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Abstract

The landscapes of most tropical regions have been shaped by the indigenous peoples’ and their
livelihood practices. The utility of plants within these landscapes for traditional purposes has been
facing intense competition from commercial logging. To gain insights into this conflict, this paper
examined how landscape conditions may influence the presence and spatial distribution of
indigenous subsistence and commercial logging ecosystem services relative to one another. Data on
the ecosystem services and landscape conditions in the form of physical environment variables were
obtained for twelve indigenous villages in the Rupununi, Southern Guyana. For each village, the
relative log risk ratios of subsistence values to logging values were computed and regressed against
six physical environment variables —village presence, distance to village, distance to road, distance
to waterways, elevation, and slope—to examine if and how landscape conditions may favor the
presence of one service over the other. The estimates were then used to map the relative differences
in the spatial distributions of subsistence and commercial logging services in each village. It was
found that mean relative log risk ratios for the villages were generally positive, indicating an
inclination towards the presence of subsistence services. However, the maps revealed that while
some areas within a given village were indeed more favorable for the presence of subsistence services,
other areas within the same village were inclined towards the presence of logging services. Similar
spatial analyses can be explored to guide policy-makers in developing land-use strategies that
allocate forest lands between competing users by identifying areas that are best suited for indigenous
peoples’ subsistence activities and for commercial logging operations.

Keywords: commercial interests; conflicts of use; indigenous interests; land sharing; resource
allocation

1. Introduction

In Amazonia, indigenous peoples have lived and shaped the forest plant species present to
support their subsistence lifestyles for centuries [1-7] primarily through their swidden agriculture
practices. However, in recent times swidden landscapes have faced increasing competition from
other forest users [8,9], in particular commercial logging which is attracted to the high density of
tropical timber species within these landscapes [2,10,11]. The lack of spatial tools that can help
indigenous peoples assess how their own reliance on forest plant species may be compromised by
conflicting uses [10] makes it challenging for them to push back against competitors, despite the
increasing recognition of the authority of local communities over their forests [12].

Although there has been an increase in the forest tenure rights of indigenous peoples [12,13], in
the adoption of practices such as land-sharing and land-sparing strategies [14,15], and in community
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forestry, which gives local communities some degree of autonomy over the management of their
forests, there has been more ecological than socioeconomic benefits [16-18]. While community-based
forestry schemes seek to benefit indigenous peoples by managing resources based on the local,
traditional knowledge, the empowerment of indigenous communities is frequently hampered by
government regulations [19]. Further, the jurisdictions of community-based conservation initiatives
are not always clear, and land and resource management strategies are often not clearly defined.
There is also a general ambiguity about those who benefit from such conservation policies [20].
Additionally, although legally titled indigenous communities may allow other users to access the
forests through formal or informal agreements [1], the lack of their ability to value their forest
resources means that such agreements with commercial loggers may result in unforeseen and often
undesirable consequences for indigenous peoples. For example, in Corentyne, Guyana, the logging
activities of the Barama timber company had diverted some Orealla members away from subsistence
activities, which had negative impacts on families’ socio-economic positions [1]. As such, developing
strategies that support indigenous rights to their forest resources is becoming more urgent in the face
of commercial logging and other extractive operations.

As more swidden landscapes undergo change, spatial allocation and optimization questions are
arising especially in the face of the introduction of payment for ecosystem services initiatives such as
the United Nation’s Reduced Emissions from Deforestation and Degradation (REDD+) program
(http://www.un-redd.org/). Many indigenous lands are already subject to threats from logging,
mining and oil interests due to their impacts on the forests [21], and such conservation schemes may
become even more problematic for local communities especially in places where indigenous rights
are either not recognized or tenuous [22-26]. In fact, payment for ecosystem services programs have
already been shown to have adverse impacts on the livelihoods of indigenous people. For example,
the Chinantec community of southern Mexico have reported declines in agricultural yield due to the
limitations set by new conservation policies [27], and the disruption of indigenous families’
livelihood activities due to REDD+ regulations have led to a pushback against the initiative [28].
Essentially, these landscapes are now facing challenges over balancing conflicting perspectives on
the most optimal use of resources distributed throughout the forests [29].

To begin thinking of ways in which indigenous peoples can protect their uses of the forests, this
paper explored how comparing the relative distributions of subsistence and commercial logging
ecosystem services can help identify forest areas in which plant use values are optimized for the
indigenous peoples and for commercial loggers. Given the findings of Shah & Cummings [10] which
suggested that potential conflicts of plant use could exist at a spatial extent, this study postulated that
the landscape conditions, in the form of physical environment variables, of a given location would
favor the presence of one type of ecosystem service over the other, and would also influence the
distributions of the two ecosystem services relative to each other. To address this hypothesis, two
objectives were developed. First, the relative log risk ratios of the Subsistence Value Index (SVI) to
Commercial Logging Index (CLI) [10] were computed and regressed against six physical
environment variables —village presence, distance to village, distance to road, distance to waterways,
elevation, and slope—at the village-level, to assess how the presence of one ecosystem service may
be favored over the other given the landscape conditions of a village. Second, the relative differences
in the spatial distributions of the SVI and CLI values were mapped in each village to identify areas
where the presence of subsistence services may be more favorable versus where the presence of
logging services may be preferred. To begin thinking of land-use policies that can mitigate the
conflicting uses of forest resources, this paper explored a potential resource use allocation strategy in
which indigenous peoples and commercial loggers can spatially target their activities in particular
areas of the forest where their plant use values are optimized.
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2. Materials and Methods
2.1. Study Area

The Rupununi study area (Figure 1) is home to two of Guyana’s major indigenous nations, the
Wapishiana and the Makushi, who share strong connections to their forests [2,30]. Some areas in the
region have been inhabited by large numbers of indigenous populations for longer than recorded
history [1], although newer villages have been established in more recent years (Amerindian Act of
2006; see https://moipa.gov.gy/). The Rupununi has also attracted commercial logging interests due
to the area’s high densities of valuable timber species [2,10,11,31].
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Figure 1. Areas of interest to indigenous peoples, commercial timber loggers, and REDD+ mechanisms across

the Rupununi, Guyana.

Both subsistence and commercial logging ecosystem services have been accessed by streams,
including the Rupununi river [2], as well as unpaved paths and cattle trails [2,32], though recent road
developments are increasing forest accessibility [2,33]. Accessibility is also constrained by the region’s
elevation which varies from the mountainous Kanuku and Pakaraima areas to the lower flatlands
and savannahs.

Guyana has also committed to implementing a low carbon development economy (lcds.gov.gy)
as part of its response to REDD+. One of the program’s primary objectives is to enhance forest carbon
stocks, which sometimes occurs at the expense of indigenous peoples’ use of the forests [28,34,35].
While communities across the Rupununi area have been participating in REDD+ projects, there are
concerns that some program incentives could increase land-grabbing by people with higher economic
or political status and threaten the land tenures and customary rights of the indigenous peoples to
the forest [36,37].

2.2. Data for Computing the Relative Differences Between Svi and Cli Distributions

The ecosystem services data utilized for this analysis were developed by Shah & Cummings [10].
The SVI value measured the different types of subsistence services derived from a plant (food,
medicines, household items, construction materials, tools and raw materials, accessories, fuel, and
hunted wildlife species that depended on the plant for food) that were commonly used by indigenous
peoples. Based on a ratio of the number of subsistence uses associated with the plant out of the seven
most common uses, the plant’s SVI was developed as a normalized index that ranged between 0 and
1. A SVIvalue that approached lindicated that the plant offered relatively more subsistence services,
and was therefore perceived to be more valuable for an indigenous person’s perspective. Conversely,
if the SVI approached 0 the plant was perceived to be of lesser value to indigenous peoples. Similarly,
the CLI, which measured the commercial logging services derived from a plant, was developed based
on the plant’s stem diameter (diameter-at-breast-height). If the CLI value of a plant approached 1, it
indicated that the plant could potentially offer a greater amount of logging material for commercial
loggers to harvest compared to a plant with a lower CLI value. The plants for which the SVI and CLI
were developed were sampled in 92 transects across fourteen sites including two uninhabited control
sites [10]. This analysis used a subset of the SVI and CLI services data from 76 transects across twelve
villages, the latter being defined as the lands legally granted to Amerindian communities who have
lived there for at least 25 years (Amerindian Act of 2006; see https://moipa.gov.gy/).

As for the landscape conditions that could potentially influence the presence of one ecosystem
service over the other, Shah & Cummings [38] found that six physical environment variables —village
presence, distance-to-village, distance-to-road, distance-to-water, elevation, and slope (Table 1)—
generally influenced the distribution of subsistence and commercial logging services throughout the
Rupununi landscape. Therefore, these variables were used as proxies to represent the landscape
conditions of each village and were analyzed to understand how each variable may potentially favor
the presence of subsistence services over commercial logging or vice versa, and how they affected the
distributions of the services relative to each other.

Table 1. Descriptions of the six physical environment variables that influenced the spatial distribution s of
subsistence and commercial logging ecosystem services (also see Shah & Cummings (2021).

Variable Indicator

Presence within village boundary Indicates people’s proximity to SVI and CLI

Distance-to-village Indicates people’s proximity to SVI and CLI
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Distance-to-road Indicates access to SVI and CLI; many of the roads are
walking trails
Distance-to-water Indicates access to SVI and CLI; many of the waterways are
frequent routes of travel
Elevation Reflects the constraints people may have for accessing SVI

and CLIL it is assumed that the ecosystem services are more
difficult to access at higher elevations

Slope Reflects the constraints on accessing SVI and CLI; it is
assumed that the ecosystem services are more difficult to

access at steeper locations

2.3. Analysis

2.3.1. Using the Relative Log Risk Ratios to Compute Differences Between SVI and
CLI Distributions

In order to begin looking at the relative differences in SVI and CLI distributions, relative log risk
ratios were incorporated into the analysis. Relative risk ratios were used because the spatial
distributions of the SVI and CLI values in each village were in the forms of predicted probabilities
(ranging between 0 and 1) derived from binomial generalized linear models (GLMs; [38]). The relative
risk ratio can measure the relative differences in the distributions of the two services by dividing the
probability of SVI presence by the probability of CLI presence. Applying the logarithmic
transformation ensured that the output values generated from computing the ratios were not
undefined and would also range between —e to o (instead of -1 to 1) which would facilitate
accuracy. The relative log risk ratio values were first regressed against the six physical environment
variables in stepwise regressions to identify and remove the predictors that did not help the models
explain the relative differences in the predicted probabilities of SVI and CLI distributions with a given
village (Equation 1). After the influential predictors for each model were identified, the distributions
of the relative log risk ratio values for each village were re-computed.

log(SVI"/CLI,) = By + Bipresence + Byvillage + f3road +
Bywater + /%elevéztion + Bsslope
@
where log (SVI"/ CL Ii) represented the relative log risk ratio of the predicted probability of presence

of subsistence ecosystem services relative to the predicted probability of presence of commercial
logging ecosystem services at the ith location, presence is the binary variable that indicated the
presence or absence of the services within the village’s boundary, village is the distance of the
services to the nearest village center, road is the distance of the services to the nearest road, water is
the distance of the services to the nearest river/creek, elevation is the altitude of the area where the
services are present or absent, and slope is the steepness of the area where the services are present or
absent.

2.3.2. Mapping the Relative Differences Between SVI and CLI Distributions in Each Village

The regression estimates were used in a geographic information system (GIS) to create raster
maps showing SVI and CLI distributions relative to each other in each village. For each influential
landscape variable, a raster layer was created with a cell size of 10m, based on the width of sampling
transects [10]. The village presence data was used to create a binary raster layer which identified
whether SVI/CLI values were located within or outside of a village boundary. The distance-to-village,
distance-to-road, and distance-to-water variables were processed as raster layers based on the
Euclidean distances between each SVI/CLI and the variable. The elevation and slope raster layers
were generated from the digital elevation model (DEM) of the landscape [39]. These layers were then
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incorporated into regressions in R, using packages ‘raster/, ‘rgdal’, ‘dismo’, ‘maptools’, and
‘prettympr’, and ‘MASS’ to generate raster maps of the relative differences in the SVI and CLI
distributions in each village.

3. Results
3.1. Comparison of Mean Relative Log Risk Ratio Values Between Villages

Overall, it was found that the mean relative log risk ratio values in ten of the twelve villages
were positive, suggesting that landscape conditions across the Rupununi may generally favor the
presence of subsistence services over commercial logging services (Table 2). The landscape conditions
in Village 17 seemed especially favorable for the presence of subsistence services in light of its
relatively high mean value of 0.667, while the negative mean values in Villages 12 and 18 suggested
that the landscape conditions within these locations may be slightly more favorable for the presence
of commercial logging services. Still, the mean relative log risk ratios in these two villages along with
the mean values of Villages 1 and 13 were quite close to zero, indicating that the landscape conditions
in these villages may not heavily prefer the presence of one ecosystem services over the other (Table
2).

Table 2. Mean log risk ratio values of each village.

Location Mean log risk ratio values
Village 1 0.035
Village 5 0.234
Village 12 -0.063
Village 13 0.091
Village 14 0.537
Village 17 0.667
Village 18 -0.075
Village 19 0.353
Village 20 0.483
Village 21 0.432
Village 22 0.101
Village 23 0.324

3.2. Influence of the Landscape Variables on the Log Risk Ratio Values

The impacts of the variables on the relative differences between the SVI and CLI distributions
showed varying results from village to village. All the variables had significant impact (p < 0.05) on
the relative log risk ratio in Village 19, but for the rest of the villages the number of variables that had
significant impact (p < 0.05) differed (Table 3).

Of the individual variables, both distance-to-village and slope influenced (p < 0.05) the relative
differences between SVI and CLI in four villages, and elevation was influential in five (p < 0.05). On
the other hand, both distance-to-road and distance-to-water had significant impact on the relative
differences between SVI and CLI (p < 0.05) in nine villages (Table 3), indicating that transportation
networks such as roads and rivers might generally influence the type of ecosystem services found
within an area.

Additionally, some of the variables showed inconsistent relationships with the relative log risk
ratio values at the village-level. For example, the ratio grew more positive (presence of SVI more
favorable compared to that of CLI) with increase in distance from road in six villages, but
demonstrated opposite patterns in three others (p < 0.05). Similarly, the presence of SVI grew more
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favorable with distance from water in all villages but one (p < 0.05). On the other hand, elevation
generally demonstrated a significant association (p <0.05) with negative relative log risk ratio values;
presence of CLI appeared to be more favorable at higher altitudes. Overall, it was found that the
increase in distance-to-road and distance-to-water generally favored the presence of subsistence
services, whereas increase in elevation appeared to favor the presence of commercial logging services

(Table 3).
Table 3. Variables that affect the relative log risk ratio of SVI to CLI values.
Risk ratio Distance to  Distance to Distance to Elevation
Village Slope (%)
(SVI/CLI) village (m) road (m) water (m) (m)
0.028 -3.078 0.057
MODEL 1 1 - -
(0.031)* (0.051)* (0.14)
0.047 0.058
MODEL 2 5 - - -
(0.0012)* (9.52e-06)*
-0.51 0.046 -0.21
MODEL 3 12 - -
(2e-04)* (0.038)* (0.017)*
0.14
MODEL 4 13 - - - -
(0.071)
0.12 0.40
MODEL 5 14 - - -
(8.36e-15)* (1.19e-05)*
0.068 0.074
MODEL 6 17 - - -
(0.020)* (0.00099)*
-0.019 -0.020
MODEL 7 18 - - -
(0.012)* (0.0058)*
-0.27 0.045 0.031 -0.47 -0.18
MODEL 8 19
(0.0016)* (0.0021)* (0.054)* (0.050)* (0.00027)*
0.12 0.16 -2.74 0.18
MODEL 9 20 -
(0.033)* (1.35e-07)* (3.39e-06)* (0.059)*
0.22 -0.65 0.062
MODEL 10 21 - -
(0.0024)* (0.22)* (0.0094)*
-0.93 -0.41
MODEL 11 22 - - -
(<2e-16)* (0.018)*
-0.10 0.050 0.060 0.19
MODEL 12 -
(0.027)* (1.24e-07)* (2.48e-11)* (4.37e-08)*

3.3. Mapping the Relative Risk Ratio Values in Each Village

While previous results suggested that the Rupununi landscape may generally favor the presence
of subsistence services over commercial logging services, the maps indicated that the relative
differences in the distributions of the two ecosystem services might be more comparable (Figure 2).
The distributions of the ecosystem services in Villages 5, 12, 13, 17, and 18 suggested that areas within
these villages may generally be more favorable for the presence of subsistence services, whereas
Village 1 may overall be more suitable for the presence of commercial logging services (Figure 2).

It was also found that the presence of subsistence services may be favored over commercial
logging services and vice versa in different areas of the same village. For example, in Village 19, the
eastern part of the area appeared to be more suitable for the presence of subsistence services versus
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the northern parts, where logging services appeared to be preferable. Similarly, the western side of
Village 22 appeared to be more conducive for the presence of subsistence services versus the eastern
side which appeared to be more suitable for the presence of logging services (Figure 2).

On the other hand, the areas around the centers of four villages (20, 21, 22, and 23) generally
exhibited paler shades (Figure 2), indicating that subsistence and commercial logging ecosystem
services may exist in similar levels around these centers and that the presence of one service may not
be significantly favored over the other.
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Figure 2. Differences in the spatial distribution of subsistence and logging ecosystem services relative to each
other.

4. Conclusions

The increasing competition that indigenous peoples are facing with regard to the use of their
forest resources has led to the need for spatial tools that can help local communities address spatial
optimization challenges in their forest use. To begin tackling this problem, this paper has explored a
potential resource use allocation strategy based on how subsistence and commercial logging
ecosystem services may be spatially distributed relative to each other given the landscape conditions.
The findings of this analysis highlighted four points which can help provide deeper insights into the
issue.

Firstly, Roos et al. [29] had noted that allocating forest land uses to generate optimal ecosystem
service values can be challenging because of the different approaches to valuating ecosystem services.
In this context, the SVI and CLI [10] reflected the importance of the provisioning ecosystem services
derived from forest species from the perspectives of two clashing groups: indigenous peoples and
commercial loggers. Thus, applying these indicators in forest management to define and allocate
forest land classes between indigenous peoples and commercial loggers can allow each group to
optimize their plant uses without significantly compromising the others’ uses. Such allocation
schemes can also clarify which group is benefitting from using plants in a given forest land and how
[20].
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Secondly, the findings of this analysis suggested that slope generally did not influence the
presence of any one ecosystem service over the other. On the other hand, not only was elevation
influential in determining the relative differences between the two types of ecosystem services, but
also appeared to favor the presence of commercial logging services over subsistence services. These
findings have significant implications for Guyana’s current logging guidelines. While slope is an
important factor in Guyana’s Code of Practice [40] that determines where in space logging can take
place [10,40], the results of this analysis suggested that elevation, rather than slope, may be a more
appropriate physical environment variable to consider when making logging decisions.

Thirdly, the results of this analysis demonstrated that in certain villages similar levels of
subsistence and commercial logging services were concentrated around the centers. The proximity of
the subsistence services to village centers reinforced Sivasailam & Cummings’ findings [41] and were
also consistent with inferences from the literature [6,42—44] about the close proximity of useful plant
species, and by extension ecosystem services, to homesteads. However, the presence of logging
services in the same areas suggested that these centers may have potential for strong tensions
between the two types of ecosystem services. Such results can provide insights into why swidden
landscapes often attract commercial logging interests.

Fourthly, visualizing where landscape conditions favor the presence of subsistence ecosystem
services can also be used to protect plant species important for indigenous peoples’ subsistence
livelihoods when they face potential drawbacks from the policies of payment for ecosystem services
programs. For example, REDD+ provides incentives such as placing value on carbon stocks that can
lead to increased land grabbing by elites [36], and as a result, the indigenous peoples’ customary
rights to their use of the forest are threatened especially in the absence of legal land tenures [36,37].
Based on the findings of this analysis, identifying forest lands around indigenous villages within
which optimal values of subsistence services are derived can assist REDD+ policymakers in better
acknowledging the legal rights of the indigenous peoples to their subsistence resources [41,45]. Such
spatial approaches can also help identify forest areas with high subsistence values that should be
removed from considerations for REDD+ implementations.

The findings of this analysis also had implications for the spatial methods employed in this study
which will pave way for future research. This analysis assessed landscape conditions in the form of
physical environment variables that may influence the type of ecosystem service found in any given
area. However, the relationship between the variables and their preferences for a particular
ecosystem service varied across villages. It is important to understand why the spatial relationships
between some of the landscape variables and the subsistence and commercial logging services were
inconsistent, and whether these relationships may be attributed to other underlying factors such as
village age, sample sizes, and location-specific factors such as the presence of logging concessions.
Thus, gathering more comprehensive data and larger sample sizes will be made a point for future
work. Another point to think about is the indices themselves. The SVI and CLI have been developed
based on certain assumptions [10] but given the findings of this analysis, future research will revisit
these assumptions to explore ways to modify the indices that may help them become better proxies
for indigenous subsistence and commercial logging ecosystem services.

This paper explored how landscape conditions may favor the presence of one type of ecosystem
service over the other across an indigenous landscape. Relative log risk ratios were computed to
measure the relative differences in the distributions of subsistence and commercial logging ecosystem
services in each indigenous village, and the impacts of six physical environment variables (village
presence, distance-to-village, distance-to-road, distance-to-water, elevation, and slope) on the
relative log risk ratios were assessed. These ratios were then used to plot maps in a GIS to visualize
the relative distributions of subsistence and commercial logging ecosystem services, and to identify
where the presence of one service may be favored over the other given the landscape conditions of a
village. It was found that while the landscape conditions were generally inclined towards the
presence of subsistence services, some village areas also showed strong preferences for the presence
of commercial logging services. Such comparative spatial analyses can serve as decision-making tools
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for indigenous communities who need to address resource use and spatial optimization questions
about their forest use, especially in the presence of competing users such as commercial loggers and
initiatives like REDD+ who have very different viewpoints on how forests should be used.
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