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A B S T R A C T

The Ailiidae family, endemic to South and Southeast Asia, comprises diverse freshwater catfish inhabiting major 
river basins across the region. Evolutionary relationships and taxonomic classification within Ailiidae family 
remain contentious. Here, we resolve these uncertainties using phylogenomic data from 29 specimens repre
senting 11 species and six of the seven recognized genera, supplemented by two outgroup taxa (Pachypterus 
atherinoides and P. acutirostris). Hybridization target enrichment and high-throughput sequencing yielded 4,434 
single-copy nuclear coding loci. After trimming loci with more than 50 % missing taxa, 2,102 loci, totaling 
505,110 bp, were used for phylogenomic analyses. The results confirm monophyly of all studied genera (Ailia, 
Ailiichthys, Clupisoma, Eutropiichthys, Silonia and Laides), after the reclassification of Clupisoma montanum and 
C. sinense into the genus Laides, based on concordant molecular, morphological and meristic evidence. Notably, 
Ailia coila and Ailiichthys punctata formed an early diverging clade, sister to remaining Ailiidae. Furthermore, our 
results corroborate that the genera Eutropiichthys and Silonia represent distinct lineages within Ailiidae, war
ranting their formal retention in the family. Divergence dating estimated the most recent common ancestor of 
Ailiidae arose during the Pleistocene, with a median age of 2.1 million years ago (95 % HPD: 3.34–1.0 Ma). 
Biogeographic reconstructions identified the Ganges–Brahmaputra River basin (South Asia) as the center of 
origin for Ailiidae, followed by dispersal to the Irrawaddy–Salween, Pahang and Indus River basins. Pleistocene 
climatic fluctuations, tectonic uplift and changes in sea-level may have influenced the dispersal of Ailiidae 
catfishes. These geological events restructured river systems and exposed land bridges, allowing movement 
across previously isolated basins. Paleo-river connections between the major drainages of South and Southeast 
Asia likely facilitated multiple events of vicariance and dispersal, driving diversification within the Ailiidae.

1. Introduction

The family Ailiidae was first proposed by Bleeker (1858) as Ailich
thyoidei for a subfamily containing the genus Ailia Gray. With the 
advent of molecular studies, the number of genera and species within 
the family has been increased (e.g., Alam et al., 2019; Karinthanyakit 
and Jondeung, 2012; Laskar et al., 2020; Limbu et al., 2024; Wang et al., 
2016). However, the taxonomic placement of genera and species within 
Ailiidae remains contentious, with persistent taxonomic ambiguities 
regarding the phylogenetic affinities of certain genera, including 
Ailiichthys, Eutropiichthys and Silonia (e.g., Kottlet, 2013; Nelson et al., 
2016; Wang et al., 2016). These taxonomic conflicts are reflected with 

inconsistent classifications found in authoritative databases such as 
FishBase (Froese and Pauly, 2025) and the Eschmeyer Catalog of Fishes 
(Fricke et al., 2025) (Table 1). For example, Kottelat (2013) assigned the 
genera Clupisoma, Eutropiichthys, Laides, Silonia and Proeutropiichthys to 
Schilbeidae. While, Nelson et al. (2016) redefined Ailiidae to include six 
genera (Ailia, Clupisoma, Eutropiichthys, Laides, Proeutropiichthys and 
Silonia), but they notably omitted any discussion of the systematic 
placement of Ailiichthys. In a further phylogenetic inquiry into five 
schilbeid taxa, Wang et al. (2016) restricted Ailiidae to three genera 
(Ailia, Laides and Clupisoma), concurrently reassigning Eutropiichthys, 
Proeutropiichthys and Silonia to Schilbeidae based on the inferences 
drawn from Mo (1991), a study that notably did not scrutinize their 
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taxonomic status. Fricke et al. (2025) placed the three genera within 
Ailiidae in alignment with Wang et al. (2016). Subsequent studies 
(Sarkar et al., 2013; Gupta and Banerjee, 2016; Khatun et al., 2022) 
further compounded these discrepancies, underscoring the need for a 
phylogenomic resolution on these controversies.

Resolving the taxonomic boundaries of Ailiidae remains challenging 
due to persistent disagreements over its generic and species diversity. 
The Eschmeyer Catalog of Fishes recognizes seven genera and 25 spe
cies, whereas FishBase restricts the family to five genera and fewer than 
20 species. These discrepancies likely arise from historical sampling 
gaps and reliance on limited molecular data. For example, earlier studies 
by Karinthanyakit and Jondeung (2012) and Wang et al. (2016) focused 
on only three genera (Clupisoma, Laides, Eutropiichthys and Ailia, Laides, 
Clupisoma, respectively). Both studies relied exclusively on mitochon
drial markers and a single nuclear marker. Beyond these studies, no 
further phylogenetic investigation has been published. A number of 
questions remain unresolved. For instance; i) the precise phylogenetic 
relationships among Ailia, Ailiichthys, Clupisoma, Eutropiichthys, Laides, 
Proeutropiichthys and Silonia within Ailiidae; ii) monophyletic status of 
these genera; iii) the taxonomic status of Ailiichthys, the genus consis
tently overlooked in major taxonomic revisions of Aliidae (e.g., Kottlet, 
2013; Nelson et al., 2016); iv) conflicting familial placements of Eutro
piichthys and Silonia (Ailiidae vs. Schilbeidae) and the composition of 
Ailiidae.

Estimating evolutionary timescales is a critical aspect of biological 
research, relevant to both population and macroevolutionary studies 
(Arbogast et al., 2002). These estimates are typically derived from ge
netic data using phylogenetic methods rooted in the molecular clock 
hypothesis. In freshwater fish biogeography, reconstructing historical 
dispersal patterns, the movement of populations or species across 
geographic barriers is essential for understanding the colonization of 
new habitats (Ho et al., 2015). Although such events are infrequent, they 
can result in isolated populations that experience gradual genetic 
divergence (Cook and Crisp, 2005). Dispersal capacity varies widely 
among freshwater fish taxa and these differences are crucial for deci
phering the evolutionary and biogeographic history of groups such as 
the catfish family Ailiidae.

Although specific studies on the dispersal ability of the Ailiidae 
family are currently lacking, potential patterns can be inferred from 
closely related catfish families that are primarily distributed in Asia such 
as Bagridae, Siluridae and Sisoridae. For instance, Hemibagrus guttatus 
(Bagridae) in South China exhibited phylogeographic patterns shaped 
by sea-level fluctuations during the Pleistocene (Yang and He, 2008). 
Similarly, sisorid catfishes of the Glyptosternoid group show evidence of 
diversification from the Miocene to Pleistocene (Guo et al., 2005), while 
silurid catfishes of the genus Silurus are believed to have dispersed from 
China to Japan during periods of sea-level change (Chen et al., 2024). 
These families have undergone major diversification events during the 
Late Miocene and Quaternary, largely driven by regional tectonic ac
tivity and climatic oscillations (Kappas et al., 2016; Zhou et al., 2016). 
Such patterns likely reflect broader biogeographic processes that may 
have similarly shaped the evolutionary history of the family Ailiidae. By 
contrast, the biogeographic history and taxonomic classification of 

Ailiidae remain poorly resolved, largely due to inadequate phylogenetic 
sampling and a scarcity of genomic data. Address these uncertainties, we 
generated phylogenomic data from 4,434 nuclear loci across 29 speci
mens representing 11 species and six genera, using hybridization-based 
exon capture (Li et al., 2013; Jiang et al., 2019). Specimens of Pro
eutropiichthys, a genus described in 1937 (Hora) but lacking recent 
taxonomic data was unavailable, emphasizing the need for renewed 
systematic efforts. Our study aimed to clarify three objectives: (i) to 
validate the inclusion of Ailiichthys, Eutropiichthys and Silonia within 
Ailiidae as proposed by Fricke et al. (2025); (ii) to resolve phylogenetic 
relationships and estimate divergence times among ailiid lineages; and 
(iii) to test biogeographic hypotheses underlying their diversification 
during the Pleistocene.

2. Materials and methods

2.1. Sampling, preservation, DNA extraction and shearing

Each species included 1–5 individuals collected from locations in 
India, Pakistan, Myanmar, Malaysia and Nepal (Fig. 1, Supplementary 
File S1). Two species of Horabagridae (Pachypterus 
atherinoides and P. acutirostris) were sampled as outgroups. Fish were 
captured by cast net (0.5, 1 and 2 cm mesh size) and gill net (1, 2, 3 and 
4 cm mesh size). Muscle tissue or caudal fin was preserved in 95 % 
ethanol and was stored at 4 ◦C until DNA extraction. Permit number and 
processing protocol followed can be found in Ethical Statement.

Total genomic DNA was extracted from ethanol-preserved tissue 
using an Ezup Column Animal Genomic DNA Purification Kit (Sangon, 
Shanghai, China). The purified DNA was quantified with a NanoDrop 
3300 Fluorospectrometer (Thermo Fisher Scientific, Wil-mington, DE, 
U.S.A.) and was visualized using 1 % agarose gel electrophoresis. 
Approximately 50 μL of genomic DNA was sheared to ~ 250 bp range 
using the Covaris M220 with standard PCR tubes. The size distribution 
of the sheared DNA was then checked on a mini agarose gel.

2.2. Library preparation, exon capture, pooling and sequencing

Library preparation and exon capture were performed following 
Meyer and Kircher (2010) with modifications (Li et al., 2013) to 
accommodate capturing target loci of divergent species. A total of 300 
ng sheared DNA was used for library preparation for each sample. 
Ostariophysan baits available in our lab were used for exon capture, 
which were 120 bp long and 2x tiling, designed on reference sequences 
of zebrafish (Li et al., 2013). Two rounds of exon capture were per
formed on each sample to increase on– target reads of captured loci. 
Samples were labeled with an 8 bp index on the P7 adapter to facilitate 
multiplex sequencing. Enriched and indexed products were pooled in 
equimolar ratios for sequencing.

2.3. Data assembly

We adopted a suite of 4,434 single-copy nuclear coding sequence 
(CDS) markers identified and validated by Li et al. (2018) for 

Table 1 
Conflicting family assignments of ailiids genera in ichthyological literature.

Genus FishBase Eschmeyer 
Catalog of Fishes

Kottelat (2013) Nelson et al., (2016) Wang et al. (2016)

Ailia Ailiidae Ailiidae Ailiidae Ailiidae Ailiidae
Ailiichthys Ailiidae Ailiidae – – –
Clupisoma Ailiidae Ailiidae Schilbeidae Ailiidae Ailiidae
Eutropiichthys Schilbeidae Ailiidae Schilbeidae Ailiidae Schilbeidae
Laides Ailiidae Ailiidae Schilbeidae Ailiidae Ailiidae
Silonia Schilbeidae Ailiidae Schilbeidae Ailiidae Schilbeidae
*Proeutropiichthys Ailiidae Ailiidae Schilbeidae Ailiidae Schilbeidae

* Not included in this study; – not discussed/included.
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phylogenomic analysis. Data preparation and assembly was done ac
cording to Yuan et al. (2016) and Jiang et al. (2019). Briefly, Trim_Ga
lore Version 0.6.7 (Krueger, 2021) and Cutadapt v1.2.1 (Martin, 2011) 
with default parameters were used to trim the adapter sequences and 
low quality sites (Q < 20 %) from the reads. The resulting trimmed reads 
were then assembled into contigs using a Perl script wrapper developed 
by Yuan et al. (2019) and subsequently filtered. Locus-based output was 
obtained using a Perl script wrapper developed by Yuan et al. (2019), 
which also included a paralog removal protocol to eliminate potential 
paralogs. In the next step, loci with poor enriched data (<50 %) were 
excluded, while the remaining loci were retained for alignment. A 
filtered dataset consisting of 2102 loci was used for subsequent align
ment. All sequences were aligned in batch using MAFFT (Katohh and 
Standley, 2013). Pairwise distance was calculated for all loci using 
Biopython library in Python 3.8.3 and sequences with abnormal high 
distance values were checked by eye and abandoned if they could not be 
rectified manually. The aligned sequences have been made available in 
Supplemental Materials (Supplementary File S2).

Due to the unresolved taxonomic status of Eutropiichthys and Silonia 
and the lack of tissue samples from African schilbids, we obtained 
available sequences from GenBank (https://www.ncbi.nlm.nih.gov/, 
accessed on 20 April 2025). Among African schilbids, only four species 
had nuclear recombination-activating gene 1 (RAG1) sequences, while a 
larger number had mitochondrial cytochrome oxidase subunit 1 (COI) 
sequences. To ensure consistency across markers, we selected four spe
cies with both RAG1 and COI sequences. For ailiid taxa, although COI 
sequences were available, RAG1 sequences were absent. We extracted 
RAG1 sequences from our Illumina-trimmed reads using a custom Py
thon script (Supplementary File S3), with the Ailia coila RAG1 gene 
(GenBank Acc. No. DQ492541) as the reference for alignment and 
extraction. Including both COI and RAG1 genes was essential because 
Eutropiichthys and Silonia remain classified under Schilbeidae in Fish
Base (Froese and Pauly, 2025), and omitting African schilbids could 
compromise the phylogenetic assessment of these genera. Additionally, 
we retrieved COI and RAG1 sequences of two Horabagridae species 
(Horabagrus brachysoma and Pseudeutropius brachypopterus) and 

outgroup taxa (Glyptothorax lampris and G. macrocephalus) from Gen
Bank for phylogenetic analysis. All sequences of the COI and RAG1 
genes, along with their associated accession numbers, are provided in 
Supplementary File (Supplementary File S4, S1A, S1B).

2.4. Phylogenetic analyses

The aligned DNA sequences (506,742 bp) were used for phylogenetic 
reconstruction. Maximum likelihood (ML) analyses were performed on 
concatenated sequences, with partitioning initially based on codon po
sition and further optimized using PartitionFinder v2.1.1 (Lanfear et al., 
2016). Codon-based partitioning was applied with the GTR + G model 
and the rcluster algorithm, and the optimal scheme was selected using 
the Bayesian Information Criterion (BIC).

The ML tree was inferred using RAxML v8.2.8 (Stamatakis, 2014) 
under the GTRGAMMA model, with 1000 bootstrap replicates for 
branch support. For additional validation, we also conducted analyses in 
IQ-TREE v2.1.4-beta (Minh et al., 2020), where ModelFinder 
(Kalyaanamoorthy et al., 2017) was used to identify the best-fit model 
(selected via BIC). Although PartitionFinder was initially employed, 
ModelFinder ensured compatibility within IQ-TREE’s framework and 
cross-validated model selection. The best-fit model (GTR + F + R3) was 
applied with 1000 SH-aLRT replicates (Anisimova et al., 2011) to assess 
branch support.

In addition, a separate analysis was conducted using the COI and 
RAG1 sequences to include African schilbid representatives, which were 
unavailable in the targeted enrichment dataset. The two gene align
ments were first assessed for incongruence using the incongruence 
length difference (ILD) test (Farris et al., 1995), which yielded a non- 
significant result (P > 0.05), permitting concatenation. Phylogenetic 
reconstruction of the combined dataset was conducted in IQ-TREE 
v2.1.4-beta under the TIM2 + F + I + R2 model (selected by Model
Finder), with 1,000 ultrafast bootstrap replicates for branch support. 
Pairwise genetic distances among 11 ailiid and four schilbid species 
were computed under the Kimura 2-parameter (K2P) model with 1,000 
bootstrap replicates in MEGA 11 (Tamura et al., 2021) and visualized as 

Fig. 1. Map showing sampling sites.
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a heatmap using the “heatmaply” R package (Galili et al., 2018).
Individual gene trees were inferred in RAxML v8.2.8 under the 

GTRGAMMA model (Supplementary File S5). A coalescent-based species 
tree was then reconstructed using ASTRAL v5.6.3 (Mirarab et al., 2014) 
with all gene trees as input. The analysis employed the full annotation 
option (− t 2) to display quartet support and local posterior probabilities 
for each branch (Hu et al., 2023). The − q parameter was used to 
compute the quartet score, branch lengths, and ASTRAL support values. 
To further evaluate branch support, we calculated the Gene Concor
dance Factor (gCF) and Site Concordance Factor (sCF) in IQ-TREE 
v2.1.4-beta (Minh et al., 2020). The gCF represents the percentage of 
decisive gene trees containing a given branch (accounting for taxon 
coverage differences), while the sCF reflects the percentage of decisive 
alignment sites supporting that branch. These metrics were derived from 
individual gene trees (gCF) and the concatenated alignment (sCF) 
(Roa-Varón et al., 2021).

2.5. Estimation of divergence time

The preliminary data set, incorporating 11 ingroups and three out
groups (Sisoridae, Bagridae and Horabagridae), was assembled 
following the protocol described in section 2.3 to facilitate fossil cali
bration. A total of 4,434 loci with complete data across 17 species were 
initially recovered. After quality filtering and alignment trimming, 
492,627 base pairs (bp) across 2,110 loci were retained. For divergence 
time estimation (Supplementary File S6). Input files written in XML 
were created using BEAUti v2.3.2 (Drummond and Rambaut, 2007). The 
data were divided into three codon positions (1 + 2 + 3). Site models 
were unlinked across partitions, whereas clock models and trees were 
linked. The substitution model used was GTRGAMMA, with a substitu
tion rate of 1.0 and four gamma categories. A relaxed log-normal clock 
with a birth–death tree model was employed as the clock model. The 
weights of four parameters Birth Death Subtree Slide, Narrow, Wide and 
Wilson-Bladingwere set to zero to fix the tree topology, as described in Li 
et al. (2018).

Due to the scarcity of well-documented ailiid fossils, the earliest 
divergence of Siluriformes was constrained using fossil evidence from 
the Late Cretaceous. The oldest fossils confidently assignable to Silur
iformes are isolated dorsal and pectoral fin spines recovered from the 
Adamantina formation of the Bauru Group in Brazil (Alves et al., 2016; 
2019). These remains date to the Turonian–Santonian stages (93.9–83.6 
Ma) based on stratigraphic correlations with the regional geological 
framework (Dias-Brito et al., 2001). A log-normal distribution (mean =
3.24, SD = 0.4, offset = 83.6 Ma) was applied, with a hard minimum age 
of 83.6 Ma (Turonian–Santonian stages evidence) and a 95 % soft 
maximum age of 145.5 Ma, reflecting the oldest fossil of the crown 
group Ostariophysi, †Rubiesichthys gregalis (stem Gonorynchiformes), 
from the Berriasian of Spain (Fara et al., 2010; Benton et al., 2015). This 
approach follows the framework of previous studies integrating molec
ular and fossil evidence to estimate Siluriformes divergence (Kappas 
et al., 2016), though here the soft maximum age is calibrated using the 
oldest crown Ostariophysi fossil (†Rubiesichthys gregalis) rather than 
molecular estimates. For the second calibration, the earliest definitive 
Bagridae fossil, Bagrus sp. from the late Eocene of Egypt (33.9–37 Ma; 
El-Sayed et al., 2020), was used. A log-normal distribution (mean =
3.35, SD = 0.45, offset = 33.9 Ma) was implemented, with a hard 
minimum of 33.9 Ma and a 95 % soft maximum of 93.9 Ma, based on the 
oldest confirmed Siluriformes fossil record from the Turonian stage 
(Alves et al., 2016; 2019). The third calibration incorporated the oldest 
known Sisoridae fossil, Bagarius sp., from the Pliocene (5.3–1.8 Ma; 
Lydekker, 1886). A log-normal distribution (mean = 3.33, SD = 0.4, 
offset = 1.8 Ma) was applied, with a hard minimum of 1.8 Ma and a 95 % 
soft maximum of 37 Ma, aligned with the late Eocene Bagrus sp. Fossil 
(El-Sayed et al., 2020).

Two independent BEAST analyses were conducted, each comprising 
60 million Markov chain Monte Carlo (MCMC) generations, with 

parameters sampled every 1,000 generations. Convergence of chains 
and effective sample sizes (ESS > 200 for all parameters) were verified 
using Tracer v1.6 (Rambaut et al., 2018). Post-analysis, tree files from 
both runs were combined with LogCombiner v2.3.2 (Drummond and 
Rambaut, 2007), discarding the first 20 % of generations as burn-in. A 
maximum clade credibility (MCC) tree, annotated with mean node ages 
and 95 % highest posterior density (HPD) intervals, was generated using 
TreeAnnotator v1.8.1 (Drummond and Rambaut, 2007). Final trees 
were visualized and edited in FigTree v1.4.0.

2.6. Reconstruction of ancestral distribution of Ailiidae

The RASP v4.3 (Yu et al., 2020) was used to reconstruct ancestral 
distribution of the family Ailiidae based on three models: Statistical 
dispersal-vicariance analysis (S-DIVA), Lagrange (DEC) and Bayes- 
Lagrange (S-DEC) (Ree and Smith, 2008; Yu et al., 2015). A calibrated 
Bayesian time tree, pruned of outgroups using R v4.4.2 (R Core Team, 
2024) with the ape package (Paradis and Schliep, 2019), served as the 
input (Supplementary File S7). Four biogeographic regions were defined 
based on major river basins and historical freshwater connectivity. (A) 
Ganges–Brahmaputra River basin (India and Nepal), encompassing 
interconnected Nepalese and Indian river systems; (B) Irra
waddy–Salween River basin (Myanmar); (C) Indus River basin 
(Pakistan); and (D) Pahang River basin (Malaysia). Species distributions 
were assigned using the “Load States (Distribution)” option in RASP. 
Three models were tested on the trees independently. For comparative 
analysis, six additional models implemented in the BioGeoBEARS 
package (DEC, DEC + J, DIVALIKE, DIVALIKE + J, BAYAREALIKE, 
BAYAREALIKE + J; Matzke, 2018) were tested under identical con
straints (maximum range size = 4 regions; Supplementary Table S1). 
Models were ranked using Akaike Information Criterion (AIC) scores 
(Supplementary Table S1), with results from the best-supported model 
presented.

3. Results

3.1. Phylogenetic relationship

The concatenated dataset (Supplementary File S1) comprised 2,102 
loci (505,110 bp), containing 44,517 parsimony-informative sites (8.81 
%) and 92,686 distinct patterns. The alignment included 36,988 
singleton sites and 423,605 constant sites (83.86 %), with the high 
proportion of parsimony-informative sites providing strong phyloge
netic resolution. Maximum likelihood (ML) analysis under the optimal 
partitioning scheme (selected by PartitionFinder) yielded a topology 
congruent with codon-based partitioning (Fig. 2; Supplementary File 
S8). The ML tree exhibited robust nodal support, with 98 % of branches 
receiving ≥ 95 % bootstrap values. Only two nodes showed lower sup
port, 64–78 % and 94–97 %, respectively (Fig. 2). All ailiid genera were 
recovered as monophyletic with maximum bootstrap support (100 %) 
except for Clupisoma. Within Clupisoma, C. prateri and C. garua clustered 
closely, while C. montanum (reclassified as Laides montanum hereafter) 
and C. sinense (reclassified as Laides sinense hereafter) resolved a sepa
rate lineages and grouped with Laides hexanema. Ailia coila and Ailiich
thys punctata formed distinct, well-supported clades. Notably, Laides 
hexanema grouped sister to C. sinense, suggesting closer evolutionary ties 
than previously recognized, though it retained distinctiveness. In 
Eutropiichthys, E. vacha and E. burmannicus were closely related, whereas 
E. murius diverged as a distinct lineage. Silonia silondia formed a 
monophyletic clade, clearly separated from other genera.

The phylogenetic analysis of concatenated COI and RAG1 sequences 
revealed a clear separation between African Schilbeidae and Asian 
Ailiidae, with each forming distinct clades supported by strong nodal 
values (Supplementary File S9). All Asian ailiid species clustered 
together in a single, well-supported monophyletic clade, while African 
schilbid species formed a separate lineage, confirming a deep 
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evolutionary divergence between the two families. Pairwise genetic 
distance analysis further supported this distinction, showing interspe
cific divergence between ailiids and schilbids ranging from 20 % to 57 % 
(Supplementary File S10). Notably, Parailia congica exhibited substan
tially lower divergence from ailiid species (11 %–14 %), suggesting a 
potentially closer evolutionary relationship or an unresolved taxonomic 
placement within Schilbeidae.

The coalescent species tree reconstructed using ASTRAL was 
consistent with the ML trees (Fig. 3). All branches in the ASTRAL species 
tree received full nodal support, with quartet support values (q1) of 1.0 
and an effective number (EN) of 1.0, suggesting that all gene trees 
provided fully informative support for the resolved topologies. The 
normalized quartet score obtained from the ASTRAL analysis was 0.82, 
indicating strong concordance among the gene trees. However, we 
observed inconsistencies in branch support estimates between quartet 
support and gene and site concordance factors (gCF, sCF). Despite the 
presence of numerous short internodes, all relationships received un
equivocal support from the quartet-based analysis (normalized quartet 
score = 0.82), whereas gCF (6.3–98.1 %; Supplementary File S10, S2A) 
and sCF (31.9–99.3 %; Supplementary File S10, S2B), values were 
comparatively lower for several nodes, indicating hidden conflict across 
loci.

3.2. Divergence time estimates

Both independent BEAST runs achieved convergence, with all pa
rameters exhibiting Effective Sample Size (ESS) values exceeding 413. 
Mean divergence times and 95 % highest posterior density (HPD) in
tervals are summarized in Fig. 4. The stem age of Ailiidae, marking its 

Fig. 2. Maximum likelihood tree of 11 ailiid species based on 2,102 nuclear loci (505,110 bp), partitioned by the best partitioning scheme suggested by Parti
tionFinder. Numbers at the nodes show bootstrap supports from RAxML analysis and SH-aLRT test values from IQ-TREE are not shown.

Fig. 3. A coalescent tree of the ailiids resulted from ASTRAL analysis on 2,102 
nuclear loci (505,110 bp). Number at nodes show the branch support values.
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divergence from the closely related family Horabagridae, was estimated 
at 3.6 Ma (95 % HPD: 6.5–1.38 Ma). The crown age or the most recent 
common ancestor (MRCA) of all sampled Ailiidae lineages, was esti
mated at 2.1 Ma (95 % HPD: 3.34–0.96 Ma). The first major split within 
Ailiidae separated Ailia and Ailiichthys from the rest of the family, 
indicating their basal position. Around 1.96 Ma (95 % HPD: 3.17–0.80 
Ma), the Clupisoma lineage emerged, marking the next major split, fol
lowed by a diversification event at 1.8 Ma (95 % HPD: 2.90–0.70 Ma), 
which led to the separation of Eutropiichthys and Laides. Further diver
gence occurred between Eutropiichthys and Silonia around 1.5 Ma (95 % 
HPD: 2.70–0.40 Ma), reflecting continued lineage diversification during 
the Pleistocene. Divergence between Ailia coila and Ailiichthys punctata 
was estimated at 0.8 Ma (95 % HPD: 1.87–0.06 Ma), Eutropiichthys 

murius from E. vacha/E. burmannicus at 0.8 Ma (95 % HPD: 1.51–0.14 
Ma) and E. vacha from E. burmannicus at 0.4 Ma (95 % HPD: 0.9–0.009 
Ma). Divergence between Laides montanum from L. sinense/L. hexanema 
at 1.03 Ma (95 % HPD: 2.08–0.19 Ma) and L. sinense and L. hexanema 
diverged at 0.5 Ma (95 % HPD: 1.08–0.03 Ma), while Clupisoma garua 
and C. prateri diverged at 0.62 Ma (95 % HPD: 1.43–0.03 Ma).

3.3. Historical biogeography of the ailiids

The Dispersal-Extinction-Cladogenesis (DEC) model was selected as 
the best-fit for biogeographic reconstruction (lowest AIC; Supplemen
tary Table S1). Results from S-DIVA analysis in RASP were largely 
consistent with output generated from the DEC model using 

Fig. 4. Divergence time estimation of ailiids using BEAST analysis based on the 2,110 loci (492,627 bp). Six closely related outgroups representing two species each 
(from Bagridae, Sisoridae and Horabagridae) were included for fossil calibration. Shaded bars on nodes represent 95 % highest posterior credible age intervals 
for each.

Fig. 5. Time calibrated tree of ailiids with estimated distribution range of nodes under DEC model implemented in BioGeoBEARS. Outgroups were discarded from 
analysis. Four river basins were assigned. A: Ganges–Brahmaputra basin (India and Nepal), B: Irrawaddy–Salween basin (Myanmar), C: Indus basin (Pakistan) and D: 
Pahang basin (Malaysia). The pie chart on each node represents different possibilities of distribution, with the letter in the middle of the pie chart indicating the 
distribution with highest probability.
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BioGeoBEARS (Fig. 5, Supplementary File S11). Ancestral range recon
struction identified the Ganges–Brahmaputra River basin (South Asia) as 
the ancestral origin for Ailiidae (Fig. 4), followed by dispersals into the 
Irrawaddy–Salween, Pahang and Indus River basins. Basal lineages Ailia 
coila and Ailiichthys punctata retained their ancestral distribution in the 
Ganges-Brahmaputra basin without secondary dispersal. The Laides 
montanum/Laides sinense/Laides hexanema clade exhibited an interesting 
biogeographic split: L. montanum remained in the in the Gang
es–Brahmaputra basin, while L. sinense and L. hexanema colonized the 
Pahang (Southeast Asia). Similarly, the clade containing Eutropiichthys 
burmannicus, E. vacha, E. murius and Silonia silondia also originated in the 
Ganges–Brahmaputra basin before dispersing into the Irra
waddy–Salween basin further supporting multiple independent coloni
zation events in this region. Clupisoma garua and C. prateri share a 
common ancestor in the Ganges–Brahmaputra River basin but later 
C. prateri dispersed into the Irrawaddy–Salween basin. These patterns 
collectively highlight multiple independent colonization events shaping 
the biogeography of Ailiidae.

4. Discussion

4.1. Phylogenetic relationships among the Ailiidae species

The phylogeny strongly supported (100 % bootstrap) the monophyly 
of Ailiidae, encompassing Ailia, Ailiichthys, Clupisoma, Eutropiichthys, 
Silonia and Laides (genus Proeutropiichthys not analyzed). The high 
normalized quartet score (0.82) and full quartet support across all nodes 
in the ASTRAL tree indicated strong topological concordance among 
gene trees. However, the comparatively lower gCF (6.3–98.1 %; Sup
plementary File S10, S2B) and sCF (31.9–99.3 %; Supplementary File 
S10, S2A) values observed at some short internodes imply underlying 
gene tree discordance. Notably, the separation of the genera Clupisoma, 
Eutropiichthys and Silonia was supported by moderate sCF values of 31.8 
and 31.9, indicating some level of discordance at this node. Further
more, the separation of Laides, Eutropiichthys and Silonia exhibited 
significantly lower gCF values of 6.32 and 7.79, suggesting even greater 
gene tree conflict at this node. These low gCF values reflect potential 
challenges in resolving the evolutionary relationships among these 
genera, likely due to incomplete lineage sorting (ILS) or historical 
introgression events. Our findings are consistent with those of Roa- 
Varón et al. (2021), who reported gCF values ranging from 2.5–24.4 % 
and sCF values between 33.2–41.6 %, indicating moderate to low sup
port for several nodes. These discrepancies across loci underscore the 
complexity of the evolutionary processes within the Ailiidae family and 
emphasized the need for phylogenomic analyses.

The taxonomy of the Ailiidae family, based on limited morphological 
traits and molecular markers (Ferraris and Vari, 2007; Van der Laan 
et al., 2014), remains inclusive until now. Traditional classifications 
grouped Ailia, Clupisoma, Eutropiichthys, Proeutropiichthys, Silonia and 
Laides into Ailiidae based on characters like the absence of a dorsal fin 
and elongate anal fin (Talwar and Jhingran, 1991; Nelson et al., 2016). 
However, these traits are now recognized as homoplastic, overlapping 
with those of Schilbeidae and Pangasiidae, leading to taxonomic insta
bility (Stewart et al., 2014). Molecular studies have further complicated 
classifications; for example, Wang et al. (2016) reclassified Eutropiich
thys, Proeutropiichthys and Silonia into Schilbidae, while retaining Ailia, 
Clupisoma and Laides in Ailiidae. Schilbeidae itself is non-monophyletic, 
with African and Asian lineages resolved as distinct clades (Sullivan 
et al., 2006; Wang et al., 2016). This deep divergence supports that the 
African and Asian lineages are not closely related and the African 
Schilbeidae may share a closer relationship with other African catfish 
families than with their Asian counterparts (Ferraris and Vari, 2007). 
Consequently, the name Ailiidae has been proposed as the valid 
family-group name for the Asian lineage (Li and Zhou, 2018). Our 
phylogenomic analysis of 4,434 nuclear loci, robustly validates Ailiidae 
as a distinct family, comprising Ailia, Ailiichthys, Eutropiichthys, Laides, 

Clupisoma and Silonia. Notably, Ailia coila and Ailiichthys punctata form a 
basal lineage reinforcing monophyly of this group and resolving 
long-standing taxonomic ambiguities. Our results establish a clear 
framework for the classification of Ailiidae, distinct from the African 
Schilbeidae.

The genus Clupisoma was recovered as paraphyletic, indicating po
tential taxonomic inconsistencies within its current classification. In 
contrast, in all other ailiid genera exhibit robust monophyly, reinforcing 
their systematic validity. These findings compel a critical re-evaluation 
of Clupisoma to resolve its phylogenetic discordance and establish a 
more taxonomically coherent framework. Molecular studies of Clupiso
ma are limited and its phylogenetic relationships remain poorly under
stood (Wang et al., 2016). While some studies based on mitochondrial 
cytochrome c (e.g., Saraswat et al., 2014; Laskar et al., 2020) have been 
conducted on a few species, the morphological characters defining this 
genus including nasal barbels extending beyond the anterior margin of 
the eye, maxillary barbels reaching midway along the pelvic fins and an 
anal fin with 40–44 rays (Hora, 1937) do not consistently hold across all 
species. For example, C. garua, and C. prateri form a well-supported sis
ter clade, aligning with Hora’s (1937) morphological distinctions, 
However, Laides montanum forms a distinct clade, showing closer 
phylogenetic affinity to Laides sinense and Laides hexanema. The 
morphological and meristic characters of C. montanum described by Ng 
(1999) and Shrestha (2019) including body shape, fin-ray counts, caudal 
fin structure and pectoral spine length exhibit strong similarities to those 
of Laides. These synapomorphies, combined with robust phylogenetic 
evidence, support the reclassification of C. montanum as Laides mon
tanum. Key diagnostic characters for Laides include a more elongated 
body, a distinct abdominal keel and melanophore patterns that differ 
from Clupisoma. Furthermore, Laides species typically exhibit shorter 
maxillary barbels and a more anterior placement of the dorsal fin rela
tive to the pelvic fins. The close phylogenetic relationship between 
Clupisoma sinense and Laides hexanema, supported by genomic data, 
contradicts prior morphological classifications that synonymized 
L. sinense with C. sinense based on barbel counts (Vidthayanon and 
Roongthongbaisuree, 1993; Ng, 1999, Ferraris, 2004; Chen et al. 2005). 
However, this aligns with morphological revisions by Kottelat (1989)
and Rainboth (1996), who emphasized traits like nostril structure and 
fin morphology to reclassify C. sinense as L. sinense. Despite current 
recognition of C. sinense in FishBase (Froese and Pauly, 2025) and 
Eschmeyer’s Catalog of Fishes (Fricke et al., 2025), our phylogenomic 
and morphological evidence necessitates its formal transfer to Laides.

Moreover, the phylogenetic analysis supports Ailia coila and Ailiich
thys punctata as closely related species within Ailiidae and forming a 
sister clade to other ailiids. Ailiichthys punctata is a less studied taxon 
with very limited available information. Menon (1999) reclassified it as 
a synonym of A. coila but Ferraris and Vari (2007) resurrected it as a 
distinct, valid species. However, morphological and molecular data 
remain lacking, except for partial Cytochrome c sequence (Genbank Acc. 
No. PQ389427). The body appearance of A. coila and A. punctata appears 
strikingly similar; however, a significant morphological distinction lies 
in the pelvic fin, since it is absent in A. punctata. This peculiar and 
defining morphological trait, coupled with our robust phylogenetic 
analysis, supports the conclusion that these two taxa are distinct, valid 
species within Ailiidae.

The Eutropiichthys species E. murius, E. burmannicus and E. vacha 
exhibit close phylogenetic affinities, as evidenced by robust bootstrap 
values that strongly support their monophy within the family. Moreover, 
E. burmannicus was recovered as the sister species to E. vacha. Taxo
nomic placement of Eutropiichthys remains highly contentious. While 
FishBase (Froese and Pauly, 2025) retains it within Schilbeidae, 
Eschmeyer’s Catalog of Fishes (Fricke et al., 2025) and Limbu et al. 
(2024) placed it under Ailiidae. This discrepancy persists in contempo
rary literature, as exemplified by Sarkar et al. (2013), Gupta and 
Banerjee (2016) and Khatun et al. (2022), all of which continue to assign 
Eutropiichthys to Schilbidae, further complicating the understanding of 
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its true familial affiliation. However, our analysis suggests that Eutro
piichthys belongs in Ailiidae, therefore, we recommend its reclassifica
tion. Similarly, the genus Silonia, forms a distinct clade separate from 
Eutropiichthys, highlighting the evolutionary divergence within the 
family. This pattern mirrors that observed in Eutropiichthys, reinforcing 
our phylogenetic findings, which strongly support the placement of 
Silonia within Ailiidae. Therefore, we recommend the classification of 
Silonia under Ailiidae. The genetic distance analyses further support the 
placement of Eutropiichthys and Silonia within the family Ailiidae. The 
pairwise genetic variation between species: Eutropiichthys burmannicus, 
E. murius, E. vacha and Silonia silondia and African schilbeid species 
(Schilbe intermedius, Pareutropius debauwi, Parailia congica and Parailia 
pellucida) ranged from 20 % to 57 %, reflecting substantial evolutionary 
divergence (Supplementary File S9). In contrast, their genetic distances 
from other Asian ailiid congeners were markedly lower (0.5–5.9 %). 
This pronounced contrast in genetic differentiation underscores the 
closer phylogenetic affinity of Eutropiichthys and Silonia to Asian ailiids 
than to African schilbeids. These results, congruent with our phyloge
netic findings, provide compelling molecular evidence for reclassifying 
both genera under Ailiidae.

4.2. Divergence time and historical biogeography

Our study further estimated divergence times of the species within 
Ailiidae family, a group of catfishes distributed across South and 
Southeast Asia. The stem age of Ailiidae, marking its divergence from 
the closely related family Horabagridae, was estimated at 3.6 Ma. These 
relatively young estimates compared to other catfish families may 
reflect limited taxon sampling and the uncertain phylogenetic position 
of Pachypterus sp., which was traditionally placed in Schilbeidae but 
more recently assigned to Horabagridae, although some evidence sug
gests it may instead belong to Ailiidae. If Pachypterus sp. (or another 
“horabagrid”) is indeed an ailiid, the true MRCA of Ailiidae could be 
older than estimated here. Future studies with denser sampling of ‘Big 
Asia’ taxa are needed to clarify these relationships and refine divergence 
time estimates. Our molecular clock analyses estimate the most recent 
common ancestor (MRCA) of the sampled Ailiidae lineages to have 
originated during the Pleistocene at 2.1 Ma (3.34–0.96 Ma), with the 
uncertainty interval spanning the late Pliocene to the early Pleistocene 
(Fig. 3). Karinthanyakit and Jondeung (2012) investigated the phylo
genetic relationships of pangasiid and schilbeid catfishes in Thailand, 
including four species now recognized as members of Ailiidae: Clupisoma 
sinense (syn. Laides sinense), L. longibarbis, C. prateri, and Eutropiichthys 
salweenensis. Their analysis, based on mitochondrial DNA and a single 
nuclear marker with one fossil calibration point, estimated divergence 
times for these species between 4.5 and 2.5 million years ago (Ma). 
However, our divergence time estimation suggested that the most recent 
common ancestor of Ailiidae diverged at 2.1 Ma during the Pleistocene. 
These differences might be because results from Karinthanyakit and 
Jondeung (2012) were based on few taxa, a single fossil record used for 
calibration and analysis of mitochondrial genes sequences along with a 
single nuclear marker, which usually generate older age estimates 
(Dornburg et al., 2014).

The divergence of ailiids (3.34–0.96 Ma) aligns with major drainage 
reorganization in South and Southeast Asia during the Pliocene- 
Quaternary (Brookfield, 1998). This divergence event may have been 
influenced by the formation of new river systems or the isolation of 
populations due to orogenetic activity and changing sea levels (Sartono, 
1973). It is unequivocally established that transformations in drainage 
basin morphology driven by geological processes are fundamental and 
decisive factors shaping the patterns of biodiversity and the distributions 
of ichthyofauna (Kottelat, 1989).

The basal divergence between Ailia coila and Ailiichthys punctata 
occurred approximately 2.1 million years ago (Ma) during early Pleis
tocene geological upheavals. This period coincided with Eastern Hi
malayan uplift and Ganges-Brahmaputra drainage reorganization 

(Bracciali et al., 2016), likely driving vicariant speciation. Both species 
remain endemic to this basin, with no evidence of secondary dispersal. 
While FishBase (Froese and Pauly, 2025) and Eschmeyer’s Catalog 
(Fricke et al., 2025) report Pakistani occurrences for these species, we 
found no supporting primary literature. Without verification, we 
consider their distribution ancestrally restricted to the Ganges- 
Brahmaputra system, reflecting the retention of an ancestral distribu
tion pattern.

The diversification of the Clupisoma lineage, estimated to have 
occurred around 1.96 million years ago (Ma), aligns with the onset of 
major sea-level oscillations during the Pleistocene. These cyclical fluc
tuations, which repeatedly exposed and inundated extensive landmasses 
across the Sunda and Sahul shelves (Voris, 2000), likely played a pivotal 
role in shaping the biogeographic history of freshwater taxa in South and 
Southeast Asia. The periodic exposure of vast shelf areas led to the 
formation of extensive ancient river systems, facilitating dispersal across 
now-fragmented river basins. One notable example is the divergence 
between C. garua and C. prateri, estimated to have occurred at approx
imately 0.62 Ma, during the Middle Pleistocene, a period marked by 
intensified glacial cycles and dramatic sea-level fluctuations (Sartono, 
1973). The genus Clupisoma currently comprises seven recognized spe
cies with largely allopatric distributions across major South and 
Southeast Asian river systems, including the Indus (C. naziri, C. garua), 
Ganges-Brahmaputra (C. garua, C. bastari), Irrawaddy (C. prateri, C. 
roosae, C. longianale) and Salween (C. yunnanense) (Fricke et al., 2025). 
In our study, we included only two species, C. garua and C. prateri, which 
limits the scope of a comprehensive biogeographic reconstruction. 
Nonetheless, the estimated divergence between C. garua and C. prateri at 
approximately 0.62 Ma, during the Middle Pleistocene, provides a useful 
temporal anchor for hypothesizing historical separation processes. The 
spatial and temporal divergence of C. garua (Ganges-Brahmaputra ba
sins) and C. prateri (Irrawaddy basin) likely reflects vicariant events 
linked to Pleistocene climate oscillations, paleodrainage shifts and tec
tonic activities. During glacial periods, lower sea levels exposed exten
sive land bridges across the Sunda Shelf, enabling episodic connections 
between river systems that are currently isolated (Sartono, 1973; Mur
ray-Wallace and Woodroffe 2014; Šlechtová et al., 2021). It is plausible 
that ancestral populations of Clupisoma were once more widely distrib
uted across a connected fluvial network, particularly between the 
Ganges-Brahmaputra and Irrawaddy systems, facilitated by paleo-river 
systems like the Brahmaputra-Irrawaddy connection hypothesized for 
the Late Pleistocene.

The divergence between Laides montanum and the clade containing 
L. sinense and L. hexanema, occured around 1.03 Ma, likely coinciding 
with significant environmental changes during the late Early Pleisto
cene. Laides montanum is restricted to the Ganges-Brahmaputra River 
basin in South Asia, primarily in India and Nepal, while L. sinense and L. 
hexanema are found in Southeast Asia, likely within the Irra
waddy–Salween River basin. This geographic separation of these line
ages likely indicates a vicariant scenario, in which ancestral populations 
were once more widely distributed across a hydrologically inter
connected landscape during glacial lowstands, potentially linking the 
Ganges-Brahmaputra and Irrawaddy–Salween river systems. Numerous 
studies have demonstrated that Asia experienced multiple large-scale 
glaciation events during the Pleistocene, causing repeated fluctuations 
in sea level (Voris, 2000; Zachos et al., 2001). Such environmental 
instability would have contributed to the fragmentation of ancient river 
systems, suggesting that an ancestral Laides population may have once 
inhabited a more continuous freshwater network potentially spanning 
the Indo-Burman region and enhancing connectivity between these river 
basins.

Biogeographic analysis of Eutropiichthys and Silonia reveals distinct 
patterns of historical dispersal and diversification across the Gang
es–Brahmaputra and Irrawaddy–Salween river basins. Based on 
Eschmeyer’s Catalog of Fishes (Fricke et al., 2025), seven species of 
Eutropiichthys are currently recognized: E. britzi, E. burmannicus and E. 
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salweenensis from the Irrawaddy–Salween system; and E. cetosus, E. 
goongwaree, E. murius and E. vacha from the Ganges–Brahmaputra basin. 
The monotypic genus Silonia (S. silondia) occurs in both regions. The 
results suggest that the genera Eutropiichthys and Silonia likely originated 
in the Ganges–Brahmaputra basin and underwent multiple independent 
colonization events into the Irrawaddy–Salween basin. The most recent 
divergence was between E. vacha and E. burmannicus during late Pleis
tocene (0.4 Ma, 0.94–0.01 Ma, 95 % HPDs). This timeframe coincides 
with glacial cycles and associated sea level fluctuations of the late 
Pleistocene, which have been proposed as key drivers of increased 
speciation (Weins and Donoghue 2004; Mittelbach et al., 2007; Beck 
et al., 2017).

It is important to acknowledge a key limitation of our study: the 
limited taxon sampling within the family Ailiidae, covering only 11 out 
of the 25 currently recognized species. This restricted sampling may 
influence the robustness of phylogenetic relationships and un
derestimates the full complexity of the family’s biogeographic history. 
The inferred divergence times and dispersal/vicariant patterns, while 
informative, should be interpreted with caution, as inclusion of addi
tional taxa could potentially reveal previously undetected lineages or 
alternative historical scenarios. We emphasize that the proposed sce
narios require validation through expanded taxonomic sampling and 
genomic-scale data. Such comprehensive approaches will be essential to 
fully resolve the family’s complex diversification history and test alter
native biogeographic hypotheses.

5. Conclusions

Our phylogenetic analysis confirms the monophyly of Ailiidae in
clusive of Ailia, Ailiichthys, Clupisoma, Eutropiichthys, Silonia and Laides 
(genus Proeutropiichthys not analyzed). Robust molecular and morpho
logical evidence supports reclassifying C. sinense and C. montanum to the 
genus Laides. Furthermore, our study strongly supports the classification 
of Eutropiichthys into Ailiidae, thereby reflecting its true phylogenetic 
relationship. Additionally, we advocate for the inclusion of Silonia 
within Ailiidae, resolving longstanding conflicts. Our findings support 
these taxonomic revisions to provide a more accurate reflection of the 
evolutionary relationships within the diverse and ecologically signifi
cant Ailiidae. The Ganges-Brahmaputra River basin in South Asia is 
likely the ancestral origin of the Ailiidae family. From there, they 
dispersed into the Irrawaddy-Salween, Pahang and Indus River basins 
through multiple independent colonization events. These movements 
were facilitated by paleo-river connections between the major drainages 
of South and Southeast Asia during the climatic fluctuations of the 
Plieistocene.
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thankful to Dr. Sébastien Lavoué (Universiti Sains Malaysia), Dr. Absar 
Alam, Mohsan Raza and Laxman Updhyaya for their invaluable support 
in sample collection. We extend our sincere gratitude to the Department 
of Forests and Soil Conservation, Babarmahal, Kathamndu, Nepal, for 
granting us the necessary permissions to collect samples for this study. 
We would also like to express our heartfelt thanks to Dr. David Edds for 
his invaluable assistance in language correction and refinement of this 
manuscript. We especially thank Prof. Dr. Mark Sabaj of the Academy of 
Natural Sciences of Drexel University, USA, for his signed review, and 
the anonymous reviewer for their valuable insights, which significantly 
improved the clarity and quality of our work.

Appendix A. Supplementary material

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ympev.2025.108384.

References

Alam, M.J., Andriyono, S., Lee, S.R., Hossain, M.A.R., Eunus, A.T.M., Hassan, M.T., 
Kim, H.W., 2019. Characterization of the complete mitochondrial genome of 
gangetic ailia, Ailia coila (siluriformes: ailiidae). Mit. DNA b. 4 (2), 2258–2259. 
https://doi.org/10.1080/23802359.2019.1627942.

Alves, Y.M., Bergqvist, L.P., Brito, P.M., 2016. New occurrences of microvertebrate fossil 
accumulations in Bauru Group, Late Cretaceous of western São Paulo state, Brazil. 
J. S. Am. Earth. Sci. 69, 80–90.

Alves, Y.M., Bergqvist, L.P., Brito, P.M., 2019. The dorsal and pectoral fin spines of 
catfishes (Ostariophysi: Siluriformes) from the Bauru Group (Late Cretaceous), 
Brazil: A comparative and critical analysis. J. S. Am. Earth. Sci. 92, 32–40.

Anisimova, M., Gil, M., Dufayard, J.-F., Dessimoz, C., Gascuel, O., 2011. Survey of 
branch support methods demonstrates Accuracy, power and robustness of fast 
likelihood-based approximation schemes. Syst. Biol. 60, 685–699. https://doi.org/ 
10.1093/sysbio/syr041.

Arbogast, B.S., Edwards, S.V., Wakeley, J., Beerli, P., Slowinski, J.B., 2002. Estimating 
divergence times from molecular data on phylogenetic and population genetic 
timescales. Annu. Rev. Ecol. Syst. 33, 707–740.

Beck, S.V., Carvalho, G.R., Barlow, A., Ruber, L., Hui, T.H., Nugroho, E., Wowor, D., 
MohdNor, S.A., Herder, F., Muchlisin, Z.A., de Bruyn, M., 2017. Plio-pleistocene 
phylogeography of the southeast asian blue Panchax killfish. Aplocheilus Panchax. 
Plos One. 12, e0179557. https://doi.org/10.1371/journal.pone.0179557.

Benton, M.J., Donoghue, P.C.J., Asher, R.J.,Friedman, M., Near, T.J., Vinther, J., 2015. 
Constraints on the timescale of animal evolutionary history. Palaeontol Electron. 18 
1.1FC: 1-106.

Bleeker, P., 1858. De heer Bleeker brengt nog ter tafel het eerste deel van eene 
ichthyologiae Archipelagi Indici Prodromus Natuurkundig Tijdschrift voor 
Nederlandsch Indië, 16, 38–41.
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