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A New Species of Triaenodes (Trichoptera: Leptoceridae), based on
morphological and molecular data, from Kaeng Khoi Waterfall, Chumphon
Province, southern Thailand
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Abstract

A new species of Triaenodes tipmaneei sp. nov. is described and illustrated based on the male and female genitalia. The
mitochondrial DNA (mtDNA) cytochrome c oxidase subunit I (COI) of the new species and of the most similar species
T. themis Malicky and Prommi 2006 were analyzed. The male genitalia of Triaenodes tipmaneei sp. nov. is distinguished
from other species in the genus by the shape of inferior appendages. Inferior appendages of the new species are without
recurved processes; the dorsal branch is divided into a dorsal lobe and two processes, with the upper process curved
upward and bifid, and the lower process slender and with pointed apex; the main body of the appendage has a short
slender apicolateral process, the mesal process is short and pointed, the ventral process is stout, and the apex is pointed.
The genetic distance between 7. tipmaneei sp. nov. and 7. themis, based on the mtDNA COI region, was 8.5 precent,
indicating a large genetic differentiation between the two species.
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Introduction

Larvae of Triaenodes (Trichoptera: Leptoceridae) are case-makers, creating distinctive tube-like cases of longitudinal
plant material arranged in a spiral that they carry for camouflage, physical protection, and enhanced respiration
(Morse 2004; St Clair 1994; Wiggins 1996, 2004). The species belonging to Triaenodes can be found in various
regions around the world, with many species adapted to specific local environments (Holzenthal & Andersen 2004;
Manuel & Braatz 1984; Morse 2024). In North America, Triaenodes species are common in streams, rivers, and
lakes throughout the United States and Canada, inhabiting diverse habitats from slow-moving streams to fast-
flowing rivers (Manuel 2010; Wiggins 1996). In South America, the genus is widely distributed, inhabiting a variety
of freshwater environments, including the Amazon basin and other river systems, and are present in countries such
as Brazil, Argentina, and Colombia (Holzenthal & Andersen 2004; Holzenthal & Calor 2017; Pes et al. 2018).
Europe hosts several Triaenodes species in its freshwater bodies, including rivers, lakes, and streams, ranging
from northern Europe, including Scandinavia, to southern regions like Spain and Italy (Neu ef al. 2018). In Africa,
Triaenodes species are found in rivers, streams, and lakes across various regions, including East Africa, Southern
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Africa, and the Congo basin. Several Triaenodes species inhabit freshwater systems in Australia, including streams
and rivers in both temperate and tropical regions. They are also present in New Zealand and on other Pacific islands
(Houghton et al. 2018; Tagliacollo et al. 2021).

Triaenodes spp. can be found in diverse aquatic habitats across Asia, and they are present in countries like
China, Japan, India, and Southeast Asian nations, adapted to the local freshwater ecosystems (Morse 2004; Yang
& Morse 2000). Sixteen species are found in Laos, Peninsular Malaysia, Sumatra, Vietnam, and Thailand (Morse
2004). In Thailand, eleven species have been reported, namely Triaenodes pellectus Ulmer 1908, T. dusrus Schmid
1965, T. trivulcio Schmid 1994, T. ginglingesis Yang & Morse 2000, 7. pentheus Malicky 2005, T. menestheus
Malicky 2005, T. narkissos Malicky 2005, T. iphis Malicky 2005, T. grifo Malicky 2005, T. patroklos Malicky &
Chantaramongkol 2006 (in Malicky 2006), and T. themis Malicky & Prommi 2006 (Malicky & Chantaramongkol
2010; Morse 2024).

The new species belongs to genus Triaenodes, a genus reviewed by Hur (2006) and Yang & Morse (1993). The
adults of the family are characterized by very long antennae, head without ocelli, pronotum consisting of a lateral
pair of erect and plate-like warts separated by a deep and wide concavity anteromesally, a pair of longitudinal
rows of setae dorsally on the mesonotum, the mesoscutellum short and usually with a pair of small scutellar warts,
narrow forewings each lacking a thyridial cell, and male paramere spines absent. Other characteristics of many
males include antennal scapes each having a hairy scent organ covered with a long flap; maxillary palpi each with
five segments, the basal plate of the inferior appendages being very short and not articulating with the ventral
lip of the phallic shield, paramere spines being absent, and the phallotheca being either absent or fused with the
phallobase. Yang & Morse (1993) recognized three subgenera within the genus. These findings were later challenged
by Neboiss & Wells (1997) who described 44 new species from Australia (Neboiss & Wells 1998). Pending further
descriptions of numerous species from Africa and South America (e.g., Andersen & Holzenthal 1999, 2001, 2002)
and a reassessment of the global fauna (e.g., Hur 2006), a subgeneric classification is not implemented here.

Chumphon is geographically located in Thailand on the narrow Kra Isthmus of the Malay Peninsula. There are
no prior reports about the biodiversity of caddisfly species in this region. Kaeng Khoi Waterfall includes different
habitats such as limestone waterfalls, large rock waterfalls, and gravel and soil waterfalls. Recently, species diversity
of caddisflies was surveyed, and the new species Triaenodes tipmaneei (Trichoptera: Leptoceridae) was found and
is here described based on morphological and molecular data.

Materials and methods

During September 2023 and February 2024, UV pan light traps were set to collect adult specimens from three
waterfalls in Chumphon Province: Ka Po Waterfall, Sai-On Waterfall, and Kaeng Khoi Waterfall.

The male and female genitalia of the new species were dissected and macerated in 10% KOH solution at
60°C for 60 minutes. The genitalia structures were observed and drawn by hand under 100X magnification with
a compound microscope (Olympus SZ) equipped with a drawing tube attachment. The pencil templates of the
genitalia structures were digitized using Adobe Illustrator© software.

Terminology for describing the male and female structures of genitalia of the genus Triaenodes follows Yang
& Morse (2000).

The holotype, stored in 80% ethanol, is deposited in the Laboratory of Fishery Science and Aquatic Resources,
Department of Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang, Prince of Chumphon
Campus, Chumphon, Thailand (KMITL). Paratypes, also in 80% ethanol, are deposited in the same collection and
in the collection of Dr Hans Malicky (CHM), Sonnengasse 13, A-3293 Lunz am See, Austria.

Genetic analysis of the mtDNA barcoding region was conducted to examine the degree of genetic differentiation
between the new species and Trichosetodes themis, the most similar species. Total genomic DNA of 7. tipmaneei
sp. nov. and 7. themis were extracted from ethanol-preserved tissues of their hind legs and purified using a DNeasy
Blood & Tissue Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. The mitochondrial
DNA (mtDNA) cytochrome ¢ oxidase subunit I (COI) and 16S rRNA regions were amplified by a polymerase
chain reaction (PCR) using the primer sets LCO1490 (5’- GGTCAA CAA ATC ATA AAG ATA TTG G -3’) and
HCOoutout (5’- GTA AAT ATA TGR TGD GCT C -3’) (Folmer et al. 1994) and AQdb-16S_F (5’- TRA CYG TRC
AAA GGT AGC -3’) and AQdb-16S R (5’- CCG GTY TRA ACT CAR ATC ATG T -3”) (Takenaka et al. 2023)
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from extracted total genomic DNA. Regarding each reaction, 1.0 uL of 10 x Ex Taq buffer, 0.8 uL ANTP Mixture
(including 25 mM MgCl2), 0.05 pL of 5 U/uL Ex Taq polymerase (TAKARA, Shiga), 0.25 pL of each primer,
and 1.0 pL of extracted DNA, for a total of 10 pL, were applied. The PCR protocol of both genetic regions was:
94°C for 2 min; 35x% (94°C for 1 min, 50°C for 1 min, 72°C for 1 min); and 72°C for 3 min. The PCR products
were purified using ExoSAP-IT Express (Thermo Fisher Scientific K.K., Tokyo, Japan). Purified DNA fragments
were sequenced directly by an automated method using a BigDye Terminator v.1.1 Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA, USA) on an automated DNA Sequencer (ABI 3130 or 3130x] DNA Analyzer; Perkin
Elmer/Applied Biosystems). The sequence data of two species have been submitted to the DNA data bank of Japan
(DDBJ database) (GenBank accession numbers: the mtDNA COI region: LC844839—-L.C844846; the mtDNA 16S
rRNA region: LC844831-LC844838).

For our analysis, we added appropriate DNA sequence data for some Asian species of Triaenodes (1. trivulcio
Schmid 1994: KX291078; T. dusrus Schmid 1965: KX293023; T pentheus: KX104957, KX293793, KX103645, and
KX103682; T ginglingensis Yang & Morse 2000: NC 069289 and OL678054; T. pellectus: KX295376, KX105293;
and North American 7. frontalis Banks 1907: JX682380, 1X682474, JX682379). With respect to the outgroups, we
added appropriate DNA sequence data of the South American species Achoropsyche duodecimpunctata (Navas
1916) (FN601000, FN601021). All sequence data were aligned and edited using CLC Workbench software (CLC
bio, Aarhus, Denmark) and MAFFT v7.222 (Katoh & Standley 2013). Phylogenetic analyses were performed by the
maximum likelihood (ML) method (Felsenstein 1981) using RAXML-NG v. 1.2.2 (Kozlov et al. 2019). The genetic
distance (p-distance) between the new species and 7. themis, the most similar species by male genitalia morphology,
was calculated using MEGA v.7 (Kumar et al. 2016).

Taxonomy

Triaenodes tipmaneei Nannaphat and Malicky sp. nov.
(Figs 1A-1E)

Type material. Holotype, J: Thailand, Chumphon Province, Pathio District, Kaeng Khoi Waterfall, 10°41°05”N,
99°16’43”E, 150 m a.s.1., 23. xii. 2023, leg. Nannaphat Suwannarat (KMITL).

Paratypes: 7 3J and 6 @ Q, same data as holotype (KMITL).

Paratypes. 4 &3 and 2 99, same data as holotype (CHM).

Etymology. The species is named for Mr. Kamronwit Thipmanee, He is an executive vice president for the
Chumphon Campus.

Description. Head, thorax, and legs yellow brownish. Body light yellowish brown. Forewings yellowish brown.
Length of each male forewing 3.2—4.8 mm (N = 8), of holotype male forewing (4.8), of female forewing 3.0-4.2
mm (N = 6).

Male genitalia (Figs 1A-1E). Segment IX dorsal region in dorsal view (Fig. 1A) relatively short longitudinally
and slightly convex anteriorly and with pair of short, bare papillae posteriorly; in lateral view (Fig. 1B, Seg 1X)
ventrolateral region five times as long as dorsal region and semicircular anteriorly, slightly concave posteriorly; in
ventral view (Fig. 1C, Seg IX) subquadrate with shallow concavity anteriorly. Preanal appendages (Pre) slender
with numerous setae, half as long as lower processes of segment X (Figs 1A, 1B). Upper part of segment X (up
X) bilobed apically and setose, originating between pair of apicodorsal papillae of segment IX and pair of preanal
appendages (Figs 1A, 1B). Lower part of segment X divided into pair of very long, sword-like processes slender
and straight and parallel for most of their length in dorsal view (Fig. 1A), tall in basal 1/3 and slender and down-
curved in lateral view (Fig. 1B, lo X). Inferior appendages in lateral view (Fig. 1B, Inf) without recurved processes;
each with dorsal branch divided into subtriangular apicodorsal lobe and two slender apical processes, upper process
curved upward and bifid, lower process downcurved, slender with pointed apex; main body of each appendage
with short slender apicolateral process with long apical setae, apicomesal process short and triangular, apicoventral
process stout with pointed apex directed caudad (Fig. 1B); in ventral view (Fig. 1C, Inf), main body of each inferior
appendage somewhat long-triangular and covered with numerous setae, with short acute process at mid-length on
mesal margin. Phallus slender, basal 3/5 laterally compressed and apical 2/5 spoon-like in dorsal view (Fig. 1E),
with dark subapical phallotremal sclerite torch-like in lateral view (Fig. 1D), V-shaped in dorsal view (Fig. 1E).
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FIGURES 1-3. Triaenodes tipmaneei sp. nov., 1 A—1E, male genitalia: 1A, dorsal; 1B, left lateral; 1C, ventral; 1D, phallus,
left lateral; 1E, phallus, ventral. 2A-2C, female genitalia: 2A, dorsal; 2B, left lateral; 2C, ventral. 3, Estimated phylogenetic
relationships using the neighbor-joining clustering method for Triaenodes spp. based on the mtDNA COI region. The sequence
of Achoropsyche duodecimpunctata was included as the outgroup. Gon = gonopod plate (paired), Inf = inferior appendage
(paired), Lam = lamella (paired), lo X = lower part of segment X (paired), Pap = papilla (paired), Pre = preanal appendage
(paired), Seg IX = segment IX, Seg X = segment X.
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Female genitalia (Figs 2A—C). Segment IX (Seg 1X) fused with setose preanal appendages and with pair of
small papillae (Pap) apicodorsally in dorsal view (Fig. 2A); in lateral view (Fig. 2B, Seg 1X), papillae somewhat
oval and thumb-like. Preanal appendages setose, in dorsal view (Fig. 2A) triangular, more nearly circular in lateral
view (Fig. 2A), in ventral view (Fig. 2C), scale-like and moderately large. Segment X in dorsal view (Fig. 2A, Seg
X) short, fused with preanal appendages. Lamellae setose, in lateral view (Fig. 2B, Lam) subquadrate and beaklike
apically, in ventral view (Fig. 2C, Lam) pear-like. Gonopod plates in ventral view (Fig. 2C, Gon) bird-head-like,
concave mesally and acute anteromesally.

Diagnosis. Triaenodes themis Malicky & Prommi 2006 is the most similar species and lives also on the southern
peninsula part of Thailand where the new species was found. The male genitalia of 7. tipmaneei sp. nov. are
distinguished from those of 7' themis and the other species in the genus by the shape of inferior appendages. Inferior
appendages of the new species are without recurved processes; the dorsal branch is divided into a dorsal lobe and
two apical processes, the upper process curved upward and triangular apicodorsally and bifid apicoventrally, and
the lower process slender with pointed apex; main body of the appendage is with short slender apicolateral process,
mesal process short and pointed, ventral process stout, pointed apex. Each inferior appendages of 7. themis has a
dorsal branch that is not divided apicoventrally and the main body is without a mesal process.

The female genitalia of 7riaenodes spp. found in Thailand and southeast Asia are mostly unknown. However,
Yang & Morse (2000) described females of several species of Triaenodes from China such as those of T. foliformis
Yang & Morse 2000, 7. ginglingensis, and T. unanimis McLachlan 1877. However, these can be separated by the
shapes of the lamellae. Triaenodes spp. found from China have lamellae that are spoon like, but the new species
has sack-like lamellae, each with a beak-like apex in lateral view. According to the molecular analysis, Triaenodes
tipmaneei sp. nov. has a close genetic relationship to 7. themis with 8.5 percent difference between these two.

Molecular analysis. As shown in Figure 3, Triaenodes tipmaneei sp. nov. was genetically differentiated from
all analyzed species in the same genus. The closest phylogenetic relationship was with 7. themis, and genetic
differentiation between these two species was also confirmed (Fig. 3). The genetic distance (p-distance) based on
the mtDNA COI region between T. tipmaneei sp. nov. and 7. themis was 8.5 percent.

Discussion

Triaenodes species are found in diverse freshwater habitats globally across both temperate and tropical regions
(Tagliacollo et al. 2021; Houghton ef al. 2018). Sixteen species are found in Laos, Peninsular Malaysia, Sumatra,
Vietnam, and Thailand (Malicky & Chantaramongkol 2010). Moreover, Yang and Morse (2000) described several
Triaenodes spp. species found in various environments, generally at waterfalls in China.

Like the latter species, this species, Triaenodes tipmaneei sp. nov. was found at a waterfall that is a picturesque
natural attraction renowned for its serene environment and lush tropical surroundings (Figs 4A—4B). Kaeng Khoi
Waterfall at Chumphon is geographically located in Thailand on the narrow Kra Isthmus of the Malay Peninsula.
The habitat characteristics include moist, shaded environment around the waterfall and supporting lush vegetation,
ferns, moss, liverworts, and various epiphytic plants. The riparian zone was characterized by dense forest with
species such as bamboo, palms, and tropical hardwoods (Figs 4A—4B) (Suwannarat et al. 2020; Kalaninova et al.
2014).

The results of the phylogenetic analysis and the genetic distance (p-distance) indicate that the new species,
T. tipmaneei sp. nov., is genetically differentiated from 7. themis, the species most closely related based on male
genitalia morphology and is an independent species from all other described species. In this study, we analyzed the
mtDNA and the 16S rRNA region; however, due to the absence of sequences of most described species of the genus,
especially of the 16S rRNA region, we were unable to conduct a more comprehensive phylogenetic analysis. Since
the mtDNA 16S rRNA region is valuable as a DNA barcoding marker, we registered it in the database for future use
in conjunction with the mtDNA COI region (Takenaka et al. 2024), so that the inclusion of molecular data could
be used in future research. Takenaka et al. (2024) reported that mtDNA COI and 16S rRNA regions analysis have
proven useful to supplement taxonomy and diversity studies of Trichoptera. Molecular analysis by Laudee et al.
(2023) revealed that the mtDNA and rRNA regions consistently reflected the morphological differences observed
among the newly identified species of Trichoptera.
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FIGURES 4A-4B. Study sites from Kaeng Khoi Waterfall, Chumphon Province.
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