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ABSTRACT

In recent decades, drug crop eradication and drug trafficking interdiction have pushed
drug crop cultivation into new areas of the Amazonian rain forest. The presence of the
drug industries in these regions—followed by alternative development programs that
aim to substitute illicit drug crops with commodity crops like cacao—has transformed
forest ecologies, risking loss to both biodiversity and cultural ecosystem services
(CES) for surrounding communities. In the last ten years, forest loss linked to the
increase in cultivation of commaodity crops—both licit and illicit—has been monitored,
generating extensive geospatial data. However, the spatiotemporal impacts on key
plant species utilized by indigenous communities who have recently shifted to drug
crop and commodity agricultural production remains poorly understood. In this paper,
we use geospatial modeling to explore potential impacts of drug crop cultivation and
alternative development programs on the CES of Ticuna indigenous communities of
the Peruvian Amazon. We analyze the spatiotemporal impact of drug and commodity
crop cultivation on three culturally significant species of the genus Ischnosiphon,
known locally as dexpe or huarumd, by generating a model of potential distribution
of the three species. The rate of increase of legal and illegal agricultural crops was
also calculated and the spatiotemporal impact was measured and represented using
spatial analysis techniques. Our analysis finds that, between 2010 and 2020, the
increase in both illicit and licit commodity crop cultivation is correlated with changes
in the distribution of huarumd species, which in turn affects the cultural ecosystem
services of Ticuna communities.
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INTRODUCTION

Over the past 50 years, the War on Drugs has produced wide-reaching social problems in the
Western hemisphere, including the strengthening of paramilitary groups and gangs (Correra-
Cabrera, 2017), a rise in mass incarceration (Alexander, 2020), and the formation of alliances
between drug traffickers and licit industries (Paley, 2014). Scholars have shown that both drug
trafficking and hemispheric antidrug policies and practices have resulted in a range of unanticipated
environmental impacts, too (Brombacher et al.,, 2021; McSweeney et al., 2014; McSweeney et al.,
2018). In drug crop producing countries, these damages include pollution of water sources due to
chemical runoff from drug production operations (Bedoya, 1999), deforestation and degradation
of lands due to monocropping and grazing (Davalos et al., 2021), and in the case of Colombia,
harm to soil and human health due to aerial herbicide unleashed over large zones of coca crops
(Ramirez, 2011). However, due to the clandestine nature of drug production and the challenges in
conducting research in areas rife with conflict, the full extent of the environmental impacts of drug
production, trafficking, and antidrug policies remains poorly understood.

One thing that is clear is that militaristic antidrug policies aimed at supply-side eradication and
interdiction—such as Plan Colombia, which over its duration made Colombia one of the primary
recipients of US aid money, behind only Israel and Egypt (Shifter, 2012)—have produced what
scholars describe as a “balloon effect” (Rouse and Arce, 2006), whereby focused attention on
sites of drug crop production have not eliminated drug supplies at their source but, rather,
have relocated production efforts to new areas. In recent years, this effect has come to impact
large swaths of the Amazonian rain forest, which extends into all the major coca-producing
countries: Colombia, Peru, and Bolivia.

This study draws attention to some of the underexplored socio-ecological impacts of the balloon
effect in an emergent hotspot of illicit coca production in the borderland province of Ramon
Castilla in the Peruvian Amazon. As a result of aerial spraying campaigns in Colombida, illicit
coca production has shifted significantly into neighboring Peru, particularly into the political
department of Loreto—Peru’s largest but most sparsely populated department, covered largely
by rain forest—and specifically, the province of Ramoén Castilla. There, a federal decree has
declared a state of emergency due to an increasing threat from illicit coca operations (Lopez
and Tuesta, 2015; Silverstein, 2021).

The rise of illicit coca production in Peruvian Amazonian communities, both indigenous and
nonindigenous alike, has introduced significant changes into rural life—bringing in cash income
and industrialized goods as well as access to markets and educational opportunities, while
reducing subsistence agricultural production and altering related cultural lifeways in the process
(Martin et al., 2022; Paredes and Pastor, 2023; Silverstein, 2021). Antidrug strategies have also
followed, including eradication and interdiction efforts, as well as more holistic alternative
development projects (Grillo et al., 2021). Such alternative development projects have aimed to
help rural farmers transition from illicit crop production to licit forms of commodity agriculture
that can reduce dependence on drug crops and generate new livelihoods (Grisaffi and Ledebur,
2016). While such programs are often touted as humane strategies for regions ravaged by
decades of violent antidrug policy, less attention has been given to some of the unintended
socio-ecological consequences, including notable changes in land use, subsistence agricultural
production, and associated forms of cultural and economic practices.

In this article, we explore how shifts to commodity agriculture—generated by both the global
demand for cocaine and the alternative development agricultural production programs created
in response—may contribute to other, more subtle changes in the landscape. Specifically,
we use techniques of spatiotemporal modeling to analyze biodiversity changes within a
series of Ticuna indigenous communities in the Peruvian Amazon, where we have conducted
anthropological and ecological research for the past decade, and where our ethnographic
research has documented changes in social and economic lifeways due to growing involvement
in illicit coca cultivation (Nunez et al., 2019; Martin et al., 2022). We build on these studies to
further explore socio-ecological lifeways, by focusing on changes in the presence of huaruma
—several botanical species that hold vital role for cultural ecosystem services (CES) within these
communities for production of woven baskets and other cultural materials. Rather than claim
that the observed patterns in the spatial distribution of huarumd are directly caused by illicit
coca production solely, we argue that licit and illicit commodity crop production work together
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in ways that alter the Amazonian landscape, including potential losses of biota that have long
been foundational to indigenous lifeways in the region. Situating these findings within the
context of our ongoing ethnographic and ethnobotanical research, our primary aim here is
to generate an exploratory assessment that can spur future research on the socio-ecological
impacts of the War on Drugs in the Amazon region.

COCA, DEFORESTATION, AND CULTURAL ECOSYSTEM SERVICES

The impact of the loss of plant species due to the main drivers of deforestation, such as
illegal logging or the expansion of commercial agriculture, is felt in many domains of social
and economic life. For instance, drivers of diversity loss negatively affect the distribution of
plant species that benefit indigenous communities with food, medicinal plants, cultural goods,
construction materials, or handicrafts. These sorts of plant species, along with other elements
in the ecosystem including wildlife, are considered a domain of cultural ecosystem services
(CES), defined as “the nonmaterial benefits people obtain from ecosystems through spiritual
enrichment, cognitive development, reflection, recreation, and aesthetic experiences” (Milcu et
al., 2013). CES and the traditional ecological knowledge of CES species are linked to community
resilience (Gomez-Baggethun et al., 2012) and cultural reproduction. This, in turn, can help
to sustain forest health through the work of small-scale and indigenous forest use practices,
demonstrated to be beneficial to biodiversity (Berkes et al., 1994).

Ticuna communities’ strong links to forests and river environments is foundational to their everyday
livelihoods as well as the reproduction of Ticuna culture, manifested through both material and
immaterial cultural production and reproduction (Martin et al., 2022; Ministry of Culture, 2016). For
instance, vegetable fibers of different species of the Ischnosiphon genus are employed for traditional
fabric production, creating elements of material culture necessary to sustain ritual life, as well as
the tools, such as the tipiti, which is used to process bitter manioc varieties cultivated locally, and
thus expanding the range of manioc varieties suitable for consumption (NUnez et al., 2018).

The fibers extracted from three species of the genus Ischnosiphon (I. puberulus, I. arouma, I.
obliquus), known locally as huarumd and in the Ticuna language as dexpe, are a key element
of the cultural ecosystem services that local forests provide Ticuna communities. However, the
expansion of commodity crop cultivation—both illicit and licit—across Peru’s lower Amazonian
region has provoked changes in the socio-economic dynamics of the Ticuna communities. This,
in turn, has affected the traditional processes of knowledge transmission about forest plant
species, their uses, and their vital role in the regeneration of their culture (Martin et al., 2017).

The spread of commodity crops, such as coca (Erythroxylum coca), has led to increased
deforestation and alteration of vegetation cover. For instance, between 2011 and 2020,
deforestation across Peru grew more than 50% compared to the prior decade. Sources estimate
that approximately 63% of this deforestation is driven by coca cultivation (Garcia, 2024).
Furthermore, according to monitoring by Peru’s National Drug Control Commission (DEVIDA),
the largest area of new coca cultivation is in Loreto, also home to the largest amount of rain
forest in the nation (DEVIDA, 2021). While coca cultivation began to increase gradually across
Loreto between 2001 and 2006, the cultivated area increased five times, from 699 to 4,708
hectares, between 2008 and 2012. The largest area of coca cultivation in Loreto is the province
of Ramon Castilla, where this study is set (Garcia, 2013).

Coca crops and cocaine production have also resulted in the degradation of ecosystems (Duarte et
al., 2021; Palacios et al., 2022; Reygadas et al., 2023; Tellman et al., 2020). Meanwhile, mitigating
measures, such as payments to communities for reducing deforestation (Ravikumar et al,
2023) or the planting of licit commaodity crops such as cacao (Schroth et al., 2016), have altered
indigenous livelihoods while also creating unanticipated impacts on local ecosystems, including
soils and their capacity for carbon sequestration (Martin et al., 2017). DEVIDA’s efforts to promote
alternative development programs in Loreto have focused on reducing coca cultivation by
introducing sustainable agricultural practices, but challenges remain due to the high profitability
of coca compared to alternative crops. Cacao production as an alternative development strategy
to supplement incomes lost to coca eradication programs is relatively new to the region and
may not yet represent a significant change in crop cover. Nevertheless, state-sponsored cacao
cultivation programs, which began in the region in 2016, have continued to grow. In 2018, there
were 1,569 hectares of cacao under cultivation (DEVIDA, 2020), and after a pause due to the
pandemic, several new cacao cultivation projects have been launched over the past year.
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MAPPING CHANGES IN BIODIVERSITY

International conservation initiatives in Amazonia have collected vast quantities of geospatial
information on the types of land use and cover, with the hope that such data can support
socio-ecological sustainability of the region (Baeza et al., 2022). However, forests that have
been monitored in the lower Amazon over the last ten years reveal an increase in the rating
of forest loss from high to very high (GEOBOSQUES, 2021). Still, few investigations have sought
to carry out multitemporal spatial analyses of how such broad-scale changes in Amazonian
forests have affected the distribution of plant species that have cultural importance, much less
to understand their impacts on cultural ecosystem services.

Programs such as MaxEnt offer one way to model or predict the potential distribution of
threatened and culturally significant species (Skroblin et al., 2021). At the regional level, for
instance, the distributions of rare plant species across the Amazon have been modeled and
mapped (Ter Steege et al., 2003), as have distributions based on the presence of species and
bioclimatic explanatory variables (Gomes et al., 2020; He et al., 2022; Saatchi et al., 2008)
and endemic species of the Neotropics (Zarate, 2022). Similar efforts at mapping spatial and
temporal changes in key plant species on a more localized level can identify ecological problems
and help make decisions to improve biodiversity management and the well-being of the most
vulnerable populations (Cursach et al., 2020), whose livelihoods and cultural sustainability are
linked to the continued flourishing of plants that form components of CES.

Currently, maps of spatial patterns are obtained from the application of spatial statistical
indices that allow the analysis and representation of the spatial behavior of a geographic
phenomenon (Miller, 2004; Palacios et al., 2022). Likewise, significant areas vulnerable to risk
by anthropogenic activities are represented through spatial autocorrelation indices (Campos
et al.,, 2021, Li et al., 2022; Shahfahad et al., 2022; Shirvani and Buchroithner 2020). However,
in the current context and at the local level, it is unknown explicitly and spatially how the
local cultural ecosystem services in lowland Amazonian Peru have been impacted by the
increase in commodity crop cultivation. Our approach is novel in that it takes a more focused
approach than prior studies, which have also evaluated the impacts of drug and commaodity
crop production on Amazonian biodiversity, by focusing on species with marked importance for
both cultural production and reproduction.

The present investigation examines some potential impacts of the illicit coca economy on the
diversity of plants with cultural significance to Ticuna indigenous commmunities, where in the
last decade we have conducted both anthropological and ecological research. Huarumd, a
plant used both for forms of cultural production and the reproduction of edible crop diversity,
represents a key example of a CES plant vulnerable to changes generated by commodity-
driven agriculture. Our results offer a preliminary assessment of potential correlations
between commaodity crop production—destined for both licit and illicit market channels—and
changes in spatiotemporal distribution of plant species integral to CES of Ticuna community.
This exploratory investigation highlights the likely impacts of commodity crop cultivation on
the cultural ecosystem services, and on the three species of huarumd, specifically, in Ticuna
indigenous communities of the lower Amazon, from 2010 to 2020.

METHODS
STUDY AREA

This study was conducted in the province of Mariscal Ramoén Castilla, home to the majority of
Ticuna indigenous communities within Peru’s lowland Amazonian department of Loreto, which
covers an area of 174,713.22 ha. The province is situated between the Amazon River to the
north and east (where it marks the border with Colombia) and Yavari River to the south and
west. Ramon Castilla is also an emergent epicenter of illicit coca cultivation and production
of pasta bdsica de cocaina, or raw cocaine paste, prompting the recent installation of several
federal antidrug operations as well as coca eradication efforts and alternative development
projects that followed in their wake (DEVIDA, 2023).

The study site is made up of 22 indigenous communities, mostly from the Ticuna indigenous
people. Ticuna communities are located across this triple border region encompassing both
Brazil and Colombia, but communities across the border are shaped by different geopolitical
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circumstances that in turn have shaped cultivation practices and biodiversity (Lopez, 2014).
The study site is home to a total of 53 settlement clusters, with a total population of 19,976
inhabitants. The main city, Caballococha, has 7,885 inhabitants and is the provincial capital. In
general, the study area presents meandering plain and terra firme forests (Figure 1).
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ETHNOGRAPHIC RESEARCH

This study builds on an ongoing collaboration between Peru’s Institute for Amazonian
Research (Instituto de Investigaciones de la Amazonia Peruana, henceforth ITAP) and Ticuna
communities within the province of Ramon Castilla. Funding was provided by ITAP to study
the use of everyday resources in Amazonian indigenous communities, under the project
“Specialized studies for knowledge and integration of indigenous practices and technology
linked to biodiversity.” This broader research agenda included a study on several species of the
genus Ischnosiphon—known in the area as huarumd, or dexpe in the Ticuna language—used
to produce traditional utilitarian fabrics (Martin et al., 2017). Research on huarumd fibers is part
of a broader program that seeks to study and reassess traditional knowledge and practices
in indigenous communities in the province of Ramoén Castilla. The research team was based
in the city Iquitos, where ITAP headquarters are located, but dozens of trips were made to
Ramoén Castilla to conduct field research among the Ticuna communities. Ethnographic
and ethnoecological research in these communities included household surveys on forest
resource use 1, knowledge and usage of manioc varieties (Martin et al., 2017; Nufez et al,
2018), participatory workshops related to the recovery of traditional knowledge, and focus
groups on the gendered impacts of coca and development projects (Nufez et al., 2019). Prior
informed consent was obtained before beginning ethnographic and ethnoecological research,
as indicated by Law No. 27811 in its Title II, Article 2. The permission to collect plant samples
corresponds to Resolution 0068-2015-SERFOR-DGGSPFFS.
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GEOSPATIAL DATA SOURCES AND ANALYTIC PROGRAMS

Locational data (in geographic coordinates) for the occurrence of three huarumd species
(Ischnosiphon arouma, Ischnosiphon puberulus, and Ischnosiphon obliquus) were collected from
the SpeciesLink network (https://specieslink.net/search). The selection criteria of these species
were carried out in accordance with the established protocol described by Martin and colleagues
(2017). To verify the presence of the three huaruma species, coordinates were collected for species
occurrence in the Ticuna communities of Bufeo Cocha and Nueva Galilea de Callart in 2021.

The base cartography and indigenous communities (in shapefile extension) used to generate
the location maps and spatial analysis, were obtained through a request to the Sub-directorate
of Territorial Planning and Spatial Data of the Regional Government of Loreto.

The ten land cover and land use maps for the 2010-2020 period (30 m pixel raster format)
were compiled from the MapBiomas project’s Google Earth Engine map service available at
http://amazonia.mapbiomas.org. The 19 predictor bioclimatic variables (in raster format) used
to generate the potential distribution model of huaruma were compiled from WorldClim https://
www.worldclim.org/data/bioclim.html. These correspond to the averages obtained with global
climate data from the period between 1970 and 2000 at a spatial resolution of 30 seconds of
arc (Fick and Hijmans, 2017).

We relied on MaxEnt version 3.4.1 to model the potential distribution of the huarumd species
(https://biodiversityinformatics.amnh.org/open_source/maxent), while ArcGIS version 9.1 served to
integrate tabular data with geospatial data and elaborate location and thematic maps, and GeoDa
1.20 (https://geodacenter.github.io/download.html) allowed for the calculation of spatial statistics.

DISTRIBUTION OF HUARUMA

To identify the presence of huaruma in the study area, we carried out plant inventories and
collected coordinate data using a GPS device in indigenous communities of Bufeo Cocha
and Nueva Galilea de Callaru (Table 1). The collected plant species were processed using the
method proposed by Judd et al. (1999) for herborization. For the identification of the species,
the taxonomic publications of Andersson (1977), Gentry (1993), Sudrez and Galeano (1996),
and Vdasquez (1997) were used, as well as the information available in Species Links (https://
specieslink.net/search). Finally, the samples were deposited in the Herrerense Herbarium of the
Peruvian Amazon Research Institute (IIAP).

To determine the potential distribution of huarumd across the entire Amazon region, we used
MaxEnt. MaxEnt was chosen for having better predictive power with different sample sizes
(Phillips et al., 2006; Wisz et al., 2008); 835 records of the presence of the three Ischnosiphon
species (Table 2), and 19 bioclimatic spatial variables were used in ASCII files with an extension
of 30-pixel arc seconds (Table 3). The model was configured with 75% of records for training,
25% for validation, and 5,000 iterations (Cruz-Cardenas et al., 2014). The logistic model
generated in MaxEnt was classified into a map of potential distribution categories (0-20%, 20-
40%, 40-60%, 60-80%, and >80%; see Lopes et al., 2021). For further analysis, the map of the
potential distribution of huarumd across the Amazonia region was clipped to the study area.

INCREASE IN THE AREA OF AGRICULTURAL LAND

For practical purposes of the spatial analysis, the analysis units were defined, dividing the study
area into a gridded vector mesh of 30 arc seconds, coinciding with the pixels of the model resulting
from the distribution of the huarumd (Bezeng et al., 2020). To calculate the crop increase rate in
the period 2010-2020 (Ac) in each unit of analysis, the equation Ac = (Cb - Ca)/Cb x Tab was used,
where Tab is the number of years in the period of analysis, Ca is the area cultivated in the initial
year, and Cb is the area cultivated in the final year of the analysis period (Shirvani et al., 2017).

SPATIAL GROUPING OF THE DISTRIBUTION OF THE HUARUMA

To determine whether huaruma is spatially distributed in a grouped or random way, the global
spatial autocorrelation of the potential distribution of the huarumd species was evaluated
using the global Moran index. This index ranges from -1 to 1, in which 1 indicates positive
spatial autocorrelation, -1 indicates negative spatial autocorrelation, and values close to zero
indicate no spatial autocorrelation (Celemin, 2009; Mathur, 2015).
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Furthermore, to analyze the spatial structure of the potential distribution of huarumd with
a significance (p < 0.05), we applied the local Moran index of spatial association (LISA). This
index generates maps of high-high (A-A) and low-low (B-B) cluster categories when a unit
of analysis is surrounded by units with similar values and of high-low (A-B) and low-high (B-
A) categories when a unit of analysis is surrounded by units with opposite values. The latter
are also considered as areas with atypical values that do not conform to any spatial pattern
(Anselin et al., 2009; Siabato and Guzman-Manrique, 2019).

IMPACT ON THE POTENTIAL DISTRIBUTION OF HUARUMA

To evaluate and represent the relationship between the increase in commodity crop agricultural
cultivation and the distribution of huarumd, we applied Moran’s local bivariate spatial
autocorrelation analysis (BILISA). This analysis measures the spatial correlation between the
values of two variables in nearby locations (Siabato and Guzmdn-Manrique, 2019). In the GeoDa
program, an integrated queen-type third-order contiguity matrix was generated (Siabato and
Guzmadn-Manrique, 2019), with a significance level of p < 0.05 and with 999 permutations. This
type of matrix was chosen due to the wide distribution of the three huarumd species and the
broad expansion of agricultural lands (Celemin, 2009). The results in BILISA were represented in a
map of combined categories (as in LISA) of high and low spatial correlation for the two variables
analyzed (Ribeiro et al., 2021). For example, the category A-A indicates that the two variables
have high values in adjacent locations, the category B-B indicates that the two variables have
low values in adjacent locations. On the other hand, the category A-B indicates that a variable
has high values in one location adjacent to another where the other variable has low values, and
the B-A category indicates the opposite, that is, that one variable has low values in a location
adjacent to another where the other variable has high values (Shahfahad et al., 2022).

RESULTS
COMMUNITY PERCEPTIONS OF CHANGING PATTERNS OF DISTRIBUTION

Over the course of our fieldwork in the province of Ramén Castilla, and particularly in the Ticuna
communities of Bufeo Cocha and Nueva Galilea, we were often privy to remarks about the
presence of outsider coca cultivators deeper in the forest. These remarks were not always
complaints or critiques—some community members that we met appeared grateful for an
option to earn a wage during harvest times. These communities still practiced minga work
parties—with able-bodied community members pooling their labor for large projects, such as
clearing a field for planting or assembling a new roof on a home. Opportunities for cash wages
more often involved travel—stints in nearby cities that took people away from their families
and gardens. From our interviews and day-to-day conversations with community members,
the presence of large-scale lots of illicit coca—maintained by outsiders with the capital to run
these operations—was not necessarily unwelcome. That local populations receive benefits
fromillegal activities is part of a strategy to facilitate the entry and maintenance of illegal crops
in indigenous territories (Huerta Bustamente, 2022) that has even prompted protests of local
growers when the state takes eradication measures in the area (RCR, 2019).

Other community members, however, described anxieties about the encroachment of coca
fields, and the resultant effects on the surrounding forests. Between 2017 and 2019, members
of our research team conducted research with Ticuna women artisans who worked with forest
materials to weave and sculpt household items while also selling some of their wares on an
increasingly popular national crafts circuit.! During co-learning workshops, older experienced
artisans demonstrated techniques of weaving, including the harvest and preparation of natural
fibers, to younger women and our research team. During these workshops, women lamented the
loss of forest space to coca cultivation. The weavers in the workshop, whom we later spoke with
at greater length on the topic, noted a growing scarcity of huarumd in the surrounding forest. For
women who were learning to expect a small cash income from the crafts circuit, where they could
sell weavings and other wares, this situation represented a threat to their legal economic activity.

Workshop participants noted that agricultural activities, such as the expansion of farms and
deforestation to open new crop areas, also contributed to the reduction of the presence of

1 For a more thorough account of the incorporation of Ticuna artisans into Peruvian national crafts circuits,
see Martin et al., 2022.
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huarumd in the study area. Some of these changes were linked to alternative development
programs seeking to create alternative livelihoods for communities vulnerable to entanglement in
the coca economy. Cacao crops, while not yet occupying substantial acreage, are labor-intensive
and take time away from other forms of subsistence agricutlure and forest maintenance. While
alternative crops have been widely promoted throughout the province of Mariscal Ramon
Castilla, the communities where we worked often expressed skepticism about the efficacy of
these programs, which rarely take into account local challenges (local diversity of soils and
the presence of floodplains; local agricultural practices that do not rely on monocropping;
lack of connectivity with coastal markets) that seem to set commodity agriculture projects up
for failure. Social challenges were noted as well. One women described her frustration, after
dedicating months to the training program for cacao cultivation, only to be disqualified from the
program after someone reported that her husband was still cultivating illicit coca deeper into
the forest. Conversations and ethnographic observations highlighted the tensions between risky
opportunities in coca, the challenges of opting into licit, state-sponsored income generation
projects through other forms of commodity agriculture, and the desire to maintain traditional
cultivation and forest maintenance practices. This, in turn, prompted our interest on the impacts
of agricultural expansion on huaruma and led to further geospatial investigation.

DISTRIBUTION OF HUARUMA

The training value of the area under the curve (AUC) when modeling the potential distribution
of huarumd across the Amazon region was 0.8364, indicating that the model worked
effectively and produced an accurate evaluation. The internal jackknife test, which measures
the contribution and importance of the variables to the model, showed that the precipitation
of the driest month (BIO14, 25.8%), the precipitation of the coldest quarter (BI019, 22.1%), the
temperature seasonality (BIO4, 17.3%), and the minimum temperature of the coldest month
(BIO6, 11.1%) contributed to a greater extent than other variables in the model. The total
contribution value of the variables to the model was 76.3%. The potential distribution zones
of huarumad were evaluated between 74% and 92%, located to the southwest and northeast
respectively (Figure 2). Potential distribution was classified into high (60-80%) and very high
(>80%) categories, the latter category being the one with the highest distribution both in
Yaguas and Ticuna communities and in areas without community delimitation (Table 4).

Potential distribution

[Jo-20% ]20-40% [ ]40-60% [ 60-80% [ >80%

|:] Study area (Lower Amazon) ®  Presence of Ischnosiphon (IA, IP, 10)
©  Ischnosiphon field records
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Figure 2 Potential distribution
(%) of three species of the
genus Ischnosiphon: I. arouma
(IA), I. puberulus (IP), and

I. obliquus (I0) in the lower
Amazon.



SPATIAL CLUSTER ANALYSIS

The global Moran index of the potential distribution of the three huarumd species was
0.804 (significance p < 0.05 and random permutation of 999), indicating a positive spatial
autocorrelation. A grouped distribution of values is observed in greater quantity in the first and
third quadrants, which corresponds to a grouping A-A and B-B respectively (Figure 3).

3

Moran’s I = 0,804

Lagged potential distribution of the huarumé species

o
Potential distribution of the huaruma species

Likewise, the univariate local Moran’s I is represented in a map of significant clusters (Figure 4),
where the categories of clusters A-A are distributed to the east and north and the clusters B-B are
distributed to the south and west of the study area. Other outlier grouping categories, A-B and
B-A, can also be observed to a lesser extent. The communities with surface area of their territory
greater than 50% where the very high potential of huarumd is grouped are San Miguel, Yahuma I
Zone, Santa Rosa del Carfo, Yahuma II Zone, Buen Jardin de Callart, and Bellavista Callaru (Table 4).

Cluster analysis of the
potential distribution of
huaruma

Not Significant
B +igh-High
- Low-Low
Low-High
High-Low

INCREASE IN THE AREA OF AGRICULTURAL LAND

The distribution of the annual rate of increase in cultivated area during the period 2010-2020
is represented on two maps (Figure 5). Within these maps, we note both areas with increased
cultivated areq, as well as places without change where the forest has remained intact. The
annual rate of increase in cultivated areas grew from 5 to 10%, largely concentrated in the south
of the study area (Figure 5a). Furthermore, a very high categorization of the annual rate of increase
in commaodity crop cultivation is found in the south of the study area, and forms patches to the
north and east in sectors close to the Amazon River (Figure 5b). In the territories of the San Martin
de Arahuana, Santa Rita de Mochila, and Bufeo Cocha communities, the annual rate of increase
in cultivated areas was distributed from moderate to high in the period 2010-2020 (Figure 6).
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Figure 3 Moran scatterplot
for the potential distribution
of the three huaruma species
(elaborated in GeoDa 1.20).

Figure 4 Map of grouping
categories of the potential
distribution of the huarumd in
the lower Amazon.
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Figure 5 Spatial distribution of
the annual rate (5a) and levels
of increase (5b) of the areas
of commaodity agricultural
cultivation.

Figure 6 Distribution of the
annual rate of increase

of agricultural land by
community (graph generated
by Sigma Plot, version 14).



IMPACT ON THE POTENTIAL DISTRIBUTION OF HUARUMA

Moran’s BILISA analysis determined a value of -0.406, indicating a significant spatial
autocorrelation between the potential distribution of huaruma and the annual rate of increase
of agricultural cultivation during the period 2010-2020. Likewise, grouping categories A-B and
B-A can be observed to a greater extent (Figure 7). Here, category A-B indicates that, in a period
of ten years, units with very high values (>80%) of huarumd potential have been affected by
neighboring units with low annual rate values (<2.5%). In the case of category B-A units with
high values (60-80%) of huarumd potential, these areas have been affected by neighboring
units with very high annual rate values high (7.5-10%) increase in commodity crop cultivation.
Likewise, we observed that when quantifying the affected area (Table 4), in the community of
Bellavista Callaru, 46.14% of its area with a very high (>80%) potential for huarumd had been
affected by a very high annual rate (7.5-10%) increase in commodity cultivation. In Bufeo
Cocha, 40.19% of its surface with high (60-80%) potential for huaruma had been affected
by a very high annual rate (7.5-10%) of increase in commodity cultivation. The communities
with very high (>80%) potential for huarumd that have been affected by a low annual rate
(<2.5%) of increased commodity cultivation were San Miguel (83.98%), Villa Nueva Esperanza
de Caballo Cocha Sector B (86.06%), Santa Rosa del Cafo (67.42%), and San José de Yanayacu
(64.51%). These communities have been affected to some extent by the increase in commodity
cultivation, but not to the extent of others.

Bivariate analysis of clustering
(Moran's index)

Not Significant

B vigh-High
High-Low

Low-High

B ovlow

E Study area (Lower Amazon)

0 —— T

DISCUSSION

In this paper we have explored connections between recent transformations toward illicit
and licit commodity crop agriculture and concomitant changes in the distribution of a species
of historic importance to local CES. Current data from drug crop monitoring systems have
demonstrated the continued encroachment of illicit coca plantations into Amazonian lands
(Garcia Diaz, 2024), and our ethnographic research has demonstrated additional changes
of cultivation practices toward licit commodity crops as part of state-sanctioned alternative
development programs or broader shifts toward commodity agriculture. Here, we have explored
potential impacts of these shifts not only on agricultural lifeways but on the distribution of
species linked to forms of cultural production and preservation.

POTENTIAL DISTRIBUTION OF HUARUMA ACROSS THE AMAZON REGION

The model results indicate a potentially high (60-80%) and very high (>80 %) distribution of
the three huarumd species. Factors related to extreme environmental conditions (Leguia et
al., 2010) prevail in the model, such as the precipitation of the driest month and the coldest
quarter. This coincides with the results of Ter Steege et al. (2003), and the seasonality of the
temperature and the minimum temperature of the coldest month. The use of the MaxEnt tool in
this research shows consistent results, such as those obtained by Zarate (2022) when modeling
the distribution of species of the genus Iryanthera, another species of ecological and economic
importance in the Peruvian Amazon and in the region more broadly (Zarate et al., 2019).

Distributionmodelsareimportantforsupportingbiodiversitymanagementyetremainunderexplored
within the study area. Our findings suggest potential impacts of agricultural expansion on several
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Figure 7 Groupings of the
impact of the increase in
commodity cultivation on the
potential distribution of the
huarumd.



species that are key elements in the cultural ecosystem services for local Ticuna communities.
More research is needed to understand the broader impacts of commodity agriculture as well as
the impacts on CES of other communities—both indigenous and nonindigenous. Furthermore,
more research is needed to fill in gaps in knowledge regarding the distribution of species that are
essential for the reproduction of culture among rural and indigenous Amazonian communities.

Our results present a first approximation of the previously unknown distribution of the plant
species used by the inhabitants of the Ticuna communities. However, since it was only modeled
with bioclimatic variables that have ecological importance (He et al., 2022), future research might
consider combining them with other explanatory variables, such as soil distribution (Figueiredo et
al., 2018). This could lead to a better representation of the distribution of the huarumd species, as
they have a wide distribution across the Amazon region. A more thorough understanding of the
distribution of huaruma species is important for tracking impacts to CES in the wake of changing
agricultural practices. Furthermore, with national recognition of huarumd weavings as part of
Peru’s national cultural patrimony (El Peruano, 2017), Ticuna artisans have been empowered to
market goods woven with huaruma at prestigious national crafts markets such as Ruraq Maki.
Access to diverse species of huarumd has also become a pathway to income generation for Ticuna
women, who count on the sales of woven mats and tipitis to complement their limited incomes.

PATTERNS OF SPATIAL GROUPING OF THE POTENTIAL DISTRIBUTION
OF HUARUMA

The Moranindex indicates that groupings of the A-A category have a very high potential distribution
(>80%). These groupings are distributed in a large part across the titled territories of the native
communities found in the north and southeast of the study area. The A-A grouping shows that very
high values (>80%) of potential of the three huarumd species are close to each other, suggesting
the existence of certain factors in the environment that favor growth and distribution in those
specific areas. Likewise, our results indicate a grouping category that conforms to the B-B spatial
pattern, indicating a grouping of units with high potential values (60-80%) of the three huarumd
species. This pattern is in three titled communities and in a sector on the banks of the Amazon
River to the west of the study area where communities without titled lands are located. These
results also show the potential risk of areas impacted by anthropogenic activities, corresponding
to the results of Li et al. (2022). Likewise, they show—beyond the potential distribution of the
huaruma species—the areas that are best suited for active management and use of the resource.

In this way, spatial autocorrelation allows for more detailed visualization of the potential
distribution of huarumd (Miller, 2004; Palacios et al., 2022). It also can yield more significant
results when modeling other indicators (such as NDVI) of vegetation presence, as noted by
by Liu et al. (2021). However, more research is needed to better understand the use of spatial
autocorrelation. For instance, future studies should expand the study to other neighboring
areas to observe the behavior of the spatial autocorrelation indices due to the sensitivity of
geographic phenomena to the proximity of changes (Palacios et al., 2021) and because the
communities of the lower basin of the Amazon River and the triple-border region are considered
vulnerable areas for coca cultivation and drug trafficking, an activity that is rapidly spreading
across the territory (Pitman et al., 2011; UNODC, 2018; Herrera et al., 2021; Martin et al., 2022;
Palacios et al., 2022; Silverstein, 2021).

INCREASE IN CULTIVATED AREA

Our results indicate an increase in the annual rate of agricultural clearing from 5 to 10% during
the period 2010-2020, categorized into high (5-7.5%) and very high (7.5-10%) annual rate
levels. These categories apply both in the territories of the titled communities and outside
them, mainly to the south of the study area. Furthermore, communal territories affected in
their entirety by the expansion of commodity crops are observed, due to their smaller surface
area. In addition, in communities with larger territories, such as Bufeo Cocha, Cushillo Cocha,
Nueva Galilea de Callart, and Bellavista Callart, the annual rate of increase in cultivated land is
of varied distribution (Figure 6).

These results confirm the loss of the forest due to the increase in agricultural cultivation,
including production of both coca and cacao, in the study area. This confirms findings indicated
in a recent UNODC report (2023), which demonstrated an increase in the cultivated area of
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coca in areas where it had previously been eradicated, shifting its distribution to more dispersed
places. These shifting illicit cultivation practices directly affect the territoriality, governance,
and cultural values of the indigenous communities in the study area by constraining their
access to the forest and the resources necessary for cultural ecosystem services and cultural
(re)production (Martin et al., 2022).

Geospatial understandings of these dynamics in Peru’s lowland Amazonian region are limited.
Palacios et al. (2022) indicate that the forests in the areas surrounding the study area have
been suffering and will suffer a decrease in their forests, mainly due to the impacts caused
by illicit commodity crops like coca. Furthermore, illicit crops have strong temporal and spatial
dynamics and are a factor in forest fragmentation through the replacement of forests with
small, transitory cultivation areas, the installation of coca-to-cocaine processing laboratories,
and the construction of airstrips (Erasso and Veélez, 2020). Over time, illicit crops move into
primary forests, promoting further destruction of the region’s forested landscapes. However,
some of these areas are later abandoned and allowed to regenerate.

IMPACT OF COMMODITY AGRICULTURAL CULTIVATION ON HUARUMA SPECIES

The impacts of agricultural clearing for the cultivation of crops such as coca and cacao are
observed in the potential distribution of huarumd over a period of ten years. In this study, we
identified places with a high and very high potential distribution of huaruma, such as Bellavista
de Callard, which has been affected by agricultural cultivation in 46% of its communal territory.
Attention must also be paid to the low-high category, which indicates how territories with high
(60-80%) potential for huaruma have been affected by a very high rate of increase in agricultural
cultivation, considering that the category “low” in the potential variable of huaruma represents
values between 0.5 and 0.75 of potential distribution of huarumd according to the model in
MaxEnt. Using a spatiotemporal approach, our results reveal how the expansion of agricultural
lands, driven in part by illicit coca, has been reducing the surface of the forests and affecting
the potential distribution of the huarumd species. This reinforces analyses by other scholars
who argue that illicit coca production contributes to deforestation and negatively affects forest
cover (Quiroga Angel et al., 2022) while also raising the question of the some of the potential
unintended consequences of alternative development programs that encourage transitions from
illicit coca to licit commodity crops. Furthermore, the use of local bivariate spatial autocorrelation
in this study highlights the utility of visualizing diverse variables that impact forest cover, as
noted by Shirvani and Buchroithner (2020). Nonetheless, future research is needed to address
how coca production impacts and potentially compromises traditional cultural uses of forested
landscapes and the diverse species that are central to cultural ecosystem services, as well as
research into how alternative development programs can more mindfully envision alternatives
to illicit crop cultivation that do not perpetuate damage to CES and biodiversity.

CONCLUSIONS

The global market for illicit cocaine has wrought many consequences—social, economic,
and environmental—for Amazonian communities. Sometimes, these consequences result
from both the drug trade and antidrug strategies. Across the Ticuna communities of lowland
Amazonian Peru, the recent rise in illicit coca production, and the eradication and alternative
development efforts that have followed it, have created new social and economic realities
(Martin et al., 2022; Nufez et al., 2019). In this paper, we have suggested ways in which it may
also be shaping CES, by altering the diversity and availability of distinct species of huarumd, a
plant crucial to cultural production and reproduction in Ticuna communities.

The results of the research allow us to visualize some potential direct impacts of commodity
crops, such as coca and cacao, on plant species that are part of the cultural ecosystem services
of the forest, which define the biocultural heritage of Ticuna communities. If environmental
pressures generated from illicit crop production and export-based agricultural practices continue
toincrease, it will produce threats to the sustainability of both plant species and forms of material
and immaterial local culture that finds its meaning in and with the surrounding forest. Global drug
policies—including both eradication and interdiction efforts, as well as alternative development
projects implemented in coca growing areas—should consider the impacts of these policies and
practices on local forest uses and these socio-ecological systems more broadly.
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APPENDIX

SPECIES TICUNA VEGETATION COMMUNITIES LATITUDE LONGITUDE
NAME COVER

Ischnosiphon arouma Dexpe Terra firme forest  Bufeo Cocha -3.954638 -70.382719

Ischnosiphon puberulus ~ Muxu Terra firme forest  Bufeo Cocha -3.954638 -70.382719

Ischnosiphon obliquus ~ Paxti Terra firme forest  Bufeo Cocha -3.956048 -70.382830

Ischnosiphon puberulus ~ Mdxu Terra firme forest  Bufeo Cocha -3.954379 -70.385880

Ischnosiphon obliquus ~ Paxtu Terra firme forest  Bufeo Cocha -3.954379 -70.385880

Ischnosiphon arouma Dexpe Terra firme forest  Nueva Galilea de Callard -3.934774  -70.633477

Ischnosiphon puberulus ~ Mixu Terra firme forest  Nueva Galilea de Callartd -3.934774  -70.633477

Ischnosiphon obliquus ~ Paxtl Terra firme forest  Nueva Galilea de Callartd -3.934774  -70.633477

Ischnosiphon arouma Dexpe Flooded forest Nueva Galilea de Callard -3.935813  -70.633659

Ischnosiphon puberulus ~ Miixu Flooded forest Nueva Galilea de Callard -3.935813  -70.633659

Ischnosiphon obliquus ~ Paxti Flooded forest Nueva Galilea de Callaru -3.935813  -70.633659

Ischnosiphon arouma Dexpe Flooded forest Nueva Galilea de Callaru -3.937423  -70.633401

Ischnosiphon puberulus ~ Muxu Flooded forest Nueva Galilea de Callaru -3.937423  -70.633401

Ischnosiphon obliquus ~ Paxtu Flooded forest Nueva Galilea de Callaru -3.937423  -70.633401

Ischnosiphon puberulus ~ Muxu Flooded forest Nueva Galilea de Callaru -3.943788 -70.629830

Ischnosiphon puberulus ~ Mixu Flooded forest Nueva Galilea de Callard -3.944973  -70.629490

Ischnosiphon puberulus ~ Miixt Terra firme forest  Nueva Galilea de Callary -3.945950 -70.629150

Ischnosiphon arouma Dexpe Terra firme forest  Nueva Galilea de Callaru -3.948150 -70.628335

GENUS SPECIES OCCURRENCES  SOURCE

Ischnosiphon L. arouma 281 https://specieslink.net/search/

Ischnosiphon I puberulus 276 https://specieslink.net/search/

Ischnosiphon I obliquus 278 https://specieslink.net/search/

CODE EXPLANATORY VARIABLES SPATIAL RESOLUTION

BIO1 Annual Mean Temperature 30 seg

BIO2 Mean Diurnal Range (Mean of monthly (max temp - min temp)) 30 seg

BIO3 Isothermality (BIO2/BI07) (x100) 30seg

BIO4 Temperature Seasonality (standard deviation x100) 30seg

BIO5 Max Temperature of Warmest Month 30seg

BIO6 Min Temperature of Coldest Month 30 seg

BIO7 Temperature Annual Range (BIO5-BIO6) 30 seg

BIO8 Mean Temperature of Wettest Quarter 30 seg

BIO9 Mean Temperature of Driest Quarter 30 seg

BIO10  Mean Temperature of Warmest Quarter 30 seg

BIO11  Mean Temperature of Coldest Quarter 30 seg

BIO12  Annual Precipitation 30seg

BIO13  Precipitation of Wettest Month 30seg

BIO14  Precipitation of Driest Month 30 seg

BIO15 Precipitation Seasonality (Coefficient of Variation) 30 seg

BIO16  Precipitation of Wettest Quarter 30 seg

BIO17  Precipitation of Driest Quarter 30 seg

BIO18  Precipitation of Warmest Quarter 30 seg

BIO19  Precipitation of Coldest Quarter 30 seg
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Table 1 Field record of
Ischnosiphon species.

Table 2 Species list and
number of occurrences in the
genus Ischnosiphon.

Table 3 Explanatory
variables used to model the
potential distribution of three
Ischnosiphon species using
WorldClim data (https://
www.worldclim.org/data/
worldclim21.html).
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INDIGENOUS POTENTIAL SPATIAL CLUSTERING OF IMPACT OF POTENTIAL
COMMUNITIES DISTRIBUTION POTENTIAL HUARUMA HUARUMA DISTRIBUTION
AREA OF DISTRIBUTION (%) 2010-2020 (%)
HUARUMA (%)
HIGH VERY HIGH- LOW- LOW- HIGH- HIGH- LOW- LOW- HIGH-
HIGH HIGH LOW HIGH LOW HIGH LOW HIGH LOW
Barranquilla 46.37 38.88 3.04 3.89 40.72
Bellavista Callaru 90.93 495 46.14 12.34
Buen Jardin de 67.38 60.63 47.79
Callaru
Bufeo Cocha 66.01 33.98 0.56 6.61 6.61 40.19
Cushillo Cocha 0.68 59.39 34.64  4.84 4.36 5.05 21.92
Edén de la 41.64 5.97 0.2 1.49 17.68
Frontera
Nueva Galilea 93.14 41.87 21.99 8.75
de Callaru
Puerto Alegre 355 35.5 35.5
Puerto Sinai 79.46 43.21 9.13 9.13 42.96
San José de 77.6 4.4 0.43 2.66 61.85
Yanayacu
San Martin de 93.7 4504 2.21
Arahuana
San Miguel 83.98 83.98 83.98
Santa Cecilia 33.12 33.12 33.12
Santa Elena del 80.8 2.6
Rio Amazonas
Santa Rita de 57.24 14.52 4.57
Mochila
Santa Rita del 33.75 33.75
Gallinazo
Santa Rosa del 67.42 67.42 67.42
Cafo
Villa Nueva 80.97 1831  49.66 5.35 15.07 22.73
Alianza
Villa Nueva 100 14.51 80.54 5.52 80.54
Esperanza de
Caballo Cocha
Sector B
Villa Nueva Vida 48.12 3.72 6.03 4.71 20.95
Yahuma I Zona 78.05 75.2 16.3
Yahuma II Zona 87.59 61.42 7.1 25.4
No communities  2.08 45.23 13.53  13.16 0.42 0.55 2.54 2.36 10.19 11.09
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