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Letter to the Editor:

The (integrative) taxonomy driving conservation of cryptic species: an example of 
Neotropical Myotis

Taxonomy is a discipline in biology responsible for describing, classifying, and naming organisms, as well as postulating 
hypotheses about the evolutionary relationships between taxa (Tancoigne et al. 2011).  Taxonomic studies have profound 
implications in several areas of biology, such as ecology, evolution, genetics, epidemiology, and zoonotic surveillance, as 
well as directly influencing public policies focused on health and the environment (Cracraft 2002; Pearson et al. 2011; Cook 
et al. 2020).  However, for decades, taxonomy has experienced a global crisis, which is largely related to the lack of large 
investments compared to other fields of biology (Buyck 1999; Godfray 2002; Drew 2011; Pearson et al. 2011). 

The economic devaluation of taxonomy has created a cyclical problem, causing an abrupt reduction in the formation 
of new taxonomists over the past decades (Buyck 1999; Joppa et al. 2011; Drew 2011; Bacher 2012; Boubli et al. 2012).  Con-
sequently, (i) there are fewer citations from taxonomic studies, an index that is used to measure researcher productivity in 
many institutions; and (ii) self-citations are more frequent among taxonomy-specialized journals, which has resulted in a 
lower impact factor when compared to those in other areas (Zeppelini et al. 2020).  This scenario can influence the choice 
of projects to be financed, feeding the cycle of disinterest and marginality of taxonomy in the biological sciences.

Knowing the real diversity of organisms on our planet is essential for the sustainable use of natural resources and 
the management and conservation of species (May 1988).  Anthropogenic activities are transforming the Earth's surface, 
changing the composition of the atmosphere, and altering the climate, all of which are pointed out as important causes of 
biodiversity loss (Butchart et al. 2010).  The decline in species richness has been documented for different taxa around the 
world (Pimm et al. 1995; Li et al. 2006; Spooner et al. 2018).  The current species extinction rate is 100 to 1,000 times higher 
than the background extinction rate, with the highest species loss average in the last 65 million years, giving rise to the 
sixth mass extinction event on Earth (Pimm et al. 1995; Ceballos et al. 2015, 2017).  It is estimated that a large part of these 
extinctions is represented by species still unknown to science since less than 25 % of the estimated biological diversity of 
eukaryotes has been formally described (Mora et al. 2011; Costello et al. 2013), putting taxonomic studies at the forefront 
of the biological sciences.  In addition, taxonomic imprecision can generate bias in the management and conservation of 
Earth's biological heritage (Morrison et al. 2009; Gutiérrez and Helgen 2013).

Taxonomic studies often include hundreds or thousands of museum specimens and can, in addition to defining the 
real range of distribution, provide information on the natural and demographic history of species, which is essential for the 
management and conservation of biodiversity.  The challenge is that many of the organisms that have yet to be described 
are within the gray zone, which is composed of phenotypically identical species, although they represent independent 
evolutionary lineages (Roux et al. 2016).  A solid example of the importance of taxonomy for the conservation of cryptic 
taxa was revealed by the recent taxonomic revisions of the neotropical bats of the genus Myotis, which have revealed a 
high diversity of species, many endemic and with geographic distributions restricted to habitats severely impacted by 
modern human action (e. g., Moratelli et al. 2011, 2013, 2016, 2017; Novaes et al. 2021a, b, c, 2022a, b).

Myotis is the most speciose bat genus, with more than 140 living species distributed in all ecoregions of the Earth, except 
for the polar icecaps (Moratelli et al. 2019a).  In the Neotropics, there are ca. 35 species currently recognized, although this 
number is still under-sampled (Clare et al. 2011; Larsen et al. 2012; Novaes et al. 2022a, b, c).  A comprehensive and exhaus-
tive taxonomic review of Myotis has been conducted by our research team for over a decade, resulting in the description 
of new species and the recognition of cryptic complexes that have refined the taxonomic and geographic limits of species 
(see the list of references by R. Moratelli and R. L. M. Novaes in this letter).  Our results support a conservation status revalu-
ation for some species and may contribute to the creation of conservation plans for these taxa.

A striking example comes from Caribbean species. For more than four decades, Myotis nesopolus remained divided 
into two subspecies: M. n. nesopolus, occurring on the islands of Bonaire and Curaçao, in the Lesser Antilles; and M. n. 
larensis, occurring in semi-arid lowland habitats on mainland Venezuela (Genoways and Williams 1979; Moratelli et al. 
2019a).  However, recently we raised M. larensis to the species level using an integrative approach based on molecular and 
morphological data (Novaes et al. 2021a).  Consequently, M. nesopolus is now an endemic species of two small Caribbean 
islands, and the restriction of the species to the islands of Curaçao and Bonaire raises a strong concern about its conser-
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vation.  Solari (2016) indicates that these populations are 
under threat due to habitat loss caused by agriculture and 
urbanization that aim to meet greater tourist demand and 
human population growth.  Therefore, we suggest a review 
of the conservation status of this species, currently classi-
fied as Least Concern in the IUCN Red List of Threatened 
Species (Solari 2016).  Currently, M. nesopolus has a distribu-
tion range of 738 km2, and the occupied area is certainly 
much smaller. Moreover, populations are fragmented, with 
only two known occurrence localities, and its habitat is 
experiencing continued decline due to human activities.  
Possibly, M. nesopolus is seriously threatened with extinc-
tion, and the conditions presented above allow us to clas-
sify the species in the IUCN category ‘Endangered’ by the 
criteria B1ab(iii), following IUCN (2016).  The same rationale 
was applied for the other species of Caribbean Myotis (M. 
dominicensis, M. martiniquensis, and M. nyctor), currently 
classified as ‘Vulnerable’ due to endemism on small islands 
with progressive habitat loss (Larsen 2016a, b, c). 

The conservation status of M. attenboroughi —an 
endemic species from Tobago that was recently described 
by our research group— has, however, not been defined 
yet (Moratelli et al. 2017).  An integrative study based on 
molecular and morphological data resulted in the descrip-
tion of M. attenboroughi from individuals collected in 1981, 
which are the only known records for the species (Moratelli 
et al. 2017).  Tobago is an island of 300 km2 and experiences 
a marked change in its original vegetation cover (Maharaj 
et al. 2019).  Therefore, comparing the information available 
on this species to the conservation status and potential 
threats identified for other Caribbean congeners, it is likely 
that M. attenboroughi also faces a serious risk of extinction 
(Moratelli et al. 2017).

Additional examples emerge from South American rain-
forests.  An important focus of our studies was M. nigricans, 
a species historically considered widely distributed in the 
Neotropics, occurring from México southward to north-
ern Argentina (LaVal 1973; Wilson 2008).  However, our 
taxonomic assessments (some with integrative approach) 
revealed that M. nigricans is a species complex yet to be 
unveiled. Different populations previously included in M. 
nigricans have already been given new names and now rep-
resent full species (i. e., Moratelli and Wilson 2011; Moratelli 
et al. 2011, 2013, 2016, 2017, 2019b; Novaes et al. 2022a).  
Far beyond taxonomy, this review made an unexpected 
discovery: many of these newly identified species may be 
at risk of extinction due to habitat loss and climate change.  
This appears to be the case for M. dimimutus, M. izecksohni, 
and M. handleyi, which were treated under M. nigricans until 
recently.

The tiny and delicate species M. diminutus was described 
in 2011 from a single specimen collected in 1979 in Los 
Ríos, a locality on the western slope of the Ecuadorian 
Andes (Moratelli and Wilson 2011).  Later, a second speci-
men for the species, collected in 1959, was discovered in 
a biological collection, extending its distribution range to 

southern Colombia (Moratelli and Wilson 2014).  Although 
we have examined over seven thousand specimens of neo-
tropical Myotis deposited in over 40 biological collections 
worldwide, M. diminutus turned out to be an incredibly rare 
species, known from less than 10 specimens.  This species 
appears to be associated with the lowlands in the western 
Andes, which are part of the Tumbes-Chocó-Magdalena 
biodiversity hotspot.  The region includes moist and dry 
forests and other ecosystem formations, extending from 
the Panama Canal southward along the Pacific lowlands to 
northwestern Perú.  The area houses high levels of species 
diversity and endemism and has experienced severe habi-
tat loss in the last few decades (Myers et al. 2000; Ceballos 
and Ehrlich 2006).  The Ecuadorian moist forests, where the 
holotype of M. diminutus was collected, currently include 
a disrupted series of small fragments under continuing 
threat (Moratelli and Wilson 2011).  Given this loss of habi-
tat and the absence of M. diminutus in collections from 
recent fieldwork in Ecuador (e. g., the material in the Texas 
Tech University, Lubbock, Texas), the current conservation 
status of M. diminutus is uncertain.  The species is known 
from a few individuals collected from the 1950s to the 
1980s.  Based on this meager documentation, it is likely that 
M. diminutus is facing problems maintaining its population 
viability in the long term, which deserves a reassessment 
of its conservation status at regional and global levels.  No 
wonder Moratelli and Wilson (2014) recommend surveys in 
the Chocó ecoregion (where M. diminutus potentially still 
occurs) to try to confirm whether the species survives in 
those forest remnants.

Myotis izecksohni was described in 2011 based on speci-
mens from the Brazilian Atlantic Forest as being endemic 
to this biome, where it appears to be strongly associated 
with highlands above 900 masl (Moratelli et al. 2011).  
The species occurs in dense rainforest habitats located 
on mountain tops in southeastern South America, where 
the landscape of the Atlantic Forest is highly fragmented 
due to a historical process of land occupation for agricul-
tural activities and, more recently, due to the expansion of 
urbanization (Ribeiro et al. 2009).  The Atlantic Forest is one 
of the most threatened biomes in the world and is currently 
reduced to less than 10 % of its original forest coverage 
(Ribeiro et al. 2009).  At the northern portion of the South 
American continent is M. handleyi, described in 2013 from 
specimens that inhabit two cordilleras in northern Venezu-
ela at altitudes between 1,000 and 2,200 masl (Moratelli 
et al. 2013).  These mountains are formed by a complex 
landscape, which includes areas of deciduous dry forest in 
lower altitudes, evergreen rainforests in higher altitudes, 
and secondary areas with strong agricultural pressure and 
intense degradation of the original vegetation (Anderson 
and Gutiérrez 2009; Quiroga-Carmona and Molinari 2012). 

Despite completely different evolutionary trajecto-
ries and biogeographical contexts, what can unite M. 
izecksohni and M. handleyi towards a single destination 
is climate change.  It is widely recognized that biotic (i. e., 



www.mastozoologiamexicana.org   315

Ruiz-García  et  al.

limits based on the occupation capacity of specific habitats.  
Indeed, modern taxonomic studies have focused on delimit-
ing species as products of a unique evolutionary trajectory, 
analyzing large sets of morphological, genetic, ecological, 
bioacoustic, and behavioral data that help tell the life story 
of taxa.  These datasets can and should be considered dur-
ing risk assessments of threatened species.

Taxonomy, especially when using integrative 
approaches, can be decisive in pointing out priority locali-
ties for research and conservation actions due to the pres-
ence of endemic species and high diversity.  Also, the enor-
mous systematic knowledge that has been generated lays 
the groundwork for studies with biogeographic and demo-
graphic approaches, which are essential to assess environ-
mental threats to species and support action plans for con-
servation (Costello et al. 2015).

Considering this, the strengthening of taxonomy in the 
face of the current biodiversity crisis is imperative.  In this 
way, a stimulus for the training of new taxonomists who 
maintain an integrated view of other branches of biology 
is also essential.  Therefore, we point out here the need to 
create specific funding for taxonomic research, increasing 
the knowledge on the biological diversity on Earth and, 
consequently, determining the real conservation status of 
species in a changing world.
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