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ARTICLE INFO ABSTRACT
Keywords: Despite the international trade ban (CITES, Appendix I), African pangolin trade and shipping
Thr.eatened SP§CieS within and out of Africa persist. Phataginus tricuspis and Smutsia gigantea are now classified as
African pangolins Endangered, and Phataginus tetradactyla and Smutsia temminckii as Vulnerable on the IUCN Red

Illegal wildlife trade

) List. To date, the comprehensive trade data of African pangolin scales is still lacking. Here we
Conservation status

analyzed pangolin interception data linked to Africa from social media, pangolin organizations,
and online news media between 2016 and 2024. We report 130 seizure incidents accounting for
287,272 kg of African pangolin scales involving 15 African and seven Asian countries. Overall,
Nigeria and the Democratic Republic of Congo are major exporters, while China, Vietnam, and
Singapore are the major importers of African pangolin scales. Domestic interceptions were
highest in Nigeria, Cameroon, and Uganda, signifying that they may be transit countries. While
there was a negative correlation between the number of seizures and years, and the quantity of
scales seized and years, 2019 reported a sharp increase in quantity of scales (97,877 kg; 34 % of
the data). Furthermore, both metrics declined after 2019, with interceptions increasingly
confined to African countries. This could reflect lack of resources, low capacity for identifying
pangolin scales, change in routes of trafficking over time, underground trade, law enforcement
and customs corruption. Our study contributes to the growing body of data on the African
pangolin trade by focusing on trade routes, seizures, and importer and exporter countries, which
are essential for effective conservation management.

1. Introduction

Pangolins (Family Manidae) consist of eight recognized species restricted to two continents; four species are endemic to Asia, while
the remaining four are found exclusively in Africa (Gaudin et al., 2009; Malimbo et al., 2020). Recent studies revealed a possibility of a
ninth species (Manis sp.) which falls into the Asian group based on mitochondrial gene fragments, morphometrics, and whole genome
data from confiscated scales in Hong Kong (Gu et al., 2023; Hu et al., 2020; Zhang et al., 2015). Currently, pangolins are the world’s
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most trafficked wild mammals, with estimations of more than one million individuals traded globally since 2000 (Emogor et al., 2021;
Heinrich, 2017; Ingram et al., 2018; Omifolaji et al., 2020). Although habitat loss, degradation, and fragmentation are known as
significant threats to pangolin populations in situ (Ingram et al., 2018; Pietersen et al., 2019b; F. Zhang et al., 2022), illegal poaching
and trafficking have been reported as major global concerns (Heinrich et al., 2016; Malimbo et al., 2020; Nixon et al., 2019; Pietersen
et al., 2019a).

The demand for pangolins has been rising as their meat, skins, and scales are used for traditional medicine both in Africa and Asia
(Boakye et al., 2015; Ingram et al., 2022; Malimbo et al., 2020; Nguyen et al., 2021; Nijman, 2023; UNODC, 2016). The increase in the
demand for pangolin parts (Ingram et al., 2019a; Svensson et al., 2013) in Asia has led to severe population declines in Asian pangolin
species. To meet the demand in Asia, pressure has shifted toward African pangolin species belonging to two genera (Phataginus and
Smutsia): P. tetradactyla, P. tricuspis, S. gigantea, and S. temminckii (Challender and Hywood, 2012; Emogor et al., 2021; Heinrich et al.,
2016; Ingram et al., 2019a, 2018). Consequently, the international trade of all four African species has been banned as of 2017,
following their inclusion on Appendix I of the CITES (Convention on International Trade in Endangered Species of Wild Fauna and
Flora). Their conservation status has also been uplifted to Endangered (P. tricuspis and S. gigantea) and Vulnerable (P. tetradactyla and
S. temminckii) on the IUCN Red List of Threatened Species (Ingram et al., 2019b; Nixon et al., 2019; Pietersen et al., 2019a, 2019b).

Despite the trade prohibition and other protective measures, traffickers operating in countries in East, Central, and West Africa are
trafficking pangolin scales within and out of the continent, particularly to Asian countries (Challender et al., 2015; Emogor et al., 2021;
Heinrich et al., 2016; Heinrich, 2017; Ingram et al., 2019a; Omifolaji et al., 2020). Reported incidents indicate that Nigeria, the
Democratic Republic of Congo (DRC), and Cameroon were the main countries exporting pangolin scales from Africa to Asia (Ingram
etal., 2019a; Xu et al., 2016). A comprehensive study undertaken on pangolin trade between 2010 and 2021 also reported Nigeria as a
key transit hub, receiving major shipments from other African countries such as Cameroon and Gabon, destined for Asian markets
(Emogor et al., 2021). Our study analyzed social media and organizational seizure incidents from 2016 to 2024 to assess whether these
sources can reveal major pangolin trafficking routes and ongoing interceptions. Our study contributes to the body of comprehensive
trade data to aid conservation management initiatives.

2. Methods and materials
2.1. Data collection

We collected intracontinental and intercontinental confiscation data of African pangolin scales for the period between 01 January
2016 and 31 December 2024 (Supplementary Table 1). We primarily sourced data from various social media platforms including
Facebook, Twitter, and Instagram using keywords “African pangolin trafficking”, “pangolin scales”, and “pangolin scale trade”. When
posts contained limited information, further investigations were done by following embedded Google links to full articles. Most source
pages did not provide information on the exact species identification and full details on whether suspects were arrested and their case
proceedings. We obtained additional data from leaders or members of active organizations dedicated to countering poaching and
wildlife trafficking in Central and West Africa. These included LAGA (The Last Great Ape Organisation), Wildlife Law Enforcement’s
press releases and its associated organization, EAGLE (Eco-Activists for Governance and Law Enforcement), and Conserv Congo. We
categorized confiscations as intra-African (between African countries) and intercontinental (Africa to Asia). Furthermore, we classified
countries involved as import countries (where scales were intercepted from another country), export (countries where scales were
shipped from), and transit (countries where scales were intercepted en route). For incidents where only the country of seizure was
reported, and no additional information on the trade route was available, we treated the seizure as domestic (i.e., we considered the
country of seizure as the destination).

The scope of the study was confined to the confiscation of pangolin scales from the four African pangolin species, with the database
exclusively including shipments > 15 kg. For each confiscation, we collected the following information: (a) date of confiscation, (b)
export country, (c) import country, (d) transit country, and (e) agencies involved in confiscation (Table S1). It is important to note that
the dataset may not comprehensively represent all intracontinental and intercontinental confiscations due to reporting biases.
Although our dataset is limited to reports from organisations and online social media pages, most of our data entries overlapped with
other published African trade studies (e.g., Emogor et al., 2021; Ingram et al., 2019a; Omifolaji et al., 2020; Tinsman et al., 2023).

2.2. Data analyses

We conducted all statistical analyses in R v. 4.4.1 (R Core Team, 2024). We treated each seizure incident as one unit of analysis
regardless of the quantity of pangolin scales involved. We assessed the correlation between the volume of scales (kg) seized and the
number of seizures using Pearson’s correlation method and a simple linear regression model (Im). Similar assessments were done for
the number of seizures and quantity of scales over time using Im. We accepted statistical significance at P < 0.05 for all tests, and
models were visualized using ggplot2 package (Wickham, 2016). We constructed trade flow maps using ggplot2 and sf (Pebesma, 2018)
packages to visualize intracontinental and intercontinental trade routes. Trade maps were further updated on PowerPoint Microsoft
software.
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3. Results
3.1. Intracontinental and intercontinental confiscation of African pangolin scales between 2016 and 2024

A total of 130 seizure incidents (287,272 kg) were identified through social media posts and Google news between 2016 and 2024
(Fig. 1a, b). Overall, there is a significant positive correlation between the number of seizures and the quantity of scales intercepted
(Pearson’s r = 0.66, t = 2.30, p = 0.05), indicating a significant increase in quantity as seizure incidents increase (Supplementary
Fig. 1a). On the other hand, a negative correlation between quantity and year (Pearson’s r = -0.42, t = -1.21, p = 0.02) and between
seizures and years (Pearson’sr =-0.72, t = -2.75, p = 0.25) was observed. These values were indicative of a general decline in both the
quantity of scales seized and the number of seizures over the years (Supplementary Fig. 1b,c). Of the total seizure incidents, 85 (65 %)
were intracontinental while 45 (35 %) were intercontinental. However, intercontinental seizures accounted for high volume of scales
(Fig. 1b). The average annual seizures differed significantly between the two categories: intracontinental (mean = 9.4) and inter-
continental (mean = 5; p < 0.05). Both categories declined in 2020, with intercontinental seizures dropping to just one incident in
2020 and 2022 (Fig. 1a). Notably, intercontinental seizures ceased entirely from 2023 to 2024, with all seizures during this period
shifting to intracontinental incidents. Intercontinental scale quantities dominated from 2016 to 2019, peaking in 2019 at 90,760 kg but
sharply declined to 10,701 kg in 2020 and subsequently dwindling to zero by 2023-2024 (Fig. 1b). In contrast, the quantity of scales
from intracontinental category were lower but consistent and reaching their peak in 2024 (Fig. 1b).

3.2. Intracontinental seizure incidents and volume of scales confiscated between 2016 and 2024

Of the 85 intracontinental seizures recorded, 85 % were domestic, accounting for 77,038 kg of scales. Only 15 % (20,921 kg) of
seized scales were exported and imported between countries (Supplementary Fig. 2a—c). Significant incidents include a 2017 seizure
where Uganda exported 6 000 kg of scales to Tanzania, and seizures in 2021 involving unknown origins and Nigeria exporting scales to
Nigeria and the DRC, respectively (Fig. 2a,b). Apart from being an exporter, Uganda also acted as both a transit and importer of scales
from the DRC (Fig. 2¢). Kenya served as a transit point for scales from Guinea and the DRC (destined for Asian countries), and also
imported scales from Cameroon (Fig. 2¢). On a domestic level, Nigeria recorded the highest volume of scales, followed by Cameroon,
and Uganda, while Togo reported the lowest with 37 kg of scales seized (Fig. 2d).
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Fig. 1. a. Number of seizure incidents, and b. quantity of African pangolin scales intercepted intercontinentally and intercontinentally between
2016 and 2024.
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Fig. 2. Quantity of African pangolin scales a—c. exported and imported between African countries, and d. intercepted within each country.
3.3. Major intercontinental exporters and importers of pangolin scales

Only four African countries were identified as major exporters of scales intercontinentally, with Nigeria as the main exporter,
followed by the DRC (Fig. 3a). China was the largest importer with 86,348 kg of scales, followed by Singapore (37,824 kg), and
Vietnam (30,723 kg) (Fig. 3b). Notably, the quantity of both exports and imports peaked in 2019 before rapidly declining. Nigeria
remained the sole exporter after 2019, and Vietnam became the primary importer of scales during this period (Fig. 3b). Scales exported
from Nigeria during 2016 and 2024 were seized in China, Nepal, Vietnam, Singapore, and Malaysia (as importer and transit) (Fig. 3c).
Ghana exported to China and Malaysia, while the DRC exported to Singapore, Malaysia, Vietnam, China, Turkey (transit), and
Thailand (as importer and transit) (Fig. 3c).

4. Discussion

Due to the demand for pangolin scales in Asian markets, African pangolins are increasingly at risk of being trafficked to Asia
(Tinsman et al., 2023). Given the trafficking risk of pangolins, the analysis of trade and seizure records is crucial for conservation
efforts. Relying on media and pangolin organization reports, our records do not capture the full scope of intracontinental and inter-
continental illegal seizure incidents or the quantities intercepted over the nine years. However, they do reveal trafficking patterns and
hotspots that might otherwise go unnoticed. Understanding trade route dynamics is essential for developing targeted interventions to
safeguard pangolin populations.

4.1. Intracontinental and intercontinental seizure of African pangolin scales over the period of nine years

Our study analyzed a total of 130 seizure incidents, totaling 287,272 kg of pangolin scales intercepted intra- and intercontinentally.
While most seizures occurred in Africa, the largest volumes of scales were seized in intercontinental shipments. Compared to previous
reports that used news reports, press releases, and agencies as their data source (e.g., WA BICC, 2020), some of the seizures in our data
aligned with those previously documented in pangolin trade studies (Emogor et al., 2021; Ingram et al., 2019a; Omifolaji et al., 2020,
Tinsman et al., 2023). Contrasting incidents were those that included shipments < 15 kg and other news reports not covered by our
data source. However, our data also captured additional incidents not included in earlier reports and extends the available data,
providing a more up-to-date perspective on pangolin scale trafficking trends. Notably, there were also overlaps in incidents between
our data reports and reports from previous studies done in Africa (Emogor et al., 2021; Ingram et al., 2019a; Omifolaji et al., 2020;
Tinsman et al., 2023; Yeo et al., 2024), supporting the authenticity and reliability of social media news and organization reports in
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Fig. 3. Quantity of scales a. exported from African countries, b. imported into Asian countries, and c. the flow of intercontinental trafficking. Blue
lines indicate export to transit countries, orange lines indicate export to import countries.

characterizing trade seizure trends. The media news data approach has been reported to provide valuable insights in characterizing the
illegal trade of pangolins (Harrington et al., 2018; Omifolaji et al., 2022; Tinsman et al., 2023).

4.2. A negative correlation between seizure incidents, quantity of pangolin intercepted, and years reported

Our data indicate a general decline in both seizure incidents and the quantity of scales seized over the years, with the exception of
2019 which showed a sharp increase in both metrics. Albeit other differences in the quantity of scales, Omifolaji et al. (2020) reported
a similar trend in seizure incidents and quantity of scales linked to Nigeria between 2018 and 2019. Similarly, Emogor et al. (2021) also
found an increase in the number of pangolin seizures linked to Nigeria during the same period. The slight contrast in the trend may be
expected given that our data went further than 2019. For example, when analyzing data from the same period as other studies,
particularly Omifolaji et al. (2020), we observed a similar trend where the number of pangolin seizure incidents increased over the
years (data not shown).

The incidents and quantity of scales intercepted dropped post 2019, in alignment with previous findings (Emogor et al., 2021;
Tinsman et al., 2023). The post-2019 decrease may represent fewer reported cases from law enforcement agencies or officials due to
lack of effort or resources such as a standardized and formalized database for pangolin seizures or other wildlife crime. Changes in
trafficking routes over time may also lead to a drop in seizure incidents not reported, where crime networks have changed ports for
moving scales. Increased corruption (EIA, 2020) may also result in the clearance of contraband, leading to many incidents not recorded
as customs may turn a blind eye to concealing shipments. In other cases, customs may have low capacity for identifying pangolin
scales, and there is also low technology for detecting wildlife products. Furthermore, the drop post-2019 may reflect awareness of
pangolins’ potential link to COVID-19, leading to more strict traveling bans and reduced demand. Similar trends have been observed in
other wildlife trafficking cases such as ivory (EIA, 2022). This is because they are mostly seized in the same shipment, showing high
convergence. Despite the overall decrease, countries such as Nigeria and Vietnam continued with illegal trafficking activities which
may suggest onward operation of wildlife crime networks due to limited international cooperation between Africa and Asia (EIA,
2022)

4.3. Major exporters and importers of African pangolin scales between 2016 and 2024

Our study identified Nigeria as a major exporter of African pangolin scales to Asia, consistent with previous studies (Ingram et al.,
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2019a; Omifolaji et al., 2020). However, genomic analyses by Tinsman et al. (2023) revealed that only 4.2 % of the scales reportedly
from Nigeria originated there, indicating its role as a major transit rather than a primary source. This corroborates with findings that
Nigeria has facilitated the movement of scales from other African countries to Asia since 2017 (Emogor et al., 2021; Omifolaji et al.,
2020). The discrepancies between our dataset and genomic work may indicate misclassifications of Nigeria’s role in the pangolin scale
supply chain. Similar misclassifications may extend to other countries, leading to under- or overrepresenting roles of countries in the
supply chain. Nigeria’s prominence in the illegal pangolin trade may be attributed to its well-developed international travel infra-
structure (Emogor et al., 2021; Ingram et al., 2019a) and established illicit trade routes for other species such as parrots (Psittacidae)
and ivory (Elephantidae). Other incidents in our data have also identified transnational wildlife trafficking networks operating in
Nigeria. Furthermore, Nigerian intermediaries collect scales from across African countries for Chinese buyers at Lagos airport, a known
hotspot for illegal wildlife trafficking (Omifolaji et al., 2020).

The primary importers identified were China, Vietnam, and Singapore, aligning with earlier reports that 92 % of live pangolins
seized between 2007 and 2015 were destined for China and Vietnam (UNODC, 2016). However, instead of being an origin, Singapore
was recorded as a consistent transit for scales bound for Vietnam in most incidents, which may suggest organized crime behind illegal
wildlife trade coming through this country. Similarly, other studies identified China and Vietnam as major destinations for African
pangolin scales (Ingram et al., 2019a; Omifolaji et al., 2020). These results may be attributed to the demand for pangolin-based
medicines, food, and a link to increased affluence (Nijman et al., 2016) in these countries, suggesting a need for targeted conserva-
tion efforts in these areas. Our findings also highlight intracontinental movement of scales, signifying stockpiling before interconti-
nental trafficking or supply to local markets. For example, in 2016, authorities intercepted 1000 kg of scales in Guinea and the DRC
imported from Kenya, and en route to Laos and Thailand. Similarly, large-scale domestic seizures in our study may indicate onward
transit activities that may be bound for other African or Asian countries, although available data lack destination details for other
incidents. For example, intelligence linked a key Liberian suspect to a pangolin scales trafficking network in Nigeria, while another
domestic incident involved the arrest of six Chinese suspects operating in Nigeria, suggesting possibilities of trafficking to Asia. Due to
the missing information on other exporters “Unknown”, some African countries that may be involved may not be mentioned at all in
this study. Similar case could potentially apply for Asian countries as some, or all could be characterized as transit countries rather than
final destination.

5. Conclusion and recommendations

This study analyzed social media reports of African pangolin scales intercepted between 2016 and 2024. We reported a decrease in
interceptions post-2019 which may be linked to lack of law enforcement effort or resources, low capacity for identifying pangolin
scales, change in routes of trafficking over time, and customs corruption. We acknowledge that during data collection, some incidents
may have been missed due to factors such as language barriers in media reports or incidents that went undetected or unreported
(Challender and Hywood, 2012; Ingram et al., 2018). Furthermore, there are limitations inherent in utilizing media-based and online
datasets, which may have influenced our findings. A significant challenge lies in the frequent lack of details regarding the source,
transit, or destinations of reported seizures. Some records report only one stage of the supply chain (i.e., source, transit, or destination),
without contextual trade route information. Our dataset identifies Nigeria as a source country while Tinsman et al. (2023) charac-
terized it as a transit, highlighting the potential for misclassification of which stage of the supply chain Nigeria is attributed. Such
discrepancies may lead to the risk of underrepresenting, overrepresenting, or mischaracterizing the actual role of each country in the
supply chain. Thus, the results only reflect the interception incidents that were found, and the actual number of scales intercepted is
likely to be far greater. Similarly, the role of each country in the supply chain may be less or more. Although several seizures in our
study reported arrests of traffickers, including key suspects connected to crime networks, further investigations that may lead to arrests
of other members or detection of illicit shipments are lacking. Our results confirm that the demand for scales in Asia has created an
illegal trade in African pangolins. While media-based data may complement law enforcement reports, integrating these two data could
enhance monitoring efforts, providing a more comprehensive image of pangolin scale trafficking. We recommend a multidisciplinary
study which includes (a) ongoing data mining of African pangolin trade seizures, (b) international collaboration to disrupt wildlife
crimes, and (c) applying ecological and genetic tools for tracking the population status of African pangolins, and for precisely iden-
tifying the origins of intercepted scales.
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