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OPINION'

A safe place for amphibians? A cautionary tale on the taxonomy and
conservation of frogs, caecilians, and salamanders in the Brazilian Amazonia

Is the Brazilian Amazonia a safe place for amphibians?
Or is the occurrence of threatened species in the region greatly
underestimated?

Talks on Amazonian biodiversity have become stagnated
and predictable: “the Amazonia is a megadiverse biome and
must be preserved before species become extinct... (large num-
ber of citations)”. Although the statement is most certainly true,
we should analyze it in more detail, taking into account our
present taxonomic knowledge regarding extant amphibians.
There are around 6638 described amphibian species in the World
— 5858 anurans, 597 caudata, 183 caecilians (Frost 2010, last
updated April 2010) — and these numbers are certainly already
out of date as you are reading this. The rate of species descrip-
tion worldwide, especially in the tropics, is astonishing for most
non-large mammal vertebrate groups (e.g. more than 200 new
amphibian species were described in Zootaxa alone, from 2001
to October 2009; http://www.mapress.com/zootaxa/support/
Statistics.htm). Certainly, many more new taxa still await dis-
covery and/or description. Sometimes the discovered species
are not even cryptic! They are strikingly distinct and easily di-
agnosable; all we need is to find them, whether in the field or
in old jars sitting in museum shelves, and then put some extra
effort into understanding and describing this diversity.

Restricting the essay to the Brazilian Amazonia, Azevepo-
Ramos & Garart (2002) mentioned a minimum of 163 amphib-
ians with records in the region. They did, however, state that
those numbers were underestimated, a fact confirmed later by
AviLa-Pires et al. (2007) who mentioned 230 species (consider-
ing only entries up to March 2005). Discovery of new amphib-
ian species in the region is not a rare fact (Hever 2005, Hever &
CroMmBIE 2005, PeLoso & Sturaro 2008, HEINICKE et al. 2009, MACIEL
et al. 2009, SimoEs et al. 2010). Recently, even a new family of
frogs was described from the Guiana in Venezuela, Brazil, and
Guyana (Hemicke et al. 2009). For this, I am sure Azevepo-Ramos
& Garatt (2002) were correct in assuming their position on
the underestimation of amphibian diversity. I further add that
the numbers from AviLa-Pires et al. (2007) are also likely an
underestimation. But how is this relevant? Simple: effective
conservation strategies, on a specific level, are difficult to plan
if information is unavailable on how many species there are,
and more important, what are the ranges, distributions and

ecological needs of these species (Azevepo-Ramos & Garari 2002,
Dusors 2003, Brito 2004). This is where taxonomy plays an
important role (Brito 2004) and where patience is a key factor,
as correct species identification is critical in all stages of bio-
logical inventories.

Decision makers (politicians, “conservation biologists”,
and members of profit and non-profit conservation linked com-
panies) usually pressure field biologists to compile detailed spe-
cies lists in a short amount of time, commonly for poorly
sampled areas. This pressure then is put on taxonomists for
scientific names and classification of the collected taxa. Fre-
quently, they need this information rather quickly. Taxonomy,
however, is not a science that can be learned overnight and, in
some cases, if not in most, a reliable identification to species
level can only be achieved by an experienced specialist and
may take a large amount of effort and time (Dusois 2003). The
low number of specialists versus the high demand leads to less
accurate identifications, which in turn can ignite a snowball
effect. Non-specialist identifications, or even “hurried identifi-
cation” by specialists, accumulate errors of many kinds over
time (Dusois 2000, 2003).

Ultimately a misidentified specimen turns into incor-
rect information in online databases, which are heavily re-
lied upon by end-users of such products. Sometimes, the end-
users irresponsibly do not take the time to check and confirm
the veracity of the data they are using. Museum database
records are, among several other applications, commonly used
in biodiversity assessment (Kaiser 1999) and in modeling spe-
cies distributions (e.g. STockweLL & PeTERsON 2001, FERNANDEZ et
al. 2009), which, in turn, are used by “conservation biolo-
gists” to extrapolate distribution patterns and trends (Scotr et
al. 2002, GiovaneLLl et al. 2007). It is indeed of great impor-
tance that museum data is made public, but, at the same time,
an extra amount of care should be taken when using museum
online data to conduct evaluations, especially for species with
limited data or for which taxonomy is complicated or unre-
solved (Pares & Gausert 2007). Furthermore, distribution mod-
els may be an important tool to predict species distributions
but it is crucial that the next step is implemented, which is
actually looking for the species where models predict their
occurrence.
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Threatened amphibian species in the Brazilian
Amazonia

No amphibian from the Amazon biome was included in
the official Brazilian list of species threatened with extinction
(Funpacao Biopiversitas 2005). Numbers differ slightly from the
Global Amphibian Assessment (GAA) list (Sivano & SeGaLra
2005), where three Amazonian species with records in Brazil
were included: Atelopus spumarius Cope, 1971, Hemiphractus
johnsoni (Noble, 1917), and Oreophrynella quelchii Boulenger,
1895. This is a shockingly low number, considering the high
diversity found in the region. However, let’s have a closer look
on these three species listed by (Sivano & Secarra 2005).

Atelopus spumarius — this species has a confusing taxonomic
history. Several associated taxa were described along the Ama-
zon basin (e.g. A. s. andinus Rivero, 1968 from southern Peru, A.
barbotini Lescure, 1981 from French Guiana, and A. s. hoogmoedi
Lescure, 1974 “1973” from the Guiana Shield). Some of those
taxa were recognized as full species, subspecies or synonyms at
some point in time (see Noonan & Gaucter 2005 for details).

Recent consensus is that A. hoogmoedi should be treated as
a full species (LoTTers et al. 2005, NooNan & GauctEr 2005) and an
implication of this is that there are actually two species of Atelopus
Duméril & Bibron, 1841 threatened with extinction in Brazil (A.
hoogmoedi and A. spumarius). I assume that if A. “spumarius” was
correctly listed as threatened it seems logic to include both A.
spumarius and A. hoogmoedi in the list because they each repre-
sent one fraction of the range of the broader A. “spumarius”.
However, for an unknown reason, these new taxonomic arrange-
ments do not appear in recent (and up to date) compilations of
species lists such as the AmphibiaWeb online database
(AmrHBIAWEB 2010) and the List of Amphibians from Brazil, pub-
lished by the Brazilian Society of Herpetology (SBH 2010).

So are those species really threatened? Given the reason-
ably wide range of both species one would expect not. However,
the range, in this case is misleading, since both species have
apparently patchy distributions (Luger et al. 2008). The GAA
assessors have listed A. spumarius as Vulnerable due to a “pro-
jected decline... inferred from declines on other high altitude
Atelopus species... probably due to chytridiomycosis (my em-
phasis)” (Azevepo-Ramos et al. 2004). With the lack of actual evi-
dence, this justification given by Azevepo-Ramos et al. (2004) is
invalid. There is no evidence of chytridiomycosis (infection by
Batrachochytrium dendrobatidis) in either A. spumarius or A.
hoogmoedi (Azevepo-Ramos et al. 2004, Luctr et al. 2008) and as
reminded by Azevepo-Ramos et al. (2004), the species “...occurs
below the altitude at which chytridiomycosis is normally a prob-
lem”. Then, what is the reason to put it in the red list? The only
other argument would then be habitat loss (A. spumarius was
listed under criteria A3c; “population size reduction of =30%,
projected or suspected to be met within the next 10 years... based
on a decline in area of occupancy, extent of occurrence and/or
quality of habitat”. This is highly speculative and many other
species could be then included in this category based on the
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same arguments. Current evidence therefore points against plac-
ing A. spumarius and A. hoogmoedi in the red list, but evidence
may be interpreted in different ways with a direct influence from
the interpreters (MaLoNey 2007). A. hoogmoedi seems to be in a
better situation than A. spumarius, since there is a greater amount
of intact forests in the Guiana Shield, where the species is dis-
tributed, than in other parts of Amazonia (Huser & Foster 2003).

The truth is that the unstable taxonomy of A. “spumarius”
is an impediment for an accurate assessment of the species
conservation status in Brazil. We need to urgently determine
which of the known records refer to each species and only then
extrapolate these data for secondary interpretations. Unfortu-
nately, this may not be an easy task if we use conventional
ways like checking the identification of museum records. Since
both species look alike, a simple check of museum records might
not be sufficient. Field work and an integrative taxonomy ap-
proach (e.g. genomics, bioacoustics) are needed.

Hemiphractus johnsoni (Noble, 1917) and Oreophrynella
quelchii Boulenger, 1895 - the inclusion of these two species in
the GAA threatened species lists is more easily justifiable than
that of Atelopus. Both species have considerably limited distri-
butions: H. johnsoni is known from just a few localities in west-
ern Amazonia (SHei. & MenDpELsoN 2001) and O. quelchii is re-
stricted to the Mount Roraima Region and the record for Brazil
is from Wei-Assipu-tepui on Guyana-Brazil border (SExaris &
MacCurrocH 2005).

However, another important issue arises. Hemiphractus
johnsohni actually has not been recorded in Brazil. Its presence
in the country was based on a population from Parque Nacional
da Serra do Divisor (PNSD) reported in a, then unpublished,
PhD thesis (Souza 2003). This misled the GAA evaluators (CAsTRO
et al. 2004) to consider the species to occur in Brazil. Sitvano &
SeGaLLA (2005) listed H. johnsohni as one of three threatened
species in the Brazilian Amazonia. At the time Souza (2003)
was unaware of the description of H. helioi Sheil & Mendenson,
2001 from Ecuador and Peru two years prior to his work (SHEIL
& MEenpELson 2001). However, Souza recently published the re-
sults of his PhD thesis in a book (Souza 2009) and corrected the
identification of the Hemiphactus Wagler, 1828 population from
PNSD to H. helioi. There are indeed no records of H. johnsoni to
the state of Acre (M.Souza and P.S. Bernarde, pers. comm.). Thus,
there are no confirmed records of H. johnsohni in Brazil. Here
we have yet another example of misidentification with impor-
tant conservation implications. H.helioi is listed as Least Con-
cern in the GAA (IcocHka et al. 2004). The Global Amphibian
Assessment threat status for many species is going through a
revision (A. Angulo, pers. comm.), and hopefully this new in-
formation on Atelopus and Hemiphractus is updated.

Non-frog amphibians

If reliable information is critical for frogs, what to say
about Caudata (salamanders) and Gymnophiona (caecilias)?
Even with the increasing number of publications of amphib-
ian systematics in Brazil, salamanders and to a lesser degree
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caecilians have been neglected. I will therefore briefly com-
ment on the current status and trends in taxonomy and con-
servation implications for both groups.

Caudata

Officially only one species of salamander is recognized
to occur in Brazil, Bolitoglossa paraensis (Unterstein, 1930), but
unfortunately the group has not received the attention it de-
serves by Brazilian researchers. AviLa-Pires et al. (2007) men-
tioned a second, undescribed, species from western Amazonia.

The taxonomy of Brazilian Bolitoglossa Bibron & Duméril,
1854 was briefly assessed by MirRaNDA-RiBEIRO (1937), BRAME & WAKE
(1963) and PArrA-OLea et al. (2004). The later taxonomic action
was the revalidation of Bolitoglossa paraensis for the species oc-
curring in Brazil (Parra-OLEa et al. 2004). However it is worth
noting that, based solely on molecular data, PArrA-OLEA et al.
(2004) stated that B. paraensis, as recognized by them, “should
be considered a species complex in need of a detailed study”. In
fact they erected the name based on specimens from western
Amazonia (Acre and Amazonas), but the type-locality of B.
paraensis is Santa Isabel do Par4, a locality further east (over 1000
km) from the samples analyzed by Parra-OLEa et al. (2204). Based
on their own findings (“large divergence found among the three
sequences”) applying the name B. paraensis for the populations
treated by Parra-OLEa et al. (2004) was incorrect. In fact, the whole
taxonomy of Brazilian Bolitoglossa needs to be reevaluated (a
revisionary study of Brazilian Bolitoglossa is currently underway,
S. Neckel-Oliveira, pers. comm.).

Again, taxonomic instability made the GAA (2004) list
Bolitoglossa altamazonica (Cope, 1874) as the species occurring
in Brazil and neglect the occurrence of B. paraensis in the coun-
try. Although B. paraensis was included in the list of threatened
species of Pard (as vulnerable), it is unlikely that the species is
declining for any reason other than habitat destruction.
Bolitoglossa specimen have been found in several sites along the
region of Belém (EsturiNAn 2007: fig. 3) and more recently in the
state of Amapa as well as in the municipalities of Braganca,
Ourem, Juruti and Itaituba in the state of Pard (specimens from
Juruti may represent a new undescribed species, M.S. Hoogmoed,
pers. comm.), indicating a possible wider distribution of the ge-
nus in the state. Whether all those records represent a single
widespread species remains to be adequately verified. It seems
the species can tolerate a certain degree of habitat disturbance
(Crump 1997, EsturiNan 2007), which suggests a positive future.
Gymnophiona

Secretive habits (they usually live in the water or buried
in the ground or in rotten trees) of caecilians make them diffi-
cult to find and collect, demanding a special and directional
sampling effort. The Gymnophiona is, for that matter, prob-
ably one of the most poorly known groups of amphibians
(Gower & WiLkinsoN 2005). Data on distribution and ecology is
lacking for most species and the relative rarity of specimens in
collections has considerably held back advances in basic taxo-

nomic knowledge of these intriguing animals (Gower &
WiLkiNsoN 2005, MacieL et al. 2009). According to MacIeL et al.
(2009), few contributions to the taxonomy of Neotropical
Gymnophiona have been made since the monographic work
by Tavior (1968), and the discovery of new species has been
sporadic. On the upside, a revisionary work on the Gymno-
phiona of the Brazilian Amazonia was just finished by A.O.
Maciel and M.S. Hoogmoed (MPEG) as the master thesis of the
former under the advice of the latter. An initial result from
their work was the recent description of a second species of the
previously monotypic genus Brasilotyphlus Taylor, 1968 (MacIEL
etal. 2009). Publication of Maciel and Hoogmoed's results hope-
fully stimulates further research projects on Gymnophiona.
Their data might also be used by redlist evaluators for the re-
evaluation of the conservation status of some species.

Threats

Many factors have been reported as threats to the survival
of amphibian species. Habitat loss and fragmentation are cer-
tainly the main factors threatening biodiversity worldwide and
this is no different for Brazilian amphibians (Young et al. 2001,
Sivano & SecaLra 2005, Becker et al. 2007). Forest logging, min-
ing, agriculture, dam building, artificial lakes, roads, industrial
development, and tourism development are just a few examples
of how frog habitats might be destroyed or at least highly com-
promised. Other than habitat loss and fragmentation, factors
such as introduction of alien species (Kats & Ferrer 2003), cli-
mate shifts (Pounps et al. 2006, Livs et al. 2008), agrochemicals
contamination (Reryea 2005, Pounos et al. 2006) and diseases (Lips
et al. 2008) also seem to be important threats to the health of
amphibian populations. Perhaps the most important disease
affecting amphibian populations worldwide is the chytri-
diomycosis caused by the fungus Batrachochytrium dendrobatidis
Longcore, Pessier & Nichols, 1999 (Bd). The fungus reportedly
increases mortality rates in some infected populations (BErGEr et
al. 1998) ultimately leading to mass population declines and
extinctions (MEeNDELSON et al. 2005, La Marca et al. 2005). Although
reports of Bd existed for South America (RoN & MERINO-VITERI
2000, Sivano & SeGarLa (2005) mentioned that no cases of infec-
tion by Bd were known for Brazil at the time of their report.
However, since their report, several cases of infection by Bd were
reported in the Atlantic Rainforest (CarnavaL et al. 2006, ToLEDO
et al. 2006). The fungus has not yet been reported from the Bra-
zilian Amazonia, but a thorough search for it has also not been
done. Note, however, that the major portion of the Brazilian
Amazonia is below the altitudes at which Bd become dangerous
(McDonaLp & ALrorp 1999). Atelopus species are apparently highly
susceptible to Bb infection (La Marca et al. 2005, Lies et al. 2008)
especially at mid to high elevations. Monitoring the status of
the Atelopus populations from the Brazilian Amazonia is neces-
sary (Luctr et al. 2008). Unfortunately, no monitoring at all is
being done on the species in the Brazilian territory... yet an-
other lost opportunity.
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Least concern does not necessarily mean no concern?

Two of the “threat level categories” in the GAA and other
threatened species lists are Data Deficient (DD) and the Least
Concern (LC). The DD species are literally species for which data
is unavailable for rigorous assessments of their status. Accord-
ing to IUCN (2001) a “taxon is Least Concern when it has been
evaluated against the criteria and does not qualify for Critically
Endangered, Endangered, Vulnerable or Near Threatened. Wide-
spread and abundant taxa are included in this category” (my em-
phasis). A complete discussion of all Least Concern species would
be too extensive and beyond the objective of this essay, so the
cautionary advice here is not to treat widespread and abundant
taxa as Least Concern without a detailed examination of their
taxonomy and ecological needs. Allobates brunneus (Cope, 1887)
is a good example. The species was once thought to be wide-
spread but taxonomic reevaluations showed it to represent a
complex of species (Sivano et al. 2004). Populations from Ven-
ezuela have been recognized as distinct species (La Marca et al.
2004a) while Morates (2000) restricted the distribution of the
species to lowlands south of the Amazon river in the basins of
the Madeira, Tapajoés and Xingu rivers. Lima et al. (2009) re-
described A. brunneus from the vicinities of the type locality and
briefly mentioned that the species has not been found in several
sites near the type locality in Chapada dos Guimardes. Given
existing reports of declines in populations of Allobates in other
regions of Brazil (IzecksonN & CarvALHO-E-SiLvA 2001, GASPARINI et
al. 2007) we should at least turn on the yellow light for the
conservation status of A. brunneus.

What about the Leptodactylus of the marmoratus group?
Two species are considered widespread in the Amazon (L.
andreae Miller, 1923 and L. hylaedactylus (Cope, 1868) but it is
widely known that both represent complexes of species (ANGULO
& ReicHLE 2008, A. Angulo pers. comm. in La Marca et al 2004b,
c). Are all known, but undescribed, species in the complexes
also of Least Concern? Are those really widespread entities? In
this case, the poor taxonomic knowledge prevent us from ad-
equately answering that question. The bad news is that it may
take a while for the taxonomy of L. andreae and L. hylaedactylus
complexes to get at least fairly understood.

What could and what should be done

I see two steps towards a better comprehension of herpeto-
fauna diversity in Amazonia and ultimately the elaboration of
efficient conservation plans for threatened and rare species.

The first step is to study geographic and population varia-
tion within postulated species in a denser degree, and also in-
corporate additional techniques for species delimitation and

consequent recognition. In the specific case of amphibians, re-
fined morphological, bioacoustic and molecular studies have
increased accuracy of prediction of species limits but these tools
(especially bioacoustics and genomics) are still underused and
should be incorporated in a much greater scale in taxonomic
studies in the Amazon. Many “widespread” taxa have proven to
be species complexes through the use of “integrative taxonomy”
— examples in Allobates (Lima & CarpweLL 2001, Liva et al. 2009,
SmmoOEs et al. 2010), Atelopus (NoonaN & GaucHer 200S5),
Leptodactylus of the marmoratus group (ANGuro et al. 2003, ANGULO
& ReicHLE 2008), and Pristimantis fenestratus (PapiaL & DE 1A Riva
2009). Morphology alone has also proven to still be an effective
tool for recognition of amphibian diversity in Amazonian
Chiasmocleis (PeLoso & STuraro 2008, pers. obs.), Leptodactylus of
the pentadactylus group (Heyer 2005).

The second step is to send well trained herpetologists to
the field to collect specimens and associated data (tissue
samples, behavior, reproductive data, and advertisement call),
especially in subsampled or unsampled areas. Then get those
collected specimens and data in the hands of trained herpetol-
ogy taxonomists.

To achieve those goals, a great deal of investment is
needed, both in biodiversity inventories, and in the continued
formation of taxonomists and field biologists. Fortunately for
Brazil, we are one of the leading countries in the science of
taxonomy/systematics (Carvarno et al. 2008, MicHAN L. & J.
LrorenTE-Bousquets 2010).

Other good news is that initiatives for development of such
basic sciences such as taxonomy and biodiversity research in
Brazilian Amazonia received some attention during the last de-
cade. One fair example is the Programa de Pesquisa em
Biodiversidade (PPBio), created in 2004 by the Brazilian Minis-
try of Science and Technology. With the two major scientific
institutions of Brazilian Amazonia [Museu Paraense Emilio Goeldi
(MPEG), in Belém, Parad and Instituto Nacional de Pesquisas da
Amazonia (INPA), in Manaus, Amazonas] directly involved, the
PPBio funds provided critical infrastructure modernization for
participating institutions, structured and long term biodiversity
inventories, and fellowships for students and technicians at all
levels, both in ecology and in systematic works. Regarding ex-
clusively amphibians, published products of such initiatives in-
clude inventories of the frogs from Reserva Adolpho Ducke,
Amazonas (Lima et al. 2006) and a new species of narrow mouthed
frog discovered in Caxiuana (PrLoso & Sturaro 2008). Several
master and doctoral thesis have been developed with PPBio re-
search funds and within PPBio research sites. Further contribu-
tions can be expected in the near future as the program contin-

2 After this paper was accepted for publication | had access to a publication by AncuLo & IcocHea (2010) where they describe a new

species of the Leptodactylus marmoratus group and provide a lengthy discussion on the conservation implication for species complexes.
Although put in a slightly different way, | generally agree with the ideas by Angulo and Icochea and encourage reading of the paper for

a detailed practical example of what | breafly treat in this section.
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ues and expands. Hopefully more initiatives similar to PPBio will
be implemented and those already existing will be perpetuated.

Answering the main question, of whether the Brazilian
Amazonia is a safe place for amphibians, the very truth is that
we do not know. We cannot access the true status of conserva-
tion of the amphibian biota in Amazonia with our current taxo-
nomic and biogeographic knowledge for this mysterious, yet
fascinating, region.
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