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Finding and assessing evidence is core to making effective decisions. The three key elements
of assessing any evidence are the rigour of the information, the trust in the reliability
and objectivity of the source, and the relevance to the question under consideration.
Evidence may originate from a range of sources including experiments, case studies,
online information, expert knowledge (including local knowledge and Indigenous ways of
knowing), or citizen science. This chapter considers how these different types of evidence

can be assessed.
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2.1 What Counts as Evidence?

This book is about making more cost-effective decisions by underpinning them with evidence,
defined as ‘relevant information used to assess one or more assumptions related to a question
of interest’ (modified from Salafsky et al., 2019). This apparently straightforward approach
easily becomes bewildering. For a decision about fisheries, the key evidence may relate to
the markets, the communities, economics, legislation, fishing technologies, fish biology,
and fishery models. This evidence is likely to be a mix of specific evidence applying to that
community, such as the values of stakeholders or changes in fish catches, and generic evidence
that applies widely, such as the size at which species start reproducing or the effectiveness
of devices for reducing bycatch. The challenge is to make sense of this diverse evidence and
marshal it so decisions can be made. This chapter is about assessing single pieces of evidence.
The next chapter is about assessing collated evidence, such as a meta-analysis, followed by a
third chapter describing the processes for converting evidence into conclusions that can then
be the basis for decision making.

This process of embedding evidence into decision making is referred to by various, often
interchangeable, terms. Evidence-based (e.g. Sackett et al., 2000) is a term coined in 1991
(Thomas and Eaves, 2015) that has become standard. It is generally used for the practice that
aims to incorporate the best available information to guide decision making, often, but not
exclusively, with an emphasis on scientific information. Evidence-informed (e.g. Nutley and
Davies, 2000; Adams and Sandbrook, 2013) is similar but used to emphasise the importance
of diverse types of evidence and contextual factors in decision-making, and used especially
when evidence may not be central (Miles and Loughlin, 2011). Evidence-led (e.g. Sherman,
2003) is also overlapping but most often used by those stating an objective to be an evidence-led
organisation to describe their aim to make evidence use central to practice.

Evidence can be embedded wherever a claim or assumption is made. For example, a project
may make claims about the species present in the project site, the change in abundance of some
key species, the spiritual significance of certain species, the threatening processes present, and
the effectiveness of specific actions.

This chapter aims to provide a framework for considering how any piece of evidence can

be evaluated and then explore what determines the reliability of different sources of evidence.

2.1.1 Ataxonomy of the elements of evidence

There is a range of evidence types that serve different purposes. Table 2.1 provides a taxonomy
of the key elements of different types of evidence, while Table 2.2 gives some examples of how
this classification can be used.
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Table 2.1 Some common distinguishing features that can be used to classify different
types of evidence.

Communication method Physically documented (e.g. published, written, stored)
Oral (e.g. statement, teaching, sayings, spoken stories)
Performance (e.g. songs, dances, plays)

Generality Specific (applying to local conditions)

Generic (derived at a wider scale, where generality is sought
to explain general patterns)

Source Origin Primary
Secondary
Unknown
Type Experiment

Case studies
Citizen science
Statements, observations and conclusions
Quantified
Statement
Tradition or culture
Deduction
Induction
Summary
Model
Tacit (i.e. experience)
Online open-source-investigations
Artificial intelligence

Location (if secondary) Databases
Publications
Non-peer-reviewed literature
Global data in multiple languages
Practitioner knowledge
Local and Indigenous knowledge
Online material

Possible qualifier Pattern

Change

Response
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Subject

Biological

Social
Status
Threats
Costs
Uses
Values
Rules

Beliefs

Phenomenon

Table 2.2 Some examples of evidence and their suggested classification based on Table 2.1.

Bird record submitted to eBird (an online database
for bird sightings)

Farmer says: ‘snakes are more abundant near the

river.

Practitioner’s report presents data showing that
there was a decrease in amphibian mortality when
an underpass was installed

A peer-reviewed scientific paper on experiment
showing that nest protection for common redshank
increased daily egg survival rates

Systematic review of the role of trees in reducing
flood risk

A local councillor says ‘people will be more likely to
support the construction of a tree nursery if local
labourers and materials are used’

Traditional dance describing how the community
was saved by frigate birds

Physically documented, specific, primary, citizen
science observation about status

Oral, specific, primary observation on a pattern
relating to status

Physically documented, generic, primary,
quantified response affecting status

Physically documented, generic, experiment, of the
response affecting biology

Physically documented, generic, secondary
summary on a pattern relating to threats

Oral, generic, tacit knowledge on response relating

to values of society

Performance, specific, traditional, pattern of
beliefs
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This framework provides the structure for the rest of the chapter, which, after describing a
framework for assessing the weight of evidence, considers the different features of evidence,

and how this framework can be applied.

2.2 A Framework for Assessing the Weight of Evidence

One of the earliest reports of framing evidence in terms of its weight comes from Greek
mythology with Themis, the Greek goddess of justice, depicted carrying a pair of scales to
represent the evidence for different sides of an argument. Assessing the weight of evidence
is essential if the information from observations, studies or reviews are to be used to inform
decisions as different pieces of evidence can vary in their strength, reliability and relevance
(Gough, 2007). Such assessment is necessary even when considering formal methods, such
as a meta-analysis, as it is important to evaluate the reliability of the meta-analysis, with its
associated biases, and its relevance to the issue under consideration.

An approach to weighing the evidence is to consider each piece of evidence as a cuboid, as
shown in Figure 2.1. The three axes of the cuboid are:

« Information reliability (I): how much the information contained within a piece of
evidence can be trusted, such as the rigour of the experimental design, or whether
the statement is supported by information, such as photographs.

«  Source reliability (S): how much trust can be placed in the source of the evidence,
such as whether it is considered authoritative, honest, competent, and does not
suffer from a conflict of interest, or bias.

«  Relevance (R): how closely the context in which the evidence was derived applies to
the assumption being considered, such as whether it relates to a similar problem,

action and situation.

Figure 2.1 Assessing the weight of evidence according to information reliability, source reliability,
and relevance (ISR). (Source: Christie et al., 2022, CC-BY-4.0)
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Collectively these axes can be used to assess the weight of evidence with each piece of evidence
given an information reliability, source reliability, and relevance (ISR) score (Christie et al.,
2022). Table 2.3 gives a suggested set of criteria for assigning scores to assess the weight of
evidence. If the evidence piece is completely irrelevant, or if there are considerable concerns in
either the information reliability or source reliability, then the result is a score of zero and thus
no total ISR weight. Conversely, evidence that has high relevance and reliability to a decision-
making context would carry considerable weight. A score of two is given in each category for
evidence about which little is known. For example, the claim ‘otters have been seen nearby’
provides little information to a nature reserve manager on what was seen, how reliable the

observer is, or whether the observation was on the reserve or not.

Table 2.3 Criteria for classifying evidence weight scores, as shown in Figure 2.1.

Information reliability Source reliability (S) Relevance (R)

(0)

Very reliable approach 5 Considerable trust 5 Extremely relevant 5
Moderately reliable 4 Moderate trust 4 Very relevant 4
approach

Weakly reliable approach 3 Some trust 3 Relevant 3
No knowledge of 2 No knowledge of source 2 Somewhat relevant 2
approach

Some concerns over 1 Some concerns over 1 Not very relevant 1
approach reliability

Considerable concerns 0 Serious concerns over 0 No relevance 0
over approach reliability

Evidence is frequently quoted but without information on the original source; these should
be treated carefully. In some cases the original source of a piece of physically documented
evidence may not only be unknown but, when looked for, cannot be located and even may not
exist. These are sometimes referred to as ‘zombie studies’ or ‘zombie data’.

These ISR scores can be used for any piece of evidence, whether individual pieces (as
described in this chapter) or collated evidence such as a meta-analysis (described in Chapter
3). The aim of the rest of this section is to consider the general principles for assessing the
information reliability, source reliability, and relevance for different types of evidence.

2.2.1 Information reliability

Information reliability refers to how much confidence we have in the information contained
within a piece of evidence, rather than its source. This could depend on the quality of the
research design (see Section 2.6.1) or the support for a field observation (for example a

statement, description, sketch, photo or DNA sample).
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Questions to consider when assessing the reliability of the information provided by a piece
of evidence could include:

«  What is the basis for the claim?

« Are the methods used appropriate for the claim being made?

« Isthe approach used likely to lead to bias?

« Isthe material presented in its entirety or selectively presented?

« Isthere supporting information, such as photographs or first-hand accounts?

« Are the conclusions appropriate given the information available?

Measurement error, sometimes called observational error, describes the difference between
a true value and the measured value in the piece of evidence. For many types of evidence,
this will be an important component of information reliability as this error can influence the
precision and accuracy of evidence (see Freckleton et al., 2006).

Measurement error can be from multiple sources. For example, if we are counting the
numbers of birds in a flock on an estuary, such counts are rarely exact and are estimates of the
real number. Alternatively, we can exactly count the numbers of plants in a quadrat: however,
any quadrat is a sample from a much larger population and there will consequently be error in
our estimate. Similarly, many methods for censusing populations are indirect (e.g., scat counts,
frass measurement, acoustic records or camera-trapping), so there is error translating these
numbers into estimates of the size of the actual population.

The effect of measurement error will depend on whether it is random or systematic. Random
errors affect the precision of an estimate (i.e. the variance from measurement to measurement
of the same object), whereas systematic errors affect the accuracy of an estimate (i.e. how close
the measured value is to the true value).

2.2.2 Source reliability

Source reliability refers to the reliability of the person, organisation, publication, website or
social media providing information, including whether they can be considered authoritative or
likely to be untrustworthy.

These scores are individual assessments and so different individuals will use different
criteria. For example, for projects related to Pacific salmon conservation, stakeholders
considered work reliable if the researchers had been seen to be involved in fieldwork, whereas
government decision makers considered research reliable if it had been formally reviewed
(Young et al., 2016).

Questions to consider when assessing the reliability of the source of evidence could include:

« Does the source have an interest in the evidence being used?
« Are the sources explicit about their positions, funding or agendas?
«  What is the source of funding and could it influence outcomes?

« Isthere evidence (real or perceived) of agendas or ulterior motives?
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+  What s the track record of the source in delivering reliable information?
« Isthe source an expert in their field?

« Does the source have the appropriate experience for making this claim?
- If published, does it seem to be in a reliable unbiased publication?

« If published, was it peer reviewed?

2.2.3 Relevance to local conditions

Assessing relevance requires asking if a piece of evidence can be expected to apply to the issue
being considered. As such it involves considering extrinsic factors, such as the similarities
in location, climate, habitat, socio-cultural, and economic contexts. It also includes intrinsic
factors about the problem or action being proposed, such as the type of action, specifics of
implementation, or type of threat being considered.

Assessing the relevance of evidence is critical. When German forester practitioners
were provided with some evidence-based guidance on forest management, the majority had
concerns about the lack of specificity, were sceptical that the guidance would work across the
board, wanted to know the location, forest type or soil type of the forest, and objected to a
‘cookbook’ approach (Gutzat and Dormann, 2020).

Salafsky and Margoluis (2022) make the important distinction between specific and generic
evidence. For example if looking at the evidence for a species’ ecology, information on the
typical diet may apply widely but the actual fruit trees visited are location dependent. Similarly,
a species may be threatened by overexploitation at a global scale, but in the local area, that
specific threat may be unimportant. Figure 2.2 shows the interlinking relationships between
these two types of information when considering the evidence of effectiveness for conservation
actions. General conclusions combine specific studies as described in various approaches in
Chapter 3.

Figure 2.2 The links between general and specific information for conservation actions. Decision

makers and practitioners have to interpret the general information for their specific conditions.

They may generate specific evidence from their practice. The combined local studies generate
general conclusions. (Source: authors)
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Some questions to consider when assessing the relevance of a piece of evidence:

+ Is the difference in the location and resulting differences in climate, community,
etc., likely to affect the relevance?

« Do the species or ecological community differ and, if so, is this important?

« Are any sociocultural, economic, governance or regulatory variations likely to be

important?
+ Arethereany differencesin the season that could affect the relevance of the evidence?

+  How much is the observed variation between the context and where the evidence
was created likely to matter for the result observed? If an action is being considered,
how similar is it to the action proposed?

2.2.4 Improbability of claims

Laplace’s Principle states that ‘the weight of evidence for an extraordinary claim must be
proportioned to its strangeness’ (Gillispie, 1999). This was reframed and popularised by
Carl Sagan who, whilst discussing extra-terrestrial life in his TV series Cosmos, proclaimed,
‘Extraordinary claims require extraordinary evidence’. Thus, a claim to have seen a common
species will be readily accepted, whilst the equivalent claim to have seen a dodo would lead to
calls for the observer to provide photos, videos, DNA, details of recreational drug use, etc. This
improbability can be considered in terms of Bayesian statistics in which the prior belief is the
likelihood of a claim or estimate, which can be updated based on additional evidence to give a
posterior belief.

Improbability is an expression of the weight of evidence required to believe the claim. In
many cases this is small. For example, being told that someone has reported that a tree has
fallen blocking a road (i.e. an unsupported statement by a stranger) is likely as the event is
unambiguous and it is hard to imagine why someone would report it inaccurately. Improbability
also includes the likelihood of an alternative explanation, for example, that a rare species
reported on a nature reserve is confused with a common similar species.

The factors influencing improbability include:

+  How likely is it?

» Does it fall outside current knowledge?

« Does it sound plausible?

« Isthere an alternative, more obvious (and parsimonious), explanation?
« Are there reasons why improbable claims might be made?

+ Isthis part of a pattern of claims, such as from those holding an agenda?



2. Gathering and Assessing Pieces of Evidence 41

2.2.5 Presenting information reliability, source reliability, relevance (ISR)
scores

Each piece of evidence can then be presented followed by the ISR score as assessed by the user
(see Box 2.1).

Box 2.1 Examples of evidence with associated ISR scores

These fictitious examples show how ISR (information reliability, source reliability,
relevance) scores could be presented after evidence assessment in relation to considering
whether mowing road verges in Japan will be effective for biodiversity and feasible to
implement.

+ Species richness is higher on roadsides mowed once or twice per year with
hay removal than on unmown roadsides. [I =4, S =5, R = 2] A well carried out
independent systematic review, although with limited studies (Jakobsson et al., 2018)
with meta-analysis of studies largely in Europe and North America.

+ Last time the verge was left uncut for the summer there was a petition of dog
walkers complaining to the council. [2, 2, 5] Told by the shop owner who could not
remember the source.

« There were far more butterflies when the verge was cut regularly. [3, 1, 5]
Statement from the spokesperson from the dog walking group, who has a clear
agenda, based on walking past most mornings.

+ Cutting twice a year rather than every two weeks has saved the neighbouring
village 25,000 Yen a year. [5, 5, 5] From a village clerk who checked accounts.

2.3 Weighing the Evidence

We take all the different weighted pieces of evidence for a particular claim or assumption and
balance these to arrive at a decision. Figure 2.3 shows how the evidence for an assumption
can be visualised (Salafsky et al., 2019; Christie et al., 2022). The combined pieces of evidence
(represented by green blocks) can fall on either side of the scales to refute (left-hand side) or
support (right-hand side) and must outweigh the improbability of the assumption (the red
block). This represents a situation where an assumption can either be supported or refuted
in a binary manner and can be used to indicate the weight of evidence required for us to have
confidence that an assumption holds.

This conceptual model helps to explain why assessing different types of evidence is so
critical, which is the basis for the remainder of the chapter. If pieces of evidence are deemed
highly reliable, and relevant, then there may be a strong evidence base backing up a claim or
assumption. However, if there is limited evidence, or if the existing evidence has poor reliability
and relevance to the context, then the evidence base may not tip the scales of the balance, and
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we cannot be confident in the assumption being made. Chapter 4 expands on this model to
consider cases where the strength of support for the claim matters (for example there may be

strong evidence for the effect of an action, or only evidence of a weak effect).

Figure 2.3 A means of visualising the evidence behind an assumption. The pieces of evidence

are placed on either side of the scale, with evidence supporting the assumption falling on the

right-hand side (green cuboids), and evidence refuting the assumption and the improbability (red

cuboid) falling on the left-hand side. The volume of each cuboid represents its weight. The greater

the tilt the higher the confidence in accepting (or rejecting) an assumption. (Source: adapted from
Christie et al., 2022, following an idea of Salafsky et al., 2019, CC-BY-4.0)

2.4 Subjects of Evidence

2.4.1 Patterns or changes in status

A conservation project will often define features of interest (e.g. the focal conservation targets).
These can include species, habitats, broader ecosystems or even cultural features. Thus, when
designing a project an important subject of evidence is the patterns of these features and
changes in that status. For example, what species are present at a site? What is the population
size, and how has it changed over time? Similar questions could be asked for habitats: what is
the extent and quality of habitat at the project site? How has the quality of habitat changed over
time? Further details are provided in Chapter 7.

2.4.2 Patterns or changes in threats and pressures

Understanding the patterns and changes in the direct threats to biodiversity, and the indirect
threats (i.e. underlying drivers) is an important subject for which evidence is required when
designing a conservation project. For example, what are the key threats in a project area? What
are the processes driving these threats? And how are these threats likely to change in future?
Direct threats may include, but not be limited to, habitat loss and degradation, overexploitation,
pollution, invasive species, or climate change. Further details are provided in Chapter 7.
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2.4.3 Responses to actions

Another important subject of evidence in the design of conservation projects are the responses
of features to actions that are implemented. This could be the effect of actions on biodiversity
directly, the effect of actions on direct threatening processes, the effects on indirect threats (i.e.
the underlying drivers of decline) or the effects of actions on other environmental and social
variables (e.g. impacts on carbon storage, water flows, community health). Further details are
provided in Chapter 7.

2.4.4 Financial costs and benefits

Costs are an important element of decisions, making evidence of costs an important topic.
Conservationists lack the funds to implement all required interventions (Duetz et al., 2020)
with Barbier (2022) calculating that nature protection may be underfunded by about $880
billion annually. This means conservationists need to prioritise actions based on their financial
costs — whether that be deciding where to focus effort geographically, deciding which species
and habitats to concentrate on, or which specific management action to implement. Financial
costs and benefits are therefore other important types of evidence in decision making.

In this section we focus on financial and economic costs to deliver an action, but note that
non-financial costs are also an important consideration in decision making; these include other
environmental costs (e.g. changes in carbon storage, water quality, soil retention) and social

costs (e.g. loss of access, cultural impacts).

Financial/accounting costs

Despite their importance, open and transparent information on costs is often surprisingly
sparse (Iacona et al., 2018; White et al., 2022a). A study of the peer-reviewed literature of
conservation actions identified that only 8.8% of studies reported the costs of the actions they
were testing. Even when costs were reported there was little detail as to what types of costs were
incorporated and rarely any breakdown of the constituent costs (White et al., 2022a). This detail
is essential for determining the relevance of available cost estimates to a particular problem.
For example, knowing that planting 1 ha of wildflower meadow in Bulgaria costs 5,000 Lev in
2021 is difficult to apply without knowing what equipment and consumables were paid for, if
labour costs were included, if consultant fees were paid, or whether there were any overheads.

Table 2.4 lists the types of costs and benefits that should be considered when thinking about
the costs of proposed actions. Costs can be accessed from databases of costs, project reports or
budgets (although these are often not freely available) or from online catalogues of prices and
cost data.
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Table 2.4 Types of financial costs and benefits of conservation interventions. (Source:
White et al., 2022b)
Type of financial costs Benefits of conservation interventions

1) Ongoing Costs

Central Administration

Training and Skill Development

2) Costs of Implementing an
Intervention

Direct Implementation

Labour

Capital

Consumables

Access

Transaction

Joint Costs/Overheads

Future Management

3) Opportunity Costs

Costs incurred independently of the project or intervention
under consideration.

i.e. HR costs, construction/maintenance of buildings (e.g.
office blocks, HQ, rents), project design. These costs are
incurred regardless of the intervention being implemented.

Costs of training and skill development of staff. These
costs are incurred regardless of the intervention being
implemented.

Various financial costs incurred as a result of
implementing the intervention.

Cost and amount of labour required to implement the
intervention.

Capital required to implement the intervention (e.g. vehicles,
extra office space, machinery).

Consumables required to implement the intervention (e.g.
equipment, supplementary food etc.).

Cost required to access the intervention (e.g. transport costs,
services that are not available on site). Access costs can
sometimes be considered consumables.

Cost associated with designing and planning the intervention
or programme.

Overhead costs shared between multiple interventions
where only a proportion of the cost can be assigned to the
specific intervention or project being studied (e.g. project
planning, electricity bills, administration staff etc.). These
are distinguished from ongoing costs as the project being
implemented does contribute to a portion of these costs.

Future management costs that would not otherwise have
been incurred (e.g. monitoring, replacement, reoccurring
management actions).

Future costs related to the outcomes of an action (e.g. loss
of income, future management costs).
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Type of financial costs Benefits of conservation interventions

Opportunity Costs/Benefits Foregone Market valuation — Financial income foregone as a result
of an intervention (i.e. lower income crop harvests, reduced
hunting revenues, excess burden of tax at societal scale).

Non-market valuation — Unrealised benefits as a result of
an intervention due to foregone ecosystem service provision
in the alternative scenario (e.g. a loss of carbon storage
potential, or aesthetic value due to the conservation action).

4) The Future Economic Benefits Economic benefits that may occur due to the outcomes of

an action.

Explicit Benefits / Extra Benefits from Market valuation — Financial income generated as a result of
Enhanced Environment the enhanced environment (e.g. ecotourism).

Non-market valuation — Economic gains associated with
greater ecosystem service provision (e.g. flood protection,
carbon sequestration, water purification).

Avoided Costs / Costs Foregone Market valuation — Financial costs avoided as a result of the

intervention (e.g. fines, costs of human-wildlife conflicts).

Non-market valuation — Averted economic loss associated
with the gained ecosystem services in the intervention
scenario (e.g. flood protection, carbon sequestration, water
purification).

Financial benefits

Sometimes there may be financial benefits associated with a project that warrant consideration
(see Table 2.4). Some conservation outcomes are easily valued, for example, there may be
ecotourism revenue or the sale of sustainably harvested timber products. However, many
benefits of conservation actions may be difficult to value financially (e.g. the value of ecosystem
services, which are traditionally not accounted for, or seen as an externality to the economic
system). It is worth considering these hidden, or unaccounted-for, benefits when assessing

different conservation actions.

Economic costs and benefits

However, financial costs donot always represent the true cost of an action, and in some situations,
it may be useful to estimate wider economic costs and benefits of actions. Economic costs are
distinguished from accounting costs in that they represent the costs of choosing to implement
a given action compared to the most likely alternative scenario, including implicit costs and
benefits (e.g. opportunity costs, avoided costs), which are not seen directly on a balance sheet.
For example, although the cost of setting up a protected area may include employing rangers,
fencing and constructing buildings, the true cost to local communities may also include the
lost agricultural income that can no longer be obtained due to the protected area placing limits
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on activities. Similarly, a road construction project may be installing a wildlife bridge over the
road to mitigate impacts to mammal species; the cost of the bridge may be substantial, but
if the bridge had not been built then the project may have been substantially delayed, or the
constructor fined, due to impacts on those mammals, meaning these costs could be avoided
with the construction of the bridge. Calculating economic cost would include consideration
of these avoided and opportunity costs, which provide important evidence of the financial

implications of a given intervention.

Distribution of costs and benefits

It is important to note that the costs and benefits of a given intervention will not be distributed
evenly amongst all relevant stakeholder groups. A conservation project may be paid for by a
non-governmental organisation, with financial benefits received by local government agencies,
and substantial opportunity costs only felt by local communities. It is important therefore to
consider who will win and lose as a result of an intervention to make sure the overall costs and

benefits of the action are equitable and fair.

2.4.5Values and norms

Decision making in conservation often requires understanding the values placed upon
different scenarios, outcomes or behaviours by those stakeholders who may be influenced
by the decisions. For example, the proposed reintroduction of white-tailed sea eagles to parts
of the UK faced substantial opposition from farming groups, whilst gaining broad support
from conservation charities. Having buy-in and involvement from local stakeholders is a vital
component of ensuring conservation projects are successful, and not doing so can be acommon
cause of project failure (Dickson et al., 2022). Therefore, gaining evidence on the values held
by different stakeholder groups, and the acceptability of different actions, is vital for designing
effective and equitable conservation projects.

Just as costs and effectiveness are important for designing effective conservation actions,
it is also important that decision makers consider the values placed on different outcomes,
behaviours or actions by all relevant stakeholders to ensure that proposed actions are
acceptable, equitable, and likely to be effective in local contexts (e.g. Gavin et al., 2018; Gregory,
2002; Whyte et al., 2016).

Values can be motivated by the want for enjoyment (e.g. a comfortable life, happiness),
security (e.g. survival, health), achievement, self-direction (e.g. to experience for yourself and
learn), social power (e.g. status), conformity, or for the welfare of others (Schwartz and Bilsky,
1987). Stakeholders in conservation may have values placed upon different components of
the environment, desirable outcomes from a conservation project, how species and habitats
should be used, cultural or religious values placed on different areas of habitats, or values on
who should be implementing conservation projects. Values can either be concepts or beliefs of

what is desirable.
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Where it is thought that something is true, beliefs are often held by different individuals
or groups. For example, a local community may highly value a particular area of habitat due
to its religious significance. Understanding such beliefs, and integrating them into decision-
making, is important for designing conservation projects that are likely to be successful in local
contexts. These beliefs may be embedded into stories.

Where values are held widely by many individuals or groups, these can be termed social
norms, which describe the shared standards of acceptable behaviour or outcomes by groups
or widely by society. These can also be termed ‘collectivist’ values (Schwartz and Bilsky, 1987).

Whilst some information on values may be documented and widely available, often
obtaining this information will require close consultation with different local stakeholders and
communities (see Chapter 6). Such approaches can also be used to obtain evidence on status,
threats, effects, and costs that may be known by different stakeholder groups.

2.5 Sources of Evidence

In the section above, we described the range of subjects of evidence that may be required when
designing a conservation project. But this information can come from a range of different
sources and localities. For example, evidence can be contained within peer-reviewed literature,
NGO reports, online databases, or embodied within people’s knowledge and experience.
Evidence can come from primary sources, secondary or tertiary sources, or where the original
source of the information may not be known. Lastly, evidence can be available from sources in

multiple languages.

2.5.1 Primary, secondary or unknown sources

Evidence can come from a range of localities (see below), but there are broad levels of traceability
to the sources. Evidence can be from a primary source, where the evidence is available from
its original locality. For example, the original research paper in which the data was published,
or an original datapoint recorded by the individual who made the observation. Evidence can
also be from secondary sources, which refer back to the original source of the evidence. For
example, this could be in a review of many studies, in databases that reference the original
source, or from experts and individuals when talking about specific studies or observations
made by others. Lastly, there may be some instances where the source of evidence is unknown.
This may be the case for example where unreferenced claims are made within published
literature, or when experts know something based on experience but cannot pinpoint a source
of the information. Unknown sources make it difficult to determine the reliability of a piece of

evidence.
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2.5.2 Databases

Databases are a major source of data on species and habitat status, threats, managementactions,
the effectiveness of actions, and the costs of actions. Stephenson and Stengel (2020) give a list of
145 conservation databases. This will typically need to be supplemented with national and local
sources of documented evidence along with experience and local knowledge.

2.5.3 Peer-reviewed publications

A major source of relevant evidence to conservationists is in peer-reviewed literature, where
there are a wealth of publications detailing information on species status, threats, effects of
actions, as well as stakeholder values. Publications are peer-reviewed, meaning that (in theory)
they are vetted by experts in the field before publication, to ensure the quality of the study and
its results. Studies will be published in a range of different journals which vary in their scope
and aims (e.g. what types of studies they will publish). This process helps to improve the quality
of the published evidence base and is an important part of the scientific process.

Published studies vary in their quality. The main means of assessing study quality should be
through evaluating the study i.e. how it was conducted and the methodology used (see Section
2.6.1 for discussion of this issue for experiments). Very good, rigorous studies can be published
in little known journals and awful ones accepted in prestigious ones, but the quality of a journal
is often used to give some broad indication as to the quality of the research. The following

issues should however be considered when thinking about journal quality:

« Level of peer review — Does the journal have a rigorous peer-review process?
For example, the rigour of the peer-review process at some journals may be poor,
meaning there is less vetting of research before publication.

- Impact measures — Much is made of journal quality and especially evaluating them
by measures such as impact factors (the frequency with which papers are quoted by
others) although these measures have serious flaws (Kokko and Sutherland, 1999).
There are also means of manipulating impact factors.

« Predatory journals — There is also the issue of predatory journals that have the
appearance of others but publish with minimal assessment (as illustrated by the
acceptance and publication of joke papers submitted to ridicule them). There is a list
of probable predatory journals (Beall’s list, https://beallslist.net).

« Ethics — The publishing system has many ethical barriers that can disadvantage
people accessing the evidence base and researchers wanting to publish. A common
model is that journals charge authors to publish open-access (e.g. article processing
charges, open-access fees), or charge readers fees to access articles. This creates
barriers to the access of evidence and limits who can publish. A recent study found
that only 5% of conservation journals met all of the Fair Open Access Principles
(Verissimo et al., 2020); principles developed to help move publishing towards
sustainable, ethical practice.


https://beallslist.net
https://www.jstor.org/stable/pdf/26937763.pdf
https://www.jstor.org/stable/pdf/26937763.pdf
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+ Publication delays — There can be large delays in the publishing of studies in the
peer-reviewed literature due to delays with submission, and the publication process.
For example, Christie et al. (2021) show that the average delay in publications
providing evidence for the effectiveness of actions between the end of data collection
and final publication in the literature was 3.2 years. This delay in the evidence base

prevents timely access to information.

As a result of some of the issues above, there have been calls to move away from some aspects
of the system. For example, Stern and O’Shea (2019) call for moves towards a publish first,
curate second model of publishing where authors publish work online, peer-review happens
transparently, and journals then choose which papers they wish to include. Peer Community In
is an initiative that offers free, transparent peer reviews of preprints.

Databases exist to help access the scientific literature. For example, Scopus, Web of Science
and Google Scholar are commonly used databases to help find relevant research literature
articles based on topic or keyword searches.

2.5.4 Grey literature

Many studies of conservation actions are published in reports, conference proceedings, theses,
etc. (also known as grey literature, defined as not controlled by commercial publishers), rather
than as papers in academic journals. The main criticisms of grey literature are that it usually
has not been peer reviewed, sometimes is not available online and even if online can sometimes
be difficult to locate and search. Another is that some grey literature has a clear agenda and
may be less neutral. However, there is nothing inherently unreliable about grey literature, and
academic journals cannot be assumed to publish high-quality research just because they have a
peer review process. There will be many high-quality pieces of evidence published in the grey
literature.

Increasingly, preprint servers are hosting papers that have not yet been peer reviewed or
are in the process of peer review. Although there are many models, the most common involves
the preprint server simply being a repository. However, there are a growing number of preprint
servers that enable readers to make comments on the documents that parallel what would
happen in traditional peer review. As with any source of material, the reader must beware of
variable quality (see Hoy, 2020) with potential for evidence misuse leading to trust crises, as has
been observed with some preprints during the COVID-19 pandemic (Fleerachers et al., 2022).
Nonetheless, such servers provide rapid access to information that may be particularly salient
to conservation given that there is inherent urgency when, say, trying to recover an imperilled
species (Cooke et al., 2016).

Databases also exist to help access the grey literature. Applied Ecology Resources provide
a database of grey literature that can help support and improve biodiversity management
(https://www.britishecologicalsociety.org/applied-ecology-resources/). =~ The Conservation
Evidence website (https://www.conservationevidence.com/) has a catalogue of open-access
online reports that have been searched by them and their collaborators, now including 25
report series and identifying 278 reports that tested actions.


https://www.britishecologicalsociety.org/applied-ecology-resources/
https://www.conservationevidence.com/
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2.5.5 Global evidence in multiple languages

Much scientific evidence is published in languages other than English, although it is often
ignored at the international level (Lynch et al., 2021). Recent research shows that up to 36%
of the conservation literature is published in non-English languages (Amano et al., 2016a).
Further, the number of non-English-language conservation articles published annually has
been increasing over the past 39 years, at a rate similar to English-language articles (Chowdhury
et al., 2022).

Ignoring scientific evidence provided in non-English-language literature could cause
severe biases and gaps in our understanding of global biodiversity and its conservation. For
example, using the same selection criteria as those used by Conservation Evidence (Sutherland
et al., 2019), the translatE project screened 419,679 papers in 16 languages and identified 1,234
relevant papers that describe tests of conservation actions, especially in areas and for species
with little or even no relevant English-language evidence (Amano et al., 2021a). Incorporating
non-English-language evidence can expand the geographical coverage of English-language
evidence by 12% to 25%, especially in biodiverse regions (e.g. Latin America), and taxonomic
coverage by 5% to 32%, although non-English-language papers tend to adopt less robust study
designs (Amano et al., 2021a). Konno et al. (2020) showed that incorporating Japanese-language
studies into English-language meta-analyses caused considerable changes in the magnitude,
and even direction, of overall mean effect sizes. These findings indicate that incorporating
scientific literature published in non-English languages is important for synthesising global
evidence in an unbiased way and deriving robust conclusions.

Finding evidence, for example in the form of literature or data, typically involves the
following four stages:

1. Developing search strategies
2. Conducting searches
3. Screening evidence based on eligibility criteria

4. Extracting relevant information

Finding evidence in non-English languages could be challenging as it would require sufficient
skills in the relevant languages at all stages, for example, for developing search strings (Stage 1),
using language-specific search systems (Stage 2), reading full texts for screening and assessing
validity (Stage 3), and extracting specific information from eligible sources (Stage 4).

One obvious solution to securing relevant language skills at all stages is to develop
collaboration with native speakers of the languages, who should also be familiar with the
ecology and conservation of local species and ecosystems. As conservation science has
increasingly been globalised, it is now relatively easy to find experts on a specific topic who
are native speakers of different languages. For example, the translatE project worked with 62
collaborators who, collectively, are native speakers of 17 languages, for screening non-English-
language papers (Amano et al., 2021a). Such collaborators should be involved in as many stages
of finding evidence as possible and given appropriate credit (e.g. in the form of co-authorship).
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In healthcare, Cochrane Task Exchange (https://taskexchange.cochrane.org/) provides an
online platform where you could post requests for help with aspects of a literature review, such
as screening, translation or data extraction.

The quality of machine translation (e.g. Google Translate and DeepL) has been improving,
aiding some of the stages in finding evidence (e.g. for reading full texts [Stages 3 and 4], Zulfiqar
et al., 2018; Steigerwald et al., 2022). However, even a few critical errors, for instance, when
translating search strings (Stage 1) and extracting information (Stage 4) could have major
consequences. Therefore, we still need robust tests to assess the validity of machine translation
at each of the stages in finding relevant non-English-language evidence. For now, we should still
try to find collaborators with relevant language skills and use machine translation with caution,
i.e. only when a native speaker of the language is available for double-checking the translation
output.

When developing search strategies (Stage 1), identifying appropriate sources of non-English-
language evidence (e.g. bibliographic databases) is key, as few international sources index
non-English-language evidence (Chowdhury et al., 2022). For example, non-English-language
literature is searchable on Google Scholar (https://scholar.google.com) using non-English-
language keywords. Searches on Google Scholar should be restricted only to pages written in
the relevant language (from Settings), apart from languages where this search option is not
available (Amano et al., 2016a), as otherwise Google Scholar’s algorithm is known to make non-
English-language literature almost invisible (Rovira et al., 2021). Another effective approach is to
use language-specific literature search systems, such as SciELO (https://scielo.org) for Spanish
and Portuguese, J-STAGE (https://www.jstage.jst.go.jp) for Japanese, KoreaScience (https://
www.koreascience.or.kr) for Korean, and CNKI (https://cnki.net) for simplified Chinese. Again,
it is important to involve native speakers of relevant languages who are familiar with language-
specific sources of evidence.

Itis also recommended to seek input from native speakers of the languages when developing
appropriate search strings in non-English languages (Stage 1). It is often difficult to find the most
appropriate non-English translations for scientific terms (Amano et al., 2021b). For example,
‘biodiversity’ in German can be any of ‘Biodiversitit’, ‘biologische Vielfalt’ and ‘Artenvielfalt’. In
such a case, using all translations for the search helps make it as comprehensive as possible.
When searching with species names, including common names in the relevant language in
a search string can be effective; bird species names in multiple languages, for example, are
available in the IOC World Bird List (Gill et al., 2022) and Avibase (2022).

The translatE project provides useful tools and databases that aid multilingual evidence
searches. This includes a list of 466 peer-reviewed journals in ecology and conservation in 19
languages (translatE Project, 2020), a list of language-specific literature search systems for 13
languages (available in Table 1 in Chowdhury et al., 2022), a list of 1,234 non-English-language
studies testing the effectiveness of conservation actions (available as S2 Data in Amano et al.,
2021a), and more general tips for overcoming language barriers in science (Amano et al., 2021b)

including resources and opportunities for non-native-English speakers (Amano, 2022).


https://taskexchange.cochrane.org/
https://scholar.google.com
https://scielo.org
https://www.jstage.jst.go.jp
https://www.koreascience.or.kr
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https://cnki.net
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2.5.6 Practitioner knowledge and expertise

Another important source of evidence is the knowledge held by practitioners and other
stakeholders, which may not necessarily be documented in the peer-reviewed or non-peer-
reviewed literature. The type of individual, or group of individuals, who could hold useful
evidence will vary substantially depending on the context but could include: local communities
and landowners, business owners, local and regional government, NGOs, Indigenous groups,
scientists/researchers or policy makers. For example, it could be the knowledge of species and
habitats held by local conservationists or landowners, or it could be the knowledge held by
members of a scientific advisory board for NGOs or government agencies.

Often there is an overlap between this source of evidence, and other sources, as
knowledge held by individuals can sometimes be traced back to other sources. For example,
a conservationist may offer some evidence of the presence of a given species on a site. This
knowledge may be from a primary observation and not documented, or it may have been learnt
by the conservationist from a secondary source in the documented literature.

This source of evidence is particularly useful for local information in a conservation context
where practitioners may have a detailed understanding of project sites and the status of species
and habitats, threats present within them, and the suitability of sites for particular interventions.
This is also an important source for gathering evidence on stakeholder values that can be used
to help ensure actions taken are equitable and acceptable to different stakeholder groups.

The same groups, or individuals, who act as a source of evidence in this context, can also
help judge the evidence to make better decisions. Chapter 5 expands upon this.

2.5.7 Indigenous and local knowledge

One particular source of expert knowledge and expertise is that held within Indigenous and
local knowledge systems. Indigenous and local knowledge systems are dynamic bodies of
integrated, holistic, social, cultural and ecological knowledge, practices and beliefs pertaining
to the relationships of people and other living beings with one another and with their
environments (IPBES, 2017). As described in Chapter 6, there is a wide range of reasons for
using this knowledge and ethical ways of using it with protocols developed locally.

The ways of knowing for Indigenous and local knowledge systems include sense perception,
reason, emotion, faith, imagination, intuition, memory and language (Berkes, 2017). Berkes
discusses four layers of Indigenous and local knowledge: empirical (e.g. knowledge over
animals, plants, soils and landscape); resource management (e.g. ecological, medicinal,
scientific, and technical knowledge and practice); institutions of knowledge (e.g. the process
of social memory, creativity and learning); and overarching cosmologies (e.g. underpinning
knowledge-holders’ understanding of the world). Under Salafsky et al’s (2019) list of seven
types of ‘evidence’ to be used in conservation, Indigenous and local knowledge is especially
strong in providing ‘direct and circumstantial evidence’ (through long-term observation);
‘specific evidence’ (local information about a specific hypothesis in a particular situation); and
‘observational and experimental evidence’ (experience from long-term trial and error). Tengo
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et al. (2017) point out that ‘Indigenous and local knowledge systems, and the holders of such
knowledge, carry insights that are complementary to science, in terms of scope and content,
and also in ways of knowing and governing social-ecological systems during turbulent times
and articulating alternative ways forward’.

The collation, use and sharing of evidence may involve a range of ethical issues. One
infamous example is the collection of 70,000 rubber seeds from Brazil by Henry Wickham in
1876 to take to Kew Gardens for germination, which became the source of rubber plantations
in South-East Asia that replaced the South American market (Musgrave and Musgrave, 2010).
Another example is ‘teff’, a gluten-free cereal that is high in protein, iron and fibre, which
has been cultivated in Ethiopia for more than 2,000 years. In 2003, a dozen varieties of teff
seeds were sent to a Dutch agronomist through a partnership with the Ethiopian Institute of
Biodiversity Conservation for research and development. Four years later, the European Patent
Office granted a patent for teff flour and related products (including the Ethiopian national
staple pancake, ingela) to his Dutch company. The Ethiopian government and the Convention
on Biological Diversity (CBD) tried to employ the Access and Benefit Sharing (ABS) mechanism
to compensate for the loss to Ethiopians, but it was unsuccessful (Andersen and Winge, 2012).

Ensuring participatory approaches are used is key to working with indigenous and local
knowledge; Verschuuren et al. (2021) set out the guidance on the approach to recognising and
working with Indigenous and local knowledge on biodiversity and ecosystem services. Yet
some, such as Krug et al. (2020) and Reyes-Garcia et al. (2022), suggest IPBES should improve
its own processes to appropriately engage Indigenous peoples and local communities and
increase linguistic diversity in its ecosystem assessments (Lynch et al., 2021). Local initiatives
such as Kalana Noi’i in Hawai’i (https://seagrant.soest.hawaii.edu/wp-content/uploads/2021/09/
Kulana-Noii-2.0_LowRes.pdf) can offer guidelines along local language and value, even though
engagement will look different with different communities, as discussed in Chapter 6.

Indigenous knowledge is often embedded in Indigenous languages, many of which are
threatened and going extinct (Nettle and Romaine, 2000; Maffi, 2005; Amano et al., 2014).
Where appropriate, respecting knowledge sovereignty and, where mutually beneficial, there
is a need for storing and incorporating Indigenous and local knowledge. There are three
main approaches for accessing and using knowledge: ‘knowledge co-assessment’, ‘knowledge
co-production’, and ‘knowledge co-evolution’.

Knowledge co-assessment is the process in which those involved in the decision reflect and
assess the different knowledge prior to making a decision (Sutherland et al., 2014). This is the
most cost-effective solution and, therefore, the one that is carried out at scale.

Knowledge co-production with local communities in which research priorities are
identified by the community and the research planned collectively. There are a number of good
examples — the systematic review of Zurba et al. (2022) identified 102 studies. This makes sense
after an inclusive process of co-assessment to check whether the knowledge already exists and
if there is the capacity for the considerable work involved.

Knowledge co-evolution includes the objectives of capacity building, empowerment, and
self-determination alongside knowledge co-production (Chapman and Schott, 2020).


https://seagrant.soest.hawaii.edu/wp-content/uploads/2021/09/Kulana-Noii-2.0_LowRes.pdf
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A new role for the scientists and environmental conservationists would be to restructure
and systemise a diverse knowledge system through the eyes of stakeholders, and to work
with the stakeholders to utilise it to solve local environmental issues (Sato et al., 2018). In the
context of local and Indigenous knowledge, the information providers are also users of this
knowledge. This context-based knowledge holds multiple perspectives that are necessary to
solve local issues, through the actions in which diverse stakeholders influence each other,
and is constantly evolving. The sharing of this tacit knowledge mainly occurs through social
interactions, informal networking, observation and listening. Therefore, an outsider’s ability
to fully understand Indigenous and local knowledge may be compromised without strong
trusting relationships built over time. The transfer of this vast and diverse local and Indigenous
knowledge is often intergenerational. They are passed from the elders or first people to the
youth through oral storytelling, talking circles or place-based education (Ross, 2016). A couple
of recent projects/studies are also holding workshops, using digital storytelling and producing
a local seasonal calendar to share or transfer the Indigenous and local knowledge to youth
groups (Hausknechta et al., 2021; McNamara and Westoby, 2016).

Ideally, if the targeted evidence is to be used for decisions regarding land that Indigenous
Peoples still manage or have tenure rights over (Indigenous land), Indigenous governance should
be respected and strengthened (e.g. Artelle et al., 2019). In such cases, Indigenous agency and
leadership rule the decision making while external logistical and/or technical support should
be offered instead of trying to impose a western governance or decision-making system. This is
supported by the fact that Indigenous lands host a consequent proportion of global biodiversity as
well as protected areas and can be efficient as protected areas (Garnett et al., 2018; IPBES, 2019).
If strictly local governance is not possible or the evidence is to be collected for use elsewhere
than on the landscape/seascape where the knowledge is from, then the three above-mentioned
approaches to access and use local and Indigenous knowledge can be adopted.

As described in Section 2.2, evidence can be assessed using the criteria of information
reliability, source reliability and relevance. This can potentially be applied to any source of
information. At the same time, different communities may have different ways of assessing
these axes. For example, some languages embed evidence with different words, a process
called ‘evidentiality’: languages may thus have specific words for different ways of knowing
(Aikhenvald, 2003).

2.5.8 Online material

For information outside some of the sources listed above it is likely that an internet search will
be used to obtain further information. This is especially appropriate for straightforward facts
(What is the most common frog in the region? What size in the National Park? What does this
species feed on?) and where the information required is not critical to the success of the project.
Such sources could include Wikipedia articles, blog posts, news articles and organisation
websites. Again, the same principles for considering information and source reliability apply
to information online as to other sources of evidence. For example, does it seem to be an
acceptable source or linked to an authoritative source? Does it seem authoritative? Does it
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provide sensible material on other issues you know about? Does it seem to have an agenda? Is
the topic controversial?
Possible checks include:

« Does the URL have a name related to the material provided?
+ Does the mailing address look legitimate in a search engine or street views?
« Isthe evidence is provided by respected sources or by commercial interests?

+ Isit clear where the material comes from? Does the material link back to a primary

or secondary source?
»  Does it seem up to date and, if not, does that matter?
«  When was the source was last updated (there are a range of ways of checking this)?
«  Who was involved in creating this evidence creation and do they seem credibile?

«  Which other sites link to that source — found by typing the website name as link:
http://www.[WEBSITE].com?

+ Isthere any criticism of the source?

Although probably not a major issue for most conservation evidence at present there is an
increasing quantity of entirely fake material online. In fact, some conservationists have
documented and warned of the rise of ‘extinction denial’ where there is denial of the evidence
documenting biodiversity loss, often in media coverage (Lees et al., 2020). This may be more
common in online sources of evidence, but also pervade other information sources. At a more
extreme level, powerful images and videos can be reused claiming to show something different
(reverse image search can be used to identify where the image was originally presented) and
apparent mass support or criticism of a statement may be created by bots.

2.6 Types of Evidence

2.6.1 Experiments and quasi-experimental studies

Research studies provide data on status, change, correlations, impacts of threats and
outcomes of actions. Pimm et al. (2019) state ‘measuring resilience is essential to understand
it’; this principle of measurement applies widely. A number of factors indicate the accuracy
of research studies. Checklist 2.1 outlines a range of issues to consider when evaluating study
quality.

Figure 2.4 illustrates six broad types of study designs. There are four key aspects of study
design that can improve the reliability and accuracy of results and inferences derived from
them: (1) Randomisation; (2) Controls; (3) Data sampled before and after an intervention or
impact has occurred; (4) Temporal and spatial replication.

Christie etal. (2019, 2020b) demonstrated that study designs that incorporate randomisation,
controls, and before-after sampling (e.g. randomised control-impact [RCI or RCT] and
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2.1 Checklist for assessing study quality

O 0o o oo g

O

o 0o o o

O

Can the result be attributed to measurement error?
Is the result likely to be due to chance variation?

Is the result likely to be due to bias?

Is the sample size sufficient?

Is correlation being confused with causation?

Might the result be due to regression to the mean (e.g. a measure considered
effective after being introduced after an atypical spike of occurrences followed
by reduction to usual level)?

Are any controls suitable? They should be equivalent to the treatment, and just
missing the factor being studied.

Is randomisation used to allocate individuals or groups to interventions?

Is there replication and not pseudoreplication (e.g. taking multiple samples
from a field and treating them as different data points)?

Are the results statistically significant?
Is no effect confused with non-significance?
How large is the effect size?

Do the presented results appear to be selected (cherry-picked) from a larger
set of results?

Are a few extreme measures critical to the analysis?

(Source: modified from Sutherland et al., 2013)

This checklist can be downloaded from https://doi.org/10.11647/OBP.0321#resources.

They can be modified and tailored for specific uses.


https://doi.org/10.11647/OBP.0321#resources
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randomised or non-randomised before-after control-impact designs [RBACI and BACI]) are
typically more reliable and accurate at estimating the magnitude and direction of an impact or
intervention than simpler designs that lack these features (control-impact, before-after, and
after designs). In turn, control-impact and before-after designs are more accurate than after
designs. Increasing replication for the more reliable, complex study designs led to increases in
both accuracy and precision, but increasing replication for the simpler study designs only led
to increases in precision (a more precise but still largely inaccurate figure). Accuracy can thus
only be improved by changing the fundamental aspects of a study design (e.g. randomisation,
controls, before-after sampling) and not simply by increasing the replication (Table 2.5).

Table 2.5 Comparison of the effectiveness of six experimental and quasi-experimental
methods. These give the percentage of estimates that correctly estimated the true effect’s
direction (based on the point estimate), magnitude to within 30% and direction (based on
point estimate and 95% Confidence Intervals), and the increase in accuracy with greater
replication (improvements in performance with increasing replication from two control

and two impact sites to 50 control and 50 impact sites). (Source: Christie, 2021)

Experimental Randomised 91.2% +0.9% 46.7% +9.0%
Controlled Trials
(RCTs)

Randomised 88.4% +1.0% 32.2% +11.4%
Before-After

Control-Impact

(R-BACI)

Quasi- Before-After 85.9% 1.5% 29.9% +9.2%
experimental Control-Impact
(BACI)

Control-Impact 75.2% +0.2% 17.6% +2.4%
(@)
Before-After (BA) 73.9% +0.5% 19.0% +2.5%

After 49.5% +0.3% 6.4% +2.7%

However, in practice, simpler study designs are commonly used in ecology and conservation
(Christie et al., 2020a) due to a whole host of logistical, resource-based, knowledge and
awareness-based constraints — for example, having the knowledge and resources to survey
before and after an impact (if it is planned), the awareness and knowledge of more powerful
statistical study designs, and the ability to conduct randomised experiments (due to ethical or
practical barriers).
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The main message is that study quality really matters and that some designs, although widely
used, are unlikely to give reliable estimates of the effects of impacts and interventions. Some
useful quotes to bear in mind are: ‘You can't fix by analysis what you bungled by design...’ (Light
et al., 1990), ‘Study design is to study, as foundation is to building’ (Christie, 2021). Thus it pays
to use more reliable study designs whenever possible. This may not necessarily mean using
randomised experiments or before-after control-impact designs (due to various constraints), but
could involve using matching counterfactuals, synthetic controls, or regression discontinuity
designs that are widely used in fields such as economics to evaluate policy implementations
(Ferraro, 2009; Christie et al., 2020a).

In addition, any cost-based feasibility assessments of implementing study designs should
carefully consider the social, environmental, and political costs of Type I and Type II errors
associated with different designs (Mapstone, 1995). Researchers should always explicitly
acknowledge the limitations and assumptions behind designs used and make appropriate,
cautious conclusions.

2.6.2 Case studies

Case studies are a detailed examination of a particular process or situation in conservation.
They are produced frequently in conservation and can provide evidence of the socio-economic
context and drivers of loss in specific cases, or the implementation or outcome of a particular
project or action. Case studies may be published in several sources including databases, reports
or the scientific literature.

Case studies often delve into the detail of the implementation of projects, and investigate why
and how outcomes occurred, specifics of the socio-economic contexts or identify challenges
that hindered progress. If done well, they provide a highly relevant and detailed account of
a particular situation, which can be used to help design more effective programmes in that
or similar contexts. Unless they embed a test, they tend to be weaker in providing evidence
for specific actions. Case studies can have considerable value in showing how projects can be
created, providing potential vision, and identifying challenges and practicalities of programme
implementation. The list of online material (Chapter 13) provides a range of websites giving
evidence including case studies.

Case studies provide low accuracy of general effectiveness, which is better identified
through stronger study designs, with baseline data, controls and replication (Christie et al.,
2020a). Secondly, there is a particularly high risk of publication bias if case studies of successful
projects tend to be presented but unsuccessful ones are disproportionately underreported.
This can also impact the generality of findings from multiple case studies.

2.6.3 Citizen science

Citizen science (also called ‘community science’) is an umbrella term for a large variety of data
collection approaches that rely on the active engagement of the general public (Haklay et al.,

2021). The scope of citizen science data relevant to conservation science includes a broad suite
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of data types, especially direct species observations, but also acoustic recordings (Newson et al.,
2015; Rowley et al., 2019), environmental DNA samples (eDNA; Buxton et al., 2018), or species
records extracted from camera trap photographs (Jones et al., 2020; Swanson et al., 2016).

Long-term structured surveys, which use randomly selected sites and survey methods
that are standardised over time and space, are the gold standard for robust status and change
assessments. Such structured surveys require large and long-term commitments and can
be costly to organise and coordinate (Schmeller et al., 2009) and therefore such monitoring
programmes (Sauer et al., 2017; Greenwood et al., 1995; Lee et al., 2022; van Swaay et al., 2019;
Pescott et al., 2015) have a long history of leveraging the efforts of amateur naturalists, and thus
form one end of the citizen science spectrum.

However, the rapid growth in citizen science biodiversity data is predominantly the result
of so-called unstructured or semi-structured projects where data entry is often facilitated
through the use of digital technologies (smartphone apps, online portals), but without formal
survey designs or standardised protocols, and with less stringent requirements for observer
knowledge or long-term observer commitment (Pocock et al., 2017).

Such projects may have a primary goal other than population monitoring, e.g. raising
awareness about focal taxa or facilitating personal record keeping for amateur naturalists,
but the vast amounts of data collected in this way can potentially contribute substantially to
biodiversity monitoring, particularly in parts of the world with little or no formal data collection
(Amano et al., 2016b; Bayraktarov et al., 2019).

Assessing status and change from such data is challenging because of known biases in site
selection, visit timing, survey effort, and/or to surveyor skill (Boersch-Supan et al., 2019; Isaac
and Pocock 2015; Johnston et al., 2018, 2021, 2022). Thus there is usually a trade-off between
collecting a large amount of relatively heterogeneous (i.e. lower quality) data or a smaller
amount of higher quality data conforming to a defined common structure. The consequences
of this quantity versus quality trade-off are an active topic of statistical research, but careful
statistical accounting for observer heterogeneity and preferential sampling can turn citizen
science data into a powerful tool for the sustainable monitoring of biodiversity.

There is a growing set of modelling approaches to address the challenges of unstructured
data sets and/or leverage to the strengths of both structured and unstructured data sources.
However, the less structured a data source is, the higher the analytical costs are in terms of
strong modelling assumptions, increased model complexity, and computational demands
(Fithian et al., 2015; Robinson et al., 2018; Johnston et al., 2021). Furthermore, validating
complex statistical models for citizen science remains a challenge given independent validation
data are often lacking.

Despite ongoing statistical developments it is therefore crucial to recognise that
improvements in data quality often have much greater benefits for robust inferences than
increases in data quantity (Gorleri et al., 2021). For existing citizen science data sets, it is crucial
to appraise likely sources of bias and error (Dobson et al., 2020) and whether or not the data
contain information that allows these biases to be accounted for. Sampling quality will be
determined by factors such as observer expertise, observer motivation, spatial and temporal
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sampling structure (randomness of site and sampling time selection, evenness of coverage
across space and/or relevant to ecological gradients) and the sample size, whereas attempts
to account for bias require metadata on observer identity, effort measures, the precision of
the location and time metadata, and possibly other predictors that may inform reliability of
the records. For data sources with heterogeneous metadata availability and/or very uneven
to sampling across space and time, stringent quality control or filtering before analysis can
greatly improve the quality of inferences (Johnston et al., 2021; Gorleri et al., 2021). For ongoing
schemes, itis important to add relevant metadata during data collection into the scheme design,
and to educate scheme participants about the value of specific metadata, e.g. by encouraging
the collection of presence-absence data or complete lists over presence-only data, or steering
observer efforts to achieve more balanced sampling across space and time (Callaghan et al.,
2019).

2.6.4 Statements, observations and conclusions

Much of the evidence used in decision making often involves statements and observations.
If knowledge is assessed using the aforementioned criteria of information reliability, source
reliability, and relevance, then when documenting knowledge we want to ensure that statements
elaborate on these three criteria. Thus the claim ‘otters have been seen near the reserve’ is
likely to score poorly on all these axes. The statement ‘Eric Jones, a keen local fisherman says
in early spring 2022 that he watched an otter within about 10 m viewing distance for fifteen
minutes, on the river just after it exits the nature reserve. He says he has seen mink regularly
and he was certain it was larger’ is likely to attract a higher score. Table 2.6 lists elements to
include in documenting knowledge.

The table lists the elements that can underpin most statements. The more comprehensive
the statement is, the more reliable it is likely to be considered. Relevance then needs to be
considered case by case in relation to the context and the claim being assessed. The aim is not
to show the statement is true but to specify the evidence so that it can be assessed by others.

The acceptance of such information depends on a range of elements, such as those outlined
in Table 2.6. One objective is to encourage the creation of statements that can be evaluated and
be more likely to be accepted.

Table 2.6 A classification, with examples, of the elements of most statements.

Evidence source

What is the origin of the claim
Own work (I have seen... My study showed...)
Experienced (I read Smith’s paper, which showed... Marie told me she had seen...)
Reported (Carlos said Smith’s paper said... Erica said Marie had seen...)

Unattributed (I heard a study had shown... I heard people had seen...)
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Authority of source
Why should this be believed
Experience in subject or site

+  Indicators of reliability

Knowledge source
Where did the claim come from
+  Published

+  Grey
Own experience
+ Verbal
+  Cultural
Knowledge type

What sort of information is this
«  Experiment
Documented
+  Observation

«  Stories

Verification

Anything that establishes its veracity

+  Peer reviewed

Verified through a process of critical appraisal of the research

«  Verified by named expert

+  Object, such as sample or photo, provided

Acceptance by the community

+  Status within the community and how other community members see it — e.g. Matauranga framework

Substance

For example

«  Status
+  Change
Interaction
+  Use
«  Values
Response
Relevance

The aim here is to consider information that would be needed to judge the relevance of the statement to

another context. For example:
Where was the evidence from?

« When was the evidence from?

«  Iflooking at the evidence for an action, what were the specifics of the action tested?



2. Gathering and Assessing Pieces of Evidence 63

Two examples of this process are shown below.

Shin So-jung said that she has noticed, based on monitoring water levels on the river,
which she has visited weekly for over 30 years, that the sediment load was higher than
she had ever seen before both along the coast and the river where our project is.

‘T have fished the lake most days for the past thirty years. After the papyrus swamp was
cleared three years ago my observed fish catch is a quarter of what it was a few years ago.
All other fishers state the same’. Meshack Nyongesa

2.6.5 Models

We are all familiar with the use of models in everyday decision making through the use of
weather forecasts. Weather forecasts are based on the predictions of models that are complex
computer simulations, fed with extensive remotely sensed data. The outputs from these models
are disseminated in several ways. TV weather forecasts, for instance, make predictions of
what the weather will be in the form, ‘it will be sunny tomorrow with cloudy intervals, the
temperature will be 12 °C.... Other forecasts are presented in a probabilistic way, e.g. a 20%
probability of rain.

In neither case is the presentation of the output fully satisfactory. The first forecast presents
the outcome without expression of uncertainty (e.g. what is the likelihood that the forecast is
wrong and that it rains instead?). The second forecast expresses a probability, which seems a
better expression of uncertainty. However, the stated probability will be conditional on several
constituent uncertainties and the interpretation of the statement 20% probability of rain’
depends on these.

Whether the output of a model will be useful or not is difficult to predict. What is critically
important is the purpose for which a model is to be used compared with that for which it was
originally developed and being clear about the limits of the model in the predictions made.

Evaluating model quality

It may seem obvious that a poor model will generate low-quality output, however, the degree to
which this is true depends on what the model is being used for. It is useful to consider four facets
of model quality: biological understanding, data quality, assumptions, and quality control.

Biological understanding

For the outputs of a model to be robust, arguably they need to be based on some degree of
understanding of the underlying system. The degree of model detail can vary widely, however,
and the level of biological understanding required for a model to be useful depends on the

situation in which the model is being used. For example, the simple model N, =rN, allows us

(t+1)
to forecast the change in numbers from one year to the next as a function of the intrinsic rate
of increase (r). This model is based on minimal biological understanding, beyond an estimate

of the rate of population growth.
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Although an extremely simple model such as this can potentially be useful under some
circumstances (e.g. low population size, unlimited resources), they lack the ecological reality
to be useful under others (e.g. large population sizes, limited resources). Consequently, models
of increasing levels of sophistication have been developed, incorporating layers of ecological
complexity. At the extreme, complex simulations include many details, in some cases down to
the behaviour of individual organisms.

Biologically realistic models and simulations have the advantage that they better represent
the true system and can be used to perform more sophisticated analyses. This is especially
advantageous when we use the models to consider novel conditions or interventions. In
conservation, the utility of a model is often in forecasting the likely outcome of different
hypothetical options.

Complex models can have disadvantages, however. The chief limitation is that data
or parameters are required to generate each component of the model. In the absence of
information, it is impossible to include important details. For example, if we do not know basic
information, such as the clutch size of a bird, we cannot model nesting. As the level of granularity
increases, the number of parameters explodes. A second major limitation that follows from this
is that parameters contain errors. These errors propagate through the model and, if there are
many uncertain parameters then the outcome can be very uncertain. Alternatively, if errors are
not estimated, then the model output can appear unrealistically certain.

Many useful models include no biological mechanisms whatsoever and are based on
statistical analysis, basically driven by correlation. Data-driven statistical models have been
used extensively in a range of applications, foremost among which are Species Distribution
Models (SDMs) and Ecological Niche Models (ENMs). These are models that predict species
occupancy (presence/absence) as a function of environmental and habitat variables. There are
several advantages to this approach: first, it is possible to harness large amounts of existing data
across many species (e.g. atlas data); second, there exists an extensive range of readily available
environmental and land-use datasets; and, third, the predictions of these models can extend
over regional, national or even global scales.

Of course, these models are not completely lacking in biological understanding. The choice
of predictor variables will be driven by an understanding of the ecology of the species being
modelled. However, there is no mechanistic modelling based on ecological or biological
processes. A consequence of this is that it may not be possible to robustly predict outside of the
range of conditions under which the model was fitted or to consider new variables that are not

already included within the model.

Data quality

As models increase in complexity or realism, more data are required to parameterise them.
The availability of data can be a major constraint in the modelling process. This is particularly
a limitation on the development of models that are applied in a site-specific manner. The finer
the resolution (spatial and temporal), the greater the data requirements.
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If data are lacking, shortcuts can be taken in the parameterisation of models. For example,
if we are modelling a particular species for which data are lacking, data may be available
on similar species that can be used. This is a crude form of data imputation, the statistical
methods for which are now well developed. Imputation uses the correlations between
measured variables to predict values of missing data and can be used to fill in holes in datasets.
Importantly, data are frequently not missing at random: for example, in conservation data are
typically missing from species/populations that are low density, difficult to assess or elusive.
Under such circumstances, missing data can represent a non-random subset and ignoring this
could lead to biases in the dataset.

Ideally, the process of data collection and model development should be integrated: as
populations are managed, monitoring will generate more data that can be used to improve the
precision of models. This idea has been formalised in a couple of ways. Adaptive Management
(Section 10.1) is a process of iterative improvement of decisions through feedback between
interventions and models. Alternatively, the Value of Information (Section 10.5) is a quantitative

measure of how much new information adds to the quality of decision making.

Assumptions

Any model is based on a set of assumptions. For a biological process-based model, these will
include assumptions about the structure of the system and the various processes that drive
it. Ideally, these should be clearly stated and justified with respect to previous studies and
literature. Where alternative assumptions could be made, there should be a clear rationale for
the decision taken.

Statistical assumptions are also important whether these are made in the model
parameterisation or in the formulation of purely statistical models. All statistical methods
have explicitly stated assumptions, and these can be tested through, for example, diagnostic
plots. The presentation of these is important to reassure that the parameters of the models are
estimated accurately. Failure of statistical assumptions requires that alternative methods of
analysis are employed.

Quality control

Models are made available to end-users in a range of formats, which include software, tools (e.g.
spreadsheets, web interfaces) and summaries of outputs (e.g. scientific outputs and reports).
An obvious question is whether the implementation provided is reliable enough to be trusted.

The scientific peer-review process is intended to ensure that underpinning scientific logic
is justified and, ideally, models will have been subjected to this peer review. The peer-review
process assesses quality in terms of the assumptions and the formulation of the model. Peer
review may not include rigorous testing of the model or evaluation of any implementation of
the model, such as a piece of software.

If the model is presented as a piece of software, or is based on complex code, it is difficult
to be sure that the model does not contain bugs or errors. Rigorous testing can reveal any
issues, however this can take time. Problems can be avoided if model developers employ robust
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programming practices. These include unit testing of model components, and open workflows
(e.g. using platforms such as GitHub) so that code can be inspected and tested. Professional
programmers are familiar with such approaches, and scientific journals increasingly require

such quality control for complex models.

Will a model be useful?

There are no fixed rules for judging whether a model is likely to be useful or not. A model can
be very useful in one context, but hopeless in another. The key to judging whether a model
is useful and if the outputs can be trusted is to have clear questions and be able to assess the
degree to which the model output can address these objectives. In assessing the model, the
following questions might be helpful to consider:

«  What are the desired outputs of the model? For example, if we ask, ‘Will grazing
increase or decrease the populations of breeding birds?’ then a simple model might
be helpful. On the other hand, the answer to the question ‘by how much do we need
to reduce grazing to increase breeding bird population sizes by 30%’ would require
a model with sufficient sophistication to generate outputs that are numerically
accurate enough.

« Hasthe model been validated? Ideally, a model should be validated by comparing its
outputs with independent data. However, this is frequently difficult not least because
models are often developed to predict novel management interventions that have not
been attempted before. Nonetheless, it may be possible to compare the predictions
of the model with data collected under baseline conditions. Note, it is not enough to
just compare the model outputs with the input data, as this is likely to be a biased
test of ‘predictive’ ability.

« Does the model output include an estimate of uncertainty? As outlined above, the
parameters of a model are subject to uncertainty owing to statistical error as well
as inherent temporal and spatial variability. These uncertainties propagate through
the model and into the model outputs. As in the weather forecast example above,
there is a need to express this uncertainty in the model predictions. If models do not
include uncertainties in their predictions, there is a danger of undue faith in their

outputs.

« How relevant is the model to my site? It is unlikely that a model will have been
generated for any specific site that is being considered and, in any case, inter-annual
variability can be considerable. If a model has been developed at another site, the
relevance of the model will depend on a suite of factors including weather, habitat,
soil conditions etc. In some cases, models will have been created by collating data
across several studies/sites. If this is true, then an assessment will need to be made

of the range of conditions under which the model outputs are valid.
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« Are statistical models robust enough to make predictions? Statistical models make
efficient use of data and can be used to make predictions. However, using such
models requires care: do the conditions under which the data were collected remain

valid? Do the predictions of the model involve extrapolation and is this valid?

« Are alternative models available and how do these compare? Sometimes there are
several independent models for the same species or system. More commonly, the
creators of a model will build a suite of models, typically of increasing levels of
complexity from simplest to most sophisticated. Where possible these alternatives
should be explored and the implications of different formulations considered.

2.6.6 Expertise

It is common for expert knowledge to be used as a form of evidence. We consider an expert
to be anyone knowledgeable or well-informed about a specific context or topic. We consider
expert knowledge as providing an assessment from study and accumulated experience. This
thus differs from the statements described in the previous section that can be linked to specific
sources and thus evaluated. Many experts have remarkable knowledge and can assess, for
example, the management needed to achieve an objective.

However, care should be taken to avoid bias and inaccurate information in expert knowledge.
As described in Chapter 5, experts may not be as authoritative as they seem and approaches are
described that can be used to: i) elicit more reliable judgements from experts when collating
evidence, ii) see if an expert makes statements that turn out to be true, and iii) check the basis
of assertions. Ideally, when using expertise as a type of evidence, do not rely on a single expert,
but rather collate independent advice from a diverse group of experts.

2.6.7 Online open source investigations

Another type of evidence is that from online open-source investigations, also called open
source intelligence or open source research. In much of journalism the model comprises
trusted anonymous sources so that the reader has to decide whether to trust both the journalist
and the journalist’s unknown source. By contrast, open-source investigations comprises the
transparent assessment of facts through extensive online communities. The underlying
principles are to Identify, Verify and Amplify. The most famous adopter is Bellingcat, an
organisation that played a key role in many security issues, including the shooting down of
the Malaysian Aircraft MH17 and identifying those who carried out the Salisbury novichok
poisoning (Higgins, 2022). They also actively seek to expose fake stories, images and videos
and have been used for environmental issues such as identifying participants in illegal wildlife
trade or illegal deforestation. The Bellingcat website provides training materials.
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2.6.8 Artificial intelligence

It seems likely that in the future more evidence will be provided by artificial intelligence. As
examples, literature searches are becoming increasingly automated allowing for ‘living’ reviews,
species’ detection and classification algorithms are becoming increasingly accurate and the
automated answering of questions is improving in quality and feasibility. Artificial intelligence
does, of course, have its own range of errors and biases and is also prone to manipulation.
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