherland et al., 2004).

Whilst this information may be useful in many con-
texts, there has been confusion and criticisms over
whether such approaches adequately recognize, or value,
local forms of evidence (such as local, expert, traditional,
and Indigenous knowledge, wisdom, and experience) or
properly consider the practicalities of implementing con-
servation actions in diverse and complex socio-economic
settings (Adams & Sandbrook, 2013). These approaches
have also (historically and currently) included colonial
structures for documenting and sharing evidence in ways
that have not honored data sovereignty nor sources and
have unequally weighted particular approaches more
heavily than others due to the dominant paradigm
(Tengd et al., 2017; Wheeler & Root-Bernstein, 2020).
Indeed, local information from diverse sources can be
highly relevant and reliable in specific conservation con-
texts, and considerations of local factors influence the
effectiveness, costs, acceptability, and feasibility of
actions (Adams & Sandbrook, 2013; Christie, Downey,
et al., 2022). Meaningfully involving local communities
and partners in conservation decisions has also been
shown to add value to local projects and strategies, and
ultimately underpin their success (Cote et al., 2021), as

BOX1 System 1 and System 2 thinking,
Theory of Change, and formulating
assumptions.

There are two recognized types of thinking based
on Information Processing Theory: “fast” System
1 or “slow” System 2 thinking (Kahneman
et al., 2011; Papworth, 2017). Decisions requiring
System 1 thinking are those that are rapid, low-
effort, and intuitive, relying on heuristics, instinct,
and pattern-matching, whilst decisions requiring
System 2 thinking require a more time-intensive,
deliberative, and analytical cognitive process,
involving assessing and processing all available
information (Papworth, 2017). Using System
1 thinking for complex problems instead of System
2 thinking will typically result in poor decisions.
When thinking about conservation projects,
an example of a decision requiring System
2 thinking could be how a local NGO team can
reduce and reverse the decline in seabird popula-
tions on an island on which rats have been intro-
duced (Irvine et al., 2021). During the planning
stage, the team might create a Situation Analysis
(to identify relevant threats, opportunities, and
stakeholders) and a Theory of Change (to outline
the logical steps by which a strategy will contrib-
ute to achieving set targets). Doing so will high-
light that the project is making several key
assumptions (e.g., the linkages between different
steps of a Theory of Change). In a Situation Anal-
ysis, these may include, for example: the seabird
population is declining rapidly and problemati-
cally due to the introduction of rats. In a Theory
of Change, assumptions may include: (1) rat
eradication through trapping (without poisoning)
is socially acceptable to local partners and com-
munities; and (2) rat eradication through trap-
ping (without poisoning) will lead to the recovery
of the seabird population within the project time-
scale. Others might include that rat eradication
using trapping is feasible or cost-effective in
terms of the budgets and resources available.
Clearly, the evidence required to check
whether these assumptions are valid (i.e., that the
Situation Analysis and Theory of Change are valid)
should come from a range of sources including,
but not limited to, Indigenous and Local Knowl-
edge, experience, and wisdom of practitioners and
partners, scientific studies and syntheses, expert
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judgments, reports, databases (e.g., citizen science),
local records, and observations.

well as fill knowledge gaps in the scientific literature
(MacLeod et al., 2022; Rowland et al., 2023). There is
therefore growing recognition that evidence that comes
in a variety of types and subjects from local and external
sources is required to make successful, pragmatic deci-
sions in conservation under challenging time, resource,
and cost constraints (Game et al., 2018; Malmer
et al., 2020; Schuster et al., 2019; Sutherland et al., 2022;
Taper et al., 2021; Tengo et al., 2017).

Weighing such diverse evidence to make better deci-
sions (i.e., ones that contribute to successfully completing
a project's goals) is seen as a major, and somewhat con-
troversial, challenge in conservation (Kadykalo, Cooke, &
Young, 2021; Sutherland et al., 2017; Wheeler &
Root-Bernstein, 2020). In this paper, we want to highlight
that we are focusing on conservation decisions that
require System 2 thinking (see Box 1)—that is, complex
situations where more analytical, deliberative, and cogni-
tive thinking is employed (Papworth, 2017). In such sce-
narios, decision-makers will often weigh conflicting
evidence from different sources where there may be great
uncertainty over the quality of evidence and how well
external evidence from other contexts may apply to the
context of interest (e.g., evidence drawn from other coun-
tries, taxa, cultures, sectors, habitats, disciplines, etc.).

Whilst structured Decision Support Frameworks and
tools exist to assess evidence and make decisions
(e.g., structured decision-making, argument maps, and
evidence-to-decision tool; Schwartz et al., 2018), there is
often insufficient guidance that addresses the quality and
relevance of evidence and how to weigh evidence that
can be messy, conflicting, and/or uncertain (Christie,
Downey, et al., 2022). We also believe that a particular
focus on using assumption-based thinking could be inte-
grated into, and improve, existing decision support
frameworks and tools (Salafsky et al.,, 2022; Specht
et al., 2022), particularly by linking to the Conservation
Standards through tools such as situation analyses and
theories of change (Box 1). The Conservation Standards
is a framework to help support conservation decision-
making, consisting of a cycle of five steps (Assess, Plan,
Implement, Analyze, and Adapt, Share). When planning
a project, the Conservation Standards (CMP, 2020; Con-
servation Standards, 2023) suggests the use of a Situation
Analysis—a process to identify the scope, targets, direct
and indirect threats, opportunities, rightsholders, and
stakeholders relating to the project. This can be followed
by developing a Theory of Change, a process to outline
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the series of assumptions relating to how a particular
strategy will contribute to achieving certain targets (often
illustrated by a Results Chain; CMP, 2020; Conservation
Standards, 2023).

Here, we outline an intuitive approach to consider
and visualize weighing evidence of different types and
sources to understand the confidence a decision-maker
should have in the key assumptions underpinning a con-
servation project, program, or strategy. We test the inter-
rater reliability of our assessment approach and show
how it could support and be integrated within different
existing Decision Support Frameworks, platforms, and
tools to improve decision-making when considering
diverse sources of evidence.

2 | APROCESS TO ASSESS
ASSUMPTIONS USING EVIDENCE

2.1 | An overview of the Balance
Evidence Assessment Method (BEAM)

Here, we describe the BEAM. We adopt Salafsky et al.'s
(2022) framing of the practice of conservation, whereby
conservation and natural resource management occur
through specific projects and programs, which aim to
achieve a set of goals relating to a system of interest.
Plans, strategies, and actions are then decided upon to
achieve these goals, and help in making these decisions
are available from many different planning and Decision
Support Frameworks applicable at different temporal and
spatial scales (Schwartz et al., 2018).

In these decision-making contexts, we believe that
there is great value in laying out a Situation Analysis and
Theory of Change for planned projects and programs
(CMP, 2020) and identifying the core assumptions that
they make (see Box 1 for examples). Assumptions can be
defined as: “something that we believe to be true about a
system; often a more detailed ‘assessable’ articulation of
a question of interest” (Salafsky et al., 2022, p. 4) and can
be supported or refuted by available evidence, which may
come in many forms (as per the earlier inclusive defini-
tion of evidence).

Different types of assumption may exist relating to a
claim (an assumption about a system supported by exist-
ing evidence) or a hypothesis (an assumption that
requires new evidence to be gathered)—but in the inter-
ests of simplicity and using practitioner-friendly terms,
we follow Salafsky et al.'s (2022) recommendation to use
the term “assumption.”

The BEAM (Figure 1) is designed to provide the user
(any decision-maker or decision-making group in conser-
vation) with a graphical indication of the confidence they
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A diagram illustrating the Balance Evidence Assessment Method (BEAM), an intuitive way to visualize weighing different

pieces of evidence supporting or refuting an assumption. Note that if the relevance or reliability of a piece of evidence is zero, then the block

of evidence has no weight and disappears. Balance 1 shows an assumption that can be assessed by five different pieces of evidence (A)-(E) of

varying weights (shown by their size) that can support or refute an assumption on an ordinal scale. Balance 2 shows a situation where an

assumption can be assessed by four different pieces of evidence (A)-(D) that can only either support or refute an assumption (in a binary

manner). In many situations, Balance 1 (using an ordinal scale for support) is most likely to be appropriate.

have in a stated assumption, given the available evidence,
visualizing this as an intuitive balance (a.k.a. seesaw).
Pieces of evidence relevant to an assumption are placed
as blocks onto a balance dependent on their strength of
support (i.e., the degree to which they support or refute
the assumption) and vary in their weight (i.e., the quality
and relevance of the evidence). Visualizing the overall
balance of evidence and its strength of support and
weight provides us with an indication of our confidence
in an assumption. The BEAM can be visualized in an
ordinal way if evidence can refute or support an assump-
tion to varying degrees (i.e., refutes, mixed, weak, or
strong support; Figure 1 Balance 1). In some cases, evi-
dence might only be able to either refute or support an
assumption (i.e., true or false) in a binary manner
(Figure 2 Balance 2). A suggested process for using the
BEAM and further details on each of its components will
be explained in the following sections.

2.2 | Defining an assumption

Defining the assumption to be assessed is a crucial part
of the process and needs to be carefully considered. We
recommend following the guidance provided by the Con-
servation Measures Partnership’'s Conservation Standards
4.0 in formulating core assumptions underpinning a

project (CMP, 2020) or the SIFT framework (Specht
et al., 2022). These assumptions may be best expressed
within useful planning tools such as a Theory of Change
for action-related assumptions and a Situation Analysis
for threat or status-related assumptions (these can be pre-
sented in text form or a diagram such as a Results Chain,
which visualizes a Theory of Change; CMP, 2020).

These core assumptions are important to define
clearly and carefully because they will influence the
degree to which different pieces of evidence support or
refute the assumption, and how relevant the evidence
is. Ideally, the assumption should be specific, with inten-
tional directionality (i.e., so it is clear whether evidence
supports or refutes it), and include a reference to the
decision context. An assumption such as “Protecting bird
nests from predation will be beneficial” will typically be
too general and will make assessing the relevance of evi-
dence difficult later. An assumption such as “Protecting
bird nests using fencing from mammalian predators on
Island X will increase breeding success” can be more
readily assessed with evidence, as the assumption spec-
ifies a particular action (fencing nests to protect nests
from mammalian predators), an outcome of interest
(breeding success) and a specific local context (Island X).
Specifying assumptions in this way, alongside supple-
menting them with a clear background statement on the
context in which the project and decision are taking
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Four Ziggurat plots demonstrating how the weight of evidence refuting and supporting an assumption can be visualized

using the Balance Evidence Assessment Method (BEAM). The top-left panel shows a situation where the balance of the weight of evidence is
clearly in support of the assumption, whilst the top-right panel shows the opposite situation where the available evidence clearly refutes the

assumption. The bottom two panels show situations where the available evidence is equivocal: the bottom left shows where the evidence is
mainly mixed, whereas the bottom right shows conflicting pieces of evidence and is mixed overall. The weighted average strength of support
effectively shows where the central point of balance lies in the overall support of evidence for the assumption (black point with bootstrapped
95% Confidence Intervals). Shiny application available here: https://alecchristie888.shinyapps.io/ziggurat-plot-app/.

place, will help to ensure the strength of support, infor-
mation reliability, source reliability, and relevance of evi-
dence can be properly considered.

2.3 | Assessing the weight of different
pieces of evidence

Once one or multiple assumptions have been carefully
defined, evidence can be gathered. Each piece of evidence
is represented as a block, which holds a certain weight
directly related to the information reliability, source reli-
ability, and relevance of the piece of evidence (Figure 1).
Building on Salafsky et al.'s definition (2022) of the
reliability of evidence (used in a broad sense, rather than
the strict statistical definition), we specify two dimen-
sions that reflect the quality and validity of the informa-
tion provided (information reliability) and the source of
the evidence (source reliability). Evidence with higher
information reliability would reflect that the methodology

or process of acquiring that information has high validity
and builds our trust in the evidence. Therefore, we have
greater confidence that the information provided is sound
and valid, giving it greater weight (e.g., observations cor-
roborated by several people, or collected over many years,
observational or experimental data collected using a well-
designed study; Tables 1; S1).

Evidence with greater source reliability will come
from sources that have greater credibility and trustwor-
thiness (i.e., a widely respected and experienced knowl-
edge holder with a proven track record, or a scientific
study from a peer-reviewed, high-quality journal
authored by well-respected, experienced researchers). An
observation, study, report, or anecdote with little infor-
mation about the source or from an entity with a clear
conflict of interest or questionable record would hold far
less source reliability (Tables 1; S2).

The relevance of evidence reflects that certain evi-
dence will provide more context-specific, transferable,
and useful information than others based on what the
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TABLE 1 Criteria for providing assessments for different aspects of evidence.

CHRISTIE ET AL.

Evidence
criteria Categories
Strength of Refutes Mixed support

support

Evidence refutes the
assumption.

Evidence does not support
or refute the
assumption, OR both
support AND refute (to
roughly an equal extent)

Weakly supports

Evidence weakly supports
the assumption

Weight of evidence (ISR: Information reliability x Source reliability x Relevance)

Information None Low
reliability (I) The information provided  The information provided
has been derived or has been derived or
collected in a way that is collected in a way that is
misleading, unreliable, not very reliable or
and invalid, and cannot valid—there are several
be relied upon areas of concern
Source None Low
reliability (S) The evidence source is The evidence source is

Relevance (R)

unreliable and cannot
be trusted. The
information they
provide may be
misleading, false, or
untrue

None

Evidence has no relevance
whatsoever to the
assumption or specific
context of interest—the
information has no use

either unknown or there
are several concerns
over their credibility.
The information
provided should be
treated with caution

Low

Evidence has limited
relevance to the
assumption and specific
context of interest, and
several small additional
or a few large
assumptions are
required to relate the
evidence to the
assumption and context
of interest

Moderate

The information provided
has been derived or
collected in a way that is
generally reliable and
valid, but there are
some aspects that
reduce our confidence
in it

Moderate

The evidence source is
probably trustworthy,
but there are some
concerns that reduce
our confidence that they
are a reliable source

Moderate

Evidence has some
relevance to the
assumption and specific
context of interest, but a
few small additional
assumptions are
required to relate the
evidence to the
assumption and context
of interest

Note: Strength of support assesses whether a piece of evidence refutes and/or supports the assumption of interest. Determining the weight of evidence for each

piece of evidence involves considering three different criteria denoted by ISR: Information reliability, Source reliability, and Relevance.

evidence pertains to and from which system or context it
was derived (Tables 1; S3). More relevant evidence comes
from specific evidence (Salafsky et al., 2022) that directly
applies to the assumption being assessed and the project
or decision context (i.e., a local pilot study, report, or
observations from a local knowledge holder), as well as
external generic evidence that is likely to be highly trans-
ferable and applicable (i.e., a scientific study from a simi-
lar location, culture, or taxon being considered; a
synthesis demonstrating transferability and generality; or
experience and wisdom from a local ranger working in a

similar nature reserve; Table 1). Less relevant evidence
might come from an evidence synthesis with many stud-
ies that are out-of-date or from another region (or maybe
relating to a broader group of taxa) where transferability
is uncertain, or from a case study drawn from a very dif-
ferent habitat or location. A guiding principle for judging
relevance is to consider how many additional assump-
tions are required (and how large those assumptions are)
to relate the findings in the evidence to the assumption of
interest; the more additional assumptions that are
required, the lower the relevance of the evidence.
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BOX 2 Testing the inter-rater reliability of
evidence assessment category scores.

We conducted an inter-rater reliability test to
assess the consistency with which different indi-
viduals scored the information reliability, source
reliability, relevance, and strength of support of
different pieces of evidence for different
assumptions (Files S1-S4). We used an online
questionnaire to collect participants’ individual
ratings of evidence (using numerical scores from
0 to 3 based on the categories in Table 1) for
three different assumptions relating to a real con-
servation  project adapted from (Irvine
et al, 2021). Ethical approval was obtained
through the Department of Geography, Univer-
sity of Cambridge. The full survey, collected data,
and information on ethical approval are provided
in the Supplementary Information (Files S1-S4).
Participants were able to opt-out at any time and
could choose to assess one, two, or all three
assumptions.

We tested for consistency between partici-
pants’ individual ratings using the Finn coeffi-
cient as this accounted for the limited range in
scores that could be provided for each assessment
category (i.e., 0 to 3; Finn, 1970; Gamer
et al, 2012). The Finn coefficient ranges from
0 (no agreement) to 1 (perfect agreement), with
scores greater than 0.7 considered to be indicative
of strong agreement, and values between 0.5 and
0.7 considered as satisfactory (Finn, 1970; James
et al., 1984; Lindstddt et al., 2020). We obtained
ratings from 15 to 20 participants for each
assumption, finding strong agreement for 10 out
of 12 evidence ratings (Finn coefficients of 0.71-
0.84), and satisfactory agreement for the other
two ratings (Finn coefficient of 0.58 and 0.67)—
detailed results are presented in Table S4. Finn's
coefficient for strength of support, information
reliability, source reliability, and relevance ran-
ged between 0.75-0.83 for assumption 1, whilst
assumptions 2 and 3 had smaller sample sizes
(n =17 and 15, respectively) and ranged between
0.578-0.749 and 0.738-0.841 for all categories
(see Table S4). This indicates there was mostly
strong agreement (coefficients of >0.7), and at
least satisfactory agreement (coefficients between
0.5 and 0.7), between individuals when assessing
the different evidence criteria.

Ajournal of the Society for Conservation Biclogy

The weight of evidence for a piece of evidence is
therefore determined by the combination of information
reliability, source reliability, and relevance (Figure 1).
The higher the overall weight of evidence, the more
likely that the balance will tilt. Key questions and guid-
ance to help assess these different aspects of evidence are
detailed in Tables S1-S3.

To visualize the overall weight of evidence using the
BEAM, we suggest assigning simple numerical scores
(ISR scores) to each block of evidence based on the pre-
vious assessments (Table 1) of information reliability,
source reliability, and relevance (e.g., 0 = no reliability/
relevance, 1 =low, 2 = medium, 3 = high; Sutherland
et al.,, 2022). Each piece of evidence would receive a
triplicate ISR score denoting the information reliability,
source reliability, and relevance (e.g., ISR = 2|2|3; Suth-
erland et al., 2022). We have chosen a scale of 0-3
because this is the simplest scale possible with enough
resolution to separate evidence of different qualities.
However, different scales could be used depending on
the user's preferences—for example, Sutherland et al.
(2022) suggest a scale of 0-5 for ISR scores to allow
greater distinction between levels. A standardized
weight of a piece of evidence is determined by multiply-
ing the scores together and dividing by the total possi-
ble score (e.g., using a 0-3 scale, for a maximum score
of 27 (3x3x3), a piece scoring 2[2|3 would have an
overall weight of evidence of 12/27 = 0.44) and the
cumulative weight of evidence would be obtained by
summing these weights across all pieces of evidence.
This gives an overall indication of the weight of the evi-
dence across the balance (given that an individual
weight of evidence of 1 represents a “perfect” block of
evidence—that is, a total weight of 2 would be equiva-
lent to two “perfect” blocks of evidence).

As scoring evidence could be subjective, we con-
ducted an inter-rater reliability test (Box 2) to assess the
consistency with which different individuals scored
the different aspects of the weight and strength of sup-
port of a range of pieces of evidence for different
assumptions (rating using numerical scores from 0 to
3 based on the Table 1 categories). We found mostly
“strong,” or at least “satisfactory,” agreement between
individuals in how they applied this scoring system
(Finn, 1970; Gamer et al., 2012). As will be discussed
later, it is important that the composition of the
decision-making body or group assessing the evidence is
as diverse and inclusive as possible, with a range of
expertise and experience so that the collation and assess-
ment of evidence (and ultimately decision-making; Hem-
ming, Burgman, et al, 2018; Hemming, Walshe,
et al., 2018) is high quality and not systematically biased
against any particular source of evidence.
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24 | Strength of support

Having assessed the weight of each piece of evidence,
these evidence “blocks” can be placed on the balance by
the degree to which the evidence supports the assump-
tion (its strength of support). If there is gradation in sup-
port, evidence can be placed according to whether it
refutes the assumption (left), provides mixed support
(middle), weakly supports (partially to the right), or
strongly supports (right) the assumption (Figure 1 Bal-
ance 1). We decided to have only one “refutes” category
as refuting evidence is typically rare overall and is diffi-
cult to justify differentiating into categories of weakly
and strongly refutes. If evidence can only support or
refute an assumption (i.e., in a binary way), then evi-
dence is either placed on the left (refuting evidence) or
right (supporting evidence) of the balance (Figure 1
Balance 2).

2.5 | Visualizing the weight of evidence
and evaluating confidence in an
assumption

An intuitive way to visualize the collective weight and
strength of support of evidence relating to an assumption
is a “Ziggurat plot” (Figure 2), for which we have created
an interactive Shiny App platform to demonstrate its use
and provide guidance (https://alecchristie888.shinyapps.
io/ziggurat-plot-app/). This type of plot has been piloted
in the Conservation Learning Initiative (2022) and is cus-
tomisable depending upon the categories and scale being
used for the evidence criteria.

A Ziggurat plot stacks blocks of evidence in order of
their weight (the size of blocks is proportional to their
ISR scores) along the y-axis, separated out into each
strength of support category along the x-axis. After
assigning numerical values to each support category
(e.g., Refutes = —2, Mixed =0, Weakly supports =1,
Strongly supports = 2), a weighted average strength of
support can be calculated (weighted by the standardized
ISR scores for each piece of evidence) to show where the
balance of evidence lies. A bootstrapped 95% confidence
interval is plotted alongside this to show the uncertainty
(i.e., the variability in the strength of support and weight
of evidence). This 95% confidence interval is sensitive to
the number of evidence pieces (i.e., narrowing when
more evidence is available).

It may be desirable to convert the strength of support
into a judgment of confidence in an assumption. There
are two options to do this. The first option is to use the
Ziggurat plot as an advisory tool to assess our confidence
in an assumption by considering three key aspects: 1. the

average strength of support; 2. the variability in this sup-
port; and 3. the overall weight of evidence. A practical
rule of thumb may be that if the error bar overlaps sev-
eral categories, then there is mixed support in assump-
tion, whilst if the error bar overlaps two closely related
categories, the category with the greatest weight of evi-
dence should be selected. Based on this assessment, it
can then be concluded as to whether the available evi-
dence suggests we are: (1). Not confident in the assump-
tion; (2). Not sure and require further investigation; or
(3). Confident in the assumption (Figure 2; Table 2).

The second option requires the incorporation of a
measure called the required level of proof. The required
level of proof is related to the burden of proof (usually car-
ried by those responsible for making a given decision)
and can be defined as “the weight of evidence required to
believe the assumption is valid” (Salafsky & Redford,
2013). This is dependent on the nature of the assumption
(its implausibility—i.e., how implausible is the assump-
tion?) following Laplace's Principle that: “the weight of
evidence for an extraordinary claim must be propor-
tioned to its strangeness” (Gillispie et al., 1999), or put
another way, “extraordinary claims require extraordinary
evidence.” The required level of proof also grows as the
wider decision's consequences and the relative risks of
action versus inaction increase—that is, if we wrongly act
based on the assumption, what are the risks and conse-
quences? And vice versa—that is, what happens if we
wrongly fail to act? (Salafsky & Redford, 2013).

Determining the required level of proof before asses-
sing an assumption is useful as this can ensure that the
investment in evidence collation and assessment is pro-
portional to the risks and consequences involved and
therefore as efficient as possible (Sutherland et al., 2021).
It is also important when considering the sufficiency of
the weight of evidence to conclude that an assumption is
valid. One way to incorporate this into the BEAM is by
giving greater influence to evidence that refutes the
assumption. This can be done by mentally enlarging
the length of the refutation side of the balance (Figure 3)
for more implausible assumptions or those that entail
greater levels of risk. For example, adjusting the numeric
value assigned to refuting evidence from —2 to —4 effec-
tively leads to a doubling of the influence of refuting evi-
dence when calculating the average strength of support
(this is built into the Ziggurat plot Shiny App, as shown
in Figure 3). Caution should be exercised, however, when
determining the required level of proof given this is a
subjective judgment. A useful exercise would be to con-
duct a sensitivity analysis to see the effect that altering
the required level of proof has on the Ziggurat plot and
the average strength of support. This in turn can help to
judge our confidence in the validity of an assumption

85UB017 SUOWILLIOD SAIER1D) 3|qedl|dde au Ag peusenob a2 sojoie YO ‘8sN J0 S3|NnJ 1oy Akeuq 18Ul UO AS|1M UO (SUO I IPUOD-PUR-SWLBI D" AB | 1M Aleuq 1 putjuo//SdnL) SUORIPUOD Pue SULB | 84} 885 *[£202/0T/20] UO ARIq1Tauljuo AB|IM ‘seoines Akeiqi TON uopuoabe|oD AlsieAlun Ag 20ET Zdso/TTTT OT/I0p/L0d A8 | AReiq Ul jU0"01quUOdy//sdiy Wwolj peapeoumod ‘0 ‘vS8r8.Se


https://alecchristie888.shinyapps.io/ziggurat-plot-app/
https://alecchristie888.shinyapps.io/ziggurat-plot-app/

CHRISTIE ET AL.

Conservation Science and Practice& —Wl L EY 9 of 17

Ajournal of the Society for Conservation Biology

TABLE 2 Three potential levels of confidence in an assumption that could be concluded from weighing the evidence and visualizing it

using a Ziggurat plot, including what the implications would be for decision-making.

Confidence in assumption

Not confident

Not sure: further investigation
required (lack of evidence or
highly variable evidence)

Confident

Consulting Ziggurat plot

1. Average strength of support
firmly refutes the assumption

2. AND variation in strength of
support is acceptably small
or negligible

3. AND there is a large enough
weight of evidence

1. Average strength of support
is around mixed support

2. AND/OR there is highly
variable support amongst the
evidence

3. AND/OR there may also be a
small weight of evidence

1. Average strength of support
firmly supports the
assumption

2. AND variation in strength of
support is acceptably small
or negligible

3. AND large enough weight of
evidence

Implications for decision-making

The available evidence clearly refutes your assumption. It
may be useful to reconsider or modify the strategy or
action(s) you were intending to implement and
assumptions being made, or defer action completely.

It may not be useful to invest more effort in collecting
evidence for this assumption, at least until this is revisited
in the future, or the available evidence changes
substantially.

There is not currently sufficient evidence to confidently refute
or support the assumption. There are several possible
implications:

1. If there is a lack of evidence, consider investing in
acquiring and assessing more evidence, including
additional research or synthesis of evidence;

2. If there is a lot of variability in the strength of support,
this may suggest some moderating variable or context-
dependency needs to be addressed. For example, a
reintroduction may only be effective if the original cause
of decline has been addressed.

You may decide to move forward with your decision (despite
the uncertainty) but to periodically revisit this assumption
alongside collecting monitoring data and generating
evidence to feed into adaptive management plans and
future assessments of evidence.

If the assumption does not represent a critical part of your
strategy or project plans, you may also decide to revisit this
later and/or accept the uncertainty around this assumption.
Alternatively, you may want to reconsider your strategy or
action(s) if you feel the available evidence for this
assumption is too mixed and equivocal to make a decision.

The available evidence has given you a satisfactory level of
confidence in your assumption and you can proceed to the
next one to be assessed.

You should monitor the effects of any actions taken carefully
and be ready to undertake the assessment again if new
evidence arises (either through conducting monitoring or
from new or existing evidence sources).

based on the available evidence—if there is substantial
sensitivity, this would lower our confidence.

2.6 | Applying the BEAM to a set
of assumptions

The process of assessing an assumption can be repeated if
several separate assumptions are being assessed as part of
a Theory of Change or Situation Analysis. To work out
an overall level of confidence in a set of assumptions, we
suggest following the critical weakest link approach set
out by Salafsky et al. (2022). A set of assumptions, for

example, could relate to different impacts of the conser-
vation action (e.g., its acceptability, feasibility, costs, and
effectiveness) or different stages in a strategy (e.g., status,
threats, actions, and alternatives; Box 1). The critical
weakest link approach simply means that the overall con-
fidence in a set of assumptions is determined by the low-
est level of confidence amongst the assumptions that are
rated as critical or essential (i.e., if we are not confident
about these assumptions, then we would not be
confident about the collective set of assumptions given
their connectedness in a Theory of Change; Salafsky
et al., 2022). This approach also helps to prioritize effort
in assessing different assumptions—clearly, targeting the
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FIGURE 3 Top panel with a numeric value for refutes set to

—2 and bottom panel with numeric value for refutes set to —4. This
effectively doubles the influence of refuting evidence when
determining the weighted average strength of support and drags
this further to the left (toward the refuting side of the balance),
lowering the confidence we have in the assumption. Shiny
application available here: https://alecchristie888.shinyapps.io/
ziggurat-plot-app/.

most critical or essential assumptions in a Theory of
Change, for example, would be the most efficient use of
time and resources.

For complex interventions, it is important to appro-
priately assess the different components of an interven-
tion using multiple sets of assumptions—for example,
not just assessing the ecological effects of a strategy, but
also its feasibility, acceptability, and costs (both social
and economic; Christie, Downey, et al. 2022). This often
requires cross-sectoral and/or cross-disciplinary thinking
to ensure diagrams representing Theories of Change,
such as Results Chains, are complete (Tallis et al., 2019).

3 | DISCUSSION

Our approach, the BEAM, presented here represents a
novel and useful way to overcome the challenge of asses-
sing the diverse sources of evidence that typify many

conservation challenges. Here we discuss the strengths
and limitations of our approach, as well as how it can be
applied to existing tools and frameworks for making deci-
sions in conservation.

3.1 | Tackling the challenges of assessing
evidence of diverse types and sources

One of the core strengths of the BEAM is its flexibility,
enabling us to assess a diverse range of evidence from a
wide variety of sources, which using our broad definition
of evidence could include local expert and practical
knowledge, Indigenous and Local Knowledge (ILK),
studies and syntheses from the scientific literature, and
the gray literature across the social and natural science
spectrum (Bennett et al., 2017; Salafsky et al., 2022).

Suggestions on how to consider evidence from a
diverse range of sources in an equitable and fair manner
have been proposed by several authors, particularly
regarding the use of ILK (sometimes called Traditional
knowledge) from knowledge systems distinct from West-
ern science. For example, Two-Eyed Seeing
(Etuaptmumk in Mi'kmaw) is a conceptual framework
developed by Mikmaw Elder Albert Marshall that
encourages using the strengths of different knowledge
systems to better understand complex systems (Bartlett
et al, 2012; No'kmaq et al.,, 2021; Reid et al., 2021).
Another framework set out by Tengo et al. (2014, 2017),
and further detailed by Malmer et al. (2020), is the Multi-
ple Evidence Base framework developed collaboratively
with the Intergovernmental Science Policy Platform on
Biodiversity and Ecosystem Services (IPBES). This frame-
work is composed of three stages: (1) joint problem for-
mulation; (2) generating an enriched picture with
contribution from multiple sources of evidence; and
(3) joint analysis and evaluation of knowledge. The Mul-
tiple Evidence Base framework places great emphasis on
triangulation across knowledge systems, recognizing that
different forms of evidence can be equally valid and
that the relevance of evidence is a critical part of making
decisions. Such frameworks and many others
(e.g., Extreme Citizen Science; Chiaravalloti et al., 2022;
Cross-disciplinary evidence principles; Game et al., 2018)
were developed partly due to concerns over the underuti-
lisation or even exclusion (explicitly or implicitly) of cer-
tain sources of evidence to make decisions—in
particular, local forms of knowledge (e.g., expert, practi-
cal, traditional, and/or ILK; Malmer et al., 2020; Smith
et al., 2009).

Whilst these conceptual frameworks exist, few
attempts have been documented to develop practical and
pragmatic processes to assess diverse forms of evidence
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(Malmer et al., 2020). This was a major motivation for
developing the BEAM since better decisions will typically
come from a considered and thoughtful usage of a wide,
diverse range of sources and types of evidence assessed
by a diverse group of individuals (Herzog &
Hertwig, 2009; Lord et al., 1984). It is also likely that in
many cases, decision-makers are already (formally or
informally) weighing diverse sources of evidence to make
decisions and there is therefore a pressing need to for-
mally define and discuss transparent, pragmatic, and
structured guidance and processes, like the BEAM, that
can help decision-makers assess this information.

In its present form, our method can be used to assess
a diverse range of evidence, but important considerations
and safeguards need to be put in place to ensure fair
assessment of evidence, particularly in the case of Indige-
nous knowledge. Like Two-Eyed Seeing, we designed the
BEAM to avoid any domination by one worldview or
another, or assimilation by one worldview of the knowl-
edge of another (No'kmagq et al., 2021; Reid et al., 2021).
Pieces of evidence are each treated by the user as individ-
ual and distinct pieces of knowledge or information in
their own right, much like the lines or streams of
knowledge in the diagram of the Multiple Evidence Base
framework presented by Tengé et al. (2017). Although
Two-Eyed Seeing generally aims to avoid having different
sources of evidence conflicting with one another, we
respectfully believe here that this is not a pragmatic
approach to take in the context of conservation project
decision support. In the BEAM, different pieces of evi-
dence could conflict whether they are from the same or
different sources of evidence (i.e., one refuting and one
supporting an assumption). This is not to be feared, but
to be embraced because sometimes conflict between
pieces of evidence can contribute to learning and a better
understanding of the problem or system (i.e., what are
the reasons behind these differences?).

Another key feature of the BEAM is that no external
or a priori hierarchy or system is enforced on pieces of
evidence. Instead, all pieces of evidence start out on a
level playing field and it is up to the user to assess how
much they trust each piece of evidence based upon three
suggested aspects of its weight: (1) the reliability of the
information; (2) the reliability of the source; and (3) the
relevance of the information. This means that regardless
of the type or source of evidence, any piece of evidence
can be given a high weight of evidence—that is,
evidence from a scientific experiment and evidence from
detailed observations of changes over time by a commu-
nity could both score highly. We supply guidelines of pos-
sible important questions that those assessing evidence
could ask (Tables S1-S3), which aim to encompass a wide
range of possible questions that could be asked of a

Ajournal of the Society for Conservation Biclogy

variety of types and sources of evidence. Our method also
places great emphasis on the relevance of evidence,
which enables the recognition that often the expertise or
wisdom of a local reserve manager, for example, may rep-
resent more relevant evidence than the general recom-
mendations of a systematic review, for example.
However, whilst the freedom given to those assessing
evidence using the BEAM can be regarded as a strength
(in terms of enabling inclusive use and weighing of
diverse sources of evidence), it could also be regarded as
a limitation. Without proper safeguards and consider-
ations in place when implementing the BEAM, the
method could be misused and systematically exclude or
disadvantage evidence from particular sources when
assessing assumptions. For this reason, we want to high-
light that it is of critical importance that anyone applying
or adapting the BEAM to assess evidence applies the fol-
lowing principles, particularly when including ILK.

3.2 | Principles and considerations
for applying the BEAM

First, as a general rule, the entire process of defining
assumptions, assessing evidence, and making decisions
will benefit from involving a diverse set of individuals
and perspectives (Hemming, Burgman, et al., 2018; Hem-
ming, Walshe, et al., 2018). However, a relatively low-
risk, simple decision where available evidence sources
come from a single source or sources may only require
one or two appropriately qualified individuals (e.g., a pri-
vate landowner) to assess the evidence.

Nevertheless, for higher-risk, complex decisions
where a diverse range of evidence is available, it is partic-
ularly important to involve a diverse, inclusive group of
individuals. This will help mitigate the risks that different
types of decision-makers and project partners could clas-
sify different pieces of evidence with different weights
and strengths of support for an assumption. For example,
inconsistencies in rating evidence could come from dif-
ferent levels of understanding about how the information
provided by the evidence was derived or collected, differ-
ent past experiences, viewpoints, or perceptions of
different types of evidence from different sources
(e.g., preconceived views on the relative quality of scien-
tific literature, gray literature, or ILK). Ensuring that a
diverse group of evidence assessors participate actively
and fairly in the process will help to ensure that imbal-
ances in the power dynamics at play during such
decision-making processes do not side-line any one form
of evidence or knowledge (scientific, local, or Indige-
nous), thus making the best use of all the available
evidence.
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Our pilot study found that there was satisfactory to
strong consistency between different individuals in how
they applied scores to different pieces of evidence, which
were deliberately designed to range across a wide contin-
uum of sources (Table S4; Files S1, S2). Whilst this is
encouraging, our sample was biased towards academics,
scientists, and practitioners from NGOs in Western coun-
tries. Further testing of how the backgrounds of those
assessing evidence influence the scores given to evidence
from different sources would be an important step to
quantify and mitigate such assessment bias.

Nevertheless, clearly, a central principle to applying the
BEAM should be that those assessing evidence should be as
representative of the sources of evidence as possible. For
example, if Indigenous knowledge is part of the available
evidence, Indigenous partners need to be fully involved in
assessing it (and ideally throughout the project) so that
there is a shared understanding and appreciation for the
methods and context associated with all the evidence. A
good example of this comes from IPBES when the 2017
IPBES Plenary in decision IPBES-5/1 approved an approach
to “recognising and working with ILK within IPBES
assessments,” which included the establishment of “Indige-
nous and local knowledge liaison groups” (IPBES, 2017).
Whilst this has its challenges (McElwee et al., 2020) and
many smaller organizations and projects may not have the
resources to replicate this process in full, the general princi-
ples and approach could be applied and adapted into other
decision-making workflows at a variety of scales.

A similar principle can be applied to assessing evi-
dence from different disciplines (Game et al., 2018)—for
example, when evidence from the social sciences is being
assessed, there should be appropriate representation from
social scientists in the team assessing the evidence. Fur-
thermore, appropriate representation is also important to
ensure that a complete set of assumptions are assessed for
projects with complex Theories of Change—particularly
those involving complex interventions that cross-sectoral
and disciplinary boundaries (Tallis et al., 2019).

The BEAM also encourages users to make any judg-
ments on scoring different pieces of evidence clear and
transparent, such as by providing a means to document
these scores (e.g., using the Ziggurat plot Shiny App:
https://alecchristie888.shinyapps.io/ziggurat-plot-app/)
to enable scrutiny and critique of how evidence was
assessed and whether decisions should be revisited.

Second, in decision-making situations where Indige-
nous participation is important, the application of our
method should be led by, and its design co-adapted to the
needs and viewpoints of, local and Indigenous scientists
and partners. This will help to ensure that the questions
(e.g., Tables S1-S3) and modes of assessing evidence and
assumptions are equitable, respectful, inclusive, and above

all useful to those making the decisions and designing con-
servation projects and strategies. In addition, applying this
principle to the use of the BEAM provides the opportunity
to establish more “evidence bridges” and “knowledge bro-
kers” in conservation (Kadykalo, Buxton, et al., 2021). This
will help to achieve more inclusive decision-making
groups and help to enhance the information on the attri-
butes and context behind the evidence (e.g., metadata,
details and explanation of methodology, its validity, and
context which the decision-makers may not be aware of or
appreciate). This is an important consideration because we
risk ignoring or excluding certain forms of evidence from
decision-making processes if such evidence is not respect-
fully and equitably brought to the decision-making table
or “the balance.”

3.3 | Value of assumption-based
thinking and applying the BEAM
to existing tools

We believe that the BEAM provides an intuitive process
that can help decision-makers identify and critically
examine the assumptions they are making in conserva-
tion projects, as well as the important attributes of evi-
dence to consider (e.g., information reliability, source
reliability, and relevance). Explicitly defining key
assumptions of conservation projects, critically evaluating
the strength of support and weight of the available evi-
dence, and our confidence in an assumption's validity,
would be a crucial step forward toward ensuring more
effective, efficient, and equitable conservation (Specht
et al., 2022; Sutherland et al., 2022; White et al., 2022).
This is because the more confidence we have in the valid-
ity of assumptions underpinning conservation projects,
the more confident we can be that conservation projects
will succeed at achieving their goals. In addition, the
BEAM can be used to assess the evidence that a conserva-
tion project has achieved its goals (formulated as an
assumption) by evaluating evidence generated by the pro-
ject itself. In this way, the BEAM can be used both
before, during, and after the beginning of a project.

The use of the BEAM should also encourage transpar-
ency in decision-making, as the process will typically
involve the documentation of evidence used to guide deci-
sions and their assessment (e.g., using the Ziggurat plot
Shiny App). This means that resultant decisions can be
updated if new evidence becomes available, or if others
disagree with how that evidence has been assessed. Doing
so could help push organizations towards greater informa-
tion sharing, due diligence, and professional practice
in conservation, particularly through generating “decision
libraries” (Christie, Downey, et al., 2022) that can help
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TABLE 3 Examples of how the Balance Evidence Assessment Method (BEAM) can be applied to different existing decision support
tools, platforms, and frameworks.

Decision support tool,
platform, or
framework

Structured Decision
Making

Bayesian Belief
Networks/Bayesian
Models

Argument Maps

Situation Analyses and
Theories of Change

Evidence-to-Decision
Tool

Intergovernmental
Science Policy
Platform on
Biodiversity and
Ecosystem Services
(IPBES) Assessments

Application of the BEAM

Tools deployed through a Structured Decision Making framework seek to find optimal actions to achieve
desired outcomes, whilst also balancing a range of stakeholder objectives under uncertainty (Gregory
et al., 2012). A tool such as a consequence table to compare different alternatives could be formulated in
terms of assumptions (Table S5), where each assumption may differ in its importance based on different
stakeholder objectives (e.g., a given alternative will increase the population size by at least 20%, acceptable
to local partners, cost-effective, or feasible). The consequence table could be color-coded by the level of
confidence in each assumption reflecting the weight of evidence and strength of support (e.g., for effects
on population change, costs, acceptability, and feasibility) alongside the data usually included in
consequence tables such as effect sizes, costs, and values (Table S5). This would add an explicit
consideration of the weight of evidence for different assumptions to the consequence table approach.

A more quantitative tool, Bayesian Belief Networks (BBNs) or Bayesian models of which BBNs are a subset
(Marcot et al., 2006), could also be used to apply the principles of the BEAM by bringing in the
information gained in the Ziggurat plots to define the prior probability distribution for variables of interest
described by the assumption. With the primary goal of the reduction of uncertainty, the models benefit
from informed priors that reflect the state of knowledge, or the evidence base going into the model to
inform the decision-making.

Argument maps are less well-known as a decision-making tool in the environmental sciences but offer a
useful way to lay out the logical steps of reasoning behind a decision (Keith et al., 2017). These maps start
with a claim (a form of assumption) backed up by different reasons (sub-assumptions) that are supported
or rebutted by different pieces of evidence. Therefore, the BEAM could be used to work out the confidence
in each of the reasons based on different pieces of evidence (Figure S2). Reasons in the argument map
could be labeled with levels of confidence (and pieces of evidence could also be labeled with their weight
of evidence and strength of support). These could then be combined (using the critical weakest link
approach) to work out the confidence in the overall claim that the argument map is considering
(Figure S1).

The BEAM can also be applied to Situation Analysis and Theory of Change diagrams that can be built using
Miradi Software to support the Conservation Measures Partnership's Conservation Standards 4.0
(CMP, 2020). The standards help explicitly lay out the assumptions made during the design of a
conservation project. The Conservation Learning Initiative (2022) has already begun implementing some
of the concepts illustrated here, including Ziggurat plots.

The BEAM could also be directly integrated into the Evidence-to-Decision tool (Christie, Downey,
et al., 2022). The different steps within the tool can be reframed as sub-assumptions (when assessing
effectiveness, costs, acceptability, feasibility, and modifications of potential alternative actions) and the
confidence in each of these can be weighed up using the available evidence. This tool's main aim is to
document the reasoning and evidence behind decisions and this would therefore provide a useful way to
document and visualize the BEAM for different decisions.

Claims made in IPBES assessments could be assessed using the BEAM. For example, 18 categories of
Nature's Contributions to People (NCP) were assessed in the Global Assessment (IPBES, 2019), for which
evidence was gathered from a variety of sources, including Indigenous and Local Knowledge (McElwee
et al., 2020). One way the BEAM could help is by providing a structured approach to assess the weight and
support of a diverse range of evidence for, and overall levels of confidence in, these NCP-related claims.

to show how and why decisions were made, as well as to
monitor how well organizations are using evidence to
make decisions using particular metrics (e.g., criteria for
“Evidence Champions”; Conservation Evidence, 2023; or
an evidence-use index being developed by the US Fish and
Wildlife Service for funding decisions; Sutherland
et al. 2022).

A key consideration in the development of the BEAM
was that it should be able to be applied to any decision-
making tool, platform, or framework that requires mak-
ing assumptions. Although assumptions may not be
explicitly referred to, many units and parts of these pro-
cesses can often be reframed as an assumption (they may
be claims or hypotheses, for example). As discussed in
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the previous section, the application of the BEAM could
help enable these existing tools, platforms, and frame-
works to better consider a diverse range of evidence
(Table 3).

4 | CONCLUSION

Here we have presented the BEAM, an approach for
weighing and assessing a diverse range of evidence
for different assumptions that are made during conserva-
tion decision-making and the planning of conservation
projects and strategies. This represents a key step forward
in recognizing that diverse forms of evidence can and
should feed into conservation decisions and that this can
be done in a way that usefully assesses the weight of evi-
dence, placing the power of assessing evidence in the
hands of project teams and partners. Whilst this power
could be misused, intentionally or not, following some
simple principles to applying the BEAM (particularly if
Indigenous knowledge forms part of the available evi-
dence base) can help to safeguard and avoid the exclu-
sion or underweighting of any particular type of
evidence. Our method has been designed to be able to be
adapted and used by anyone within any existing
decision-making tool, platform, or framework that makes
an assumption (or a claim or hypothesis that could be
reframed as an assumption), potentially ranging from
small conservation projects up to international policy
platforms such as IPBES. We explicitly talk about the
method in a conservation setting, but a similar method
and framing could be useful in other disciplines where
evidence from diverse sources needs to be assessed
together to judge confidence in certain assumptions being
made. We hope that the BEAM can be applied or adapted
to help enable and improve the weighing of diverse evi-
dence to make complex decisions in a range of situations.
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