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ARTICLE INFO ABSTRACT
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Documenting species distribution is essential to extinction risk asessments and subsequent conservation actions.
Historical records are thus essential to understand how species are distributed and how their range has changed
over time. However, using historical records might contribute to overestimating the species current range and

gnguse misrepresent their conservation status. Here, we illustrate the pitfalls of this approach using a widespread but
Rarity elusive Neotropical snake species, Philodryas livida (Dipsadidae Bonaparte, 1838). We mapped occurrences of this

species over time and calculated its Extent of Occurrence and Area of Habitat. Our results show that due to the
intense, widespread anthropic land-use transformation since the discovery of P. livida in 1920, most historical
localities are now likely unsuitable for its occurrence and both its current Extent of Occurrence and Area of
Habitat become remarkably smaller (5.7% and 19.1% remaining, respectively) if only localities from the last 30
years are considered. Apart from the natural elusiveness of the species, intense habitat loss and fragmentation
may also explain the low number of recent records of P. livida, all concentrated within or near protected areas,
indicating a putative decline in range relevant to its conservation status. We thus highlight how failing to
consider the date of records and the associated land-use change over time might underestimate species range
reduction and thus threat status. We strongly encourage the inclusion of the date of each occurrence record in
conservation assessments, as suggested by the IUCN’s mapping standards, such that historical records are
carefully considered, especially in highly dynamic and threatened biomes such as the Cerrado savannas in Brazil.

Threatened species

1. Introduction available to the scientific community, either because it is not made

public through scientific publishing and taxonomic revisions or because

Detailed knowledge of the geographical distributions of species is
fundamental to render accurate biogeographical interpretations and
conservation strategies, especially in megadiverse and poorly sampled
countries or regions (Ficetola et al., 2014, Nogueira et al., 2019). The
need for accurate occurrence records dates from early biogeographers
(Wallace, 1852) and the lack of detailed data on species distributions is
is the “Wallacean Shortfall” on behalf of the father of biogeography
(Lomolino, 2004). Every new distribution record increases our knowl-
edge of species ranges and is likely a contribution to mitigating the
Wallacean Shortfall. However, not every existing distribution record is

* Corresponding authors.

voucher specimens are not deposited in biological collections were not
verified in terms of current taxonomy and correct diagnosis (Nogueira
et al., 2019). Despite that, the recent increase in digital availability of
occurrence records from museums and herbaria is providing useful data
for a primary understanding of many species’ geographic distribution (e.
g., GBIF - https://www.gbif.org; see Gaul et al., 2020). Nonetheless, the
accuracy of such data has been questioned, and relevant limitations to
the use of this information have become evident (Ficetola et al., 2014;
Gaul et al., 2020; Zizka et al., 2020).

The range size of a species is one of the primary criteria considered to
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estimate its extinction risk IUCN (2012), and is widely used in species
conservation assessments. However, occurrence data for a great number
of species is still sparse, inaccurate, or nonexistent (Nogueira et al.,
2019), resulting in incomplete information about species distributions
that preclude ecological and mechanistic interpretations (Gaul et al.,
2020). Furthermore, even though habitat loss is the most important
factor behind the current biodiversity crisis (Schipper et al., 2008;
Powers & Jetz, 2019; Cox et al., 2022), its impacts are not homoge-
neously distributed around the globe. While long-occupied (e. g.,
Europe), inhospitable (e. g., the Great Australian Desert) or very remote
regions (e. g., portions of the Amazon forest) have remained mostly
unchanged in the last century (Sanderson et al., 2002; Kaplan, Krum-
hardt, & Zimmermann, 2009; Myers, Mittermeier, Mittermeier, Da
Fonseca, & Kent, 2000; Moutinho, Guerra, Azevedo-Ramos, Kapuscin-
ski, & Frumhoff, 2016; Williams et al., 2020, but see Mataveli, Chaves,
Brunsell, & Aragao, 2021), other landscapes are currently experiencing
a high degree of human-induced transformation (e. g., the Cerrado sa-
vannas; Strassburg et al., 2017; Pacheco et al., 2021). Similarly, ac-
counting for habitat loss on a finer scale reveals that particular areas are
unequally prone to suffer from distinct aspects of land-use conversion
(Strassburg et al., 2017; Grande, Aguiar, & Machado, 2020; Pacheco
etal., 2021). Recent rates of land-use conversion also lead to rapid losses
of landscape connectivity which hampers population viability, resulting
in local extinctions (Thompson, Rayfield, & Gonzalez, 2017; Grande
et al., 2020).

Although the complexity and time-wise dependency of geographical
range limits have been long recognized, “time” has mostly been
considered in a geological timescale framework (Upchurch & Hunn,
2002; Gaston, 2003). While small-scale local habitat aspects have been
encouraged to be incorporated into conservation assessments (Brooks
et al., 2019; Serrano, Vieira-Alencar, dos, Diaz-Ricaurte, & Nogueira,
2020), the changes of species distributions in ecological time remain
largely unexplored. This is especially troublesome regarding rare
(naturally scarce) and/or elusive (rarely detected) species (see Rabino-
witz, 1981) that have wide distributions because new occasional or
inaccurate records might significantly further increase the area of its
range. Furthermore, the assessed area of distribution of elusive but
widespread species might vary from a large continuous area (maxi-
mizing false positives) to disjunct small patches (minimizing false pos-
itives), depending on how the current range is interpreted. Similarly,
older records without any recent confirmation by nearby faunal in-
ventories may introduce a similar bias, potentially influencing extinc-
tion risk assessments. Historical distribution records, for instance, often
present inaccuracies about their geographical locations and are some-
times disregarded in fine-scale studies on species distribution modeling
(Franklin, 2010). Additionally, if historical records are not supported by
recent sightings of a species in the same general location — provided
there was enough sampling effort to detect the species - they may inflate
the estimated range. On the other hand, historical records are increas-
ingly relevant since they provide a general overview of a species dis-
tribution, contributing to the understanding of large-scale
biogeographical processes (Raxworthy et al., 2003). Thus, systemati-
cally identifying historical distribution records that may currently
correspond to unsuitable areas for a given species known from just a few
localities may improve our ability to properly assess its conservation
status, as suggested by the IUCN (with parts of the species range being
classified as Possibly Extinct) (IUCN, 2012), and by the recently pro-
posed Area of Habitat (AoH) approach (Brooks et al., 2019). Herein, we
use a potentially widespread but elusive Neotropical snake species,
Philodryas livida, as a case study to highlight how using historical
distributional information without accounting for the date of each re-
cord may lead to inaccuracies that are especially pervasive regarding
extinction risk assessments.
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2. Material and methods
2.1. Study species

Philodryas livida (Amaral, 1923) has a potentially wide distribution in
Central South America, being considered endemic to the Cerrado sa-
vannas of South America (Nogueira, Ribeiro, Costa, & Colli, 2011;
Nogueira et al., 2019) in Brazil and northeastern Paraguay (Nogueira
et al., 2019). Little is known about its natural history since it is rare in
scientific collections, but it has been observed in the wild exclusively in
grassland areas at intermediate to high elevations (133-928 m; N = 30
records in literature and museums; see Nogueira et al., 2019; Supp. Mat.
1). It is currently listed as Vulnerable under criteria A2c by the IUCN
(Scott, Cacciali, Silveira, & da Prudente, 2020).

2.2. Data collection and mapping

We compiled distribution point locality records for P. livida from the
literature (e. g., Thomas & Fernandes, 1996; Valdujo et al., 2009;
Nogueira et al., 2019) and matched these records with the available
collecting information at the herpetological collection of Instituto
Butantan to complement our dataset with the approximate date of
collection of each known specimen. Part of the available records were
obtained by the authors in the field, during snake surveys in Emas Na-
tional Park (citar aqui Valdujo et al., 2009), a large protected area of
Cerrado in central Brazil. Apart from the records in Laguna Blanca
Reserve, Paraguay, these are the only available field records for this
species. Furthermore, we also gathered point occurrences from the
Global Biodiversity Information Facility (GBIF; https://www.gbif.org),
using only vouchered records with collection date, coordinates and a
location precision of less than 5 km, since non-filtered datasets might
bias conservation assessments (Zizka et al., 2020). We mapped the
evolution of its known range from the first collected specimen until the
present by subsequently adding the records reported in the following
decades (progressive approach). We used a Minimum Convex Polygon
(MCP) formed by the species records (cf. Extent of occurrence, EOO;
IUCN (2012)) to illustrate how knowledge on the species range evolved
over time. We then departed from the current known range of the spe-
cies and subsequently removed the oldest records by decades (regressive
approach). Importantly, if a given locality had specimens from different
decades, we kept the records in the map up to the most recent decade
when the species was captured in that locality.

Additionally, to assess if P. livida might have gone undetected in
recent years due to sampling bias or low sampling effort, we reviewed
published surveys both in localities where it had been previously re-
ported and within its EOO formed by all known records. For the local-
ities where the species has been previously detected, we searched for a
combination of the terms “herpeto* OR [locality] OR inventory OR
checklist OR snake OR reptile” in Google Scholar, where [locality]
corresponded to the name of the municipality of known records. For
localities within its reported range, we searched for “herpeto* AND
cerrado AND inventory AND checklist AND snake AND reptile” and
considered only surveys inside a buffer of 150 km around P. livida’s
EOO, to minimize potential omission errors. For every survey, we
recorded the last sampled year, duration of sampling, sampling effort (in
days), sampling method, coordinates, type of habitat and whether
P. livida or other species of the genus Philodryas had been recorded
(Supp. Mat. 2). We confirmed species identification when photos of the
reported individuals were available. For example, even though Philo-
dryas livida has broad similarities with sympatric closely-related species
such as P. patagoniensis or P. agassizii, it has as a distinct dorsal coloration
(lighter and less homogeneous than P. patagoniensis yet darker but less
clearly striped than P. agassizii). Furthermore, voucher specimens can be
identified since they also differ in hemipenial morphology and number
of dorsal rows (17-17-15 in P. livida, 19-19-15 in P. patagoniensis and 13-
13-13 in P. agassizii).
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2.3. Estimation of EOO, AoH and AOO

We used the MCP formed by the full dataset (i.e. with all known
records) to estimate the current extent of occurrence (EOO), and the
Area of Habitat (AoH, sensu Brooks et al., 2019) of P. livida. The EOO
represents a measure of area by only considering the MCP and thus the
overall extent of a species range (IUCN, 2012; Serrano et al., 2020),
while AoH is an alternative to the estimation of AOO (area of occupancy)
that takes into account the total area of the preferred habitat of the
species, limited by the elevational range of the species (Brooks et al.,
2019). Even though the original methodology to calculate AoH suggests
using IUCN range polygons, this procedure does not allow estimating the
evolution of AoH over time since it is based on all records. Thus, even
though we also calculate the AoH using the IUCN polygon, we chose the
EOO to illustrate how historical records may affect this parameter. We
calculated the AoH of P. livida as the total area occupied by grasslands
(preferred habitat of the species; Nogueira et al., 2019; CCN and PHV
personal observation) occurring between 200 and 900 m above the sea
level, and restricted to the limits of the Brazilian Cerrado as proposed by
Dinerstein et al. (2017). This elevation range takes into account the
elevation of the most recent specimens collected (last three decades, see
Results and Supp. Mat. 1) because old records are more likely to present
inaccuracies than the most recent ones (e.g. Zizka et al., 2020), and older
records from Instituto Butantan were often reported from railway sta-
tions near the actual capture localities (see Discussion). We used land-
use data provided by the MapBiomas initiative for the year of 2020
(collection 6; the most recent release; MapBiomas, 2022), but excluded
the 3.6% of the total EOO of Philodryas livida corresponding to Para-
guayan records since data for the Cerrado is restricted to the political
borders of Brazil. We used QGIS 3.24 (QGIS Development Team, 2022)
to estimate the EOO, and Google Earth Engine (Gorelick, Hancher,
Dixon, Ilyushchenko, Thau, & Moore, 2017) to estimate the AoH.
Additionally, we calculated the AOO through time with the regressive
approach using GeoCAT (Bachman, Moat, Hill, De La Torre, & Scott,
2011) as it is one of IUCN’s assessment criteria (Brooks et al., 2019).

3. Results

Since its description in 1923, a total of 30 vouchered specimens of

37
ATLANTIC
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aavmic 100 200km
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Philodryas livida have been collected in 14 localities (Fig. 1, Table 1).
Georeferenced information was not available for two records (IB3681
and IB40953; Supp. Mat. 1). Most records were obtained before the late
1970s, with gaps of records in the 1960s, and 1980s. From the 1990s to
the 2000s, the calculated EOO for P. livida increased from 72,918 (since
the 1970s) to 215,901 km2, when six individuals were collected at Emas
National Park and surroundings, Mineiros municipality, Goias state,
Brazil, between 1997 and 2001 (Valdujo et al., 2009, Table 2). Addi-
tionally, a new record revealed the persistence of the species in the
municipality of Itirapina, state of Sao Paulo, in the same decade. Since
then, the species has been recorded only twice, in 2011 and 2013, at the
Reserva Natural Laguna Blanca in Paraguay (Smith et al., 2014), which
expanded its range to the current known extent (Fig. 2, Table 2: “Full”)
while also representing the first record outside Brazil. With our regres-
sive approach, considering only records from the last three decades (n =
5 in three localities), the EOO and AoH of P. livida decreased 94.3% and
77.0%, respectively, (Fig. 3) in relation to those parameters for the full
dataset. Estimates of AoH using the IUCN Red List range and the EOO
with all records were similar, albeit the former was 5% larger (2401.0
km? and 2,295 km?, respectively). Regarding the species’ AOO, it ranged
from 84 km? with the full dataset to 32 km? if only the last three decades
were considered, a reduction of 61% (Supp. Mat. 3). These values of
AOO would correspond to IUCN Red List categories of “Endangered” for
the full dataset and of “Critically Endangered” if using records from only
the last decade, according to the GeoCAT assessment. Remarkably, all
recent records were reported from within or in the surroundings of
protected areas (Fig. 1). In the last three decades P. livida has been
detected in only three out of the 14 localities where it had been known to
occur. Remarkably, two of these records are from the last ten years while
the remaining is from at least 20 years from the present.

To serve as a counter-example, we also preliminarily use as com-
parison the locally-abundant and commonly-found P. patagoniensis, a
phylogenetically-related species (Arredondo et al., 2020) that is sym-
patric with P. livida and widely distributed across open habitats in South
America (Lopez & Giraudo, 2008; Nogueira et al., 2019). We gathered
point occurrences from the Global Biodiversity Information Facility
(GBIF; https://www.gbif.org), using only vouchered records with
collection date, coordinates and a location precision of less than 5 km,
since non-filtered datasets might bias conservation assessments (Zizka
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Fig. 1. Distribution records (colored according to first and last seen decade) of Philodryas livida, with ecoregions (left) and elevational variation (right). Records from
Parque Nacional das Emas are represented by a single locality to aid visualization. The area within the dotted line corresponds to the species current range polygon
according to IUCN. Protected areas are from the World Database on Protected Areas (IUCN & UNEP-WCMC, 2015).
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Table 1
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Number of individuals of Philodryas livida reported for each locality and each decade.

Locality 1920 1930 1950

1960

1970 1980 1990 2000 2010

Corumba 1

Miranda 2

Sao Carlos 3

Itatinga 1

Itirapina 2

Avaré 1
Agudos 1
Fazenda Santa Barbara*

Brotas

Campo Grande

Lengois Paulista

Sao Manuel

Limeira

Mineiros

Santa Barbara/PY**

Total 3 6 2 0

e e

" denotes a record which has been erroneously perpetuated in scientific literature.

" refers to a locality in Paraguay, the only record outside of Brazil. The original reported location is “Fazenda Santa Barbara” with no details on municipality or state
but several papers have wrongfully attributed this record to “Aguas de Santa Barbara, state of Sao Paulo”. This is another potentially pervasive consequence of his-

torical records, as often their exact location is less accurate or uncertain.

Table 2

Extent of occurrence (EOO) and Area of Habitat (AoH, sensu Brooks et al., 2019)
of Philodryas livida in square kilometers (km?) in two different scenarios (see
main text for details). The EOOs and AoH are illustrated in Fig. 2 and Fig. 3 for
the progressive and regressive approaches, respectively.

Progressive approach Regressive approach

Dataset EOO AoH Dataset EOO AoH EOO %
1920-1930 60,445 309 Full 392,075 2,295 100.0
1920-1950 61,422 326 1930-2010 310,352 2,109 79.2
1920-1970 72,918 377 1950-2010 300,246 2,077 76.6
1920-1990 215,901 1,439 1970-2010 292,768 2,060 74.7
1920-2000 230,724 1,693 1990-2010 270,927 1,978 69.1
Full 392,075 2,295 2000-2010 22,350 539 5.7
1920 - 1930

et al., 2020). We recorded 795 dated occurrences of P. patagoniensis in
the same time period as reported for P. livida (out of 1594 total occur-
rences; 165 from the herpetological collection of the Instituto Butantan
and 630 from GBIF), with 115 records (14.5% of total records) within
the range of P. livida (Supp. Mat. 4). Similarly to P. livida, the progressive
approach also shows a steady increase in species range size over time.
Our regressive approach showed a constant decrease in range size only
when regarding collection records after the 1960s. When considering
only points from the last 30 years, there was a decrease of 66.3% of EOO
(Supp. Mat. 4).

In our review we found three snake surveys in previously recorded
localities of P. livida, but all failed to record the species. The elapsed time
between the last vouchered individual of the species and surveys in these
localities ranged from 12 years in Itirapina (Sao Paulo, Brazil) to 83
years in Corumba (Mato Grosso do Sul, Brazil). The total sampling effort
was 544 days among studies (average of 181.3 + 231.5 days), consisting

1920 - 2010

1920 - 1970

=7 A

1920 - 2000
=
AR

s N, Decade

-
1920 1990

@\ o [ ] (4]
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Number of new records
(zws) 003

’ 16405
2
200 km /
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Fig. 2. Progressive approach showing how Philodryas livida’s EOO evolved over time by iteratively adding localities from subsequent decades. The graph (left) shows

how many new records were reported and the corresponding increase in EOO.
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Records of P. livida
® Before 1990
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[ Cerrado
T2 EOO
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0 10 20km
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Fig. 3. EOO and AoH of P. livida with records prior to and after 1990, with insets showing remaining areas of continuous suitable habitat (top right; Parque Nacional
das Emas, Goids state, Brazil) and areas under strong land-use change (bottom right; Sao Paulo state, Brazil).

of active search, search by car and pitfall traps, detecting P. aestiva,
P. olfersii and P. patagoniensis. We also found nine snake surveys within
the P. livida buffered MCP, most within or near protected areas, and with
an average duration of 8.7 (+6.9) months. The total sampling effort was
299 days (average of 42.7 + 38.8 days), employing active search and
pitfall traps. All these surveys also failed to detect P. livida but five of
them detected other species of the genus Philodryas: P. agassizi (n = 1),
P. mattogrossensis (n = 2), P. nattereri (n = 2), P. olfersii (n = 3) and
P. patagoniensis (n = 1).

4. Discussion

Understanding and measuring ranges is of paramount relevance for
biodiversity science and conservation assessments (Mace et al., 2008;
Rattis, Dobrovolski, Talebi, & Loyola, 2018). Indeed, 83% of the cate-
gorizations of threatened snakes in the IUCN Red List (version 2021.1,
IUCN 2021) use the criterion B, which includes subcriteria based on
thresholds of range size (IUCN, 2012). Our results show that historical
records of an elusive species help to understand how distribution
changed over time in a highly dynamic and altered landscape. However,
this may lead to inadequate conservation assessments if all records (both
historical and recent) are considered as evidence of species occurrence.
Therefore, instead of carelessly using these records or fully disregarding
them, they should be used with caution in appropriate data-informed
contexts. Here we assess how the use of historical records can mislead
the extinction risk assessment of a species if changes in land-use and
suitable habitat are not considered.

Our results indicate that the distribution of P. livida was possibly
naturally disjunct and has likely changed in recent decades, resulting in
an even more rarefied and dicontinuous range over time. This leads to
substantial decreases of EOO, AOO and AoH if only the last three de-
cades are considered. Indeed, it is estimated that habitat loss of 44%
within its original range may have led to a population decline of 30%
(Scott et al., 2020), another important aspect of a species conservation

assessment, albeit not evaluated in this work. Furthermore, the IUCN’s
most recent extinction risk assessment for the species (Scott et al., 2020),
is based on a continuous hand-drawn polygon which corresponds to an
EOO 0f 410,216 kmz, which is 18.141 km? (4.62 %) larger than our most
conservative estimate (progressive approach, Fig. 1) and 387,866 km?
(1735.42 %) larger than our regressive approach. The AoH calculated
with the IUCN’s polygon was only 5% larger than our estimate, which
validates our method of using the EOO to delimit the AoH with the
added benefit of allowing to compare different timeframes. Although
P. livida may have had a large range originally, it may be a rare species in
two other aspects of rarity: it is specialized in an increasingly rare
habitat (Cerrado grasslands) and may occur in low abundances (cf.
Rabinowitz, 1981), at least in some localities (e. g. Reserva Natural
Laguna Blanca). If this is the case, the sampling effort needed to detect it
might be higher than that reported here for the recent studies carried out
in areas where the species was previously found. However, if the
opposite is true, it may have disappeared from most of its original range.
Overall, the species has not been recorded in Brazil since the 1997-2001
survey by Valdujo et al. (2009), with its most recent records coming
from a highly protected area of pristine Cerrado habitat in Paraguay,
where it took over 55 months of sampling to find two individuals (Smith
et al., 2016), supporting the idea that P. livida may be naturally rare. By
contrast, other species of the genus Philodryas have been recorded in its
range in the same timeframe while sharing some of its ecological attri-
butes such as relatively large body size and diurnal, non-fossorial ac-
tivity (Feldman, Sabath, Pyron, Mayrose, & Meiri, 2016; Fiorillo, Maciel,
& Martins, 2021), although none of these species were found in large
numbers (1-3 individuals). Conversely, in Parque Nacional das Emas — a
large preserved protected area dominated by extensive Cerrado grass-
lands - P. livida had more than twice the abundance of other Philodryas
species, which would indicate that this species might have high abun-
dances and/or be easily detected in areas with suitable habitat (Valdujo
et al., 2009). Instead, we may interpret its relative rarity in collections
not only as a result of its local rarity/elusiveness in suitable sites, but
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also due to the patchy, disjunct nature of its typical habitat, Cerrado
natural grasslands, coupled by the fact that these upland, flat, discon-
tinuous Cerrado grasslands are exactly the first habitat type to be con-
verted to monocultures, as they provide extremely favourable
conditions for mechanized agriculture (deep, well drained, flat plateaus,
see discussions in Klink & Moreira, 2002. Yet, it is likely that populations
of this species are declining, due to its pattern of wide but sparse current
distribution which may reflect extinction processes along much of its
range (Wilson, Thomas, Fox, Roy, & Kunin, 2004).

Records of P. livida from the last 30 years have come exclusively from
within or around protected areas, even though less than 1% of this
species’ range falls within conservation areas (Scott et al., 2020). This
may represent a spatial sampling bias because many snake inventories
have been extensively conducted in protected areas. This highlights the
importance of evaluating new sites for creating new protected areas,
especially in the southern Cerrado savannas (Resende et al., 2021),
considering that only 6.5% of native Cerrado vegetation is represented
within protected areas (Francoso et al., 2015) and that the southern
portion of the Cerrado is historically the most affected by land-use
conversion (Strassburg et al., 2017). On the other hand, many older
distribution records of Brazilian snakes come from third-party collabo-
rators such as local residents and landowners, who used to send snakes
to the Butantan Institute and other antivenom producing institutes by
railway (Fernandes & Chaves, 2014), resulting in less detailed locality
information. Indeed, most records of P. livida are from the 1970 s,
coinciding with the implementation of the “Pré-Alcool” program, which
aimed to increase Brazil’s internal production of sugarcane-based
ethanol fuel (Rosillo-Calle & Cortez, 1998). This program extensively
modified the species habitat but may have increased chance encounters
of snakes, but leading to more than tenfold the number of reported in-
dividuals of other Philodryas species compared to P. livida. As As threat
assessments based on IUCN criteria often use range size thresholds
(under the widely used criterion B), overestimating a species range size
by incorporating historical records not supported by recent data not only
precludes our ability to assess its actual threat status, but also negatively
impacts our efforts to analyze its distribution within an adequate
framework of prioritization. For instance, depending on what timeframe
we use on the GeoCAT automated assessment, P. livida may be consid-
ered “Least Concern” or “Critically Endangered” using the EOO or “Near
Threatened” to “Critically Endangered” using the AOO. Finally, the
proximate cause of not taking into account historical distributional data
is the fact that researchers generally do not have access to accurate date
of collection of most records for many species, especially in large
comprehensive distributions summaries (e. g., Nogueira et al., 2019; but
see Serrano et al., 2020), and even in online based distribution records
(e. g. only 49.8% of P. patagoniensis records were dated in GBIF).

It is about time to look into species distributions regarding short-
term changes in their ranges without necessarily disregarding the rele-
vance of historical records to understand historical patterns derived
from geological time frames. These two pieces of information reflect
different landscape processes and thus should be used in different con-
texts, which requires clear directives of which records should be used
and in which approach. Information on habitat change and likely extinct
populations can also be considered in novel approaches such as the
Species Threat Abatement and Restoration” (STAR) metric, which
evaluates the potential benefit of actions that aim to reduce threats and
restore habitat for threatened species such as P. livida (Mair et al., 2021).
We encourage researchers and conservation practitioners to adopt and
stimulate among peers the habit of disclosing the detailed collection
date of as many species distribution records as possible, especially in
geographical distribution summaries (e. g., Serrano et al., 2020). This
might increase our capacity of discussing a species conservation status
while incorporating the factors involved in the decision of considering a
species absent from a given historical occurrence site, as well as
considering the opinion of specialists on how different taxa are expected
to be recorded.

Journal for Nature Conservation 72 (2023) 126350

We argue that a first step to better assess the contribution of his-
torical records is to have access to the precise date of collection of dis-
tribution records. This should be followed by an expert evaluation of
what in fact should be considered “historical” in a species or group
specific context and how these records have been impacted by land-use
changes that may reduce or lead to the disappearance of suitable habitat.
For example, an old record from a remote area in Amazonia, where most
of the original habitat remains intact, can still be considered valid. In
contrast, records from areas that have suffered intense land use change
may no longer be valid for calculating current EOO in threat assessments
(as in this study). This detailed information and expert knowledge can
then be incorporated into IUCN’s standard methodology of classifying
parts of a species range as ‘Possibly Extinct’ and to better evaluate the
conservation status of the species. We also highlight the importance of
thorough identification by taxon specialists, of depositing vouchers in
scientific collections and especially of making this information public
and widely available to use, in order to better understand how species
ranges, in particular rare and/or elusive ones, might change over time.
None of this can be achieved unless a considerable change of perspective
is considered for both authors and journals dedicated to publishing, for
example, distribution summaries. It is necessary to provide at least the
basic information that compose a species distribution records: “What,
Where and When” (Isaac & Pocock, 2015; Gaul et al., 2020) and to
stimulate the publication of checklists even if they are derived from
short-term, non-hypothesis driven studies, and especially when they are
supported by vouchers deposited in public collections. These changes in
the way we deal with distribution records and their use in conservation
will help to reduce the Wallacean Shortfall, and result in more accurate
threat assessments in an age of rampant biodiversity crisis.
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