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We report ecological observations of Bolitoglossa altamazonica and B. peruviana in the Peruvian Amazon with
suggestions on their conservation. Two localities are provided for both species in one protected area, Allpahuyo-
Mishana National Reserve and in Puerto Almendra near the city of Iquitos, northern Peru. A different type of B.
altamazonica was also discovered in Allpahuyo-Mishana. It is similar to B. madeira with a reddish coloration
on the dorsal parts. Another «grey» type was also reported living between Puno and Madre de Dios departments
at higher elevations. However, all the specimens found through their range in Peru have shown colour varia-
tion which complicates species identification. New taxonomic studies are needed to confirm their status. The
Peruvian salamanders appear to be semi-arboreal species living in primary unflooded terra firme rainforests near
water bodies where humidity is high at lower elevations as previously reported (96—118 m a.s.l.). Despite most
of the Bolitoglossa species occur in protected areas, a deadly threat was recently reported in frogs (Batrachochy-
tridium dendrobatidis) that may cause loss of salamanders in Peru. For example during our field surveys we were
unable to observe B. digitigrada. New assessments are urgently needed for the protection and conservation of
Peruvian salamanders. Data on biology, ecology and environmental parameters are also lacking to really protect
their microhabitats, and to establish suitable ex situ keeping and breeding programs with the difficult perspective
of subsequent reintroduction.
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America, Urodela

The Nauta mushroomtongue salamander, Bo-
litoglossa altamazonica (Cope, 1874) is a tropical
salamander : that occurs at altitudes between 200
and 1500 m a.s.l. in primary unflooded terra firme
forest, secondary forest, and floodplain forest on
the oriental side of the Andes, from Venezuela to
central Bolivia, through Amazonian areas of Co-
lumbia, Ecuador, Peru to the extreme western of
Brazil (Brcko et al., 2013; Elmer et al., 2013; Raf-
fa€lli, 2013; AmphibiaWeb, 2018). This taxon is
considered as a species complex which shows high
levels of morphological similarity and the absence
of diagnostic characteristics within populations
(Brcko et al. 2013; Raffaélli, 2013; Wake, pers.
com.). However, according to Brcko et al. (2013),
B. altamazonica is a moderately large and slender
species that can be distinguished from all other
Neotropical salamanders species by the presence
of extensive digital webbing (with digits complete-
ly webbed), 13 costal grooves between the limbs
and the absence of a sublingual fold.

The Peru mushroomtongue salamander, Bolito-
glossa peruviana (Boulenger, 1883) is a small sala-
mander species, endemic to Peru. It is found in the
premontane and lowland rainforests within the An-
dean Piedmont, along the Amazonian slopes of San

Martin (Moyobamba) and of Loreto region, north and
east of Peru, between 200 m and 800 m a.s.l. (Raf-
faélli, 2013; Hernandez, 2016; AmphibiaWeb, 2018).
According to Raffaélli (2013), this taxon is probably
a complex of species. The snout-vent length (SVL) is
4.2 cm. The fingers and the toes are almost entirely
webbed; there are numerous teeth on the maxillary
(contrary to B. chica Brame and Wake, 1963 and B.
paraensis (Unterstein, 1930)). In the original descrip-
tion, Boulenger (1883) described the species as hav-
ing light brown dorsal parts with brown stripes of low
contrast, and light brown ventral parts while other in-
dividuals as described later by Brame & Wake (1963,
1972) and Wake & Brame (1963) were completely
black with brown stripes, having a white snout and a
large white spot between the eyes.

We report here two localities discovered
during our field work in Peru (6-8 April 2014).
Three specimens of Bolitoglossa altamazonica
were found in Puerto Almendra, Loreto region,
northern Peru (3°49'28.33"S, 73°21'31.76"W) at
96 m a.s.l. while B. peruviana and one different
morphotype of B. cf. altamazonica were found
in Allpahuayo-Mishana, Loreto region, northern
Peru (3°56'8.66"S, 73°27'23.39"W) at 118 m a.s.l.
which lies on the right bank of Rio Nanay (Fig. 1).
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Fig. 1. Localities for species of Bolitoglossa altamazonica complex discovered in the Loreto region. Orange triangle — Puerto

Almentra; blue triangle — Allpahuayo Mishana.

The locality in Puerto Almendra has disturbed pri-
mary lowland rainforests on white-sand soils mixed
with clay soils characterised by sclerophyll leaves re-
sistant to decomposition. Black-water forests are also
present. We observed both species in these particular
primary lowland forests which are characterised by
presenting a variable canopy height of about 15-30
m and where stagnant water can be found in some ar-
eas (Fig. 2A). As to the floristic composition, Malva-
ciae (Pachira brevipes (A. Robyns) W.S. Alverson),
Fabaceae and Clusiaceae are the most common tree
families there. Two adults and one juvenile were dis-
covered being active at night on a leaf of a bush at 1.2
m to 1.6 m above the ground, close to a permanent
stream in the forest (Fig. 2B, Fig. 3C).

This last locality is similar to Allpahuayo-Mis-
hana where B. peruviana was found on the ground
near a pond (Fig. 3B) while one adult of B. cf. al-

tamazonica was found on a large leaf at 1.8 m above
the ground (Fig. 3A). The presence of small streams
or ponds in all the observed microhabitats indicate a
general preference for the species to moist or highly
humid areas of the Amazon forests. The two localities
benefit from a humid subtropical climate. This region
has distinct seasonal variation in rainfall. Most rain-
fall occurred from January to June, with several high
peaks from March to April. As to the temperatures
August to October correspond to the drier season
(Madigosky & Vatnick, 2000). We know that sala-
mander reproductive behaviour is severely affected
by rainfall which increases humidity (Correa et al.,
2012; Correa & Rodrigues, 2017). The Peruvian spe-
cies probably breed during the hard rain season, be-
tween March up to June which is congruent with our
finding of a B. altamazonica juvenile in Puerta Al-
mendra (Fig. 2C). New studies are needed to confirm
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this hypothesis in the Loreto region. The locality for
B. altamazonica in Puerto Almendra is 10 km north
from Allpahuayo-Mishana, a nature reserve which
is a protected national area for biodiversity, and 20
km straight southwest from Iquitos city. The site is
located at 80 km north from Nauta, the type locality
(terra typical) of this species.
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Fig. 2. A. Microhabitat showing typical primary lowland
forest which is characterised by having a variable canopy
height of about 15-30 m and where stagnant water can be
found in some areas. B. One adult specimen of Bolitoglossa
altamazonica found at night on a leaf of a bush at 1.2 m to
1.6 m above the ground, close to a permanent stream in the
forest. Photos: Axel Hernandez.

Fig. 3. A. An adult specimen of Bolitoglossa cf. altamazonica
discovered on a large leaf at 1.8 m above the ground in
Allpahuayo-Mishana National Reserve, Loreto region, Peru.
B. Individual of B. peruviana found on the ground near a pond
in the same locality. C. Juvenile of B. altamazonica from Puerto
Almendra, Loreto region, Peru. Photos: Axel Hernandez.

The locality for B. peruviana is in the Allpahuayo-
Mishana National Reserve which is under governmen-
tal special protection. The species was previously re-
ported from this area (Rivera et al., 2003). Our findings
show that both species occur at lower elevation than
the one that was previously reported and we noticed
that these species were always found in the proximity
of little waterlogged areas in primary lowland forests.
This observation is interesting because this type of mi-
crohabitat hosts a high density of mosquitoes, dipter-
ans and coleopterans which could represent important
food resources as previously reported for other sister
species within the Amazonian forest (Rio-Garcia et
al., 2014). Bolitoglossa altamazonica has semi arbo-
real habits as previously reported: the species is often
observed on the leaf litter but also on the leaves espe-
cially during the nighttime. Ground surface activity is
mainly related to seasonal rainfall (Ortega et al., 2009;
Neckel-Oliveira et al. 2011; Raffaélli, 2013). Finally,
the Peruvian Amazon has many cryptic salamander
populations that are poorly known to date (Elmer et
al., 2013). The taxonomic status of some forms needs
absolutely new assessments; this is the case for B. cf.
altamazonica, but also for populations on the southern
slopes of the Andes, B. cf. altamazonica, from Cer-
ros del Tavara and Manu, located between Puno and
Madre de Dios departments at higher elevations. The
latter is characterised by a general silver grey coloura-
tion with an orange to brownish colour on the dorsal
parts while the different type observed in Loreto looks
like to B. madeira at least for the colouration (Fig.
2A). In addition, all the observed specimens that were
found show colour variation and a conservative mor-
phology through their distribution range which severe-
ly complicates the identification of species (Brcko et
al., 2013). That’s why our visual (and morphological)
identification needs to be corroborated by genetic data.
Up to now, only three taxa are known to occur in this
large area including B. altamazonica, B. peruviana and
B. digitigrada. Unfortunately, during our field surveys
we were unable to observe, B. digitigrada (Hernandez,
2016). Lastly, these species have fragmented popula-
tions through the Amazon region. Most of the popula-
tions occur in protected areas such as the Allpahuayo-
Mishana National Reserve. On the other hand, another
possible major threat for these species has recently
been identified in some Peruvian frogs: Batrachochy-
tridium dendrobatidis (Kosch et al., 2012).

Salamanders of the genus Bolitoglossa are known
to be sensitive to this fungus and the infected amphib-
ians are then rendered unable to breathe via the skin,
they will dry up, and die usually within a short period
(Pasmans et al., 2004; Kolby et al., 2010; Stark et al.,
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2017). However, there are some areas in the Amazon
with no evidence of this fungal infection, even on
anurans and no infected neotropical salamanders were
found up to date in the Loreto region. New studies are
needed to determine the presence of this fungus in this
Hotspot region. In Latin America, some regions have
already lost nearly 80% of their amphibian popula-
tions and no solution has been found to date to save
infected populations of amphibians in the wild, in the
meantime contamination continues to progress all over
the world. It is suggested to maintain captive popula-
tions of amphibians, for example in ex situ breeding
centres that would allow studying the pathogen fungus
in order to find effective treatments, but also to main-
tain endangered species with the option of subsequent
reintroduction in the wild (Raffa¢lli, 2013; Hernandez,
2017). To date, nothing has been done to protect the
highly diverse and endangered genus Bolitoglossa in
South America (Hernandez, 2016, 2017). Further stud-
ies are urgently needed to understand the intraspecific
evolution and actual status of B. altamazonica and
B. peruviana including new cryptic neotropical sala-
mander populations and further to understand their
specific ecological requirements so as to establish
suitable keeping and breeding programs for successful
conservation purposes.
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O PACHPOCTPAHEHUU BOLITOGLOSSA ALTAMAZONICA N
B. PERUVIANA (CAUDATA: PLETHODONTIDAE) B IEPYAHCKOM
AMA3OHUU C BAMEYAHUSAMHU Ob UX SKOJIOI'MU U COXPAHEHUHA

A. DpHanjec

Yuusepcumem Kopcuxu, @panyus
e-mail: hernandez.axel. 1989@gmail.com

MBI coobmiaem 006 3xoorHuecKux HabmoneHmsx Bolitoglossa altamazonica u B. peruviana B Ilepyanckoir Ama-
30HHUH C TPETIOKEHISIMA TI0 UX COXPAaHEHHIO. /[Ba MECTOHAXOXKACHHUS MTPUBOIATCS 1 000MX BHUAOB B OJHOM
0c000 oxpaHseMOoil MpUPOAHOH TeppuTopHK, HarmonansHOM 3anoBeqHuKe Asnaxyio-Mumana, u B [Tyapro-
AnbpMmenpe Henaaeko ot ropona Mkutoc Ha cesepe [lepy. Jpyroit tun B. altamazonica Taxxe ObuT 0OHApYKEH
B Amnaxyiio-Mumana. OH moxox Ha B. madeira ¢ KpacCHOBAaTON OKpacKod Ha JOp3aibHOM yacTh. Takxke co-
00111aJI0Ch O MIPOKUBAHKUH JPYIOTO «CEPOroy THIa Mex 1y paionamu [1yHo u Mazpe ae Jlnoc B 6osiee BBICOKOM
MecTHOCTH. OnHAKO Bce 00pasiiel, OOHapy:KEHHBIE B Mpenenax ux apeana B [lepy, mokaszann M3MEHYHBOCTH B
OKpacKe, 4TO YCJIOKHSET BHJIOBYIO uaeHTH(uKanuo. HeoOXonuMbl HOBbIE TAKCOHOMUYECKUE HMCCIISIOBAHMS
JUTS TIONTBEPXKICHUS UX cTaTryca. llepyaHCckue calaMaHIphl, TTO-BHINMOMY, SBJISIOTCS MONTYyASCHBIMUA BHIAMH,
OOHUTAIOIIMMH B MEPBUYHBIX HE3aTAIIMBAEMbIX TPOIMYECKHUX JIECaX y BOJOEMOB, IJIe BJIaXXHOCTh BBICOKA Ha
0osiee HU3KUX BBICOTAaX, Kak cooOmanoch panee (96—118 m H.y.mM.). HecMoTpst Ha TO, 4TO OOJIBITUHCTBO BUIOB
pona Bolitoglossa Bctpeuaetcst Ha OOIIT, HenaBHO ObuTa OOHApYKEHA yTpo3a UX CYIIECTBOBAHUIO CO CTOPOHBI
nsarymek (Batrachochytridium dendrobatidis), KoTOpble MOTYT CTaTh MPUYUHONW UX UCUE3HOBEHHUS CaylaMaH/p
B [lepy. Hanpumep, Bo Bpemsi 110JI€BBIX MCCIIE0BAHMI MBI HE CMOIVIM OOHApYKUTh BuA B. digitigrada. B 6mu-
JKaifiee ke BpeMs HE0OXOIUMO MPOBEICHHE HOBOM OIIEHKH 3aIUTHI M COXPAHEHHS MEPyaHCKUX CajlaMaHap.
JlarHbIe IO OMOJIOTHH, SKOJIOTUH U TIapaMeTpaM OKpYIKAroIled cpensl TakKe OTCYTCTBYIOT. VX Hamu4me cro-
c00CTBOBAJIO OBI COXPAHEHHUIO MX MUKPOMECTOOOUTAHHH 1 CO3IAHHIO ITOIXOSIINX ITPOTPAMMbI COXPAHEHUS
pa3BeIeHus ex sifu ¢ IePCIEKTUBON MOCIEIYIOMIEH PEHHTPOTYKITHH.

KaroueBblie cioBa: Bolitoglossa, Plethodontidae, Urodela, Ilepyanckas Ama3zonusi, ckpbiToe 6ropasHoodpa-
3ue, coxpanenue, fOxHas AMepuka, SKOJIOTHS
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