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Changing footprints of threats on mammals
Increasing synergistic effects of habitat destruction

and hunting on mammals over three decades in the

Gran Chaco

Appendix 1

Extended Methods

Role of hunting in the study region

Hunting of larger mammals is carried out by a wide range of actors in the Chaco (Altrichter 2006;
Noss et al. 2005). Indigenous People and subsistence ranchers typically hunt to enrich their diets
(Altrichter 2006; Camino et al. 2018; Noss et al. 2005). Ranchers and crop farmers also kill some
species in response to the perceived risk of livestock losses (e.g. jaguars, pumas) or crop damages
(e.g., peccaries, plains vizcachas) (Altrichter 2006; Camino et al. 2018; Quiroga et al. 2016).
Additionally, both local people and outsiders hunt for sport, and to sell skins, bushmeat, or live
animals (Altrichter 2006; Periago et al. 2014). The combination of habitat destruction and hunting
causes widespread declines of mammals across the Chaco (Camino et al. 2018; Periago et al. 2014;
Romero-Mufioz et al. 2019). Remaining natural habitats are often fragmented (Piquer-Rodriguez et

al. 2015) and are used for forest ranching, charcoal production, or logging (Rueda et al. 2015).

Preparation of predictor variables

We used land-cover/use maps for 1985, 2000 and 2015 (Baumann et al. 2017). In order to increase
the temporal resolution to annual land-cover/use layers between 2000 and 2015 we assigned the

year of deforestation from Hansen et al. (2013) to the land-cover/use category of 2015 from
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Changing footprints of threats on mammals

Baumann et al. (2017). We generated %Edge Forest through a Morphological Spatial Pattern
Analysis (MSPA) considering a 1-km forest edge (Soille and Vogt 2009). Species with different
mobility levels may judge land cover suitability at different scales (Romero-Mufioz et al. 2019;
Wilman et al. 2014) (Table A2). Therefore, we calculated the proportional shares of forest,
grasslands, croplands, pastures, and edge forest within buffers of 1km, 3km and 7km radius from
the target cell (i.e. areas of 1, 28, and 154 km?). We assigned the radius for each species individually,
depending on their respective home range size (see Table A2). We calculated climate predictors
(mean annual temperature and mean annual precipitation) as climate normals (i.e. three-decade

averages) between 1981 and 2010 using the ClimateSA v1.0 database (Hamann et al. 2013).

Due to the lack of comparable human population density layers for 1985, we used the 2000 layer
for both 1985 and 2000 (Lloyd et al. 2017), which is reasonable since human population did not
change dramatically in the Chaco in that period. We reconstructed historical road networks based
on current national road maps and comparisons with historical imagery in Google Earth. We also
screen-digitized >27,000 subsistence ranches for 1985, 2000 and 2015 using historical imagery in

Google Earth. Finally, we used pastures and croplands from the land cover maps.

Presence and background data preparation for the habitat suitability models

Spatial sampling bias is a common phenomenon in occurrence data, particularly in inaccessible area
such as the Gran Chaco (Elith et al. 2010; Kramer-Schadt et al. 2013). Sampling bias thus needs to
be accounted for when modelling species’ distributions (Kramer-Schadt et al. 2013). To eliminate
or mitigate the potential impact of sampling bias, we implemented two procedures. First, we
randomly filtered presence records to only one within a 10 km radius to generate an input dataset of
presence records for our habitat suitability models. To rarefy presence records, we matched
occurrence data collected at a given time with the corresponding temporal predictor variables for

the years 1985 and 2000-2015. To avoid losing earlier locations, which were scarcer, we applied
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this filtering independently for the time periods 1978-1992, 1993-2007 and 2008-2018 (i.e. periods

centred around the years 1985, 2000, 2015).

Second, we created sets background points that accounts for the distribution of a species and the
spatial sampling bias. Maxent requires these background data to describe the overall distribution of
predictor values across the study area. We first gathered species with similar distributions of
presence points into seven groups, based on visual examination. For each group and time period
(1985, 2000 and 2015), we produced kernel-density maps of the presence points and used the
resulting probability maps to spatially weight a random sample of background points (Elith et al.

2010).

Modelling hunting pressure

We modelled hunting pressure using a two-stage modelling process that consisted of a binomial
model, which included locally extant and extirpated species due to hunting, and a Gaussian model
that included abundance changes (expressed as non-zero response rations) due to hunting compared
with control areas (Benitez-Lopez et al. 2019). To parameterize this hunting pressure model, we
used three predictors: Distance to Hunter Access Points, Human Population Density (both indicators
of hunting risk), and Species Body Mass (an indicator of a species’ intrinsic vulnerability to

population decline as a result of hunting) (Table A2).

Once parameterized, we projected the hunting pressure model in space, accounting for each species’
characteristics, socio-economic variables and spatially explicit determinants of hunting pressure.
Specifically, we specified as random effects Country, Study, and Species to account for between-
country variation in hunting laws and policies, culture, taboos, and traditions, as well as to control
for non-independence in the data from the same study or species (Benitez-Lopez et al. 2019). The
final model was selected through a model selection procedure based on the Bayesian Information
Criterion (BIC) by Benitez-Lopez et al. (2019). Our projections were based on the taxonomic

identity of the species (captured by the random-effect intercept Species), the country where it was

3
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located (random-effect intercept Country”), and its weight (Body mass, an indicator capturing the
vulnerability of a species to hunting pressure at the population level), combined with the distribution
of context-dependent drivers of hunting pressure (Distance to settlements, and Human population
density) within the species range. This results in a defaunation index ranging from 0 (no decline in
abundance) to 1 (total local extirpation), which we interpret as a hunting pressure index. We re-

fitted the original global model to Neotropical mammals only (n = 1,945 abundance ratios).

Identifying hotspots of core areas and hotspots of threats

To identify hotspots per habitat category, we adopted an approach used to derive rarity-weighted
species richness. This approach calculates shares of species’ ranges within a gridcell, and then sums
these shares across all species present in a gridcell. Thus, rarity-weighted richness is a measure of
the overall importance of a gridcell for representing the entire community of species considered,
accounting for both the number of species (higher values for gridcells with high numbers of species)
and how widespread they are (higher values for gridcells with many small-ranged species) (Kier
and Barthlott 2001). We applied this approach separately to each habitat category to create measures
of importance for each category. For example, to assess a gridcell’s importance in providing core
areas to the species assessed here, we summed the weighted core area share across all species. These
areas can be directly interpreted as priority areas for conservation, because rarity-weighted-richness
approaches have been shown to compare favourably to other prioritisation algorithms for such

prioritization (Albuquerque and Beier 2015).

We used the same approach to identify hotspots of habitat destruction and hunting at a resolution of
5 km?. Threat hotspots are areas where a threat exerts disproportionate pressure, either on many
species or on rarer species. Threat hotspots therefore represent the most important areas where to
concentrate actions to mitigate the impact of that threat. To calculate threat hotspots, we first

weighted for each species and gridcell the area assigned to a threat by the total area of that threat
4
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plus the core area for that species. This accounts for the overall distribution, giving higher weight
to species with a higher share of their range under threat. Second, we then summed the weighted
threat footprints across the larger mammal community per gridcell. To identify threat hotspots for
2015, we used species’ maps of hunting pressure in 2015, but habitat destruction over time (1985 to
2015). We did so to separate marginal habitat (e.g., due to poor climatic conditions, see above) from
habitat destruction. As a sensitivity analysis, we repeated these hotspot analyses using species’
global range extents (IUCN 2018) instead of their Chaco range. This emphasises the global

importance of the species whereas our base analysis emphasises the regional importance.
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104  Table Al. Sources of presence locations for the 48 mammal species from across the Chaco

105  ecoregion

Source type Source

Publicly available database Global Biodiversity Information Facility (GBIF)
Administration of National Parks of Argentina (APN)
Museo Noel Kempff Mercado, Universidad Auténoma
Gabriel René Moreno, Santa Cruz, Bolivia

Published literature Rumiz (2012)
Sanderson et al. (2002)
Torres et al. (2014)
Quiroga et al. (2014)
Wallace et al. (2010)

Unpublished literature Giordano (2015)
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Table A2. Description of predictor variables used in the habitat suitability and hunting pressure

models. All variables covered the entire study region and were generated at a resolution of 1 km?

(see Supporting Information for details).

Variable
name

Description

Data source Time period

Rational

Habitat suitability models

%Forest % woodland cover Baumann et 1985 and Provides resources in terms of
around target cell  al. (2017)  yearly maps food and shelter for most of our
(at buffers of 1km, and Hansen from 2000 to species
3km and 7km) etal. (2013) 2015
%Cropland © % cropland cover ~ Romero- See above  Indicates a lack of resources for
around target cell ~ Mufioz et most species, and resource
al. (2019) availability for some others
(e.g., peccaries)
%Grassland * % natural grasslands See above See above Captures open, natural
around target cell vegetation that several species
depend on
%Pastures © % implanted, See above  See above Indicates resource depletion
intensified pastures compared to natural woodlands
around target cell and natural grasslands
%Forest % of Edge Forest ~ See above  See above Captures edge effects, which can
Edge around target cell be positive or negative for the
species studied
Distance to  Distance to water See above  See above Characterizes access to water,
Water which is critical for all species
Mean Annual Annual Average ClimateSA 1981-2010  Captures temperature limitations
Temperature Temperature vl.12 average (particularly hot temperatures)
Mean Annual Annual precipitation ClimateSA 1981-2010  Indicates vegetation productivity
Precipitation vl.12 average and water availability
Hunting pressure model
Distance to  Hunter access points National 1985, 2000, Characterizes for each species
Hunter may include roads, road atlas; 2015 whether a location is accessible
Access towns, agricultural  Open Street for hunters and is therefore an
Points land or smallholder map; land- indirect proxy for hunting
ranches cover / use pressure
maps as
above;
Onscreen
digitization
(see SI for
details)
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Human
Population
Density

Body Mass

Human population
density at 1-km
resolution

Species body mass

WorldPop 2000, 2015
Population

Dataset

(www.worl

dpop.org)

Trait

database

(Wilman et

al. 2014)

Hunting pressure often increases
with the density of people living
in an area due to increasing meat
demand and/or human-wildlife
conflicts

Captures intrinsic hunting risk
as large-bodied species are more
vulnerable due to (1) being
rarer, (2) reproducing more
slowly, and (3) being often
preferred by hunters
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Table A3. Characteristics of the 48 larger mammals analysed.

Scale
No. Body group-
location TUCN mass Distribution km
Species points  Status (g) group radius  Hunting access points *
Alouatta caraya 40 LC 5862 Northeast 3 Towns, roads, rivers
Aotus azarae 33 LC 930 Northeast 1 Towns, roads
Blastocerus dichotomus 18 VU 86666 East 3 Towns, roads,
cropland, Pastures,
puestos
Cabassous chacoensis 34 NT 1490 Dry Chaco 1 Towns, roads, puestos
Callicebus pallescens 40 LC 800 Northernmost 1 Towns, roads
Calyptophractus retusus 15 DD 130 North 1 Towns, roads
Catagonus wagneri 94 EN 35566 Dry Chaco 3 Towns, roads,
cropland, Pastures,
puestos
Cerdocyon thous 168 LC 5240 North and center 1 Towns, roads
Chaetophractus 91 LC 1030 Dry Chaco 1 Towns, roads,
vellerosus cropland, puestos
Chaetophractus villosus 98 LC 4540 Dry Chaco 1 Towns, roads, cropland,
puestos
Chrysocyon brachyurus 60 NT 23250 East 3 Towns, roads,
Pastures, puestos
Coendou prehensilis 22 LC 4400 Northernmost 1 Towns, roads
Conepatus chinga 140 LC 1918 All 1 Towns, roads
Cuniculus paca 7 LC 8173 Northeast 1 Towns, roads, puestos
Dasyprocta azarae 62 DD 2310 Northeast 1 Towns, roads, puestos
Dasypus novemcinctus 118 LC 4204 North and center 1 Towns, roads, puestos
Didelphis albiventris 71 LC 904 North and center 1 Towns, roads
Dolichotis salinicola 88 LC 1600 Dry Chaco 1 Towns, roads, puestos
Eira barbara 56 LC 3910 North and center 3 Towns, roads
Euphractus sexcinctus 132 LC 4783 North and center 1 Towns, roads, puestos
Galictis cuja 52 LC 1000 North and center 1 Towns, roads
Galictis vittata 6 LC 3200 Northeast 1 Towns, roads
Hydrochoerus 63 LC 48145 North and center 1 Towns, roads, puestos,
hydrochaeris rivers
Lagostomus maximus 50 LC 4648 Dry Chaco 1 Towns, roads,
cropland, puestos
Lama guanicoe 12 LC 142500 Dry Chaco 3 Towns, roads,
cropland, puestos
Leopardus geoffiroyi 232 LC 5158 All 1 Towns, roads, puestos
Leopardus pardalis 78 LC 11900 North 3 Towns, roads, puestos
Leopardus wiedii 11 NT 3250 Northeast 3 Towns, roads
Lontra longicaudis 24 NT 6555 East 3 Towns, roads
Lycalopex gymnocercus 202 LC 4543  All 1 Towns, roads
Mazama americana 22 DD 22800 Northeast 1 Towns, roads,

cropland, Pastures,
puestos
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Figure A6. Hotspots of core areas and of habitat destruction and hunting pressure for the Chaco
larger mammals in a global context, based on the rarity-weighted richness considering the global
extent of species ranges from IUCN. (A) Hotspots of core area in 2015, where high values indicate
more species that have small core areas. (B) Bivariate map of hotspots of habitat destruction (1985-
2015) and high hunting pressure (2015), where higher scores mean more species that have small

overall area of their core area + the area under each threat.
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