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Abstract

Wildlife health surveillance is a rapidly evolving field. The goal of this commentary is to share
the authors perspectives on the evolving expectations of wildlife health surveillance. We
describe the basis for developing our opinions using multiple information sources including a
narrative literature review, convenience samples of websites and conversations with experts.
With increasing prominence of wildlife health, expectations for surveillance have increased.
Situational awareness and threat or vulnerability detection were expected outputs. Action
expectation themes included knowledge mobilization, reliable action thresholds and evidence-
based decision making. Information expectations were broad and included the need for
information on social and ecological risk drivers and impacts and evaluation of surveillance
systems. Surveillance systems developers should consider: (1) What methods can equivalently
and reliably manage the biases, uncertainties and ambiguities of wildlife health information;
(2) How surveillance and intelligence systems support acceptable, ethical, efficient and effective
actions that do not generate unintended consequences; and (3) How to generate evidence to
show that surveillance and intelligence systems lead to decisions affecting vulnerability or
resilience to endemic health threats, emerging diseases, climate change and other conservation
threats.

Impact statement

As science and society increasingly recognize the role of wildlife health in health, economic and
environmental security, the expectations for surveillance systems are also increasing.
Expectations and goals are the foundations of surveillance system planning as they determine
the information needs and methods required to support decision making. Wildlife health
surveillance systems have historically focussed on threat detection, with an emphasis on
detection of etiological agents or their effects on individuals. By triangulating different sources of
information, this paper provides opinions on how changing expectations could influence
surveillance systems design and therefore make the resulting surveillance outputs more broadly
available and better suited to expanding expectations.

Introduction
The situation

High level political forums, academia and civil society organizations are advocating for
reoriented approaches to more efficiently and effectively generate actionable wildlife health
information suited to the current polycrisis (Guberti et al. 2014, Panel et al. 2023). International
and national agencies are now expected to invest more in wildlife disease surveillance to better
anticipate and prepare for a changing landscape of rapidly emerging, spreading and interacting
health risks. The goal of this commentary was to share the authors perspectives for future-ready
wildlife health surveillance.

There is a long history of wildlife surveillance helping to predict, manage and prevent
infectious and non-infectious disease risks to people, economies, domestic animals and wildlife
(Machalaba et al. 2021; George et al. 2023). It is increasingly seen as essential for prevention,
early detection and containment of zoonotic epidemics and pandemics (Panel et al. 2023) as well
as to address the growing influence of health impacts on wildlife conservation (Mazzamuto et al.
2022). Pandemic surveillance is expected to operate more collaboratively, faster and with more
complete information than previously imagined (French et al. 2013), but some evidence suggests
that wildlife health surveillance may not be up to the task.

A 2023 review identified an overall low level of capacity for wildlife disease surveillance
globally, with marked variability between countries (Delgado et al. 2023). A 2021 report
concluded that 58%, (62/107) of countries did not provide any evidence of a functional wildlife
health surveillance program (Machalaba et al. 2021). Wildlife surveillance in Europe, for
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example, has been described as fragmented and incomplete
(Lawson et al,, 2021). While some countries routinely conduct
wildlife disease surveillance many others only address disease
events in post-outbreak scenarios (Schwind et al. 2014). There is
growing dissatisfaction with the limited use of wildlife surveillance
largely in reaction to adverse events (Stephen et al. 2018). Attempts
to standardize and harmonize wildlife health surveillance at local,
regional and global scales have had limited success to date (Barroso
et al. 2024).

Surveillance and intelligence as foundations of the evidence
ecosystem

An evidence ecosystem is the formal and informal linkages and
interactions between different actors, capacity and information
involved in production, translation and use of evidence for
decision making (WHO 2022). It is embedded in the broader
socio-political context within which evidence users and producers
co-exist and influence each other (Gough et al. 2019).

Surveillance and intelligence are interconnected information
systems that provide information components, structures and
relationships in a disease management system (Figure 1). They
provide timely information about changing health risks used to
support decision making. Surveillance and intelligence systems
must be designed with awareness of the services and functions
needed to support health manager decisions, actions and
expectations.

Surveillance is intended to assess and characterize the burden,
distribution and change in health events, hazard or risks, thus
helping identify priority problems, species, areas and actions. It
should continuously generate information on where the problem
is, who or what is affected, if the problem is getting better or worse
and if interventions are making the desired change (Hasler et al.
2011, Panel et al. 2023). Where simple or complicated links exist
between information, decision and action, surveillance informa-
tion can be sufficient to achieve desired outcomes. But most new
expectations being imposed on wildlife health surveillance involve
complex and wicked problems with higher levels of uncertainty,
conflicting goals and uncertain causal chains, such as pandemics
and climate change. Addressing complexity requires intelligence
systems to build a shared information commons by considering
diverse sources of information and ways of knowing (Antoine-
Moussiaux et al. 2019).

Intelligence comes from the systematic synthesis of different
types and sources of information, from traditional and non-
traditional sources, to generate actionable and meaningful signals
of change, provide insight into future risk trajectories and
characterize possible opportunities for intervention. Health
intelligence collects, integrates and analyzes diverse data,
information, knowledge, experience and other learning to make
them understandable and usable for decision-making (Haby et al.
2023). Intelligence adds value to surveillance outputs by
supplementing them with contextual understanding of a wildlife
population and the prevailing social and ecological circumstances
to better understand the risk and decision context. Intelligence
products, therefore, consist of information and knowledge that
have been refined to provide understanding that meets the needs
of decision makers. Whereas the usual wildlife surveillance goal is
early detection of harms to quickly minimize their effects, the goal
of intelligence is to protect health by early actions in advance of
harm (Figure 2).
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Purpose

The purpose of this study was to develop a perspective on; 1) the
expectations from the wildlife evidence ecosystem by international
agencies, governments (public health, livestock health, wildlife
conservation) and other stakeholders; 2) whether the wildlife
evidence ecosystem produces sufficient scope of evidence to meet
the expectations and 3) whether there are any guidelines or
recommendations to assist or ensure that sufficient evidence is
currently being produced or could be produced. We focussed on
expectations and goals because they are the starting points for
surveillance system design (Figure 3).

Information basis for the commentary

The intention of this paper was to create a high-level summary of a
range of information sources to identify signals for change in how
wildlife health surveillance needs be designed and used. There was
no intention to determine the utility or return-on investment of
surveillance, but rather to better understand what is being asked of
wildlife surveillance systems. The following information is
provided to help the reader understand the basis upon which
the perspectives in this paper were generated.

We used different information sources to identify themes of
expectations of wildlife surveillance, the breadth of evidence being
produced and whether there were recommendations or regulations
to ensure production of sufficient evidence of high quality.

Scanning operational goals and expectations

We began in 2023 by going to the home pages of websites of the
World Organization for Animal Health (WOAH), International
Union for the Conservation of Nature (IUCN), the Food and
Agriculture Organization (FAO), the World Health Organization
(WHO), World Bank, Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES), Convention
on Biological Diversity (CBD) and the non-government agencies
the Wildlife Conservation Society, Animal Welfare Institute and
World Wildlife Fund. We then went to the homepages of
organizations hosting WOAH wildlife health collaborating centers
working in themes relevant to wildlife health surveillance
(Canadian Wildlife Health Cooperative, United States National
Wildlife Health Center, Wildlife Health Australia and Centre for
Environment, Fisheries and Aquaculture Sciences (United
Kingdom)). These organizations were selected based on the
authors personal understandings of their mandates and spheres of
activity. On each site, we entered the term “wildlife health
surveillance” and reviewed search outputs for explicit statements
on the expectations, goals or purpose of surveillance systems. From
this we developed a preliminary list of goals and expectations.
We next talked to 22 employees or members of working groups
involved in wildlife health related work areas in the aforemen-
tioned organizations. People were selected if their job responsibil-
ities involved wildlife health (based on webpage information or
recommendations from others within the organization). Not all
eligible people contributed to this portion of the study due to lack
of time or interest. Some organisations had more than one person
who fit this inclusion criteria. Respondents’ names and organ-
izations were not recorded. Open-ended question focussed on their
agencies’ evidence needs and expectations, their use of surveillance
standards and other sources of international guidance upon which
they relied. The draft findings were shared with two individuals
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Figure 1. The basic surveillance-intelligence cycle illustrating the interdependence between surveillance activities, decision making and intervening. Different step in this cycle
will have different needs and expectations for information and knowledge output.
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Figure 3. A conceptual illustration of the role of expectations as the conceptual foundation for planning and guidelines.
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operating national wildlife health surveillance programs as a final
attempt to assemble a list of operational surveillance goals and
expectations. Ethical approval were not required as the
Government of Canada guidelines on human subjects’ research
declares that research ethics approvals are not required when the
information requested is within the mandate of the organization,
or according to the terms and conditions of employment or when
provisions of the information is normally administered in the
ordinary course of the operation of an organization where
participation is required (Anon, 2025).

Narrative literature review

We undertook a narrative literature review in 2023. Narrative
reviews attempt to synthesize what has been written on a particular
topic to provide the reader with a background for understanding of
current knowledge rather than to seek generalization or cumulative
knowledge (Pare and Kitsiou, 2017). Narrative reviews are
unsystematic overviews, that provide a broad synthesis of
previously published information. We began by seeking peer
reviewed English language papers published between 2000 and
2023 in PubMed or Web of Science. This date range approximately
covered the start of more common use of the term One Health until
post-Covid increases in interest in wildlife health. We believed this
to be a time with increased desire for wildlife health information
and thus reflective of current expectations. We included analyses,
commentaries and perspectives papers from the peer-reviewed
literature. Papers that only described outputs of surveillance
systems or did not discuss expectations or goals of knowledge users
were excluded. We started with key words wildlife, health, disease,
surveillance, intelligence, standards, guidelines, expectations. We
examined references in these publications to find other papers with
titles that suggested information about surveillance expectations or
goals. Additional references were provided by colleagues aware of
the project. Eighty papers were read for this project. Since narrative
reviews do not aim to be inclusive of all literature, we recognize that
this method will not include all literature on a topic but rather give
an overview of common issues being discussed in the wildlife
health surveillance community.

We organized the findings from this review using the guiding
questions for wildlife health surveillance system design
described in Berezowski at al (2022); (1) why are we doing
this, (2) what needs to be kept under surveillance; (3) who needs
to be involved; (4) how will we recognize a signal, (5) how do we
know it works.

Information summary
Surveillance objectives

Objectives fell into 2 broad classes: those dealing with risks from
wildlife to livestock, people and trade; and those dealing with risks
to wildlife from disease and non-disease threats (Figure 4). Both
classes expected consistent, reliable and timely sharing of
information on infectious diseases and pathogen detection.
Few were concerned with pollutants or non-infectious diseases.
Where objectives were intended to help wildlife, both infectious
and non-infectious harms of conservation, food safety and
wildlife productivity importance were expected to be under
surveillance. But not all programs were expected to cover this full
range of harms. There was awareness of the role for social or
environmental factors affecting wildlife fitness and sustainability
but no clear or consistent pathway on how they would routinely
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Figure 4. General taxonomy of objectives for wildlife health surveillance.

be incorporated into surveillance activities. Some, but not all
objectives recognized that the unique socio-ecological circum-
stances and knowledge gaps associated with wildlife complicate
or preclude directly applying surveillance standards and guide-
lines developed for domestic animals.

As per Rolka et al (2008 as cited in French et al. 2013) pandemic
related expectations for wildlife fall into 3 categories; (1) pre-event/
threat situations where a wide range of events and threats are
assessed, 2) emergency situational awareness where detailed
information on specific events or threats are monitored and
3) recovery operations where the impacts of interventions are
monitored. Lawson et al (2021), concluded that national
surveillance programs should have the objectives of (1) reducing
“the social, human health, economic and ecological costs of
pathogens carried by wild animals; and (2) [meeting] international
obligations to detect and report important pathogens occurring in
wild animals.” This perspective neglects past and ongoing
programs with objectives to track chemical contaminates in
wildlife for public health, environmental health and wildlife health
purposes. Some objectives were more ambitious such as in
Sainsbury et al (2001) which were to; (i) define fully the inventory
of diseases, disease-causing agents, host species and their
geographic and temporal distributions; (ii) monitor changes in
this inventory over time; (iii) detect new or emerging diseases and
(iv) create accurate technical information on wildlife health and
disease readily available to wildlife professionals and to the public.

We found no explicit logic models or theories of change that
showed how information needed by decision makers was linked to
the objectives, methods, or outputs of the surveillance system. In
some cases, this logical relationship was implicit such as when
detection of a listed pathogen resulted in banning movement of
animals from that population because of pre-existing legal
obligations. The actions and information types for the different
expectations found in international standards, guidelines or stated
goals are summarized in Figure 5.

The three most common surveillance goals were to provide
situational awareness, establish baselines and threat detection.
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Figure 5. A summary of general relationships between information needs, actions and desired outcomes for wildlife health surveillance adapted from a 2023 online review of

publicly available international standards, guidelines and goals.

Situational awareness

Situational awareness was a widely held expectation. Toner (2009)
stated that situational awareness requires gathering the right
information, analyzing it, understanding if the analyzed outputs
are actionable and being able to do something with the
information. We failed to find standards or guidance to fully
operationalize Toner’s (2009) view of situational awareness, nor
did we find published evaluations of the utility of situational
awareness produced by surveillance systems. This does not imply
that situational awareness was not achieved. We did find
intentions, sometimes implicit, that the surveillance system should
address Regmi et al’s (2016) proposed decision-makers needs
included; (i) recognize priority problems and needs, (ii) track
progress to evaluate the impact of interventions and (iii) make
evidence-based decisions on policy, program design and resource
allocation.

Establishing baselines

Some national goals or guidelines, such as those for Australia
(WHA, 2020), advocated for the generation of the robust baseline
information. WOAH and the International Union for the
Conservation of Nature (IUCN) declared that baseline information
was critical for epidemic detection (Jakob-Hoff et al. 2014).
Historical records of threat or disease detections support
declarations of disease freedom or changed epidemiological
situations. Ryser-Degiorgis (2013) proposed that baseline data
should; (i) establish the distribution of pathogens and appreciate
their effects and epidemiology; (ii) assess temporal changes and
understand the impacts on hosts and pathogens; (iii) provide
signals for early detection and implementation of control
measures; (iv) determine whether or not the emergence of a
disease was due to the introduction of infected animals; and
(v) assess causal associations between pathogen and disease.
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Problems with wildlife data quality and biases can necessitate the
use of significant expert judgement to generate baseline data
(Dorea et al 2013). Wildlife disease surveillance systems rarely
generate or use baseline data on trends in population dynamics and
demographics or changes in determinants of health in their
surveillance outputs. Lack of these sorts of data can complicate
interpretations of the changes from baseline for pathogens or
diseases.

Threat detection
Threat detection was a regularly stated objective but largely biased
towards the threat of pathogen spillover from wildlife to people or
domestic animals. The Tripartite+ Guide to Preventing Zoonotic
Disease in Countries expected that notifiable zoonotic diseases and
events in wildlife to be reported to WOAH according to the
Terrestrial and Aquatic Animal Health Codes (FAO, WOAH,
WHO, 2019). The Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES) (decisions
19.5-19.9) encouraged Parties to improve monitoring and reduce
the risk of pathogen spillover along international wildlife trade
supply chains. The United Nations Environment Program (UNEP/
EA.5/Res.6 2002) expected actions to enhance data for the timely
detection and responses to health risks linked to environmental
factors. WOAH had guidelines, training materials and information
management systems to actively encourage more widespread and
effective monitoring of wildlife pathogens. The implications of
some agreements were less clear. For example, the Sanitary and
Phytosanitary Measures Agreement provides countries with a
strong incentive to meet WOAH Standards for contagious disease
management in livestock, aquaculture and poultry but it was less
clear if it incentivized actions on wildlife diseases.

The TUCN March 2022 draft Guidelines for Prevention,
Detection, Response and Recovery from Disease Risks in
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Protected and Conserved Areas noted that surveillance is needed to
protect wildlife from diseases that can affect their fitness and
conservation status. When committing to One Health approaches
for pandemic preparedness, G7 countries recognised the links
between biodiversity loss and risks of zoonotic disease and
committed to work to halt and reverse global biodiversity loss
(ex. Anon, 2021). The role of accessible, safe and sustainable
wildlife (including fisheries) was recognized by many organiza-
tions and experts as a foundation for food security and sustainable
livelihoods for many of the most vulnerable people on the planet.
UNEP (via Resolution UNEP/EA3/Res 4 2017) was concerned
with many of the important threats to free-ranging wildlife health
and welfare including chemical pollution, waste, habitat destruc-
tion and climate change but lacked explicit animal health
guidelines for these threats.

Wildlife welfare surveillance
The Tripartite + Guide to Preventing Zoonotic Disease in
Countries (FAO, WOAH, WHO, 2019) listed consideration of
animal welfare as a best practice in emergency contingency
planning. The WOAH Wildlife Health Framework acknowledged
that wildlife management must deal with welfare (WOAH, 2021).
The WOAH Global Animal Welfare Strategy established that
animal welfare is closely linked to animal health, the health and
well-being of people and the sustainability of socio-economic and
ecological systems (WOAH, 2017). A case was made that welfare is
an important component of any discussion or policy about wildlife
trade, for the interests of wildlife and people (Wyatt et al. 2022).
Some guidance on welfare could be found but it mostly dealt
with conditions of confinement or handling and not with
conditions experienced by free-ranging wildlife populations. For
example, WOAH and CITES provide guidelines for the welfare of
wildlife in transit, but they did not deal with welfare of free-ranging
wildlife. Welfare surveillance standards or guidelines were not
found. We found no global agreement on criteria to measure or
monitor wildlife welfare.

Populations considered

What was included as wildlife?

Wildlife, most broadly defined, includes all the native fauna and
flora of a region that live independently and have a phenotype
unaffected by human selection. But most surveillance standards,
goals and expectations limited their concerns to animals, which
variably could include feral domestic animals, captive wild animals
and/or free ranging wild animals. Fish and aquatic invertebrates
were rarely included in wildlife health surveillance objectives. They
were more often included in separate aquatic animal health
surveillance documents.

Captive wild animals include a wide suite of situations and
species, such as endangered species in zoos, wild caught animals in
the pet trade, animals in game farms and ranches, or animals held
in captivity for conservation purposes. We found little guidance as
to when captive animals originally derived from wildlife are no
longer considered wildlife. Canada’s 2005 Policy for Conservation
of Wild Pacific Salmon (DFQ, 2005) was one example. It stated that
wild animals cannot be affected by captive rearing for two or more
generations and still be considered wild. Some instances of wildlife
farming have had multiple generations reared in captivity during
which time selection pressures through breeding and husbandry
substantially made these animals more like livestock and therefore
more amendable to existing surveillance standards for domestic
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animals. Yet, farmed wildlife were often considered to be wildlife in
many standards or guidelines we encountered. Captive popula-
tions that are sustained through captive breeding could be
composed of groups with differing surveillance needs. For
example, the endangered Vancouver Island Marmot (Marmota
vancouverensis), is composed of three groups (free ranging,
retained in zoos and captive released) each with different
surveillance challenges and each with different disease patterns
(McAdie, 2018). International standards and expectations for
surveillance either inadequately, inconsistently or incompletely
dealt with the implications of different life histories on surveillance
system design and operation.

Animals in the wildlife trade
There was a preponderance of expectations for surveillance of
species involved in the wildlife trade. A 2020 survey of WOAH
Member Countries found virtually all (99%) believed Veterinary
Services should be involved in monitoring wildlife trade supply
chains (WOAH, 2021b). Multiple sectors expected that the legal
wildlife trade should be treated equivalently to livestock trade in
terms of surveillance for assurances of safe movement and use of
wild animals and their products. Most of these concerns did not
explicitly include capture fisheries as part of the wildlife trade,
instead they were predominantly focussed on terrestrial wildlife
and biased to charismatic megafauna and zoonotic pathogen hosts.
We found no guidance on how to include unintended
consequences in surveillance activities intended to increase safety
in the wildlife trade. For example, we found no instance where
conservation standards were linked to health surveillance
programs (i.e. conservations standards that exporting countries
would have to adhere to if surveillance outcomes supported export
of wildlife and wildlife products). Doing so could address UNEP
expectations that “environmental sustainability is reflected in
development and investment planning and provides countries
with the necessary tools and technologies to protect and restore the
environment” (UNEP, 2024).

Neglected populations

There were expectations for surveillance of species outside of the
wildlife trade that could present risks to public health, livestock or
wildlife. There was a bias toward tracking diseases in charismatic
megafauna or species involved in recreational or commercial
harvest. Fewer expectations involved animals that can be affected
by diseases of conservation but not trade, harvest or public health
significance (ex. invertebrates such as corals or fish not part of the
seafood trade). This left many species, including the bulk of species
at risk, being monitored by opportunistic surveillance rather than
targeted efforts. This was especially pronounced for marine and
aquatic species where interest, when present, was largely focussed
on species of commercial fisheries importance or marine
mammals.

Population sampling
Explicit and implicit goals for population coverage ranged from
opportunistic samples to representative sub-samples of popula-
tions. While some surveillance systems, especially at the national
and sub-national level, had authority to consider all wild animals in
their jurisdiction, few have the resources, capacity, or sample
supply system to provide equivalent surveillance for all wild animal
populations in their jurisdiction.

Little guidance was given on accessing and incorporating
information on the target population’s size, demographics,
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heterogeneity in risk factor exposure or movements when
designing sampling strategies. Some standards or guidelines
acknowledged that representativeness can only be achieved if risk
factors relevant to the issues under surveillance can be measured
and weighted to show the relative differences in risk and
proportion between the sample and the target population while
also recognizing that the challenge in obtaining such information
can bias wildlife health surveillance data. We found little guidance
on how to account for or consider such biases apart from the use of
expert opinion, experience, triangulation or accounting for biases
when undertaking uncertainty assessment.

Surveillance programs mostly relied on non-probability sam-
pling, negating the use of sample size estimation and tests of
statistical inference. Much of the guidance for population sampling
was general and inadequately considered practical limitations of
sampling wildlife. For example, formula provided to estimate sample
sizes in some wildlife-specific guidelines relied on information about
the size of the population and the sensitivity and specificity of the
tests used (information unknown for many wild species) and
assumed representative or random sampling of the population
(a situation rarely attainable for free ranging wildlife). Guidelines
that used the statistical property that in large populations the
number of samples needed does not increase as the population
increases assumed large populations for sample size estimates and
that the sample was a random sample of the population. Non-
probability sampling can be used to establish the presence of a
pathogen in population but cannot be used alone to accurately
estimate the amount of disease or the absence of disease in a
population.

Boundaries

Spatial boundaries for surveillance were often defined by a
combination of political and ecological boundaries with more
guidance for species with known transboundary disease concerns
and for well-studied species. Less guidance was available for
understudied species or species lacking economic or charismatic
value. For example, in one case, where there were expectations for
pathogens to be detected in aquatic animals in contiguous water
bodies, guidance on what constitutes contiguous waters was not
provided.

Legal or social status

Consideration of the legal or social status of animals was
inconsistent. There are binding implications for population
sampling where endangered species are involved or where
aboriginal rights and claims may be affected. For example, the
need to capture and sometimes kill wild animals (especially in
fishes and invertebrates) for prospective sampling has welfare
considerations as well as conservation and legal considerations for
rare and endangered species. These aspects were rarely mentioned
in the guidelines and standards we reviewed.

What health variables need to be under watch?

Disease cases and pathogens

Reviewed surveillance objectives primarily provided awareness of
the presence and distribution of disease states or etiological agents
to support risk communication regarding the threats posed to wild
animal populations, people and the agricultural sector. Most
wildlife health systems followed a “disease-by-disease” sequence,
requiring the detection of adverse health outcomes (e.g., disease or
death) or known threats (e.g., pathogen).
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There was less interest in conducting wildlife surveillance to
detect the environmental distribution of contaminants compared
to contagious disease surveillance, especially for zoonotic diseases
or diseases of agricultural significance.

Diagnostic criteria or case definitions

Well validated and field-tested diagnostic criteria were rare for wild
populations, as were accurate disease prevalence estimates. The
large numbers of wildlife species, the diversity of pathogens that
infect them and the emergence of new diseases present unique
challenges for test validation. “This creates important gaps in
knowledge about the predictive value of surveillance case
definitions” (Jia et al. 2020). Case definitions specifying the precise
information to track will depend, in part, on the species being
managed, the availability of contextual information and emerging
research. Jai et al (2020) found that such information is often
unavailable. Their review of diagnostic test validation studies for
WOAH-listed diseases in wild mammals found most reports were
concerned with one pathogen (Mycobacterium bovis) in one or
more wildlife species and were affected by limited or missing
information about sampled animals, criteria for positive and
negative samples and representativeness of source and target
populations. They could not determine if this reflected lack of
information or lack or reporting but commented on how these
deficits complicate the ability to determine diagnostic test
performance.

The predictive value of a case definition is affected not only by
the sensitivity and specificity of the diagnostic test or criteria used,
but also by the prevalence of the disease (or problem or risk factor)
in the population and the number of animals sampled (Martin et al.
1992). Given challenges in finding representative samples and
often missing information on the source population size, it is rarely
possible to provide prevalence estimates. For non-probability
sampling, this problem is further compounded, because it is rarely
possible to estimate how presence of the disease affects the
detection of affected animals and their entry to a diagnostic system.

Health surveillance

Health was generally either left undefined or was, de facto, defined
as absence of specific etiological agents. In recent decades, the
interpretation of wildlife health has moved from the classical
dichotomous state of “disease presence/absence” to a broader
concept that integrates the interaction of biological, social and
environmental health determinants (Stephen, 2014; Aleuy et al.
2022). Wildlife health surveillance programs tended not to track
variables related to all three of these categories of determinants.

Standards or guidelines for the design and operation of
surveillance systems tended to focus on independent threats or
outcomes in the same population. We failed to find guidance on
how to integrate different surveillance outcomes from different (or
the same) surveillance program to develop a single integrated view
of the population’s health risk or outcome status.

Participants

Most often, wildlife health surveillance systems were designed and
operated by national and sub-national government agencies, but
international organizations and NGOs also delivered programs.
Roles and responsibilities varied between programs resulting in
different agencies having different roles in tracking or affecting
determinants of wildlife health. Some guidance documents
targeted specific audiences (ex. veterinary services) while others
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seemed not to be developed for a specific user group. Only a small
number of programs considered multiple actors in the surveillance
systems, with most of those looking at how citizen science or
community collaborations can supplement sample acquisition.

Recognizing an actionable signal

The goal of surveillance is to find a change. Therefore, the first two
questions to ask are, what signal of change is important to find and
how much of a change warrants action? The first question could be
answered in most cases by examining the purpose and objectives of
the surveillance system and its associated case definitions.

As noted above, case definitions were relatively rare. A case
definition should be meaningful, interpretable and understandable
to those people whose decisions or actions are influenced by signals
identified when monitoring cases. Given that most case definitions
had a strong biomedical focus, it is implied that they are primarily
for use by diagnosticians.

Some guidance was available on the detection of an unusual
epidemiological situation. This could include factors such as a
noteworthy occurrence of one or more sick or dead animals clustered
in space and time, the involvement of a previously unknown etiology,
occur of a disease outside it’s known geographic-species distribution
or host, or whether the circumstances surrounding an identified
disease occurrence differed from historic norms.

The answer to the question, how much of a change warrants
action, was more challenging to find. We found no gold standard
or consensus on methods for identifying and calculating wildlife
surveillance thresholds apart from declarations of the detected
presence of an etiological agent or specific disease. Mandatory
reporting for listed diseases was a commonly recognized action
threshold. For welfare, evidence of cruelty was most often the
threshold for action.

Despite recommendations to gather environmental data to
support wildlife surveillance, there was no guidance on how to use
such information in the analysis phase of surveillance. We found
little evidence of risk factor surveillance that benefits wildlife,
although periodic studies or surveys of factors affecting exposure
or sensitivity to disease impacts on wildlife could be found.

System evaluation

We found little guidance on establishing performance standards
specific to wildlife health surveillance programs. Some programs
recommended, advised, or applied standards used in domestic
animal surveillance. Nonrepresentative samples of the populations
at risk, biased case ascertainment, the lack of adequately validated
diagnostic tests, inaccurate or missing population denominator
data, lack of standard case definitions and diagnostic protocols,
regulatory restrictions, ecological complexities and fiscal con-
straints were but some of the factors complicating direct
application of domestic animal or public health evaluation
standards to wildlife surveillance.

We found no reports of systematic evaluation of a wildlife
health surveillance system that examined all aspects of the system
from data acquisition to knowledge translation or that looked at
the full suite of factors recommended for surveillance system
evaluation for domestic animals.

Implications for surveillance system design

Figure 6 is a synthesis of the expectations we derived from our
information scan. Surveillance and intelligence systems can
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involve multiple purposes, stakeholders, components, infrastruc-
ture, processes, policies and regulations which are deployed
differently depending on the surveillance context. As such the
expectations in Figure 6 are generic and need to be adapted to the
local capacity, questions and context.

Surveillance systems designers next need to consider the
necessary attributes of their system’s surveillance cycle (Figure 3)
that can address these expectations. Goals and expectations dictate
the necessary functions, services and boundaries of a surveillance
system (Figure 1). These in turn determine the necessary
structures, components, relationships.

Functions and services

A program designed to address the full evidence ecosystem would
need to integrate and expand existing information across the
multiple levels of decision-making to generate actionable, timely
knowledge for stakeholders at the local, national regional and/or
international levels. Its functions would need to help gather and
understand new knowledge (cognition), access data and informa-
tion from diverse sources to gain knowledge (cooperation) and do
so in an efficient and broadly acceptable manner (coordination).
This would be consistent with the concept of health intelligence
which relies on information from multiple sources to provide a
stream of information that can be inspected to support decisions
about prevention, surveillance, or responses (Han and Drake,
2016). While intelligence seems to be a desirable outcome, most
standards and guidelines focussed on surveillance.

Given that wildlife health has implications across multiple
domains, it was not surprising that a single strategic objective was
not common across surveillance programs, apart from the
prevailing objective of creating situational awareness. Situational
awareness is “the perception of elements in the environment with a
comprehension of their meaning and a projection of their status in
the near future,” (Endsley and Garland, 2000). This requires a
combination of the ability to accurately evaluate an existing
situation and the ability to anticipate how an existing situation may
develop in the future. We found most guidance on surveillance
focussed more on detecting or perceiving a situation and less on
how to acquire and use knowledge of the context, implications and
consequences of a particular circumstance. There often was an
expectation or assumption that threat detection will be sufficient to
prompt actions without taking into consideration personal,
psychosocial, organizational and methodological variables that
can influence the translation of evidence to action. While detection
of diseases or hazards that have associated legal obligations for
reporting or action may be a sufficient action threshold, relying on
hazard detection alone will unlikely be sufficient for non-regulated
diseases or previously unknown diseases.

We found no published assessment of whether existing wildlife
surveillance outputs provided sufficient cues to support decision
making under the expected decision scenarios. The authors
recognize the challenges of undertaking assessments of wildlife
surveillance systems and the difficulty in attributing surveillance
actions to health outcomes. The diversity of places, species and
surveillance targets; the lack of investment in evaluation; and the
difficulty in assigning causal relationships in complex socio-
ecological situations make it challenging to declare if a surveillance
system is working to meet its ultimate goal.

The expectations for wildlife disease surveillance to help predict
threats was a commonly desired surveillance function for known
wildlife diseases. Expectations for use of wildlife information for
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Figure 6. Summarizing expected outputs, information, and action themes for wildlife health surveillance and intelligence systems based on a non-systematic examination of
trends in literature and operational goals for a selection of agencies involved in wildlife health management.

prediction of emerging threats seem more in the realm of research
than surveillance. Whereas surveillance data can support research,
surveillance for research should be designed to address specific
hypothesis as opposed to surveillance for action which need to be
designed to meet the information needs of decision makers.

The specific objectives of a health information system should be
developed in part by research and in part by consensus to ensure fit
with local needs and context but should consider; (i) what actions
and interventions are available; (ii) who makes the decisions to act
and what information they require; (iii) which indicators can
provide the required information (iii) the biases inherent in the data
collected and their impact on the validity of the information and
(iv) the capacity to reliably and regularly generate information on a
time line relevant for decision making. While the five requirements
were woven into many surveillance programs, no explicit logic
model was found that outlined the processes or procedures to meet
these expectations. An explicit theory of change could transparently
outline the design and operation of a surveillance system, thus
increasing consistency and trust in the system.

Perhaps because there are very few means to alter the course of
naturally occurring wildlife disease, few standards or guidelines
made a clear link between a threat detection and a threshold for
action apart from reporting listed diseases. More guidance was
available on threat or hazard detection and much less on the
analysis and information dissemination components of the
surveillance cycle. Evidence is being sought to relate surveillance
systems attributes to impacts on targeted health outcomes. But in
the meantime, the wildlife health surveillance community is
developing a series of guidelines and recommendations that
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combine expert experience, available literature and standard
practice for surveillance used in the domestic animal sector and
public health. Examples include IUCN and WOAH’s General
Guidelines for Surveillance of Diseases, Pathogens and Toxic
Agents in Free-ranging Wildlife (WOAH and IUCN, 2024) or
disease specific guidelines such as those developed for wildlife
surveillance around mink farms during the SARS-CoV2 pandemic
(ECCC, 2022).

Boundaries and relationships

There are three types of boundaries to consider, operational, spatial
and species. Spatial boundaries based on political delineation can
fail to account for the ecological reality of wildlife conservation
(Thomson et al. 2013), yet most surveillance systems operated
within political boundaries. As the number of species or
populations increased in a system (species boundaries) the greater
it seemed the reliance on opportunistic surveillance, most often
focussed on game, traded and charismatic species. Guidance on
operational boundaries often failed to consider the entire
surveillance cycle from those who contribute to the funding or
samples, to those undertaking all surveillance activities including
analysis assessment, synthesis and dissemination, to those
implementing surveillance outputs into practice. Disconnected
operational boundaries can impede the smooth, timely, trusted
flow of information from creation to implementation.

Wildlife health surveillance systems often require samples or
observations from one sector (ex. wildlife managers or citizens) to
be given to another sector (ex. veterinary services) who produce
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outputs for different sector (ex. public health). To form a coherent
information ecosystem, there must be value and reciprocity
through the information conduit (Kunzler et al. 2024). We
discovered many instances where requests were one-way such as
when a veterinary service requested samples from an environment
agency, but without due consideration of the value to the
environment agency participating in the surveillance system.

The centrality of wildlife as sentinels in many surveillance
programs runs counter to a One Health philosophy that seeks to
protect ecosystem health or ensure intergenerational and
interspecies health equity. The use of wildlife as sentinels re-
enforces one-way movement of information from wildlife data
providers to users in other sectors (e.g., public health or livestock
health). Multi-way flow of information such that the wildlife sector
also benefits from sentinel systems is critical to achieve the goals of
One Health. This, in our view, is an underlying source of tension
between aspirations and expectations for wildlife health surveil-
lance for many international organizations and the reality of most
surveillance programs. A healthy evidence ecosystem should
cultivate positive feedback loops that mutually reenforce the goals
of all its participants.

Components

Many wildlife surveillance systems track issues that effect a range
of conservation, economic, human and ecological communities
and geographic concerns. Evidence demand will grow as numbers
of evidence users increases. As such, there can potentially be an
exceptionally large number of information needs even for a single
issue (Figures 5 and 6). The current norm emphasizes wildlife as a
risk factor or sentinel for human and livestock contagious diseases,
and to a lesser extent, chemical contaminants. There was less
systematic and ongoing surveillance on the drivers of health in
wildlife.

While there has been attention to ensuring surveillance systems
produce scientifically robust outputs (Calba, 2016, Peyre et al.
2019), there seems to have been less attention on systematically
determining whether the components of the programs produce
useful outputs. Wildlife health surveillance is not receiving the
same resources that public health or domestic animal surveillance
receives. Therefore, any developments in wildlife surveillance
needs to have a keen focus on eliminating outputs or efforts that are
unusable or distract evidence users.

The lack of performance standards for wildlife surveillance
negatively impacts attempts to show that activities are meeting
the expectations of funder and knowledge users (Stephen et al.
2019). Reasons why it can be hard to systematically evaluate a
wildlife health surveillance system included; study design
limitations (ex. researchers use no control, use historical controls,
reliance on ecological design {in the epidemiological sense}); lack
of a random or representative sample, assumptions that lack of
negative events is proof of effectiveness or absence; lack of
sufficient time to follow-up to establish medium-to-long term
benefits; using surrogates of risk or benefits rather than directly
measuring the impacts on health outcomes; using socially
irrelevant end-points; unaccounted confounding variables and/
or responses to surveillance outputs are influenced by other social
or ecological pressures such as land use management decisions or
demands for wildlife products. Without evidence-based design
and evaluation, programs can produce inefficient, ineffective or
harmful outcomes and limited knowledge exchange opportu-
nities (Milner-Gulland et al. 2018).

https://doi.org/10.1017/0ne.2025.4 Published online by Cambridge University Press

Craig Stephen and John Berezowski

Structures

“Wildlife surveillance techniques are necessarily very different
from those for domestic animal surveillance” and creative
surveillance designed for a particular context is needed to
overcome such constraints (Cameron, 2010). Giacinti et al
(2022) proposed four areas to improve wildlife surveillance for
future needs, (i) improvements in representativeness in terms of
the sampling of populations and the breadth of species under
surveillance, (ii) harmonization of methods for design, imple-
mentation and assessment of surveillance systems (iii), expanded
and diversified collaborations to access the necessary scope of
information to detect and understand wildlife health trends and
(iv) a shift to a solutions-focussed surveillance program design.
Points iii and iv align with Toner’s (2009) assertion that situational
awareness requires analysis of the right types and breadth of
information, to allow outputs to be actionable.

Wildlife health standards or guidelines can specify what needs
to be achieved but will need flexibility in how it is achieved due the
variability in the circumstances, species and threats under
consideration. Outcome based standards and guidelines may be
most appropriate in that they establish what must be achieved
rather than what must be done. The idea is not to standardize
methods used for surveillance system design, but to build systems
that allow the comparison of outputs from one surveillance system
in one region to a different surveillance system for the same disease
in a different region. It would be up to the surveillance and
intelligence system operators to defend the validity of assertions
that their target population was representatively sampled. This
would allow the use of methods that work the best for the given
circumstances and decision needs.

Conclusions

This paper shows a mismatch between the evidence ecosystem
envisioned to support international expectations and the capacity
to meet those expectations. The non-systematic nature of this
project coupled with the restriction to English language literature
and English or multi-language organization constrains the
viewpoint we used to scan this topic. While evidence suggests
that English is the most common language of science and that
major discrepancies in literature reviews using English only
compared to using languages other than English are rare in
conventional medicine and epidemiological studies (Morrison
et al. 2012, Nussbaumer-Streit et al. 2020), we cannot make
conclusions on the impact of this bias in affecting the perspectives
we developed.

Wildlife health surveillance is a rapidly evolving field. New
technologies, new obligations and new threats are resulting in
rapidly changing surveillance systems components. It is without
doubt that some of the challenges and deficits we have detected, or
opportunities identified will have been addressed to some degree
by the time of publication of this paper. However, it is equally
without doubt that these changes will not be equitable distributed
around the world, will be sustained or will be adequately
implemented, therefore, retaining the relevance of the insights
we developed through this project.

We recognize the contradiction between our suggestions to
grow wildlife health surveillance systems into intelligence systems
for more effective situational awareness and the findings of
Delgado et al (2023) and Machalaba et al (2021) of low global
capacity for wildlife disease surveillance. Expectations for wildlife
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health have increased at the multilateral level, especially after the
SARS-CoV pandemic. Yet most surveillance is implemented at the
national and sub-national level where capacities can be highly
variable. While the perspectives offered in this paper have
relevance to setting expectations and information design, we do
not offer solutions to the challenges of implementing or scaling up
global surveillance capacity. A global discussion is needed about
what can realistically be done to achieve the desired objectives.

Information and knowledge gaps featured prominently in our
scan of expectations and knowledge. A research agenda supporting
wildlife health surveillance and intelligence development should be
centered on four core issues:

1. Equivalency- What methods can equivalently be used to
reliably acquire wildlife health information and/or how can
the biases, uncertainties and ambiguities of wildlife health
information be effectively accounted for in risk assessment
and decision making? Issues of non-representative and biased
wildlife population sampling were pervasive problems in our
scan, needing considerable guidance to ensure information
generated from wildlife is appropriately assessed.

2. Equity - Do the current approaches ensure that all wildlife
can reach their full health potential and are not disadvantaged
from the actions taken in response to surveillance and
intelligence outputs. Systems designed to protect one group
(ex. livestock) should not adversely affect another group (ex.
wildlife). The harms and benefits of wildlife risk management
should be equally borne by wildlife users and non-users.

3. Effectiveness — Do we know that surveillance and intelligence
systems support decisions that are acceptable, ethical,
efficient and effective and do not generate unintended
adverse consequences? The decisions on what to monitor will
influence what can be done with surveillance outputs. For
example, the decision to focus on diseases that affect livestock
trade can reduce the resources available to track diseases of
concern to local threatened species. The need for a disease to
be known to cause significant impacts could preclude
proactive management targeting distal risk factors for yet
unknown diseases, making it hard for wildlife health
surveillance to support very early warning against future
pandemics. Integrating traditionally distinct knowledge,
skills and perspectives for game-changing purposes is a
growing expectation of universities and governments
(Halloun 2020), but guidance on how to achieve this in the
wildlife health sector was either lacking or aspirational.

4. Welfare - Systems intended to promote wildlife resilience
require a shift from an exclusive focus on disease, distress and
cruelty to health promotion strategies that support animals in
all ways, as individual and as groups, to humanely fulfill their
evolved roles and needs. Wildlife population welfare
surveillance needs to not only address how we protect
wildlife from the direct effects of diseases but also the indirect
effects on the environmental and social change that impede
welfare and thereby increase vulnerability and reduce
resilience to emerging diseases, climate change and other
conservation threats. Welfare exists when animals have the
capacity for unimpaired flourishing, free of obstacles, to live
in a way that conforms with expectations, opportunities and
abilities (Stephen and Wade, 2018). There will be a need for
considerable consultation, applied research and partnerships
to support efforts to identify variables that influence wildlife
welfare protection.
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