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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.   

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 (Kühl 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 (Kühl 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 20th 

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, I apply horizon scanning to identify and prioritise emerging issues for saiga 

conservation. I 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 

I applied Delphi-like horizon scanning to identify priority emerging issues (threats and 

opportunities) likely to affect the saiga over the next decade (Figure 2). I collected ideas of 

potential issues, then invited participants to score these based on (1) likelihood, (2) novelty, and (3) 

potential impact. I produced evidence summaries of top-scoring issues, hosted discussion 

workshops to inform another scoring round, and identified the top issues based on those scores. I 

then examined whether issues with common drivers were prioritised differently across participant 

backgrounds and analysed changes between scoring rounds. 

 

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). 

 

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, I 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: Identifying priority issues  

2.2.1 Participant recruitment  

I cast a wide net across the saiga conservation network and beyond to incorporate diverse 

perspectives. I 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 I used flyers and presentation slides to advertise the horizon scan at saiga-related 

events attended by many relevant stakeholders (~40 reached) (see Appendix M). I 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, I made all materials available in English and Russian and distributed Word 

versions of online questionnaires to address internet restrictions in Russia. I 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. I 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  

I used an online questionnaire to capture ideas about what the future may look like for saigas. 

Following best practice (Lavrakas, 2008), I 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). I 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). I 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 I screened and refined them prior to scoring. I removed 

ambiguous responses (e.g., “climate”, “infrastructure”, “drought”) and split responses containing 

multiple distinct ideas into ‘chunks’. I 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. 

 

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 

I invited participants to Scoring Round 1 (SR1), in which they scored the longlist to filter out issues 

which were not of sufficiently high priority. I used an online questionnaire (see Appendix M) to 

present the longlist issues in a fixed order that I 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?) 

 

I 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). I 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. I 

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.  I asked 

several background questions (see Appendix E) to categorise participants into ‘background 

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

 

Issue Progression 

I aggregated SR1 scores to determine which would progress to the ENGAGE stage. I calculated 

participant-level issue totals, equally weighting Likelihood, Novelty, and Impact to prioritise issues 

that scored highly across all three dimensions. I 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. I used the 

absolute values of impact scores at this stage because potentially high-impact threats (-) and 

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

 

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 I 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.  

I gave participants the chance to “save” any eliminated issues they believed deserved further 

consideration. I 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 

I 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, I 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). I asked participants to critically review these, 

guided by prompting questions I circulated (Appendix G).  

 

Discussion Workshops 

I hosted two one-hour online workshops. During these, each issue was interrogated in turn, guided 

by the evidence summaries and SR1 outputs (Appendix M). I 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, I 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 I provided clarity when requested or I deemed necessary. 

 

I 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. I encouraged participants 

to consider this information while scoring, and to take more time deliberating their scores than in 

SR1. 

 

I aggregated SR2 scores (Figure 5) and ranked them based on Issue Total. I 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  

I 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). 

 

Figure 6. Analytical pipeline for ranking drivers, visualising prioritisation patterns, testing differences among 

focal groups using LMERs, and assessing changes between scoring rounds. 



2.3.1 Identifying and ranking Drivers 

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

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

 

2.3.2 Identifying background-specific trends in driver prioritisation 

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

for heatmap visualisation and hypothesis testing (Table 1). I 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, I did not attempt to test whether participants’ level of saiga knowledge affected 

prioritisation, because it was difficult to objectively quantify. I 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 

H1 

Participants with experience working on 

abundant populations (Ural and/or Betpak-

Dala)  

Selected because these two large populations have 

dynamics that differ from others (e.g. a history of 

mass mortality from disease, potential human-wildlife 

conflict; ACBK, 2025), so working on them may 

shape perspectives about the future for saigas 

differently to other populations. 

H2 
Participants who use media/public reporting as 

an information source  

Selected because media influences perspectives on 

species conservation (Le Busque et al., 2021), so 

participants using it as a source of saiga information 

may prioritise issues differently. 

H3 Participants with wildlife trade expertise  

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 

population declines caused by poaching (Milner-

Gulland et al., 2001), allowing a direct test of 

whether trade expertise shaped prioritisation of trade 

issues. 

 



 

I applied linear mixed-effects regression (LMER) models to these focal groups to test the study’s 

hypotheses. I 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. I 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. I 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  

I also analysed changes between SR1 and SR2 to assess the impact of the ENGAGE phase on 

prioritisation and whether group composition influenced those changes. I 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. I 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 × Total and Driver × 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 lme4 for LMERs and emmeans for 

post-hoc comparisons. I used dplyr, tidyr, stringr, tibble, gt, ggplot2, patchwork, htmltools, and 

webshot2 for data organisation and visualisation. I 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. 

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. 

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.  

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. 

 

 

 

 

 



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. 

 

 

I used LMERs 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? 

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 

or non-range-state contexts. 

Weakly supported 

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

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

information sources. 

Supported 

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

trade-related drivers than participants without trade expertise. 
Partially Supported 



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

 

 

 

 

H1: Participants based in range states assigned significantly lower priority to Human-saiga 

interactions and social acceptance (ΔEMM=−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 (ΔEMM=0.04, n=19, p=0.648; ΔEMM=−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 (ΔEMM=−0.08, n=19, p=0.274; ΔEMM=−0.01, n=19, p=0.866). They 

significantly deprioritised Conservation action and knowledge systems (ΔEMM=−0.20, n=19, 

p=0.010), but significantly prioritised Wildlife health and disease (ΔEMM=+0.23, n=19, p=0.003) 

and Trade, demand and markets (ΔEMM=+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 (ΔEMM=+0.47, n=19, 

p<0.001). They also significantly prioritised Trade, demand and markets (ΔEMM=+0.27, n=19, 

p=0.014), while assigning significantly lower priority to Wildlife health and disease (ΔEMM=−0.33, 

n=19, p<0.001) and Development and infrastructure (ΔEMM=−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 

(ΔEMM=+0.08, n=19, p=0.462). They significantly prioritised Human-saiga interactions and social 

acceptance (ΔEMM=+0.18, n=19, p=0.015), while significantly deprioritising Political instability and 

geopolitical change (ΔEMM=−0.22, n=19, p=0.029) and Wildlife health and disease (ΔEMM=−0.16, 

n=19, p=0.040).  

Arrows indicate which group scored each Driver more highly (↑ = 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.  



3.3.2 Changes in Driver prioritisation between rounds  

I 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. 

 

 

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 (TotalΔEMM=−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 (NoveltyΔEMM=+0.27, n=13, p=0.338; ImpactΔEMM=+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 (NoveltyΔEMM = +0.45, n=13, p=0.171). 

Although Conservation action and knowledge systems showed very little change overall 

(TotalΔEMM=+0.01, n=13, p=0.979), it showed a significant increase in Impact 

(ImpactΔEMM=+0.50, n=13, p=0.024), suggesting that participants viewed this Driver as more 

influential on saiga populations in SR2. 

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. 



Figure 10. Changes in driver scores between scoring rounds. Green bars to the right of the midline (ΔEMM 

= 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.  

 

I 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 (TotalΔEMM=−0.52, n=24, p=0.045), and Development and 

infrastructure were significant (TotalΔEMM=−0.61, n=24, p=0.033), as were the declines in 

Likelihood for Trade, demand, and markets (LikelihoodΔEMM=−0.58, n=24, p=0.015) and Political 

instability and geopolitical change (LikelihoodΔEMM=−0.64, n=24, p=0.019), the latter also 

showing a significant increase in Novelty (NoveltyΔEMM=+0.57, n=24, p=0.049). Additionally, 

Human-saiga interactions and social acceptance showed a significant decline in Novelty 

(NoveltyΔEMM=−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).  

 

 

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).

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. 



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 I 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, I am confident that these priorities are 

representative of the saiga context.  

 

While I have confidence that the shortlist represents priority issues for saiga conservation, I 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 I were to repeat this 

exercise, I 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, I 

encountered various engagement challenges that future species-level horizon scans are likely to 

face as well. In Figure 13 below, I 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. 



 

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, I 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, I 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, I generally had fortnightly meetings with my supervisor and Peter Damerell. 

While my supervisor was away on sabbatical (mid-Feb to mid-April), I had meetings with Peter as 

and when challenges arose.  

 

Task 
Oct

25 

Nov

25 

Dec

25 

Jan

26 

Feb

26 

Mar

26 

Apr

26 

May

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  

I experienced a major delay in obtaining ethical approval. I submitted my application to WorkTribe 

on October 28th, received a request for additional information on February 25 th (which I responded 

to that day), and received a favourable opinion on February 26th. 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 I had to collect participant data without approval, though I later received it. If 

I had waited until I had approval, I 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 I 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 I extended the deadline and sent multiple 

rounds of follow-up emails. The questionnaire was open between 3 Dec and 17 Jan (45 days), 

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



FILTER phase 

I then experienced a long delay while Scoring Round 1 was being translated, which meant I 

needed to quickly find another translator. Scoring Round 1 was open between 2 Feb and 13 Feb 

(11 days), and I was aggregating and circulating results, then waiting for participants to “save” 

issues until 24 Feb. 

 

ENGAGE phase 

I 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 I 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 I needed to write up Scoring 

Round 2 and leave enough time for translation, so I 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. I had planned to keep this open for 

~14 days, but I had to extend the deadline due to a low response rate. While this stage was open, I 

wrote a draft of my introduction and began aggregating and analysing my data, as I could rerun my 

code with updated data once SR2 had closed.  

 

Write-up 

After analysing my data, I 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.  

 

 

 

 

 

 

 

 



9. Appendices 
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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 = Illegal 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., 

2020) 

My approach Rationale for my approach 

COLLECT Asked participants to consult their 

networks and conduct their own 

research before submitting ideas.  

I welcomed quick 

responses (~10-

minute questionnaire) 

As I was recruiting at events and on 

LinkedIn, keeping it as short as possible 

was important to maximise participation. 

All stages 

after 

COLLECT 

Selected a panel to take part in 

scoring, research, discussion, and 

rescoring.  

participate) 

I allowed anyone to 

participate in all 

stages and let people 

leave and rejoin.  

The saiga community is smaller than the 

wildlife trade community and I had already 

experienced engagement challenges in 

the COLLECT stage. It would not have 

been feasible to maintain a consistent 

group throughout the process.  

Scoring 

Rounds 1 

& 2 

Single 0-1000 composite score  

(0=low novelty, low plausibility, low 

potential future impact) 

I had three separate 

scores   

Kemp et al. (2020) state that 

“disaggregation in voting was likely to 

impose a greater burden on participants 

while providing little additional benefit”. 

However, I 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 

Rounds 1 

& 2 

Had a yes/no ‘have you heard of 

this issue before?’ question for 

each issue to calculate a 

‘familiarity %’ as an additional 

measure of novelty.  

I did not include this 

question.  

I knew my cohort would be smaller than 

Esmail et al.’s, so I thought it better to ask 

participants how well-known the issues 

were to relevant stakeholders (via the 

novelty criterion), rather than whether they 

themselves had heard of them, as that 

would not be very representative. 

Research 

phase 

Cynics model (randomly assigned 

4-5 issues to each assessor for 

them to research and had them 

discuss their findings in an online 

forum). 

I was the cynic for all 

issues.  

My supervisor advised that I do this to 

reduce the burden on participants and to 

provide a chance for me to learn more 

about the saiga context. It also ensured 

that all issues were investigated with equal 

rigour.  

Thematic 

analysis  

Quantitative topic modelling 

analysis (Latent Dirichlet 

Allocation)  

I used an inductive 

qualitative thematic 

analysis.  

I wanted to identify drivers, not count how 

often topics appeared. Also, participants 

often referred to the same driver but in a 

different way so I analysed the data 

manually to ensure this nuance was not 

lost.  



Final 

shortlist 

20 issues on the final shortlist Six issues on the final 

shortlist  

Esmail et al. started with a much larger 

number of issues (226) as they had 139 

participants. I 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) I think this issue is most likely to be _______ 

- A threat  

- 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 2025?  

 

 

 

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 

-4 

-3 

-2 

-1 

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)  

 

4) What is your area of expertise? 

- Wildlife trade 

- Wildlife management within range states  

- Wildlife consumption and use  

- Other (please specify) 

 

5) Do you currently work on, or have you previously worked on, saiga antelope? 

- Yes 

- No 

 

6) 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) 

 

7) 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  

 

 

  

Appendix G: List of workshop prompt questions 

• Do I agree that this issue has a low/average/high likelihood of occurring in the next 10 

years? If not, why? 

• Do I agree that this issue has low/average/high novelty (low level of awareness among 

relevant stakeholders currently)? If not, why? 

• Do I agree that if this issue were to occur, it would have a low/average/high magnitude of 

impact on saigas? If not, why? 

• Do I agree that this issue is a threat/opportunity? If not, why? 

• Do I disagree with any of the information relating to this issue in the research document? 

• Are there any important points relating to this issue that I 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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix I: All Scoring Round 1 Issues  



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. 

 



Appendix J: Hypothesis testing full table  

 

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 figure 



Changes in driver scores between scoring rounds. Green bars to the right of the midline (ΔEMM = 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) 

 

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

 

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/je6mpf7swwgike1ftd801/AKvpLoL4rndwUAGlHXaEvGw?rlkey=b1z

a36tplvvis4a7ben16u4qe&st=kxm1a22p&dl=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

