
 

ABSTRACT 
The genus Nyctixalus was first described by Boulenger in 1882. Previous systematic 
studies of this group primarily focused on its relationships with other rhacophorid 
frogs and did not explore inter- and intraspecific variation in detail. This study 
aimed to determine the position of Indonesian species within their genus. We used 
DNA barcoding of the mitochondrial 16S rRNA gene and conducted a morphologi-
cal analysis. Mitochondrial genealogies were constructed based on NJ, ML, and BI 
analyses, while uncorrected p-distance was also calculated. The Mann-Whitney U-
test and PCA were used to analyse variations among species for each character 
component. Dissimilarity may contribute to measurable group structure. DNA bar-
coding revealed that Nyctixalus forms a monophyletic group. The PCA analysis re-
vealed that N. margaritifer population from Java formed a group, while N. pictus 
could not be separated on the scatter plot. DNA barcoding revealed that Nyctixalus 
forms a monophyletic group. The genetic distance within the population of N. mar-
garitifer (0–1.52 %) and N. spinosus (0–0.2 %) showed a variation of intraspecific ge-
netic distance. However, in the two allopatric populations of N. pictus Kalimantan 
and Sumatra (p-distance = 4.3–4.6 %), there are high variations (6.9–9 %) between 
populations from Sumatra and Malaysia. These findings suggest that N. anodon van 
Kampen, 1907, from Kayu Tanam, Sumatra Barat, Indonesia, represents a distinct 
species from N. pictus Peters, 1871, originally described from Sarawak, Malaysia. 
 
Copyright: © 2025, J. Tropical Biodiversity Biotechnology (CC BY-SA 4.0) 

 

Research Article  
 

Genetic and Morphometric Variation of  the Genus 
Nyctixalus in Indonesia Based on mtDNA 16S rRNA Gene   
 
Rouland Ibnudarda1*, Ahmad Muammar Kadafi2, Bagus Priambodo3, Achmad Farajallah4, Dyah 
Perwitasari-Farajallah4, Amir Hamidy5  
1) Animal Bioscience Study Program, Department of Biology, Faculty of Mathematics and Natural Sciences, IPB University, 

Bogor, 16680, West Java, Indonesia  
2) Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Palangka Raya, Palangka Raya, Central 

Kalimantan, Indonesia 
3) Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Negeri Malang, Malang, Indonesia 
4) Department of Biology, Faculty of Mathematics and Natural Sciences, IPB University, Bogor, 16680, West Java, Indonesia 
5) Laboratory of Herpetology, Research Center for Biosystematics and Evolution, National Research and Innovation Agency 

(BRIN), Widyasatwaloka Building, Jl. Raya Jakarta Bogor Km. 46 Cibinong 16911, West Java, Indonesia 
* Corresponding author, email: ibnudarda23@gmail.com  

Journal of Tropical Biodiversity and Biotechnology  
Volume 10, Issue 02 (2025): jtbb13642 
DOI: 10.22146/jtbb.13642 

 

 

Keywords:  
Anura 
Molecular phylogeny 
Nyctixalus 
Rhacophorid 
Southeast Asia  
Submitted:  
28 May 2024 
Accepted:  
05 December 2024 
Published:  
23 May 2025 
Editors: 
Ardaning Nuriliani 
Sri Nopitasari 

How to cite: 
Ibnudarda, R. et al., 2025. Genetic and Morphometric Variation of the Genus Nyctixalus in Indonesia Based on 
mtDNA 16S rRNA Gene. Journal of Tropical Biodiversity and Biotechnology, 10(2), jtbb13642. doi: 10.22146/
jtbb.13642 



J. Tropical Biodiversity and Biotechnology, vol. 10 (2025), jtbb13642 

-2- 

INTRODUCTION 
Genus Nyctixalus was first described based on adult morphological speci-
mens of Nyctixalus margaritifer obtained from the East Indies (Boulenger 1882). 
However, the systematic status of the genus was not renewed and subsequent 
studies focused on the division of the family Ranidae (Boulenger 1888; Bou-
lenger & Robinson 1912).There was also no discussion or improvement of the 
systematics of the genus, although some investigations used the genus as part 
of the identification keys of the family Ranidae (Cope 1889; Palacký 1898; 
Gadow 1901; Roux 1905). 

Initially, genus Nyctixalus consisted of species N. margariti-
fer (Boulenger 1882) and N. robinsoni (Annandale 1917) (Annandale 1917; van 
Kampen 1923). N. robinsoni has a morphology of pupil shape with the same 
horizontal line axis as the specimen Philautus aurifasciatus (Schlegel), but it is 
not re-registered as part of genus Nyctixalus (Smith 1931). The discovery 
of Ixalus pictus (Peters 1871), I. flavosignatus (Boettger 1893), Rhacophorus ano-
don (van Kampen 1907), and Hazelia spinosus (Taylor 1920), also led to chang-
es in both the nomenclature and the number of species within the genus 

The Nyctixalus, which was initially transferred into the genus Philautus, 
also lacked vomer teeth (Smith 1931; Inger 1966). Similarities among N. pic-
tus, N. spinosus and N. margaritifer include a warty dorsum, ossified scalp, and 
bony prominences along the frontoparietal region (Smith 1931; Inger 1966; 
Liem 1970). However, N. margaritifer can be easily distinguished from N. pic-
tus and N. spinosus by toes half-webbed skin (Boettger 1893; Taylor 1920). In 
contrast, N. margaritifer has toes with a slight web at the base that extends as 
a narrow fringe along the sides (Boulenger 1882; van Kampen 1923) . 

Their life cycles are similar, eggs hanging on a wooden wall filled with 
water (Taylor 1962). Subsequently, the genus was re-classified 
as Hazelia (Taylor 1962; Liem 1970) and Edwardtayloria (Marx 1975). The 
BMNH specimen 1885.12.31.35, a male adult obtained from Mount Willis 
(Java) by V. Huegel, was designated as a neotype of N. margariti-
fer (Boulenger 1882). These species were further re-classified 
as Nyctixalus (Dubois 1981; Segura-Delorme et al. 2005).  

Recent molecular studies that utilized various genes, including 12S 
rRNA, tRNA val, and 16S rRNA mtDNA (Poyarkov et al. 2015; Sivongxay et 
al. 2016; Poyarkov et al. 2018; Chen et al. 2019), as well as cytochrome oxi-
dase subunit I (COI), nuDNA brain-derived neurotrophic factor (BDNF), rho-
dopsin (RHO), seventh in absentia (SIA), and tyrosinase (TYR) (Chunskul et 
al. 2021) suggested that there may be significant genetic divergence within 
the N. pictus species. 

The mitochondrial 16S rRNA gene has been widely utilized for DNA 
barcoding in amphibian research around the world. This approach is favoured 
due to the extensive reference database available for amphibians, which is sig-
nificantly rich in taxa (Hebert et al. 2003; Vences et al. 2012) and has proven 
effective in identifying anuran species (Dubeux et al. 2022). The primary aim 
of this study was to conduct a comprehensive analysis of Nyctixalus samples 
collected from various locations throughout its distribution range. This in-
volved employing DNA barcoding techniques using the 16S rRNA fragment, 
alongside morphometric analysis to better understand the systematic rela-
tionships of species within the genus, particularly in the context of Indonesia. 

 
MATERIALS AND METHODS 
Materials  
This study examined 15 adult specimens of N. margaritifer (nine from West 
Java, six from Central Java) and 20 specimens of N. pictus (three from Aceh, 
four from North Sumatra, two from West Sumatra, one from Jambi, four from 
Bengkulu, one from West Kalimantan, three from East Kalimantan, and two 
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from North Kalimantan) housed in Museum Zoologicum Bogoriense (MZB), 
National Research and Innovation Agency (BRIN), and a specimen from the 
Mt. Wilis East Java stored in Universitas Negeri Malang (Priambodo et al. 
2021). A total of 31 partial 16S mtDNA sequences were analysed, including 
sequences from Nyctixalus, Rhacophorus reinwardtii, Chiromantis doriae, Thelo-
derma licin, Theloderma horridum, and Theloderma pseudohorridum (outgroup), 
as well as several populations of N. margaritifer (Table 1). 

 
Methods 
Morphological Analysis 
Morphometric analysis included precise measurement of 24 characters using 
a dial calliper, calibrated to an accuracy of 0.01 mm (Matsui 1984; Matsui et 
al. 2013). The specific morphometric characters measured include: Snout-vent 
length (SVL): the distance from the tip of the snout to the vent. Tibia length 
(TL): the distance from the external margin of the knee joint to the external 
margin of the heel articulation. Tarsal length (TR): the distance from the ex-
ternal margin of the heel articulation to the proximal edge of the inner meta-
tarsal tubercle. Femur foot length (F): The distance from the midpoint of the 
cloacal gap to the external margin of the knee joint, measured with the thighs 
and shins oriented perpendicular to the body axis First toe length (T1): the 
distance from the distal edge of the inner metatarsal tubercle to the tip of the 
first toe. Fourth toe length (T4): measured from the distal edge of the inner 
metatarsal tubercle to the tip of the fourth toe. Third toe length (T3): deter-
mined from the distal edge of the inner metatarsal tubercle to the tip of the 
third toe. Fourth toe disc diameter (TD4): the horizontal width of the fourth 

toe disk. Upper arm length (Н) and forearm length (A): these measurements 
contribute to an understanding of limb proportions. Wrist width (Lt. m): this 
metric assesses the structural integrity of the limbs. Third finger length (F3): 
measured from the distal edge of the palmar tubercle to the tip of the third 
finger. Third finger disc diameter (F3D): the diameter representing the hori-
zontal width of the third finger disk. Second finger length (F2): measured 
from the distal edge of the palmar tubercle to the tip of the second finger. 
Head length (HL): the distance from the tip of the head to the posterior mar-
gin of the tympanum. Head width (HW): the widest distance across the head, 
measured at the commissure of the jaws. Additionally, distances were meas-
ured for posterior eyes distance (EPD), inter-orbital distance (IOD), anterior 
eyes distance (EAD), inter-nostril distance (IND), eye-nostril distance (EN), 
eye diameter (EY), and horizontal tympanum diameter (TD) (Figure 1). 

To compare the variations among the 24 characters, ratio values of 
morphometric datasets were calculated by dividing each measurement by the 
standard length (SVL) to minimize the body size influence (Munir et al. 
2018). The Mann-Whitney U test assessed variance between species for each 
character, while principal components analysis (PCA) examined potential 
group structures. Characters were analysed using the Bartlett test for homo-
geneity of variance, with significance set at p < 0.05. Predictor variables from 
PCA were retained based on the Kaiser-Meyer-Olkin measure (>0.5) and ei-
genvalues (>1) (Kaiser 1960; Gabriel 1971). Mean ± standard deviation (SD) 
was calculated for 24 characters of each species, with statistical significance 
set at P < 0.05. All analyses were conducted using R software, ensuring preci-
sion and reliability in our results (R Core Team 2019). 

 
Molecular work  
Mitochondrial 16S rRNA gene sequences were obtained from five adult N. 
margaritifer specimens collected from Mt. Salak (West Java), Mt. Slamet 
(Central Java), and Mt. Wilis (East Java), as detailed in Table 1. DNA extrac-
tion, amplification, and sequencing were conducted following the procedures 
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outlined by Sambrook et al. (1989), Matsui et al. (2010), Hamidy et al. (2012), 
and Munir et al. (2018).  

Total DNA was extracted from small amounts of tissue diluted in a 
buffer solution using the standard phenol-chloroform method. DNA amplifi-
cations of the 16S rRNA gene were carried out in polymerase chain reaction 
(PCR) using the primer set 16L-1 
(CTGACCGTGCAAAGGTAGCGTAATCACT) and primer 16H-1 
(CTCCGGTCTGAACTCAGATCACGTAGG) (Hedges 1994) to obtain a 
round 540 bp-length fragment of the gene. The PCR reactions were per-
formed in 30 µL total volumes comprised of 1 µL DNA template, 3 µL PCR 
buffer (NH2SO4), 0.6 µL dNTP, 4 µL MgCL2, 1 µL of each primer, 0.5 µL Bo-
vine serum albumin (BSA), 0.2 µL Taq DNA polymerase with appropriate 
buffer and ddH2O to volume. 

The PCR process began with an initial denaturation phase at 94 °C for 
5 minutes. This was followed by 33 amplification cycles, each consisting of 
three key phases: denaturation at 94 °C for 30 seconds, annealing the primer 
for 30 seconds at temperatures between 48 °C and 50 °C, and extension at 72 
°C for 1 minute and 30 seconds. For DNA sequencing, BigDye® Terminator 
reagents from 1st Base Asia were used to sequence the PCR products in both 
directions with the same primers to ensure the accuracy. Sequence chromato-
grams were checked, edited, and assembled using ChromasPro software 
(Technelysium Pty Ltd., Tewantin, Queensland, Australia). 

MAFFT was used for sequence alignment with E-INS-I parameters 
(Katoh et al. 2002). MEGA X performed the Neighbor Joining (NJ) analysis 
and calculated the uncorrected p-distance (Kumar et al. 2018). The NJ tree 
was generated with 1,000 replications using the two-parameter Kimura mod-
el, applying pairwise deletion for gaps (Kimura 1980). A genetic distance of ≥ 
3 % was set for species differentiation (Fouquet et al. 2007). The Maximum 
Likelihood (ML) analysis was performed using the IQ-Tree Web Server, in-
corporating ultrafast bootstrap replicates (Trifinopoulos et al. 2016). The 
general time-reversible (GTR) model, featuring empirical base frequencies 
(+F) and four discrete gamma shape rate categories (+G4), was selected as 
the model of evolution that is based on the Bayesian Information Criterion 
(BIC). 

A Bayesian Inference (BI) analysis was conducted using MrBayes ver-
sion 3.1.2 (Huelsenbeck & Ronquist 2001; Ronquist et al. 2012). This analysis 
employed a Monte Carlo Markov Chain (MCMC) approach over 20 million 
generations, with sampling occurring every 1,000 generations. The GTR+G 
model was chosen based on the Akaike Information Criterion (AIC). Boot-
strap values of 70 % or higher were considered significant for confirming the 
nodes (Huelsenbeck & Hillis 1993; Leaché & Reeder 2002; Minh et al. 2013). 
The optimal models for both maximum likelihood (ML) and Bayesian infer-
ence (BI) analyses were determined using jModelTest, ensuring reliable and 
accurate results (Posada 2008; Darriba et al. 2014). The resulting trees were 
visualized using FigTree. v1.4.3 (Rambaut 2016). 

 
RESULTS AND DISCUSSION 
The morphometric analysis results revealed no significant difference in mor-
phological character between N. pictus specimens from Sumatra and Kaliman-
tan (P > 0.05). A comparison of morphology character ratios between N. mar-
garitifer and N. pictus from Sumatra, Indonesia, showed no significant differ-
ences (P > 0.05) in the characters T1, T4, T3, H, A, Lt. c. tym, EN, EY, TD, 
and HW. Similarly, the comparison morphology character ratios with N. pic-
tus from Kalimantan presented no significant variances among characters T4, 
T3, H, F3D, A, EPD, IOD, IND, EN, EY, TD, and HW (Table 2). 
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Morphometric analysis indicated no significant differences in morpho-
logical characters between N. pictus specimens from Sumatra and Kalimantan 
(P > 0.05). A comparative analysis of morphological ratios between N. mar-
garitifer and N. pictus from Sumatra revealed no significant differences (P > 
0.05) in the characters T1, T4, T3, H, A, Lt. c. tym, EN, EY, TD, and HW. 
Furthermore, no significant differences were observed in the following mor-
phological measurements among N. pictus specimens from Kalimantan: T4, 
T3, H, F3D, A, EPD, IOD, IND, EN, EY, TD, and HW as seen in Table 2. 

The PCA analysis used characters based on the Kaiser-Meyer-Olkin 
(KMO) test results. The overall KMO value was 0.73, derived from the mor-
phological characters SVL, TL, T1, TD4, left wrist (lt. M-wrist), F3, and F2. 
The Bartlett test results of the ratio of morphological characters showed that 
variances were equal across groups (homogeneous) as indicated by P = 0.000 
(P < 0.05). PCA analysis used PCI and PC2 components with eigenvalues > 
1, as shown in Table 3. The results showed a PC I of 53.41 %, which had posi-
tive contribution values for SVL, F3, and F2. Meanwhile, PC II of 15.32 % 
had positive contribution values for TL, T1, TD4, and Lt. M. These two prin-
cipal components in Table 3 explained 68.73 % of the morphometric varia-
tion. 

Furthermore, the PCA analysis showed that the N. margaritifer popula-
tions were separated from N. pictus from Kalimantan, while there was a slight 
overlap between the populations of both species from Sumatra. However, the 
N. pictus population from the two regions did not show a clear separation 
(Figure 2). 

The alignment in this study consisted of 31 sequences (Table 1) with 
targeted gene fragment of ~542 bp. The phylogeny tree reconstruction using 
NJ, ML, and BI methods revealed no significant differences in tree topology 
(Figure 3, S1, S2), with consistent genetic distances and bootstrap values ob-
served among the tree branches between populations.  

 

Figure 2. Principal Component Analysis plot on seven size-corrected morphological characters Nyctixalus from 
Indonesia.  
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The phylogeny tree revealed a significant discovery Nyctixalus (clade 
Nyctixalus genus) is in a monophyletic position against the outgroup. This 
finding, a cornerstone of our research, underscores the unique evolutionary 
path of the Nyctixalus genus. In the clade, genus Nyctixalus formed a mono-
phyletic group divided into two subclades (NJBS = 88 %, UFB = 94 %, and 
BPP = 1.00). The subclade I consisted of N. margaritifer and N. pictus groups 
(NJBP = 90 %, UFB = 83 %, BPP = 0.96), while subclade II consisted of N. 
spinosus from the Philippines (NJBP = 100 %, UFB = 98 %, BPP = 1.00). 

The population of N. pictus group exhibited six distinct lineages (NJBS = 90 
%, UFB = 83 %, BPP = 0.96). The six lineages in N. pictus included N. pic-
tus from Malaysia, specifically Sabah, Lahad Datu, Sarawak, Bario (Lineage 1, 
NJBS = 100 %, UFB = 97 %, BPP = 1.00), Mt. Mulu (Lineage 2, NJBS = 84 
%, UFB = 87 %, BPP = 0.99), and Sarawak, Batang Ai, also recognized as 
true pictus (Lineage 6), Indonesia from Kapuas Hulu, West Kalimantan 
(Lineage 3, NJBS = 99 %, UFB = 94 %, BPP = 1.00) and Bengkulu, Sumatra 
(Lineage 4, NJBS = 100 %, UFB = 99 %, BPP = 1.00), Myanmar and Thai-
land (Lineage 5, NJBS = 99 %, UFB = 99 %, BPP = 1.00), and lineage 6 from 
Sarawak, Batang Ai, also known as true pictus. 

In our results, N. margaritifer from Java demonstrated low genetic dis-
tances of only 0–1.5 % (Table 4) consistent with morphology characteris-
tics. Our study results confirmed the aforementioned by Priambodo et al. 
(2021) and Hanifa et al. (2023). Furthermore, the rediscovery of N. margariti-
fer in Mt. Willis, East Java (Priambodo et al. 2021) also supported the identi-
fication of a topotype of N. margaritifer collected in Mount Willis (Java) by V. 
Huegel (Dubois 1981).  

The genetic distances among N. pictus populations were substantial (N. 
pictus lineage 1–6, p-distance = 4.3–9.9 %; Table 4), strongly supporting their 
distinct species status. This finding is consistent with the established under-
standing that uncorrected p-distances exceeding 3 % between taxa often indi-
cate distinct species (Fouquet et al. 2007). The diverse genetic distances ob-
served among various lineages in the analyses can help clarify their distinct 
species relationships (Hamidy et al. 2011).  

However, in the two allopatric populations N. pictus lineage 3 
(Kalimantan) and 4 (Sumatra) (p-distance = 4.3–4.6 %), there are high varia-
tions (8.26–9.01 %) between population N. pictus from Sumatra and Malaysia 
(Table 4). It can be assumed that N. anodon van Kampen, 1907 from Kayu 
Tanam, Sumatra Barat, Indonesia, is a different species to N. pictus Peters, 
1871 (type locality) from Sarawak, Malaysia, which has been recognized as a 
synonym of N. pictus (Smith 1931; Inger 1966). 

The ancestral genus Nyctixalus is believed to have a significant connec-

Variable PC1 PC2 

Snout-vent length (SVL) 0.4647223 -0.32533093 

Tibia length (TL) -0.4100977 0.30999856 

First toe length (T1) 0.2565834 0.69352190 

Fourth toe disc diameter (TD4) 0.3160115 0.32218328 

Wrist width (Lt. M) 0.3574805 0.36893181 

Third finger length (F3) 0.4258582 -0.27430144 

Second finger length (F2) 0.3755093 -0.04397765 

Eingen value 1.9335 1.0357 

% of varians 53.41 15.32 

Cumulative varians (%) 53.41 68.73 

Table 3. Variabel PC1 and PC2 morphological character male N. margaritifer and N. pictus. Bold figures indicate 
the highest loadings.  
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tion to the formation of the original Borneo landmass, which was separated 
from the larger Sundaland area. This geological history is mirrored in anoth-
er Bornean frog genus, Leptobrachium. In this case, the divergence between 
the Bornean and Philippine Clades and the other related clades from Sun-
daland and Asia is likely occurred during a critical period spanning the late 
Eocene, approximately 42 to 35 million years ago (MYBP), extending into 
the early Oligocene, roughly 35 to 29 million years ago (MYBP). Subsequent-
ly, the pattern is similar when the ancestor of Leptobrachium lumadorum from 
Mindanao split from entire Bornean species in early Miocene, 23– 14 MYBP 
(Matsui et al. 2010), and this event is likely responsible for splitting event of 
N. spinosus from the entire ancestor of N. pictus and N. margaritifer. The evolu-
tionary history of Nyctixalus species provides crucial insights into the region's 
biodiversity and biogeography. 

The ancestor N. margaritifer split from the common ancestor of N. pictus 
is earlier than diversification within lineages of N. pictus. The ancestor of N. 
pictus lineage 4 (Sumatra) split from N. pictus lineage 3 (Borneo) probably oc-
curred during the Pleistocene glacial periods when all Sunda land islands 
were connected as one landmass (Inger & Voris 2001; Hall 2013). The high 
genetic variation in the N. pictus in Southeast Asia, especially Borneo Island, 
involves multiple events. The long-term continental connection between Bor-
neo and the Malay Peninsula occurred episodically twice: once in the mid-
Miocene and again in the early Pliocene (Voris 2000; Inger & Voris 2001; 
Inger 2005; Hall 2013). The event might have isolated the ancestor of N. pic-
tus in Borneo from a common ancestor of N. pictus in Sumatra and Peninsular 
(Myanmar and Thailand). 

The regions of Sumatra (Riyanto & Kurniati 2014; Hamidy & Kurniati 

Figure 3. Maximum Likelihood phylogram showing the relationship within genus Nyctixalus. Values at the branch-
es point to Neighbour Joining probability (NJBP), Ultrafast Bootstrap Support (UFB), and Bayesian Posterior 
Probabilities (BPP).  
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2015; Munir et al. 2018) and Borneo (Matsui 2015) remained unexplored and 
faced threats from anthropogenic activities (Eprilurahman et al. 2021). There-
fore, further investigations must be conducted to evaluate the taxonomic sta-
tus of selected N. pictus populations. These investigations should include stud-
ying the call and morphological characteristics to identify any new lineage of 
the N. pictus group. Conservation efforts are also recommended to preserve 
the species from extinction.  

 
CONCLUSIONS 
This study showed that N. margaritifer population in Java, Indonesia, had no 
morphological differences and genetic distance. The morphometric analysis 
showed minimal differences between N. margaritifer and N. pictus from Suma-
tra and Kalimantan in body ratios and measurements, including toe lengths 
(T3 and T4), upper arm length (H), forearm length (A), eye-nostril distance 
(EN), eye diameter (EY), tympanum diameter (TD), and head width (HW). 
Given the high uncorrected p-distances above 3 % between the N. pictus popu-
lation in Sumatra and those in Malaysia, it can be assumed that N. anodon 
from Kayu Tanam, Sumatra Barat, Indonesia is a different species to N. pictus 
(type locality) from Sarawak, Malaysia. Therefore, additional research is nec-
essary to determine the taxonomic status N. anodon from Kayu Tanam Suma-
tra and new lineages of N. pictus in Indonesia. 
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Figure S1. The neighbour-joining phylogram based on the studied 542 bp of the mitochondrial 16S rRNA gene. 
The value at the branch represents bootstrap support.  

 

Figure S2. Bayesian consensus phylogram based on the studied 542 bp fragment of the mitochondrial 16S rRNA 
gene. Values at the branches indicate Bayesian Posterior Probabilities (BPP). 
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