
1  

Spatial crime scripting and meso-level analyses of illegal pangolin trade  1 
  2 

Elda Yitbarek Bezuayene1, Anne Stephanie Kobla2, Bienvenu M. Takem Mbi1, Carla Louise 3 
Mousset Moumbolou3 , Stephanie Bourgeois3 , Stephan Ntie3 , St. Gael Bakoma3, Claude E.  4 
Maganga Moussadji3, Hannah Murray4, Bistra Dilkina4, Matthew H. Shirley5, Meredith L. 5 

Gore1  6 

  7 

1 Department of Geographical Sciences, University of Maryland, College Park, USA  8 

2 Zoological Society of London, Cameroon   9 

3 Agence Nationale des Parcs Nationaux du Gabon  10 

4 Department of Computer Science, University of Southern California, USA   11 

5 Global Forensics and Justice Center, Florida International University, Miami, Florida, USA   12 

Corresponding author: Elda Yitbarek Bezuayene (eldayit@umd.edu) 13 

  14 

Abstract Human-related threats such as poaching and illegal trade remain the dominant 15 
risk to pangolin conservation. Using crime science focused on illegal pangolin hunting, we 16 
compare expert vs. community member’s spatio-temporal knowledge about the different 17 
stages of pangolin poaching and trade process at a national scale; explore spatial 18 
trajectories between stages; and explore spatial predictors of each stage. We conducted 19 
participatory risk mapping in December 2025 and April 2026. Points mapped by 20 
participants (n = 2,161) were coded and analyzed alongside open access secondary spatial 21 
data using a geographic information system. Participants had over 85% agreement in 22 
spatial knowledge about crime-related pangolin behavior. Vector pattern analysis signaled 23 
the existence of multi-destination groups rather than individuals, and distance to major 24 
cities dominated every crime stage, challenging assumptions about offenses being governed 25 
by distinct environmental variables. Integrating community spatial knowledge with crime 26 
scripting can inform evidence-based, geographically targeted interventions for endangered 27 
species protection.   28 

Keywords conservation criminology, crime scripting, Gabon, journey to crime, 29 
participatory mapping, wildlife traf�icking  30 
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Pangolins (Order: Pholidota; Family: Manidae) are medium-sized, nocturnal, scaly mammals 32 
living in diverse Asian and African habitats1. Pangolins’ defense mechanisms help protect 33 
against natural predators but also make them vulnerable to humans who consume pangolin 34 
meat as a source of local protein and delicacy in restaurants along with various body parts 35 
believed to have properties useful for traditional medicine2–5. Although pangolin 36 
conservation is impacted by climate change, land use and land cover change, and health-37 
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related issues like parasites6, human-related threats associated with consumption remain 38 
the predominant risk to pangolin conservation7.  Over a decade ago, pangolins were labeled 39 
the “world’s most traf�icked mammal8” because of the high volume of pangolin seizures 40 
reported, which led conservation biologists to believe that trade in whole animals and their 41 
parts had reached unsustainable levels.    42 

Unlike some species involved in the illegal wildlife trade (IWT) like elephants and tigers, 43 
there are no reliable estimates of the size of pangolin populations due to their nocturnal 44 
and elusive nature, particularly for arboreal species. Nor are there easy ways to monitor 45 
pangolin poaching, because pangolin carcasses are not left by poachers in the �ield for 46 
authorities to detect9. Wildlife crime researchers overwhelmingly use two methods to 47 
estimate both the number of pangolins involved in, and economically value, the illegal 48 
trade: local wild meat market surveys and individual seizures9,10. These �ield-intensive and 49 
case-based approaches provide information about species involved in trade and source-50 
transit-destination chains, usually on an annual basis11. Importantly, although wild meat 51 
market surveys can provide information about pangolin-related crimes, wild meat 52 
represents subsistence hunting, underpins food security, and provides economic 53 
opportunities for low-income rural households and women12–14. Substantial normative 54 
differences exist for wildmeat and IWT based on motivation, scope, scale, and economic 55 
context; these differences can restrict the applicability of wild meat data for wildlife crime 56 
research15–17. In some instances, limitations and biases associated with market surveys and 57 
seizure data are being overcome with advancements in statistics, computer science, and 58 
forensics18–20. The United Nations Of�ice on Drugs and Crime (UNODC) identi�ied better 59 
geographic targeting  and building national-level datasets as precursors to evidence-based 60 
interventions for all species of plants and wildlife involved in IWT, including pangolins9. 61 
More rapid and measurable progress for pangolin conservation, particularly for issues 62 
associated with IWT, could be achieved if interventions were informed by stronger scienti�ic 63 
evidence and made more strategic9.  The Conference of Parties (CoP) to the Convention on 64 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) adopted 65 
Resolution Conf. 17.10, which encouraged range States to implement pangolin conservation 66 
at the national level and for States affected by illegal trade risks to review national activities 67 
to prevent, detect, and address crimes involving pangolins to ensure they remain effective7.   68 

These policy mandates inspired this research, the contributions of which emerge from 1) 69 
combining community-based methods and expert knowledge to assess wildlife crime risks 70 
(e.g., participatory risk mapping), 2) a national-level geographic perspective (e.g., Republic 71 
of Gabon), and 3) applying a novel theoretical framework (e.g., spatially-integrated crime 72 
scripting and journey to/from crime). Community-based methods like focus group 73 
discussions are not commonly used to capture local knowledge (e.g., perceived risk of 74 
wildlife crime) about and assess in�luence of human behavior like IWT.  A 2026 review 75 
paper reported such methods comprised only 16% of the entire published literature on 76 
pangolins, 75% of which focused on hunting and trade6. The review paper reported Nigeria, 77 
South Africa, and Cameroon were the dominant study sites for pangolin conservation, 78 
globally. Countries with exceptional habitat integrity and intact forested landscapes, like 79 
Democratic Republic of Congo, Gabon, and Republic of the Congo were less represented in 80 
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the reviewed literature; when they were included it was often in a regional and not national 81 
context 6. “Long-term neglect” of other parts of pangolin range hinders comprehensive 82 
understanding about trends, risks, and conservation needs at the intermediate or meso-83 
level scale of analysis between a speci�ic protected area and species range6. Today, all 8 84 
species of pangolin are listed on CITES Appendix I, which prohibits international 85 
commercial trade. Every pangolin range State is a signatory to CITES and only 3 of the 50+ 86 
lack domestic legislation protecting pangolins21. Criminology is central to pangolin 87 
conservation, however, not only does systematic application of the geography of crime to 88 
illegal pangolin trade remain uncommon, the subdiscipline remains overwhelmingly 89 
focused on urban crime and a single point in time during crime stage (e.g., the commission 90 
of the crime). We set three objectives for this research, with pangolin hunting in Gabon (i.e., 91 
poaching, because all pangolin hunting is illegal in the country) as the IWT context of 92 
interest.  93 

1) Compare and contrast expert vs. community member’s spatio-temporal knowledge 94 
about six activities associated with three crime stages of pangolin poaching (i.e., 95 
PreActivity, Activity, Post-Activity) in an under-researched geography at a meso (i.e., 96 
national) level;  97 

2) Explore differences in spatial trajectories between crime stages; and  98 
3) Explore spatial predictors of crime stages of pangolin poaching derived from both 99 

expert and community members’ spatial knowledge.   100 

Results  101 

Six pangolin-associated activities (e.g., pangolin poaching, exchange, planning for exchange, 102 
transportation of pangolins, pangolin product storage, pangolin supplies obtained), were 103 
identi�ied during participatory risk mapping activities with community members (n = 104) 104 
and subject matter experts (n = 19) in December 2025 and April 2026. A total of 12 paper 105 
maps were produced with 2,161 activity points (Fig. 1) that were assigned to one of three 106 
crime stages (i.e., Pre-Activity, Activity, Post-Activity) using crime script analysis.   107 
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  108 
Fig. 1. Raw annotation of six pangolin-associated activities, listed in the legend, that were 109 
identi�ied during participatory risk mapping, digitized as points, and color-coded to be 110 
visualized alongside roads and national parks. The locations of mapping activities are not 111 
marked on the map for human subjects protection, however all mapping participants were 112 
provided with a map of the entire country, making the data collection national in scope. To 113 
include annotated points that lay offshore as well as to reduce the sudden arti�icial loss of 114 
intensity near the boundary of Gabon22, the country shape�ile layer was extended by 15km 115 
to create the outline of our region of interest.   116 
  117 
Spatio-temporal knowledge comparison between experts and community members. Across all 118 
3 crime stages (i.e., the Pre-Activity, Activity, and Post-Activity stages), experts and 119 
community members showed more than 86.59% (268,578.5 km2) agreement in their 120 
spatial knowledge based on a comparison of normalized kernel density estimation (KDE) 121 
surfaces representing the relative spatial distribution of crime-stage locations reported by 122 
each group. This indicated extraordinary high alignment in risk perception. Where 123 
knowledge diverged, experts identi�ied larger areas for all 3 stages (Fig. 2). Experts 124 
identi�ied higher crime intensity [points km-2] in 9.95% of our region of interest (ROI) for 125 
Stage I/ Pre-Activity, 13.01% for Stage II/Activity, and 3.70% for Stage III/Post-Activity 126 
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(Fig. 2). In all crime stages, the areas where community members identi�ied signi�icantly 127 
higher crime intensity constituted less than 1%.   128 

  129 
Fig. 2. The spatial distribution of points of where subject matter experts (denoted in 130 
magenta) and community members (denoted in blue) annotated locations for different 131 
activities associated with pangolin hunting behaviors across three crime stages in Gabon: 132 
(a) Stage I/Pre-Activity (b) Stage II/Activity, and (c) Stage III/Post-Activity. Magenta shaded 133 
polygons denote areas where the kernel density estimation-based comparison showed 134 
signi�icantly higher relative spatial intensity among experts than community members.  135 
  136 
Spatial trajectories between crime stages for pangolin hunting. By computing the difference 137 
in perceived crime intensity between crime stages and considering adjacent areas of 138 
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change, we plotted 84 gradient vectors representing spatial transition between Stage I and 139 
II and 111 vectors between Stage II and III. The mean magnitude of vectors in units of 140 
change in crime intensity per kilometer [points km-2 km-1] in both instances was similar:  141 
1.43e-4 from Stage I to II and 1.35e-4 from Stage II to III. The dominant cardinal direction of 142 
vectors differed between stages; westerly journeys were most common between Stage I and 143 
II (17.9%, n = 15) and easterly journeys were most common between Stage II and III 144 
(19.8%, n = 22) (Fig. 3).  145 

  146 

  147 
Fig. 3: Arrows depicting vector magnitude and direction between the crime stages, between 148 
Stage I and II depicted in panel (a) and Stage II and III depicted in panel (b). Arrows are 149 
overlain over a map of the difference in crime intensity between the consecutive crime 150 
stages. Vectors originate from hotspots of former crime stages visualized as blue dots and 151 
project towards hotspots of later crime stages visualized as red dots to indicate possible 152 
directions of transition from one crime stage to the next. Darker vectors depict higher 153 
tendency of movement from one crime stage to the next as well as higher differences in 154 
intensity and closer proximity between crime stages.    155 
    156 

Spatial predictors across the three stages of the pangolin hunting process. We modelled each 157 
crime stage using a spatial binomial generalized additive model (GAM). Across the three 158 
�inal spatial binomial GAMs, distance to major Gabon cities had the largest standardized 159 
coef�icient in magnitude and was negatively associated with participatory-mapped 160 
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occurrence at every crime stage (Stage I: ꞵ = - 1.036; Stage II: ꞵ = - 1.067; Stage III: ꞵ = - 161 
1.152) (Fig. 4). Thus, grid cells (2km x 2km) closer to major cities were more likely to 162 
contain at least one mapped annotation. Cells located one standard deviation closer to 163 
major Gabon cities had substantially higher odds of being mapped as crime-occurrence 164 
locations: 2.82 times higher for Stage I, 2.91 times higher for Stage II, and 3.16 times higher 165 
for Stage III.  166 

  167 
Fig. 4: Standardized coef�icients from spatial binomial generalized additive models for the 168 
three crime stages. Points show the estimated association between each covariate and the 169 
occurrence of at least one participatory-mapped annotation within a grid cell; colours 170 
distinguish the crime stages. Horizontal whiskers show 95% con�idence intervals, and the 171 
dashed vertical line marks zero association. Negative coef�icients indicate lower odds of 172 
mapped occurrence as the covariate increases, while positive coef�icients indicate higher 173 
odds.  174 

Discussion  175 
  176 
Spatio-temporal knowledge comparison between experts and community members. In 177 
conducting a meso-scale analysis of pangolin poaching in Gabon using participatory 178 
mapping data and geospatial crime script analysis, this research offers a range of novel 179 
empirical and interdisciplinary insights about the relationship between human systems, 180 
environmental risks, and biodiversity conservation. The �irst noteworthy �inding from this 181 
research emerges from results linked to Objective 1. We know wildlife-related risk and risk 182 
perception are inherently spatial because exposure is location dependent and vulnerability 183 
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varies across space and time23. That participating experts and community members had 184 
over 85% agreement in spatial knowledge about pangolins represented an extremely high 185 
level of alignment. The spatial bounds of human behaviors associated with pangolin 186 
poaching were highly legible to participating stakeholders. This alignment in 187 
spatiotemporal knowledge and risk perception across groups indicates there existed no 188 
practical knowledge gap; consensus has been achieved either deliberately or 189 
unintentionally. Although it is beyond the scope of the data to explain why such 190 
extraordinarily high alignment existed among participants, the literature notes that when 191 
environmental risk is directly experienced, it can re�lect both groups having experience 192 
with the same risks, resulting in shared understanding24. The implications of spatial 193 
knowledge alignment are broad. Practically, the existence of consensus provides a robust, 194 
socially validated foundation for targeted, zone-based policy interventions25. High-195 
con�idence targeting of conservation interventions can help reduce resource 196 
misallocations26. Methodologically, results offer accelerated baseline dataset creation for 197 
pangolins in an under-researched geography. Results also offer a ground truthing of 198 
pangolin-associated risks at a meso/national level and help justify shifting from knowledge 199 
to implementation gaps (e.g., policy execution, conservation incentive structures).  200 
  201 
Spatial trajectories between crime stages for pangolin hunting. A second noteworthy �inding 202 
from this research emerges from Objective 2 results. Beyond helping to overcome locational 203 
uncertainty, results have implications for journey to and from crime, as well as group 204 
offending, in the context of biodiversity conservation. Our analysis identi�ied 84 vectors 205 
associated with the journey to crime, or between Stage I and II, and 111 vectors associated 206 
with the journey from crime, or between Stage II and III.  The fact that we identi�ied a larger 207 
proportion of vectors associated with journey from crime means the dataset had a higher 208 
reporting density for post-offense movements than pre-offense movements. Some scholars 209 
term this imbalance splitting27 and note it signals the existence of multi-destination groups, 210 
where a single journey to crime vector brings a single offender or group of offenders to a 211 
site but they disperse using multiple vectors after the fact28. The spatial dynamics of this 212 
type of crime, group crime, are asymmetric by design. After the crime occurs (i.e., Stage 213 
2/Activity in this research), a group intentionally splits up to divide attention, prevent 214 
apprehension, and reduce risk; multiple vectors linked with journey from crime can 215 
represent intentional efforts to obfuscate trade routes.  216 
  217 
We found the same average magnitude in journey to and from crime vectors, signaling the 218 
spatial boundaries of the local context; the entire operation was bounded by a localized 219 
awareness space and friction of distance. Pangolins and their products (e.g., scales) are 220 
frequently moved alongside timber or agricultural goods29,30. Moving these goods requires 221 
using existing local roads and transit hubs and the spatial friction of the local terrain limits 222 
how far anyone can travel in a single leg of a journey. In practice, our data suggests that the 223 
group(s) of co-offenders–the poachers bringing in pangolins and the groups dispersing 224 
pangolins and their products-are poaching and trading within the same geographic 225 
boundary, indicating that the hub itself can catch both sides of the value chain (i.e., Stage 226 
I/Pre-Activity, Stage III/Post-Activity).  227 
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  228 
Group offending remains an under-researched concept for IWT research, yet IWT rarely 229 
involves a lone actor engaging in all activities along the illicit supply chain26,31. IWT relies on 230 
structured multi-tiered networks32. Journey to and from crime is often modeled as a uni�ied 231 
logistics chain from origin to middleman, compressing multiple vectors into fewer single 232 
distinct tracked vectors (i.e., consolidation)33,34. Results suggest that in this research 233 
context, the journey from crime involved groups engaging in splitting, likely to mitigate risk 234 
of getting caught and/or maximizing the chance of their pangolins or pangolin products 235 
advancing to the next destination in the value chain. Group offending can be a tactical 236 
partnership 35 and criminal network a logistical infrastructure 36,37. Group offending refers 237 
to speci�ic, localized clusters of individuals who team up to execute an offense; such groups 238 
tend to be small, with little hierarchy and limited repetition 38. Co-offending is also spatially 239 
patterned, as offenders, including co-offenders, tend to select targets near their homes and 240 
within their awareness spaces 39,40. Criminal networks are systems of interconnected nodes 241 
that sustain illicit operations 41,42and in IWT they range from loose, opportunistic ties to 242 
more organized structures 36,43. Criminal networks are enduring and resilient and the 243 
network exists independently of the speci�ic individuals operating within it at any given 244 
time. Networks are transnational,  and local43,44. Based on these well-published de�initions, 245 
our results signal journey to crime vectors involved localized group offending and journey 246 
from crime represented products being handed off to a network. In this way, our results 247 
target a blind spot in conservation criminology: transit logistical asymmetry. Most journey 248 
to crime research assumes a round trip where an offender leaves home, commits crime, and 249 
then returns home33. Our vector data showed a different behavioral pattern. The local 250 
supply chain acted as an asymmetrical gateway where animals were harvested via tight 251 
predictable routes and subsequent dispersal triggered larger webs of distributed routing to 252 
evade detection.  253 
  254 
Spatial predictors across the three stages of the pangolin hunting process. A third noteworthy 255 
�inding from this research was that distance to major cities was the primary spatial feature 256 
key to all stages of pangolin hunting. Spatial drivers usually change as an offense progresses 257 
(e.g., poachers choose hunting sites based on animal prevalence/density, cultural norms, 258 
presence of neighboring hunters and hunting territory boundaries but transport routes are 259 
based on roads)45. This �inding contrasts with �indings that different stages of pangolin 260 
crime can be governed by distinct environmental variables like the stage-speci�ic ecological 261 
predictors 46. Currently, Gabon is the most urbanized and one of the least populated nations 262 
in Africa47 and Africa is urbanizing faster than any region on the planet48. Gabon’s 263 
urbanization rate offers a demographic context for why distance to major cities dominated 264 
every stage of the crime script and offers a harbinger. Distance to major cities can serve as a 265 
proxy for infrastructure (e.g., access to roads, fuel, equipment, transport networks) in 266 
places like Gabon where interior forests exist that are less populated. It is also important to 267 
consider Gabon’s settlement and transport geography. Since the colonial period, most 268 
villages have been relocated along the main roads connecting major urban centers, most of 269 
which are relatively small, with the exception of Libreville, Port-Gentil and Franceville. This 270 
spatial con�iguration may also in�luence the relationship between distance to major cities 271 
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and distance to main roads. Although it may be reasonable to assume that early crime 272 
stages are dictated by ecological factors 30 like forest cover or pangolin abundance, the fact 273 
that proximity to major cities was the primary predictor for all crime stages shows that non 274 
ecological drivers can override ecological drivers in highly urbanized contexts, as found in a 275 
research study in Cameroon on pangolin scale trade 46. Will these meso-level spatial 276 
patterns of wildlife crime transition away from rural, forest-dependent communities and 277 
increasingly center on urban logistics, capital and transit hubs as the continent urbanizes? 278 
How and with what impacts on sustainability? Future longitudinal research on rural-to-279 
urban migration at national scales would be extremely fruitful in providing answers.  280 
Beyond being scalable to the other pangolin range states, the methodological and analytical 281 
approach described herein can be adapted to other contexts and help address the gaps in 282 
geographic targeting and national-level datasets undermining desired progress toward 283 
mitigating socio-ecological harms associated with IWT49.  284 
  285 
Globally, threats to pangolin conservation and efforts to overcome them will remain 286 
dynamic into the future50. So too will scienti�ic approaches for identifying trends and 287 
drawing inferences about these dynamics be encumbered by states of data de�iciency51. 288 
Synthesizing participatory mapping data with spatial crime scripting established a scalable, 289 
national-level dataset for an under-represented pangolin range States, jumpstarting the 290 
data de�iciency to data availability transition. Methods can be adapted and replicated in 291 
other pangolin range States or for other species. Beyond contributing methodological 292 
advances, this research grounded national-level spatial trajectories in local participatory 293 
data, demonstrating how post-activity trade asymmetric splitting can connect localized 294 
group offending to broader networks. In practice, high spatio-temporal alignment between 295 
experts and local communities provides a socially validated, ground-truthed foundation to 296 
inform pangolin conservation by moving from knowledge generation to targeted, zone-297 
based policy execution. Countering illegal pangolin trade demands targeting the 298 
asymmetrical post-offense transit nodes where localized poachers hand off products to 299 
broader criminal networks. Building scalable national datasets through participatory risk 300 
mapping may provide critical entry points for other states seeking to translate local 301 
community knowledge into evidence-based, zone-based policies supporting conservation 302 
of species impacted by illegal trade, including pangolins52.  303 
  304 
Methods  305 

Expert vs. community member perceptions of environmental risk   306 

Understanding risk perceptions is important for all forms of environmental management, 307 
including conservation crime, because one cannot predict how people will respond to an 308 
issue (e.g., conservation crime prevention) without knowing how they perceive it49. Risk 309 
perception can be mapped, quanti�ied, and quali�ied and can be compared to identify 310 
similarities and differences among groups53,54. Two groups commonly engaged in 311 
environmental risk related research are experts (e.g., trained professionals with 312 
employment expertise and experience) and laypersons (e.g., members of the general public 313 
or indigenous peoples and local communities with traditional knowledge based on lived 314 
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experience and expertise). Here, we apply the term community members to refer to 315 
laypersons. Extant studies con�irm that there can be, but are not always, differences in the 316 
way in which risks are perceived between experts and community members24,55. Often, 317 
experts perceive risks as being less risky than community members; in some instances 318 
experts and community members share similarities in risk perception. Experts consistently 319 
rate risk lower than community members for environmental issues, particularly for species 320 
loss and animal/plant suffering 53 but also for risks including nuclear waste 56, chemical 321 
toxicity57, and climate change53,58. Similarities and differences between experts and 322 
community members are consistently reported in policing and crime research, for example 323 
Bogaard et al.59 detected differences in perceived risk of deception between police and 324 
students, and Murray et al. 60 found similar patterns between groups when they assessed 325 
offender dangerousness. Risk is central to crime and conservation. Measuring both expert 326 
and community member perceptions of pangolin conservation risks from poaching and 327 
trade to determine areas of convergence and divergence is critical for mapping the full 328 
scope of a hazard at any spatial scale, optimizing resources, and supporting compliance 329 
with policies or programs 61. Importantly, community members in conservation contexts 330 
can often include indigenous people and local communities (IPLCs) who live adjacent to 331 
protected areas and habitats where pangolins, and other wildlife, live. Globally, indigenous 332 
people are disproportionately victims of crime and proportionally a higher number of 333 
indigenous people encounter the criminal justice system62. Although pangolin hunting is 334 
illegal in Gabon, it continues to take place in areas where pangolins persist, often because 335 
illegality is contested63 by IPLCs or hunting remains socially licit64. This research 336 
considered the general history of IPLC victimization and did not presuppose community 337 
members (or subject matter experts) were offenders or perpetrators of pangolin crime, but 338 
rather a knowledgeable source of unique information about risks to pangolin conservation.  339 
  340 
The geography of conservation crime  341 

Journey to and from crime. Journey to crime is a concept examining the spatial decisions an 342 
individual or members of a co-offending group make when traveling or traversing space to 343 
the location where they commit an offense34,65. Journey from crime is the analog spatial 344 
consideration for what happens after crime commission. Traditionally, journey to crime is 345 
applied to crimes including homicide or burglary, and is measured using geometric data 346 
(e.g., kilometers traveled) to denote the start and end point, treats the journey as a vector 347 
and uninterrupted line, and assumes the journey ends when the crime is committed33. 348 
Crime geographers have identi�ied consistent mathematical and behavioral patterns that 349 
govern how offenders move across a landscape; the concept is not universal but rather 350 
varies based on the type of offense (e.g., property crime, violent crime) and the person 351 
committing it (e.g., juveniles)66,67. Journey to crime, and often from crime, is useful for 352 
predicting offender and victim behavior, pro�iling serial criminals, and designing crime 353 
prevention strategies65. By understanding pathways relevant to the crime commission 354 
process law enforcement authorities or space managers (e.g., urban planners, protected 355 
area rangers) can implement situational crime prevention measures to disrupt the 356 
journey33. Mapping a journey can also support predictive policing, helping authorities to 357 
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deploy patrols along speci�ic high risk routes34,65. The concept has not been explicitly 358 
applied to conservation, although some of the concept’s associated metrics like distance 359 
decay have been explored, based on our search of the literature68.   360 

Crime scripting. A crime script is a conceptual framework from criminology that breaks 361 
down a crime event into a sequential and procedural chain of events, or process. The 362 
purpose of a crime script is not just to understand crimes, but to help prevent or disrupt 363 
them at any stage in the process. While every crime has a unique context and process, 364 
criminologists often use a 4-stage universal crime script for standardized analysis: 365 
preparation, pre-activity, activity, and post-activity.  Crime scripts have been widely applied 366 
beyond traditional crime like urban car theft, including to both wildlife poaching 69 and 367 
pangolin scale trade30, cyberattacks, human traf�icking, and terrorist plots. Crime script 368 
analysis involves systematically organizing data about the crime of interest– for example, 369 
people involved, key places and spaces, or skill development–into the corresponding stage 370 
in the sequence of events69. Crime scripts are overwhelmingly constructed from police case 371 
�iles or court documents70; they are not traditionally, but can be, created directly from 372 
spatial data.   373 

Crime scripts can be constructed from data collected via participatory mapping, but this 374 
rarely occurs because the latter is typically spatial and perceptual and the former 375 
behavioral and sequential and thus script analysis requires specialized geospatial analysis 376 
skills71,72. Crime scripting can help transform a two-dimensional journey using crime 377 
metrics into a multi-dimensional perspective producing novel insights relevant to theory 378 
and practice73. Instead of focusing purely on space, space-time considerations can be 379 
considered. Instead of assuming the journey ends where the crime is committed, the vital 380 
logistics associated with the journey away from the scene can be included. Treating the 381 
journey as a series of environmental actions, for example during the preparation and pre-382 
activity stages, may help distinguish if the crime of interest (e.g., poaching, laying snares) 383 
involves high preparation and professionalism (e.g., supplies intentionally carried far 384 
distances) or high opportunism and amateurism (e.g., supplies picked up accidentally along 385 
the way)74; the spatial attributes of the pathways and nodes may help reveal patterns and 386 
trends of high-risk spaces20. The post-activity stage represents the journey from crime; 387 
which may or not be different from the journey to crime. Describing similarities and 388 
differences between the journey to and from crime can help identify the spatial attributes 389 
relevant to both. Scripting can extend the spatial footprint of the crime process, indicating 390 
that the journey from crime can be structurally wider than the journey to it75. Practically, 391 
using crime scripting to understand the journey to and from crime can help target speci�ic 392 
community development or informant networks, focus ranger patrols on high-density 393 
zones near boundaries, or consider deploying sensors at strategic checkpoint locations. 394 
Traditional policing often focuses on catching an offender after the commission of crime or 395 
increasing blanket patrols across an entire protected area. By understanding the spatial 396 
attributes of transit routes and geographic boundaries encountered during the crime 397 
commission process, planners can introduce more highly-targeted environmental �ixes. 398 
Prevention emerges from thinking about conservation crime as a predictable logistical 399 
chain that can be broken before an offender ever reaches the victim.  400 
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Spatial predictors. Spatial variables can act as predictors of cues or constraints that dictate 401 
whether or not an offender can successfully transition from one stage of a crime script to 402 
another. Spatial predictors may be structural and infrastructural (e.g., road or river density, 403 
proximity to national park and national boundaries)76–78, ecological (e.g., habitat and 404 
vegetation pro�ile)79,80, or human dynamics (e.g., population density, market accessibility, 405 
proximity to resource extraction)79,81–83 in nature. Spatial variables may help predict 406 
outward vectors from pre-activity to activity to post activity stages in a crime script (e.g., 407 
movement into and out of forest). Understanding how spatial predictors in�luence the 408 
journey at each crime stage allows park managers to move away from reactive policing to 409 
predictive and situational interventions68,72,84. For example pre-activity stage interventions 410 
could focus on access control on speci�ic route intersections (e.g., physical barriers, camera 411 
traps, acoustic sensors) to intercept the journey before poaching occurs.  Activity stage 412 
interventions could focus on targeted guardianship to increase risk of apprehension during 413 
the act of poaching. Post-activity interventions could involve setting up more strategic 414 
checkpoints with sniffer dogs or monitoring regional highways connecting protected 415 
habitats with transit points30.   416 

Study site. In general, national park-level studies are excellent for ecology but tactically 417 
isolated for crime prevention. Global studies rely on generalizations about distance and 418 
trade yet obscure internal logistics. Conducting research at a national-level provides 419 
scienti�ic opportunities to reveal how illegal wildlife trade scales up, aligns with sovereign 420 
state power, and provides a blueprint for how pangolins move between protected spaces, 421 
rural communities and urban or border exit points. In general, the knowledge base lacks 422 
empirical understanding about how illicit goods such as wildlife scale up from the micro to 423 
macro scale. This research empirically explored pangolin trade in Gabon at the meso scale. 424 
The Republic of Gabon has high ecological integrity, a closed and high-contrast transport 425 
network, suf�icient internal sourcing, and capacity for global export. Gabon is an upper-426 
middle income Western and Central African country home to 2.53 million people in 202485; 427 
Gabon’s urban population is 92%, making it one of the most urbanized countries in the 428 
world and in 2023, 94% of the population had access to electricity. The nation’s economy is 429 
driven mainly by oil, wood, and manganese. Gabon is part of the Congo Basin Forest, the 430 
2nd largest primary tropical rainforest in the world. Traversed by the equator and bordered 431 
by Equatorial Guinea, Cameroon, and Republic of the Congo, Gabon has 885 km of Atlantic 432 
coastline and 267, 667 km2 of surface area86. The country has maintained low levels of 433 
deforestation rates, at around 0.6 percent per year in 2000-2020; this rate is low compared 434 
to regional peers, which averaged three times higher during the same period87. Gabon has 435 
three topographical zones: coastal alluvial plain, inland plateau and low elevation mountain 436 
zones. Extensive wetlands sustain forest and coastal ecosystems. The Ogooué River 437 
traverses over 800 km of the country before reaching the Atlantic Ocean, crossing habitats 438 
for approximately 198 species of mammals, 680 species of birds, 98 species of amphibians, 439 
160 species of reptiles, 184 species of freshwater �ish and 10,000 species of plants86. Gabon 440 
is home to many species of conservation concern, including African forest elephants, sea 441 
turtles, great apes, and three of the four African pangolin species88. Multiple laws provide 442 
protection for pangolins in Gabon, including the Forest Code (Law 016/01), which 443 
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established the legal framework for wildlife protection, and Decree No. 444 
0040bis/PR/MEFPECCHF of 2 November 2023 which updated the classi�ication of wild 445 
animal species, distinguishing between fully (e.g., giant pangolins) and partially protected 446 
species (e.g., white-bellied and black-bellied pangolins). Hunter-gatherer history from the 447 
Ogooué region dates to the Early Stone Age, shifting as agriculturalist Bantu tribes 448 
immigrated to the area 5,000 years ago89. Europeans arrived in 1472, seeking timber, ivory, 449 
and slaves; Gabon was part of French Congo and then French Equatorial Africa until 450 
achieving reindependence in 196086. Gabon’s current national park system was established 451 
by Presidential decree in 2002 and the National Parks Agency created in 2007, although the 452 
country has a very long history of protected area management90. Today, Gabon has 13 453 
national parks, a Presidential reserve, faunal reserve and arboretum, several hunting 454 
domains and cultural sites, 2 World Heritage sites, 9 Ramsar Wetlands, and 22 marine 455 
protected areas91,92. Gabon’s legal framework does not allow displacement of people from 456 
protected areas, and provides for community exploitation zones90.  457 

Primary data collection  458 

Participatory mapping. This research used participatory crime risk mapping with projective 459 
questioning. Participatory mapping (PM) is a data collection method that merges local 460 
knowledge with geographic data. The approach involves creating maps based on local 461 
knowledge that represents resources and social realities rather than relying on of�icial 462 
datasets or satellite imagery93. PM is highly collaborative and typically follows a structured 463 
progression from community engagement to data creation72,94. The method is extremely 464 
�lexible and can accommodate high and low tech mapping tools as well as variation in 465 
participants’ map literacy84; participants with any knowledge origin–local, indigenous, 466 
expert95– can engage in ground mapping using sticks and stones to draw on direct, paper 467 
mapping using markers and transparent overlays, or digital mapping using handheld or 468 
open-source digital tools93,96. Advantages of PM include its ability to capture local ecological 469 
knowledge that other data collection methods cannot; giving marginalized or indigenous 470 
voices a visual data-based voice26,94; and having high accuracy for local use. Drawbacks of 471 
the method include its resource intensiveness and requiring signi�icant time and trust-472 
building with participants. Dominant voices can hijack the PM process if subgroups are not 473 
properly constructed; and mapping rare resources (e.g., endangered wildlife) or risks (e.g., 474 
poaching) can expose participants to exploitation if results are improperly shared72,97. 475 
Participatory risk mapping (PRM) is a type of PM that focuses speci�ically on identifying 476 
hazards (i.e., physical threats), vulnerabilities (i.e., elements exposed to hazards) and 477 
capacities (i.e., risk-related resources)98,99. PRM can be used to map where crime risks exist, 478 
where vulnerabilities are created, and where spaces are ripe for crime-generating activities 479 
based on their lived experience in and perceptions of the community100,101. PRM is well 480 
suited for projective questioning, where participants are asked to map their risk knowledge 481 
onto an object (e.g., map); this technique provides safety and anonymity for participants by 482 
shifting the focus of questions from what happened to you to what happens here26,102,103. 483 
Projective questioning during PRM extracts highly accurate, localized crime data while 484 
keeping participants safe and engaged72,104.   485 
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We conducted identical PRM activities with 123 participants in 20 village communities 486 
surrounding 6 National Parks and Libreville, in December 2025 and April 2026. The six 487 
parks were Akanda, Ivindo, Lopé, Minkébé, Monts de Cristal, and Moukalaba-Doudou 488 
National Parks; village names are withheld in compliance with research ethics approval 489 
requirements.  The PRM script is available in French online105. Participants were informed 490 
of the study’s purpose and how their contributions would be used and provided informed 491 
consent through voluntary participation in the mapping workshops. The Florida  492 
International University Of�ice of Research Integrity reviewed and approved as Exempt the 493 
research study for the use of human subjects (IRB-23-0500 IRB, Date: 10/24/23, TOPAZ  494 
Reference #: 113333). The research was approved and authorized by Gabon’s Centre  495 
National de la Recherche Scienti�ique et Technologique, 496 
(AR029/25/MESRSIT/CENAREST/CG/CST/CSAR).  497 

Primary data processing. Rather than using crime scripting to analyze data principaliter, we 498 
applied the framework to guide data processing in support of downstream spatial analysis. 499 
We scanned all paper maps using a roller scanner, saved �iles in both JPEG and PDF formats, 500 
and uploaded �iles into QGIS for georeferencing. We georeferenced maps using the existing 501 
coordinates on each map and four control points. We applied linear transformation and a 502 
nearest-neighbor resampling to all points and referenced each map to WGS 1984 global 503 
coordinate system. We compiled, reprojected (EPSG 5223), cleaned, and rasterized  504 
the data from the two separate sampling periods in ArcGISPro and QGIS 3.40.5Bratislava106.  505 

Three stages of crime scripting. All points mapped by participants during PM activities were 506 
�irst coded as being associated with one of four, mutually-exclusive universal crime script 507 
stages. We then combined preparation and pre-activity points into a single stage to reduce 508 
theoretical bloating and academic over-complication and better re�lect operational realities 509 
on the ground for managers, law enforcement authorities, and community members tasked 510 
with reducing risks associated with threats to pangolin conservation 107. Points classi�ied as 511 
pre-activity (i.e., Stage I) included locations for planning to exchange pangolins and their 512 
products and obtaining supplies for transporting pangolins and their products. Points 513 
classi�ied as activity (i.e., Stage II) included locations for pangolin poaching. Points 514 
classi�ied as post-activity (i.e., Stage III) included locations for storage of pangolins and 515 
their products, locations for exchanging pangolins and their products, and transportation 516 
nodes.  517 

The participatory mapping dataset. The �inal dataset had 2,161 points; 1,086 points from 518 
December 2025 mapped by community members and experts and 1,075 from April 2026 519 
mapped by community members. Data about the 6 behaviors of interest across the 3 crime 520 
stages from both stakeholder groups and collection dates were pooled for analysis (Table  521 
1).   522 

Table 1. The total dataset from participatory risk mapping activities December 2025 and 523 
April 2026 with 123 participants in 20 villages living adjacent to 6 National Parks plus 524 
experts in Libreville included 2,161 discrete points labeled with 6 behaviors across 3 525 
pangolin-related crime stages.  526 
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Crime stage  Behavior of Interest  Points mapped (n)  

Stage I (Pre-activity)  Planning for exchange  484  

Supplies obtained  218  

Stage II (Activity)  Pangolins poached  763  

Stage III (Post-activity)  Products stored  251  

Products exchanged  349  

Transportation nodes  96  

  527 

Secondary data collection  528 

Spatial layers. Geopolitical and conservation-related shape�iles containing points, lines, and 529 
polygons were obtained via open access sources including Humanitarian Data Exchange22,  530 
World Database on Protected and Conserved Areas108, and United Nations Of�ice for the 531 
Coordination of Humanitarian Affairs. Secondary data was either used to create the 532 
basemap used across all objectives or used in objective 3 as a spatial predictor (Table S1).   533 

Data analysis  534 

Objective 1. The total number of points annotated by each group for the 3 crime stages was  535 
Stage I/Pre-activity (n = 702; experts = 205, community members = 497), Stage II/Activity 536 
(n = 763; experts = 209, community members = 554), and Stage III/Post-activity (n = 696; 537 
expert = 140, community member = 556). Intensity maps of each crime stage for both 538 
groups were constructed using Kernel Density Estimation (KDE) with grid cell size of 2km x 539 
2km and a 11.98-km bandwidth for both community and experts, executed using the 540 
Rstudio library spatstat with the function density.ppp109.   541 

We used Gaussian kernels with a common bandwidth of 11.98 km, calculated as the mean 542 
of the three stage-speci�ic bandwidths selected using bw.ppl 109 and mapped hotpots for the 543 
two groups and 3 crime stages. To include annotated points that lay offshore as well as to 544 
reduce the sudden arti�icial loss of intensity near the study-area boundary the Gabon 545 
country shape�ile layer was extended by 15km. Moreover, Diggle edge correction was 546 
applied (diggle = True) to account for edge effects. Because more community members 547 
participated in the mapping exercise than experts, the two groups contributed unequal 548 
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numbers of mapped locations. This difference in sample size could have in�lated the 549 
intensity map of community members and erroneously create false positives. It is not the 550 
case that community members believed there were higher incidences of crime than experts, 551 
but rather the group had a larger sample size. We normalized each group’s KDE by its total 552 
number of points (1/n) using the “weights” argument in the RStudio density.ppp(weights = ) 553 
109 function. Resulting surfaces represented the relative spatial distribution of crime-stage 554 
locations perceived by each group rather than re�lecting differences in participation or 555 
reporting volume. Weighting each point ensured intensity maps had a volume integral 556 
equal to 1, and points normalized to respective sample sizes.   557 

A difference surface was computed as expert KDE minus community member KDE, where 558 
positive values indicated relatively greater expert density and negative values indicated 559 
relatively greater community member density. To compute the spatial distribution of the 560 
regions of signi�icant difference, we constructed a sampling distribution of the difference in 561 
intensity between groups at each grid-cell of approximate size of 2 km x 2 km via Monte 562 
Carlo simulation (n = 999). At each iteration, the group label was randomly shuf�led and 563 
intensity computed followed by a difference raster. This enabled consideration of the 564 
distribution of the difference in intensity at each 2km grid cell had the labeling of groups 565 
been inconsequential. The result was null hypothesis distribution. We used a two-sided test 566 
of independent statistical signi�icance for each grid cell. Cells with p < 0.05 were classi�ied 567 
as having signi�icantly higher community member density or signi�icantly higher expert 568 
density; all remaining cells were classi�ied as not signi�icant. The resulting stage-speci�ic 569 
signi�icance maps were exported as GeoPackage rasters.  570 

Objective 2. We constructed crime intensity maps for each of the 3 crime stages through 571 
KDE using the density.ppp109 function. We did not subdivide intensity maps according to 572 
stakeholder groups as discussed in Objective 1, nor did we weight data and normalize the 573 
KDE surface. We calculated cell-by-cell difference surfaces for Stage II minus Stage I and 574 
Stage III minus Stage II. Positive values (red zones in Fig. S1) identi�ied areas with higher 575 
mapped-location intensity in later stages. Negative values (blue zones in Fig. S1) identi�ied 576 
areas with higher intensity in the earlier stages. The centroid for each of those regions was 577 
located through local minima and local maxima searches and included in analysis if the 578 
absolute value of its magnitude was > 1.5 times the SD of the difference raster surface. 579 
Centroids which were less than 6km apart (i.e., 3 pixels) were considered a single hotspot 580 
point. Both crime intensity difference rasters had a mean of 0, resulting in 37 hotspots for 581 
the latter crime stage and 28 for the former crime stage for KDE2 - KDE1 (Fig. S1, a) and 29 582 
hotspots for the latter crime stage and 37 for the former crime stage for KDE3 - KDE2 (Fig. 583 
S1, b). We considered adjacent areas of change to indicate potential spatial transition(s) 584 
between crime stages. For example, considering KDE2 - KDE1 (Fig. S1, a), adjacent areas of 585 
relatively higher Stage I/Pre-activity intensity (i.e., hotspots of Stage I) and relatively higher 586 
Stage II/Activity intensity (i.e., hotspots of Stage II) indicated a spatial transition. 587 
Transitions between stages were represented with a gradient vector. Based on the journey 588 
to crime principle that when presented with different options an offender will choose the 589 
path of least resistance/closest path66, we considered the three closest hotspots of the next 590 
crime stage to every hotspot of a former crime stage as a possible next destination and 591 
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constructed a gradient vector between them. We computed the gradient vector value as the 592 
change in KDE pixel values between the hotspots of consecutive crime stages and divided it 593 
by the distance between them.   594 

Directionality for each gradient was categorized according to the 4 main cardinal and 4 595 
intercardinal directions, however vectors and directionality measures do not represent 596 
observed origin-destination trajectories.  597 

Objective 3. We used a set of 9 spatial predictor variables based on the literature and access 598 
to high-quality, open access datasets (Fig. S2). All spatial covariates were processed to have 599 
the same coordinate reference system (WGS 84 / Gabon Transverse Mercator; EPSG:5223), 600 
grid-cell size, extent, and grid origin. Continuous covariates, including leaf area index (LAI), 601 
elevation, and population density, were resampled to 2km grid cell size using bilinear 602 
interpolation. LAI and population rasters did not fully cover the western portion of the 603 
buffered analysis extent over the Atlantic Ocean; consecutive NoData cells occurring 604 
westward of the �irst valid data cell in each raster row were assigned a value of zero. This 605 
padding was applied only to the westward extension and did not replace missing values 606 
elsewhere. We assessed pairwise Spearman rank correlations among candidate covariates. 607 
We used |𝜌𝜌𝜌𝜌| ≥ 0.70 as a screening threshold for potentially problematic collinearity 110. No 608 
pair exceeded this threshold; the largest absolute Spearman correlation was |𝜌𝜌𝜌𝜌| = 0.608, 609 
between distance to major cities and distance to major roads. Therefore, all nine covariates 610 
were retained. Because Gabon is so forested and there is an absence of pangolin population 611 
density distribution data for the country, we assumed uniform population density across 612 
the country for pangolins. This assumption allows us to model the association of the 613 
participatory mapped points to the 9 covariates listed without the pangolin population 614 
density, as it is assumed to be uniform everywhere.   615 

The participatory annotated point maps were �irst converted into binary occurrence maps. 616 
Each grid-cell was coded to have a value of 1 when it contained at least one participatory-617 
mapped annotation for that stage and zero otherwise. Less than 1% of the grid cell 618 
contained more than one participatory-mapped point. The nine covariates were z-score 619 
standardized and entered as linear terms into the spatial binomial generalized additive 620 
model (GAM). A two-dimensional smooth of grid-cell coordinates accounted for broadscale 621 
spatial patterns not captured by the covariates. For cross-validation, our ROI was divided 622 
into 80-km spatial blocks which are then grouped into �ive folds. The blocks kept cells 623 
within each block together, reducing the splitting of nearby cells between training and 624 
testing; no spatial buffer was applied between folds. The GAM then produces a probability 625 
map in which each grid cell is assigned the estimated probability of containing at least one 626 
participatory-mapped annotation for the relevant crime stage.   627 

The GAM showed a modest ability to generalize to held-out areas of Gabon: it ranked grid 628 
cells containing participatory-mapped annotations above cells without annotations better 629 
than would be expected by random spatial ordering. Spatial out-of-fold PR-AUC was 0.0177 630 
for Stage I (prevalence = 0.0090), 0.0274 for Stage II (prevalence = 0.0100), and 0.0174 for 631 
Stage III (prevalence = 0.0090), indicating discrimination above random ranking for each 632 
stage. Brier scores were close to the prevalence-only baseline, indicating limited probability 633 
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calibration. Out-of-fold residuals retained positive spatial autocorrelation (Moran’s 𝐼𝐼𝐼𝐼 = 634 
0.0136, 0.0674, and 0.0189 for Stages I–III, respectively), indicating that some spatial 635 
structure remained unexplained. The �inal model was then �itted to all grid cells to estimate 636 
covariate associations.    637 

Code Availability  638 
  639 
R and Python codes are publicly available at 640 
https://github.com/eldayitbarek/PangolinSpatialCrimeScripting-Gabon   641 
  642 
Data availability   643 
  644 
Participatory mapping data are not openly available due to human subjects protection 645 
restrictions. All other data is publicly available as referenced in the main manuscript or 646 
supplementary information document.   647 
  648 
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Spatial crime scripting and meso-level analyses of illegal pangolin trade  
  

Supplementary Information  

  
Fig. S1: Based on participatory mapping about pangolin poaching in Gabon, we computed 
the difference in crime intensity between consecutive crime stages, where 
positive/increased intensity is depicted in red as a hotspot and negative/decreased 
intensity is depicted in blue as a coldspot. Differences were calculated by subtracting kernel 
density estimates of Stage I/Pre-activity from Stage II/Activity (panel a) and Stage 
II/Activity from Stage III/Post-activity (panel b).   

  

Table S1. Nine spatial variables were included in prediction analysis, based on the extant 
literature and being publicly available.   
Predictor Variable  Source  Motivation and processing (if applicable)  

Distance to forest 
concessions 1,2  

ANPN 3  Help understand if access to locations where 
pangolins (in forest concessions) are more likely to 
live correlates with poaching behavior  

https://paperpile.com/c/98SijSNj/Ij3D
https://paperpile.com/c/98SijSNj/Ij3D
https://paperpile.com/c/98SijSNj/Ij3D
https://paperpile.com/c/98SijSNj/IFgt
https://paperpile.com/c/98SijSNj/IFgt
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Distance to 
international 
borders 4  

UNOCHA 5  Help understand if annotated points are driven by 
international trade or for local consumption  

Distance to major  
cities 1,6  

CBI 7  Help understand if distance to human settlement(s) 
correlates with poaching behavior  

Distance to major  
roads 8, 2  

HOSMT 9  Help understand if road access correlates with 
poaching behavior; �iltered in trunk roads (i.e., major 
high-capacity highway), primary, and secondary roads 
from total roads network; computed raster with 2km 
spatial resolution whose pixel's value is distance to 
nearest major road  

Distance to 
protected areas 1, 2  

UNEP-WCMC 10  Help understand if access to locations where 
pangolins (in protected areas) are more likely to live 
correlates with poaching behavior; �iltered out the 
marine protected areas out of the analysis as 
pangolins are terrestrial animals  

Distance to 
waterways 1,2  

HOSMT 11  Help understand if waterways as a transportation 
route correlate with poaching behavior; computed 
raster layer with pixel value = nearest distance to 
waterway; hunters use boats on waterways to access 
and transport pangolin products  

Elevation 2  NASA SRTM 12  Help understand if topography correlates with 
poaching behavior; Global 1 arc-second / ~30 m   

Leaf Area Index  
(LAI) 2,13     

NASA MODIS 14  Help understand if density of forest as measured by  
LAI in�luences poaching behavior; 4-day, 500 m, 
Collection 6.1   

Population density  
8,4  

World Pop  
Population  
Data 2020 15  

Help understand if highly populated areas attract or 
repel poaching behavior; 100 m resolution  
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Fig. S2. Individual maps of covariates used to analyze spatial predictors of pangolin 
poaching across three crime stages. Distance to protected areas is the distance to the 
boundary of the protected area from inside or outside the boundary. The distance to forest 
concession is the distance to forest concession boundaries whose polygons can be seen 
overlain on the ‘Dist. forest concession’ map.   
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