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Non-human primates (primates) are regarded as key research subjects for pre-clinical trials of several drugs aimed to alleviate human suffering. It has long been suggested that the predominant species in the international trade in live primates for use in research is the long-tailed macaque (Macaca fascicularis). However, little is still known about the value of this international trade. Whilst the international trade to supply the requirement for biomedical testing is known to encourage illegal wildlife trade, we lack a detailed understanding of the overall value and magnitude of this trade. Such information is vital to facilitate the design of effective conservation strategies in range countries, in order to mitigate the exploitation of wild populations by organized crime networks. Here, data from CITES and the UN Comtrade databases were combined to calculate the value of this trade. We also compared the number of individual primates traded as reported in the two databases to investigate possible correlations. Results show that, from 2010 to 2019, the international trade in long-tailed macaques constituted a market worth of ~US $1.25 billion. We found a positive correlation between individual primates traded in the UN Comtrade Database and individual long-tailed macaques reported in the CITES Trade Database, suggesting that we can use the UN Comtrade database to investigate values and magnitude of the international legal trade in wildlife, and that legal trade in live primates is primarily constituted of long-tailed macaques alone.
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INTRODUCTION

The international primate trade is considered to have peaked in the 1960s, with India alone exporting ~50,000 live wild primates per annum (Nijman et al., 2011). However, four decades later, the legal and illegal trade in primates remains a serious threat to primates species (Nijman and Healy, 2016; Estrada et al., 2017), and the predominant species traded is thought to be the long-tailed macaque (Macaca fascicularis).

Despite genuine efforts to reduce the use of live non-human primates in research in the twenty-first century, species such as the long-tailed macaque are still utilized in biomedical procedures and pre-clinical testing (Home Office, 2017). While the majority of individuals in trade are first, second or higher generation offspring of captive long-tailed macaques, the overall trade does affect the management and conservation of the species in the Southeast Asian range countries (Hansen et al., 2021). Little is known about the magnitude and monetary value of the international trade in long-tailed macaques, which can lead to overexploitation of wild populations if left unexamined (Andersson et al., 2021). The US is a main importer of long-tailed macaques (CITES Trade Database, 2021), and in 2020, Tittensor et al. found a positive correlation between legal imports and confiscations in the US, suggesting that legal trade and illegal trade goes hand in hand.

There is a need for specific data both globally and by country regarding the volume and value of the international trade in long-tailed macaques as the 21st century progresses, and especially given the emergence of China as a one stop shop for breeding and research (Cyranoski, 2016), and the efforts by scientists to adopt 3R based approaches that seek to replace, reduce and refine the use of live animals in research (Guhad, 2005; Badyal et al., 2009; Wells, 2011; Prior et al., 2017). In addition, we need to understand how the trade in long-tailed macaques has been affected by the requirements for pre-clinical trials related to vaccines (Lankau et al., 2014). This quantity and pricing data is crucial to inform work regarding both the illegal and legal trade in this species, and to increase conservation efforts to minimize the exploitation of wild long-tailed macaques.

Here, we combine data from the Convention for International Trade in Endangered Species of Wild Fauna and Flora (CITES) Trade Database, which provides data on trade on species listed in the appendices of the Convention (CITES Trade Database, 2021), with that of the United Nations Commodity Trade Statistics (UN Comtrade) Database, which provides data regarding international trade in a wide range of commodities (UN Comtrade, 2021). The former database includes data on international trade at the species level (including long-tailed macaques) and their source (e.g. wild-caught or captive-bred) but it does not give monetary values. The latter database includes data at an aggregate level (e.g., all species of primates combined) to which it attaches a monetary value. Arguably, reporting animal species at Class level makes it difficult to fully comprehend and monitor the trade (Chan et al., 2015). However, for those countries that export one or a very limited number of species of a particular taxon, and in cases where this or these species are listed on one of the appendices of CITES, it may be possible to combine both databases to obtain a more accurate insight into the trade. For instance, Nijman (2017) focused on the export of eels from North Africa and combined data for the European eel Anguilla anguilla, the only species of eel listed on CITES and the only species of eel to occur in North Africa. Using both datasets, he was able to estimate levels of trade, establish its monetary value and investigate how this was related to the importing regions to ultimately make recommendations on how to better regulate the trade in European eel. The UN Comtrade Database has also been used to quantify the amount and the value of the shark fin trade combined with the CITES Trade Database to understand the specific species traded (Fowler et al., 2021). In this study, researchers focused on identifying the trade flows and main importers to pin point the geographical areas, where specific shark species are in need of conservation efforts (Fowler et al., 2021).

Here, we follow a similar approach to Nijman (2017) and Fowler et al. (2021), in order to gain insights into the international trade in live long-tailed macaques, primarily for biomedical use. The validity of this approach hinges, firstly, on a strong level of agreement between trade flows between the countries involved in the live primate trade, and secondly, on a high level of concordance between the numbers of live primates and live long-tailed macaques reported by individual countries on a year-by-year basis.

The aim of this study was to establish if there is a correlation between the quantities of live long-tailed macaques reported in the CITES Database and the quantities reported for live primates in the UN Comtrade Database. If this is the case, this would then enable the average unit value obtained from UN Comtrade data to be applied to the quantities of macaques reported by CITES parties in the same period. It will furthermore show if the long-tailed macaque is in fact the predominant primate species traded.



METHODS

We focused on the period 2010 to 2019, inclusive, as data from 2020 or 2021 were not yet available. For both databases, we focused on live trade as reported by the exporting country [HS code 010611, live primates, in the UN Comtrade Database (UN Comtrade Database 2021)]. We included re-exports as reported in the CITES Trade Database (CITES Trade Database, 2021), since these were also included in the UN Comtrade Database.

The CITES Trade Database revealed that 95.6% of exports of live long-tailed macaques originated from the following eight countries: Cambodia, China, Indonesia, Laos, Mauritius, The Philippines, Thailand, and Vietnam. Long-tailed macaque range countries, Singapore, Malaysia, Timor Leste, and Brunei Darussalam did not report any international trade over this time period, which was confirmed through communication with in-country researchers.

Firstly, using the CITES Trade Database, for each of the eight countries listed above, we calculated the proportion of long-tailed macaques of all live primate trade. This ranged between 83 and 100% (mean 96 ± 6) thus justifying the use of the live trade in all primates as reported in the UN Comtrade Database.

Our analysis was based on annual data, thus providing us with 80 datapoints (eight countries times ten years) for both the CITES Trade Database and the UN Comtrade Database. Monetary values were available from the UN Comtrade Database only and we divided the total reported value (in US$) by the units of live primates exported for each year to derive at an unit price for a single primate. Four anomalous values (The Philippines 2012 and 2013, and Thailand 2010 and 2011) were excluded because the UN Comtrade Database provided unrealistic amounts (between 75,000 and 750,000 individuals/year), which were a minimum of 75,000 individuals higher than what the CITES Trade Database reported for that country for that year. We suspect it is due to erroneous data input. All values were corrected for inflation in comparison to December 2019, from which our last datasets are from. We report means ± standard deviation. Final comparisons were conducted using a Pearson correlation and a scatterplot on log-transformed data was used for visualization. We used R Statistical Software (v4.1.0; R Core Team 2021) for all data analyses.



RESULTS

Over the ten-year period, the eight countries reported the export of 476,353 live long-tailed macaques, 99.5% of which was declared as either captive-born or captive-bred (Table 1, Figure 1). The number of live primates exported from these same countries listed in the UN Comtrade Database totaled 469,100, suggesting that indeed the vast majority of trade in live primates from this region comprises long-tailed macaques (Table 1).


Table 1. Total CITES shipments of live long-tailed macaques and UN Comtrade shipments of live primates from 2010 to 2019 with UN Comtrade values.
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FIGURE 1. Change in export (as reported by partners) in long-tailed macaques per country from 2010–2019.


At the year-on-year country export level, there was a high level of agreement between data reported by the eight countries to CITES and to UN Comtrade (R = 0.84, t = 11.67, df = 57, p < 0.0001; Figure 2).


[image: Figure 2]
FIGURE 2. Scatterplot with confidence interval of log-transformed CITES individual Macaca fascicularis shipment data and UN Comtrade live primate units per exporting country from 2010 to 2019.


To calculate the value of the trade in CITES, we multiplied the CITES total export of individual Macaca fascicularis from 2010-2019 with the average UN Comtrade value/unit live primate over the 10 year period, which was US$ 2,672 ± 267. Total value of long-tailed macaque trade from 2010-2019: 476,353*2,672 = 1,258,026,879 USD.

We encountered three outliers for China in 2019; CITES 703, UN Comtrade 25838, Indonesia in 2019; CITES 1569, UN Comtrade 5, and Thailand in 2019; CITES 16362, UN Comtrade 3.



DISCUSSION

We investigated the magnitude and monetary value of the long-tailed macaque trade by incorporating data from two databases; the CITES Trade Database and the UN Comtrade Database and comparing the data retrieved between the two.

The total value of CITES shipments of live long-tailed macaques from 2010 to 2019 (when multiplied by the UN Comtrade average unit value) was 1,26 billion USD, which is similar to the 1,25 billion USD reported in the UN Comtrade Database (Table 1), although the latter value may include values of more or less expensive primate species than the long-tailed macaque. This comparison indicates that the UN Comtrade report of live primates traded equals the long-tailed macaque trade reported by CITES. The total values (Table 1) of both databases are also comparable, and so are the totals per year per exporting country, where we found a significant positive correlation (see also Figure 2). This means that the reported live primate trade in the UN Comtrade Database resembles the international trade in long-tailed macaques. If legal trade mirrors illegal trade, and for example 28% is added to the volume of legal trade through confiscations in the US alone (Tittensor et al., 2020), the magnitude we present here only presents a fraction of the true trade. The reports of the Species Survival Commission furthermore discuss that laundering wild-caught long-tailed macaques as captive bred is a reoccurring event indicating that a portion of the legal trade presented here is actually illegal (SSN, 2012, 2015a,b).

We encountered three outliers in our dataset for 2019; China, Indonesia and Thailand. These numbers were double checked one year after the deadline for 2019 reports. We therefore suspect the discrepancies between individual/unit amounts in the two databases to be due to differences in reporting year.

These results show that by combining data from the UN Comtrade and CITES it is possible to determine values in relation to trade in long-tailed macaques. This may well offer the opportunity to perform similar analyses with other species of fauna and flora as reported by CITES parties. Given that the illegal wildlife trade is the 3rd largest source of revenue for global organized crime (Wyatt et al., 2020), the ability to ascertain unit values may well be very useful to evaluate the potential conservation pressure for particular endangered species.

From 2010–2019, China has supplied a large part of the market with long-tailed macaques from both in-country breeding centers and imported individuals from Southeast Asia (Figure 1). However, in 2019, results showed that China reported a 96% reduction in exports of long-tailed macaques compared to an average of the previous three years (prior to international awareness of the COVID-19 pandemic). Results also show that other countries that do not historically have breeding centers the size of those in China (Cyranoski, 2016) appeared to have increased exports to satisfy international demand (Figure 1).

The importance of long-tailed macaques for pre-clinical testing has the potential to exert significant pressure on wild populations, particularly because of the unit value per macaque that has been shown in these results. Whilst there has been a long-term trend for pharmaceutical companies to source their requirements from captive bred monkeys raised in farms (Carvalho et al., 2019), there may not be sufficient stock to cope with sustained periods of high demand for live monkeys used in pre-clinical testing procedures (Nature, 2021; Tian, 2021). Ongoing research will seek to determine if the additional (COVID era) demand for long-tailed macaques from the pharmaceutical sector has compromised efforts over the last decade to promote improved protection, better law enforcement and trade regulation regarding illegal wildlife trade (SSN, 2012, 2015a,b). What is clear is that the trade in long-tailed macaques from 2010 to 2019 is a multi-billion dollar industry.

It is crucial to monitor legal trade in wildlife as it provides an idea of illegal trade as well, and because it often thrives unnoticed, which can have detrimental effects on wild populations of the particular species (Andersson et al., 2021). It is clear that the combination of the CITES Trade Database and the UN Comtrade Database provides an unique opportunity to assess the magnitude of wildlife trade, which is crucial for conservation management going forward.
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