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Abstract

Reliable maps of species distributions are fundamental for biodiversity research and con-
servation. The International Union for Conservation of Nature (IUCN) range maps are
widely recognized as authoritative representations of species’ geographic limits, yet they
might not always align with actual occurrence data. In recent area of habitat (AOH) maps,
areas that are not habitat have been removed from IUCN ranges to reduce commission
errors, but their concordance with actual species occurrence also remains untested. We
tested concordance between occurrences recorded in camera trap surveys and predicted
occurrences from the IUCN and AOH maps for 510 medium- to large-bodied mammalian
species in 80 camera trap sampling areas. Across all areas, cameras detected only 39% of
species expected to occur based on ITUCN ranges and AOH maps; 85% of the IUCN only
mismatches occurred within 200 km of range edges. Only 4% of species occurrences were
detected by cameras outside IUCN ranges. The probability of mismatches between cam-
eras and the IUCN range was significantly higher for smaller-bodied mammals and habitat
specialists in the Neotropics and Indomalaya and in areas with shorter canopy forests.
Our findings suggest that range and AOH maps rarely underrepresent areas where species
occur, but they may more often overrepresent ranges by including areas where a species
may be absent, particularly at range edges. We suggest that combining range maps with data
from ground-based biodiversity sensors, such as camera traps, provides a richer knowledge
base for conservation mapping and planning.
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Combinacién de censos con fototrampas y mapas de extension de la UICN para
incrementat el conocimiento sobre la distribucion de las especies

Resumen: Los mapas confiables de la distribucion de las especies son fundamentales para
la investigacion y conservacion de la biodiversidad. Los mapas de distribucion de la Union
Internacional para la Conservacion de la Naturaleza (UICN) estan reconocidos como rep-
resentaciones de autoridad de los limites geograficos de las especies, aunque no siempre se
alinean con los datos actuales de su presencia. En los mapas recientes de 4rea de habitat
(ADH), las areas que no son hébitat han sido eliminadas de la distribucién de la UICN
para reducir los errores de comision, pero su concordancia con la presencia actual de las
especies tampoco ha sido analizada. Analizamos la concordancia entre la presencia reg-
istrada por los censos de fototrampas y pronosticamos la presencia a partir de los mapas
de la UICN y de ADH de 510 especies de mamiferos de talla mediana a grande en 80 areas
de muestreo de fototrampas. Las cimaras detectaron sélo el 39% de las especies esperadas
con base en la distribucién de la UICN y los mapas de ADH en todas las areas; el 85% de
las disparidades con la UICN ocurrieron dentro de los 200 km a partir del borde de la dis-
tribucion. Sélo el 4% de la presencia de las especies fue detectada por las caimaras ubicadas
fuera de la distribucién de la UICN. La probabilidad de disparidad entre las cimaras y la
UICN fue significativamente mayor para los mamiferos de talla pequefia y para los especial-
istas de habitat en las regiones Neotropical e Indomalaya y en areas con doseles forestales
mas bajos. Nuestros hallazgos sugieren que los mapas de distribucion y ADH pocas veces
subrepresentan las 4reas con presencia de las especies, pero con frecuencia pueden sobs-
errepresentar la distribucién al incluir dreas en donde las especies pueden estar ausentes, en
particular los bordes de la distribucion. Sugetimos que la combinacioén de los mapas de dis-
tribucién con los sensores de biodiversidad en tierra, como las fototrampas, proporciona
una base mas rica de conocimiento para el mapeo y la planeacion de la conservacion.

PALABRAS CLAVE
distribucion de especies, distribucion de mamiferos, fototrampas, mapa de distribucion, presencia de mamiferos,
UICN
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INTRODUCTION subsequent development of conservation plans often depend

on accurate range maps (Pimm et al., 2014; Zhu et al., 2021).
Understanding and predicting species disttibutions are fun- Similarly, geographic priorities for conservation funding may
damental components of biodiversity conservation and man- be influenced by the use of range maps to delineate areas with
agement. The assessment of species conservation status and high biodiversity or harboring threatened and endemic species
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(Maxwell et al., 2020). For example, spatial patterns of the inten-
sity of threats driving global biodiversity loss for terrestrial
vertebrates have been identified based on range maps (Har-
foot et al., 2021). Likewise, multiple iterations of global priority
regions for mammalian conservation have been based on the
known or predicted distribution of threatened species (Brum
et al., 2017; Jenkins et al., 2013; Schipper et al., 2008). Inac-
curate distribution maps could lead to erroneous conclusions
regarding patterns of species richness and risk, thereby under-
mining the prioritization of conservation efforts in areas of
high or threatened biodiversity (Hughes et al., 2021; Hutlbert
& Jetz, 2007; Hurlbert & White, 2005) and the management of
individual species (Garshelis et al., 2022; McShea et al., 2022).

Range maps were initially established to illustrate the geo-
graphic limits of species for taxonomic purposes but have been
adapted for use in conservation assessment and macroecology
(Marsh et al., 2022). In particular, range maps compiled by the
International Union for Conservation of Nature JUCN) are
considered the gold standard for assessing species distributions
and biodiversity trends (Brooks et al., 2019) and are frequently
used to inform conservation efforts (Boitani et al., 2011). For
example, these maps have been used to identify ateas of high
terrestrial diversity (Jenkins et al., 2013; Jung et al., 2021; Mason
et al,, 2020) and to assess the performance of the global pro-
tected area system in covering vertebrate geographic ranges
(Pimm et al., 2018; Pouzols et al., 2014).

These maps are designed to represent the distributional lim-
its of each species while minimizing omission errors (i.c., false
absence of a species) at the cost of commission errors (i.e., false
presence of a species). To create these maps, known occurrences
of the species, expert knowledge of the taxon and its range, and
information about habitat and elevation limits UCN, 2021) are
used. However, comprehensive empirical data are limited for
many species; therefore, range maps may be prone to bias and
error (Drescher et al.,, 2013; Merow et al.,, 2017). The IUCN
range maps may overestimate species distributions by including
outdated or incorrect assessments of occurrence areas (Boi-
tani et al., 2011; Rondinini et al., 2006). Range overestimation
may result from range maps simply reflecting the extent of
occurrence (EOO), defined as “the area contained within the
shortest continuous imaginary boundary, which can be drawn to
encompass all the known, inferred, or projected sites of present
occurrence of a taxon, excluding cases of vagrancy” (IUCN,
2021). The EOO is often determined using a minimum con-
vex polygon drawn around all known occurrence points (IUCN,
2021). Consequently, the resulting maps may be too liberal in
extent because they include contiguous areas with similar land-
scapes that are uninhabited by the target species (Hutlbert &
White, 2005). Alternatively, IUCN ranges may underestimate
species distributions (Boitani et al., 2011; Rondinini et al., 20006).
For instance, experts may conservatively restrict putative occur-
rences to areas with certain habitat characteristics, presumably,
habitat where the species is known to have occurred rather than
is suspected to occut, or disregard occurtrences far beyond con-
firmed occurrence locations (Herkt et al., 2017; Schipper et al.,
2008).

Therefore, reducing commission errors in range maps while
minimizing omission errors is a critical step in accurately assess-
ing species’ distributions. One approach to achieving this is
through the use of deductive modeling as it is applied, for exam-
ple, in the area of habitat (AOH) approach. The AOH is defined
as the habitat in the species’ range and is derived by removing
areas that are not habitat based on habitat and environmental
information, such as land cover and elevation (Brooks et al.,
2019; Lumbierres et al., 2022). Although AOH maps have
recently become available for most mammals (Lumbierres et al.,
2022), their large-scale validation has yet to be conducted (Fice-
tola et al., 2014; Rondinini et al., 2011). Furthermore, it remains
unclear whether the AOH approach reduces commission and
omission errors compared with the original IUCN range maps
used to generate the AOH maps.

Previous researchers have compared IUCN range maps with
species occurrence data derived from point sampling and found
range maps atre accurate for amphibians (Ficetola et al., 2014)
but to often overestimate ranges for birds (Hurlbert & Jetz,
2007; Ramesh et al., 2017) and other taxa (Hughes, 2019;
Hughes et al., 2021). However, inaccurate locality data can
adversely affect the accuracy of IUCN maps (e.g., Hjarding et al.,
2015). There is a need for IUCN mapping to take advantage of
extensive high-quality occurrence data generated by the rapidly
increasing use of ground-based biodiversity sensors, such as
camera traps, which have become a prominent method for sur-
veying medium- to large-bodied mammals (Ahumada et al,,
2020; Hughes et al., 2021; Rondinini et al., 2011; Steenweg et al.,
2017). Most studies of mammalian range maps have focused
on underestimation, which can be quantified by documenting
species occurrences outside their estimated range (Ficetola et al.,
2014; Ramesh et al., 2017). By contrast, determining range over-
estimation is more difficult because confirming the absence of
species is challenging and requires a large sampling effort (Dahal
et al., 2021). For example, Li et al. (2020) used camera traps to
document the likely absence of carnivores in several protected
areas in China by surveying all major vegetation types over 3
years (> 5000 camera trap days in each protected area). Camera
traps and other species-level biodiversity sensing technologies
show great promise for faster assessment of potential over- or
underestimation of species distributions (Kissling et al., 2018).

Estimation errors in species ranges may be associated with
species ecology (Hughes, 2019; Jetz et al., 2008) and the extent
of existing research on a given species (Ficetola et al., 2014; Mar-
tin et al., 2012). For example, small-bodied species can have
limited ranges, and administrative boundaries may be used to
delimit their range, especially in cases where ecological data are
lacking. One might thus predict that the discrepancy between
range maps and occurrence data may be higher for small-
bodied than large-bodied species (Hughes, 2019). Additionally,
the range maps more accurately capture the distributions of
generalist species, which have wide ranges and broad habitats
or environmental tolerances, compared to those of specialist
taxa with narrow ranges (Wilson et al., 2004). Furthermore,
the probability of detecting a given species during ecological
field surveys can influence the understanding of its occurrence.
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