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Abstract
Assessing the sustainability of the harvest of animals can be done by obtaining data from processing facili-
ties and establishing that vital attributes of the harvested animals (e.g., size, age structure, sex ratio) do 
not change over time. This model works if the traders operate in a free market without any regulations 
on what can be harvested, processed or exported, and when harvest methods and harvest areas do not 
change between assessment periods. Several studies assessed the harvest effects on blood pythons (Python 
brongersmai) in North Sumatra, Indonesia seemingly under a free market scenario, with some concluding 
that trade was sustainable and the others hinting at an overharvest. Indonesia has established harvest and 
export quotas and, internationally, trade in blood pythons is regulated through CITES, and the blood py-
thon trade clearly does not operate in a free market. Data suggest that the three (or four) slaughterhouses 
included in these studies processed ~27,000 blood pythons a year against a quota of 18,000. There is a 
risk that data from traders alone purporting to show that harvest is sustainable will lead to an increase of 
quotas or an abandonment of quotas altogether. There is no conclusive data to support that the harvest of 
blood pythons in North Sumatra is sustainable but there is sufficient evidence to suggest that a substantial 
part of this trade is illegal. Likewise, at a global level there are clear indications of misdeclared, under-
reported and illegal trade involving 10,000 s of blood pythons. While important biological information 
can be obtained from harvested animals, to assess whether harvest is sustainable there is no substitute 
for monitoring wild populations. After decades of international trade in blood pythons from Indonesia, 
during which at least half a million blood pythons were exported, it is all the more urgent that systematic 
monitoring of wild populations commences.
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Introduction

Several studies have addressed the unsustainable exploitation of reptiles (Gibbons et 
al. 2000; Schlaepfer et al. 2005; Auliya et al. 2016; Marshall et al. 2020; Janssen 
2021; Cox et al. 2022) and according to some the intentional harvest of them is one 
largest threat to the survival of many reptile species, especially crocodiles and turtles 
(Böhm et al. 2013; Cox et al. 2022). Reptiles represent one of the most species-rich 
vertebrate class in international trade (Nijman 2010; Scheffers et al. 2019). Species 
extinction processes that are causally linked to harvest and trade remain relatively 
undocumented. However, it is evident that those species that are long-lived with long 
generation times, those with low fecundity, those that are rare, or those that have a 
very restricted geographic range or small population size, are particularly vulnerable 
to over-collection (Reznick et al. 2002; Auliya et al. 2016). As noted by Challender 
et al. (2021) understanding the impact of trade-driven harvest on wild populations 
requires data on critical population parameters, including intertemporal harvest rates 
and their influence on density. Using trade data subjectively to determine that trade is 
detrimental as a shortcut for these in-depth analyses can be problematic (Challender 
et al. 2021).

In natural resource management the concept of sustainability is central as it would 
allow to maintain a long-term yield. From an economic perspective obtaining the larg-
est harvest while maintaining the harvested population at a given size indefinitely (or at 
least long term) is preferable. This is known as the maximum sustainable yield (Tsikliras 
and Froese 2019); it remains a very useful concept as it provides an invaluable reference 
point as an ideal against which current practice can be compared (Sutherland 2001). In 
theory, with population growth following a sigmoid curve, the greatest growth rate oc-
curs at intermediate population sizes. When harvest is sustainable it should not exceed 
the maximum sustainable yield under any carrying capacity, and it should not lead to 
a decrease in population size. But sustainability and maximum sustainable yields are 
not dependent on population size, and we can sustainably harvest at different popula-
tion sizes. Fig. 1 shows this for three different population sizes – this can represent the 
trajectory of a single population, for instance water monitors (Varanus salvator) on the 
Thai-Malay Peninsula, that experiences a series of population declines, but at three 
different intervals (with large, intermediate and small population sizes) the harvest is 
sustainable. The sections between A and B, C and D and E and F can also represent 
three different populations, for instance tokay geckos (Gekko gecko) on the islands of 
Borneo (743,330 km2), Sumatra (473,481 km2) and Java (128,297 km2), that have 
different population sizes with different likelihoods of extinction.
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As with all assessments over time the definition of the parameters needs to be the 
same in both assessments. If a population is initially defined as the number of mature 
individuals, then it cannot be changed to the total number of individuals later on. 
Likewise, the area under consideration cannot become increasingly larger over time. 
From Fig. 1 it is also clear that sustainability and conservation status are not synony-
mous – on the one end a species can be correctly assessed ‘Least Concern’ (one of the 
IUCN Red List categories) and harvested unsustainably and, on the other end, an ‘En-
dangered’ species can be harvested sustainably. It is, however, important to note that 
harvest quotas are normally set at the species level without taking into account genetic 
diversity (e.g., Auliya et al. 2002; Murray-Dickson et al. 2017), behavioural variants, 
or possible cryptic diversity (e.g., Rawlings and Donnellan 2003), and that a lack of 
checks of what is actually traded may provide opportunities for laundering species 
under incorrect names (including those of look-alike species). This brings us to legality 
of trade. There is no one-on-one relationship between sustainability of a harvest and its 
legality. A species can be harvested sustainably in the absence of a permit to do so, or a 
species can be legally harvested to extinction (Table 1).

Several studies reported on the sustainability of the harvest and trade in blood 
pythons Python brongersmai in Indonesia based on visits to the same processing fa-

Figure 1. Conceptual framework of the relationship between population size, sustainable harvest and 
global conservation status. The harvest that took place between A and B, C and D, and E and F, could 
be considered sustainable, whereas it is unsustainable between B and C and D and E. The global threat 
assessment based on two of the IUCN threat level criteria (population size and declining populations) are 
not tightly linked to harvest sustainability (modified after Yamaguchi 2014).
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cilities and covering the same geographic harvest area (Shine et al. 1999; Semiadi 
and Sidik 2011; Siregar 2012; Sianturi 2016; Sianturi et al. 2018; Natusch et al. 
2020). Shine et al. (1999) concluded that with the data they had available to them it 
was not possible to assess sustainability. Semiadi and Sidik (2011) noted a 25–50% 
decline in the number of blood pythons (and to a lesser degree Sumatran pythons 
(P. curtus)) arriving at facilities over a ten-year period. Siregar (2012) suggested that 
there was no decline in sizes of blood python that were caught but 7/9 harvesters 
questioned indicated that fewer were caught over time. Sianturi (2018) and Sianturi 
et al. (2018) concluded that trade was sustainable and Natusch et al. (2020) hinted 
at an overharvest.

Auliya (2006) indicated that much more research is required to reliably assess the 
species’ long-term sustainability of the harvest and trade in blood pythons, and he 
noted that the relatively stable export quotas of recent years indirectly conceal trade 
dynamics. In the Red List assessment, it was noted that in Indonesia, when the legal 
harvest quota was reached before the end of the year, harvesting continued and skins 
were stockpiled and smuggled out of the country (Grismer and Chan-Ard 2012). 
Stockpiling, whereby skins from harvested animals remain with traders over longer 
periods of time, circumvents the ability to monitor annual harvests and allows for 
the harvest to occur above and beyond agreed quotas without this being noticed in 
trade statistics. It remains uncertain whether this additional off-take contributes to 
a severe decline of local blood python populations (Grismer and Chan-Ard 2012). 
According to Saputra, the former chair of IRATA, the Indonesian Reptile and Am-
phibian Trade Association, another significant problem was the smuggling of skins, 
especially from Sumatra to Singapore, using old permits still available in Singapore 
(Erdelen et al. 1997).

Sutherland (2001) gave a series of pointers for assessing the sustainability of wild-
life harvests. He recognised that it is usually easier (and often cheaper) to measure 
changes in the numbers exploited (and presumably other relevant biological character-
istics such as size) but noted that this measure combines changes in population size and 
changes in exploitation methodology. He warned that these changes in methodology 
may be subtle. This includes harvesters having created new paths through a forest, or 
improved access to transport or a better exchange of information (e.g., mobile phones) 
within the harvest and trade chain (including harvesters, middlemen, transporters, 
processors, and exporters). Harvesters also learn and over time get better at finding 

Table 1. Relationships between the legality of harvest and trade and its sustainability, with examples from 
reptiles in Indonesia, based on harvest quotas allocated for 2021 (Anonymous 2021) and seizure data 
from Shepherd et al. (2020). Only one of these four scenarios, legal and sustainable, is desirable.

Legal Illegal
Sustainable Harvest of 750 tokay geckos (Gekko gecko) from Sulawesi 

and 250 from Bali
Harvest of 250 tokay geckos from the province of Central 

Kalimantan
Unsustainable Harvest of 1,992,750 tokay geckos from Java Harvest of 10,000 s pig-nosed turtles (Carettochelys 

insculpta) from Papua



Assessing sustainability of python trade 103

their species of interest. If the number of animals removed per day or their size distri-
bution has remained constant over time this can be because the population is indeed 
being exploited sustainably. It is also possible that population is decreasing but this is 
compensated for by increased efficiency in harvesting or locating animals, or by expan-
sion of the harvest area. Finally, the population could be increasing, but because of 
regulations on what can be harvested or traded the number of animals that enter the 
trade chain remain constant. Sutherland (2001) furthermore noted that if illicit ex-
ploitation is taking place, then this will be excluded from the estimates of exploitation.

Using publicly available information I here establish if there is sufficient data to assess 
whether blood pythons are indeed exploited sustainably. Specifically, I assess the following:

1.	 Is there a sufficient time between the first and the second assessment period, 
and if so (a.) do methods of harvest remain the same (or largely similar) between the 
two assessment periods; (b.) has access to harvest areas changed over the assessment 
period; (c.) has the harvest area remained the same; (d.) has the regulatory landscape 
remained the same

2.	 Is there evidence for illicit trade in blood pythons and if so (a.) does this hap-
pen at the national or provincial level; (b.) does this happen at the international level.

Methods

Study species

The blood python is found in eastern Sumatra and Bangka, and smaller offshore is-
lands of Indonesia and the Thai-Malay Peninsula (with one record in Vietnam near the 
Cambodian border: Barker et al. 2018). The species’ exact range within Sumatra, e.g., 
to what extent it occurs in the western, northern and southern parts of the island, is 
unclear (Auliya 2006; Grismer and Chan-Ard 2012). Blood pythons can grow up to 
~250 cm with a mass of 15 kg (females can grow larger than males) and are found in 
a wide range of habitats, including agroforests and palm oil plantations (Abel 1998; 
Keogh et al. 2001; Grismer and Chan-Ard 2012; Siregar 2012). Most biological data 
we have of the species is derived from processing facilities or slaughterhouses (examin-
ing the animals that are brought in prior to or after slaughter) (Fig. 2). Indonesia is 
the main supplier of blood python skins and live blood pythons in international trade.

Blood pythons are not included on Indonesia’s protected species list, but their har-
vest and trade, both domestically and internationally, is regulated by a quota system 
(Anonymous 2008, 2011, 2016, 2020, 2021). The harvest for domestic trade typically 
constitutes 10% of what is allowed to be exported. The export of blood pythons is 
regulated through the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES), where the species is included on Appendix II (regulat-
ing all international commercial trade). The species is listed as Least Concern on the 
IUCN Red List of Threatened Species (Grismer and Chan-Ard 2012).
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Data acquisition and analysis

Based on detailed observations in Indonesia between the mid-1990s to present, and 
through active participation in quota setting meetings, collaboration with NGOs and 
government bodies, and visits to numerous reptile traders, slaughterhouses, and pro-
cessing facilities throughout western Indonesia, I gained an insight into the regulatory 
landscape of the reptile trade in Indonesia. In addition, for 12 years I was a member of 
the Dutch CITES Scientific Authority, with the Netherlands being one of Indonesia’s 
main wildlife trading partners (Janssen and Blanken 2016), providing me opportuni-
ties to observe the international trade in pythons and python skins.

The facilities where pythons are killed and skinned, have their gall bladders and 
meat removed, and where skins are cleaned, pegged to dry, and processed, are called 
slaughterhouses (rumah pemotongan or rumah potong in Indonesian) by most of the 
researchers (e.g., Shine and Harlow 1998, 1999; Shine et al. 1999; Keogh et al. 2001; 
Auliya et al. 2002; Natusch and Lyons 2014; Sianturi 2018; Sianturi et al. 2018). 
They were also referred to as skinning premises (Shine and Harlow 1999) or skinneries 
(Auliya et al. 2002) but in recent years some researchers now refer to them as process-
ing facilities (e.g., Natusch et al. 2016, 2019a, 2019b, 2020). I refer to them as slaugh-
terhouses, acknowledging that just like slaughterhouses for the meat production the 
activities in these slaughterhouses are not restricted to just the killing of the animals.

To assess if any illicit trade in blood pythons occurred within Indonesia, I first 
focussed on the annual harvest quotas for the province of North Sumatra in 2015 and 

Figure 2. Left: Blood python (Python brongersmai) in Kaeng Krachan National Park, Thailand Right: 
Map of the province of North Sumatra, Indonesia, indicating the locations of slaughterhouses that were 
visited by various researchers to assess sustainability of the harvest and trade in blood pythons. Photo by 
Tontan Travel (CC-BY-SA2.0).
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compare them with data collected at various slaughterhouses (Table 2). Sianturi et 
al. (2018) and Natusch et al. (2020) both visited python slaughterhouses in two cit-
ies, i.e., Rantau Prapat (both), Cikampak (Natusch et al. 2020) and Stabat (Sianturi 
2018) (Fig. 2). Natusch et al. (2020) report on two periods, i.e., August 1996–June 
1997 and November 2014–September 2015, and Sianturi et al. (2018) report on one 
period, October–December 2015 (Sianturi 2016). Both Natusch et al. (2020) and 
Sianturi (2016) reported on the number of blood pythons that were brought into 
these slaughterhouses on the days they were present, and these were considered by 
them to be representative for the remainder of the year. In an earlier study, Natusch et 
al. (2018) report on the number of blood pythons brought into three slaughterhouses 
in North Sumatra combined, i.e., Rantau Prapat and Cikampak, as in Natusch et al. 
(2020), as well as Simalungun. Subtracting the number that were brought into Rantau 
Prapat and Cikampak, as reported in Natusch et al. (2020), should give the number 
for Simalungun. However, the observation days (24), the number of blood pythons 
(1,019 or 1,020) and mean number of blood pythons arriving per day for the facilities 
combined (42.5), are the same for Natusch et al. (2018) and Natusch et al. (2020), 
suggesting that the 2020 study sampled three facilities rather than two.

Secondly, for comparison, I focussed on the province of South Sumatra. Natusch 
et al. (2018) report on three one day visits in 2015 to one slaughterhouse in Palem-
bang. This facility was also included in the study by Shine et al. (1999).

In calculating the number of blood pythons that were processed in these slaugh-
terhouses in 2015 I conservatively assumed that they are operational six days a week 
(from experience it is more likely that they receive snakes every day). I obtained harvest 
quota and export quota data from the website of the Indonesian Ministry of Forestry 
for the period 2008 to 2022.

The time between the first and the second assessment period in the blood python 
studies was taken from the data presented in Sianturi et al. (2016) and Natusch et al. 
(2020). The same sources, in addition to Shine et al. (1999), Siregar (2012) and Siantu-
ri (2016) were used to assess whether the methods of harvest and the harvest areas have 
remained the same between the two assessment periods. Additional information on the 
sustainability of the blood python harvest was taken from Semiadi and Sidik (2011). 
Semiadi and Sidik (2011) visited 10 slaughterhouses throughout North Sumatra (and 

Table 2. Overview of visits to slaughterhouses to assess the sustainability of the harvest and trade in 
blood pythons (Python brongersmai) in the province of North Sumatra, Indonesia. See Fig. 2 for locations.

Year (total days) Snakes Rantau Prapat Cikampak Sei Suka Medan Stabat Simalungan References
1996–1997 (>43) 2,063 22 days 13 days >4 days >4 days Shine et al. 1999; 

Natusch et al. 2020
2007–2008 (<31) 260 not specified not specified Semiadi and Sidik 2011
2010 (<90) not specified not specified not specified Siregar 2012
2014–2015 (24) 1,020 8 days 16 days Natusch et al. 2020
2014–2015 (24) 1,020 not specified not 

specified
not specified Natusch et al. 2018

2015 (>6) 541 not specified not 
specified

Santiuri 2016; Santiuri 
et al. 2018
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one facility in Langsa just across the border in Aceh), including one or more that were 
included in the studies mentioned above. They obtained records of the number pythons 
arriving per month in 2007–2008 and compared them with records from 1998–2000.

To assess any illegal international trade, in January 2022 I obtained data on the trade 
in blood pythons from the CITES trade database for the period 2004 to 2020. This 
covers the trade in live blood pythons, skins and leather products. Data from 2021 was 
not yet available and prior to 2004 Indonesia did not recognise Python brongersmai as a 
species different from P. curtus (Keogh et al. 2001). I used data as reported by exporters.

Prices were normally quoted in Indonesian Rupiah; I corrected these for inflation 
to December 2021 and then converted them to US dollars.

Results

Assessing sustainability in the harvest of blood pythons

In order to assess whether or not harvest is sustainable one needs at least two tem-
porary separated assessment points. Semiadi and Sidik (2011) compared records of 
the number of blood pythons (and to a lesser degree short-tailed pythons) arriving at 
slaughterhouses in North Sumatra from 1998–2000 with those from 2007–2008 and 
concluded there had been a 25 to 50% decline. Siregar (2012) based his assessment 
on information provided by harvesters who were asked to assess if any current trade 
had changed compared to three years ago (i.e., comparing 2010 with 2007). While 
the size of the blood pythons reportedly had remained the same, seven out of nine 
harvesters indicated that fewer blood pythons were harvested and two stated it had 
remained the same. Siregar (2012) concluded that there was a decrease in catches per 
area, but this was compensated by an increase of the number of harvest areas. Sianturi 
et al. (2018) only visited the slaughterhouses over a relatively short period (October–
December 2015) thus precluding assessing whether or not harvest was indeed sustain-
able. The observation that an equal number of males and females are brought into a 
facility does not provide support that harvest occurs in a random and non-selective 
manner. Likewise, the observation that 272 female blood pythons were present in two 
slaughterhouses during three visits does not support the conclusion made by Sianturi 
et al. (2018) that blood pythons are still abundant in the wild. Natusch et al. (2020) 
did assess two time periods, but the length of time between the two (up to 20 years), 
with no data from the intervening period, makes it likely that changes other than just 
changes in the population of blood pythons have occurred.

Harvest methods, access and harvest areas

There is clear evidence from North Sumatra that over the last decades there have been 
marked changes in the way blood pythons are harvested, from opportunistic capture 
to, at least in part, targeted collection. Likewise, the harvest area has changed as well. 
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Siregar (2012) found that over a relatively short time period (2007 to 2010) there 
had been a decrease in the number of blood pythons that could be harvested in any 
particular area, but this was compensated for by an increase in the area where the spe-
cies was harvested. Shine et al. (1999: 251) wrote that in 1995–1996 “ .. most of the 
blood pythons came from oil palm plantations near the slaughterhouses, and were 
often brought in (as single snakes or in small numbers) by the people that had caught 
them. These snakes had been captured serendipitously, usually in palm oil plantations.” 
Natusch et al. (2020), working with the same slaughterhouse operators, stated that “… 
> 80% of pythons were captured from oil palm plantations immediately surrounding 
the processing facilities (< 50 km) …” and “… evidence indicated that local people 
also targeted this species using a flashlight at night, and could actively identify and 
capture snakes from shelter sites”. Concerning the change in collecting area, Natusch 
et al. (2020) commented that this “changed little between surveys” but this seems to 
be at odds with the data provided.

In addition, there have been significant changes in infrastructure in Sumatra with 
the percentage of road sections that were > 80% paved increasing from 56% in 1995 
to 71% in 2005 (Rothenberg 2013), and this has increased in the years since. Hence, 
in the mid-1990s in North Sumatra, to travel 50 km, over even 40 or 30 km, could 
be quite an undertaking. “Surrounding the processing facilities (< 50 km)” does not 
equate with “near the slaughterhouses”, and it would not be profitable to travel tens of 
kilometres to deliver single or small numbers of blood pythons. It is also worth rephras-
ing Natusch et al. (2020)’s statement – up to 20% of blood pythons that arrived at the 
two processing facilities were harvested more than 50 km from these facilities– as this 
does not give the suggestion of a local harvest and a local trade. The later conclusion is 
supported by data from 2008 when it was reported that the harvest of blood pythons, 
Sumatran pythons and reticulated pythons was carried out at distances between 2 to 
90 km (and up to 120 km) from the slaughterhouses (Semiadi and Sidik 2011). Erdelen 
et al. (1997) furthermore indicated that the catchment area of reptile dealers in Rantau 
Prapat reached as far as Sibolga on the western coast of North Sumatra, at a straight-line 
distance of 130 km, and to Labuan Bilik on the east coast, a distance of 70 km.

Semiadi and Sidik (2011) noted that it was challenging to gain insight into the 
state of the python populations in North Sumatra based on information from harvest-
ers and traders, as the change in the number of blood pythons that are brought into 
slaughterhouses was influenced by more than their status in the wild. They list the 
complexity of the harvesters-middlemen-exporter network, with individuals moving 
up and down the network, moving to other networks and establishing their own net-
work. They furthermore note that at times when the price of palm oil was low (e.g., 
1999–2000; 2004), many oil palm workers switched to catching wild animals, includ-
ing blood pythons. Semiadi and Sidik’s (2011) point of reference is a ten-year period 
(1998–2008) and covers a significant part of the province of North Sumatra, and 
thus may not be directly comparable to the experiences of individual slaughterhouse 
owners, but it does give the impression that much has changed in terms of how blood 
pythons are, and were, harvested.
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Changes in regulation over time

The economic and regulatory landscape of the blood python trade has changed con-
siderably over the last two decades, making it difficult to disentangle whether any 
change that Natusch et al. (2020) observed between periods is due to changes in the 
populations of the snakes or due to changes in the decisions consumers, traders and / 
or harvesters had to make.

Indonesia has an annual quota system in place for the harvest of both CITES listed 
and non-CITES listed species (Table 3). Exploited species have restrictions on the 
number of individuals that can be harvested from a specific area (typically a province) 
and on the number of individuals that can be exported (Amir et al. 1998; Siswom-
artono 1998; Nijman et al. 2012). Government-approved traders in the reptile skin 
trade have to be members of IRATA and are allocated part of the quota (expressed as a 
number of individual snakes) and they cannot trade above and beyond these quotas. If 
in a given year a trader does not meet its allocated quota it is not allowed to carry the 
remainder over to the next year. The trade in blood pythons from Indonesia is predom-
inately for international trade. This is regulated through CITES, which oversees a limit 
on the number of python skins that can be exported (Kasterine et al. 2012). When ex-
ports exceed agreed numbers, sanctions can be put in place through CITES. This hap-
pened in 2004 when CITES’s Scientific Review Group formed a negative opinion on 
the import of blood pythons from Indonesia and temporarily suspended international 
trade, and later that year permitted trade subject to the use of species-specific quotas 
(Kasterine et al. 2012). In recent years it is no longer permitted to harvest gravid female 
blood pythons (Anonymous 2020), but in the past there was no restriction on this.

Table 3. Harvest quotas for blood pythons in Indonesia (number of individuals for the live pet trade 
/ number of individuals for the skin trade) for four selected years; export quotas are 90% of the harvest 
quotas. Bangka-Belitung was established as its own province in 2000; up to 2020 its quota was included 
in South Sumatra.

Province 2008 2015 2020 2021 
Aceh 0 / 2,850 0 / 10,000 0 / 10,000 600 / 7,100
North Sumatra 1,500 / 21,090 1,500 / 17,840 1,500 / 18,000 1,500 / 20,000
Riau 0 / 4800 300 / 4,900 0 / 4,900 0 / 4,900
West Sumatra 0 / 0 0 / 0 0 / 0 0 / 0
Jambi 0 / 4,000 0 / 4000 0 / 4,000 0 / 4,000
Bengkulu 0 / 0 0 / 0 0 / 0 0 / 0
South Sumatra 250 / 4,300 300 / 4,300 300 / 4,300 700 / 5,000
Bangka-Belitung - - - 0 / 0
Lampung 750 / 4,000 0 / 0 0 / 0 0 / 0
Total 38,740 43,140 43,000 43,800

Quotas, unregulated and illegal trade

There is considerable evidence of unregulated and illegal trade in blood pythons and 
that they are harvested in numbers that are above the set quotas. Erdelen et al. (1997) 
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noted that during their visits to the slaughterhouses of North Sumatra (including those 
in Rantau Prapat), it could not be determined whether harvesters who delivered their 
catches were turned away because of the implementation of the quota system. They in-
ferred that the catches that were above the quotas were transferred to other provinces, 
and an unquantifiable or difficult-to-quantify proportion of this entered the illegal 
international trade. The province of North Sumatra, where Shine et al. (1999), Semi-
adi and Sidik (2011), Siregar (2012), Sianturi et al. (2018) and Natusch et al. (2020) 
conducted their studies, is allocated the largest proportion of Indonesia’s blood python 
quota, and typically, approximately 18,000 individuals are allowed to be harvested 
each year (Table 3). For the slaughterhouses in Rantau Prapat and Cikampak, Natusch 
et al. (2020) indicate that 27.0 and 50.2 blood pythons / day are received; Sianturi 
(2016) suggests this number to be 10 blood pythons / day for Stabat. Combined, the 
three slaughterhouses receive 87.2 blood pythons/ day; assuming they are operational 
six days a week this amounts to more than 27,000 blood pythons each year, or around 
9,000 over their allocated quota. In order to remain within the quota, on average, these 
facilities have to be closed for three days of the week, every week. Even if these were the 
only three slaughterhouses in North Sumatra, the number of snakes processed would 
be an overharvest of the agreed quotas, similar to that seen for a range of other reptile 
species (Nijman et al. 2012). However, there are other slaughterhouses that operate in 
the province (Shine et al. 1999; Semiadi and Sidik 2011; Natusch et al. 2018) (Fig. 2) 
and Siregar (2012) reported that seven exporters were active in North Sumatra.

Natusch et al. (2018) during three one day visits in 2015 recorded an average of 52 
blood pythons per visit in a slaughterhouse in Palembang, South Sumatra. The harvest 
quota for 2015 for South Sumatra was 4,300; for the facility to remain within its quota 
it has be operational, or receive blood pythons, just three times every two weeks.

Figure 3. Export of wild-caught blood python skins as reported by exporting range countries (red: Indo-
nesia; black: Indonesia, Singapore, Malaysia, Thailand, Myanmar). Indonesia did not report any export for 
2013 or 2014 and for these years data from importing countries was used. In 2009–2012 and 2019–2020 
Singapore reported the re-export of large numbers of blood python skins from Indonesia, markedly above 
what was reported by Indonesia as being exported to Singapore, and this surplus has been added to the total.
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The overall trend of the export of whole skins from wild-caught blood pythons 
over the last thirteen years is downwards (Pearson’s r = -0.753, P = 0.003) (Fig. 3). 
This downward trend is not reflected in the setting of Indonesian quotas (Table 3). 
Singapore emerges as a major re-exporter (i.e., a country that imports blood python 
skins from Indonesia and other countries and then exports them to other countries); 
in many years the number of blood python skins Singapore re-exports from Indonesia 
is substantially above what Indonesia reports as being exported to Singapore. More 
curious, and potentially of concern, is the re-export of blood python skins by Sin-
gapore that they declare as being imported from Lao PDR. For every year between 
2009 and 2013 Singapore reported the import of blood pythons from Lao PDR, for 
a total of 57,500 individuals. Singapore also reported the re-export of 57,980 blood 
python skins (and 13 small leather products) originating from Lao PDR to the rest of 
the world. Lao PDR does not report the export of any blood python skins to Singa-
pore (or any other country for that matter) other than 30,000 blood python ‘chips’ in 
2009. The blood python skins are reported as being derived from captive-bred snakes, 
viz. second-generation offspring of above (CITES source code ‘C’). Lao PDR is not a 
blood python range country and dating back to at least 2003 no country ever reported 
the export of live blood pythons (or fertilised eggs) to Lao PDR. Moreover, other than 
the imports and re-exports from Lao PDR, the 1.13 million blood python skins that 
were exported or re-exported between 2003 and 2020 are all labelled as wild-caught 
(source code ‘W’). Thus, if the data that Singapore reported to the CITES Secretariat 
are correct then Lao PDR is the only country in the world that exported such large 
numbers of commercially captive-bred blood pythons for the skin trade, and did so 
for a short five-year period only, from stock that never was reported as being exported 
to Lao PDR. Perhaps a more parsimonious explanation is that blood python skins im-
ported and re-exported by Singapore did not come from Lao PDR, were not from cap-
tive-bred snakes, but instead were wild-caught individuals imported very likely sourced 
in Indonesia (as the main trader in blood python skins) or, less likely, West Malaysia.

The CITES trade database also gives some additional information on the legal-
ity of the trade in blood pythons. Various countries, including Singapore and Italy, 
report the international trade of 14,144 blood python skins that were at one point 
traded without proper permits (CITES source code ‘I’), all but seven of these skins, 
i.e., 99.9%, originated from Indonesia. The 14,137 illegally traded blood python skins 
that were intercepted, represent 3.0% of the total trade in blood python skins that was 
reported by Indonesia over this period. Accepting that only a proportion of the illegally 
exported blood python skins would be intercepted and then traded internationally, 
this suggests a significant illegal trade in the species.

There are some peculiarities in the export of live blood pythons from Indonesia 
over the last 17 years (Fig. 3). Just like the trade in skins, their harvest is subject to 
a quota system, and a large proportion of this (60–70%) is allocated to the province 
of North Sumatra (Table 3). Typically, for all of Indonesia, each year between 1,890 
and 2,250 live blood pythons can be exported for the pet trade, and indeed Indonesia 
reports the export of, on average, 2,195 ± 441 live wild-caught individuals a year. 
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In addition, Indonesia reports the export of live captive-born (F), and some captive-
bred (C), blood pythons, but these numbers vary considerably between years (mean 
1,112 ± 731 individuals, range 0 to 2,527 individuals). Excluding three years when In-
donesia did not report the export of any captive-born blood pythons, there is a positive 
correlation between the (log-transformed) number of wild-caught and captive-born 
live blood pythons that are exported (Pearson’s R = 0.8254, N = 14, P = 0.0003). In 
years when many wild-caught blood pythons are exported – this being years that the 
maximum quota is reached – many more captive-born ones are exported in addition to 
the wild-caught individuals. In years when fewer wild-caught individuals are exported 
–and when there is room within the quota to export more—far fewer captive-born 
ones are exported. This may suggest that in certain years when demand is high, wild-
caught blood pythons are exported under the label of captive-born.

Finally, the trade in blood pythons from Indonesia is not restricted to whole skins 
or live animals. Indonesia is also the exporter of small leather products made from 
wild-caught blood pythons (it reports the export of 67,950 small leather products over 
the period 2004–2020, Malaysia reports the export of 2 small leather products over 

Figure 4. Relationship between the annual number of live wild-caught blood pythons that Indonesia re-
ports as being exported between 2004 and 2020 and the number of captive-born blood pythons it exports 
in that same year. Wild-caught blood pythons are subject to a harvest and export quota (between 1,890 and 
2,250 individuals per year) whereas the export of captive-born blood pythons is not subjected to a quota.
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this period). For those years that Indonesia did report these exports (in 2013 and 2014 
Indonesia did not report any export), on average 4,850 small leather products are ex-
ported. It is difficult to convert this to whole animal equivalents, and the export may 
occur years after the blood pythons have been harvested, but this adds to the export of 
whole skins and live blood pythons reported above.

Discussion

Assessing sustainability in the harvest and trade of blood pythons

I here aimed to establish if there was sufficient data to assess whether blood pythons are 
exploited sustainably based on information that has been presented in the literature. 
The first question that needed to be answered was whether there was sufficient time 
between the first and the second assessment period for an assessment to be made. This 
varied greatly between studies, ranging from a few months to twenty years. The lower 
end of this is obviously too short to make an assessment of sustainability and the latter 
makes it unlikely that what is measured reflects just changes (or the absence of changes) 
in the population of blood pythons. Siregar (2012) and Semiadi and Sidik (2011) as-
sessed sustainability over a three-year and ten-year period, respectively, and based on 
information provided by traders found that there had been a decline in numbers that 
were harvested.

For the studies that assessed change over a longer period, it was clear that the 
methods, and quite likely intensity, of harvest had not remained the same, with more 
targeted collecting in the latter compared to the former periods. Likewise, there is good 
support that in North Sumatra access to harvest areas improved over time. Harvest ar-
eas had either been enlarged or significant shifts in harvest areas had occurred. As such 
any changes in the numbers or sizes or condition of the blood pythons that end up in 
trade may be due to changes in harvest methods or changes in harvest areas. Converse-
ly, any non-change can be due to genuine stability of the population, or it can be due to 
harvesters moving to other areas or deploying different collecting strategies. The other 
areas may even include neighbouring provinces as suggested by Natusch et al. (2018).

While Natusch et al. (2020) stressed that the two slaughterhouses they visited in 
1996–1997 and 2014–2015 were continually operated by the same owners, in a simi-
lar manner, across the survey period, it appears that the former period included data 
from visits to slaughterhouses in two cities and the latter period, including data from 
one more city. Shine et al. (1999) reported on the harvest in blood pythons in four 
cities, i.e., Medan, Sei Suka, Rantau Prapat, and Cikampak, and the latter two were 
included in Natusch et al. (2020) study. Natusch et al. (2018) however, reports the 
same data (survey days, number of blood pythons harvested, harvest rate) as Natusch 
et al. (2020), but this was obtained by visits not to two but three facilities. The third 
one, Simalungun, is a five-hour drive from Rantau Prapat and a seven-hour drive from 
Cikampak so it is unlikely that this could have been legitimately pooled with either 
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city. Simalungun is also not near Medan or Sei Suka so it cannot have been pooled with 
these cities in the earlier study (Fig. 2). Hence it seems that Natusch et al. (2020) were 
comparing data from three slaughterhouses visited in 2014 and 2015 with data from 
two slaughterhouses in 1996–1997. This obviously is problematic in terms of assessing 
sustainability of the harvest and trade.

The predictions on how blood python populations were expected to change are 
based largely on the knowledge of the biology of exploited animal populations (Siantu-
ri 2016; Sianturi et al. 2018; Natusch et al. 2020); they are not based on the decisions 
made by harvesters, traders, exporters, regulators, or consumers. Biologists only expect 
these changes in the biological traits of blood python populations over time if the ac-
tions of the people involved in the trade remain static. The economic and regulatory 
landscape of the blood python trade has changed considerably over the last two dec-
ades, making it difficult to disentangle whether any change between periods is due to 
changes in the populations of the snakes or due to changes in the decisions consumers, 
traders and / or harvesters had to make. Especially changes in how the domestic and 
international trade is regulated can have a marked impact on what will be observed at 
a trader’s premises. Imagine a trader that is free to buy and sell each and every python 
that is brought to their processing facility and assume that profits are positively corre-
lated to size (i.e., the largest profit can be made on the largest individuals: corrected for 
inflation to December 2021 values, Siregar (2012) reported that harvesters in North 
Sumatra fetch a price of US$13.35 for a large blood python but only US$8.00 for a 
small one, thus supporting that assumption). A logical economic decision for a trader 
is to buy all those animals that will give a profit, including large, medium, and small 
ones (but perhaps not the very small ones) especially as the process of inspection and 
measuring already requires an investment. Over time over-exploitation will lead to har-
vesters bringing in fewer snakes and proportionally smaller ones and fewer very large 
ones. These are the assumptions under which Natusch et al. (2020)’s model works, and 
this was the situation that may have been the case when Shine et al. (1999) collected 
their data in the late 1990s. But now imagine that a trader is not free to buy whatever 
he or she wants, and that not all can be sold into a free market (i.e., trade is regulated). 
In this scenario, the most profitable economic decision is to buy first (or preferably) the 
ones that will bring the largest profit (in our example, the largest snakes), then the ones 
that bring in sufficient profit (the medium-sized snakes) but traders will not purchase 
the smallest ones that bring in only a small profit (using data from Siregar (2012) sug-
gest a loss of potential revenue in the order of 40% if a small rather than a large blood 
python enters the trade). If the restrictions are time-bound, this may translate into a 
trader buying only large snakes at the beginning of the year, large and medium-sized 
snakes in the middle of the year, and large, medium-sized and small snakes at the end 
of the year to maximize profit. The anthropogenic Allee effect proposes that when 
prices for wildlife products increase with species rarity, then financial incentives are cre-
ated to extract the last remaining individuals of a population, despite higher search and 
harvest costs (Holden and Mcdonald-Madden 2017). Harvesters and others involved 
in the blood python trade chain will increase their efforts to catch those snakes that 
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make the most profit, i.e., the largest individuals, resulting in an increase in costs but 
not necessarily in a change in the number of large snakes entering the trade. In these 
scenarios, even for heavily exploited populations one would not necessarily expect to 
see the changes in snakes at the processing facilities predicted by Natusch et al. (2020) 
and Sianturi et al. (2018). This is the situation in which blood python snake traders 
and harvesters operate at present.

Misdeclared, underreported and illegal trade in blood pythons

As noted by Sutherland (2001) when assessing the sustainability of exploitation, al-
most invariably, the illicit part of this is not, and often cannot be, taken into account. 
While in the present study it was not possible to assess whether individual traders had 
engaged in any illegal activities or had underreported the real intensities of trade, at 
the aggregate level it is clear that there are numerous indications that blood pythons 
are traded illegally, that trade is underreported and/or that trade is misdeclared. At the 
international level, reported levels of trade in blood pythons do not match, and this 
takes different forms. For instance, Singapore re-exports many more blood python 
skins from Indonesia than Indonesia exports to Singapore. Lao PDR for a short period 
was a significant exporter of blood python skins without it being a range country and 
without it having imported blood pythons to initiate this trade.

Trade in live blood pythons from Indonesia, shows anomalies, whereby in the 
years that the maximum number of wild-caught individuals is reached, the number 
of blood pythons that are declared as captive-born (and not included in the annual 
harvest quota) that are exported actually increases. At least since 2019 it has not been 
allowed to harvest gravid female blood pythons from the wild and the captive-born 
and captive-bred blood pythons must have been derived from dedicated captive breed-
ing facilities. It is questionable, however, that actual captive breeding blood pythons 
makes economic sense. As noted above, depending on the size, harvesters get paid 
between US$8–15 for a blood python (Siregar 2012). Housing, feeding, maintaining, 
and breeding blood pythons in a commercial setting cost more (Anonymous 2011; 
Siregar 2012). This is supported by research conducted by TRAFFIC (2013) who, 
for three species of blood python concluded “There is little evidence of captive breed-
ing these species due to the relatively low price paid for skins compared to the larger 
python species”. The close link with the number of wild-caught blood pythons that 
are exported and the number of captive-born ones, such that the latter is dependent 
on the former, suggests an economically uncertain market, and makes it less plausible 
that blood pythons are indeed bred at a commercial scale (for a similar case with wild-
caught vs captive-bred Tokay geckos, see Nijman et al. 2018).

The reason the Indonesian government, and in a global arena, CITES, sets lim-
its on harvest and export, is to prevent species such as the blood python from being 
overharvested. In Indonesia, it is the Indonesian Institute of Sciences that provides the 
scientific justification for these limits (Soehartono and Mardiastuti 2002). In Indo-
nesia, for many species Non-Detriment Findings (the conclusion by experts that the 
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export of specimens of a particular species will not impact negatively on the survival 
of that species in the wild) are rare (Soehartono and Mardiatuti 2002; Auliya et al. 
2016). This is partially due to the lack of biological and harvest data, but also due to 
economic pressure and lack of political will. In practice then, the final decision on 
quota numbers and what is harvested where is negotiated and decided upon annually 
in a meeting where members of the IRATA are present in addition to members of the 
Indonesian Institute of Sciences and the Ministry of Forestry (Amir et al. 1998; Nij-
man et al. 2012).

It is possible that one of the outcomes of the studies by Shine et al. (1999), Semi-
adi and Sidik (2011), Siregar (2012), Sianturi (2016), Sianturi et al. (2018) and Na-
tusch et al. (2020) is to argue that despite a substantial harvest above the permitted 
quotas and evidence of illegal trade, the harvest in blood pythons as conducted so far 
is sustainable, and therefore harvest quotas can be (and perhaps should be) raised. I 
would argue that given that the decisions traders make in relation to what they can 
and cannot buy and sell are not just theirs to make, the conclusion that the best way to 
assess sustainability of the commercial harvest is to monitor the attributes of harvested 
pythons, is flawed.

While harvest quotas for different provinces, or indeed for Indonesia as a whole, 
differ little from year to year when seen over a longer time period some marked geo-
graphic changes are apparent (Table 3). For instance, Riau saw a ten-fold increase and 
Aceh a more than three-fold increase between 2008 and 2015. Harvest of 4,750 blood 
pythons (12% of the country’s total) was allowed from Lampung in 2008, but none 
were permitted to be harvested in 2015. While these changes may be indicative of 
changes in the abundance of blood pythons, possibly due to local overharvesting, they 
most likely simply reflect the requests of Indonesian Reptile and Amphibian Trade As-
sociation members and what they wish to export. The harvest of blood pythons from 
South Sumatra requires scrutiny and continued monitoring. The data presented by 
Natusch et al. (2018) may suggest that the number of blood pythons arriving at one 
slaughterhouse already exceeds agreed quotas. It is furthermore noteworthy that Shine 
et al. (1999) recorded very few blood pythons at the Palembang slaughterhouse (mean 
of 11.7 / visit), and Natusch et al. (2018) indicate that very few blood pythons arriv-
ing at this facility were harvested in the South Sumatra. There seems to be a consensus 
that the species is not abundant in the province. The blood pythons that were received 
originated from Bangka Island (Natusch et al. 2018). Bangka (and the neighbouring 
island of Belitung) administratively separated from South Sumatra in 2000 and thus 
became Indonesia’s 31st province. In the period up to 2019, quota-wise, Bangka was 
included in South Sumatra, but in 2021 and 2022 it has been given its own quota of 
zero (Table 3). The quota for South Sumatra has remained stable at 5,000 skins and 
700 live blood pythons. Monitoring is required to ensure that blood pythons arriving 
at the slaughterhouse and at traders’ premises in Palembang are indeed harvested in 
South Sumatra and not in Bangka (as they have been in the past), and conversely, that 
the harvest of blood pythons on Bangka, a regular occurrence for decades, is indeed 
completely halted.
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Monitoring of wild populations

Contrary to, for instance Natusch et al. (2019b), as argued convincingly by Suther-
land (2001), to assess sustainability of harvest (and trade) it is better to monitor the 
population than the harvest. For this in-depth and objective analysis of critical popu-
lation parameters such as harvest rates at different points in time (past, present, and 
potentially future) and how this affects density is crucial (Challender et al. 2021). 
The fact that different studies, visiting the same slaughterhouses in roughly the same 
time period, measuring, in part, the same parameters, come to diametrically opposite 
conclusions, is testament that just visiting processing facilities to determine sustain-
ability needs reconsidering. Determining changes in population size is better for ad-
justing the exploitation level as it is the population size that really matters (Sutherland 
2001). The reason Natusch et al. (2020) gave for not assessing the sustainability of the 
trade in pythons directly by measuring the effects of the harvest on the populations 
themselves, as done by Abel (1998), Riquier (1998) and Auliya (2006), amongst oth-
ers, and as advocated by Sutherland (2001), was due to difficulties in obtaining these 
data from the field (another argument is that it is presumably cheaper). The studies 
conducted by Abel (1998), cited by Natusch et al. (2020) as an example where field 
studies had been unsuccessful in quantifying abundance and demographic attributes of 
harvested python populations, and Siregar (2012) offers some insight in the feasibility 
of conducting mark-recapture population estimates as a potential approach for these 
assessments. Abel (1998), over a 4 to 5-month period, during which two other reptile 
species were studied, captured 113 blood pythons, recaptured 22 of them twice and 
three were recaptured three times. Two professional python harvesters interviewed by 
Siregar (2012) were able to collect 503 blood pythons over a 7 to 8-month period. 
With a suitable team, including one or more professional python harvesters, collect-
ing relevant data in a standardised manner from the field rather than from just relying 
on potentially biased data from processing facilities should be feasible. Based on data 
Indonesia reported to CITES it exported over three million snake skins over the last 
decade; there is no valid reason why this multi-million-dollar business cannot properly 
assess the real effects on the wild populations it is dependent on.

Conclusion

Measuring sustainability is often done indirectly by testing predictions regarding what 
would happen if a harvest was not sustainable. These studies in general cannot demon-
strate sustainability; at best all they can do is to demonstrate with a level of certainty  
that harvest is not not sustainable. Five studies commented or attempted to assess sus-
tainability in the harvest of blood pythons in the province of North Sumatra using data 
from slaughterhouses to establish if vital attributes of the harvested animals changed 
over time. Semiadi and Sidik (2011) and Siregar (2012), relying on data provided by 
the staff of the slaughterhouses, suggested that the number of blood pythons that were 
harvested had declined and that harvesters had shifted collection areas. Shine et al. 
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(1999) and Sianturi et al. (2018) conducted their studies over relatively short time in-
tervals, and while the former concluded that it was not possible to assess sustainability, 
the latter suggested it did without providing any relevant data to support this conclu-
sion. Natusch et al. (2020) included data from Shine et al. (1999) in their assessment, 
and concluded that the harvest had been too severe. However, the introduction of 
regulations on harvest and export, including harvest and export quotas, likely changes 
in the harvest area (from near the processing facilities to further away), differences in 
the number of processing facilities between years (two vs three) and collection methods 
(from opportunistic to in part targeted collection) largely invalidates their predictions.

As such, despite decades of commercial trade from North Sumatra, there is insuf-
ficient data to suggest whether the harvest and trade of blood pythons out of this prov-
ince is sustainable. Data on the sustainability from other parts of the blood python’s 
range, including from southern Sumatra (Lampung, South Sumatra, Jambi, Bangka) 
where over the last decade ~100,000 individuals were allowed to be harvested, are lack-
ing. There is, however, substantial evidence of underreported and illegal international 
trade in blood pythons. Part of any assessment of sustainability of the harvest and trade 
in blood pythons must address this as a matter of urgency.
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