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Abstract

Species conservation is currently underutilising proactive, forward-looking methods that could help
manage the increasingly complex and unpredictable pressures facing species globally. Horizon
scanning, which fits into broader strategic foresight cycles, could identify potential future threats
and opportunities for species. Enabling early action before impacts accumulate or windows of
opportunity pass could facilitate progress towards species conservation targets. This study
explores the potential of horizon scanning to inform species conservation planning using a Delphi-
like approach to synthesise geographically dispersed insights into potential futures for the saiga
antelope (Saiga tatarica) from a diversity of actor types. Through rounds of scoring, evidence, and
discussion involving 42 participants, the six highest-priority issues for saiga conservation over the
next decade were determined. ‘Wildlife health and disease’, ‘Development and infrastructure’, and
‘Climate and environmental change’ were the highest-scoring ‘Driver’ themes that emerged from
the process. The effectiveness of the Delphi-like method was demonstrated by broadly consistent
prioritisation across participants and between-round changes, despite significant background-
specific differences, suggesting that a collective judgement emerged. As the first species-level
horizon scan, this study provides vital lessons for when and how the methodology should be

implemented.



1. Introduction

Twenty-eight percent of species assessed for the IUCN Red List are threatened with extinction
(IUCN, 2025), reflecting immense and growing global pressures altering the threat and opportunity
landscape for wildlife. These pressures are increasingly shaped by rapid ecological and socio-
economic change, which interact to produce additive impacts that cannot be forecast from past
trends alone (Yang et al., 2021). A less predictable future is one that is much harder to manage,

posing a risk of unpreparedness and ineffective conservation action.

Change is often preceded by early warning signals that provide a critical window for intervention
but are frequently missed or ignored. This is exemplified by the crash of the Chiru (Pantholops
hodgsonii Abel, 1826), driven by a surge in poaching for its underfur to meet spiking demand for
luxury shahtoosh shawls (Schaller, 1998; Mills, 1999). The fashion craze was only recognised
once it was well established, and thousands of animals had been lost. Delayed response
contributed to a ~90% loss of the global population (Schaller, 1998). Allowing impacts to
accumulate makes intervention more resource-intensive and potentially less effective (Figure 1),
highlighting the need for forward-looking approaches that not only identify emerging issues but also

prioritise them to ensure timely action.
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Figure 1. How integrating horizon scanning and wider foresight processes into species conservation processes can
accelerate progress toward conservation targets. Solid arrows = existing pathways. Dashed arrows = proposed pathways.



Global species conservation is strongly shaped by two Multilateral Environmental Agreements
(MEAs): the Convention on Migratory Species (CMS) and the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES), which produce species-specific
Memoranda of Understanding (MOUs) implemented through action plans. These are informed by
scientific evidence on current species trajectories, provided by CMS and CITES themselves, as
well as IUCN Species Survival Commission (IUCN-SSC) Red and Green List assessments. Given
that action plans outline future strategy, the lack of formal forward-looking approaches in this
process is striking. Species conservation can draw lessons from other sectors facing similarly high-
impact, hard-to-predict risks that have already developed effective forward-looking approaches.
Sectors like EU policymaking and global public health (Van Woensel, 2024; World Health
Organisation, 2022) have shown that approaches like strategic foresight can inform decision-
making by considering possible, probable, and desirable future conditions (Cook et al., 2014).
Strategic foresight can identify emerging issues (both threats and opportunities) before they fully
materialise, enabling earlier, more effective interventions and the ability to capitalise on time-
sensitive opportunities (Cook et al., 2014). Greater uptake of foresight methods in species
conservation could support a shift toward proactive action, reducing pressure on limited resources
while advancing progress towards global targets, for example, those outlined in the Kunming-

Montreal Global Biodiversity Framework (Convention on Biological Diversity, 2022) (Figure 1).

Strategic foresight processes are often initiated through a horizon scan (Cuhls, 2020), which
involves systematically searching data or untapped expert knowledge for signals of change
(Sutherland & Woodroof, 2009). Horizon scanning has proven effectiveness in global conservation
(e.g. Sutherland et al., 2010; Sutherland et al., 2019) and is increasingly used on narrower
conservation topics such as pollination, the illegal wildlife trade (IWT), and climate change impacts
on Aotearoa New Zealand (Brown et al., 2016; Esmail et al., 2020; Macinnis-Ng et al., 2024).

However, its use at the level of individual species remains unexplored.

Horizon scanning provides a tool for capturing potentially rich but dispersed expert insights and
integrating them into existing species conservation planning processes. Species, particularly those
with large or border-spanning ranges, often have several management authorities and a
disconnected cohort of experts working on them. Experts develop deep, population- or sector-
specific knowledge of their species, including early signs of change, but these insights may not
reach decision-makers. If species conservation processes were restructured to more closely
resemble strategic foresight cycles (Figure 1), horizon scanning could funnel this untapped

knowledge into species action plans, informing targeted interventions.

The saiga antelope (Saiga tatarica Linnaeus, 1766), hereafter ‘saiga’, is a valuable case study for
species-level horizon scanning because of its highly uncertain future and its geographically and

institutionally dispersed stakeholder network. The saiga is a nomadic migratory ungulate with five



distinct populations across Kazakhstan, Uzbekistan, Russia, and Mongolia that undertake large-
scale, often transboundary migrations (IUCN, 2023). The horns of males are traded internationally
for use in Traditional Chinese Medicine (TCM) (Chan et al., 1995), which extends the relevance of
the saiga beyond its range states. The species has a volatile past, having narrowly avoided
extinction twice in recent history: once in the mid-1990s after a post-Soviet spike in poaching for
TCM drove a global population crash (Milner-Gulland et al., 2001), and a second time in 2015
following a bacterial outbreak which was potentially linked to climatic anomalies (Kock et al., 2018).
The global saiga population has now overshot pre-crash levels thanks to its remarkable resilience
and fecundity (Kihl et al., 2009), and the species was downlisted to Near Threatened in 2023
(IUCN, 2023). However, this should not be mistaken for security. Global success is not range-wide,
and the saiga’s 2024 Green List Assessment classifies it as Largely Depleted (Milner Gulland &
Mallon, 2024), meaning that recovery is incomplete. While the Betpak-Dala and Ural populations
are booming, the Ustyurt, Pre-Caspian, and Mongolian populations have not recovered to the
same extent and remain particularly vulnerable (IUCN, 2023). Saigas are highly exposed to global
change due to their expansive range (Kuhl et al., 2009), and there is much uncertainty about how
they might be impacted by multiple interacting stressors, including extreme weather events, linear
infrastructure expansion, human-wildlife conflict (HWC), and the recently partially reopened legal
saiga horn trade (ACBK, 2025; CITES, 2025). Opportunities, including what conservation
‘success’ looks like, are also shifting as the saiga’s position in social, economic, and political
contexts evolves, leading to further uncertainty about what comes next. The saiga’s
multidisciplinary conservation network, with a strong culture of trust and collaboration, offers an
ideal environment for horizon scanning to reduce uncertainty and inform responses to emerging

shifts in the socio-ecological system.

The saiga also provides a clear pathway for actionable change. The Medium-Term International
Work Programme (MTIWP) is a five-yearly action plan developed under CMS that outlines
population-specific conservation priorities for the saiga. This framework represents a major step
towards proactive conservation, but it remains primarily informed by issues with current impacts.
Despite deadly outbreaks of foot-and-mouth disease impacting saigas in the latter half of the 20"
century (Orynbayev et al., 2016), the 2007-2011 MTIWP (CMS, 2006) failed to include action
points relating to disease, contributing to widespread unpreparedness for die-offs that struck saiga
populations in the 2010s (Fereidouni et al., 2019). Integrating horizon scanning could supplement
the MTIWP with lesser-known emerging issues, facilitating early action to help ensure the saiga's

success going forward.

In this research, | apply horizon scanning to identify and prioritise emerging issues for saiga
conservation. | also explore whether diverse perspectives can be brought together to produce a
collective judgement at the species level. To my knowledge, this is the first application of horizon

scanning at the species level, providing important insights into whether and how forward-looking



approaches can support species conservation. The study’s specific aims and hypotheses are as

follows:

AIM A: Identify and prioritise emerging threats and opportunities likely to impact saiga

conservation over the next ten years.

AIM B: Analyse how participant backgrounds influence prioritisation and how priorities change
between rounds to assess whether a collective judgement can emerge from diverse perspectives

at the species-level.

H1: Participants who are based in range states and/or have experience working on abundant saiga
populations (Ural and Betpak-Dala) will assign greater importance to overabundance-related drivers than
participants working on other populations or non-range-state contexts.

H2: Participants who use media and public reporting as sources of information about saigas will prioritise
drivers differently from participants who do not use these information sources.

H3: Participants with wildlife trade expertise will assign greater importance to trade-related drivers than
participants without trade expertise.

AIM C: Evaluate the appropriateness of horizon scanning at the species-level and provide

guidance for its future use.



2. Methods

| applied Delphi-like horizon scanning to identify priority emerging issues (threats and
opportunities) likely to affect the saiga over the next decade (Figure 2). | collected ideas of
potential issues, then invited participants to score these based on (1) likelihood, (2) novelty, and (3)
potential impact. | produced evidence summaries of top-scoring issues, hosted discussion
workshops to inform another scoring round, and identified the top issues based on those scores. |
then examined whether issues with common drivers were prioritised differently across participant

backgrounds and analysed changes between scoring rounds.
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Figure 2. Methodological overview of the Delphi-like horizon scan used to address aims A (identify priority
issues for saiga), B (analyse how backgrounds shape prioritisation and whether diverse perspectives can
produce collective judgement across rounds), and C (evaluate and provide guidance for species-level horizon
scanning). Participant numbers and the numbers of issues involved at the end of each stage are shown.



2.1 Delphi-like horizon scanning

In conservation contexts, where empirical evidence may be limited, horizon scanning can draw on
specialist knowledge and experience (Wintle et al., 2020). Delphi-like methods bring structure to
the process by collating scattered and diverse perspectives to identify a set of priorities (Figure 3)
(Mukherjee et al., 2015; Nowack et al., 2011; Sutherland & Woodroof, 2009). Past findings that
groups improve their best guesses through learning and judgement refinement support the use of
this method (Burgman et al., 2011). As do Sutherland et al.’s annual global conservation horizon
scans since 2010, with retrospective analyses showing that most issues identified in their first scan

subsequently emerged (Sutherland et al., 2019).

Delphi-like Horizon Scanning for the Saiga Antelope

1, TEE)
ﬁ\@: ' RUSSIA ﬁ@ /
SSIA y
/
e
- /
) o) ] ..
[scroame | MONGOLIA i
ST a |
\ /
N
y
N

= Vi

Structured discussion brings these
dispersed insights together, allowing
participants to develop a more nuanced
understanding of what the future may
look like for saigas.

Knowledge relevant to saiga conservation is initially widely distributed across
disciplines, institutions, and countries, with uncertainty about future population
trajectories and differing views on conservation priorities.
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Figure 3. Rationale for applying a Delphi-like horizon scanning approach to the saiga antelope, to synthesise
dispersed expertise and identify likely, novel, and impactful issues.



In the absence of a species-level methodology, | adapted the methods of Esmail et al.’s (2020)
horizon scan of the IWT. This study provides a robust methodological basis because it successfully
prioritised issues in a specific conservation context and drew on a highly international cohort. Major

deviations from the Esmail et al. methodology are outlined in Appendix B.

2.2 AIM A: Ildentifying priority issues

2.2.1 Participant recruitment

| cast a wide net across the saiga conservation network and beyond to incorporate diverse
perspectives. | first approached participants at the 20th meeting of the Conference of the Parties to
the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES
CoP20), where | used flyers and presentation slides to advertise the horizon scan at saiga-related
events attended by many relevant stakeholders (~40 reached) (see Appendix M). | then recruited
additional participants online through snowball sampling (Kirchherr & Charles, 2018), using

targeted emails (~70 individuals reached) and a LinkedIn post (>1200 users reached).

To maximise inclusion, | made all materials available in English and Russian and distributed Word
versions of online questionnaires to address internet restrictions in Russia. | did not restrict
participation to only saiga experts, recognising that those with less experience or in adjacent fields
(e.g. broader wildlife trade policy or species conservation more generally) could offer important
insights. | permitted participants to join late or skip stages of the entirely remote process. This
flexibility allowed me to use targeted emails to address emerging gaps in representation, an
important methodological step to ensure a broad range of viewpoints shaped issue prioritisation.
Overall, cohort composition was recorded as 26% based in saiga range states, 50% outside range
states, 24% of unknown location; 24% Academic/Researcher, 52% Conservation Practitioner, 14%

Policy/Government/IGO, 10% Other or unknown.

2.2.2 Producing an issue longlist (COLLECT)

Questionnaire Design

| used an online questionnaire to capture ideas about what the future may look like for saigas.
Following best practice (Lavrakas, 2008), | invited participants to propose one to three issues that
could affect saiga populations positively or negatively over the next decade, encouraging
consideration of both threats and opportunities (Appendix C). | also solicited a “wild card” issue to
capture high-impact, low-likelihood “black swan” events that forecasting methods often miss

(Goodwin & Wright, 2010; Kemp et al., 2020). | chose a ten-year time horizon for its balance of



realism and forward-thinking (Hines et al., 2019) and made this explicit throughout to ensure

responses matched the scope of the study.

Issue Consolidation

Many of the 125 raw issue responses were too vague, contained multiple distinct ideas, or
overlapped with other responses, so | screened and refined them prior to scoring. | removed
ambiguous responses (e.g., “climate”, “infrastructure”, “drought”) and split responses containing
multiple distinct ideas into ‘chunks’. | inductively coded the 193 resulting chunks (Braun & Clarke,
2006), then merged chunks with the same driver code. This resulted in a longlist of 57 issues for

Scoring Round 1.
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Figure 4. Example of the inductive coding and merging process used to condense raw-response chunks into
distinct issues (longlist) for Scoring Round 1. Chunks were coded to the highest-order driver explicitly stated
by respondents. For example, climate-change-induced dzud was coded separately from dzud. Dzuds are
anomalous climatic events characterised by extreme cold, snow, and ice that reduce access to fodder and
can cause mass mortality in livestock and saigas (UNDRR, 2025; Khanyari et al., 2021b).

2.2.3 Scoring Round 1 (FILTER)

Questionnaire Design

| invited participants to Scoring Round 1 (SR1), in which they scored the longlist to filter out issues
which were not of sufficiently high priority. | used an online questionnaire (see Appendix M) to
present the longlist issues in a fixed order that | had randomly determined to minimise ordering
effects (Lavrakas, 2008). Participants scored based on three criteria (adapted from Esmail et al.,
2020):



(1) Likelihood of emergence (how likely is it that this issue will occur in the next 10 years?)

(2) Novelty (how well-known is this issue among relevant stakeholders today?)

(3) Potential impact (if this issue were to occur, how large would its impact on saiga

populations be, and would that impact be positive or negative?)

| designed these criteria with later stages of the horizon scan in mind, drawing on the
characteristics of suitable horizon scan issues (Hines et al., 2018). | kept the criteria separate
rather than combining them into a composite score (e.g. Sutherland et al., 2010; Esmail et al.,
2020) because per-criterion scores could support workshop discussion and subsequent analyses. |
included ‘do not know/prefer not to score’ options to reduce random scoring that could bias results
(Lavrakas, 2008) and provided a comments box for concerns or additional insights. | asked
several background questions (see Appendix E) to categorise participants into ‘background

groups’ relating to their professional experience, so | could identify patterns in scoring.

Issue Progression

| aggregated SR1 scores to determine which would progress to the ENGAGE stage. | calculated
participant-level issue totals, equally weighting Likelihood, Novelty, and Impact to prioritise issues
that scored highly across all three dimensions. | standardised raw scores by converting them into
z-scores (Figure 5), which account for differences in how participants use the scoring scale
(Esmail et al., 2020; Kemp et al., 2020). This approach centred each participant's scores for each
criterion around zero, allowing comparison between issues; e.g., a positive ‘Likelihood’ z-score
would indicate that a participant deems the issue more likely than most other issues. | used the
absolute values of impact scores at this stage because potentially high-impact threats (-) and

opportunities (+) are equally important to the horizon scan.

l \Mh 1 Within-participant z-score calculation:

Vs ~ Based on Esmail etal., 2020
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‘ Issue-level scores for Novelty, ‘
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Figure 5. Aggregation of raw SR1 and SR2 scores into issue-level Total, Novelty, Likelihood, and Impact
scores, with within-participant z-score standardisation shown.



I merged two pairs of issues with identical scoring profiles that had been flagged as similar during
SR1, then selected the top 15 issues, which | had ranked by Issue Total (Kemp et al., 2020). This
number was small enough to enable me to produce sufficiently in-depth evidence summaries while

retaining a diversity of issues.

| gave participants the chance to “save” any eliminated issues they believed deserved further
consideration. | circulated a summary of the SR1 results with scores grouped into bands and a
‘perceived impact direction’ metric to allow easy comparison between issues (see Appendix F).

Two issues were saved, resulting in a ‘midlist’ of 17 issues.

2.2.4 Evidence and discussion phase (ENGAGE)

Evidence Summaries

| produced and circulated seventeen ~400-word evidence summaries of the midlist issues to
support informed discussion. Some horizon scans employ a ‘cynics’ model, in which participants
independently and critically research a subset of midlist issues before discussing their findings in
workshops (Kemp et al., 2020; Esmail et al., 2020). In this study, however, | took on the role of
cynic for all issues to reduce participant burden and ensure all issues were interrogated with the
same rigour. The summaries were mini-literature reviews that drew on >90 publications to present
current evidence and knowledge gaps (Appendix M). | asked participants to critically review these,

guided by prompting questions | circulated (Appendix G).

Discussion Workshops

| hosted two one-hour online workshops. During these, each issue was interrogated in turn, guided
by the evidence summaries and SR1 outputs (Appendix M). | offered various time slots and live
translation to maximise participation. To allow enough discussion time for each issue, eight issues
were covered in one workshop and nine in the other, split evenly by driver code, so participants not
attending both sessions could still engage with the full range of topics. For each issue, | presented
its evidence summary, banded per-criterion scores, and anonymised comments from SR1, then
opened the floor for five minutes of discussion. Peter Damerell (Saiga Conservation Alliance)
facilitated discussion, using the scoring outputs and his own expertise to prompt participant

reflection, and | provided clarity when requested or | deemed necessary.

| produced bullet-point summaries of the discussions, incorporating comments from those who

could not attend, for participants to refer to during Scoring Round 2 (Appendix M).



2.2.5 Scoring Round 2 (REASSESS)

In Scoring Round 2 (SR2), participants scored a revised set of 17 issues using the same criteria as
in SR1. Concerns about issue overlap and wording had led me to merge two issues into one, split
another into two, and simplify the wording of all issues. The SR2 questionnaire (Appendix M)
presented each issue along with its evidence and discussion summary. | encouraged participants
to consider this information while scoring, and to take more time deliberating their scores than in
SR1.

| aggregated SR2 scores (Figure 5) and ranked them based on Issue Total. | used a natural break
in these values to select a final shortlist of the highest-priority issues for saiga conservation over

the coming decade.

2.3 AIM B: Identifying trends in prioritisation

| investigated whether participant backgrounds influenced driver prioritisation and whether priorities
shifted between rounds, to determine whether a collective judgement had emerged from diverse

perspectives during the process (Figure 6).

Raw issue scores

[Participant—level issue scores for} [ Participant-level issue Totals }

Novelty, Likelihood, Impact (Novelty + Likelihood + Impact)

E Use LMERSs to visualise changes between i
1 l [ scoring rounds, identify significant changes ]
233 [ & explore composition effects '

Within-participant z-scores for Within-participant z-scores for
Novelty, Likelihood, Impact Total

Use LMER to identify significant differences in

driver prioritisation by focal groups
TAKE MEDIAN ACROSS PARTICIPANTS

Visualise to identify

[ ]

232 | i

] broad driver ]
Scores ] prioritisation i

1 patterns |

TAKE MEDIAN SR2
ISSUE TOTAL FOR
EACH DRIVER X
BACKGROUND GROUP

Issue-level scores for Novelty,
Likelihood, Impact, Total

TAKE MEDIANS FOR ISSUES IN EACH

DRIVER

Driver-level scores for Novelty,
Likelihood, Impact, Total

|
1 Rank drivers by Driver Total,
| compare between rounds

LMER = Linear Mixed Effects Regression Model

Figure 6. Analytical pipeline for ranking drivers, visualising prioritisation patterns, testing differences among
focal groups using LMERSs, and assessing changes between scoring rounds.



2.3.1 Identifying and ranking Drivers

| categorised issues using an inductive thematic analysis (Braun & Clarke, 2006). | coded issues

based on their primary drivers (as in 2.2.2), grouped similar codes, and then refined these

groupings until they were distinct and internally consistent. This resulted in a set of ‘Driver’ themes.

| took medians of issue-level scores for each Driver and ranked Drivers by Driver Total (Figure 6).

2.3.2 ldentifying background-specific trends in driver prioritisation

| converted multi-select responses into binary indicators (0/1) to produce independent focal groups

for heatmap visualisation and hypothesis testing (Table 1). | formulated these hypotheses to

include a range of factors likely to influence Driver prioritisation, including population-specific

experience, information exposure, and professional expertise. Despite being likely to shape

prioritisation, | did not attempt to test whether participants’ level of saiga knowledge affected

prioritisation, because it was difficult to objectively quantify. | also did not test sector (e.g.

‘Policy/Gov/IGO’, ’Academic/Researcher’) because the categories were too broad and overlapping

to analyse as distinct groups.

Table 1. The focal groups used to test hypotheses and the rationale behind each hypothesis.

Focal Group

Rationale

Participants with experience working on

Selected because these two large populations have
dynamics that differ from others (e.g. a history of

mass mortality from disease, potential human-wildlife

H1 | abundant populations (Ural and/or Betpak- ) )

Dala) conflict; ACBK, 2025), so working on them may
shape perspectives about the future for saigas
differently to other populations.

Selected because media influences perspectives on
- Participants who use media/public reporting as | species conservation (Le Busque et al., 2021), so

an information source participants using it as a source of saiga information
may prioritise issues differently.

Selected because trade was expected to be an

important topic in the horizon scan, due to the recent

CITES CoP20 decision (CITES, 2025) and previous
H3 | Participants with wildlife trade expertise population declines caused by poaching (Milner-

Gulland et al., 2001), allowing a direct test of
whether trade expertise shaped prioritisation of trade

issues.




| applied linear mixed-effects regression (LMER) models to these focal groups to test the study’s
hypotheses. | used within-participant z-score (Total) as the response variable, background group
and Driver as fixed effects, and Participant as a random intercept because participants had each
given many non-independent scores. | also included interaction terms to test whether differences
between groups varied across Drivers and used post hoc pairwise comparisons of estimated
marginal means (EMMs) to determine which pairings differed significantly. | used a Benjamini-
Hochberg correction to reduce the risk of false positives (Benjamini & Hochberg, 1995), given

many comparisons across Drivers and criteria.

2.3.3 Examining changes between scoring rounds

| also analysed changes between SR1 and SR2 to assess the impact of the ENGAGE phase on
prioritisation and whether group composition influenced those changes. | used LMERs to estimate
round-specific EMMs and post hoc pairwise comparisons to test differences between rounds, first
across all participants and then for participants who scored in both rounds. | modelled Total and the
three criteria (Likelihood, Novelty, and Impact) separately, included Round and Driver (and
Criterion in the criteria models), used participant as a random intercept, and used Benjamini-
Hochberg correction to identify which Driver x Total and Driver x Criterion combinations changed

significantly between rounds.

A summary figure of my full analytical pipeline is provided in Appendix H.

2.4 Statistical analyses

All statistical analyses were conducted in R (v. 4.5.3), using Ime4 for LMERs and emmeans for
post-hoc comparisons. | used dplyr, tidyr, stringr, tibble, gt, ggplot2, patchwork, htmltools, and
webshot2 for data organisation and visualisation. | used large language models to assist with

coding and troubleshooting.

2.5 Ethical approval

This study received ethical approval from the University of Oxford Central University Research
Ethics Committee (CUREC), reference MS IDREC-2388552.



3. Results

3.1. Participation

Participation varied across the study: Of the 42 individuals who participated, 24 took part in two or
more stages, 13 in three or more, and 5 in all four. 34 participants proposed issues, 18 participated
in SR1, 19 in SR2, and 14 in the ENGAGE phase.

3.2 AIM A: Priority issues

3.2.1 SR1: initial issue landscape

Consolidation of questionnaire responses yielded 57 issues (Table 2). Most (35/57) were classified
as threats. Five of the 35 threats and 8 of the 18 opportunities had complete consensus on impact
direction (whether they were threats or opportunities), indicating greater agreement on
opportunities. Four issues had complete non-consensus on impact direction. Progressing issues
(Table 2, in bold) were commonly characterised by high-medium Likelihood and Impact scores, but
neutral Novelty scores. Only three criterion scores were rated as high, a surprisingly low number

that may reflect the scoring banding used.



Table 2. Scoring Round 1 Issues 1-24 with their Drivers, Impact Directions, and SR1 scores.

Scoring Round 1 Issues (1-24)

Rank Issue wording

Cumulative stress from resource scarcity, climatic extremes, habitat fragmentation, human disturbance, infrastructure, and regional
1 instability weakens immune function, reduces reproductive success, and increases vulnerability to disease, undermining overall
population resilience.

Increasing aridity and poorly anticipated climate-adaptation resp (e.g. expanded irrigation, groundwater extraction, intensified
livestock production) shift saiga distributions and movement pathways, increasing contact with people and infrastructure and elevating
human-wildlife conflict, while limited understanding of these pressures and insufficient monitoring constrain effective anticipation and

mitigation.

Linear infrastructure and hard borders isolate saiga subpopulations and reduce genetic exchange, limiting movement during extreme
3 weather events and weakening adaptive capacity to climatic variability, with long-term consequences for population size, resilience, and
recovery.*

Expanded traffic networks increase wildlife-vehicle collisions, hinder effective enforcement, and improve access to remote areas which
facilitates targeted poaching and enables greater livestock movement risking pathogen spillover into previously isolated saiga habitats.

Changes in land use and management - including agricultural expansion, extractive activities, infrastructure development, and altered
grazing pressure - degrade and fragment steppe habitats, reducing habitat quality and the extent of suitable saiga range.

Rapid expansion of linear infrastructure - including roads, railways, mining access routes, fencing, agricultural lands, and hard borders -
6 creates physical and functional barriers that fragment habitat and restrict saiga access to key forage areas, water sources, calving
grounds, and recolonisation areas, increasing human-wildlife conflict and exposure to targeted poaching.*

Scarce food and water forces saigas closer to settlements and shared water points, increasing contact with livestock and people, creating
pathways for pathogen transmission.t

Growing saiga numbers, agricultural impacts, mass die-offs that leave communities to manage carcasses, and the absence of local
8 benefits shift perceptions of saigas from valued wildlife to pests, reducing tolerance for coexistence with a large, highly mobile
herbivore and weakening public support for conservation.

Climate change contributes to slow yet irreversible ecosystem changes - including shifting natural boundaries, degradation of

° permafrost, shrinkage of peatlands, wetlands, and natural springs - which degrade and fr it habitat, und ing saiga survival.

Disease outbreaks, including new or previously absent pathogens such as PPR and pasteurellosis, trigger rapid, large-scale mass die-offs
10 in saiga populations, particularly in large or naive herds and where limited wildlife disease surveillance means outbreaks are detected

too late.
1 Practical measures are implemented to reduce human-saiga conflict.
12 Economic collapse and armed conflict undermine regulated wildlife disrupt or destroy habitat, and increase poaching and
mass killing, as enforcement weakens and saigas are increasingly perceived as “fair game” due to their commercial value,
Climate change and land-use change reduce water and pasture availability, forcing saigas to alter migration patterns and move into
13 . . . s PR " .
agricultural areas, increasing competition with livestock and conflict with farmers.t
14 An unexpected catastrophic die off occurs, as people made the dangerous assumption that the sheer number of saiga meant die offs
would have limited impacts on population numbers.
As saiga populations expand, human-wildlife conflict generates political pressure where management prioritises horn value over
15 [ istence and lacks comp ion, dialogue, local incentives, and transparent benefit-sharing. Pressure from influential agricultural
producers and legal trade without community-sensitive frameworks increases the risk of poorly justified decisions, weakened
regulation, and renewed poaching, undermining inable saiga ent.
16 Integrating research across wildlife health, pathogens, parasites, nutrition, climate, and weather improves understanding of the
mechanisms driving saiga mass mortality events.

17 A craze or a new use for saiga horn emerges.

Increasing frequency and intensity of dzuds due to climate change leads to reduced access to winter forage, starvation, reduced reproduction,
18 increased vulnerability to disease and predation, and episodic mass mortality in saiga populations (the scale of which may be currently under-
assessed), particularly where movement is restricted. These events also cause widespread livestock losses and broader wildlife declines.

Palicy and management systems designed for scarcity are not prepared for the shift from emergency protection to routine abundance
19 management, as large herds increasingly interact with agriculture, infrastructure, and grazing systems and require active, day-to-day land-use
coordination

Following the resumption of legal trade, demand and prices for saiga horn fluctuate unpredictably, triggering increased poaching and illegal
trade.

21 Earlier and more variable spring green-up disrupts the timing of calving leading to reduced calf survival which increases vulnerability to
(saved) population crashes and extinction,

Improper implementation of sustainable use, including excessive harvesting or skewed sex and age structure in offtake, leads to major saiga

= population declines.

Abundance management decisions, such as zoning, population control, and controlled use, prove socially and politically sensitive, while the
23 institutional arrangements needed to support them - including trust, transparency, benefit-sharing, legal frameworks, coordination, and
compensation - lag behind biological recovery.

24 Large saiga populations begin to regulate themselves from mass die-offs, other disease, or resource dep for

(saved) vegetation.

, leading to b

* Issues rank 3 and 6 were merged following SR1. F Issues rank 7 and 13 were merged following SR1.
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Bold = issues progressing from SR1; ranks based on Total. T/O = Threat/Opportunity where T = Threat, ~T = Leaning
Threat, C = Contested, ~O = Leaning Opportunity, O = Opportunity. Novelty, Likelihood, and Impact are median z-scores.




3.2.2 SR2: refined issue landscape

Seventeen issues, refined following the ENGAGE phase, were scored in SR2 (Table 3). Again,
most issues (13/17) were classified as threats, while only one (a 38% decrease from SR1) was an
opportunity. Three were entirely contested in impact direction. The range of Total scores decreased
by 16.25% between scoring rounds, indicating convergence. The top six issues (Table 3, bold)
progressed to the final shortlist based on a natural break in scores. These issues showed a similar
scoring pattern to the high scorers from SR1: high-medium Likelihood and Impact scores, but
generally neutral Novelty - except for the top-ranking issue, which received a remarkably high
Novelty score relative to other issues. Rank 12 also showed high Novelty, but its low Likelihood

and neutral Impact limited its overall ranking.

Table 3. The 17 Scoring Round 2 issues, with their Drivers, Impact Directions, and scores.

Scoring Round 2 Issues

Rank Issue wording Driver T/O  Likelihood Novelty Impact  Total
- High- . High-
: Tt . " . o Wildlife health 4 '
1 p create stress, with effects that undermine population resilience. e nen T medium R edium 200
e and disease (1.08)
(0.50) (0.93)
Development High- o High-
2 Rapid expansion of linear infrastructure creates barriers that fragment habitats and restrict movement between key areas. and T medium (-0.35) medium  1.08
infrastructure (0.92) - (0.65)
Development oo Neutral  Neutral
3 [ activities and frag the steppe, reducing the quality and extent of suitable saiga range. ~and T medium (0.12) 027 1.01
infrastructure (0.74)
Population Neutral  Neutral ~ i9h-
4 Current large population sizes create a false sense of security, lowering preparedness for mass mortality events. dynamics and T 035 (oo Medium 071
management - : (0.56)
Disease outbreaks, including ging or ly absent path trigger mass mortality events, particularly in large or naive Wildlife health Neutral  Neutral [
5 o : . PR . T medium  0.71
herds and where wildlife disease surveillance is limited. and disease (0.26) (-0.47) 0.65
Climate-driven resource scarcity shifts saiga distributions and 1t patt into h d d landscapes, increasing Climate and High” — geutral  Neutral
6 i . environmental ~T  medium 0.68
overlap with livestock, infrastructure, and people. (-0.24) (0.11)
change (0.83)
Climate and Neutral Neutral Neutral
B . . . . ) . N - .
7 Climate change drives large-scale ecosystem change, altering the distribution and quality of suitable saiga habitat environmental 10.24) (.008) (0.05) 003
change
PR ; . . : Human-saiga Low-
Increasing impacts from growing saiga populations and an absence of local benefits cause saiga to be seen as a burden by local communities, _ Neutral Neutral
¢ reducing support for their conservation nteractians end - (0.24) medem 0.27) o
g supp - social acceptance (-052) :
Human-saiga Neutral  Neutral  Neutral
9 Coexistence between lacal communities and saiga is not prioritised, leading to political pressure driving management decisions. interactions and T 0in 047) ©0.05) 011
social acceptance
Development and Neutral  Neutral Lo
10 The expansion of road networks into previously isolated saiga habitat facilitates poaching, disease spillover, and collisions with vehicles. i”,,azmwg ~T (0.35) (0.00) ey -0
N (-0.58)
i Trade, demand, N High- e tral X
1 A craze or a novel use for saiga horn emerges. 3 medium . N -0.36
and markets (-0.18)
(0.80)
Political instability High Neutral
12 Armed conflict and/or economic collapse weakens governance, limits enforcement, and hinders effective wildlife management and geopolitical ~T (1'37, 0.40) -041
change . )
Population High- Newtral Low-
13 As saiga populations grow, density-dependent pracesses lead to self-regulation of papulation size. dynamics and ¢ medium oo medium 046
managemant (0.56) Y oTe)
Conservation
. action and Neutral Neutral Neutral -
4 y = iy
1 Integration of research across disciplines improves understanding of drivers of saiga mass mortality events knowledge s} 032) -033) 0.16) 063
systems
Population Newtral High-
15 Large saiga populations increase carcass availability, influencing nutrient cycling and scavenger dynamics in steppe ecosystems. dynamics and C o3z  Mmedium 071
managemant A ©.75)
Conservation
tion and Lo Low Neutral
16 Effective measures are implemented to reduce human-saiga conflict. a c medium  medium - -054
knowledge 0.25)
(-0.75) (-0.53)
systems

Climate and High-
17 Changes in seasonal timing shift calving periods and affect calf survival environmental ~T medium 171
change (0.90)

Bold = final shortlist; ranks based on Total. T/O = Threat/Opportunity where T = Threat, ~T = Leaning Threat, C =
Contested, ~O = Leaning Opportunity, O = Opportunity. Novelty, Likelihood, and Impact are median z-scores.




3.3 AIM B: trends in prioritisation

3.3.1 Influence of participant background on Driver prioritisation

Ten driver themes emerged from SR1 issues, eight of which were also present in SR2 (Figure 7).
There was a notable gap between the two highest-ranking Drivers (Wildlife health and disease and
Development and infrastructure) and the third-ranked Driver (Climate and environmental change),

indicating these two were of particular high priority.

Final Driver Ranking (SR2)

1 Wildlife health and disease (disease, stress, and One Health approaches for saiga) Dt= 1.36 * =2
2 Development and infrastructure (roads, railways, fences, and other developments in the saiga range) Dt= 1.01 * =3
3 Climate and environmental change (extreme weather, ecosystem change, and phenology shifts in the saiga range) Dt= 0.03 * =3
4 Human-saiga interactions and social acceptance (human-wildlife conflict challenges and perceptions of saiga) Dt=-0.08 * =2
5 Trade, demand, and markets (legal and illegal trade of saiga products, sustainable use, regulation, and ecotourism) Dt=-0.36 * =1
6 Political instability and geopolitical change (geopolifics, international borders, and conflict) Dt=-0.41 * =1
7  Population dynamics and management (saiga population size and management responses) Dt=-0.46 * =3
8 Conservation action and knowledge systems (research, monitoring, collaboration, and conservation action for saiga) Dt=-0.79 * =2

— Governance and institutions (policy, funding, coordination, and institutional capacity for saiga conservation)

— Land-use practices and resource systems (land-use change and planning, and resource scarcity)

Figure 7. Drivers identified through inductive thematic analysis and their descriptions, ordered by SR2 Driver
Total. Governance and institutions, and Land-use practices and resource systems are unranked because no

SR2 issues fell under these drivers. Dt = SR2 Driver Total (median Issue Total across issues within a driver);

»* = number of SR2 issues within that Driver.

Driver prioritisation was broadly consistent across background groups, made clear by horizontal
banding in Figure 8 below. Political instability and geopolitical change, and Demand, trade, and
markets showed greater variation, but this should be interpreted with caution as these Drivers
represent only one SR2 issue each. Differences in vertical patterns between background groups
indicate differing prioritisation of the Driver set, though sample sizes were often small. The most
distinct pattern was observed for those using Media/Public Reporting as a source of saiga
information, with higher scores relative to other information sources for Trade demand and
markets, and Conservation and knowledge systems, but lower scores for Wildlife health and

disease, Development and infrastructure, and Political instability and geopolitical change.
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Figure 8. Heat map of median SR2 driver scores by driver and background group. Horizontal patterns show
how each driver was prioritised across groups; vertical patterns show how each group prioritised the driver
set. Higher scores (red) indicate higher priority.

| used LMERSs to test focal groups (Table 4) relating to my three hypotheses, with Table 5

indicating whether the focal group for each hypothesis, or all other participants, prioritised each

Driver more highly.

Table 4. The study’s three hypotheses, and the extent to which they were supported.

Hypothesis

Supported?

or non-range-state contexts.

H1: Participants who are based in range states and/or have experience working
on abundant saiga populations (Ural/Betpak-Dala) will assign greater importance

to overabundance-related drivers than participants working on other populations

Weakly supported

information sources.

H2: Participants who use media/public reporting as sources of information about

saigas will prioritise drivers differently from participants who do not use these

Supported

trade-related drivers than participants without trade expertise.

H3: Participants with wildlife trade expertise will assign greater importance to

Partially Supported




Table 5. Directional differences in driver prioritisation by hypothesis focal group versus all others.

Directional Differences in Driver Prioritisation Between Participant Groups (Scoring Round 2)

Based in Range State (n=8) Ural/Betpak-Dala Experience (n=5) Media/Public Reporting Users Wildlife Trade Expertise (n=6)

vs Others (n=11) vs Others (n=14) (n=5) vs Others (n=14) vs Others (n=13)
Climate and environmental 4 4 n 1
change
Conservation action and
! Lk* IEE L 1
knowledge systems
Development and infrastructure ) { I * 4
Human-sa_lga interactions and 1* 1 4 ¥
social acceptance
Political |.n_stab|hty and 4 ¢ " 1*
geopalitical change
Population dynamics and " n 1 1
management
Trade, demand, and markets T T* T* T
Wildlife health and disease { Tk* ikl ¥

Arrows indicate which group scored each Driver more highly (1 = Focal Group; | = Others), based on estimated marginal
means (EMMs) from linear mixed effects model (LMER). Asterisks denote statistical significance after Benjamini-Hochberg
adjustment (*p < 0.05, **p < 0.01, ** p <0.001). The full EMM and adjusted p-value table is available in Appendix J.

H1: Participants based in range states assigned significantly lower priority to Human-saiga
interactions and social acceptance (AEMM=-0.15, n=19, p=0.045), but scored Population
dynamics and management and Wildlife health and disease similarly to others, with small non-
significant differences (AEMM=0.04, n=19, p=0.648; AEMM=-0.01, n=19, p=0.924). Similarly,
participants experienced with the Ural/Betpak-Dala populations perceived Human-saiga
interactions and Population dynamics and management almost identically to others, with small,
non-significant reductions (AEMM=-0.08, n=19, p=0.274; AEMM=-0.01, n=19, p=0.866). They
significantly deprioritised Conservation action and knowledge systems (AEMM=-0.20, n=19,
p=0.010), but significantly prioritised Wildlife health and disease (AEMM=+0.23, n=19, p=0.003)
and Trade, demand and markets (AEMM=+0.21, n=19, p=0.046).

H2: Participants using Media/Public Reporting as a source of saiga information assigned
significantly higher priority to Conservation action and knowledge systems (AEMM=+0.47, n=19,
p<0.001). They also significantly prioritised Trade, demand and markets (AEMM=+0.27, n=19,
p=0.014), while assigning significantly lower priority to Wildlife health and disease (AEMM=-0.33,
n=19, p<0.001) and Development and infrastructure (AEMM=-0.16, n=19, p=0.011) than those

who did not use this source.

H3: Participants with wildlife trade expertise assigned higher priority to Trade, demand and
markets than non-wildlife trade experts, although this difference was small and non-significant
(AEMM=+0.08, n=19, p=0.462). They significantly prioritised Human-saiga interactions and social
acceptance (AEMM=+0.18, n=19, p=0.015), while significantly deprioritising Political instability and
geopolitical change (AEMM=-0.22, n=19, p=0.029) and Wildlife health and disease (AEMM=-0.16,
n=19, p=0.040).



3.3.2 Changes in Driver prioritisation between rounds

| compared Driver ranks for SR1 and SR2 to identify potential shifts in prioritisation that may have
occurred due to the evidence summaries provided and discussions during the ENGAGE phase
(Figure 9). There was an apparent shift in prioritisation between rounds, with only Conservation
action and knowledge systems maintaining its rank (eighth). Trade, demand and markets rose by

three ranks, while all other issues shifted up or down one rank.

Scoring Round 1 Scoring Round 2

Initial driver ranking Final driver ranking

1 Development and infrastructure 1  Wildlife health and disease

2 Wildlife health and disease 2 Development and infrastructure

3 Human-saiga interactions and social acceptance .ﬂ 3 Climate and environmental change

4 Climate and envirenmental change ;’ 4 Human-saiga interactions and social acceptance
5 Political instability and geopolitical change 5  Trade, demand, and markets

6 Population dynamics and management .i \——> 6 Political instability and geopolitical change

— Governance and institutions ELIMINATED \—> 7  Population dynamics and management
7 Conservation action and knowledge systems 8 Conservation action and knowledge systems
— Land-use practices and resource systems ELIMINATED

8 Trade, demand, and markets

Figure 9. Rank changes in driver prioritisation between Scoring Rounds 1 and 2. Governance and institutions,
and Land-use practices and resource systems were only present in SR1.

Exploring these shifts further, Figure 10 shows changes in scoring between rounds for participants
who scored in both rounds. Human-saiga interactions and social acceptance exhibited declines
across the board, including a significant decline for Total (TotalAEMM=-0.88, n=13, p=0.032), the
overall score for that Driver, indicating deprioritisation between rounds. Trade, demand, and
markets had interestingly only increased in Novelty, and very slightly in Impact, suggesting its
three-rank jump between rounds was driven by these criteria, though neither of these changes was
significant (NoveltyAEMM=+0.27, n=13, p=0.338; ImpactAEMM=+0.01, n=13, p=0.969). Political
instability and geopolitical change showed an increase in Novelty despite decreases in the other
criteria, implying that participants increasingly viewed it as a more emerging issue in the saiga
context. However, this change was non-significant (NoveltyAEMM = +0.45, n=13, p=0.171).
Although Conservation action and knowledge systems showed very little change overall
(TotalAEMM=+0.01, n=13, p=0.979), it showed a significant increase in Impact
(ImpactAEMM=+0.50, n=13, p=0.024), suggesting that participants viewed this Driver as more

influential on saiga populations in SR2.



Driver Prioritisation and Changes Between Scoring Rounds (PAIRED)

Evailr:iplci?e(;ngglth and disease ‘ Egsglgg}nym and infrastructure
I Total (A =+0.39) Total (A =-0.63) [N
! Novelty (A =+0.24) Novelty (A =-0.22)
| Likelihood (A =+0.32) Likelihood (A =-0.14)
Impact (& =-0.11) Impact (A =-0.26)
gﬁm(ﬂ?e(;r;lgl environmental change ‘ Elalnmka?l-(sla}ga interactions and social acceptance
Total (A =-0.36) [ * Total (A =-0.28)
Novelty (A =-0.16) Novelty (A =-0.43)
Likelihood (A =-0.09) Likelihood (A =-0.39)
Impact (A =-0.13) Impact (A =-0.09)
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Total (A =-0.23) [l Total (A =-0.48) [N
| Novelty (A =+0.27) | Novelty (A =+0.45)
Likelihood (A =-0.49) Likelihood (A =-0.57)
Impact (A =+0.01) Impact (A =-0.38)
g:gtl;t(lio:l ,dynamics and management ‘ Eg:l;esr\sla:i!m action and knowledge systems
| Total (& =+0.00) | Total (A =+0.01)
! Novelty (A =+0.10) Novelty (A =-0.34)
| Likelihood (A =+0.08) Likelihood (A =-0.11)
Impact (A =-0.17) | Impact (A =+0.50) %
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A Estimated Marginal Mean (SR2 - SR1)

Figure 10. Changes in driver scores between scoring rounds. Green bars to the right of the midline (AEMM
= 0) indicate higher scores in SR2, while red bars to the left indicate higher scores in SR1. Rank numbers
indicate the SR2 ranking for each driver, and arrows show the direction and magnitude of rank change
between scoring rounds. Asterisks denote statistical significance in the paired model after Benjamini-
Hochberg correction (* p<0.05, ** p<0.01, *** p<0.001). Values are estimated marginal mean differences
from the paired model; the full EMM and adjusted p-value table are available in Appendix L.

| also examined change between rounds in an unpaired analysis across all participants. The paired
analysis is the main result because it captures within-participant judgement refinement. However,
the unpaired analysis can reveal whether changes in group composition may have influenced the
final shortlist. Although directional changes were similar (see Appendix K), the unpaired model
produced an entirely different set of significant changes. In the paired model, the declines in Total
for Climate and environmental change (TotalAEMM=-0.52, n=24, p=0.045), and Development and
infrastructure were significant (TotalAEMM=-0.61, n=24, p=0.033), as were the declines in
Likelihood for Trade, demand, and markets (LikelihoodAEMM=-0.58, n=24, p=0.015) and Political
instability and geopolitical change (LikelihoodAEMM=-0.64, n=24, p=0.019), the latter also
showing a significant increase in Novelty (NoveltyAEMM=+0.57, n=24, p=0.049). Additionally,
Human-saiga interactions and social acceptance showed a significant decline in Novelty
(NoveltyAEMM=-0.41, n=24, p=0.045).



4. Discussion

4.1 Priority issues for saiga conservation

This Delphi-like horizon scan identified six priority issues for saiga conservation, all perceived as

threats (Figure 11).

Six Priority Issues for Saiga Conservation

wa, DEVELOPMENT &
“" INFRASTRUCTURE

2. Rapid expansion of linear

infrastructure creates barriers

that fragment habitats and
1. Climate-driven resource restrict movement between key
scarcity shifts saiga areas.
distributions and movement
pathways into human-
dominated landscapes,
increasing overlap with
livestock, infrastructure, and
people. 3. Anthropogenic activities
degrade and fragment the
steppe, reducing the quality and
extent of suitable saiga range.

Status: THREAT

Status: THREAT

Status: THREAT

by Driver

I_ POPULATION DYNAMICS
& MANAGEMENT

4. Current large population sizes
create a false sense of security,
lowering preparedness for mass
mortality events.

Status: THREAT

WILDLIFE HEALTH
W & Disease

5. Interacting pressures create
cumulative stress, with effects
that undermine population
resilience.

Status: THREAT

6. Disease outbreaks, including
emerging or previously absent
pathogens, trigger mass
mortality events, particularly in
large or naive herds and where
wildlife disease surveillance is
limited.

Status: THREAT

Figure 11. The six final high-priority issues for saiga conservation, grouped by driver. Panels show each

driver category and its associated issues, with no priority order within or among panels.

This shortlist could support decision-making, as horizon scans are most useful when organisations

compare identified issues against current priorities to determine where action, monitoring, or

further research may be needed (Sutherland et al., 2012). Potential impact pathways and

mitigation steps are outlined in Figure 12, including key uncertainties that could be addressed in

further research. Although the six prioritised threats share cross-cutting risks, they differ in the

mitigation strategies required. They should be treated as distinct but interacting pressures rather

than problems to be addressed in isolation. As horizon scans are only the first stage of the

strategic foresight cycle (Cuhls, 2020), this shortlist could be built upon by conducting scenario

planning and analysis of past trends to improve understanding of these issues and guide

intervention design (Cook et al., 2014).



POTENTIAL IMPACT PATHWAY

MITIGATION STEPS

Implications of the six priority issues for saiga conservation and strategies to

mitigate them

Issue 1

Issue 2

Issue 3

Issue 4

Issue 5

Issue 6

The steppe is warming and water
resources are declining
(Wang et al_, 2022)

1 §

Forage and water availability
declines (Yang et al_, 2023;
Eberhard Karls Universitat

Tibingen et al., 2020)

¥

Functional habitat fragmentation
for saigas

4

Saigas become concentrated info
fewer refugia and closer to
human settlements

Linear infrastructure is
expanding (e.g State Great
Hural, 2020), reducing
connectivity (especially East-
West structures)

(e.g. Bizhanova et al., 2025)

$

Restricted access to forage;
prevented escape from extreme
weather; increased direct vehicle
mortality (Ito et al., 2017); limited

recolonisation; reduced genetic
exchange and adaptive
responses to climatic variability

(Chimeddor] et al., 2024Db);
fences may be co-opted as traps

by predators and poachers

Fertile steppe increasingly
converted to intensive cropland
and pasture (Torok et al., 2020);

Oil, gas, and coal extraction
further degrade (Prishchepov et
al., 2021; Yang et al , 2023)

4

Loss of pristine grasslands
(Nunez et al., 2020); mean plant
abundance and alpha diversity
decline and soil nutrient loss
(Yang et al., 2023)

4

Functional landscape
fragmentation; fall in forage
quality.

Saiga recovery may be creating a
shifting baseline which creates a
false sense of security despite
die-off risk-factors intensifying
(e.q. Gardner et al., 2002)

4

There may be reduced vigilance
and investment in saiga
conservation

4

Unpreparedness may lead to

local extinctions, especially of

small populations which are
less likely to recover

Individual drivers e.g. resource
scarcity, heat stress,
anthropogenic disturbance may
have additive effects causing
cumulative stress (Fuller et al |
2016)

'l

Prolonged stress may increase
disease risk and reduced
fecundity (Fuller et al., 2016;
Jolles et al., 2015)

'l

Increased die-off risk and
reduced ability to recover from

Infectious disease remains a risk
particularly in abundant or
immunologically naive herds, and
where there is overlap with
livestock (Khanvari et al., 2021a)

4

Risk compounded by stress

and/or poor body condition

and movement restrictions
(Robinson et al., 2019)

Outbreaks are difficult to
detect in the remote steppe
(Khanyari et al., 2021a)

'» (Trouwborst et al., 2016) them
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Figure 12. Potential impact pathways and mitigation steps for the six priority issues for saiga conservation. HWC = human-wildlife conflict.




4.2 What shaped prioritisation?

Understanding what shaped prioritisation helps determine whether the Delphi-like approach
generated a robust collective judgement from diverse perspectives rather than simply aggregating

disparate opinions.

4.2.1 Participant background

Although some differences were observed between background groups, Driver prioritisation was
generally consistent across participants. This suggests successful integration of diverse
perspectives to produce a shared view of the most important Drivers, with specific perspectives still
retained. For example, the distinct scoring pattern for Media/Public Reporting users revealed their
unique insights, but overall consistency across the cohort indicates that a shared judgement

emerged regardless.

Hypothesis testing provided additional insights into background-specific prioritisation.

H1: Being based in a saiga range state was not a strong predictor of prioritisation: participants
inside and outside range states prioritised Wildlife health and disease, Trade, demand and
markets, and Population dynamics and management similarly, suggesting that range state
affiliation is too broad a proxy for exposure to abundant populations. For example, participants in
Mongolia may have little connection to the Ural/Betpak-Dala populations. In contrast, participants
who had worked directly on the Ural/Betpak-Dala populations significantly prioritised Wildlife health
and disease and Trade, demand and markets relative to other participants. This indicates that
direct experience with large populations was a better predictor of a participant’s priorities than their

location. Overall, H1 was weakly supported.

H2: The marked difference in how Media/Public Reporting users prioritised the Driver set,
compared with other information sources, provided early support for this hypothesis. These
participants significantly prioritised Trade, demand, and markets compared to other participants,
which may reflect the increased salience of trade issues in the media prior to and during the
horizon scan, including CITES CoP20 decisions to reopen the international saiga horn trade
partially (e.g. WCS, 2025; The Times of Central Asia, 2025). This contentious discourse may have
influenced scoring to some extent. This focal group also significantly prioritised Conservation
action and knowledge systems. This may reflect that media coverage has also highlighted
conservation efforts underpinning saiga recovery, such as the Altyn Dala Conservation Initiative
and its 2024 Earthshot Prize recognition (e.g., Fauna & Flora, 2024; RSPB, 2024). Media may

influence perspectives on saiga conservation, consistent with findings that media portrayals shape



risk perceptions of sharks and support for their conservation (Le Busque et al., 2021). However,
this focal group significantly deprioritised Wildlife health and disease, as well as Development and
infrastructure. This was surprising as | noticed heavy media coverage of both during my evidence
summary research, including reporting on disease outbreaks and barriers to migration (e.g.
National Geographic, 2018; Saiga Conservation Alliance, 2024). The lower prioritisation of these
Drivers may indicate that media/public reporting influences perspectives most strongly when

coverage is recent or linked to policy decisions, as was the case for the CITES CoP20 decision.

H3: Participants with wildlife trade expertise did not score Trade, demand, and markets
significantly differently from other participants, but they did show a distinct pattern across other
Drivers linked to trade. They significantly deprioritised Political instability and geopolitical change,
and Wildlife health and disease, despite both having knock-on effects for the saiga horn market,
while significantly prioritising Human-saiga interactions and social acceptance, which included
issues related to poaching and benefit-sharing from the horn trade. This suggests that trade

expertise was reflected in prioritisation, but not in a straightforward way.

Overall, hypothesis tests indicate that some participant background variables shaped prioritisation,
but not consistently. Differences emerged without preventing overall convergence, highlighting the
main strength of the Delphi-like approach: bringing together diverse perspectives to identify shared

priorities through collective judgement.

4.2.2 Shifts across scoring rounds

Shifts between scoring rounds can indicate judgement refinement during ENGAGE and the

broader Delphi process.

Multiple between-round changes are supported by comments made during the ENGAGE
workshops. For example, the deprioritisation of Novelty for Human-saiga interactions and social
acceptance issues can be explained by comments from a participant with extensive saiga
management experience, like: “We already see [HWC fencing solutions] happening”. The increase
in Novelty and Impact for Trade, demand, and markets issues, though non-significant, could be
explained by rich insights into potential new uses of saiga horn provided by trade experts that other
participants were unaware of. The large and significant increase in Impact for Conservation and
knowledge systems issues may have been shaped by a workshop realisation that the midlist issue
‘Practical measures are implemented to reduce human-saiga conflict’ could actually have
detrimental impacts: “reducing conflict in the short term, but in the long term, you're only pushing
those saigas somewhere in that landscape”. Such insights influenced other participants to

reconsider their own perspectives, exemplified by one SR2 comment: “I have been guided in my



scoring to a considerable degree by the workshop discussion on this point”, an intended benefit of

the Delphi-like approach.

External events and shifts in group composition could also have altered scoring patterns. For
example, scoring may be impacted by conversations, global developments, or even changes in
outlook between scoring rounds. The escalation of the 2026 Iran war might have been expected to
make Political instability and geopolitical change seem less novel by bringing it onto people’s
radars, yet Novelty still increased. Workshop discussion may have encouraged participants to
consider wider knock-on effects of geopolitical change, with one participant noting, “there are
bigger pictures beyond just immediate local conflict as well, or economic collapse.” This suggests
that the ENGAGE phase may have shaped perceptions more than external events did. Shifts in
scoring may also reflect changes in group composition between rounds, as 6/19 SR2 scorers did
not complete SR1. Although individual backgrounds did not strongly influence prioritisation,
collective judgement depends on group composition, and the differing paired and unpaired results

suggest it may have shaped the observed changes.

Overall, the observed changes in driver prioritisation between rounds appear to reflect judgement

refinement but may also reflect external events and changes in group composition.

4.2.3 Overall confidence in the shortlist

The results provide confidence in the shortlist as a collective assessment of priorities for saiga
conservation. Because Driver scores are aggregated from issue scores, the broad consistency in
Driver prioritisation and evidence of judgement refinement suggest the shortlist was not shaped by
random scoring variation or a few dominant voices. As with all horizon scans (e.g. Esmail et al.,
2020; Sutherland et al., 2010), a different cohort of participants would likely have prioritised a
different set of issues, but with 42 participants overall, | am confident that these priorities are

representative of the saiga context.

While | have confidence that the shortlist represents priority issues for saiga conservation, | am not
certain it entirely aligns with the aim of capturing priority emerging (high Novelty) issues. Applying
equal weights to criteria when calculating totals meant that many high-ranking issues were driven
more by elevated scores for Likelihood and Impact than by Novelty. If | were to repeat this
exercise, | might place greater weight on issue Novelty to ensure the results align more closely
with the exercise's goals. However, this would need to be supported by a very strong framing of
what Novelty entails, as some participants found this criterion difficult to quantify, possibly due to a
lack of horizon scanning or forward-looking experience. This challenge would likely ease if forward-

looking exercises became more commonplace in species conservation and participants became



accustomed to thinking in this way. Further research could identify the optimal framing of Novelty to
ensure any future species-level horizon scan can capture truly emerging issues. Despite the
novelty concern, this horizon scan successfully identified threats for saiga conservation that are at
least somewhat novel and likely to emerge with impacts on saiga in the next decade, thereby

informing broader priority-setting.

4.3 Lessons for species-level horizon scanning

This exercise provided evidence that the Delphi-like horizon scanning can generate meaningful
insights at the level of an individual species, not just in broader conservation contexts. However, |
encountered various engagement challenges that future species-level horizon scans are likely to
face as well. In Figure 13 below, | outline these challenges, describe the criteria that a suitable
species for horizon scanning should meet, and provide recommendations for future species-level

horizon scans based on what worked in the saiga context.
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| scanning. Engagement challenges will always exist, but practical steps can be taken to mitigate their impact.

Figure 13. Criteria for species horizon scans to overcome engagement challenges in conservation, based on lessons

from the saiga horizon scan.




5. Conclusion

Using a Delphi-like horizon scan, | collated rich insights from 42 participants to establish a set of
priority emerging issues for saiga conservation over the next decade. This shortlist can inform
conservation planning processes, including the next saiga MTIWP. It could also serve as a starting
point for the broader strategic foresight process, bringing species conservation a step closer to the
full integration of structured, forward-looking methods to help tackle the challenges of an
increasingly uncertain world. In this first trial of species-level horizon scanning, | found that the
method can effectively bring together scattered insights from a diverse group of participants to
identify species priorities, with evidence of collective judgement emerging across the cohort.
However, it needs to be carefully designed to address the challenges posed by the species
conservation context. Going forward, species-level horizon scans are best suited for species with
active, diverse, and engaged conservation networks, especially where past unpreparedness

makes the need to identify and prioritise emerging issues very clear.
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8. Management Report

Throughout my project, | generally had fortnightly meetings with my supervisor and Peter Damerell.
While my supervisor was away on sabbatical (mid-Feb to mid-April), | had meetings with Peter as

and when challenges arose.

Oct | Nov | Dec | Jan | Feb | Mar | Apr | May

Task
25 | 25 | 25 | 26 | 26 | 26 | 26 | 26

Questionnaire design & preparation of recruitment materials

Horizon scanning reading/lit review

Ethics application

COLLECT stage

FILTER stage (including SR1)

Research for evidence summaries

ENGAGE phase

REASSESS phase (SR2)

Intro write-up

Analysis (ppt background and between round changes)

Write-up

Ethical approval

| experienced a major delay in obtaining ethical approval. | submitted my application to WorkTribe
on October 28", received a request for additional information on February 25" (which | responded
to that day), and received a favourable opinion on February 26". It was critical for me to launch my
project at CITES CoP20 in early December, as a very large pool of potential participants was
attending. This meant | had to collect participant data without approval, though | later received it. If
I had waited until | had approval, | would have had to recruit online only, which likely would not
have attracted enough participants to be able to proceed. There also would not have been enough

time to run the methodology if | had started in late February.

COLLECT phase

The COLLECT stage took longer than anticipated due to a low response rate to the questionnaire
during the busy Christmas and New Year’s period, so | extended the deadline and sent multiple
rounds of follow-up emails. The questionnaire was open between 3 Dec and 17 Jan (45 days),

whereas | had intended it to be open for only ~14 days, resulting in a substantial delay.



FILTER phase

| then experienced a long delay while Scoring Round 1 was being translated, which meant |
needed to quickly find another translator. Scoring Round 1 was open between 2 Feb and 13 Feb
(11 days), and | was aggregating and circulating results, then waiting for participants to “save”

issues until 24 Feb.

ENGAGE phase

| researched and wrote seventeen ~400-word evidence summaries between 13 Feb and 26 Feb
(researching the additional saved issues once the “saving” deadline had passed), and | circulated
these along with workshop invitations on 5 March. The workshops were held in two one-hour
sessions on 7 and 9 March. Time was getting tight at this point, and | needed to write up Scoring
Round 2 and leave enough time for translation, so | was only able to give participants who could

not attend the workshops four additional days to send me their thoughts for inclusion.

REASSESS phase

Scoring Round 2 was open for 23 days between 1 and 23 April. | had planned to keep this open for
~14 days, but | had to extend the deadline due to a low response rate. While this stage was open, |
wrote a draft of my introduction and began aggregating and analysing my data, as | could rerun my

code with updated data once SR2 had closed.

Write-up

After analysing my data, | wrote up the first draft of my dissertation between April 30 and 15 May,
then refined this over the next week to submit on 22 May, having received a self-certified

extension.
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Appendix A: Glossary of acronyms

CITES = Convention on the International Trade of Endangered Species of Wild Fauna and Flora
CMS = Convention on Migratory Species

CoP20 = 20th meeting of the Conference of the Parties (to CITES)

EMM = Estimated Marginal Mean

GBF = (Kunming-Montreal) Global Biodiversity Framework

HWC = Human-Wildlife Conflict

IUCN-SSC = International Union for Conservation of Nature Species Survival Commission
IWT = lllegal Wildlife Trade

LMER = Linear Mixed-Effects Regression (Model)

SCA = Saiga Conservation Alliance

SR1 = Scoring Round 1

SR2 = Scoring Round 2

TCM = Traditional Chinese Medicine



Appendix B: Deviations from reference study (Esmail et al., 2020)

Stage Reference study (Esmail et al., My approach Rationale for my approach
2020)

COLLECT | Asked participants to consult their | | welcomed quick As | was recruiting at events and on
networks and conduct their own responses (~10- LinkedIn, keeping it as short as possible
research before submitting ideas. minute questionnaire) | was important to maximise participation.

All stages | Selected a panel to take part in | allowed anyone to The saiga community is smaller than the

after scoring, research, discussion, and | participate in all wildlife trade community and | had already

COLLECT | rescoring. stages and let people | experienced engagement challenges in
participate) leave and rejoin. the COLLECT stage. It would not have

been feasible to maintain a consistent
group throughout the process.

Scoring Single 0-1000 composite score | had three separate Kemp et al. (2020) state that

Rounds 1 | (O=low novelty, low plausibility, low | scores “disaggregation in voting was likely to

&2 potential future impact) impose a greater burden on participants

while providing little additional benefit”.
However, | wanted to be able to report
individual score breakdowns for each
issue as a workshop discussion point and
also to help inform recommended action
points for the issue.

Scoring Had a yes/no ‘have you heard of | did not include this | knew my cohort would be smaller than

Rounds 1 | this issue before?’ question for question. Esmail et al.’s, so | thought it better to ask

&2 each issue to calculate a participants how well-known the issues
‘familiarity %’ as an additional were to relevant stakeholders (via the
measure of novelty. novelty criterion), rather than whether they

themselves had heard of them, as that
would not be very representative.

Research | Cynics model (randomly assigned | | was the cynic for all | My supervisor advised that | do this to

phase 4-5 issues to each assessor for issues. reduce the burden on participants and to
them to research and had them provide a chance for me to learn more
discuss their findings in an online about the saiga context. It also ensured
forum). that all issues were investigated with equal

rigour.

Thematic | Quantitative topic modelling | used an inductive | wanted to identify drivers, not count how

analysis analysis (Latent Dirichlet qualitative thematic often topics appeared. Also, participants

Allocation)

analysis.

often referred to the same driver but in a
different way so | analysed the data
manually to ensure this nuance was not

lost.




Final 20 issues on the final shortlist Six issues on the final | Esmail et al. started with a much larger
shortlist shortlist number of issues (226) as they had 139
participants. | chose six rather than a
round number due to a natural break in the
rankings, as Brown et al. (2016) did in

their horizon scan.

Appendix C: Initial idea-gathering questionnaire (COLLECT)

1) In as much detail as you like, describe an issue that could affect saigas - positively or
negatively - within the next 10 years. Explain what it is, why it matters, and include any

examples that help to explain it.

2) | think this issue is most likely to be
- Athreat

- An opportunity

- Both / Uncertain

3) WILD CARD: Imagine it is the year 2035 - what has had a major impact on saigas that was

not on most people's radar in 20257

Appendix D: Scoring Scales Used in SR1 and SR2

Likelihood of emergence (how likely is it that this issue will occur in the next 10 years?)

Don’t Know / Prefer Not to Score
1 = extremely unlikely to occur

2

3

4

5 = extremely likely to occur

Novelty (how well known is this issue among relevant stakeholders today?)




Don’t Know / Prefer Not to Score
1 = very well known

2

3

4

5 = very poorly known / off the radar

Potential impact (if this issue were to occur, how large would its impact on saiga populations be,

and would that impact be positive or negative?)

Don’t Know / Prefer Not to Score

-5 = massive negative impact on saigas

0 = no significant impact on saigas
1
2
3
4
5

= massive positive impact on saigas

Appendix E: Participant background questions

1) Full Name:

2) How familiar are you with the saiga antelope or saiga conservation?
1 = no knowledge
2 = limited knowledge
3 = moderate knowledge
4 = good knowledge

5 = expert knowledge



3)

Which of the following best describes your background or area of work?
Academic or researcher

Conservation practitioner (e.g. NGO, fieldwork, or management)

Policy, government, or intergovernmental organisation

Other (please specify)

What is your area of expertise?

Wildlife trade

Wildlife management within range states
Wildlife consumption and use

Other (please specify)

Do you currently work on, or have you previously worked on, saiga antelope?
Yes
No

Which information sources do you rely on most when engaging with wildlife-related issues?
(select all that apply)

Academic literature

Policy or technical reports

Field observations / monitoring data

Practitioner / expert networks

Media or public reporting

Other (please specify)

Which saiga population(s) or range state(s) do you have direct experience with? (select all
that apply)

Betpak-Dala (Kazakhstan)

Ustyurt (Kazakhstan / Uzbekistan)

Ural (Kazakhstan / Russia)

Northwest Pre-Caspian (Russia)

Mongolia

Saiga-related work not tied to a specific population (please specify)

Other (please specify)



Appendix F: Z-score bands and perceived impact direction metric

Z-score bands used:

Extremely low: z < -2
Low: -2 <z<-1
Low-medium: -1 <z £-0.5
Neutral: -0.5 <z< 0.5
High-medium: 0.5 <z <1
High: 1 <z<2

Extremely high: z > 2

Perceived impact direction:

Perceived Impact Direction = (# of positive impact scores) — (# of negative impact scores)

total # of impact scores

‘+—— >
-1 0 +1
Uncontested Contested / Ambiguous Uncontested
Threat Opportunity
50% of participants believe
All participants this issue is a threat, 50% All participants agree
agree that this believe it is an opportunity that this issue is an

issue is a threat opportunity

Appendix G: List of workshop prompt questions

o Do | agree that this issue has a low/average/high likelihood of occurring in the next 10
years? If not, why?

¢ Do | agree that this issue has low/average/high novelty (low level of awareness among
relevant stakeholders currently)? If not, why?

o Do | agree that if this issue were to occur, it would have a low/average/high magnitude of
impact on saigas? If not, why?

¢ Do | agree that this issue is a threat/opportunity? If not, why?

¢ Do | disagree with any of the information relating to this issue in the research document?

¢ Are there any important points relating to this issue that | believe others should be aware of

when thinking about/scoring this issue, and are not mentioned in the research document?



Appendix H: Analytical Pipeline Overview

Summary: Analytical Pipeline for Issue Ranking and Modelling

Prioritisation Patterns
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LMER = Linear Mixed Effects Regression Model



Appendix |: All Scoring Round 1 Issues

Scoring Round 1 Issues

Rank Issue wording
Cumulative stress from resource scarcity, climatic habitat ion, human i and regional
1 instability weakens immune function, reduces reproductive success, and increases vulnerability to disease, undermining overall
population resilience.

In:reasmg aridity and poor!y icil climat ptatic (e.g. i
5 p ion) shift saiga di ions and increasing contact with people and infrastructure and elevanng
human-wildlife conflict, while limited ing of these pi and i in effective anticip and

mitigation.

Linear infrastructure and hard borders isolate saiga subpopulations and reduce genetic exchange, limiting movement during extreme
3 weather events and weakening adaptive capacity to climatic il

ty. with long-t q for pop size, and
recovery.*

Expanded traffic networks increase wildlife-vehicle collisions, hinder effective enforcement, and improve access to remote areas which
facilitates targeted poaching and enables greater livestock movement risking pathogen spillover into previously isolated saiga habitats.

Changes in land use and activities, i and altered
grazing pressure - degrade and fragment steppe habitats, reducing habitat quality and the extent of suitable saiga range.

Rapid expansion of linear infrastructure - including roads, railways, mining access routes, fencing, agricultural lands, and hard borders -
6 creates physical and functional barriers that fragment habitat and restrict saiga access to key forage areas, water sources, calving
grounds, and recolonisation areas, increasing human-wildlife conflict and exposure to targeted poaching.*

Scarce food and water forces saigas closer to settlements and shared water points, increasing contact with livestock and people, creating
for ission.t

Growing saiga numbers, agricultural impacts, mass die-offs that leave communities to manage carcasses, and the absence of local
8 benefits shift perceptions of saigas from valued wildlife to pests, reducing tolerance for coexistence with a large, highly mobile
herbivore and weakening public support for conservation.

Driver

Wildlife health
and disease

Climate and
environmental
change

Development
and
infrastructure

Development
and
infrastructure

Development
and
infrastructure

Development
and
infrastructure

Land-use
practices and
resource systems

Human-saiga
interactions and
social acceptance

Climate change il to slow yet i i changes - i ing shifting natural boundaries, degradation of Chaidte snd
9 ™ o b " 2 N A environmental
P L of p and natural springs - which degrade and fragment habitat, undermining saiga survival. e
Disease il ing new or previously absent such as PPR and pasteurellosis, trigger rapid, large-scale mass die-offs Wildiife health
10 in saiga populations, particularly in large or naive herds and where limited wildlife disease surveillance means outbreaks are detected "" dl :im:!
too late.
Human-saiga
1 Practical are to reduce ht iga conflict. interactions and
social acceptance
Political
42  Economic collapse and armed conflict i wildlife disrupt or destroy habitat, and increase poaching and  instability and
mass killing, as enforcement weakens and saigas are increasingly perceived as “fair game” due to their commercial value. geopolitical
change
Climate change and Iand-use change reduce wa!er and pasture avail ity, forcing saigas to alter migration patterns and move into C",'“"' Loch
13 environmental
areas, with livestock and conflict with farmers.t ey
An unexpected catastrophic die off occurs, as people made the dangerous assumption that the sheer number of saiga meant die offs P°P"If“’°"
14 g v dynamics and
would have limited impacts on population numbers.
management
As saiga populations expand, human-wnldllfe conflict generates polltlcal pressure where management prioritises horn value over
i dial | Human-saiga
5 and lacks P local benefit-sharing. Pressure from and
producers and legal trade without ’“‘ k * the rlsk.of poorly justified decisions, weakened social socaptings
and renewed g saiga
Conservation
i Integrating research across wildlife health, pathogens, parasites, nutrition, climate, and weather improves understanding of the action and
mechanisms driving saiga mass mortality events. knowledge
systems.
" Trade, demand,
17 A craze or a new use for saiga horn emerges. il ks
Increasing frequency and intensity of dzuds due to climate change leads to reduced access to winter forage, starvation, reduced reproduction, Climate and
18 increased vulnerability to disease and predation, and episodic mass mortality in saiga populations (the scale of which may be currently under- environmental
assessed), particularly where movement is restricted. These events also cause widespread livestock losses and broader wildlife declines. change
Policy and management systems designed for scarcity are not prepared for the shift from emergency protection to routine abundance Population
19 management, as large herds increasingly interact with agriculture, infrastructure, and grazing systems and require active, day-to-day land-use dynamics and
coordination. management

Following the resumption of legal trade, demand and prices for saiga horn fluctuate unpredictably, triggering increased poaching and illegal
trade.

21 Earlier and more variable spring green-up disrupts the timing of calving leading to reduced calf survival which increases vulnerability to
(saved) population crashes and extinction.

Improper implementation of sustainable use, including excessive harvesting or skewed sex and age structure in offtake, leads to major saiga

@ population declines.

Abundance management decisions, such as zoning, population control, and controlled use, prove socially and politically sensitive, while the
23 institutional arrangements needed to support them - including trust, transparency, benefit-sharing, legal frameworks, coordination, and
compensation - lag behind biological recovery.

24 Large saiga populations begin to regulate themselves from mass die-offs, other disease, or resource depletion, leading to benefits for
(saved) vegetation.

Weak traceability systems, limited transparency around stockpiles, governance gaps, and uneven international cooperation undermine the

25 3 i 7
effectiveness of trade controls and allow illegal horn to enter legal supply chains.

Unsustainable use, where regulation, monitoring, and enforcement are inadequate, leads to increased illegal hunting, overuse of saiga
populations, and threatens long-term population viability.
‘Well-designed, regulated, and monitored sustainable use generates local business opportunities, income, and employment, creating strong

27 incentives for coexistence, increasing tolerance for saigas, reducing conflict and poaching, and supporting long-term conservation in partnership
with local communities.

International support, cooperation programmes, and collaboration with local, regional, and community-based conservancies strengthen
coordinated efforts to restore and conserve saiga populations

Cross-sector and transboundary coordination across agriculture, veterinary services, wildlife conservation, land-use planning, and national
2 borders - supported by harmonised monitoring, shared data platforms, and One Health surveillance - shifts saiga management toward
preventative action, reduces tensions, and strengthens long-term population resilience.

30 Trade in live saigas exacerbates disease risks,

“ Issues rank 3 and 6 were merged following SR1.+ Issues rank 7 and 13 were merged following SR1
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Impact

Neutral
(0.23)

Neutral
(0.10)

High-
medium
(0.78)

Neutral
(-0.02)
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(0.26)
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medium
(0.96)
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Scoring Round 1 Issues

Issue wording
Corruption, weak transparency, and state capture divert revenues from sustainable use, allowing benefits to be diverted away from local
communities, fuelling dissatisfaction.

Reintroduction efforts restore saiga populations to parts of their historic range where the species has been extirpated (e.g. China, Ukraine).

Increasing availability of spatial data and advances in Earth observation improve our capacity to monitor saiga at ecologically relevant scales,
quantify how their movements and grazing influence ecosystem structure and function, and clarify their contributions to people through
ecosystem services, informing management decisions.

Climate-driven displacement of herder communities into key wildlife habitats increases competition for pasture and water, intensifies human-
saiga conflict, and raises the risk of disease transmission from livestock.

Large-scale and transboundary protected areas, restoration of historic migration corridors, and wildlife-friendly infrastructure enable long-
distance movements and population recovery.

Adaptive land-use planning, water management, and cross-sectoral collaboration, together with a shift toward more sustainable land-use
practices, help mitigate food and water scarcity and improve habitat quality.

Culls and population control measures do not adequately account for large saiga populations beginning to regulate themselves through mass
die-offs, disease, or resource depletion, leading to overuse.

Reduced international and national funding - driven by increased defence spending and low conservation commitment - limits investment in law
enforcement, protected area management, and monitoring

Reopening legal saiga horn trade elsewhere in the species’ range, together with new markets and increased demand in consumer countries, leads
to increased poaching to meet demand and generate revenue, as well as greater cross-border trafficking, laundering, and enforcement
challenges, with even low levels of illegal offtake having disproportionate impacts on small, highly localised, or recovering populations.

Effective law enforcement leads to recovery of currently small populations.

With a well-organised system and a scientifically sound approach, sustainable use maintains high saiga population numbers while allowing
harvesting.

Unforeseen geopolitical changes, including shifts in national borders, disrupt cross-border governance, leading to fencing and policy changes
along migration routes, and impeding saiga mass movements across their range.

Integrated One Health approaches - combining field investigations (e.g. necropsies), movement tracking, Earth observation, climate and weather
indicators, outbreak investigation protocols, veterinary and wildlife health monitoring (particularly in high-density populations), and targeted
livestock vaccination - enable anticipation of high-risk conditions and preventative management that prevents disease outbreaks before they

escalate.

Current large population sizes lead to over-investment in sustainable use and elevated community expectations immediately before a population
crash.

Raising the national and international profile of the saiga, alongside education and attitude-change initiatives (particularly for young people),
increases public awareness, supports fundraising for conservation activities, and builds long-term support for saiga conservation.

Rural outmigration (the long-term movement of people away from rural areas) and the collapse of traditional grazing systems lead to
undergrazed steppe, altered vegetation structure, reduced plant diversity, and changes in forage quality.

Well-regulated legal trade, with safeguards to ensure sustainable offtake and prevent illegal trade, provides stable funding for conservation
systems including protection, monitoring, habitat management, and enforcement.

New ecotourism initiatives are established.

International anti-sustainable-use NGOs lobby against regulated saiga trade, contributing to the reversal of CITES decisions (e.g. CoP20),
restricting range states’ ability to manage recovering populations, undermining emerging and legitimate saiga conservation models in range
countries, and polarising key stakeholders and decision-makers, making policy spaces challenging to navigate.

Well-regulated and transparent legal trade, supported by strong enforcement, traceability, precautionary quotas, and international cooperation,
provide a controlled mechanism to reduce black-market activity.

Drier, milder winters linked to climate change increase saiga survival by reducing heavy snow and dzuds, improving access to forage and
facilitating escape from predators.

Poaching persists in all populations, with negative effects on population size and structure, behavioural changes, health, and more.

Resident and nonresident hunting interest is renewed, leading to increased harvest.

Failure of rapidly growing populations to respond to control measures leads to numbers exceeding ecological and land-use capacity, increasing
pressure on landscapes and human systems.

Large predators are restored across the Eurasian steppes, helping regulate saiga populations and maintain natural herd movement.

Captive breeding programs establish ex situ assurance populations that reduce extinction risk.

The Mongolian saiga is formally recognised as a distinct species.

* Issues rank 3 and 6 were merged following SR1. t Issues rank 7 and 13 were merged following SR1.
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Threat, C = Contested, ~O = Leaning Opportunity, O = Opportunity. Novelty, Likelihood, and Impact are median z-scores.



Appendix J: Hypothesis testing full table

Estimated marginal mean differences (AEMM) and adjusted p-values

Based in Range State (n=8) vs
Others (n=11)

Climate and environmental change 0.01 (p=0.868)
2 il
Conservation action and knowledge -0.02 (p=0.802)
systems
Development and infrastructure 0.10 (p=0.098)

Human-saiga interactions and social

acceptance -0.15 (p=0.045)

Political instability and geopolitical

change 0.06 (p=0.593)

Population dynamics and management -0.01 (p=0.924)
Trade, demand, and markets 0.01 (p=0.948)
Wildlife health and disease -0.04 (p=0.648)

Ural/Betpak-Dala Experience (n=5) vs

Others (n=14)

0.03 (p=0.672)
-0.20 (p=0.010)**
-0.04 (p=0559)

-0.08 (p=0.274)

0.06 (p=0.594)

-0.01 (p=0.866)
0.21 (p=0.046)"
0.23 (p=0.003)**

Media/Public Reporting Users (n=5) vs

Others (n=14)
-0.12 (p=0.075)
0.47 (p=<0.001)***
-0.16 (p=0.011)*

0.06 (p=0.444)

0.18 (p=0.095)

0.11 (p=0.078)
0.27 (p=0.014)"
-0.33 (p=<0.001)***

Wildlife Trade Expertise (n=6) vs
Others (n=13)

-0.01 (p=0.889)
0.08 (p=0.210)
-0.04 (p=0.524)

0.18 (p=0.015)*

-0.22 (p=0.029)*

0.02 (p=0.726)
0.08 (p=0462)
-0.16 (p=0.040)*

Estimated Marginal Mean differences with Benjamini-Hochberg adjusted p-values. Asterisks

denote statistical significance (* = p <0.05, ™ =p < 0.01, ** =p <0.001).



Appendix K: Between-round changes paired vs unpaired fiqure

Driver Prioritisation and Changes Between Scoring Rounds (PAIRED)

Rank 1 (1 1)
Wildlife health and disease

Rank 2 (| 1)
Development and infrastructure

Total (A =+0.39)

Novelty (A =+0.24)

Likelihood (& =+0.32)

Impact (A =-0.11)

Total (A =-0.63)

Novelty (A =-0.22)

Likelihood (A =-0.14)

Impact (A =-0.26)

Rank 3 (11
Climate and environmental change

Rank 4 (] 1
Human-saiga interactions and social acceptance

Total (A =-0.36)
Novelty (A =-0.16)
Likelihood (A =-0.09) |

Impact (A=-0.13)

* Total (A =-0.88) —

Novelty (A=-0.43) |

Likelihood (A =-0.39)

Impact (A =-0.09)

Rank 5 (1 3)
Trade, demand, and markets

Rank 6 il‘ 1)
Political instability and geopolitical change

Total (A =-0.23)
Novelty (A =+0.27)
Likelihood (A =-0.49)

Impact (A =+0.01)

Total (A =-0.48)
Novelty (A =+0.45)
Likelihood (A =-0.57)

Impact (A =-0.38)

Rank 7 (|, 1)
Population dynamics and management

Rank 8 (| 1)
Conservation action and knowledge systems

Total (A =+0.00)
Novelty (A =+0.10)
Likelihood (A =+0.08)

Impact (A =-0.17)

-1.25 -0.75 -0.25 0.25 0.75

Total (A =+0.01)

Novelty (A =-0.34)

_ Impact (A =+0.50) %

-1.25 -0.75 -0.25 0.25 0.75 1.25

Likelihood (A =-0.11)

A Estimated Marginal Mean (SR2 - SR1)

Driver Prioritisation and Changes Between Scoring Rounds (UNPAIRED)

Rank 2

(4 1)
Development and infrastructure

Rank 1 (1 1)
Wildlife health and disease

Total (A =+0.53) * Total (A =-0.61)

Novelty (A =+0.22)
Likelihood (& =+0.27)

Impact (A =+0.13)

Novelty (A =-0.20)

Likelihood (A =-0.14)

Impact (A =-0.28)

Rank 3 (1 1)
Climate and environmental change

Rank 4 (| 1)
Human-saiga il ions and social

* Total (A =-0.52)

Novelty (A =-0.17)
Likelihood (A =-0.18)

Impact (A =-0.21)

Total (A =-0.50)
* Novelty (A=-0.41)
Likelihood (A =-0.19)

Impact (A =+0.07)

Rank 5 (t 3)
Trade, demand, and markets

Rank 6 {4 1)
Political instability and geopolitical change

Total (A =-0.15)
Novelty (A =+0.42)
% Likelihood (A =-0.58)

Impact (A =-0.01)

Total (A =-0.31)
Novelty (A =+0.57) %
% Likelihood (A =-0.64)

Impact (A =-0.17)

Rank 7 (| 1)
Population dynamics and management

Rank 8 (| 1
Conservation action and knowledge systems

Total (A =-0.06)
Novelty (A =+0.00)
Likelihood (A =+0.11)

Impact (A =-0.18)

-1.26 -0.75 -0.25 025 0.75 125

Total (A =-0.12)

Novelty (A =-0.21)

; Impact (A =+0.36)

-1.25 -0.7% -0.25 0.25 0.75 125

Likelihood (A =-0.26)

A Estimated Marginal Mean (SR2 - SR1)




Changes in driver scores between scoring rounds. Green bars to the right of the midline (AEMM = 0) indicate higher
scores in SR2, while red bars to the left indicate higher scores in SR1. Rank numbers indicate the SR2 ranking for each
driver, and arrows show the direction and magnitude of rank change between scoring rounds. Asterisks denote statistical
significance in the paired model after Benjamini-Hochberg correction (* p<0.05, ** p<0.01, *** p<0.001). Values are

estimated marginal mean differences from the paired model.

Appendix L: Between-round changes full tables

1. Paired (participants who scored in SR1 and SR2)

Round Differences in Driver Prioritisation - Paired
Novelty Likelihood Impact Total

Climate and environmental change -0.16 (p=0.387) -0.09 (p=0.626) -0.13 (p=0.491) -0.36 (p=0.251)

Conservation action and knowledge systems -0.34 (p=0.115) -0.11 (p=0.612) 0.50 (p=0.024)* 0.01 (p=0.979)

Development and infrastructure -0.22 (p=0.276) -0.14 (p=0.483) -0.26 (p=0.199) -0.63 (p=0.068)
Human-saiga interactions and social acceptance = -0.43 (p=0.084) -0.39 (p=0.110) -0.09 (p=0.723) -0.88 (p=0.032)*

Political instability and geopolitical change 045 (p=0.171) -057 (p=0.079) -0.38 (p=0.248) -0.48 (p=0.390)

Population dynamics and management 0.10 (p=0.579) 0.08 (p=0.662) -0.17 (p=0.333) 0.00 (p=0.994)
Trade, demand, and markets 0.27 (p=0.338) -0.49 (p=0.078) 0.01 (p=0.969) -0.23 (p=0.629)
Wildlife health and disease 0.24 (p=0.328) 0.32 (p=0.209) -0.11 (p=0.666) 0.39 (p=0.346)

2. Unpaired (participants who scored in either or both of SR1 and SR2)

Round Differences in Driver Prioritisation - Unpaired

Novelty Likelihood Impact Total

Climate and environmental change -0.17 (p=0.270) -0.18 (p=0.256) -0.21 (p=0.192) -0.52 (p=0.045)*
Conservation action and knowledge systems -0.21 (p=0.248) -0.26 (p=0.146)  0.36 (p=0.050) -0.12 (p=0.700)

Development and infrastructure -0.20 (p=0.253) -0.14 (p=0423) -0.28 (p=0.105) -0.61 (p=0.033)*
Human-saiga interactions and social acceptance = -0.41 (p=0.049)* -0.19 (p=0358) 0.07 (p=0.739) -0.50 (p=0.144)
Political instability and geopolitical change 0.57 (p=0.045)* -0.64 (p=0.019)* -0.17 (p=0.542) -0.31 (p=0.495)

Population dynamics and management 0.00 (p=0.977) 0.11 (p=0476) -0.18 (p=0.235) -0.06 (p=0.804)
Trade, demand, and markets 042 (p=0.076) -0.58 (p=0.015)* -0.01 (p=0.982) -0.15 (p=0.708)
Wildlife health and disease 0.22 (p=0.300) 0.27 (p=0.201)  0.13 (p=0.536)  0.53 (p=0.122)

Tables show estimated mean z-score SR2 - SR1 differences with Benjamini-Hochberg adjusted p-

values. Asterisks denote statistical significance (* = p <0.05, ** =p <0.01, *** = p <0.001).



Appendix M: Repository of participant-facing materials

All participant-facing materials can be found in the following (fully anonymised) Dropbox:
https://www.dropbox.com/scl/fo/je6mpf7 swwgike1ftd801/AKvpLolL4rndwUAGIHXaEvGw?rlkey=b1z
a36tplvvis4a7ben16udqe&st=kxm1a22p&di=0



https://www.dropbox.com/scl/fo/je6mpf7swwgike1ftd801/AKvpLoL4rndwUAGlHXaEvGw?rlkey=b1za36tplvvis4a7ben16u4qe&st=kxm1a22p&dl=0
https://www.dropbox.com/scl/fo/je6mpf7swwgike1ftd801/AKvpLoL4rndwUAGlHXaEvGw?rlkey=b1za36tplvvis4a7ben16u4qe&st=kxm1a22p&dl=0

