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Phylogenetic analyses of Eucryptorrhynchus (Coleoptera: Curculionidae)
reveal a cryptic species within eurytopic E. scrobiculatus (Motschulsky,
1854)

Wei-Zhe Tseng'? & Ren-Chung Cheng>**

Abstract. Economically important pest species commonly contain cryptic species, which can compromise the
effectiveness of pest control. Therefore, accurately identifying pest species is the first step in developing an effective
pest management strategy. In this study, we examined the forestry pest Eucryptorrhynchus Heller, 1937 from East
and Southeast Asia. Cytochrome ¢ oxidase subunit I (COI) sequences were used to infer the first phylogenetic
hypothesis for this genus and to explore its potential cryptic diversity. Morphological examinations identified three
species: Eucryptorrhynchus scrobiculatus (Motschulsky, 1854), E. brandti (Harold, 1880), and E. khasiensis Devi,
Dey & Ray, 2016. Phylogenetic analysis revealed a monophyletic E. brandti, a distinct lineage corresponding to E.
khasiensis, and two distinct clades of E. scrobiculatus belonging to different populations (one from Ningxia and
the other from Southern China, Vietnam, and Taiwan). The haplotype network revealed 45 mutation steps between
Ningxia and the Southern China, Vietnam, and Taiwan populations, and genetic distance analysis revealed a 9.76%
Kimura 2-parameter (K2P) distance between these two clades. This distinct divergence supports the presence of two
evolutionary lineages within E. scrobiculatus, suggesting the presence of a pair of morphologically cryptic species.
We also provide a revised identification key to Eucryptorrhynchus, comprising five of the six described species.
These findings indicate that the biology and taxonomy of Eucryptorhynchus forest pests may be understudied,
negatively affecting current pest management practices. A comprehensive bionomic survey, broader taxon sampling,
and robust phylogenetic analysis are needed to fill the knowledge gaps and develop sophisticated management
strategies for this well-known forestry pest.
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INTRODUCTION

Integrated pest management (IPM) has developed significantly
over the past few decades as an environmentally friendly
management strategy (Deguine et al., 2021). IPM involves
establishing species-specific control strategies based on pest
bionomics, which aims to reduce pesticide usage during
pest control (Ehler, 2006). Therefore, basic taxonomic
and bionomic research on pests is particularly important
for establishing appropriate IPM strategies (Flint, 2012).
Traditional methods of species identification rely on certain
morphological characters. Although distinguishing some
species morphologically is difficult or impossible, they differ
genetically and display different biological preferences.
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Consequently, insufficient taxonomic studies may have led
to an underestimation of pest diversity, thus influencing
current IPM strategies and affecting downstream commodity
exports. Such cases have been reported for numerous pest
species, including fruit flies (Diptera: Tephritidae) (Aluja et
al., 2003; Hernandez-Ortiz et al., 2004), western flower thrips
(Thysanoptera: Thripidae) (Rugman-Jones et al., 2010), and
click beetles (Coleoptera: Elateridae) (Andrews et al., 2020).
These examples illustrate how pest diversity is commonly
underestimated and comprehensive taxonomic studies are
necessary, even for common pests.

The tree-of-heaven, Ailanthus altissima (Mill.) Swingle, is
one of the most widely distributed plants across all continents
except Antarctica. This species is native to China and North
Vietnam, and was introduced to Europe and America between
the mid-18" and mid-19" centuries (Hu, 1979; Kowarik &
Saumel, 2007). The tree-of-heaven is an invasive species in
temperate and Mediterranean ecosystems and has quickly
spread throughout Europe and America (Trifilo et al., 2003).
Additionally, the tree-of-heaven has various purposes for
humans; for example, its wood can be used for furniture
and household items, its bark and leaves can be used in
traditional Chinese medicine, and it is regarded as one of the
best ornamental plants in urban areas because of its hardy
nature (Hu, 1979; McAvoy et al., 2014).
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At least 46 arthropods feed on the tree-of-heaven, of which
weevils of the genus Eucryptorrhynchus Heller, 1937 can
cause the most significant damage to this plant (Ding et
al., 2006b). This genus comprises six species found in East
Asia, Southeast Asia, India, and Papua New Guinea (Devi
et al., 2016; Pancini, 2023). Two of the described species,
viz., E. scrobiculatus (Motschulsky, 1854) and E. brandti
(Harold, 1880), are well-known forestry pests widespread
in East Asia. Both species feed on the leaves, buds, and
petioles of the tree-of-heaven, and the larvae bore into the
trunk, which causes illness and death of the plant (McAvoy
et al., 2014; Yang et al., 2018; Wang et al., 2019). Due to
their nature, both species are considered suitable biological
control agents for the invasive tree-of-heaven in America
(Ding et al., 2006a, b). However, we have limited knowledge
about the host tree preferences of the other four species,
viz., E. papuanus (Heller, 1915), E. intermedius (Heller,
1922), E. khasiensis Devi, Dey & Ray, 2016, and E. cenninii
Pancini, 2023.

The taxonomy and systematics of Eucryptorrhynchus
are notably lacking. Heller (1937) distinguished this
genus from Cryptorhynchus Illiger, 1807 based on the
presence of a sulcus on the dorsal margin of the eyes
and distinct elytral humeri, recognising four species: E.
scrobiculatus, E. brandti, E. papuanus, and E. intermedius.
The taxonomy of Eucryptorrhynchus had remained largely
unexplored for several decades until two recent studies
described two additional species (Devi et al., 2016; Pancini,
2023). Nevertheless, the taxonomy and systematics of
Eucryptorrhynchus remain considerably inadequate. For
example, there is still a lack of a phylogenetic hypothesis of
Eucryptorrhynchus, and the monophyly of described species
remains untested. Additionally, Zhang et al. (2022) revealed
distinct genetic structures within two forestry pest species in
North China. Given the widespread distribution of these two
species in East and Southeast Asia, there is a high potential
for cryptic diversity within these common pests. In this
study, we examined the morphology of Eucryptorrhynchus
specimens from China, Taiwan, and Vietnam, and performed
the first molecular analysis of the genus. This study
aimed to investigate the phylogenetic relationships within
Eucryptorrhynchus, test the spatial genetic structure of the
two widespread forestry pests, and provide a preliminary
survey of cryptic diversity within this genus.

MATERIAL AND METHODS

Species identification and specimen examination. In
this study, we examined 26 specimens collected from
16 localities in Southern China, Taiwan, and Vietnam.
Examined materials were deposited in the National Museum
of Natural Science (NMNS), Taichung, Taiwan and the
Taiwan Agricultural Research Institute (TARI), Wufeng,
Taichung, Taiwan. The specimens were identified using keys
and figures provided by Hong et al. (2011) and Devi et al.
(2016). Morphological examinations were performed using
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an SMZ 800N stereomicroscope. Prior to examination, the
genitalia were removed from the abdomen and soaked in
1% KOH solution at 60°C for 10 minutes. Muscular tissues
from the prothorax and mesothorax were removed and
stored in 95% EtOH at —20°C. All images were obtained
using a stereomicroscope with the SGviews software (Sage
Vision Co., Ltd., Taiwan), combined with Helicon Focus
7.5.1. (Helicon Soft Ltd., Ukraine), and edited using Adobe
Photoshop CS6 (Adobe Systems Incorporated, USA). The
distribution map of E. scrobiculatus was produced by R
package “ggplot2” (Wickham, 2016).

Laboratory procedures. We obtained sequences of the
invertebrate barcode gene, cytochrome ¢ oxidase subunit [
(COI), from 21 specimens. Genomic DNA was extracted
using a FavorPrep™ Tissue Genomic DNA Extraction Mini
Kit (Favorgen, Pingtung, Taiwan). Sequences of COI locus
were amplified using the universal primer-pair LCO1490-
HCO2198/Maggie (Folmer et al., 1994; Hedin & Maddison,
2001). Amplifications were performed in a 25.5 puL reaction
volume, including 3 puL of DNA template, 9 uL. ddH,O,
0.5 uL of each 10 uM primer, and 12.5 pL. Emerald Amp®
MAX HS PCR Master Mix. The PCR conditions were as
follows: initial denaturation at 94°C for 2 minutes, 35 cycles
of denaturation at 94°C for 50 seconds, annealing at 54°C
for 50 seconds, extension at 72°C for 50 seconds, and the
final extension at 72°C for 7 minutes. PCR products were
visualised by 1% agarose gel electrophoresis. The purification
and sequencing of the PCR products were conducted at
the National Yang Ming Chiao Tung University Cancer
Progression Research Center, Taipei, Taiwan, using an ABI
PRISM® 3730 sequencing system (Applied Biosystems). The
sequences were translated into amino acids and checked for
stop codons using Geneious 11.0.5 (Kearse et al., 2012).

Phylogenetic analyses. We included five sequences of two
eurytopic species, E. scrobiculatus and E. brandti, from
GenBank. In addition, three sequences of cryptorhynchine
species were included as outgroups: Cryptorhynchus lapathi
(Linnaeus, 1758), Shirahoshizo juglandis Zherikhin, 1991,
and Sybulus sp. (accession numbers in Table S1). Sequence
alignment was performed using MAFFT v.7. (Rozewicki
et al., 2019). Alignment was checked for indels and stop
codons using Geneious 11.0.5.

The maximum likelihood (ML) approach was implemented
using RAXML v8.2.10 (Stamatakis, 2014) using the
default GTRGAMMA substitution model. Node support
was estimated using 1,000 bootstrap pseudo-replicates in
a rapid bootstrap analysis. The topology was visualised
using FigTree v1.4.4 (Rambaut, 2018), exported in the
SVG format, and edited using Microsoft PowerPoint 2019
(Microsoft Corporation, USA). Genetic distances within and
between species and clades were computed under the Kimura
2-parameter (K2P) substitution model in MEGA X (Kumar
et al., 2018). A haplotype network was constructed using
median-joining networks (Bandelt et al., 1999) in the PopART
software (Leigh & Bryant, 2015) with default settings.
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Table 1. The Kimura 2-parameter (K2P) distances within and between four major lineages of Eucryptorrhynchus.

Within species

Population Number Mean Standard error
E. scrobiculatus (Clade 1) 15 0.0134 0.0029

E. scrobiculatus (Clade 1I) 2 0.0000 0.0000

E. brandti 8 0.0067 0.0021

E. khasiensis 1 NA NA

Between species

Species1 Species2 Mean Standard error
E. scrobiculatus (Clade 1) E. scrobiculatus (Clade 1I) 0.0976 0.0137

E. scrobiculatus (Clade 1) E. brandti 0.1553 0.0172

E. scrobiculatus (Clade ) E. khasiensis 0.1656 0.0192

E. scrobiculatus (Clade 1II) E. brandti 0.1565 0.0182

E. scrobiculatus (Clade 1I) E. khasiensis 0.1624 0.0175

E. brandti E. khasiensis 0.1828 0.0204

RESULTS

Morphological examinations. See Figs. 1 & 2. Three
species were identified in these specimens, corresponding to
E. scrobiculatus, E. brandti, and E. khasiensis, respectively.
Notably, morphological variations were observed in E.
scrobiculatus, where the humeral calli varied from normal
to distinctly protruding. Furthermore, several specimens
represent the first regional records, including E. scrobiculatus
from Taiwan and Vietnam, and E. khasiensis from Yunnan,
China. Detailed information regarding the specimens is
provided in the Taxonomy section.

Maximum likelihood analysis. See Fig. 3. The full region
of COI was amplified from 17 specimens, with sequence
lengths ranging from 972 to 1212 bp. The barcode region
of COI was sequenced from four specimens, with sequence
lengths ranging from 613 to 647 bp. The maximum likelihood
topology revealed three distinct clades and a separate single-
taxon lineage. Notably, the node support value for all major
branches were high (rapid bootstrap values > 90), with only
two exceptions having moderate support (rapid bootstrap
values > 70, but < 90). The ML topology indicated that E.
brandti is the most distant lineage in comparison to the other
two Eucryptorrhynchus species, and E. khasiensis is more
closely related to E. scrobiculatus. In terms of the eurytopic
species, E. brandti and E. scrobiculatus, the ML topology
revealed relatively short branch lengths among specimens
with different geographical origins for E. brandti. In contrast,
specimens of E. scrobiculatus were grouped into two distinct
clades, each with strong node support (rapid bootstrap values
of 97 for Clade I and 100 for Clade II). Specifically, Clade
I contained specimens from Southern China, Vietnam, and
Taiwan, whereas Clade II included specimens from Ningxia,
North China. Notably, a subtle genetic structure was found
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in Clade I, corresponding to specimens originating from
distinct geographical populations (Southern China, Vietnam,
and Taiwan).

Genetic distance. See Table 1. Genetic distance analysis
revealed minimal genetic variation within species or clades
among the specimens, with the highest value identified in
Clade I of E. scrobiculatus (1.34%). In contrast, there was
substantial genetic divergence between species or clades,
with the smallest K2P distance observed between Clade |
and Clade II of E. scrobiculatus (9.76%), while all other
comparison pairs exhibited K2P distances exceeding 15%.
Additionally, since the ML topology revealed the genetic
structure of specimens from Southern China, Vietnam, and
Taiwan, we calculated the genetic distance between these two
geographical populations, revealing a limited interpopulation
divergence (K2P) of 2.32%.

Haplotype network. See Fig. 4. Haplotype network analysis,
which used only sequences from E. scrobiculatus, revealed
three phylogeographical populations distributed in Ningxia,
Southern China, Vietnam, and Taiwan. A total of 12 mutations
were observed between the Southern China, Vietnam, and
Taiwan populations, whereas 45 mutations were detected
between the Ningxia and Southern China, Vietnam, and
Taiwan populations.

TAXONOMY

Eucryptorrhynchus scrobiculatus (Motschulsky, 1854)
(Figs. 1A, B, 2A, B)

Material examined. TAIWAN: 1 female (ex. 15; accession
number: PP697477) (NMNS), Wuling Farm [i0F% 23571,
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Fig. 1. Habitus of Eucryptorrhynchus species. E. scrobiculatus (Motschulsky, 1854) from Taiwan: A, dorsal and B, ventral views; E.
brandti (Harold, 1880): C, dorsal and D, ventral views; E. khasiensis Devi, Dey & Ray, 2016: E, dorsal and F, ventral views.

Heping District, Taichung City, coll. W-Z Tseng, 23 July
2015; 1 male (NMNS), Mamei [F53£], Jianshih Township,
Hsinchu County, N24.682502 E121.295629, coll. Y-T
Lai, 11 August 2018; 1 ex. (ex. 13; accession number:
PP697493) (NMNS), Newjiayang [#71£F5], Heping District,
Taichung City, N24.247667 E121.228694, coll. B-H Ho,
7 June 2019; 1 ex. (ex. 14; accession number: PP697494)
(NMNS), Kuanyun Mountain Villa [#f 2= 1l13£], Xiulin
Township, Hualien County, N24.1874 E121.3395, coll.
B-H Ho, 7 June 2019; 3 ex. (ex. 12; accession number:
PP697492) (NMNS), Sihyuan Wind Gap [ 535 [1], Datung
Township, Yilan County, N24.394508 E121.362836, coll.
L-W Yeh, 6 August 2019. CHINA, Guangxi: 1 male (ex.
1; accession number: PP692124) (TARI), Yangmeiao [1%
H14)1], Rongshui Miao Autonomous County, Liuzhou, coll.
Y-T Wang, 4 August 2015; 1 male (ex. 3; accession number:
PP697478) (TARI), Maoershan [4# )L11], Xing’an County,
Guilin, coll. Y-T Wang, 17 August 2015. Guizhou: 1 male
(ex. 4; accession number: PP697479) (TARI), Huixiangping
[ 5F], Guanling Buyei and Miao Autonomous County,
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Anshun, coll. Y-T Wang, 23 July 2016. Yunnan: 1 male (ex.
9; accession number: PP697480) (TARI), Sengang [#} & ],
Gongshan Derung-Nu Autonomous County, Nujiang of the
Lisu Autonomous Prefecture, coll. Y-T Wang, 10 June 2016;
1 female (ex. 11; accession number: PP697481) (TARI),
Nagialuo [H147%], Gongshan Derung-Nu Autonomous
County, Nujiang of the Lisu Autonomous Prefecture, coll.
Y-T Wang, 12 June 2014; 4 males, 1 female (ex. 5, 6, 7,
8, 10; accession number: PP697485, PP697486, PP697484,
PP697483, PP697482) (TARI), Nageluo [4i#4 %], Gongshan
Derung-Nu Autonomous County, Nujiang of the Lisu
Autonomous Prefecture, coll. Y-T Wang, 15 June 2016.
VIETNAM: 1 male (NMNS), Ha Giang Province, coll.
local collector, June 2017; 1 ex. (ex. 2; accession number:
PP697495) (NMNS), Phan Xi Pang Mountain, Tam Puong
District, Lai Chau Province, N22.349444 E103.770833, coll.
S. Alekseenko, 10 April 2019.

Distribution. China (Anhui, Beijing, Fujian, Gansu, Guizhou,
Hebei, Henan, Hubei, Hunan, Jiangsu, Liaoning, Qinghai,
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Fig. 2. Male genitalia of Eucryptorrhynchus species. E. scrobiculatus (Motschulsky, 1854) from Taiwan: A, dorsal and B, lateral views;
E. brandti (Harold, 1880): C, dorsal and D, lateral views; E. khasiensis Devi, Dey & Ray, 2016: E, dorsal and F, lateral views.

Sichuan, Shaanxi, Shanghai, Shandong, Tianjin, Zhejiang),
North Korea, South Korea (Alonso-Zarazaga et al., 2017).

Remarks. E. scrobiculatus was previously considered a
junior synonym of E. chinensis (Olivier, 1791) (Alonso-
Zarazaga & Lyal, 1999). Nevertheless, the original
combination of E. chinensis, Curculio chinensis Olivier,
1791, is a junior homonym of Curculio chinensis Linnaeus,
1758 (= Callosobruchus chinensis (Linnaeus, 1758), a species
within Chrysomelidae). Alonso-Zarazaga (2013) addressed
this issue by assigning E. scrobiculatus as the valid name.

Eucryptorrhynchus brandti (Harold, 1880)
(Figs. 1C, D, 2C, D)

Material examined. CHINA, Guizhou: 1 male 1 female
(ex. 1, 2; accession number: PP697490, PP697489)
(TARI), Huixiangping [[Al & ¥ ], Guanling Buyei
and Miao Autonomous County, Anshun, coll. Y-T
Wang, 23 July 2016. Yunnan: 1 female (TARI), Dadi
[[2i#], Diqing Tibetan Autonomous Prefecture, coll. Y-T
Wang, 30 June 2014; 1 female (ex. 4; accession number:
PP693364) (TARI), Wangzanka Hotel [FE 1+ 5], Diging
Tibetan Autonomous Prefecture, coll. Y-T Wang, 8 July
2016; 2 females (ex. 3, 5; accession number: PP697487,
PP697488) (TARI), Nageluo [##%#%], Gongshan Derung-
Nu Autonomous County, Nujiang of the Lisu Autonomous
Prefecture, coll. Y-T Wang, 15 June 2016.

Distribution. China (Anhui, Beijing, Gansu, Hebei,
Heilongjiang, Henan, Hubei, Jiangsu, Liaoning, Sichuan,
Shaanxi, Shanghai, Shandong, Shanxi), Japan, North Korea,

Russia (Far East), South Korea (Alonso-Zarazaga et al.,
2017). New records: China (Guizhou, Yunnan).

Eucryptorrhynchus khasiensis Devi, Dey & Ray, 2016
(Figs. 1E, F, 2E, F)

Material examined. CHINA, Yunnan: 1 male (ex. 1;
accession number: PP697491) (TARI), Bangda [#1%], Mang
City, coll. Y-T Wang, 8 September 2015.

Distribution. India (Khasi hills) (Devi et al., 2016). New
record: China (Yunnan).

Identification key. We provided a revised identification
key that covers five of the six described Eucryptorrhynchus
species. For the morphological comparisons of two species,
E. papuanus and E. cenninii, we had to rely on the original
descriptions due to the unavailability of specimens for
examination. Additionally, we were unable to include E.
intermedius in the key, due to the unavailability of specimens
for examination and the limited information available in the
original description of this species.

Key to the species of Eucryptorrhynchus (Heller, 1937)

1. Pronotum sparsely covered with whitish or reddish-brown
vestiture, with two patches of reddish-brown, erect scales on

the MIddIe....oc.oiiiiiiiiic e 2
— Pronotum densely covered with whitish or reddish-brown
vestiture, without erect Scales..........ccccovvvivvvvieeveeiciiecireeene, 3

2. Forechead normal; whitish and reddish-brown scales dense on
pronotum, elytral base, and apical third of elytra; elytra with
two patches of reddish-brown scales on the base and middle of
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Eucryptorrhynchus scrobiculatus ex. 10 (CHINA: Yunnan)
Eucryptorrhynchus scrobiculatus ex. 11 (CHINA: Yunnan)
Eucryptorrhynchus scrobiculatus ex. 12 (TAIWAN)
Eucryptorrhynchus scrobiculatus ex. 13 (TAIWAN)
Eucryptorrhynchus scrobiculatus ex. 14 (TAIWAN)
Eucryptorrhynchus scrobiculatus ex. 15 (TAIWAN)
Eucryptorrhynchus scrobiculatus KP455510
Eucryptorrhynchus scrobiculatus KP410324 (CHINA: Ningxia)

Clade |
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Eucryptorrhynchus brandti NC025945
Eucryptorrhynchus brandti KM593905 (CHINA)
Eucryptorrhynchus brandti KP455482 (CHINA: Ningxia)
Eucryptorrhynchus brandti ex. 1 (CHINA: Guizhou)

Eucryptorrhynchus khasiensis ex. 1 (CHINA: Yunnan)

Eucryptorrhynchus brandti ex. 2 (CHINA: Guizhou)

Eucryptorrhynchus brandti ex. 3 (CHINA: Yunnan)
Eucryptorrhynchus brandti ex. 4 (CHINA: Yunnan)
Eucryptorrhynchus brandti ex. 5 (CHINA: Yunnan)

80

99

0.04

Cryptorhynchus lapathi KM447236

Shirahoshizo juglandis KY110608

Sybulus sp. LN889422

Fig. 3. A maximum likelihood COI gene tree of Eucryptorrhynchus from China, Taiwan, and Vietnam. The numbers above nodes indicate
rapid bootstrap supports. Scale bar = expected number of substitutions per site.

interstria I; genital sclerites cylindrical, not reaching the base
of pedon.......cccoeeenenne. E. scrobiculatus (Motschulsky, 1854)
Forehead pointed; whitish scales dense on pronotum apex
and apical third of elytra; elytra with a patch of black scales
on the basal fourth of interstria I; genital sclerites cylindrical,
exceeding the base of pedon
E. khasiensis Devi, Dey & Ray, 2016
Pronotum with distinct tubercles on postero-basal margin;
reddish-brown scales dense on pronotum and basal and apical
parts of elytra ......ccoceveninininienne E. cenninii Pancini, 2023
Pronotum without distinct tubercles; whitish scales on pronotum
and elytra
Pronotum narrowed anteriorly, side bisinuate; elytra with
several patches of reddish scales on interstria I; metafemora
not reaching the apex of elytra....... E. brandti (Harold, 1880)
Pronotum subconical, side rounded; elytra with a patch of whitish
scales in the middle of interstria I; metafemora exceeding apex
of elytra.....ccccooevevievieiiiiicee E. papuanus (Heller, 1915)

DISCUSSION

In this study, we used COI sequences to examine specimens
of Eucryptorrhynchus from China, Taiwan, and Vietnam,
and reconstructed a mitochondrial COI gene tree. The
results reveal three well-supported clades along with one
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distinct lineage. One clade corresponded to E. brandti, while
the single-taxon lineage corresponded to E. khasiensis. In
contrast, two clades were detected within E. scrobiculatus.
Subsequent genetic distance and haplotype network analyses
revealed substantial divergence between these two clades,
supporting the existence of cryptic species. These findings
demonstrate the lack of research on this genus and highlight
the need for comprehensive taxonomy, life history, and
bionomy research on common forestry pests.

Cryptic diversity in the common forestry pest E.
scrobiculatus. The genetic distance threshold is a fast and
widely used method for proposing preliminary species
hypotheses (e.g., Agnarsson et al., 2016; Lin et al., 2022).
It has been proposed that the genetic distance threshold
for weevils ranges from 3% for Cryptorhynchinae (Astrin
et al., 2012) to 9.18% for Entiminae (Ma et al., 2022).
Even with wide thresholds for weevils, we observed a
high genetic distance between the Northern (= Clade II)
and Southern (=Clade I) populations of E. scrobiculatus
(Table 1). Furthermore, the haplotype network revealed a
distinct haplotype in northern China (Fig. 4). These findings
are aligned with Zhang et al. (2022), indicating that E.
scrobiculatus exhibits a distinctive genetic structure across
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Fig. 4. Haplotype network of Eucryptorrhynchus scrobiculatus. Coloured circles indicate the localities; uncoloured indicate unobserved

haplotypes; circle size reflects the number of haplotypes.

its distribution and supports the existence of cryptic species
within this eurytopic forest pest, which warrants further
investigation. Notably, the elytral humeri shape may differ
between this morphologically similar species pair, with
populations from Clade II (North China) likely having pointed
humeri (Hong et al., 2011: fig. 105), while specimens of
Clade I (Southern China, Vietnam, and Taiwan) have rounded
humeri (Fig. 1A, B). However, a specimen from Guangxi,
belonging to Clade 11, exhibited pointed elytral humeri. As
a result, we cannot conclude whether the shape of the elytral
humeri serves as a diagnostic character to distinguish these
two genetically divergent species. A detailed morphological
examination of specimens from both clades is necessary to
uncover potential morphological differences and lead to a
formal species description on this cryptic species.
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Impact on pest management strategies and distribution
range of E. scrobiculatus. Traditional pest taxonomy relies
on morphology; however, single-discipline methods can
easily underestimate pest diversity. For example, the South
American fruit fly, Anastrepha fraterculus (Wiedemann,
1830), is an important citrus pest that has restricted the
export of Mexican citrus (Clarke & Schutze, 2014). However,
Aluja et al. (2003) noted that Mexican populations do not
feed on citrus and Hernandez-Ortiz et al. (2004) asserted
that Mexican populations deserve to be a distinct species.
This phenomenon has also been observed in other groups,
including several well-known pests, such as western flower
thrips (Thysanoptera: Thripidae) (Rugman-Jones et al., 2010),
click beetles (Coleoptera: Elateridae) (Andrews et al., 2020),
and bark beetles (Coleoptera: Curculionidae) (Gomez et al.,
2018; Cognato et al., 2020). These morphologically indistinct
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or indistinguishable species may exhibit distinct biological
and genetic characteristics, resulting in dramatic effects on
downstream pest-management strategies and the export of
international commodities.

Biological research and pest control strategies for E.
scrobiculatus heavily rely on studies of the Ningxia
population in North China (Yu et al., 2012; Ji et al., 2017,
Yang et al., 2018; Zhang et al., 2019; Yang & Wen, 2021). It
is likely that our discovery of cryptic species in this important
pest will challenge current pest management strategies
because of the potential biological differences between this
genetically distinct species pair. For example, based on our
preliminary observations, Taiwanese populations were not
associated with the endemic tree-of-heaven variant Ailanthus
altissima var. tanakae (Hayata) Kaneh. & Sasaki. Therefore,
we cannot exclude the possibility that the heaven tree is
not the primary host for the southern populations. Further
bionomic studies are essential to verify the pest status and
evaluate the effectiveness of current pest control strategies
for this cryptic species.

The reassessment of the distribution of E. scrobiculatus
is equally important. According to Alonso-Zarazaga et al.
(2017), E. scrobiculatus is widely distributed in China and
neighbouring countries. Our preliminary results suggest
that the cryptic species identified in this study likely has
a relatively southern distribution. Therefore, we propose a
reassessment of the occurrence records of E. scrobiculatus,
especially in southern Chinese provinces and Southeast Asia.
The challenge of this re-evaluation may be heightened by
the transplantation of the tree-of-heaven, with molecular
evidence suggesting human-mediated translocation occurs
in E. scrobiculatus from North China (Zhang et al., 2022).
Therefore, a comprehensive field survey, incorporating both
morphology and molecular analyses, is necessary to elucidate
the distributions of this significant forestry pest.

Phylogenetic relationship of genus Eucryptorrhynchus.
The current study presents the first phylogenetic hypothesis
for Eucryptorrhynchus (Fig. 3). E. brandti is most distantly
related to the monophyletic E. khasiensis and E. scrobiculatus
clade. Some morphological characteristics corresponded with
the phylogenetic hypothesis. For example, the pronotum of E.
khasiensis and E. scrobiculatus have a pair of erect reddish-
brown tuft scales, and the pedon apex is broader (Figs. 1A,
E, 2A, E), suggesting both characters are synapomorphic for
the two species. Additionally, we suggest a potential closer
relationship between E. brandti and two unexamined species,
E. papuanus and E. cenninii, based on the shared dense
vestiture on the pronotum. However, the evaluation of this
hypothesis awaits further taxon sampling. Furthermore, the
phylogenetic hypothesis provides a potential explanation for
the sympatric distribution of E. scrobiculatus and E. brandti.
Jietal. (2017) revealed microhabitat differentiation between
these two species; however, the underlying mechanisms were
not discussed. The relatively distant relationship in the current
phylogeny may imply long-term evolutionary effects on the
microhabitat preference of these two sympatric weevils.
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Conclusions. Effective pest management strategies require
accurate pest identification (Flint, 2012; Barzman et al.,
2015). Therefore, the lack of taxonomic knowledge increases
the potential for cryptic species, and thus influences the
effectiveness of downstream pest control approaches. In
recent decades, the development of molecular species
identification techniques has provided practical approaches
for the detection of cryptic species. In this study, we
performed molecular analyses on Eucryptorrhynchus from
East and Southeast Asia to determine the cryptic diversity of
these well-known pests. These results indicate that the three
East Asian species are distinct lineages, whereas a cryptic
species pair was detected in the eurytopic E. scrobiculatus
(Motschulsky, 1854). The presence of cryptic species within
E. scrobiculatus suggests a potentially distinct biological
preferences that could threaten the current IPM for this
forestry pest. Furthermore, the discovery of the cryptic
diversity of economically important weevils demonstrates
that taxonomic research is insufficient, even for widespread
pests. Therefore, further taxonomic and bionomic studies of
this genus are essential, not only to explore species diversity,
but also to develop effective pest management strategies for
these common forestry pests.

ACKNOWLEDGEMENTS

This work was supported by the Ministry of Science
and Technology, Taiwan (MOST) (grant numbers: 108-
2621-B-005-001 and 109-2621-B-005-003-MY2) to RCC
and through Undergraduate Research Scholarship (grant
number: 109-2813-C-005-047-B) to WZT. The authors
acknowledge the Genomics Center for Clinical and
Biotechnological Applications of the National Core Facility
for Biopharmaceuticals, Taiwan (MOST 109-2740-B-010-
002) for the sequencing. We wish to express our gratitude
to Chi-Feng Lee (Applied Zoology Division, Taiwan
Agricultural Research Institute) for the loan of the TARI
collections. Bin-Hong Ho, Lan-Wei Yeh, Yu-Ta Lai, and
Yi-Hao Lin provided critical specimens and Bo-Ren Huang
provided the observation records. We are grateful to the
two anonymous reviewers for their valuable comments. The
manuscript benefitted greatly from comments and English
proofreading by Matjaz Gregoric.

LITERATURE CITED

Agnarsson I, LeQuier SM, Kuntner M, Cheng RC, Coddington
JA & Binford G (2016) Phylogeography of a good Caribbean
disperser: Argiope argentata (Araneae, Araneidae) and a new
‘cryptic’ species from Cuba. ZooKeys, 625: 25-44.

Alonso-Zarazaga MA (2013) New nomenclatural and taxonomic
acts, and comments. In: Lobl I & Smetana A (eds.) Catalogue
of Palaearctic Coleoptera. Volume 8, Curculionoidea II. Brill,
Leidon, The Netherlands, pp. 51-116.

Alonso-Zarazaga MA, Barrios H, Borovec R, Bouchard P, Caldara
R, Colonnelli E, Giiltekin L, Hlava¢ P, Korotyaev B, Lyal CHC,
Machado A, Meregalli M, Pierotti H, Ren L, Sanchez-Ruiz M,
Sforzi A, Silfverberg H, Skuhrovec J, Tryzna M, Velazquez
de Castro AJ & Yunakov NN (2017) Cooperative Catalogue



Tseng & Cheng: Cryptic diversity within Eucryptorrhynchus

of Palaearctic Coleoptera Curculionoidea. Monografias
Electronicas SEA 8, Zaragoza, Spain, 729 pp.

Alonso-Zarazaga MA & Lyal CHC (1999) A World Catalogue of
Families and Genera of Curculionoidea (Insecta: Coleoptera)
(Excepting Scolytidae and Platypodidae). Entomopraxis S.C.P.,
Barcelona, Spain, 315 pp.

Aluja M, Pérez-Staples D, Macias-Ordofiez R, Pifiero J, McPheron
BA & Hernandez-Ortiz V (2003) Nonhost status of Citrus
sinensis cultivar Valencia and C. paradisi cultivar Ruby Red to
Mexican Anastrepha fraterculus (Diptera: Tephritidae). Journal
of Economic Entomology, 96: 1693—1703.

Andrews KR, Gerritsen A, Rashed A, Crowder DW, Rondon SI,
van Herk WG, Vernon R, Wanner KW, Wilson CM, New DD,
Fagnan MW, Hohenlohe PA & Hunter SS (2020) Wireworm
(Coleoptera: Elateridae) genomic analysis reveals putative
cryptic species, population structure, and adaptation to pest
control. Communications Biology, 3: 489.

Astrin JJ, Stiiben PE, Misof B, Wigele JW, Gimnich F, Raupach
MJ & Ahrens D (2012) Exploring diversity in cryptorhynchine
weevils (Coleoptera) using distance-, character- and tree-based
species delineation. Molecular Phylogenetics and Evolution,
63: 1-14.

Bandelt H, Forster P & Rohl A (1999) Median-joining networks
for inferring intraspecific phylogenies. Molecular Biology and
Evolution, 16: 37-48.

Barzman M, Barberi P, Birch ANE, Boonekamp P, Dachbrodt-
Saaydeh S, Graf B, Hommel B, Jensen JE, Kiss J, Kudsk P,
Lamichhane JR, Messéan A, Moonen AC, Ratnadass A, Ricci
P, Sarah JL & Sattin M (2015) Eight principles of integrated
pest management. Agronomy for Sustainable Development,
35: 1199-1215.

Clarke AR & Schutze MK (2014) The complexities of knowing
what it is you are trapping. In: Shelly T, Epsky N, Jang EB,
Reyes-Flores J & Vargas R (eds.) Trapping and the Detection,
Control, and Regulation of Tephritid Fruit Flies. Springer,
Dordrecht, Netherlands, pp. 611-632.

Cognato Al, Sari G, Smith SM, Beaver RA, Li Y, Hulcr J, Jordal
BH, Kajimura H, Lin CS, Pham TH, Singh S & Sittichaya W
(2020) The essential role of taxonomic expertise in the creation
of DNA databases for the identification and delimitation of
Southeast Asian Ambrosia beetle species (Curculionidae:
Scolytinae: Xyleborini). Frontiers in Ecology and Evolution,
8: 27.

Deguine JP, Aubertot JN, Flor RJ, Lescourret F, Wyckhuys KAG
& Ratnadass A (2021) Integrated pest management: good
intentions, hard realities. A review. Agronomy for Sustainable
Development, 41: 38.

Devi SR, Dey D & Ray DC (2016) First record of
genus Eucryptorrhynchus (Coleoptera: Curculionidae:
Cryptorhynchinae) from India along with description of a new
species. Oriental Insects, 51: 70-78.

Ding J, Reardon R, Wu Y, Zheng H & Fu W (2006a) Biological
control of invasive plants through collaboration between China
and the United States of America: a perspective. Biological
Invasions, 8: 1439-1450.

Ding J, Wu Y, Zheng H, Fu W, Reardon R & Liu M (2006b)
Assessing potential biological control of the invasive plant,
tree-of-heaven, Ailanthus altissima. Biocontrol Science and
Technology, 16: 547-566.

Ehler LE (2006) Integrated pest management (IPM): definition,
historical development and implementation, and the other IPM.
Pest Management Science, 62: 787-789.

Flint ML (2012) IPM in Practice: Principles and Methods of
Integrated Pest Management. Second Edition. University
of California Agriculture and Natural Resources, Oakland,
California, 292 pp.

332

Folmer O, Black M, Hoeh W, Lutz R & Vrijenhoek R (1994) DNA
primers for amplification of mitochondrial cytochrome ¢ oxidase
subunit I from diverse metazoan invertebrates. Molecular Marine
Biology and Biotechnology, 3: 294-299.

Gomez DF, Skelton J, Steininger MS, Stouthamer R, Rugman-
Jones P, Sittichaya W, Rabaglia RJ & Hulcr J (2018) Species
delineation within the Euwallacea fornicates (Coleoptera:
Curculionidae) complex revealed by morphometric and
phylogenetic analyses. Insect Systematics and Diversity, 2: 1-11.

Harold E von (1880) Einige neue Coleopteren. Mittheilungen des
Miinchner Entomologischen Vereins, 4: 148-171.

Hedin MC & Maddison WP (2001) A combined molecular approach
to phylogeny of the jumping spider subfamily Dendryphantinae
(Araneae, Salticidae). Molecular Phylogenetics and Evolution,
18: 386-403.

Heller KM (1915) Neue papuanische Riisselkédfer. Deutsche
Entomologische Zeitschrift, 1915: 513-528.

Heller KM (1922) Curculioniden (Coleopt.) aus Franzosisch-Indo-
China. Deutsche Entomologische Zeitschrift, 1922: 1-25.
Heller KM (1937) Coleoptera Javana, mit Berlicksichtigung der
ihnen nahestehenden Formen anderer Herkunft. Stettiner

Entomologische Zeitung, 98: 51-78.

Hernandez-Ortiz V, Gémez-Anaya JA, Sanchez A, McPheron BA &
Aluja M (2004) Morphometric analysis of Mexican and South
American populations of the Anastrepha fraterculus complex
(Diptera: Tephritidae) and recognition of a distinct Mexican
morphotype. Bulletin of Entomological Research, 94: 487—499.

Hong KJ, Park S & Han K (2011) Insect Fauna of Korea. Volume
12, Number 2, Arthropoda: Insecta: Coleoptera: Curculionidae:
Bagoninae, Baridinae, Ceutorhynchinae, Conoderinae,
Cryptorhynchinae, Molytinae, Orobitidinae. Weevil I. National
Institute of Biological Resources, Incheon, 301 pp.

Hu SY (1979) Ailanthus. Arnoldia, 39: 29-50.

Iliger JCW (1807) Vorschlag zur Aufnahme im Fabricischen
Systeme fehlender Kéfergattungen. Magazin fiir Insektenkunde,
6: 318-349.

Ji YC, Gao P, Zhang GY, Wen C & Wen JB (2017) Micro-
habitat niche differentiation contributing to coexistence
of Eucryptorrhynchus scrobiculatus Motschulsky and
Eucryptorrhynchus brandti (Harold). Biocontrol Science and
Technology, 27: 1180—1194.

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock
S, Buxton S, Cooper A, Markowitz S, Duran C, Thierer T,
Ashton B, Meintjes P & Drummond A (2012) Geneious basic:
an integrated and extendable desktop software platform for the
organization and analysis of sequence data. Bioinformatics,
28: 1647-1649.

Kowarik I & Sdumel I (2007) Biological flora of Central Europe:
Ailanthus altissima (Mill.) Swingle. Perspectives in Plant
Ecology, Evolution and Systematics, 8: 207-237.

Kumar S, Stecher G, Li M, Knyaz C & Tamura K (2018) MEGA
X: Molecular Evolutionary Genetics Analysis across computing
platforms. Molecular Biology and Evolution, 35: 1547—1549.

Leigh JW & Bryant D (2015) PopART: Full-feature software
for haplotype network construction. Methods in Ecology and
Evolution, 6: 1110-1116.

Lin HY, Huang JX, Liu HH & Chang CH (2022) Two new
pseudoscorpion species of the coastal genus Garypus L.
Koch, 1873 (Garypidae) and an updated checklist of the
pseudoscorpiones of Taiwan. Zoological Studies, 61: 24.

Linnaeus C (1758) Systema naturae per regna tria naturae, secundum
classes, ordines, genera, species, cum caracteribus, differentiis,
synonymis, locis. Tomus I. Edition decima, reformata. Laurentii
Salvii, Holmiae [= Stockholm], 823 pp.

Ma Z, Ren J & Zhang R (2022) Identifying the genetic distance
threshold for Entiminae (Coleoptera: Curculionidae) species
delimitation via COI Barcodes. Insects, 13: 261.



RAFFLES BULLETIN OF ZOOLOGY 2024

McAvoy TJ, Salom SM, Yu B, Ji HL, Du YZ, Johnson N,
Reardon R & Kok LT (2014) Occurrence and development
of Eucryptorrhynchus brandti and E. chinensis (Coleoptera:
Curculionidae) on Ailanthus altissima trees subjected to
different levels of mechanical damage. Biocontrol Science and
Technology, 24: 65-79.

Motschulsky V de (1854) Diagnoses de coléopteres nouveaux,
trouvés par M.M. Tatarinoff et Gaschkéwitsch aux environs
de Pékin. Etudes Entomologiques, 2: 44—51.

Olivier AG (1791) Encyclopédie Méthodique. Histoire Naturelle.
Insectes. Tome cinquieme. Panckoucke, Paris, 793 pp.

Pancini L (2023) A new species of Eucryptorrhynchus Heller, 1937
from India and Myanmar. Doriana, Supplemento agli Annali del
Museo Civico di Storia Naturale “G. Doria”, Genova, 9: 424.

Rambaut A (2018) FigTree v1.4.4. http://tree.bio.ed.ac.uk/software/
figtree/ (Accessed 21 January 2021).

Rozewicki J, Li S, Amada KM, Standley DM & Katoh K (2019)
MAFFT-DASH: integrated protein sequence and structural
alignment. Nucleic Acids Research, 47: W5-W10.

Rugman-Jones PF, Hoddle MS & Stouthamer R (2010) Nuclear-
mitochondrial barcoding exposes the global pest western
flower thrips (Thysanoptera: Thripidae) as two sympatric
cryptic species in its native California. Journal of Economic
Entomology, 103: 877-886.

Stamatakis A (2014) RAXML version 8: a tool for phylogenetic
analysis and postanalysis of large phylogenies. Bioinformatics,
30: 1312-1313.

Trifilo P, Raimondo F, Nardini A, Lo Gullo MA & Salleo S (2003)
Drought resistance of Ailanthus altissima: root hydraulics and
water relations. Tree Physiology, 24: 107-114.

Wang X, Ji YC, Wen C, Zhang GY & Wen JB (2019) Effects
of trap color and shape on the capture of Eucryptorrhynchus
scrobiculatus (Coleoptera: Curculionidae). Journal of Economic
Entomology, 112: 2744-2750.

333

Wickham H (2016) ggplot2: Elegant Graphics for Data Analysis.
Second Edition. Springer-Verlag, New York, 266 pp.

Wiedemann CRW (1830) Aussereuropédische Zweifliigelige
Insekten. Second Volume. Schulzischen Buchhandlung, Hamm,
684 pp.

Yang K & Wen J (2021) Developing traps for the overwintering
tree-of-heaven weevils Eucryptorrhynchus scrobiculatus and
E. brandti (Coleoptera: Curculionidae). Pest Management
Science, 77: 2766-2772.

Yang K, Wen X, RenY & WenJ (2018) Control of Eucryptorrhynchus
scrobiculatus (Coleoptera: Curculionidae), a major pest of
Ailanthus altissima (Sapindales: Simaroubaceae), using a
modified square trap net. Journal of Economic Entomology,
111: 1760-1767.

Yu QQ, Chen C, Liu ZK, Sun YW, Cao CJ, Bao S & Wen JB (2012)
Occurrence and life-history of Eucryptorrhynchus chinensis in
Lingwu, Ningxia. Chinese Journal of Applied Entomology, 49:
1005-1009. [In Chinese]

Zhang GY, Ji YC, Gao P & Wen JB (2019) Oviposition behavior
and distribution of Eucryptorrhynchus scrobiculatus and E.
brandti (Coleoptera: Curculionidae) on Ailanthus altissima
(Mill.). Insects, 10: 284.

Zhang YJ, Song W, Cao LJ, Chen JC, Hoffmann AA, Wen JB & Wei
SJ (2022) Population differentiation and intraspecific genetic
admixture in two Eucryptorrhynchus weevils (Coleoptera:
Curculionidae) across northern China. Ecology and Evolution,
12: e8806.

Zherikhin VV (1991) Zhuki-dolgonosiki (Coleoptera, Curculionidae)
Dal’nego Vostoka SSSR (obzor podseme’stv s opisaniem
novykh taksonov). Vladivostok: Akademiya Nauk SSSR,
Dal’nevostochnoe Otdelenie, Biologo-Pochvennyy Institut,
164 pp.



Tseng & Cheng: Cryptic diversity within Eucryptorrhynchus

APPENDIX

Table S1. List of the sequences downloaded from GenBank, including the accession numbers and localities.

Species GenBank accession number Locality
Eucryptorrhynchus scrobiculatus KP455510 China
KP410324 Ningxia, China
Eucryptorrhynchus brandti KP455482 Ningxia, China
KM593905 China
NC025945 unknown
Cryptorhynchus lapathi KM447236 Germany
Shirahoshizo juglandis KY110608 Russia
Sybulus sp. LN889442 unknown
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