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ARTICLE INFO ABSTRACT

Keywords: The phylogenetic relationships between Procladiini and Tanypodini (Chironomidae, Tanypodinae) remain un-
Phylogeny resolved. Here, we recovered an average of 2,432 universal single-copy orthologous genes (USCOs) per species
USCOs L from 29 taxa and used occupancy-filtered USCO datasets to reconstruct their phylogenetic relationships,
]S)aisg::irggi;izl providing the first USCO-based phylogenomic framework for Tanypodinae. Maximum likelihood and multispe-

cies coalescent analyses recovered consistent and strongly supported topologies. Djalmabatista was recovered as a
distinct lineage within Procladiini and as sister to Procladius, supporting its status. as a valid genus. In contrast,
Saetheromyia was recovered as sister to Tanypus, rather than within Procladiini. Independent morphological
evidence indicates that Saetheromyia exhibits a unique combination of characters absent in other tribes, sup-
porting the establishment of a new tribe, Saetheromyiini Xiao, trib. nov.. Divergence time estimation using
fossil calibrations indicates that major Tanypodinae tribes originated in the Early Cretaceous (ca. 123.9-104.0
million years ago, Ma), with the split between Procladiini and Tanypodini in the Late Cretaceous (ca. 96.1-78.2
Ma), followed by diversification of Procladiini from the Late Cretaceous to the Eocene and of Tanypodini pri-
marily during the Miocene. These results provide a robust phylogenomic framework for understanding the
evolutionary history and higher classification of Tanypodinae.

1. Introduction

Chironomidae (Diptera), commonly known as non-biting midges, is
one of the most widely distributed and biomass-dominant groups of
freshwater aquatic insects, comprising over 7,800 described species
worldwide (Ashe and O'Connor, 2009; Ferrington, 2008; Pape and
Evenhuis, 2023). Their larvae occupy a wide range of aquatic habitats
and respond sensitively to environmental changes, making them valu-
able indicators for ecological monitoring and bioassessment (Mrozinska
and Obolewski, 2024). A robust phylogenetic framework is therefore
essential not only for understanding the evolutionary history of Chiro-
nomidae, but also for improving taxonomic stability and the accuracy of
ecological assessments (Czechowski et al., 2020; Martin et al., 2026).

Tanypodinae is the third most species-rich subfamily of Chironomi-
dae and has an almost global distribution, being absent only from
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Antarctica (Krosch et al., 2022). The subfamily comprises nine tribes, of
which Pentaneurini and Macropelopiini are the most diverse in terms of
generic richness (Silva and Ekrem, 2016). However, current knowledge
of phylogenetic relationships across Tanypodinae, including among its
tribes and several key genera, remains fragmentary, resulting in
persistent uncertainty in tribal delimitation and the placement of some
problematic taxa.

Procladiini is a highly diverse tribe, including Procladius, Djalmaba-
tista, Saetheromyia and Lepidopelopia (Dantas and Hamada, 2018; Silva
and Ekrem, 2016). Among these, Procladius, Djalmabatista, and Sae-
theromyia have been recorded in China and represent important taxa for
systematic studies of the tribe (Xiao et al., 2025). Tanypodini, in
contrast, comprises the single genus Tanypus, with approximately 30
described species (Andersen et al., 2013; Gao et al., 2024) (see Fig. 1).

Within Procladiini, the taxonomic status of Djalmabatista remains
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Fig. 1. Photos of representative Procladiini and Tanypodini: (A) larva of Procladius sp. 10XL; (B) adult male of Procladius sp. 3XL; (C) adult male of Procladius sp.
11XL; (D) larva of Saetheromyia tedoriprima; (E) adult male of Saetheromyia tedoriprima; (F) pupe of Procladius choreus; (G) larva of Tanypus kraatzi; (H) adult male of
Tanypus sp. 1XL; (I) adult female of Tanypus sp. 2XL. Scale bars: 0.5 mm in (B); 1 mm in (A), (C), (D), (E), (F), (H), (D.
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controversial, as it has been treated either as a valid genus or as a sub-
genus of Procladius (Krosch et al., 2022). The phylogenetic position of
Saetheromyia has also long been debated. Previous morphological and
phylogenetic studies placed Saetheromyia within Procladiini, often in
association with other genera exhibiting plesiomorphic characters (Silva
and Ekrem, 2016). However, a recent mitogenome-based analysis
recovered Saetheromyia as sister to Tanypus, outside Procladiini (Xiao
et al., 2025), highlighting persistent uncertainty regarding its
placement.

Given the limitations of mitochondrial data in resolving stable
phylogenetic relationships (Bonnet et al., 2017), the use of nuclear
genomic data is essential to address the issues outlined above. In aquatic
insects, the extraction of universal single-copy orthologous (USCOs)
from whole-genome sequencing (WGS) data has proven effective for
reconstructing robust and well-supported phylogenies (Ge et al., 2024;
Godeiro et al., 2023; Lai et al., 2024; Xu et al., 2026; Yu et al., 2022;
Zhang et al., 2022). In Chironomidae, recent phylogenomic studies
based on nuclear data have resolved relationships across multiple
taxonomic levels, providing a robust framework for systematics (Martin
et al., 2026; Narayanan Kutty et al., 2018; Xu et al., 2026).

In this study, we aim to resolve the phylogenetic relationships and
estimate divergence times of Procladiini and Tanypodini using nuclear
genomics data, and to clarify the systematic placement of Saetheromyia
and Djalmabatista, thereby providing a foundation for a stable tribal and
generic classification within Tanypodinae.

2. Materials and methods
2.1. Taxon sampling, identification and DNA extraction

All specimens analyzed in this study were collected between 2008
and 2026. Detailed information on the samples and collection metadata
is provided in Table S1. Adult specimens were preserved in 85% ethanol,
whereas larvae were preserved in 95% ethanol; all specimens were
preserved in the dark at —20°C prior to morphological examination and
molecular analyses. Specimen were identified by the corresponding
author using relevant taxonomic literature (e.g., Baranov et al., 2024;
Cranston and Epler, 2013; Fittkau, 1962; Rieradevall and Brooks, 2001;
Roback, 2007; Roback, 1980).

Based on previous studies, a total of 29 species were selected as
ingroups, including 17 Procladiini species and five Tanypodini species
(Krosch et al., 2017; Xiao et al., 2025). In addition, two Clinotanypodini
species and five Macropelopiini species were selected as outgroups
representing the closest sister groups to Procladiini and Tanypodini
(Krosch et al., 2022). The dataset includes a representative sampling of
Procladiini, with specimens from three genera: Djalmabatista, Procladius
and Saetheromyia.

Genomic DNA was extracted from the whole body, excluding the
metasoma in adult specimens and the thorax in larvae, using the DNeasy
Blood & Tissue Kit (Qiagen, Germany) and the Universal Genomic DNA
Kit (Cwbio, China), following the manufacturers’ protocols. All voucher
specimens are deposited at the College of Fisheries and Life Science,
Shanghai Ocean University, Shanghai, China.

2.2. Library construction, sequencing and assembly of the genome

The Truseq Nano DNA HTS Sample Preparation Kit (Illumina, USA)
was employed to construct sequencing libraries. Paired-end sequencing
was conducted on the Illumina NovaSeq 6000 platform at Novogene
(Tianjin, China), producing 150 bp paired-end reads with a library insert
size of 350 bp. For quality control, raw sequencing reads were processed
using Trimmomatic v0.32 (Bolger et al., 2014) to remove adapter se-
quences and low-quality bases. Sequencing quality was assessed using
FastQC v0.11.9 (Andrews, 2010).

Genomic assemblies were conducted using the streamlined PLWS
v1.0.6 pipeline (https://github.com/xtmtd/PLWS/, Zhang et al., 2019)
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with BBTools v39.27 (Bushnell, 2014) employed to further refine the
data and eliminate low-quality sequences. Genomic contigs were
assembled using Minia v3.2.4 (Chikhi and Rizk, 2013) with multiple k-
mer strategies (21, 41, 61, 81, 101, 121) to optimize assembly accuracy.
Redundant contigs were removed using Redundans v0.13c (Pryszcz and
Gabaldon, 2016). Scaffold assembly was conducted with BESST v2.2.8
(Sahlin et al., 2014), and any gaps in the genome were filled with
GapCloser v1.12 (Luo et al., 2012), ensuring the continuity of the as-
sembly. Genome assembly statistics were calculated using SegKit
v0.16.0 (Shen et al., 2016) and BBTools. For each sample, clean read
yield divided by assembly size was calculated and is reported in place of
sequencing depth, as assembly size does not represent an independently
estimated genome size and may be influenced by assembly complete-
ness, repeat collapse, contamination, heterozygosity, or uncollapsed
haplotypes. To assess the completeness of the assemblies, the BUSCO
v5.8.3 (Waterhouse et al., 2018) tool was used, comparing the results
against the Diptera reference gene set (diptera_odb10; n = 3,285). The
WGS data for all 29 species have been deposited in the Genome
Sequence Archive (GSA), hosted by the Beijing Institute of Genomics,
Chinese Academy of Sciences, China. The dataset is accessible under
BioProject number PRJCA014092, with individual sequence accessions
listed in Supplementary Table S2.

2.3. Matrix generation and Phylogenetic analyses

The extraction of USCOs and subsequent matrix construction were
conducted using BUSCO. To capture a broader set of relatively complete
USCOs, we modified the ‘length_cutoff’ parameter in the control file,
increasing it to twice its default value, following previous studies (Ge
et al., 2024; Xu et al., 2026; Zhang et al., 2022). This adjustment allows
fragmented hits that represent genuine homologous sequences to be
reclassified as complete, thereby increasing the number of USCOs
available for downstream phylogenetic analyses. After BUSCO extrac-
tion, only loci classified as complete and single-copy were retained for
downstream analyses; duplicated and fragmented loci were excluded
from the primary matrix (Zhang et al., 2019). After extraction, USCO
sequences were aligned using MAGUS v0.1.1 (Smirnov and Warnow,
2021), and poorly aligned or unreliable homologous regions were
removed using ClipKit v1.1.5 (Steenwyk et al., 2020). To reduce
compositional heterogeneity in the alignments, we applied the kpi
strategy (-m kpi) and subsequently merged the alignments using Phykit
v1.2.1 (Steenwyk et al., 2021).

To ensure high-quality data for phylogenomic analyses, two filtering
strategies were employed to minimize systematic biases.

(1) Alignment-based filtering: The redundancy score for each locus
was calculated using Phykit, and loci with redundancy scores below 100
were excluded. Compositional heterogeneity was assessed using BaCoCa
v1.1 (Kiick and Struck, 2014), and loci with a relative composition
frequency variability (RCFV) value greater than 0.4 were removed. The
‘symtest’ function implemented in IQ-TREE v2.0.7 (Minh et al., 2020)
was used to test the stationarity, reversibility, and homogeneity (SRH)
assumptions, applying a strict p-value cutoff of 0.05. Based on this
filtering procedure, three USCO matrices were generated: USCO70,
USCO80 and USCO90, corresponding to 70%, 80% and 90% taxon-
occupancy, respectively.

(2) Gene tree-based filtering: Gene trees for the USCO70, USCO80
and USCO90 matrices were constructed using the EX EHO model in IQ-
TREE, with 1,000 ultrafast bootstrap (UFBoot2) repetitions. Exception-
ally long branches were identified and pruned using Treeshrink v1.3.7
(Mai and Mirarab, 2018), with a threshold set to 0.05 (-q 0.05) under the
‘all-genes’ model. Loci with an average bootstrap support greater than
75 were retained to generate the final matrices (USCO70_abs75,
USCO080_abs75 and USCO90_abs75) for subsequent phylogenetic ana-
lyses (Table S3).

The phylogenetic relationships were inferred using both Maximum
Likelihood (ML) and Multi-Species Coalescent (MSC) methods. For each
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USCO matrix, the optimal substitution model and partitioning scheme
were selected using ModelFinder (Kalyaanamoorthy et al., 2017) in IQ-
TREE, with a loose clustering algorithm ‘-rclusterf 10’ (Lanfear et al.,
2014). The LG model was applied for ML analyses, as selected by
ModelFinder. To account for heterotachy, the General Heterogeneous
evolution On a Single Topology (GHOST) model (Crotty et al., 2020) was
used in IQ-TREE, configured as ‘-m LG+FO+ H4’. To address the effects
of long-branch attraction (LBA), a mixed model (EX_EHO + FO + R) was
employed. All ML analyses were supported by 1000 ultrafast bootstrap
(UFBoot2) replicates and 1,000 SH-aLRT replicates (Guindon et al.,
2010), ensuring robust support for the inferred phylogenetic trees. To
account for incomplete lineage sorting (ILS) and reconcile discrepancies
between species and gene trees, we applied a weighted ASTRAL-Hybrid
approach for MSC analysis, implemented in ASTER v1.15 (Zhang and
Mirarab, 2022). Branch support for MSC species trees was assessed
using local posterior probabilities (LPPs).

2.4. Divergence time estimation

Divergence times were estimated using the approximate likelihood
method implemented in MCMCTree in PAML v4.9j (Yang, 2007). The
topology was fixed to the ML tree inferred from the USCO70_abs75
dataset, and the same dataset was used as the sequence input for
divergence time estimation. Fossil calibration points were obtained from
the Paleobiology Database (PBDB; https://paleobiodb.org) and previous
studies, following best-practice guidelines (Parham et al., 2012). Two
calibration points were applied (Table S4). The root node was con-
strained to 122-92 Ma based on previous estimates for Chironomidae
(Krosch et al., 2017; Krosch et al., 2022), and a fossil calibration was
used to constrain the divergence of Procladius lineages with a minimum
age of 48 Ma (Doitteau and Nel, 2007). Geological time intervals fol-
lowed the International Chronostratigraphic Chart (Cohen et al., 2013).

The LG substitution model and an independent-rates clock model
were used (model = 2, aaRatefile = LG.dat; clock = 2). The Hessian
matrix was calculated to obtain the gradient and curvature of branch
lengths for the approximate likelihood analysis. Priors for the overall
substitution rate and rate variation among lineages were set to rgene_-
gamma = 2 20 1 and sigma2_gamma = 1 10 1, respectively. For nodes
without fossil calibration, a birth-death process prior was specified (BD
paras =11 0.1).

Two independent MCMC runs were performed for 450,000 genera-
tions each, with samples drawn every 10 generations (45,000 samples
per run). The first 50,000 generations (5,000 samples) were discarded as
burn-in, leaving 40,000 posterior samples per run for downstream an-
alyses. Convergence and adequate mixing were assessed using effective
sample size (ESS > 200) and visual inspection of trace plots in Tracer.

3. Results
3.1. Genome assembly and Matrix construction

We generated genome-scale data for 29 species of Tanypodinae,
yielding 1.99-13.64 Gb of read yield per species. As an assembly-
relative index, clean read yield divided by assembly size ranged from
17 in Macropelopia paranebulosa to 124 in Tanypus chinensis among
species and is reported here only for comparative purposes. Assembly
sizes ranged from 69.60 Mb in Djalmabatista sinica to 189.25 Mb in
Clinotanypus yani. Only Procladius longistilus, Procladius sp. 3XL, Procla-
dius sp. 4XL and D. sinica had genome assemblies smaller than 100 Mb.
The number of scaffolds ranged from 6,365 to 97,795, and GC content
varied between 26.88% and 33.15%. Scaffold N50 and scaffold N9O
values ranged from 1.72-36.48 Kb and from 1.11-7.73 Kb, respectively.
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The maximum scaffold length ranged from 16.19 to 269.34 Kb, whereas
the minimum scaffold length ranged from 1.000-1.003 Kb (Table S2).

USCO completeness assessments showed that complete and single-
copy proportions ranged from 38.9% to 95.5% and from 37.8% to
94.7%, respectively, whereas duplicated values ranged from 0.8% to
2.6% and fragmented values from 0.2% to 9.3% (Fig. S1). Across the 29
taxa, an average of 2,432 USCO loci per taxon were recovered. A total of
3,194 USCO loci were recovered, of which 3,167 loci were retained after
alignment, filtering and trimming. Degeneracy filtering in Phykit yiel-
ded 1,903 loci comprising 460,503 amino acid sites. Subsequent BaCoCa
filtering (RCFV < 0.4) retained 1,893 loci (458,980 amino acids), and
the SRH test implemented in IQ-TREE further reduced the dataset to
1,880 loci (454,991 amino acids). Based on these results, we constructed
three occupancy-filtered matrices—USCO70_abs75, USCO80_abs75 and
USC090_abs75—containing 1,048, 755 and 344 loci, respectively, cor-
responding to 266,022, 193,570 and 88,840 amino acid sites. Tree-
Shrink filtering was then applied to remove long-branch outliers, while
retaining the same number of loci in each dataset.

Long-branch outliers were subsequently identified and removed
using TreeShrink, while preserving the original number of loci in each
matrix. After filtering and applying the 75% occupancy threshold, the
final datasets retained a large number of USCO loci and aligned amino
acid sites for downstream phylogenomic analyses. Summary statistics
for each dataset are provided in Table S3.

3.2. Phylogenetic analyses based on multiple datasets

Phylogenetic reconstructions were conducted using three datasets
(USCO70_abs75, USCO80_abs75 and USCO90_abs75) under partitioned,
GHOST and EX_EHO models, resulting in a total of nine trees (Files
S$1-S9). Across all concatenated analyses, highly congruent topologies
were recovered, with strong nodal support (SH-aLRT/UFBoot2 = 100/
100 for most nodes), indicating robust phylogenetic signal. At the tribal
level, all analyses consistently recovered Tanypodinae as a well-
supported monophyletic group (LPPs > 0.95; SH-aLRT/UFBoot2 >
99). Under the traditional tribal classification, Procladiini and Tanypo-
dini were recovered as paraphyletic, forming a clade sister to Clinota-
nypodini, which was in turn sister to Macropelopiini. These higher-level
relationships were stable across all datasets and inference methods.

At the genus level, all sampled genera were recovered as mono-
phyletic with strong support. Procladius formed a distinct clade sister to
Djalmbatista, whereas Saetheromyia was recovered as sister to Tanypus.
The Saetheromyia + Tanypus clade was in turn recovered as sister to
Clinotanypus, and this combined lineage was further sister to Macro-
pelopia (Fig. 2). This topology was consistent across all datasets and
analytical approaches, indicating a stable phylogenetic placement of
Saetheromyia as an independent lineage closely related to Tanypodini.

3.3. Divergence time

Trace plots indicated satisfactory convergence of all parameters,
with effective sample size (ESS) values exceeding 200. Divergence time
analyses suggested that Macropelopiini, Tanypodini, Clinotanypodini
and Procladiini originated during the Early Cretaceous (123.87-104.02
Ma; 95% highest posterior density, HPD; Fig. 3). The split between
Procladiini and Tanypodini was estimated to have occurred during the
Late Cretaceous (96.09-78.18 Ma). Following this split, diversification
within Procladiini occurred from the Late Cretaceous to the Eocene
(79.51-46.08 Ma), with the origin of Procladius dated to 57.66-46.08
Ma. Within Procladiini, Djalmabatista diverged at 16.59-11.13 Ma. The
split between Saetheromyia and Tanypus was dated to 77.27-60.62 Ma.
Conversely, diversification within Tanypus occurred later, at
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Fig. 2. Phylogenetic tree of Tanypodini and Procladiini inferred from the matrices USCO70_abs75, combined with the partitioning model, GHOST model and
EX_EHO model. All nodes unlabeled were supported with maximum values (100/100, UFBoot/SH-aLRT).
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17.36-13.13 Ma, primarily during the Miocene. These estimates indi-
cate a long and independent evolutionary history for the Saetheromyia
lineage since the Late Cretaceous.

4. Discussion
4.1. Phylogenetic Position and Tribal Revision of Saetheromyia

The phylogenetic placement of Saetheromyia has long been uncer-
tain, largely due to its mosaic of morphological characters shared with
both Procladius and Tanypus (Silva and Ekrem, 2016). Morphologically,
Saetheromyia resembles Procladius in having a relatively long distance
between veins MCu and FCu (> 0.50x Cu; length), a feature that clearly
distinguishes both genera from Tanypus, in which this distance is
markedly shorter (< length of MCu, or <1/3 Cu; length) (Ashe and
O'Connor, 2009; Oliver and Dillon, 1989). However, Saetheromyia
shares with Tanypus the presence of a scutal tubercle and the absence of
both an inner lobe and an outer process on the gonostylus (Niitsuma,
2007).

Within Procladius, subgenera show different character states: Hol-
otanypus and Procladius lack a scutal tubercle and possess a gonostylus
with a distinct outer process, whereas species of Psilotanypus may pre-
sent a scutal tubercle and reduced gonostylar processes. Notably, species
previously placed in Laurotanypus were later synonymized with Procla-
dius (Psilotanypus), further demonstrating the morphological variability
within Procladius and complicating the interpretation of these characters
(Dantas and Hamada, 2018; Silva and Ekrem, 2016). This combination
of characters has historically challenged the taxonomic placement of
Saetheromyia (Sasa, 1994).

Our phylogenomic analyses provide independent molecular evi-
dence that clarifies this long-standing issue. Saetheromyia is recovered as
a well-supported monophyletic lineage sister to Tanypus. This relation-
ship is consistently recovered across all datasets and analytical ap-
proaches, indicating a stable and robust phylogenetic signal supporting
this placement. Re-examination of morphological characters further
supports the distinctiveness of Saetheromyia. The genus is characterized
by a unique combination of traits, including a relatively long distance
between veins MCu and FCu, the presence of a scutal tubercle, and the
absence of both an inner lobe and an outer process on the gonostylus.
This combination of character states is not found simultaneously in any
subgenus of Procladius (Ashe and O'Connor, 2009; Brodin, 2025; Niit-
suma, 2007).

Overall, the concordant evidence from phylogenomics and
morphology analyses supports the recognition of a new tribe, Saether-
omyiini Xiao, trib. nov., to accommodate Saetheromyia. This taxonomic
decision better reflects the evolutionary history of the group and pro-
vides a robust phylogenetic framework for future systematic and
evolutionary studies of Tanypodinae.

Systematics
Saetheromyiini Xiao, trib. nov.

urn:lsid:zoobank.org:act:E15428EE-91DB-4C66-9164-
CB270D29EEB5

Order Diptera Linnaeus, 1758.

Infraorder Nematocera Meigen, 1818.

Family Chironomidae Newman, 1834.

Subfamily Tanypodinae Thienemann & Zavrel, 1916.

Type genus: Saetheromyia Niitsuma, 2007.

Type species: Psilotanypus tedoriprimus Sasa, 1994. The holotype is
deposited in the Department of Zoology, National Science Museum of
Nature and Science, Tokyo (NSMT).

Type locality: Ishikawa Prefecture, Japan.

Etymology: The tribal name is derived from the stem of the type
genus Saetheromyia.
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Included taxa: Saetheromyia tedoriprima (Sasa, 1994). The species
was redescribed in detail by Niitsuma (2007).

Diagnosis: Saetheromyiini trib. nov. can be distinguished from all
other Tanypodinae by the following combination of morphological
characters. Adult male: wing vein Ry 3 divided into Ry and Rg; distance
between veins MCu and FCu relatively long; scutal tubercle present;
gonostylus without inner lobe and without outer process (Brodin, 2025).
Pupa: thoracic horn long and ribbon-like, with a small plastron plate
located in the basal quarter; anal lobe subrectangular, with posterior
anal macroseta inserted at the posterolateral corner. Larva: ligula with
inner lateral teeth bearing outwardly directed apices; basal segment of
maxillary palp with a ring organ located basal third (Niitsuma, 2007).

4.2. Tribal and generic relationships

Our phylogenomic analyses based on single-copy nuclear genes
provide a robust framework for re-evaluating the tribal and generic re-
lationships of Procladiini and Tanypodini. Previous phylogenetic hy-
potheses varied considerably depending on the type of data and taxon
sampling (Fig. 4). Morphology-based analyses recovered the topology
(((Djalmabatista + Saetheromyia) + Procladius) + Tanypus) + (Clinota-
nypus + Macropelopia), placing Saetheromyia within Procladiini (Fig. 4A;
Silva and Ekrem, 2016). Molecular studies based on a small number of
gene fragments recovered the topology ((((Djalmabatista + Procladius) +
Tanypus) + Clinotanypus) + Macropelopia) (Fig. 4B; Krosch et al., 2017),
whereas more recent datasets recovered ((((Djalmabatista + Procladius)
+ Tanypus) + Macropelopia) + Clinotanypus) (Fig. 4C; Krosch et al.,
2022). However, these molecular studies did not include Saetheromyia,
leaving its tribal affiliation unresolved.

Mitochondrial genome analyses recovered the topology (((((Sae-
theromyia + Tanypus) + Procladius) + Djalmabatista) + Clinotanypus) +
Macropelopia), indicating a close relationship between Saetheromyia and
Tanypus (Tanypodini), but also indicating potential cytonuclear discor-
dance (Fig. 4D; Xiao et al., 2025). Our nuclear genome-based analyses
(Fig. 4E), however, recover Saetheromyia as an independent lineage
sister to Tanypodini rather than grouping with Procladiini, supporting
its recognition as a new tribe, Saetheromyiini trib. nov.. The paraphyly
of Procladiini recovered in our analyses results from the traditional
tribal classification, which included Saetheromyia within the tribe. Once
Saetheromyia is removed from Procladiini and recognized as a separate
tribe, Procladiini is recovered as a well-supported monophyletic lineage
comprising Procladius, Djalmabatista, and their close relatives, and is
sister to Tanypodini. Within Procladiini, Djalmabatista is recovered as a
distinct lineage sister to Procladius with strong support, confirming its
status as a separate genus rather than a subgenus of Procladius (Krosch
et al., 2022). Tanypodini remains monogeneric, whereas Clinotanypo-
dini + Macropelopiini form a separate clade sister to Procladiini +
Saetheromyiini + Tanypodini.

Although our dataset includes representatives from all major line-
ages from the Chinese fauna, several Tanypodinae genera remain
unsampled. Expanding taxon sampling will be important to assess the
stability of these revised tribal delimitations and to evaluate whether the
proposed framework remains robust when additional genera are
included. Nevertheless, our study provides the most comprehensive and
robust phylogenetic framework to date for Tanypodinae, reconciling
morphological and molecular hypotheses and clarifying the evolu-
tionary history of the subfamily. The recognition of Saetheromyiini trib.
nov. and the confirmation of Djalmabatista as an independent genus
represent important steps toward a more stable and informative tribal
classification within Tanypodinae. This revised classification provides a
taxonomy that is consistent with phylogenomic evidence and evolu-
tionary history.

4.3. Divergence time and evolutionary implications

Divergence time estimates indicate that the major lineages of
Tanypodinae originated during the Cretaceous, with subsequent diver-
sification of most genera occurring from the Paleogene to the Neogene.
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Fig. 4. Hypotheses of phylogenetic relationships among genera of Tanypodini and Procladiini. (A) Silva and Ekrem (2016); (B) Krosch et al. (2017); (C) Krosch et al.

(2022); (D) Xiao et al. (2025); (E) this study.

This temporal pattern is consistent with previous studies on Tanypodi-
nae that suggested a Late Cretaceous origin followed by Cenozoic
diversification, often associated with major geological and biogeo-
graphic events (Krosch et al., 2017; Krosch et al., 2022). Biogeographic
analyses of Labrundinia (Pentaneurini), for example, indicated a Late
Cretaceous origin with diversification throughout the Paleogene and
Neogene, possibly associated with Gondwanan fragmentation and later
regional geological events (Silva and Ekrem, 2016; Silva et al., 2023).
Similar temporal patterns recovered in the present study suggest that the
diversification of major Tanypodinae lineages may be linked to large-
scale historical processes rather than only recent ecological
diversification.

The divergence between the Saetheromyia + Tanypus lineage and
Procladiini during the Late Cretaceous indicates a long and independent

evolutionary history for Saetheromyia, which is consistent with its
morphological distinctiveness and supports its recognition as a separate
tribe. Recent systematic studies have demonstrated that deeply diver-
gent lineages within Tanypodinae may warrant recognition at tribal
rank when supported by multiple lines of evidence. The establishment of
Fittkauimyiini based on morphological evidence (Silva and Ekrem,
2016) and its subsequent support from molecular phylogenetic ana-
lyses (Krosch et al., 2022) illustrates how integrative evidence can
justify the recognition of new tribes within the subfamily. In this
context, the recognition of Saetheromyiini trib. nov. follows a similar
systematic framework, as it is supported by phylogenomic, divergence
time and morphological evidence.

Together, these results indicate that the higher classification of
Tanypodinae is still undergoing refinement, and that phylogenomic
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data, combined with morphological and temporal evidence, are essen-
tial for establishing a tribal classification that accurately reflects the
evolutionary history of the subfamily.

5. Conclusion

This study presents the first genome-scale phylogenetic framework
for Tanypodinae based on USCOs data, providing improved resolution of
relationships among major lineages of the subfamily. Our phylogenomic
results support the recognition of Saetheromyiini trib. nov., with Sae-
theromyia forming an independent lineage sister to Tanypodini.
Morphological characters, including the relatively long distance be-
tween veins MCu and FCu, the presence of a scutal tubercle, and the
absence of both an inner lobe and an outer process on the gonostylus,
further support the distinctiveness of this lineage. In addition, Djalma-
batista is confirmed as a valid genus within Procladiini, forming a sister-
group relationship with Procladius.

Divergence time estimates indicate that the major tribes of Tany-
podinae originated during the Lower Cretaceous, followed by subse-
quent diversification of genera from the Upper Cretaceous to the
Miocene. These results suggest that the deep evolutionary history of
Tanypodinae played an important role in shaping the present-day di-
versity and tribal structure of the subfamily.

Despite these advances, the current phylogenetic framework is still
limited by incomplete taxon sampling, and future studies incorporating
broader geographic sampling and additional genomic data will be
important for further refining phylogenetic relationships within Tany-
podinae. Overall, this study demonstrates that the integration of phy-
logenomic, morphological, and temporal evidence provides a robust
foundation for a more stable and evolutionarily informed tribal classi-
fication of Tanypodinae, highlighting the importance of phylogenomics
for resolving deep relationships and stabilizing higher classification in
Chironomidae.
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