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Abstract

Species of the Pholcus phungiformes group exhibit high diversity in Liaoning Province of northeastern
China. This paper summarizes the current knowledge on this species-group from this area. A checklist
of 22 species recorded from this province is given, accompanied with a distribution map of the species.
Pholcus xinyan Zhao, Zheng & Yao, sp. nov. (3Q) is described as new to science, and P yuhuangshan Yao
& Li, 2021 is reported from Liaoning for the first time.
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Introduction

The spider family Pholcidae C.L. Koch, 1850 currently contains 97 genera and 1896
species (World Spider Catalog 2022) classified within five subfamilies: Arteminae Simon,
1893, Modisiminae Simon, 1893, Ninetinae Simon, 1890, Pholcinae C.L. Koch, 1850,
and Smeringopinae Simon, 1893 (Huber 201 1a; Dimitrov etal. 2013; Eberle et al. 2018).
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Pholcus Walckenaer, 1805 is the most diverse genus of the family, comprising 375 de-
scribed species (World Spider Catalog 2022). These species belong to 21 species-groups,
of which the phungiformes group is highly diverse and contains 94 species (Huber 2011b;
Wang et al. 2020; Yao etal. 2021; Lu et al. 2022). This species-group is mainly distributed
in northeastern China and the Korean Peninsula. Liaoning is a province in northeastern
China and lies northwest of North Korea. The exploration of pholcid spiders from Liaon-
ing was started rather recently, especially for the phungiformes species-group. Song and
Ren (1994) were the first authors to record pholcids from Liaoning, and they described
two species, P guani Song & Ren, 1994 from Beizhen County and P gaoi Song & Ren,
1994 from Kuandian County; the latter species belongs to the phungiformes species-group.
Song et al. (1999) described the second species of this species-group, P suizhongicus Zhu
& Song, 1999, from Suizhong County. Nearly 10 years later, Zhang and Zhu (2009) de-
scribed two species from Fenghuangshan Mountain, namely P fengcheng Zhang & Zhu,
2009 and P, phoenixus Zhang & Zhu, 2009. During the following decade (2010-2019),
only eight species of this group have been described from Liaoning (Tong and Ji 2010;
Yao and Li 2012; Peng and Zhang 2013; Liu and Tong 2015). Wang et al. (2020) esti-
mated that a large part of the phungiformes species-group diversity likely remains undis-
covered in the Changbai Mountains in northeastern China, especially in Liaoning. For
this reason, a one-month-long expedition to the Changbai Mountains was undertaken,
which resulted in 11 new species being reported, including eight from Liaoning (Yao et al.
2021). To date, 20 species of this species-group have been recorded from Liaoning, most
of which were collected from rock walls or at cave entrances.

The present study provides a checklist of the phungiformes species-group from
Liaoning and a distribution map of all of the species (Figs 1, 2). This study also de-
scribes a species new to science and reports a species from this region for the first time.

Materials and methods

Specimens were examined and measured with a Leica M205 C stereomicroscope.
The left male palp was photographed. The epigyne was photographed before dissec-
tion. The vulva was treated in a 10% warm solution of potassium hydroxide (KOH)
to dissolve soft tissues before illustration. Images were captured with a Canon EOS
750D wide zoom digital camera (24.2 megapixels) mounted on the stereomicroscope
mentioned above and assembled using Helicon Focus v. 3.10.3 image stacking soft-
ware (Khmelik et al. 2005). All measurements are given in millimeters (mm). Leg
measurements are shown as: total length (femur, patella, tibia, metatarsus, tarsus).
Leg segments were measured on their dorsal side. The distribution map was generated
with ArcGIS v. 10.2 (ESRI Inc.). The specimens studied are preserved in 75% ethanol
and deposited in the College of Life Science, Shenyang Normal University (SYNU)
in Liaoning, China.

Terminology and taxonomic descriptions follow Huber (2011b) and Yao et al.
(2015, 2021). The following abbreviations are used in the descriptions: ALE = anterior
lateral eye, AME = anterior median eye, PME = posterior median eye, L/d = length/
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Figure 1. Distribution of the Pholcus phungiformes species-group in Liaoning, China: 1 = P decorus,
2 = P, fengcheng, 3 = R foliaceus, 4 = R gaizhou, 5 = R gaoi, 6 = P. guanshui, 7 =  hamatus, 8 = P, jiguanshan,
9 = P jinwei, 10 = P longxigu, 11 = R luoquanbei, 12 = R phoenixus, 13 = P shenshi, 14 = P suizhongicus,

15 = R tianmenshan, 16 = P tongi, 17 = P wangi, 18 = P wangtian, 19 = P xianrendong, 20 = P yaoshan,
21 = P yuhuangshan, 22 = P xiuyan sp. nov.

diameter ratio; used in the illustrations: b = bulb, da = distal apophysis, e = embolus,
fa = frontal apophysis, pa = proximo-lateral apophysis, pp = pore plate, pr = procursus,
u = uncus.

Taxonomic accounts

Family Pholcidae C.L. Koch, 1850
Subfamily Pholcinae C.L. Koch, 1850

Genus Pholcus Walckenaer, 1805

Type species. Aranea phalangioides Fuesslin, 1775.
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Figure 2. Pholcus xiuyan sp. nov., living specimens and habitat A, B females and juveniles on rock walls

C habitat, arrow indicates collecting site.

Pholcus phungiformes species-group from Liaoning Province

Diagnosis and description. See Huber (2011b) and Yao et al. (2021).
1. Pholcus decorus Yao & Li, 2012

Pholcus decorus Yao & Li, 2012: 14, figs 55A-D, 56A-E, 57A-E, 58A-D (A39).
Pholcus decorus Yao et al., 2021: S6, fig. 2B.1 (A).

Distribution. China (Anshan in Liaoning; habitat: rock walls).

2. Pholcus fengcheng Zhang & Zhu, 2009

Pholcus fengcheng Zhang & Zhu, 2009: 28, fig. 11A-1 (3'9).
Pholcus fengcheng Yao & Li, 2012: 16, figs 63A-D, 64A-C (39). Yao et al. 2021: S7,
fig. 2B.2 (&).
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New material examined. 14 (SYNU-Ar00001F), roadside of G304 (40°24.667'N,
124°3.067'E, 139 m), near Fenghuangshan Mountain, Fengcheng, Dandong, Liaon-
ing, CHINA, 13 July 2020, Z Yao leg.

Distribution. China (Fengcheng in Liaoning; habitat: rock walls).

3. Pholcus foliaceus Peng & Zhang, 2013

Pholcus foliaceus Peng & Zhang, 2013: 75, figs 1A-G, 2A-F (39).
Pholcus foliaceus Yao et al., 2021: S7, figs 2B.3, S4A-D (39).

New material examined. 23 (SYNU-Ar00002F Ar00003F) and 29 (SYNU-
Ar00004F, Ar00005F), roadside of S202 (41°44.117'N, 124°36.867'E, 119 m), near
Houshi National Forest Park, Muqi Town, Xinbin County, Fushun, Liaoning, CHINA,
23 June 2020, Z Yao leg.

Distribution. China (Qingyuan County and Xinbin County in Liaoning; habitat:
rock walls).

4. Pholcus gaizhou Yao & Li, 2021
Pholcus gaizhou Yao & Li in Yao et al. 2021: S8, figs 2B.4, SSA-D, S6A-H (39Q).

New material examined. 2 (SYNU-Ar00006E Ar00007F) and 39 (SYNU-Ar00008F—

Ar00010F), roadside (40°1.167'N, 122°12.050'E, 257 m), near Xuemaoshan Scenic

Spot, Jiuzhai Town, Gaizhou, Yingkou, Liaoning, CHINA, 16 July 2020, Z Yao leg.
Distribution. China (Gaizhou in Liaoning; habitat: rock walls).

5. Pholcus gaoi Song & Ren, 1994

Pholcus gaoi Song & Ren, 1994: 20, figs 1-7 (3 Q).

Pholcus gaoi Song et al., 1999: 57, fig. 23L-O (4'Q). Zhang and Zhu 2009: 29,
fig. 12A-G (4'9). Yao and Li 2012: 17, figs 69A-D, 70A-C (J'P). Yao et al.
2021: S9, fig. 2B.5 (&).

New material examined. 23 (SYNU-Ar00011F Ar00012F) and 19 (SYNU-
Ar00013F), roadside of Sandaogoumen (40°53.950'N, 124°51.900'E, 431 m), Xin-
feng Village, Dachuantou Town, Kuandian County, Dandong, Liaoning, CHINA, 8
July 2020, Z Yao leg. 33 (SYNU-Ar00014F—Ar00016F) and 19 (SYNU-Ar00017F),
roadside of X627 (41°0.633'N, 124°45.950'E, 520 m), Jiangjunling, Bahechuan
Town, Kuandian County, Dandong, Liaoning, CHINA, 8 July 2020, Z Yao leg.
Distribution. China (Kuandian County in Liaoning; habitat: rock walls).
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6. Pholcus guanshuiYao & Li, 2021
Pholcus guanshui Yao & Li in Yao et al. 2021: S10, figs 2B.6, S7TA-D, S8A-H (39).

Distribution. China (Kuandian County in Liaoning; habitat: rock walls).

7. Pholcus hamatus Tong & Ji, 2010

Pholcus hamatus Tong & Ji, 2010: 98, figs la—c, j, 2a-g (3 Q).
Pholcus hamatus Yao et al., 2021: S11, figs 2B.7, SOA-D (39).

New material examined. 14 (SYNU-Ar00018F) and 32 (SYNU-Ar00019F—
Ar00021F), roadside of G506 (41°11.733'N, 125°25.100'E, 349 m), Huanggouli
Village, Yahe Town, Huanren County, Benxi, Liaoning, CHINA, 27 June 2020, Z
Yao leg. 23 (SYNU-Ar00022F, Ar00023F) and 3Q(SYNU-Ar00024F-Ar00026F),
roadside of G506 (41°1.783'N, 125°30.000'E, 179 m), Dawudaoyangcha, Gangou-
zi Village, Shajianzi Town, Huanren County, Benxi, Liaoning, CHINA, 27 June
2020, Z Yao leg.
Distribution. China (Huanren County in Liaoning; habitat: rock walls).

8. Pholcus jiguanshan Yao & Li, 2021

Pholcus jiguanshan Yao & Li in Yao et al. 2021: S12, figs 2B.8, S10A-D, S11A-H
3.

Distribution. China (Fengcheng in Liaoning; habitat: rock walls).

9. Pholcus jiuwei Tong & Ji, 2010

Pholcus jinwei Tong & Ji, 2010: 99, figs 1d—f, k, 3a—g (39).
Pholcus jinwei Yao et al., 2021: S13, figs 2B.9, S12A-D 39).

New material examined. 23 (SYNU-Ar00027F Ar00028F) and 29 (SYNU-

Ar00029F, Ar00030F), roadside (41°8.233'N, 125°42.217'E, 227 m), near Benxi

Grand Canyon, Nanfen District, Benxi, Liaoning, CHINA, 12 July 2020, Z Yao leg.
Distribution. China (Benxi and Pingshan County in Liaoning; habitat: rock walls).

10. Pholcus longxigu Yao & Li, 2021

Pholcus longxigu Yao & Li in Yao et al. 2021: S14, figs 2B.11, S13A-D, S14A-H (39).
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New material examined. 13 (SYNU-Ar00031F) and 39 (SYNU-Ar00032F-
Ar00034F), roadside of S201 (41°20.117'N, 125°15.400'E, 291 m), Wudaohezi Village,
Huanren Town, Huanren County, Benxi, Liaoning, CHINA, 24 June 2020, Z Yao leg. 18
(SYNU-Ar00035F), roadside of G201 (41°14.867'N, 125°19.650'E, 294 m), Shihada
Village, Yahe Town, Huanren County, Benxi, Liaoning, CHINA, 26 June 2020, Z Yao leg.
14 (SYNU-Ar00036F) and 19 (SYNU-Ar00037F), roadside of G201 (41°11.967'N,
125°14.817'E, 276 m), near Lianhe Bridge, Lianhe Village, Yahe Town, Huanren Coun-
ty, Benxi, Liaoning, CHINA, 26 June 2020, Z Yao leg. 23 (SYNU-Ar00038F, Ar00039F)
and 19 (SYNU-Ar00040F), roadside of G201 (41°6.467'N, 125°7.217'E, 305 m), near
Dagqinggou Village, Pulepu Town, Benxi, Liaoning, CHINA, 6 July 2020, Z Yao leg.
Distribution. China (Benxi and Huanren County in Liaoning; habitat: rock walls).

11. Pholcus luoquanbei Yao & Li, 2021
Pholcus luoquanbei Yao & Li in Yao et al. 2021: S15, figs 2B.12, S15A-D, S16A-H (J'9).

Distribution. China (Xiuyan County in Liaoning; habitat: rock walls).

12. Pholcus phoenixus Zhang & Zhu, 2009

Pholcus phoenixus Zhang & Zhu, 2009: 69, figs 37A-1, 38A-1 (39).
Pholcus phoenixus Yao & Li, 2012: 30, figs 144A-D, 145A-C (39). Yao et al. 2021:
S17, fig. 2B.14 (&).

New material examined. 33 (SYNU-Ar00041F-Ar00043F) and 29 (SYNU-
Ar00044F, Ar00045F), roadside of Magqing Road (40°34.483'N, 123°40.050'E,
243 m), near Qingliangshan Scenic Spot, Qingliangshan Village, Qinglingshan Town,
Xiuyan County, Anshan, Liaoning, CHINA, 13 July 2020, Z Yao leg.

Distribution. China (Fengcheng and Xiuyan County in Liaoning; habitat: rock walls).

13. Pholcus shenshi Yao & Li, 2021
Pholcus shenshi Yao & Li in Yao et al. 2021: S18, figs 2B.15, S17A-D, S18A-H (3'9).

New material examined. 134 (SYNU-Ar00046F) and 29 (SYNU-Ar00047F
Ar00048F), roadside of Kuanbei Road (40°42.883'N, 124°57.483'E, 315 m), Shang-
haozigou Village, Hongshi Town, Kuandian County, Dandong, Liaoning, CHINA, 7
July 2020, Z Yao leg. 14 (SYNU-Ar00049F) and 19 (SYNU-Ar00050F), roadside of
Kuanbei Road (40°41.217'N, 124°51.867'E, 439 m), Shangchangyinzi Village, Shi-
hugou Town, Kuandian County, Dandong, Liaoning, CHINA, 7 July 2020, Z Yao leg.
Distribution. China (Kuandian County in Liaoning; habitat: rock walls).
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14. Pholcus suizhongicus Zhu & Song, 1999

Pholcus suizhongicus Zhu & Song in Song et al. 1999: 59, fig. 25A-H (39).
Pholcus suizhongicus Zhang & Zhu, 2009: 89, fig. 51A-H (3'9). Yao and Li 2012: 33,
figs 167A-D, 168A-C (4 %).

Distribution. China (Suizhong County in Liaoning; habitat: unknown).

15. Pholcus tianmenshan Yao & Li, 2021
Pholcus tianmenshan Yao & Li in Yao etal. 2021: S19, figs 2B.17, S19A-D, S20A-H (J'9).

New material examined. 23 (SYNU-Ar00051F Ar00052F) and 29 (SYNU-
Ar00053F, Ar00054F), roadside of Beitu Road (40°9.983'N, 122°50.567'E, 345 m),
Taipingzhuang Village, Kuangdonggou Town, Gaizhou, Yingkou, Liaoning, CHINA,
15 July 2020, Z Yao leg. 14 (SYNU-Ar00055F) and 392 (SYNU-Ar00056F—
Ar00058F), roadside (40°5.617'N, 122°37.050'E, 227 m), near Chishan Scenic Spot,
Wanfu Town, Gaizhou, Yingkou, Liaoning, CHINA, 15 July 2020, Z Yao leg.
Distribution. China (Gaizhou and Zhuanghe in Liaoning; habitat: rock walls).

16. Pholcus tongi Yao & Li, 2012

Pholcus tongi Yao & Li, 2012: 34, figs 173A-D, 174A-E, 175A-D, 176A-D (39).
Pholcus tongi Yao et al., 2021: S20, fig. 2B.18 (J).

Distribution. China (Huanren County in Liaoning; habitat: rock walls).

17. Pholcus wangi Yao & Li, 2012

Pholcus wangi Yao & Li, 2012: 37, figs 191A-D, 192A-E, 193A-D, 194A-D (J9).
Pholcus wangi Yao et al., 2021: §21, fig. 2B.19 (.

New material examined. 14 (SYNU-Ar00059F) and 29 (SYNU-Ar00060F,
Ar00061F), roadside of S309 (41°2.017'N, 124°40.667'E, 306 m), Liming Village,
Shuangshanzi Town, Kuandian County, Dandong, Liaoning, CHINA, 10 July 2020, Z
Yao leg. 33 (SYNU-Ar00062F-Ar00064F) and 39 (SYNU-Ar00065F-Ar00067F),
roadside of G506 (41°14.783'N, 124°42.000'E, 628 m), Dongyingfang Town, Benxi
County, Benxi, Liaoning, CHINA, 10 July 2020, Z Yao leg.

Distribution. China (Benxi County and Kuandian County in Liaoning; habitat:
rock walls).
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18. Pholcus wangtian Tong & Ji, 2010

Pholcus wangtian Tong & Ji, 2010: 102, figs 1g—i, 1, 4a—f (5'9).
Pholcus wangtian Yao et al., 2021: S23, figs 2B.21, S23A-D 39).

New material examined. 134 (SYNU-Ar00068F) and 29 (SYNU-Ar00069F
Ar00070F), Fenglingu Forest Park (41°7.433'N, 125°13.400'E, 392 m), Xiang-
yang Town, Huanren County, Benxi, Liaoning, CHINA, 26 June 2020, Z Yao leg.
23" (SYNU-Ar00071E, Ar00072F) and 29 (SYNU-Ar00073F, Ar00074F), roadside
(40°59.683'N, 125°14.533'E, 212 m), near Manjiazhai, Qingshangou Village, Qing-
shangou Town, Kuandian County, Dandong, Liaoning, CHINA, 7 July 2020, Z Yao leg.

Distribution. China (Huanren County and Kuandian County in Liaoning; habi-
tat: rock walls and a cave entrance).

19. Pholcus xianrendong Liu & Tong, 2015

Pholcus xianrendong Liu & Tong, 2015: 32, figs 1A-], 2A-F (J'9).
Pholcus xianrendong Yao et al., 2021: S24, figs 2B.22, S24A-D 39).

New material examined. 33 (SYNU-Ar00075F-Ar00077F) and 29 (SYNU-Ar00078E

Ar00079F), roadside of $203 (39°50.983'N, 123°0.150'E, 96 m), Dawangtun, Sijia Vil-

lage, Daying Town, Zhuanghe, Dalian, Liaoning, CHINA, 15 July 2020, Z Yao leg.
Distribution. China (Zhuanghe in Liaoning; habitat: rock walls).

20. Pholcus yaoshan Yao & Li, 2021

Pholcus yaoshan Yao & Li in Yao et al. 2021: §25, figs 2B.24, S27A-D, S28A-H (39).

Distribution. China (Xiuyan County in Liaoning; habitat: rock walls).

21. Pholcus yubuangshan Yao & Li, 2021

Pholcus yuhuangshan Yao & Li in Yao et al. 2021: S27, figs 2B.25, S1A, S29A-D,
S30A-H (d'9).

New material examined. 23 (SYNU-Ar00080F, Ar00081F) and 19 (SYNU-
Ar00082F), roadside of S201 (41°32.400'N, 124°54.717'E, 118 m), Chaluzi Village,
Yiishu Town, Xinbin County, Fushun, Liaoning, CHINA, 24 June 2020, Z Yao leg.
(New record for Liaoning)

Distribution. China (Xinbin County in Liaoning; habitat: rock walls).
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22. Pholcus xiuyan Zhao, Zheng & Yao, sp. nov.
https://zoobank.org/5583C31D-4B7E-4C42-8A34-20BB8663778F
Figs 3, 4

Remarks. This new species is assigned to the phungiformes group by the following
combination of characters: the male chelicerae with frontal apophyses (arrow fa in
Fig. 4D), the male palpal tibia with a prolatero-ventral projection (Fig. 3A), the pro-
cursus with dorsal spines (arrows in Fig. 3D), the uncus with a “pseudo-appendix”
(arrow 2 in Fig. 4C), and the epigyne with a knob (Fig. 4A).

Type material. Holotype: & (SYNU-Ar00251), Jiaxigou (40°15.200'N,
122°54.567'E, 318 m), Taipingling Village, Shihuiyao Town, Xiuyan County, An-
shan, Liaoning, CHINA, 13 July 2022, G Zheng, L Xiang & N Li leg. Paratypes: 18
(SYNU-Ar00252) and 29 (SYNU-Ar00253, Ar00254), same data as for the holotype.

Etymology. The specific name refers to the type locality; noun in apposition.

Diagnosis. The new species resembles 2 brevis Yao & Li, 2012 (Yao and Li 2012:
12, figs 39A-D, 40A-E, 41A-D, 42A-D) with similar bulbal apophyses (Fig. 4C)
and epigynal plate (Fig. 4A), but it can be easily distinguished by the procursus with
a sclerotized dorsal protrusion (arrow 2 in Fig. 3C; a flat dorsal sclerite in P brevis),
the strong male cheliceral frontal apophyses (arrow fa in Fig. 4D; frontal apophyses
indistinct in 2 brevis), the epigyne with a pair of lateral protrusions (arrow in Fig. 4A;
absent in P brevis), the wavy vulval anterior arch (Fig. 4B; slightly curved anterior
arch in P brevis), and the male clypeus without frontal apophysis (Fig. 4E; present in
P brevis); also distinguished from all of its known congeners in Xiuyan County by the
following combination of characters: the procursus with sclerotized, raised prolateral
edge bearing a spine-shaped distal apophysis (arrow 1 in Fig. 3C) and a sclerotized
dorsal protrusion (arrow 2 in Fig. 3C), the semitransparent “pseudo-appendix” (ar-
row 2 in Fig. 4C), the strong male cheliceral frontal apophyses (arrow fa in Fig. 4D),
the epigyne with a pair of lateral protrusions (arrow in Fig. 4A), and the wavy vulval
anterior arch (Fig. 4B).

Description. Male (holotype, SYNU-Ar00251): total length 6.60 (6.73 with
clypeus), prosoma 2.00 long, 2.15 wide, opisthosoma 4.60 long, 1.88 wide. Leg I:
49.82(12.37,0.91, 12.63, 20.90, 3.01), leg I1: 34.84 (9.62, 0.85, 8.78, 13.65, 1.94),
leg III: 19.07 (7.40, 0.73, 6.22, 3.33, 1.39), leg IV: 33.13 (9.62, 0.80, 8.46, 12.69,
1.56); tibia I L/d: 66. Eye interdistances and diameters: PME-PME 0.29, PME 0.17,
PME-ALE 0.06, AME-AME 0.08, AME 0.11. Sternum width/length:1.43/1.08.
Habitus as in Fig. 4E, E. Dorsal shield of prosoma yellowish, with brown radiating
marks and marginal brown bands; ocular area yellowish, with median and lateral
brown bands; clypeus and sternum yellowish, with brown marks. Legs overall yel-
lowish, dark brown on patellae and whitish on distal parts of femora and tibiae, with
darker rings on subdistal parts of femora and proximal and subdistal parts of tibiae.
Opisthosoma yellowish, with dorsal and lateral black spots. Chelicerae (Fig. 4D)
with pair of proximo-lateral apophyses, pair of distal apophyses with two teeth each
(invisible in frontal view; cf. P tianmenshan, fig. S20D in Yao et al. 2021), and pair
of frontal apophyses.
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Figure 3. Pholcus xiuyan sp. nov., holotype male A, B palp (A prolateral view B retrolateral view)
C, D distal part of procursus (€ prolateral view, arrow 1 indicates spine-shaped distal apophysis, arrow
2 indicates sclerotized dorsal protrusion, arrow 3 indicates subdistal membranous process D dorsal view,
arrows indicate dorsal spines). Abbreviations: b = bulb, e = embolus, pr = procursus, u = uncus. Scale bars:

0.20 mm (A, B); 0.10 mm (C, D).



12 Fangyu Zhao et al. / ZooKeys 1156: 1-14 (2023)

Figure 4. Pholcus xiuyan sp. nov., holotype male (C—F) and paratype female (A, B, G, H) A epigyne, ventral
view, arrow indicates lateral protrusion B vulva, dorsal view € bulbal apophyses, prolateral view (the insert is
retrolateral view of “pseudo-appendix”), arrow 1 indicates semicircular proximal apophysis, arrow 2 indicates
“pseudo-appendix” D chelicerae, frontal view E=H habitus (E, G dorsal view F lateral view H ventral view).
Abbreviations: b = bulb, da = distal apophysis, ¢ = embolus, fa = frontal apophysis, pa = proximo-lateral apo-
physis, pp = pore plate, u = uncus. Scale bars: 0.20 mm (A-D); 0.05 mm (the insert in C); 1.00 mm (E-H).
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Palp as in Fig. 3A, B; trochanter two times longer than wide, retrolaterally swol-
len; femur with small retrolatero-proximal protrusion and indistinct ventral protru-
sion; tibia with prolatero-ventral protrusion; procursus slender, simple proximally but
complex distally, with sclerotized, raised prolateral edge bearing spine-shaped distal
apophysis (arrow 1 in Fig. 3C), sclerotized dorsal protrusion (arrow 2 in Fig. 3C),
subdistal membranous process (arrow 3 in Fig. 3C), and two strong and one slender
dorsal spines (arrows in Fig. 3D); uncus curved, with scales and semicircular proximal
apophysis (arrow 1 in Fig. 4C); “pseudo-appendix” short and semitransparent (arrow
2 in Fig. 4C); embolus weakly sclerotized, with some transparent distal projections
(Fig. 4C). Retrolateral trichobothrium of tibia I at 3% proximally; legs with short
vertical setae on tibiae, metatarsi, and tarsi; tarsus I with 38 distinct pseudosegments.

Female (paratype, SYNU-Ar00253): habitus as in Fig. 4G, H. Total length 5.80
(5.96 with clypeus), prosoma 1.72 long, 2.00 wide, opisthosoma 4.08 long, 1.78 wide;
tibia I: 10.05; tibia I L/d: 57. Eye interdistances and diameters: PME-PME 0.22,
PME 0.15, PME-ALE 0.04, AME-AME 0.06, AME 0.09. Sternum width/length:
1.22/0.94. Coloration generally as in male, except for dark brown clypeus.

Epigyne (Fig. 4A) postero-medially strongly curved, with median brown marks,
short knob and pair of lateral protrusions (arrow in Fig. 4A). Vulva (Fig. 4B) with
wavy, medially and laterally sclerotized anterior arch and pair of nearly triangular
pore plates.

Variation. Tibia I in paratype male (SYNU-Ar00252): 11.67. Tibia I in another
paratype female (SYNU-Ar00254): 9.81.

Natural history. The species was found on rock walls.

Distribution. China (Liaoning, type locality; Fig. 1).
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Abstract

A new species of the rarely collected neotropical microgastrine braconid wasp genus Larissimus Nixon,
represented previously by only a single described species, L. cassander Nixon, was recovered by the Cater-
pillars and Parasitoids of the Eastern Andes in Ecuador inventory project. Larissimus nigricans sp. nov. was
reared from an unidentified species of arctiine Erebidae feeding on the common bamboo species Chusquea
scandens Kunth at the Yanayacu Biological Station near Cosanga, Napo Province, Ecuador. The new spe-
cies is described and diagnosed from L. cassander using both morphological and DNA barcode data.

Keywords
Arctiinae, bamboo, Chusquea, Erebidae, Lepidoptera, parasitoid

Introduction

The braconid parasitoid wasp subfamily Microgastrinae currently contains 81 recog-
nized genera and roughly 3,000 described species (Fernandez-Triana et al. 2020), al-
though the true species richness may perhaps be over 45,000 species when undescribed

Copyright Pomona Carrington-Hoekstra et al. This is an open access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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species are included (Rodriguez et al. 2013). While clearly the ratio of undescribed to
described species is large, this hyperdiverse group is nevertheless better understood
than most in terms of higher classification and natural history (summarized by Whit-
field et al. 2018). Undeniably, some of this understanding has resulted from focused
historical specialization by taxonomists, as well as the ease of collecting adult species
of the group using flight traps. Additionally, the rich data emerging from tropical in-
ventories of caterpillars, their host plants, and parasitoids have provided an especially
enlightening window into the ecology and diversity of the group (Forister et al. 2015).

The new reared species was discovered via the Caterpillars and Parasitoids of the
Eastern Andes in Ecuador project, with fieldwork involving researchers from around
the world for identification and description of host plants, caterpillars, and parasitoids.
To date the project has produced 10,091 adult parasitoids, 3,648 of which are braco-
nids belonging to 37 genera. For some genera, the project is greatly expanding knowl-
edge of host biology over what was previously known from other regions.

The genus Larissimus was erected by Nixon (1965) for one neotropical species,
L. cassander Nixon, from Brazil; the genus has been retained with essentially the same
monotypic definition in subsequent treatments (Mason 1981; Whitfield et al. 2018;
Fernandez-Triana et al. 2020). Penteado-Dias (1997) subsequently recorded the first
host for L. cassander, Bertholdia sp. (Erebidae, Arctiinae) feeding on Croton floribundus
(Euphorbiaceae). The newly reared species below is associated with a host from the same
caterpillar subfamily; the presence of this genus in tropical forests beyond Brazil has been
suspected (Whitfield et al. 2009) but not officially recorded with the described species.

Materials and methods

Field protocols for the Ecuador inventory

Adult parasitoids were reared from externally feeding larval Lepidoptera (i.e., cater-
pillars) that were collected by experienced parataxonomists, graduate students, un-
dergraduate students, postdocs, Earthwatch volunteers, and principal investigators.
To provide standardized estimates of caterpillar-parasitoid abundances and diversity,
we employed survey methods currently in use at multiple sites across the Americas.
Briefly, we document interaction diversity and collect all specimens within 5-30 m
diameter plots along elevational gradients within a field site. This method includes
intensive searches on specific host plants and documentation of caterpillar densities
on individual plants, parasitoid loads on caterpillars, and quantitative data on species
richness per leaf area. Plots were supplemented by general collecting of immature and
adult Lepidoptera along the same elevational gradients. All collected caterpillars were
reared using methods published elsewhere (Dyer et al. 2007; Wagner et al. 2021).
Collecting and rearing took place continuously from 2000 to present, with a standard
week consisting of four days of general collecting, 26 plots sampled, and daily rearing.
Collections included caterpillars that were clearly parasitized.
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Immature Lepidoptera were identified to family and to a morphospecies common
name by field staff. Adult lepidopteran specimens (reared or collected as adults) were
field-pinned, transported to the University of Nevada, then spread and curated using
standard techniques. Vouchers examined by various taxonomic authorities, including
newly established type specimens and undescribed species, are housed in collections of
the taxonomists’ preference to facilitate further systematic studies of the material. Voucher
specimens of the focal plants and novel host records were collected and pressed to ensure
accurate taxonomic identification, then deposited at national herbaria. Each plant, cater-
pillar, and parasitoid specimen collected was registered as a unique record in a detailed da-
tabase currently in use by a collaborative team across the Americas (Forister et al. 2015).

When wasps emerged from any stages of lepidopteran hosts, they were killed and
preserved directly into 95% ethanol. Data labels were included in the specimen vials
with the full locality, dates of collection and emergence, and the collector’s name. Rear-
ing containers were checked frequently in order to find the parasitoids while they were
still alive. Caterpillar remains were preserved when possible and were not detached
from the substrate if they were attached.

Specimen study

Examination and photography of the Ecuador specimens was conducted with a Leica
M205 C stereomicroscope fitted with a five-megapixel Leica DFC 425 digital micro-
scope camera. Image stacking was performed using a motor drive on the scope and
Zerene Stacker software v. 2.0 (http://zerenestacker.com). The Brazil specimens were
photographed with a Keyence VHX-1000 digital microscope, using a lens with a range
of 13—130x. Image stacking was performed using the software associated with the Key-
ence system. Morphological terminology follows that in Huber and Sharkey (1993)
and Fernandez-Triana et al. (2014). A single midleg was removed from each specimen
and processed for COI DNA barcode identification using standard protocols (Ratnas-
ingham and Hebert 2007, 2013).

Descriptive taxonomy

The large body size, antennae with placodes mostly irregularly arranged on flagellom-
eres or in three disorganized rows, mostly highly polished body, large well-defined fore
wing areolet, reduced and poorly set off hind wing vannal lobe, and elongate hourglass-
shaped and relatively narrow first metasomal tergite combined with triangular second
mediotergite clearly placed the species within Larissimus (Whitfield 1997), even with-
out female genitalic characters available. The new species is conspicuously different
from L. cassander and can be separated on the basis of color (mostly blackish dark
brown with infuscate wings) and body size (over 5.0 mm, unusual for microgastrines)
alone. While only male specimens were available, the available material of Larissimus—
both described and undescribed—in collections shows little sexual dimorphism with
respect to color. Larissimus cassander (Figs 3, 4) recorded from Brazil (states of Santa



18 Pomona Carrington-Hoekstra et al. / ZooKeys 1156: 15-24 (2023)

Catarina and Sio Paulo) is bigger (body length 7.0-8.0 mm, fore wing length 8.0-9.0
mm) and much lighter colored in both sexes, with most of its body orange-yellow or
reddish yellow, including bright yellow pterostigma. The new species of Larissimus
from Ecuador is smaller (body length 5.5 mm, fore wing length 5.4 mm) and much
darker, with most of its body black to dark brown but with some areas white (most of
T1 and all laterotergites plus bordering areas of tergites) and dark brown pterostigma.
The two species can also be distinguished by 12% base pair differences in their corre-
sponding DNA barcodes and also in biology (see below for details on hosts).

Larissimus nigricans Carrington-Hoekstra & Whitfield, sp. nov.
https://zoobank.org/D333F68F-7921-4E3E-A9FC-6A4D23BD8E18
Fig. 1A-F

Description. Holotype male. Body length 5.5 mm: fore wing length 5.4 mm.

Color (Fig. 1A). Dark chestnut-brown, nearly black except: lighter brown clypeus,
labrum, lateroventral portions of pronotum and propleuron, hind margin of propo-
deum, most of fore and mid legs and hind femur; whitish palpi, mid coxa, distoventral
portions of hind coxa, anterior half and posterior margin of first metasomal tergite and
lateral portions of metasomal tergites and sternites.

Head (Fig. 1B, C). Antenna slender and roughly same length as body; placodes on
flagellomeres roughly arranged in somewhat disorganized rows (typically three proxi-
mally). Face and eyes moderately setose, less so in an area posterior to the antenna and
anterior to the ocelli. Labrum large and contrastingly colored (pale against a dark
frons), with indentation dividing the labrum into a smaller dorsal section and larger
ventral section. Ocelli arranged in low triangle (anterior edge of lateral ocelli on more
or less same transverse line as posterior edge of anterior ocellus); lateral ocellus slightly
truncated laterally due to overlapping cuticle.

Mesosoma (Fig. 1A, C, D). Pronotum laterally mostly smooth and hairless with
setae mostly confined dorsal portion; ventral groove broad and smooth, dorsal groove
indistinct. Mesoscutum convex, nearly smooth over most of surface with denser setae
and faint punctation anteriorly and laterally. Scutellum smooth, convex, and subtrian-
gular. Mesopleuron hairless centrally, with smooth shallow concavity in posterior half.
Propodeum smooth with sharply defined medial carina over entire length.

Wings (Fig. 1E). Fore wing areolet of moderate size, strongly triangular. Vein 2r
exiting the pterostigma at nearly a right angle (vs much more strongly angled to distal
end in L. cassander) and straight to juncture with 1Rs. Height and length of triangular
areolet nearly equal. Hind wing: Cu and cu-a bending slightly distally/”outward” at
juncture with M + Cu. Vein 3M as strong as 2M. Vein r vaguely spectral or absent.
2r-m weak, unpigmented.

Legs (Fig. 1A, D). Middle leg: inner tibial spur much longer than outer and nearly
as long as basitarsus. Hind leg: proximal end of femur marked with a very narrow
light band (matching trochanter); tibial spurs both long, inner longer than outer and
roughly 0.75 as long as basitarsus.
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Figure . Larissimus nigricans sp. nov., male A lateral habitus B proximal regions of left antenna € dorsal

view, head and mesosoma D dorsal view, propodeum and metasoma E wings F emerged cocoon.

Metasoma (Fig. 1D, known only from male): tergite I smooth, more than twice as
long as broad (narrowest just before midlength), with medial groove strongest anteriorly.
Tergite Il smooth, strongly triangular and longer than maximum width, more than twice
as broad posteriorly as anteriorly. Laterotergites strongly whitish and matching lateral
band of white on Tergite IIT and more posterior tergites. Tergite III rectangular over pos-
terior half but with anterolateral corners angled; central third polished and slightly raised
and set off from more setose lateral portions by longitudinal grooves. Tergites IV-V
roughly rectangular with a small medial patch of hairlessness surrounded by light setae.
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Figure 2. Host and host plant of L. nigricans sp. nov. A parasitized caterpillar of lithosiine (Arctiinae,
Erebidae) moth on Chusquea leaf B unparasitized caterpillar of the same species, showing healthy color,
and from which the adult was reared and identified as Ardonea sp. C a stand of Chusquea scandens Kunth

from which the host caterpillars were reared.



New reared Larissimus

Figure 3. Larissimus cassander Nixon, male, Brazil A lateral habitus B head, frontal view € fore wing D head,

view from left side, showing malar suture E dorsal view, head and mesosoma F dorsal view, metasoma.

Female. Unknown.

Variation. The two males available are extremely similar despite arising from dif-
ferent rearings in different years. The paratype male is slightly larger than the holotype.

Cocoon (Fig. 1F). White, bluntly oval, spun from dense silk with loose
strands externally.
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Figure 4. Larissimus cassander Nixon, female, Brazil A lateral habitus B head, frontal view € wings (es-
pecially showing hind wing) D dorsal view, metasoma E dorsal view, head and mesosoma.

Hosts. Unidentified species of Ardonea Walker (Erebidae, subfamily Arctiinae,
tribe Lithosiini) caterpillar (Fig. 2A, B) feeding on Chusquea scandens Kunth (Poaceae),
a common and widespread Andean bamboo (Fig. 2C).
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Material examined. Holotype male: Ecuapor: Napo Prov., Yanayacu Biological
Station, bamboo trail 2051, -0.5833, -77.8978, 218 m elev., collected 12 February
2011, rearing code 55036. Paratype: same data as holotype but collected on yy road
2100, -0.5667, -77.8667, 21 April 2009, rearing code 38108. Both holotype and
paratype deposited in Canadian National Collection of Insects, Ottawa (CNC).

Etymology. From the Latin “nigricans”, meaning “blackish”. JFT and JBW have
seen additional undescribed species of Larissimus (primarily in the Canadian National
Insect Collection) with different color patterns, but not predominantly blackish ones.

Comments. Despite the dramatically different color combination and pattern,
this new species is not strikingly different morphologically from L. cassander, at least
based on the two males we have seen. Most structural differences are in minor shape
proportions of structures (metasomal tergites narrower in the new species) and in wing
vein angles (e.g., as mentioned above, compare angle of 2r in Figs 1E, 3C).

Molecular data. Cytochrome ¢ oxidase subunit 1 barcode sequence (sequence
code BCNCCO047-22 in the Barcode of Life (BOLD) database (Ratnasingham and
Hebert 2007, 2013) consists of 614 bp and is 12% different in base pair identity from
that of L. cassander (BOLD BIN BOLD:ABUG476).
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Abstract

The egg parasitoid Centrodora italica Ferriére is reported for the first time from sentinel eggs of two species
of Tettigoniidae (Orthoptera), Pachytrachis gracilis (Brunner von Wattenwyl) and Eupholidoptera schmidti
(Fieber). In Italy, only two hosts of this parasitic wasp are known, one of which is a tettigoniid species.
Exposure of sentinel eggs represented a useful method to detect new host associations of this parasitoid
species that can search for their host’s eggs in the ground. The parasitoids were identified by comparing
our specimens with those of the type series, and the original description of C. italica.

Keywords
Aphelinid, egg parasitoid, Mediterranean region, parasitic wasp, sentinel eggs, tettigoniid

Introduction

The genus Centrodora Forster, 1878 (Hymenoptera, Aphelinidae) is cosmopolitan and
includes parasitoids which develop on insects belonging to different orders (Hayat 1974;
Polaszek 1991; Viggiani 1994; Bocca et al. 2020). In particular, some members of Cern-
trodora are known to parasitize eggs of Orthoptera and Hemiptera, whereas other species
can attack nymphs of Hemiptera, and pupae of Diptera, Hymenoptera and Coleoptera.

Copyright Giacomo Ortis et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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The checklist of the Italian fauna includes four species of Centrodora: C. brevifuniculata
Viggiani, 1972, C. cicadae Silvestri, 1918, C. italica Ferriere, 1968 and C. livens (Walker,
1851) (www.faunaitalia.it). Three of these species are recorded from hemipteran hosts
at egg or pupal stage, while only C. italica was reared from eggs or pupae of species
belonging to various orders including Uromenus brevicollis (Fischer, 1853) (Orthoptera,
Tettigoniidae), Saperda carcharias (L., 1758) (Coleoptera, Cerambycidae), Euderus cau-
datus Thomson, 1878 (Hymenoptera, Eulophidae) (Cavalcaselle 1968; Noyes 2019).
Recently, C. livens was reared in Italy from eggs of the introduced Nearctic pest Mezcalfa
pruinosa Say, 1830 (Hemiptera, Flatidae) (Raspi and Canovai 2003).

Here we report new host records for C. italica from sentinel eggs of two tettigo-
niid species.

Materials and methods

During summer 2021, five species of Tettigoniidae were collected in multiple localities
in the Euganean and Berici Hills of the Veneto Region of Italy: Pachytrachis gracilis
(Brunner von Watternwyl, 1861), Pholidoptera littoralis (Fieber, 1853), Pholidoptera
Jallax (Fischer, 1853), Eupholidoptera schmidti (Fieber, 1861) and Decticus albifrons (E,
1775). About thirty total individuals of both sexes were reared in cages in a greenhouse
with temperature gradually fluctuating between 19 °C and 35 °C in relation to natural
photoperiod (15 h light) and relative humidity cycling between 70% and 80%. Each
cage contained, at the bottom, a tray filled with washed sand for egg laying. Adults
were fed with branches of Rubus sp., various fruits and vegetables, and also with dry cat
food. On 6 August 2021, eggs of all five tettigoniid species (at least 13 for each species)
were sifted from sand and placed in a permanent meadow in the Friuli Venezia Giulia
Region, Italy (Udine Province, near Godia: 46°06'21.9"N, 13°16'38.5"E, 127 m a.s..)
under bushes of Rubus sp., approximately 2 cm beneath the soil surface. To prevent
damage by predators, sentinel eggs of each species were placed in one soil-filled plastic
cup (10 x 10 x 5 cm) covered with a nylon net of 0.9 mm mesh. The bottom of the cup
was removed and replaced with a nylon net to allow for rainwater flow. All the eggs were
retrieved on 25 September 2021 and incubated in a laboratory at room temperature in
plastic vials on moist filter paper. All collecting and rearing was done by G. Ortis.

The parasitoids were subsequently identified by S. V. Triapitsyn as C. izalica by di-
rectly comparing them with the type series of this species and the original description,
since it was made after the publication of the key to the European species of the genus
by Ferriere (1965).

Results

On 22 November 2021, seven adult parasitoids hatched from each of two eggs of
Eupholidoptera schmidti and seven adult parasitoids hatched from each of two eggs of
Pachytrachis gracilis. Although females reared by us have a relatively shorter and less
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protruding ovipositor (Fig. 1) than those of the type series of C. italica from another
tettigoniid host, we consider that likely to be subject of intraspecific variability rather
than warranting description of a new species in the genus where recognition of species
worldwide, including Europe, is already extremely difficult. Females of C. italica from
our study are illustrated here (Fig. 1) to facilitate their recognition.

Taxonomic remarks

Ferriere (1968) described C. italica from the holotype female from Sardinia and several
paratypes of both sexes from Sardinia and Rome, Italy. In the collection of Muséum

Figure 1. Centrodora italica from this study A habitus of female (in ethanol) B mesosoma C antenna
D antenna E habitus (slide-mounted specimen) F fore wing. Scale bar: 0.5 mm.
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d’Histoire Naturelle de la Ville de Geneve, Geneva, Switzerland (MHNG), the type
series of this species is mounted on five slides, four of which are labeled identically as
follows: (1) “Sardaigne 1965 Cavalcaselle Ex Uromenus brevicollis®, (2) “Aphelinidae
Centrodora italica sp. n. Ch. Ferri¢re.”; the remaining slides are labeled as follows:
(3) “Italie Rome 1965 Cavalcaselle Ex Uromenus brevicollis”, and (4) “Aphelinidae
Centrodora italica sp. n. Ch. Ferriere.”. Apparently, B. Cavalcaselle was the collector
in Sardinia, but the exact type locality on the island is unknown. All specimens are in
very poor condition, being dissected and slide-mounted without prior clearing and
missing most of the antennae. Because the holotype was not marked, it is impossible
now to decide which one of those specimens from Sardinia was the actual primary
type. The best preserved and most complete slide-mounted female (1) is illustrated
here (Fig. 2) for comparing purposes. Proper recognition of C. italica would require
support from molecular evidence, as morphologically this species, particularly females
from Sardinia and Rome, seem to be very similar to the widespread European species
C. amoena Forster, 1878 (Fig. 3). The distinguishing features between these two nomi-
nal species mentioned by Ferriére (1968) in the diagnosis of C. #talica are all of minor
nature and eventually may be proven to be within the range of intraspecific variability
of C. amoena.

Other material examined

Centrodora amoena (specimens in the National Museum of Natural History, Washing-
ton DC, USA [USNM)]): France, Alpes-de-Haute-Provence, Manosque, 1959, H. L.
Parker, “mass rearing alfalfa stems”, 1 female. Russia, with the following labels: “Ural,
19317, “Egg pods of Locustids”, “Recd from M. N. Nikolskaya let[ter]., 5-17-19357,
6 females.

Centrodora italica (specimen in the Entomology Research Museum, University of
California, Riverside, California, USA [UCRC]): Italy, Campania, Caserta Province,
SE end of Lago del Matese, 41°24.41'N, 14°24.20'E, 1050 m, 7.vi.2003, M. Bologna,
J. Munro, A. Owen, J. D. Pinto, 1 male.

Discussion

Here we report the first record of Centrodora italica from northeastern Italy and two
new host records of this species. Both Eupholidoptera schmidti and Pachytrachis gracilis
occur from northeastern Italy and southernmost Austria across parts of the Balkans to
Bulgaria and Greece, and are usually found in the transition zone of shrubs and small
clearings (IUCN 2021). The wide distributional area of these hosts suggests that this
parasitoid could be present also in other areas in the Mediterranean region.

While the common collection methods for micro-hymenopterous parasitoids,
such as Malaise traps, yellow pan traps, sweep netting or Berlese funnels, allow for
the capture of these wasps at adult stage, they are not suitable to detect their host
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A)

250 ym

Figure 2. Centrodora italica, female of the type series A habitus B slide. Scale bar: 0.25 mm.

associations, in particular for those species that search for their hosts in the ground
(Ortis et al. 2020). Because we placed sentinel eggs in August, we can hypothesize that
the activity of this parasitoid takes place during summer after, or during, the oviposi-
tion period of most tettigoniid species (Ingrisch 1986; Ortis et al. 2022). It will be
worth, for future studies, to provide genetic data for species delimitation within this
genus Centrodora.
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B)

0.5 mm

Figure 3. Centrodora amoena: A C. amoena female from Manosque, France B C. amoena female from

Ural area, Russia. Scale bar: 0.5 mm.
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Abstract

Nitidulidae trapping performed from 2018 to 2021 to characterize flight behaviors of potential vectors of
the oak wilt pathogen yielded three new species records for Canada, six new species records for Ontario,
and three new species records for Manitoba. The new records for Canada include Carpophilus (Ecno-
morphus) corticinus reported from Ontario, C. (Myothorax) nepos reported from Ontario and Manitoba,
and Glischrochilus (Librodor) obtusus reported from Ontario. In addition, the following species are first
recorded in Ontario: Carpophilus (Ecnomorphus) antiquus, C. (Megacarpolus) sayi, Stelidora coenosa; and
also in Manitoba: Carpophilus (Megacarpolus) lugubris and Cychramus adustus. Collection data is provided
for the two provinces and national records.

Keywords
Bretziella fagacearum, Carpophilus, Cychramus, Glischrochilus, oak wilt, Stelidota

Introduction

The family Nitidulidae occurs globally with at least 4,500 species, of which, 173 species
are found in North America (Habeck 2002; Marske and Ivie 2003). Also known as sap
beetles or picnic beetles, Nitidulidae feed on flowers, fruits, fungi, stored products, de-

Copyright Sharon E. Reed et al. This is an open access article distributed under the terms of the CCO Public Domain Dedication.



34 Sharon E. Reed et al. / ZooKeys 1156: 33-52 (2023)

caying and fermenting plant tissues, carrion, and other insects. Feeding on fermenting
sugars of fruits and vegetation is most common. Feeding by the beetles introduces
fungi and bacteria to damaged plant tissues, resulting in further decay and fermenta-
tion. This appetite attracts the beetles of several Nitidulidae genera to the fruit-like
smell of fungal mats produced by the oak wilt pathogen, Brezziella fagacearum (T.W.
Bretz) ] Hunt, which is an invasive species of fungus affecting oak trees (Quercus spp.)
(Downie and Arnett 1996). Nitidulids become contaminated with fungal spores when
they visit oak wilt mats. New infections occur when contaminated beetles leave the oak
wilt mats and fly to fresh wounds on healthy oak trees, spreading the disease across the
landscape (Jagemann et al. 2018). Identifying beetle species associated with movement
of the fungus is important for establishing management criteria.

Oak wilt has been killing oak trees in the United States for more than half a
century, spreading to 24 states and residing within 1 km of Canada on Belle Island,
Michigan (Juzwik et al. 2008; USDA-FS 2019). Oak trees are susceptible to this fun-
gus with some species dying within weeks of the initial infection. Oak wilt can infect
neighboring trees through root-to-root contact (Bruhn et al. 1991), however transmis-
sion by nitidulids is considered more concerning because of the potential for trans-
mission over greater distances and the formation of many new infection epicenters
(DiGirolomo et al. 2020).

Overland spread of oak wilt by nitidulid beetles can be reduced by avoiding oak
wounding when nitidulids are most active. A multi-year study of Nitidulidae beetle
flight behavior was carried out at 21 localities in the following three Canadian prov-
inces, Manitoba, Ontario, and New Brunswick. The study also aimed to describe the
diversity of nitidulids that could be involved in oak wilt transmission. Beetles were
collected using flight interruption traps. In total, there were 49 nitidulid species col-
lected across the three provinces with three new records in Manitoba, six new records
in Ontario, and three new records for Canada from Ontario and Manitoba. No new
records are reported for New Brunswick.

Materials and methods

Traps were deployed at 14 localities in Ontario, four in Manitoba, and three in New
Brunswick (Fig. 1). Flight intercept traps were installed in Manitoba in or near Win-
nipeg. These four localities are in the Interlake Plain and Lake Manitoba ecoregions
(Smith et al. 1998). Both ecoregions experience short, warm summers and long, cold
winters with slightly warmer temperatures in the Lake Manitoba Ecoregion. Decidu-
ous and coniferous forest remain but large areas have been cleared for agriculture.
Localities included an airport and three provincial parks. Bur oak (Quercus macrocarpa
Michx.) is the only oak species that occurs in these ecoregions (Farrar 1995).

All New Brunswick localities were in the Grand Lake Lowlands (Fig. 1; Province of
New Brunswick 2007). This ecoregion has a longer growing season and warmer sum-
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Figure 1. Geographic localities in Canada and Ontario ecoregions where flight intercept traps were used
to collect Nitidulidae. Abbreviations: 5E — ecoregion 5, Georgina Bay.; 6E — ecoregion 6, Lake Simcoe-
Rideau; 7E — ecoregion 7, Lake Erie-Lake Ontario.

mer temperatures than the rest of the province due the presence of the Grand Lake.
The area is dominated by coniferous and mixed forests, but deciduous forests do occur.
Trees are present in 70% of the ecoregion. Northern red oak (Quercus rubra 1.) and bur
oak are found in New Brunswick (Farrar 1995).

Ontario localities were in three ecoregions classified as 5E, 6E and 7E (Fig. 1).
Six localities were in Ecoregion 5E, the Georgina Bay Ecoregion (Crins et. al 2009).
Localities were mixed hardwood forests, a residential property with oak trees, and a
forest edge next to a field. The climate of 5E is cool-temperate and humid. The area
is dominated by mixed, deciduous, and coniferous forests typical of the Greart lakes—
St Lawrence Forest region. Predominant tree species are red pine (Pinus resinosa Sol.
Ex Aiton), eastern white pine (Pinus strobus L.), eastern hemlock (Zsuga canadensis
(L.) Carriere), yellow birch (Betulae alleghansiensis Britt.), maple (Acer spp.) and oak
(northern red oak, bur oak). To the south is the Lake Simcoe-Rideau Ecoregion (i.e.,
Ecoregion 6E) which extends from the eastern shore of Lake Huron to the Ottawa
River (Crins et al. 2009). Study localities within Ecoregion 6E included a mixed hard-
wood forest, a park containing hardwoods, and an oak plantation. The climate is mild
and moist. More than half of the ecoregion has been converted to agriculture fields.
The remaining treed areas are deciduous, coniferous, and mixed forests characteristic
of the Great Lakes-St Lawrence Forest region. Oak species that may be found in Ecore-
gion GE include northern red oak, bur oak, black oak (Quercus velutina Lam.), white
oak (Q. alba L.), swamp white oak (Q. bicolor Willd.), and chinquapin oak (Q. muel-
hlenbergii Engelm.) (Farrar 1995).

Ecoregion 7E, the Lake Erie-Lake Ontario Ecoregion, is the most southerly area
of Ontario (Crins et al. 2009). It incorporates shorelines from lakes Huron, Erie,
and Ontario. The entire Carolinian forest region, dominated by beech, maple, black
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walnut, hickory, and oak forests, occurs here. This area is considered unique to Canada
because it is the northern edge of the deciduous forest in North America, which does
not occur elsewhere in Canada. The area experiences cool winters and long, hot, humid
summers. Nearly 80% of the area has been converted to agriculture fields. Decidu-
ous forests cover approximately 10% of the ecoregion. In addition to the oak species
found in Ecoregion 6E, 7E may contain northern pin (Quercus ellipsoidalis E.J. Hill),
Shumard (Q. shumardii Buckl.), dwarf Chinquapin (Q. prinoides Willd.) and swamp
pin oak (Q. palustris Muenchh.) (Farrar 1995). Ecoregion 7E is warmer than 6E and
5E and has a longer average growing season. The three ecoregions share a similar range
in precipitation. Study localities were a mixed hardwood forest and two plantations in
urban areas.

Flying beetles were collected using four types of traps; wind-oriented funnel traps,
12-unit Lindgren funnel traps, 12-unit modified Lindgren funnel traps, and 5-unit
Synergy multitraps (Synergy Semiochemical Corp. Delta, BC). Wind-oriented funnel
traps are also referred to as PVC pipe traps and wind-oriented pipe traps (Dowd et al.
1992; DiGirolomo et al. 2020). Three traps were placed at least 10 m apart at 16 locali-
ties in Ontario and Manitoba. Traps were hung from poles approximately 1.0-1.5 m
in height from the ground and placed within 10 m of a red oak (Quercus rubra) or a
bur oak (Q. macrocarpa). Wind-oriented traps were solely used at 14 localities and
12-unit Lindgren traps used at two localities. At four localities near Sault Ste Marie,
Ontario and Fredericton, New Brunswick, five of each, wind-oriented funnel, Synergy
multitrap, Lindgren funnel, and modified Lindgren funnel, were placed 20 m apart in
hardwood stands containing Quercus species. At one additional site in New Brunswick,
the same design was used except no Synergy multitraps were deployed. These traps
were also hung from poles, at the same height from the ground.

The wind-oriented funnel traps (Dowd et al. 1992) included a collection chamber
with insecticidal strips (19.2% Diclovos, “Ortho Home Defence Max No-Pest Insec-
ticide Strip”) and a lure chamber containing fermenting flour dough plus commercial
lure for Carpophilus (Megacarpolus) sayi Parsons, 1943 and Colopterus truncatus (Ran-
dall, 1938) beetles (Great Lakes IPM, Vestaburg MI) (Jagemann et al. 2018). The yeast
dough was replaced every week, the pheromone lures every four weeks, and the insec-
ticidal strips each month. Lindgren-funnel traps (Lindgren 1983), modified Lindgren
traps (Miller et al. 2013), and Synergy multitraps were set up and maintained with the
same lures and schedule as the wind-oriented funnel traps. Lures and baits were hung
inside the top funnel for modified traps and outside for non-modified traps (Miller et
al. 2013). The funnel cups were filled with a saltwater solution with several drops of
dish detergent and replaced after every collection (Webster et al. 2012). Collections
were made weekly from March to October. Samples were stored at -20 °C until they
could be sorted and identified.

Specimens were initially sorted and identified by technicians (Sylvia Greifen-
hagen, Ontario Forest Research Institute (OFRI) and DD, Invasive Species Cen-
tre) and lead research scientist (SR, OFRI), later identifications were confirmed
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by Cucujoidea specialist (Gareth Powell, Florida State Collection of Arthropods).
All specimens are deposited at OFRI in Sault Ste Marie, Ontario, except for New
Brunswick collections which are held at the Atlantic Forestry Centre collection in
Fredericton, NB. The generic attribution of the Carpophilus species was used after
the papers by Kirejtshuk (2008, 2018). Information on the number of specimens
recorded and collections where specimens were deposited is included in parentheses
() after each record.

All species are listed with their current known distribution in Canada (Bousquet et
al. 2013; Webster et al. 2016, 2022), using abbreviations from the province/territory.
New records for Ontario, Manitoba are indicated in bold. The following abbreviations
are used in the text and table for the used toponyms:

AB Alberta;

BC British Columbia;
MB Manitoba;

NB New Brunswick;

NF & LB Newfoundland & Labrador;
NS Nova Scotia;

NT Northwest Territories;
NU Nunavut;

ON Ontario;

PE Prince Edward Island;
QC Quebec;

SK Saskatchewan;

YT Yukon Territory.

Other abbreviations used in the text are:

BG BugGuide.net (https://bugguide.net);

IN iNaturalist (https://www.inaturalist.org/);
MNRF Ministry of Natural Resources and Forestry;
OFRI Ontario Forest Research Institute.

Results

In this account, six species are reported for the first time in the province of Ontario
and three species are reported for the first time in Manitoba. Reports for three species
are new records for Canada (Table 1). The following are the locality data and collec-
tion dates of the new Nitidulidae records reported during this study in Ontario and
Manitoba. All new species records are based on information in Bousquet et al. (2013),
Webster et al. (2016, 2022), Pentinsaari et al. (2019).
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Table 1. Distribution of Carpophilus, Cychramus, Glischrochilus, and Stelidota species reported for Can-
ada. * = new to Canada; bold = to province, distribution from Bousquet et al. (2013) and Webster et al.
(2016, 2022).

Taxa Geographic distribution in Canada

Family Nitidulidae
Subfamily Carpophilinae Erichson, 1842
(Subgenus Caplothorax Kirejtshuk, 1997)

Carpophilus melanopterus Erichson, 1843 ON, QC
(Subgenus Carpophilus Stephens,1829)

Carpophilus hemipterus (Linnaeus, 1758) BC, AB, MB, ON, QC, NB
(Subgenus Ecnomorphus Motchulsky, 1858)

Carpophilus antiquus Melsheimer, 1844 ON, QC

Carpophilus brachypterus (Say, 1825) MB, ON, QC, NB, NS, PE

Carpophilus corticinus Erichson, 1843* ON

Carpophilus discoideus LeConte, 1858 BC, ON
(Subgenus Megacarpolus Reitter, 1919)

Carpophilus lugubris Murray, 1864 BC, AB, SK, MB, ON

Carpophilus sayi Parsons, 1943 SK, MB, ON, QC, NB, NS
(Subgenus Myothorax Murray, 1864)

Carpophilus dimidiatus (Fabricius, 1792) BC, SK, MB, ON, QC, NB

Carpophilus mutilatus Erichson, 1843 BC

Carpophilus nepos Murray, 1864* MB, ON
(Subgenus Semocarpolus Kirejtshuk, 2008)

Carpophilus marginellus Motschulsky, 1858 SK, MB, ON, QC, NB, NS, PE

Subfamily Nitidulinae Latreille, 1802
Tribe Cychramini Gistel, 1848

Cychramus adustus Erichson, 1843
Tribe Nitidulini Latreille, 1802
Stelidota coenosa Erichson, 1843
Stelidota geminata (Say, 1825)
Stelidota octomaculata (Say, 1825)
Subfamily Cryptarchinae C.G. Thomson, 1859
Tribe Cryptarchini C.G. Thomson, 1859
(Subgenus Glischrochilus Reitter, 1873)
Glischrochilus confluentus (Say, 1823)
Glischrochilus lecontei \W.]. Brown, 1932
Glischrochilus moratus W.J. Brown, 1932
Glischrochilus vittatus (Say, 1835)

MB, ON, QC, NB

ON, NB
ON, QC
ON, QC, NB, NS

BC, AB, SK, MB, ON, QC, NB, NS
BC, MB,
BC, AB, SK, MB, ON, QC, NB, NS, PE
BC, AB, MB, ON, QC, NB, NS, PE

(Subgenus Librodor Reitter, 1884)
Glischrochilus fasciatus (Olivier, 1790) BC, MB, ON, QC, NB, NS, PE
Glischrochilus obtusus (Say, 1835)* ON
Glischrochilus quadrisignatus (Say, 1835) BC, AB, SK, MB, ON, QC, NB, NS, PE, NF
Glischrochilus sanguinolentus sanguinolentus (Olivier, 1790) BC, AB, ON, QC, NB, NS, PE
Glischrochilus siepmanni W.J. Brown, 1932 BC, AB, SK, MB, ON, QC, NB, NS, PE

Taxonomy

Family NITIDULIDAE Latreille, 1802
Subfamily Carpophilinae Erichson, 1842

Carpophilus (Ecnomorphus) antiquus (Melsheimer, 1844)

Notes. This species has only been recorded in Quebec, Canada (Bousquet et al. 2013)
and is prevalent across much of the eastern United States including states that border
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with Canada (Parsons 1943; Price and Young 2006; Morris 2020). Neither BugGuide
(BG), an online entomological database hosted by lowa State University, or iNatural-
ist, a citizen science database, list Ontario when reporting the distribution of the spe-
cies. However, Ontario is listed under the distribution of this species in Downie and
Arnett (1996) but without supporting data. Here, we recorded C. (E.) antiquus for the
first time in Ontario from two localities in 2018.

New records. ONTARIO: Windsor, ON, Maidstone Conservation Area off lake-
shore Rd. 209, 42.2130°N, 82.7911°W, 8-v-2018 (19, OFRI); ibidem, 15-v-2018 (2,
OFRI). All samples were taken from wind-oriented funnel traps, in hardwood forest
next to Quercus sp.

London, ON, Fanshawe Conservation Area off Fanshawe Park Rd, East,
43.0507°N, 81.1818°W, 4-ix-2018, wind-oriented funnel trap, plantation forest next
to Quercus sp. (1, OFRI).

Distribution in Canada. MB, ON, QC (Bousquet et al. 2013).

Carpophilus (Ecnomorphus) corticinus Erichson, 1843

Notes. This is a new record for Canada and Ontario. Carpophilus (Ecnomorphus) cor-
ticinus was collected in four different localities across the Southern region of Ontario
in 2018, 2019, and 2020. There are no other records of this species for Canada in
either BN or IN. However, Ontario is listed under the distribution description for
Price’s (2003) thesis of Kateretidae and Nitidulidae of Wisconsin. Carpophilus (Ecno-
morphus) corticinus has been recorded from US states bordering Canada, including
New York, Ohio, and Michigan as well as south to Texas and Georgia (Parsons 1943;
Downie and Arnett 1996).

New records. CANADA, Ontario: Windsor, ON, Maidstone Conservation Area off
lakeshore Rd. 209, 42.2130°N, 82.7911°W, 17-iv-2018 (21, OFRI); ibidem, 24-iv-
2018 (3, OFRI); ibidem, 8-v-2018 (7, OFRI); ibidem, 29-v-2018 (3, OFRI); ibidem,
5-vi-2018 (1, OFRI); ibidem, 19-vi-2018 (1, OFRI). All samples taken from wind-
oriented funnel traps, in hardwood forest next to Quercus sp.

London, ON, Fanshawe Conservation Area off Fanshawe Park Rd, East,
43.0507°N, 81.1818°W,, 29-v-2018 wind-oriented funnel trap, plantation forest next
to Quercus sp. (4, OFRI).

Hamilton, ON, Royal Botanical Gardens, off Homestead Ave, 43.2882°N,
79.9069°W, 8-v-2019 (4, OFRI); ibidem, 22-v-2019 (1, OFRI); ibidem, 29-v-2019
(2, OFRI); ibidem, 12-vi-2019 (1, OFRI); ibidem, 19-vi-2019 (5, OFRI); ibidem,
3-vii-2019 (2, OFRI); ibidem, 24-vii-2019 (1, OFRI) ; ibidem, 31-vii-2019 (1,
OFRI); ibidem, 14-viii-2019 (1, OFRI). All samples taken from wind-oriented funnel
traps, in planted hardwood forest next to Quercus sp.

London, ON, Fanshawe Conservation Area off Fanshawe Park Rd, East,
43.0507°N, 81.1818°W, 10-iv-2019 (1, OFRI); ibidem, 24-iv-2019 (1, OFRI),
note: specimen damaged; ibidem, 29-v-2019 (10, OFRI); ibidem, 5-vi-2019 (8,
OFRI); ibidem, 12-vi-2019 (3, OFRI); ibidem, 19-vi-2019 (3, OFRI); ibidem, 16-
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vi-2019 (1, OFRI); ibidem, 17-vii-2019 (1, OFRI); ibidem, 18-ix-2019 (1, OFRI);
ibidem, 25-ix-2019 (1, OFRI); ibidem, 2-x-2019 (1, OFRI); ibidem, 16-x-2019 (1,
OFRI). All samples taken from wind-oriented funnel traps, in plantation forest next
to Quercus sp.

Hamilton, ON, Royal Botanical Gardens, off Homestead Ave, 43.2882°N,
79.9069°W, 28-v-2020 (3, OFRI); ibidem, 3-vi-2020 (4, OFRI); ibidem, 11-vi-
2020 (4, OFRI); ibidem, 18-vi-2020 (4, OFRI); ibidem, 25-vi-2020 (1, OFRI); ibi-
dem, 8-vii-2020 (2, OFRI); ibidem, 16-vii-2020 (1, OFRI); ibidem, 30-vii-2020 (1,
OFRI); ibidem, 26-viii-2020 (1, OFRI); ibidem, 17-ix-2020 (3, OFRI). All samples
taken from wind-oriented funnel traps, in planted hardwood forest next to Quercus sp.

London, ON, Fanshawe Conservation Area off Fanshawe Park Rd, East,
43.0507°N, 81.1818°W, 27-v-2020 (13, OFRI); ibidem, 10-vi-2020 (7, OFRI); ibi-
dem, 17-vi-2020 (4, OFRI); ibidem, 24-vi-2020 (2, OFRI); ibidem, 8-vii-2020 (1,
OFRI); ibidem, 15-vii-2020 (3, OFRI); ibidem, 12-viii-2020 (2, OFRI); ibidem, 28-
x-2020 (1, OFRI). All samples taken from wind-oriented funnel traps, in plantation
forest next to Quercus sp.

Guelph, ON, The Arboretum, University of Guelph, 43.5436°N, 80.2205°W, 25-
vi-2020 (1, OFRI); ibidem, 8-vii-2020 (1, OFRI); ibidem, 3-ix-2020 (1, OFRI). All
samples taken from wind-oriented funnel traps, in Quercus rubra plantation.

Distribution in Canada. ON (new Canadian record).

Carpophilus (Megacarpolus) lugubris Murray, 1864

Notes. This species is recorded for much of central and western Canada from Brit-
ish Columbia to Saskatchewan and Ontario (Bousquet et al. 2013). Here, we report
Carpophilus (Megacarpolus) lugubris for the first time in Manitoba from three localities
in 2019, 2020, and 2021. This species being found in Manitoba was not unexpected
since it is present in the bordering provinces of Saskatchewan and Ontario. Downie
and Arnett (1996) record C. (M.) lugubris occurring across the United States. There are
several records of this species in Canada reported on the IN website, from BC, ON,
and QC (Lugubris 2023).

New records. MaNITOBA: Birds Hill Provincial Park, MB, Roscoe Rd. 50.0436°N,
96.8719°W, 10-ix-2019 wind-oriented funnel trap, mixed hardwood forest next to
Quercus sp. (1, OFRI).

Beaudry Provincial Park, MB, Roblin Blvd, 49.8576°N, 97.4638°W, 11-viii-2020
(1, OFRI), ibidem, 18-viii-2020 (1, OFRI); ibidem, 2-ix-2020 (2, OFRI); ibidem,
23-ix-2020 (1, OFRI); ibidem, 30-ix-2020 (1, OFRI). All samples were collected from
wind-oriented funnel traps, riparian hardwood forest next to Quercus sp.

Saint Malo, St Malo Provincial Park, MB, 49.3229°N, 96.9355°W, 29-vii-2021,
wind-oriented funnel trap, mixed hardwood forest next to Quercus sp. (1, OFRI).

Distribution in Canada. BC, AB, SK, MB, ON (Bousquet et al. 2013).
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Carpophilus (Myothorax) nepos Murray, 1864

Notes. This is the first record for Carpophilus (Myothorax) nepos in Canada, obtained
from five localities in Ontario in 2018, 2019, and 2020 and four localities in Manitoba
in 2019 and 2021. This species, associated with stored grain products, is almost cosmo-
politan and its distribution is poorly understood due to its synonym with Carpophilus
freemani Dobson, 1956 (Kirejtshuk 1996). Peck and Thomas (1998) mention that this
species has been recorded in the United States and Price (2003) provides records for
the state of Wisconsin. Carpophilus (Myothorax) nepos has not been recorded in Canada
according to Bousquet et al. (2013).

New records. CANADA, Ontario: Windsor, ON, Maidstone Conservation Area off
lakeshore Rd. 209, 42.2130°N, 82.7911°W, 15-v-2018, wind-oriented funnel trap,
hardwood forest next to Quercus sp. (1, OFRI).

Ottawa, ON, Elmhurst Park, off Alpine Ave, 45.3591°N, 75.7861°W, 23-viii-
2019, wind-oriented funnel trap, in a hardwood forest next to Quercus sp. (2, OFRI).

Hamilton, ON, Royal Botanical Gardens, off Homestead Ave, 43.2882°N,
79.9069°W, 3-vii-2019 (1, OFRI); ibidem, 18-ix-2019 (1, OFRI); ibidem, 2-x-2019
(2, OFRI). All samples taken from wind-oriented funnel traps, in a planted hardwood
forest, next to Quercus sp.

London, ON, Fanshawe Conservation Area off Fanshawe Park Rd, East,
43.0507°N, 81.1818°W, 4-ix-2019 (1, OFRI); ibidem, 11-ix-2019 (1, OFRI); ibi-
dem, 24-ix-2019 (1, OFRI). All samples taken from wind-oriented funnel traps, in a
plantation forest, next to Quercus sp.

Guelph, ON, The Arboretum, University of Guelph, 43.5436°N, 80.2205°W,
3.ii-2019 (1, OFRI); ibidem, 43.5436°N, 80.2205°W, 18-ix-2019 (1, OFRI). All
samples taken from wind-oriented funnel traps in a Quercus rubra plantation.

Ottawa, ON, Elmhurst Park, off Alpine Ave, 45.3591°N, 75.7861°W, 27-viii-
2020 wind-oriented funnel trap in hardwood forest next to Quercus sp. (1, OFRI).

Hamilton, ON, Royal Botanical Gardens, off Homestead Ave, 43.2882°N,
79.9069°W, 30-vii-2020 (1, OFRI); ibidem, 5-viii-2020 (1, OFRI); ibidem, 12-viii-
2020 (1, OFRI); ibidem, 17-ix-2020 (1, OFRI). All samples taken from wind-oriented
funnel traps, in a planted hardwood forest, next to Quercus sp.

London, ON, Fanshawe Conservation Area off Fanshawe Park Rd, East,
43.0507°N, 81.1818°W, 15-vii-2020 (2, OFRI); ibidem, 22-vii-2020 (2, OFRI); ibi-
dem, 28-x-2020 (1, OFRI). All samples taken from wind-oriented funnel traps, in a
plantation forest, next to Quercus sp.

Guelph, ON, The Arboretum, University of Guelph, 43.5436°N, 80.2205°W, 12-
vii-2020 (4, OFRI); ibidem, 10-ix-2020 (2, OFRI); ibidem, 24-ix-2020 (3, OFRI).
All samples taken from wind-oriented funnel traps, in a Quercus rubra plantation.

New records. CANADA, Manitoba: Birds Hill Provincial Park, MB, Roscoe Rd.
50.0436°N, 96.8719°W, 2-vii-2019, wind-oriented funnel trap, mixed hardwood for-
est next to Quercus sp. (2, OFRI).
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Beaudry Provincial Park, MB, Roblin Blvd, 49.8576°N, 97.4638°W, 11-vi-2019,
wind-oriented funnel trap, riparian hardwood forest next to Quercus sp. (2, OFRI).
Winnipeg, MB, Winnipeg James Armstrong Richardson International Airport off
Wihuri Rd., 49.8996°N, 97.2538°W, 11-vi-2019 (1, OFRI); ibidem, 25-vi-2019 (1,
OFRI); ibidem, 14-viii-2019 (2, OFRI); ibidem, 22-viii-2019 (1, OFRI). All samples
taken from wind-oriented funnel traps, in a mixed hardwood forest next to Quercus sp.
Saint Malo, MB, St Malo Provincial Park, 49.3229°N, 96.9355°W, 3-vi-2021,
wind-oriented funnel trap, mixed hardwood forest next to Quercus sp. (1, OFRI).
Distribution in Canada. ON, MB (new Canadian record).

Carpophilus (Megacarpolus) sayi Parsons, 1943

Notes. Here, we report Carpophilus (Megacarpolus) sayi for the first time in Ontario
from 12 localities in 2018, 2019, 2020, and 2021. The species is found throughout
central Canada excluding Ontario (Bousquet et al. 2013) and along the northern Unit-
ed States bordering Canada (Downie and Arnett 1996). These records suggest that this
species could be found throughout Ontario. BugGuide does not specifically exclude
Ontario from its distribution; however, Downie and Arnett (1996) include Ontario in
their distribution description. iNaturalist does include one locality of C. (M.) sayi near
Kitchener, Ontario (Jakubowski 2021) with a photo attached. The photo submitted
to IN could be Carpophilus (Megacarpolus) sayi or C. (M.) lugubris. The two species
sometimes look similar enough that Parsons (1943) suggested they could hybridize.
According to Parsons (1943) the males of C. (M.) lugubris have two, deep, circular
depressions on the hypopygidium and females have a pygidium that is blunt carinate,
shining, and tuberculiform at the apex. In contrast, the males of C. (M.) sayi have
two, large, vague, shallow depression on the hind margin of their hypopygidium and
females have a distinct, blunt carina on the pygidium (Parsons 1943). Price (2003) also
points out that C. (M.) sayi has rectangular humeral angles while the elytral humerals
of C. (M.) lugubris are rounded or obtuse.

New records. ONTARIO: Sault Ste. Marie, ON, Wattswood Park and Ski Trails
off Mt. Pleasant Ct., 46.3356°N, 84.2527°W, 14-v-2018 (10, OFRI); ibidem, 20-v-
2018 (11, OFRI); ibidem, 27-v-2018 (123, OFRI); ibidem,, 6-vi-2018 (31, OFRI);
ibidem, 10-vi-2018 (4, OFRI); ibidem, 25-vi-2018 (11, OFRI); ibidem, 1-vii-2018
(1, OFRI); ibidem, 4-vii-2018 (3, OFRI); ibidem, 11-vii-2018 (1, OFRI); ibidem,
18-vii-2018 (2, OFRI); ibidem, 28-vii-2018 (15, OFRI). All samples were taken from
wind-oriented funnel traps, in a mixed hardwood forest, next to Quercus sp.

Peterborough, ON Northumberland County Forest off Dunbar Rd., 17-v-2018
(5, OFRI); ibidem, 24-v-2018 (15, OFRI); ibidem, 31-v-2018 (11, OFRI); ibidem,
14-vi-2018 (20, OFRI); ibidem, 19-vi-2018 (18, OFRI); ibidem, 29-vi-2018 (6,
OFRI); ibidem, 6-vii-2018 (25, OFRI); ibidem, 13-vii-2018 (4, OFRI); ibidem, 19-
vii-2018 (1, OFRI); ibidem, 26-vii-2018 (4, OFRI). All samples were taken from

wind-oriented funnel traps, in a mixed hardwood forest, next to Quercus sp.
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Sault Ste. Marie, ON, Hiawatha Highlands off Fish Hatchery Rd., 46.3436°N,
84.1705°W, 15-v-2019 (2, OFRI); ibidem, 29-v-2019 (28, OFRI); ibidem, 5-vi-2019
(7, OFRI); ibidem, 12-vi-2019 (90, OFRI); ibidem, 19-vi-2019 (16, OFRI); ibidem,
26-vi-2019 (10, OFRI); ibidem, 3-vii-2019 (4, OFRI); ibidem, 9-vii-2019 (1, OFRI);
ibidem, 17-vii-2019 (6, OFRI); ibidem, 31-vii-2019 (4, OFRI); ibidem, 8-viii-2019
(4, OFRI); ibidem, 14-viii-2019 (16, OFRI); ibidem, 21-viii-2019 (3, OFRI); ibidem,
28-viii-2019 (2, OFRI). All samples were taken from wind-oriented funnel traps, in
mixed hardwood forest, next to Quercus sp.

Ottawa, ON, Elmhurst Park, off Alpine Ave, 45.3591°N, 75.7861°W, 8-v-2019
(1, OFRI); ibidem, 12-vi-2019 (1, OFRI); ibidem, 25-vi-2019 (1, OFRI); ibidem,
31-vii-2019 (1, OFRI); ibidem, 7-viii-2019 (1, OFRI). All samples were taken from
wind-oriented funnel traps, in a hardwood forest, next to Quercus sp.

Hamilton, ON, Royal Botanical Gardens, off Homestead Ave, 43.2882°N,
79.9069°W, 22-v-2019 (3, OFRI); ibidem, 29-v-2019 (61, OFRI); ibidem, 5-vi-2019
(6, OFRI); ibidem, 12-vi-2019 (3, OFRI); ibidem, 19-vi-2019 (12, OFRI); ibidem,
26-vi-2019 (1, OFRI); ibidem, 3-vii-2019 (5, OFRI); ibidem, 10-vii-2019 (1, OFRI).
All samples were taken from wind-oriented funnel traps, in a planted hardwood forest,
next to Quercus sp.

North Bay, ON, Canadore College trails, off College Dr., 46.3427°N, 79.5033°W,
30-v-2019 (15, OFRI); ibidem, 6-vi-2019 (5, OFRI); ibidem, 13-vi-2019 (70, OFRI);
ibidem, 20-vi-2019 (10, OFRI); ibidem, 27-vi-2019 (10, OFRI); ibidem, 4-vii-2019
(8, OFRI); ibidem, 11-vii-2019 (3, OFRI); ibidem, 18-vii-2019 (5, OFRI); ibidem,
25-vii-2019 (1, OFRI); ibidem, 12-ix-2019 (1, OFRI). All samples were taken from
wind-oriented funnel traps, in a mixed hardwood forest, next to Quercus sp.

London, ON, Fanshawe Conservation Area off Fanshawe Park Rd, East, 43.0507°N,
81.1818°W, 15-vi-2019 (1, OFRI); ibidem, 26-vi-2019 (1, OFRI). Both samples were
taken from wind-oriented funnel traps, in a mixed hardwood forest, next to Quercus sp.

Guelph, ON, The Arboretum, University of Guelph, 43.5436°N, 80.2205°W,
5-vi-2019 (2, OFRI); ibidem, 12-vi-2019 (2, OFRI); ibidem, 19-vi-2019 (4, OFRI).
All samples were taken from wind-oriented funnel traps, in a Quercus rubra plantation.

Sault Ste. Marie, ON, Hiawatha Highlands off Fish Hatchery Rd., 46.3436°N,
84.1705°W, 19-v-2020 (18, OFRI); ibidem, 20-v-2020 (14, OFRI); ibidem, 25-v-
2020 (18, OFRI); ibidem, 27-v-2020 (8, OFRI); ibidem, 1-vi-2020 (28, OFRI);
ibidem, 2-vi-2020 (8, OFRI); ibidem, 3-vi-2020 (3, OFRI); ibidem, 4-vi-2020 (6,
OFRI); ibidem, 5-vi-2020 (3, OFRI); ibidem, 8-vi-2020 (5, OFRI); ibidem, 10-
vi-2020 (6, OFRI); ibidem, 14-vi-2020 (2, OFRI); ibidem, 15-vi-2020 (3, OFRI);
ibidem, 16-vi-2020 (8, OFRI); ibidem, 17-vi-2020 (2, OFRI); ibidem, 25-vi-2020
(3, OFRI); ibidem, 26-vi-2020 (1, OFRI); ibidem, 3--vi-2020 (1, OFRI); ibidem,
8-vii-2020 (3, OFRI); ibidem, 15-vii-2020 (9, OFRI); ibidem, 22-vii-2020 (11,
OFRI); ibidem, 29-vii-2020 (7, OFRI); ibidem, 5-viii-2020 (13, OFRI); ibidem,
12-viii-2020 (17, OFRI); ibidem, 19-viii-2020 (22, OFRI); ibidem, 26-viii-2020 (9,
OFRI); ibidem, 2-ix-2020 (2, OFRI); ibidem, 9-ix-2020 (3, OFRI); ibidem, 17-ix-
2020 (1, OFRI); Sault Ste. Marie, ON, Hiawatha Highlands off Fish Hatchery Rd.,
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46.5601°N, 84.4193°W, 19-v-2020 (3, OFRI). Almost all samples were taken from
the wind-oriented funnel trap, in a mixed hardwood forest, next to Quercus sp., but the
sample of 19-v-2020 was collected from the Lindgren funnel trap, in a mixed regener-
ated forest, next to Quercus sp.

Sault Ste. Marie, ON, Maki Rd., 46.5601°N, 84.4193°W, 18-v-2020 (1, OFRI);
ibidem, 20-v-2020 (1, OFRI); ibidem, 21-v-2020 (24, OFRI); ibidem, 22-v-2020
(34, OFRI); ibidem, 23-v-2020 (20, OFRI); ibidem, 24-v-2020 (15, OFRI); ibidem,
25-v-2020 (17, OFRI); ibidem, 27-v-2020 (10, OFRI); ibidem, 28-v-2020 (6, OFRI);
ibidem, 2-vi-2020 (1, OFRI); ibidem, 3-vi-2020 (3, OFRI); ibidem, 4-vi-2020 (5,
OFRI); ibidem, 8-vi-2020 (8, OFRI); ibidem, 9-vi-2020 (12, OFRI); ibidem, 10-
vi-2020 (4, OFRI); ibidem, 14-vi-2020 (4, OFRI); ibidem, 15-vi-2020 (5, OFRI);
ibidem, 16-vi-2020 (4, OFRI); ibidem, 17-vi-2020 (1, OFRI); ibidem, 19-vi-2020 (3,
OFRI); ibidem, 20-vi-2020 (1, OFRI); ibidem, 21-vi-2020 (1, OFRI); ibidem, 8-vii-
2020 (8, OFRI); ibidem, 15-vii-2020 (2, OFRI); ibidem, 21-vii-2020 (2, OFRI); ibi-
dem, 29-vii-2020 (4, OFRI); ibidem, 5-viii-2020 (1, OFRI); ibidem, 12-viii-2020
(6, OFRI); ibidem, 18-viii-2020 (1, OFRI); ibidem, 2-ix-2020 (1, OFRI); ibidem,
16-ix-2020 (1, OFRI); ibidem, 30-ix-2020 (1, OFRI). All samples were taken from
Lindgren funnel traps, in a mixed regenerated forest, next to Quercus sp.

Sault Ste. Marie, ON, Retta St., 46.5061°N, 84.2945°W, 24-v-2020 (2, OFRI);
ibidem, 25-v-2020 (12, OFRI); ibidem, 27-v-2020 (10, OFRI); ibidem, 1-vi-2020
(14, OFRI); ibidem, 2-vi-2020 (9, OFRI); ibidem, 3-vi-2020 (16, OFRI); ibidem,
4vi-2020 (11, OFRI); ibidem, 5-vi-2020 (5, OFRI); ibidem, 8-vi-2020 (14, OFRI);
ibidem, 9-vi-2020 (26, OFRI); ibidem, 10-vi-2020 (8, OFRI); ibidem, 16-vi-2020
(3, OFRI); ibidem, 17-vi-2020 (4, OFRI); ibidem, 18-vi-2020 (2, OFRI); ibidem,
20-vi-2020 (1, OFRI); ibidem, 1-vii-2020 (9, OFRI); ibidem, 8-vii-2020 (34, OFRI);
ibidem, 15-vii-2020 (8, OFRI); ibidem, 22-vii-2020 (12, OFRI); ibidem, 29-vii-2020
(9, OFRI); ibidem, 5-viii-2020 (3, OFRI); ibidem, 19-viii-2020 (2, OFRI); ibidem,
12-viii-2020 (4, OFRI); ibidem, 30-ix-2020 (1, OFRI). All samples were taken from
Lindgren funnel traps, among residential hardwood trees (Quercus sp.).

Ottawa, ON, Elmhurst Park, off Alpine Ave, 45.3591°N, 75.7861°W, 29-v-2020
(9, OFRYI); ibidem, 4-v-2020 (1, OFRI); ibidem, 11-v-2020 (17, OFRI); ibidem, 19-
v-2020 (1, OFRI); ibidem, 24-v-2020 (1, OFRI); ibidem, 10-vii-2020 (2, OFRI);
ibidem, 24-vii-2020 (1, OFRI). All samples were taken from wind-oriented funnel
traps, in a hardwood forest, next to Quercus sp.

Hamilton, ON, Royal Botanical Gardens, off Homestead Ave, 43.2882°N,
79.9069°W, 28-v-2020 (21, OFRI); ibidem, 3-vi-2020 (48, OFRI); ibidem, 11-vi-
2020 (58, OFRI); ibidem, 18-vi-2020 (31, OFRI); ibidem, 25-vi-2020 (8, OFRI);
ibidem, 2-vii-2020 (11, OFRI); ibidem, 8-vii-2020 (2, OFRI); ibidem, 16-vii-2020
(14, OFRI); ibidem, 23-vii-2020 (6, OFRI); ibidem, 30-vii-2020 (3, OFRI); ibidem,
5-viii-2020 (8, OFRI); ibidem, 12-viii-2020 (1, OFRI); ibidem, 26-viii-2020 (1,
OFRI); ibidem, 17-ix-2020 (1, OFRI). All samples were taken from wind-oriented
funnel traps, in a planted hardwood forest, next to Quercus sp.

North Bay, ON, Canadore College trails, off College Dr., 46.3427°N, 79.5033°W,
20-v-2020 (3, OFRI); ibidem, 27-v-2020 (193, OFRI); ibidem, 3-vi-2020 (3, OFRI);
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ibidem, 10-vi-2020 (34, OFRI); ibidem, 17-vi-2020 (9, OFRI); ibidem, 24-vi-2020
(6, OFRI); ibidem, 1-vii-2020 (14, OFRI); ibidem, 8-vii-2020 (15, OFRI); ibidem,
15-vii-2020 (1, OFRI); ibidem 29-vii-2020 (7, OFRI). ; ibidem, 5-viii-2020 (2,
OFRI). All samples were taken from wind-oriented funnel traps, in a mixed hardwood
forest, next to Quercus sp.

London, ON, Fanshawe Conservation Area, 43.0507°N, 81.1818°W, 24-vi-2020
wind-oriented funnel trap, plantation forest, next to Quercus sp. (1, OFRI).

Guelph, ON, The Arboretum, University of Guelph, 43.5436°N, 80.2205°W,
3-vi-2020; ibidem, 11-vi-2020 (1, OFRI); ibidem, 16-vii-2020 (1, OFRI); ibidem,
30-vii-2020 (1, OFRI). All samples were taken from wind-oriented funnel traps, in a
Quercus rubra plantation.

Sault Ste. Marie, Goulais Ave, Crimson Ridge golf course, 46.5767°N,
84.3799°W, 18-v-2021, Lindgren funnel (71, OFRI), modified Lindgren funnel
(40, OFRI), synergy multitrap (120, OFRI), wind-oriented funnel trap (55, OFRI);
ibidem,, 25-v-2021, Lindgren funnel (159, OFRI), modified Lindgren funnel (59,
OFRI), synergy multitrap (200, OFRI), wind-oriented funnel trap (73, OFRI);
ibidem,46.5767°N, 84.3799°W, 1-vi-2021, Lindgren funnel (166, OFRI), modi-
fied Lindgren funnel (35, OFRI), synergy multitrap (75, OFRI), wind-oriented fun-
nel trap (21, OFRI); ibidem, 8-vi-2021, Lindgren funnel (162, OFRI), modified
Lindgren funnel (81, OFRI), synergy multitrap (155, OFRI), wind-oriented funnel
trap (35, OFRI); ibidem, 15-vi-2021, Lindgren funnel (34, OFRI), modified Lind-
gren funnel (18, OFRI), synergy multitrap (25, OFRI), wind-oriented funnel trap
(3, OFRI); ibidem, 22-vi-2021, Lindgren funnel (25, OFRI), modified Lindgren
funnel (16, OFRI), synergy multitrap (37, OFRI), wind-oriented funnel trap (6,
OFRI); ibidem, 29-vi-2021, Lindgren funnel (7, OFRI), modified Lindgren funnel
(4, OFRI), synergy multitrap (8, OFRI), wind-oriented funnel trap (7, OFRI); ibi-
dem, 6-vii-2021, Lindgren funnel (5, OFRI), modified Lindgren funnel (4, OFRI),
wind-oriented funnel trap (7, OFRI); ibidem, 13-vii-2021, Lindgren funnel (8,
OFRI), modified Lindgren funnel (8, OFRI), synergy multitrap (8, OFRI), wind-
oriented funnel trap (6, OFRI); ibidem, 20-vii-2021, Lindgren funnel (16, OFRI),
modified Lindgren funnel (2, OFRI), synergy multitrap (7, OFRI), wind-oriented
funnel trap (3, OFRI); ibidem, 27-vii-2021, Lindgren funnel (9, OFRI), modified
Lindgren funnel (3, OFRI), synergy multitrap (5, OFRI), wind-oriented funnel trap
(1, OFRI); ibidem, 3-viii-2021, modified Lindgren funnel (2, OFRI); ibidem, 10-
viii-2021, Lindgren funnel (2, OFRI), synergy multitrap (1, OFRI); ibidem, 17-viii-
2021, synergy multitrap (1, OFRI), wind-oriented funnel trap (1, OFRI); ibidem,
22-ix-2021, synergy multitrap (1, OFRI). All samples were collected from a mixed
hardwood forest, next to Quercus sp.

Sault Ste. Marie, ON, Landslide Rd., 46.5792°N, 84.2802°W, 18-v-2021,
Lindgren funnel trap (340, OFRI), modified Lindgren funnel trap (183, OFRI),
synergy multitrap (468, OFRI), wind-oriented funnel trap (340, OFRI); ibidem,
18-v-2021, Lindgren funnel (276, OFRI), modified Lindgren funnel (160, OFRI),
synergy multitrap (299, OFRI), wind-oriented funnel trap (174, OFRI); ibidem,
1-vi-2021, Lindgren funnel (151, OFRI), modified Lindgren funnel (77, OFRI),
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synergy multitrap (210, OFRI), wind-oriented funnel trap (33, OFRI); ibidem, 8-vi-
2021, Lindgren funnel (148, OFRI), modified Lindgren funnel (198, OFRI), syn-
ergy multitrap (277, OFRI), wind-oriented funnel trap (54, OFRI ; ibidem, 15-vi-
2021, Lindgren funnel (69, OFRI), modified Lindgren funnel (27, OFRI), synergy
multitrap (67, OFRI), wind-oriented funnel trap (15, OFRI); ibidem, 22-v-2021,
Lindgren funnel (23, OFRI), modified Lindgren funnel (18, OFRI), synergy multi-
trap (59, OFRI),wind-oriented funnel trap (17, OFRI); ibidem, 29-vi-2021, Lind-
gren funnel (22, OFRI), modified Lindgren funnel (23, OFRI), synergy multitrap
(29, OFRI), wind-oriented funnel trap (12, OFRI); ibidem, 6-vii-2021, Lindgren
funnel (12, OFRI), modified Lindgren funnel (15, OFRI), synergy multitrap (30,
OFRI), wind-oriented funnel trap (6, OFRI); ibidem, 13-vii-2021, Lindgren funnel
(9, OFRI), modified Lindgren funnel (20, OFRI), synergy multitrap (29, OFRI),
wind-oriented funnel trap (10, OFRI); ibidem, 20-vii-2021, Lindgren funnel (17,
OFRI), modified Lindgren funnel (18, OFRI), synergy multitrap (28, OFRI), wind-
oriented funnel trap (5, OFRI; ibidem, 27-vii-2021, Lindgren funnel (4, OFRI),
modified Lindgren funnel (10, OFRI), synergy multitrap (10, OFRI), wind-orient-
ed funnel trap (4, OFRI); ibidem, 3-viii-2021, Lindgren funnel (1, OFRI), modi-
fied Lindgren funnel (2, OFRI), synergy multitrap (2, OFRI), wind-oriented funnel
trap (2, OFRI); ibidem, 10-viii-2021 (1, OFRI); ibidem, 17-viii-2021 (3, OFRI);
ibidem, 24-viii-2021, Lindgren funnel (1, OFRI), synergy multitrap (3, OFRI);
ibidem, 7-ix-2021 (1, OFRI). All samples were collected from a mixed hardwood
forest, next to Quercus sp.

Distribution in Canada. SK, MB, ON, QC, NB, NS (Bousquet et al. 2013).

Subfamily Nitidulinae Latreille, 1802
Tribe Cychramini Gistel, 1848

Cychramus adustus (Erichson, 1843)

Notes. This is the first record of Cychramus adustus for Manitoba found in three lo-
calities in 2019. The McNamara (1991) checklist of Nitidulidae recorded C. adustus
present in Ontario and Quebec. Majka et al. (2008) recorded C. adustus in New Brun-
swick, and Webster et al. (2022) recorded C. adustus in Prince Edward Island. There
are five records for C. adustus on the IN website that are mostly collected in eastern
Ontario and near Montreal, Quebec (Adustus 2023). The BN website references Bous-
quet et al. (2013) when describing the range of C. adustus as eastern North America.

New records. MaNITOBA: Birds Hill Provincial Park, MB, Roscoe Rd. 50.0436°N,
96.8719°W, 14-v-2019 (4, OFRI); ibidem, 22-v-2019 (9, OFRI); ibidem, 4-vi-2019
(4, OFRI); ibidem, 11-vi-2019 (4, OFRI); ibidem, 17-vi-2019 (3, OFRI); ibidem,
25-vi-2019 (5, OFRI); ibidem, 2-vii-2019 (3, OFRI); ibidem, 31-vii-2019 (1, OFRI);
ibidem, 6-viii-2019 (2, OFRI); ibidem, 28-viii-2019 (2, OFRI); ibidem, 10-ix-2019
(2, OFRI). All samples were taken from wind-oriented funnel traps, in a mixed hard-
wood forest, next to Quercus sp.
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Beaudry Provincial Park, MB, Roblin Blvd, 49.8576°N, 97.4638°W, 14-v-2019
(2, OFRI); ibidem, 29-v-2019 (14, OFRI); ibidem, 4-vi-2019 (3, OFRI); ibidem, 11-
vi-2019 (14, OFRI); ibidem, 25-vi-2019 (1, OFRI); ibidem, 8-vii-2019 (1, OFRI);
ibidem, 16-vii-2019 (1, OFRI); ibidem, 6-viii-2019 (2, OFRI); ibidem, 28-viii-2019
(1, OFRI); ibidem, 10-ix-2019 (2, OFRI). All samples were taken from wind-oriented
funnel traps, in a riparian hardwood forest, next to Quercus sp.

Winnipeg, MB, Winnipeg James Armstrong Richardson International Airport off
Wihuri Rd., 49.8996°N, 97.2538°W, 22-v-2019 (1, OFRI); ibidem, 4-vi-2019 (4,
OFRI); ibidem, 11-v-2019 (3, OFRI); ibidem, 17-vi-2019 (3, OFRI); ibidem, 25-
vi-2019 (2, OFRI); ibidem, 8-vii-2019 (1, OFRI); ibidem, 31-vii-2019 (1, OFRI);
ibidem, 14-viii-2019 (1, OFRI). All samples were taken from wind-oriented funnel
traps, in a mixed hardwood forest, next to Quercus sp.

Distribution in Canada. MB, ON, QC, NB, PE (Bousquet et al. 2013; Web-
ster et al. 2022).

Tribe Nitidulini Latreille, 1802

Stelidota coenosa Erichson, 1843

Notes. This is the first record of Stelidota coenosa for Ontario. It was collected at one lo-
cality in the province in 2021. The species was first reported from boletus mushrooms
in a Pinus banksiana forest in Northumberland Co., New Brunswick by Webster et al.
(2016). It has also been recorded from several states along the eastern United States
from New York to Florida (Parsons 1943). Stelidota coenosa was collected as far west
as Wisconsin, south to Arizona and can be found in subtropical and tropical areas of
Central and South America (Galford et al. 1991). The IN website does not have any
record for S. coenosa in Canada while the website, BG references the report from New
Brunswick (Webster et al. 2016).

New record. ONTARIO: Guelph, ON, The Arboretum, University of Guelph,
43.5436°N, 80.2205°W, 5-viii-2021, wind-oriented funnel trap, in Quercus rubra
plantation (1, OFRI).

Distribution in Canada. ON, NB (Bousquet et al. 2013; Webster et al. 2016).

Subfamily Cryptarchinae C.G. Thomson, 1859
Tribe Cryptarchini C.G. Thomson, 1859

Glischrochilus (Librodor) obtusus (Say, 1835)

Notes. This 2018 collection is the first record of Glischrochilus (Librodor) obtusus in Can-
ada and a new provincial record for Ontario. This species can be found throughout the
eastern United States including the northern border states with Canada; Maine, New
York, Michigan, and Wisconsin (Downie and Arnett 1996; Price and Young 2006). IN
recorded locality information by Nenadov (2021) in Comber, Ontario on July 6, 2021.
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New record. ONTARIO: Peterborough, ON, Northumberland County Forest off
Dunbar Rd., 44.0636°N, 78.0331°W, 19-vi-2018, wind-oriented funnel trap, in a
mixed hardwood forest, next to Quercus sp. (2, OFRI).

Distribution in Canada. ON (New Canadian record).

Discussion

In 2013, Bousquet et al. (2013) reported 99 species of Nitidulidae from Canada. This
included 45 species from Manitoba and 63 from Ontario. In addition, three Palaearctic
species were recently recorded in Canada, the first one from New Brunswick (Webster
et al. 2016), the second one from Prince Edward Island (Webster et al. 2022), and the
third one from Ontario (Pentinsaari et al. 2019). Brunke et al. (2019) suggested that
the total number of Nitidulidae species in Canada is even higher. They used an analysis
of BOLD barcode index numbers to estimate that as many as 12 Nitidulidae species
from Canada have not been described or reported. Here, we report six new species for
Ontario, Carpophilus (Megacarpolus) sayi, C. (Ecnomorphus) antiquus, C. (E.) corticinus,
C. (Myothorax) nepos, Glischrochilus (Librodor) obtusus, and Stelidota coenosa bringing
the total to 70, and three species for Manitoba, Carpophilus (Megacarpolus) lugubris,
C. (M.) nepos, and Cychramus adustus, bringing the total to 48. Three of these reports,
Carpophilus (Ecnomorphus) corticinus, C. (Myothorax) nepos, and Glischrochilus obstusus
are new reports for Canada bringing the total to 104 or 105 depending on the inclu-
sion of Cybocephalinae as a subfamily in the family of Nitidulidae (Kirejtshuk 2008;
Kirejtshuk and Manti¢ 2015) or consideration of this group as a separate family (Cline
et al. 2014; Smith 2022).

The new records fill gaps in our knowledge of these species’ distributions. Of the
new species found in Ontario, Carpophilus (Megacarpolus) sayi was the most frequently
reported species with records at 13 of 14 survey localities. Carpophilus (Myothorax) nep-
os also appears widespread, being reported at numerous localities throughout southern
Ontario (i.e., ecoregions 6 and 7) and in Manitoba.

Four new records occurred only in southern Ontario (i.e., ecoregions 6E, 7E), in-
dicating that more surveys in this region could increase our knowledge of Nitidulidae
diversity in Canada. One reason may be that part of this region contains the north-
ernmost extent of the deciduous forest type, sometimes called the Carolinian Forest
Region or the Deciduous Forest Region (Crins et al. 2009). The diversity of flora and
fauna is greater here than in other parts of Canada. This region is warmer and has a
longer growing season than the rest of Ontario because of its proximity to three large
lakes and its southern position (Crins et al. 2009). In addition, further surveying in
Manitoba is needed to clarify if Carpophilus (Megacarpolus) lugubris, C. (Myothorax)
nepos, and Cychramus adustus occur outside the greater Winnipeg area. No new records
were made for New Brunswick, suggesting that recent efforts to more fully describe
the beetle diversity of this province have been reasonably complete (Majka et al. 2008;
Webster et al. 2016).
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The new species recorded in this study have been collected from fungi or sap flows
and some are known to transmit fungal spores and fragments of mycelia (Price 2003).
New detections of mycetophagous beetles in Canada are important, further elucidat-
ing how fungi and fungal diseases are spread across Canada’s treed landscapes. Espe-
cially species of Carpophilus, Glischrochilus, Cychramus, Stelidota, and others that have
been found at oak wilt mats or other fungal structures (Price 2003).
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Introduction

The genus Antocha Osten Sacken, 1860 is a medium-sized genus of 161 described spe-
cies and subspecies in the family Limoniidae (Oosterbroek 2023). It is known from
the Oriental (83 species and subspecies), Palaearctic (56 species and subspecies), Afro-
tropic (21 species), Nearctic (seven species), Australasian (three species), and Neo-
tropic (one species) regions (Oosterbroek 2023). A conspicuous feature of the genus
is that the anal angle of the wing is nearly right-angled, and detailed features for the
recognition of the genus were given by Osten Sacken (1860), Alexander (1968), and
Markeviciaee et al. (2019, 2021). In the past three decades, many taxonomic studies
have been carried out on Asian Antocha, mainly focusing on the species in Japan (Torii
1992a, 1992b, 1992¢, 1996), China (Podenas and Young 2015; Markevi¢iaté et al.
2019, 2021), South Korea (Podenas and Byun 2014), North Korea (Podenas 2015),
and Indonesia (Young 1994).

Tibet is located in the Qinghai-Tibet region of China, which also includes all of
Qinghai, western Sichuan, and small parts of Gansu, Xinjiang, and Yunnan. The main
body of the region is the Qinghai-Tibet Plateau, which is known as the “roof of the
world” because of its high terrain and extensive grasslands. The Qinghai-Tibet region
is also the source of many rivers in China.

At present, 34 Antocha species and subspecies are recorded from China, of which
22 are known in the Qinghai-Tibet region, while only four are distributed in Tibet
(Oosterbroek 2023). In this study, specimens of Antocha from Tibet have been exam-
ined, and four species are added to the fauna of Tibet (Fig. 1), of which A. (A.) curvativa
sp. nov. and A. (A.) tibetana sp. nov. are described and illustrated as new to science,
and A. (A.) spiralis Alexander, 1932 and A. (A.) setigera Alexander, 1933 are newly
recorded from Tibet. More comprehensive redescriptions and illustrations for the two
known species, as well as a key to the Antocha crane flies in Qinghai-Tibet region, are
also presented.

Materials and methods

All specimens for this study were collected from Tibet, China by various entomologists
in 2014-2018. Type specimens are deposited in Entomological Museum of China Ag-
ricultural University, Beijing, China (CAU). The holotype of A. (4.) setigera, deposited
in the National Museum of Natural History, Smithsonian Institution, Washington,
DC, USA (USNM), was also examined. Genitalic preparations of males were made
by macerating the apical portion of the abdomen in cold 10% hydroxide (NaOH) for
12-15 hours. Observations and illustrations were made using a ZEISS Stemi 2000-C
stereomicroscope. Photographs were taken with a Canon EOS 90D digital camera
through a macro lens. Details of coloration were examined in specimens immersed in

75% ethanol (C,H,OH).
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A A (A) curvativa sp. nov.
A A. (A.) setigera Alexander
A A. (A.) spiralis Alexander

f
0 500 1,000 km A\ A (4) tibetana sp. nov.

Figure 1. Collecting sites of Antocha species in China.

The morphological terminology mainly follows Cumming and Wood (2017) and
de Jong for wing venation (2017). The term “inner branch of paramere” is adopted
from Kato and Tachi (2019). The general distribution of species is given according to
Qosterbroek (2023).

The following abbreviations in figures are used: aed = aedeagus, app = apical part of
paramere, bp = base of paramere, cerc = cercus, goncx = gonocoxite, hyp vlv = hypogy-
nial valve, i gonst = inner gonostylus, ib = interbase, ibp = inner branch of paramere,
o0 gonst = outer gonostylus, pm = paramere, tg 9 = tergite 9, tg 10 = tergite 10.

Checklist of Antocha crane flies in Qinghai-Tibet region of China

New province records in bold

Antocha (Antocha) bella Markeviciaté & Podenas, 2019 (Sichuan)

Antocha (Antocha) bidens Alexander, 1932 (Sichuan)

Antocha (Antocha) bifida Alexander, 1924 (Sichuan, Guangdong, Taiwan; Russia;
Kazakhstan; Mongolia; North Korea; South Korea; Japan; Philippines)
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Antocha (Antocha) constricta Alexander, 1932 (Sichuan)

Antocha (Antocha) curvativa Lv & Zhang sp. nov. (Tibet)

Antocha (Antocha) emarginata Alexander, 1938 (Sichuan)

Antocha (Antocha) flavidibasis Alexander, 1938(Sichuan)

Antocha (Antocha) fortidens Alexander, 1933 (Sichuan, Tibet)

Antocha (Antocha) indica Brunetti, 1912 (Sichuan, Zhejiang; India; Malaysia)

Antocha (Antocha) lacteibasis Alexander, 1935 (Sichuan)

Antocha (Antocha) minuticornis Alexander, 1931 (Sichuan)

Antocha (Antocha) multidentata Alexander, 1932 (Sichuan)

Antocha (Antocha) nebulipennis immaculata Alexander, 1938 (Sichuan; Myanmar)

Antocha (Antocha) nebulipennis nebulipennis Alexander, 1931 (Gansu, Sichuan, Tibet;
India; Nepal; Tajikistan; Afghanistan)

Antocha (Antocha) nigribasis Alexander, 1932 (Sichuan)

Antocha (Antocha) pallidella Alexander, 1933 (Sichuan)

Antocha (Antocha) picturata Alexander, 1936 (Sichuan)

Antocha (Antocha) pterographa Alexander, 1953 (Tibet)

Antocha (Antocha) pulchra Markeviciaté & Podenas, 2021 (Sichuan)

Antocha (Antocha) quadrifurca Alexander, 1971 (Sichuan; India)

Antocha (Antocha) setigera Alexander, 1933 (Sichuan, Tibet)

Antocha (Antocha) spiralis Alexander, 1932 (Sichuan, Tibet; India)

Antocha (Antocha) tibetana Lv & Zhang sp. nov. (Tibet)

Antocha (Antocha) yatungensis Alexander, 1963 (Tibet)

Taxonomy

Key to Antocha species from Qinghai-Tibet region of China

1 Wing with distinct brown or dark gray stigma........cccoceeioinnniciinnnnne 2
- Wing without stigma or with indistinct stigma (Figs 2d, 4d, 6d, 8d)........... 9
2 Crossvein m-cu long before fork of M, distance about its own length.......... 3
Crossvein m-cu at or short before fork of M, distance less than half of own
length (Figs 2d, 4d, 6d, 8d) .....coeveuimiiiiiiciiiiiccccccee 4
3 Prescutum and presutural scutum uniformly light yellow. Crossvein m-cu

more than one and half times its own length, before fork of M. Posterior
margin of tergite 9 with median emarginate (Alexander 1932; Markeviciaté
etal. 2019, 2021) woviiioiiieeiee et A. (A.) nigribasis
- Prescutum and presutural scutum grey with three brown stripes. Cross-
vein m-cu a little less than its own length, before fork of M. Posterior
margin of tergite 9 without median emarginate (Alexander 1953)...........
............................................................................... A. (A.) pterographa
4 Cell m, longer than cell dm (Figs 4d, 6d, 8d) ......coeveviiiviiiiiiiiene 5
— Cell m_ almost as long as or shorter than cell dm (Fig. 2d)........cccooveninnin 6



10

11

12

13

14

15

16
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Prescutum and presutural scutum grey, with a brown stripe. Vein Sc ending
nearly fork of Rs (Alexander 1936) ......ccoevvieinincinecnne A. (A.) picturata
Prescutum and presutural scutum uniformly yellowish gray, without stripes.
Vein Sc ending a greater distance before fork of Rs (Alexander 1931;

Markevidiité et al. 2019, 2021)............... A. (A.) nebulipennis nebulipennis
Apex of outer gonostylus not bifid ..........cccccooiviiiiiiiiinniie 7
Apex of outer gonostylus bifid ........cccooieiiiniiiiiiin e 8
Inner branch of paramere with outer tooth shorter than inner tooth (Alexan-
der 1932; Markevicitté et al. 2019) c.ooovvvieeevineeinnnnee. A. (A.) multidentata
Inner branch of paramere with outer tooth longer than inner tooth (Alexan-
der 1971; Markeviciate et al. 2021) ...ccooevvvvierciininennnes A. (A.) quadrifurca

Posterior margin of tergite 9 with two small lobes far away from each other,
middle flat (Alexander 1932; Markeviciaté et al. 2019, 2021) A. (A.) bidens
Posterior margin of tergite 9 with two close lobes, middle concave (Alexander
1933a; Markeviciaté et al. 2019, 2021) cooevevveveeicieeieenen. A. (A.) fortidens
Crossvein m-cu long before fork of M, distance about its own length........ 10
Crossvein m-cu at or short before fork of M, distance less than half of its own
length (Figs 2d, 4d, 6d, 8d) .....cvcveuiiiiiiciciiiccccceecee 11
Basal section of R, slightly longer than r-m. Posterior margin of tergite 9 with
two small lobes, middle flat (Alexander 1933b; Markeviciité et al. 2021).....
.......................................................................................... A. (A.) pallidella
Basal section of R nearly twice as long as r-m. Posterior margin of tergite 9
with two big lobes, middle concave (Alexander 1963).....4. (A.) yatungensis

Vein Sc ending before fork of Rs (Figs 2d, 6d, 8d) ......cccceovvvuviiciiinnnes 12
Vein Sc ending at or beyond fork of Rs (Fig. 4d) .......ccccceovvnviiiicinnnnes 19
Prescutum and presutural scutum without stripe (Fig. 6¢) ......coeveueuennee. 13
Prescutum and presutural scutum with stripe(s) (Figs 2¢, 4c, 8¢) .............. 14
Apical part of paramere with three small branches (Alexander 1932;
Markeviciateé et al. 2019, 2021) ..oovveveerieiiieeeeeeeeeeeeeeeeae A. (A.) constricta
Apical part of paramere slender and twisted into spiral, without branches
(FIgS 6€, 7) cvviuiiiiiiiiiiiiiicicicicic e A. (A.) spiralis
Antennae with scape yellow, remaining segments black............cccccccoueenies 15
Antennae black, dark brown, or brown throughout (Figs 2b, 8b).............. 16

Basal section of M, as long as m-m. Posterior margin of tergite 9 flat. Inner
gonostylus narrowed to obtuse tip (Brunetti 1912; Markeviciaté et al. 2019,
2021 ettt et e e e e et e e e s ee e raeaeaaas A. (A.) indica
Basal section of M, twice as long as m-m. Posterior margin of tergite 9 with
two rounded lobes. Inner gonostylus with tip dilated (Alexander 1938a;

Markevidiité et al. 2019, 2021)................ A. (A.) nebulipennis immaculata
Basal section of M, shorter than one and half times length of m-m (Alexander
1938Q) 1.t e A. (A.) flavidibasis

Basal section of M, as long as or longer than twice length of m-m (Figs 2d,
B ettt ettt ettt b bt et b et ens 17
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17 Tip of inner branch of paramere bifid (Figs 8e, 9)......A. (4.) tibetana sp. nov.
- Tip of inner branch of paramere not bifid (Figs 2e, 3, 4¢, 5) ..c.ccccvcvvuvennnes 18
18 Basal section of M, four times as long as m-m (Fig. 2d). Outer gonostylus
with tip inflated and blunt (Figs 2e, 3)................. A. (A.) curvativa sp. nov.
- Basal section of M, twice as long as m-m. Outer gonostylus narrowed to acute
tip (Alexander 1935; Markeviciate et al. 2019, 2021)........ A. (A.) lacteibasis

19 Tip of outer gonostylus bifid (Markeviciaté et al. 2021: Figs 10, 15) ........ 20
- Tip of outer gonostylus not bifid ........ccocoevvviieiiiiiiniiiiicccces 21
20 Posterior margin of tergite 9 with two teeth (Alexander 1924; Markevicitté

et al. 2019, 2021) ceeouiriiieiiiieiceeeceete e A. (A.) bifida

— Posterior margin of tergite 9 without teeth (Markeviciaté et al. 2021) ..........
............................................................................................. A. (A.) pulchra
21 Inner branch of paramere spiral (Markeviciaté et al. 2019, 2021)....4. (4.) bella
- Inner branch of paramere straight (Figs 4e, 5)...c.ccccvvriiiinnnnccicnn 22
22 Posterior margin of tergite 9 with a deep, U-shaped, median concavity (Alex-
ander 1938b; Markeviciaté et al 2019, 2021) ................. A. (A.) emarginata
- Posterior margin of tergite 9 with a gentle median concavity (Fig. 5) ........ 23
23 Tip of aedeagus not bifid (Alexander 1931; Markevic¢iaté et al. 2019, 2021).
.................................................................................... A. (A.) minuticornis

- Tip of aedeagus bifid (Figs 4e, 5) ..c.ceveivivvrieciiirrcciccne A. (A.) setigera

Antocha (Antocha) curvativa Lv & Zhang, sp. nov.
https://zoobank.org/ CE9CC4CC-B440-40E5-979D-35F2A4843FEB
Figs 2, 3

Type material. Holotype: Crina * J; Tibet Autonomous Region, Medog County,
Bari village; 29°20'13"N, 95°21'54"E; 1680 m a.s.l; 29 July 2014; Yan Li leg; CAU.
Paratypes: Caina * 2 33 2 Q95 same data as holotype; CAU.

Diagnosis. Antocha (A.) curvativa sp. nov. can be recognized by thorax with four
more or less confluent stripes, wing having no stigma, basal section of M, which is
about four times as long as m-m, posterior margin of tergite 9 having shallow me-
dian emargination and specific, stout outer gonostylus with tip distinctly flattened
and nearly funnel-shaped. Aedeagal complex with interbase elongated, distally oval;
paramere apically slender and curved ventrally; inner branch of paramere elongated,
tip rounded.

Description. Male. Body length 4.8-5.5 mm, wing length 4.3-4.8 mm, antenna
length 0.9-1.1 mm.

Head (Fig. 2b). Dark brown, with brown setae. Antenna dark brown. Scape cy-
lindrical; pedicel oval; flagellomeres oval, apically tapering and shortened. Setae on
antenna brown. Rostrum light brown; palpus brown to dark brown; setae on rostrum
and palpus brown.
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i gonst o gonst

CuP

Figure 2. Antocha (Antocha) curvativa sp. nov. a habitus of male, lateral view b male head, lateral view

c male thorax, dorsal view d male wing e aedeagal complex with gonocoxite and gonostyli, dorsal view
f female ovipositor, lateral view. Scale bars: 1.0 mm (a); 0.3 mm (b, ¢); 0.5 mm (d); 0.2 mm (e, f).

Thorax (Fig. 2¢). Pronotum dark brown. Prescutum and presutural scutum brown,
with four more or less confluent dark brown stripes. Postsutural scutum brown; scutal
lobes each with a darker brown spot. Scutellum brown, with side edges dark brown.
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a

Figure 3. Antocha (Antocha) curvativa sp. nov. a male hypopygium, dorsal view b male hypopygium,

ventral view. Scale bar: 0.1 mm.

Mediotergite dark brown. Pleuron brown (Fig. 2a). Legs with light brown coxae; tro-
chanters light yellow with side edges brown; femora yellowish, becoming brown towards
apex; tibiae and tarsal segments brown. Setae on legs brown. Wing light brown, without
stigma; anal angle nearly right-angled (Fig. 2d). Veins light brown. Venation: Sc end-
ing before fork of Rs, at about 2/3 of Rs; basal section of R, about as long as r-m; m-cu
shortly before fork of M, distance approximarely 1/4 its own length; basal section of M,
about four times as long as m-m; cell m, about as long as cell dm. Halter with stem pale.

Abdomen. Tergites 1-6 brown, tergites 7 and 8 dark brown. Sternites 1-6 light
brown, sternites 7 and 8 dark brown.

Hypopygium (Figs 2e, 3). Brown. Posterior margin of tergite 9 with broad and shal-
low emargination (Fig. 3a). Gonocoxite nearly cylindrical, with long yellow setae (Figs
2e, 3). Outer gonostylus stout, apical half sclerotized, tip distinctly curved, flattened,
nearly funnel-shaped. Inner gonostylus thick and fleshy. Interbase nearly V-shaped, dis-
tal part elongate and oval (Figs 2e, 3). Paramere with base rod-shaped, apical part slender,
curved ventrally, and with tip sharp. Inner branch of paramere in the shape of elongated
lobe with tip rounded (Figs 2e, 3). Aedeagus rod-shaped, curved ventrally (Figs 2e, 3).

Female. Body length 5.0-5.5 mm, wing length 4.5-5.0 mm. Generally similar to
male by body coloration.

Ovipositor (Fig. 2f). Tergite 10 dark brown, caudal part paler. Cercus brown with
base darker, tip raised and tapering. Hypogynial valve light brown, reaching approxi-
mately 3/5 of cercus.

Etymology. The specific name refers to the curved apical part of paramere.

Distribution. China (Tibet).

Remarks. The new species is similar to A. (A.) lacteibasis from China in having
similar apical part of paramere and tip of inner branch of paramere being not bifid,
but it can be easily distinguished by the basal section of vein M, being about four
times as long as m-m (Fig. 2d) and the stout outer gonostylus with the tip sclerotized,
funnel-shaped, inflated, and blunt (Figs 2e, 3). In A. (A.) lacteibasis, the basal section
of vein M, is about twice as long as m-m, and the outer gonostylus narrow with acute
tip (Alexander 1935; Markeviciate et al. 2019, 2021).
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Antocha (Antocha) setigera Alexander
Figs 4, 5

Antocha (Antocha) setigera Alexander 1933b: 369 (original description).

Type material examined. Holotype: Crina ¢ J; Sichuan province, Mount Omei;
2134 m a.s.l;; 17 July 1931; Franck leg;s USNM. Other material examined: CHiNa
*8 33 6 QQ; Tibet Autonomous Region, Chayu County, Xiachayu Farm Hydropower
Station; 28°30'19"N, 97°01'25"E; 1520 m a.s.l.; 8 July 2016; Shaolin Han leg; CAU.

Diagnosis. Antocha (A.) setigera can be recognized by thorax with four brown
stripes, wing lacking a stigma, basal section of M, as long as m-m, and slightly curved
outer gonostylus with blackened, blunt tip. Aedeagal complex with interbase distally
small and parameres apically fused, arch-shaped.

Description. Male. Body length 4.5-5.0 mm, wing length 5.0-6.0 mm, antenna
length 1.5-1.8 mm.

Head (Fig. 4b). Dark brown with brown setae. Antenna brown with light brown
scape. Scape cylindrical; pedicel and flagellomeres elongate oval, apically tapering; ter-
minal segment short, about half as short as other segments. Rostrum yellow; palpus
light brown; setae on rostrum and palpus brown.

Thorax (Fig. 4c). Pronotum brown. Prescutum and presutural scutum brown four
brown stripes. The central stripes fused in the anterior third, the rest is separated by
pale narrow vitta. Postsutural scutum dark brown, middle area yellow, scutal lobes each
with brown spot. Scutellum pale yellow, with side edges dark brown. Mediotergite
brown to dark brown. Pleuron brown (Fig. 4a). Legs with fore coxa brown; mid coxa
brownish yellow; hind coxa yellow; trochanters yellow; femora and tibiae brownish
yellow; tarsi brown with terminal segments darker brown. Wing light brown, without
stigma; anal angle nearly right-angled (Fig. 4d). Veins brown. Venation: Sc ending
nearly at fork of Rs; basal section of R, about twice as long as r-m; m-cu shortly before
fork of M, distance approximately 1/3 its own length; basal section of M, as long as
m-m; cell m, longer than cell dm. Halter pale with stem light yellow.

Abdomen. Tergites dark brown. Sternites 1-6 brown with side edges yellow, ster-
nites 7 and 8 dark brown.

Hypopygium (Figs 4e, 5). Yellow. Posterior margin of tergite 9 convex with mid-
dle slightly emarginate (Fig. 5a). Gonocoxite nearly cylindrical with long brown setae
(Figs 4e, 5). Outer gonostylus slightly curved, with blackened distal half and tip scle-
rotized and blunt. Inner gonostylus slightly curved. Interbase distally flattened, small
and horn-like with tip sharp (Figs 4e, 5). Parameres apically fused, arch-shaped. Inner
branch of paramere elongated, with tip narrowly obtuse (Figs 4e, 5). Aedeagus curved
ventrally, tip bifid (Figs 4e, 5).

Female. Body length 4.5-5.5 mm, wing length 5.0-6.0 mm. Generally similar to
male by body coloration.

Ovipositor (Fig. 4f). Tergite 10 yellowish brown with base darker. Cercus brown,
tip raised and tapering, apex acute. Hypogynial valve yellowish, reaching sub-tip
of cercus.
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Figure 4. Antocha (Antocha) setigera a habitus of male, lateral view b male head, lateral view ¢ male
thorax, dorsal view d male wing e aedeagus complex with gonocoxite and gonostyli, dorsal view f female
ovipositor, lateral view. Scale bars: 1.0 mm (a); 0.2 mm (b, €); 0.5 mm (d); 0.2 mm (e, f).
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Figure 5. Antocha (Antocha) setigera a male hypopygium, dorsal view b male hypopygium, ventral view.

Scale bar: 0.1 mm.

Distribution. China (Sichuan, Tibet).

Remarks. In China, this species was previously only known in Sichuan province
and is now recorded in Tibet for the first time. For descriptions and illustrations of this
species, also see Alexander (1933b) and Markeviciate et al. (2019, 2021).

Antocha (Antocha) spiralis Alexander
Figs 6, 7

Antocha (Antocha) spiralis Alexander 1932: 389 (original description).

Material examined. CaiNa * 9 3d 1 Q; Tibet Autonomous Region, Bayi District,
Pailong; 30°01'25"N, 95°00'32"E; 2003 m a.s.L.; 20 June 2018; Liang Wang leg.; CAU.

Diagnosis. Antocha (A.) spiralis can be recognized by thorax having no stripes,
wing without stigma, basal section of M, about one and half times as long as m-m,
posterior margin of tergite 9 having shallow, median emargination and slightly curved,
blackened in distal 2/3 of outer gonostylus. Aedeagal complex with interbase nearly U-
shaped; paramere apically slender and twisted into a spiral; inner branch of paramere
with bifid tip.

Description. Male. Body length 4.5-5.5 mm, wing length 5.0-6.0 mm, antenna
length 1.0-1.2 mm.

Head (Fig. 6b). Black with brown setae. Antenna brown, with dark brown pedi-
cel. Scape cylindrical; pedicel and flagellomeres oval; terminal two segments slender.
Rostrum yellow; palpus light brown; setae on rostrum and palpus brown.

Thorax (Fig. 6¢). Pronotum brown. Prescutum and presutural scutum dark
brown, without stripe. Postsutural scutum brownish yellow in middle; scutal lobes
each with brown spot. Scutellum brown with middle of base brownish yellow.
Mediotergite dark brown, with middle brownish yellow. Pleuron brown (Fig. 6a).
Legs with fore and mid coxae brown; hind coxa yellow; trochanters yellow with side
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D - -

Figure 6. Antocha (Antocha) spiralis a habitus of male, lateral view b male head, lateral view ¢ male
thorax, dorsal view d male wing e aedeagus complex with gonocoxite and gonostyli, dorsal view f female
ovipositor, lateral view. Scale bars: 1.0 mm (a); 0.3 mm (b); 0.4 mm (c); 0.6 mm (d); 0.2 mm (e, f).

edges brown; femora brownish yellow to brown; remaining segments dark brown.
Wing light brown, without stigma; anal angle nearly right-angled (Fig. 6d). Veins
brown. Venation: Sc ending before fork of Rs, at about 5/6 of Rs; basal section of
R, about 1% times as long as r-m; m-cu shortly before fork of M, distance approxi-
mately 1/4 its own length; basal section of M, about 1%2 as long as m-m; cell m,
longer than cell dm. Halter pale.

Abdomen. Tergites 1-6 brown, tergites 7 and 8 dark brown. Sternites 1-6 brown-
ish yellow to light brown; sternites 7 and 8 dark brown.
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a

Figure 7. Antocha (Antocha) spiralis a male hypopygium, dorsal view b male hypopygium, ventral view.

Scale bar: 0.1 mm.

Hypopygium (Figs Ge, 7). Posterior margin of tergite 9 with broad and shallow
emargination (Fig. 7a). Gonocoxite nearly cylindrical with brown setae (Figs 6e, 7).
Outer gonostylus slightly curved; base yellowish brown; distal 2/3 blackened, nar-
rowing towards obtuse apex. Interbase nearly U-shaped, distal part flattened and oval
(Figs Ge, 7). Paramere with rod-shaped base; apical part slender and twisted into spiral;
tip sharp. Inner branch of paramere with tip bifid; outer tooth longer than inner one
(Figs Ge, 7). Aedeagus with two projections near tip (Figs Ge, 7).

Female. Body length 4.5-5.5 mm, wing length 5.0-6.0 mm. Generally similar to
male by body coloration.

Ovipositor (Fig. 6f). Tergite 10 brownish yellow, with brown base. Cercus yellow-
ish brown, with base darker, slender, and curved; tip raised and tapering. Hypogynial
valve yellow, reaching approximately middle of cercus.

Distribution. China (Sichuan, Tibet), India.

Remarks. In China, this species was previously only known in Sichuan and is now
recorded in Tibet for the first time. For descriptions and illustrations of this species,
also see Alexander (1932) and Markeviciaté et al. (2019, 2021). Both A. (A.) spiralis
and A. (A.) bella from China have the twisted structure of the hypopygium. In
A. (A.) spiralis, the apical part of the paramere is slender and twisted into a spiral, and
the tip of the inner branch of the paramere is bifid (Figs 6e, 7), while in A. (4.) bella,
the tip of the inner branch of the paramere is twisted (Markevi¢iate et al. 2019).

Antocha (Antocha) tibetana Lv & Zhang, sp. nov.
https://zoobank.org/81CC7F50-E60F-47BD-A80C-A206C006D2FA
Figs 8,9

Type material. Holotype: Crina ¢ J; Tibet Autonomous Region, Medog County,
80k; 29°28'47"N, 96°05'19"E; 2104 m a.s.1.; 30 July 2014; Tingting Zhang leg; CAU.
Paratypes: Cuina * 1 & 2 99; Tibet Autonomous Region, Medog County, 80k;
29°28'47"N, 96°05'19"E; 2104 m a.s.l.; 1 Aug. 2014; Tingting Zhang leg; CAU.
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Figure 8. Antocha (Antocha) tibetana sp. nov. a habitus of male, lateral view b male head, lateral view
¢ male thorax, dorsal view d male wing e aedeagus complex with gonocoxite and gonostyli, dorsal view
f female ovipositor, lateral view. Scale bars: 1.0 mm (a); 0.3 mm (b, ¢); 0.5 mm (d); 0.2 mm (e, f).

Diagnosis. Antocha (A.) tibetana sp. nov. can be recognized by thorax with three
dark brown stripes, wing having indistinct stigma, basal section of M, about twice as
long as m-m, posterior margin of tergite with shallow emargination and outer gonosty-
lus apically claw-shaped. Aedeagal complex with interbase distally horn-like; paramere
apically flattened and triangular; inner branch of paramere with tip bifid into two teeth.

Description. Male. Body length 4.5-5.0 mm, wing length 5.1-5.5 mm, antenna
length 1.0-1.2 mm.
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a

Figure 9. Antocha (Antocha) tibetana sp. nov. a male hypopygium, dorsal view b male hypopygium,

ventral view. Scale bar: 0.1 mm.

Head (Fig. 8b). Dark brown, with brown setae. Antenna brown, with brown setae.
Scape nearly cylindrical; pedicel oval; flagellomeres oval, apically shortened. Rostrum
and palpus brown, with brown setae.

Thorax (Fig. 8c). Pronotum brown. Prescutum and presutural scutum brownish
yellow, with three dark brown stripes. Postsutural scutum brownish yellow; scutal lobes
each with a brown spot. Scutellum brown, with middle brownish yellow. Mediotergite
brown with side edges light brown. Pleuron brownish yellow (Fig. 8a). Legs with coxae
and trochanters yellow; rest of segments brownish yellow. Wing light brownish yellow,
with very indistinct stigma; anal angle nearly right-angled (Fig. 8d). Veins brownish
yellow. Venation: Sc ending before fork of Rs, at about 5/6 of Rs; basal section of R,
about 1%2 as long as r-m; m-cu shortly before fork of M, distance approximately 1/3
its own length; basal section of M, about twice as long as m-m; cell m, longer than cell
dm. Halter pale with stem light yellow.

Abdomen. Tergites 1-6 brown, tergites 7 and 8 dark brown. Sternites 1-6 brown-
ish yellow; sternites 7 and 8 dark brown.

Hypopygium (Figs 8¢, 9). Yellow. Posterior margin of tergite 9 with shallow emar-
gination (Fig. 9a). Gonocoxite nearly cylindrical with brown setae (Figs 8e, 9). Outer
gonostylus apically black with tip curved, claw-shaped. Inner gonostylus nearly straight
with tip rounded. Interbase nearly V-shaped, distal part flatctened and horn-like, with
tip blunt (Figs 8e, 9). Paramere with base rod-shaped; apical part flattened, triangular
in shape. Inner branch of paramere with tip bifid, two teeth almost equal in length
(Figs 8e, 9). Aedeagus rod-shaped, curved ventrally (Figs 8e, 9).

Female. Body length 5.0-5.3 mm, wing length 5.5-5.7 mm. Generally similar to
male by body coloration.

Ovipositor (Fig. 8f). Tergite 10 yellowish. Cercus pale yellow, with base darker;
tip raised and tapering. Hypogynial valve yellowish, reaching approximately middle
of cercus.

Etymology. The species is named after the type locality, Tibet.

Distribution. China (Tibet).
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Remarks. The new species is somewhat similar to A. (A4.) spiralis from China and In-
dia with the similar wing venation and bifid tip of inner branch of paramere, but it can be
easily distinguished by the three stripes on the thorax (Fig. 8c) and the triangular apex of
the paramere (Figs 8e, 9). In A. (A.) spiralis, the thorax has no obvious longitudinal stripes
(Fig. 6¢), while the apex of the paramere is slender and twisted into a spiral (Figs Ge, 7).
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Abstract

Symbiotic associations between zoantharians and sponges can be divided into two groups: those that as-
sociate with Demospongiae and those that associate with Hexactinellida. Parachurabana shinseimaruae
Kise, gen. nov. et sp. nov., a new genus and a new species of Hexactinellida-associated zoantharian from
Japanese waters, is described. It is characterized by a combination of the following: i) its host hexactinellid
sponge, ii) very flat polyps, iii) cteniform endodermal marginal muscles, and iv) characteristic mutations
in three mitochondrial regions (including a unique 26-bp deletion in 16S ribosomal DNA) and three
nuclear regions. Parachurabana shinseimaruae Kise, gen. nov. et sp. nov. is the third genus in the family
Parazoanthidae that is reported to be associated with Hexasterophora sponges. Although specimens have
so far only been collected on Takuyo-Daigo Seamount off Minami-Torishima Island in Japan, unidenti-
fied zoantharians of similar description have been reported from the waters around Australia, indicating
that the species might be widespread across the Pacific.

Copyright Hiroki Kise et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

The family Parazoanthidae Delage & Hérouard, 1901 comprises 16 genera and more
than 50 species (Reimer and Sinniger 2022). The Parazoanthidae usually form symbi-
otic relationships with various benthic invertebrates, including octocorals (Cutress and
Pequegnat 1960; Reimer et al. 2008; Sinniger et al. 2013; Carreiro-Silva et al. 2017),
antipatharians (Sinniger et al. 2010; Kise et al. 2017), and sponges (Duchassaing de
Fonbressin and Michelotti 1860; Schmidt 1862; Montenegro et al. 2015). This allows
them to capture plankton more effectively in environments where plankton are scarce
by attaching themselves to benthic filter feeders (Di Camillo et al. 2010).

Sinniger et al. (2005, 2010) suggested that different genera within the Parazo-
anthidae share evolutionary histories with their associated host organisms, as these
genera form monophyletic clades based on associated host organisms. Symbiotic as-
sociations between parazoanthids and sponges can be divided into two groups: those
that associate with Demospongiae and those that associate with Hexactinellida. Dem-
ospongiae-associated zoantharians consist of Bergia Duchassaing & Michelotti, 1860,
Parazoanthus Haddon & Shackleton, 1891, and Umimayanthus Montenegro, Sinniger
& Reimer, 2015; Hexactinellida-associated zoantharians comprise Churabana Kise,
Montenegro & Reimer, 2021, fsozoanthus Carlgren in Chun, 1903, and Vitrumanthus
Kise, Montenegro & Reimer, 2021. Churabana and Vitrumanthus are recently estab-
lished genera that are characterized by their association with the hexactinellid subclass
Hexasterophora (Kise et al. 2022). Churabana kuroshioae Kise, Montenegro & Reimer,
2021 and Vitrumanthus oligomyarius (Wassilieff, 1908) are found in the Pacific Ocean,
and V. schrieri Kise, Montenegro & Reimer, 2021 and V. vanderlandi Kise, Montene-
gro & Reimer, 2021 are found in the Atantic Ocean, including the Dutch Caribbean
and the western coast of Africa. Although Hexasterophora—zoantharian associations
are relatively common and have been reported to occur circumglobally, potentially
undescribed zoantharians have been observed on hexasterophoran sponges such as Cyr-
taulon caledoniensis Reiswig & Kelly, 2017 in the Pacific Ocean (Reiswig and Kelly
2017). Thus, the diversity of Hexasterophora-associated zoantharians remains under-
studied in this region.

Recently, we collected a single specimen of parazoanthid associated with a hex-
actinellid sponge in the family Farreidae Gray, 1872 during a benthic survey of the
Takuyo-Daigo Seamount in the western Pacific Ocean. On the basis of molecular
phylogenetic analyses combined with morphological and ecological data, we formally
describe it here as the new species Parachurabana shinseimaruae gen. nov. et sp. nov.
(authored by Kise).
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Materials and methods

Specimen collection

A single specimen was collected on 19 June 2020 by using a remotely operated sub-
mersible on Takuyo-Daigo Seamount off southwestern Minami-Torishima Island in
the northwestern Pacific Ocean during a cruise aboard the RV Shinsei-maru. Photo-
graphs of the specimen were taken in situ for gross external morphological observation.
The collected specimen was fixed in 99.5% EtOH and stored at 80 °C.

Molecular analyses

Genomic DNA was extracted from the tissue of the holotype specimen using a spin-col-
umn DNeasy Blood and Tissue Extraction Kit (Qiagen, Hilden, Germany) following
the manufacture’s protocol. PCR amplification using Takara Ex Taqg DNA Polymerase
Hot Start Version (TaKaRa Bio, Inc., Shiga, Japan) was conducted for mitochondrial
cytochrome ¢ oxidase subunit I (COI) with jgLCO1490 and jgHCO2198 (Geller et
al. 2013), mitochondrial 128 ribosomal DNA (mt 12S-rDNA) with the primers 12S1a
and 1283r (Sinniger et al. 2005), mitochondrial 16S ribosomal DNA (mt 16S-rDNA)
with the primers 16Sant0a (Sinniger et al. 2010) and 16SbmoH (Sinniger et al. 2005),
nuclear 18S ribosomal DNA (18S-rDNA) with the primers 18SA and 18SB (Medlin
etal. 1988), nuclear internal transcribed spacer region of ribosomal DNA (ITS-rDNA)
with the primers ITSf and I'TSr (Swain 2010), and nuclear 28S ribosomal DNA (28S-
rDNA) with the primers 28Sf and 28Sr (Swain 2009). For 18S-rDNA, the primers
18SC, 18SL, 18SO, and 18SY (Apakupakul et al. 1999) were used for sequencing,.

All PCR products were purified with ExoSAP-IT™ PCR Product Cleanup Reagent
(Thermo Fisher Scientific, Waltham, MA, USA) at 37 °C for 15 min followed by 80 °C
for 15 min. Purified PCR products were sequenced by Macrogen Japan, Inc. (Kyoto, Ja-
pan). Obrtained sequences in this study were deposited in GenBank (Suppl. material 1)

Bidirectional sequences were assembled and edited in Geneious v. 10.2.3 (Kearse
etal. 2012). Multiple sequence alignments were performed with previously published
Parazoanthidae sequences obtained from GenBank (Suppl. material 1) using MAFFT
v. 7.110 (Katoh and Standley 2013) with the auto algorithm under default parameters.
Epizoanthidae Delage & Hérouard, 1901 and Isozoanthus Carlgren in Chun, 1903
were selected as outgroups. Although fsozoanthus is currently located in Parazoanthi-
dae, recent studies suggest that Zsozoanthus is phylogenetically closer to Epizoanthidae
than Parazoanthidae (e.g., Swain 2010). All aligned datasets are available at figshare
(https://doi.org/10.6084/m9.figshare.21673196).

Phylogenetic analyses were performed on the concatenated dataset using maxi-
mum likelihood (ML) and Bayesian inference (BI). ModelTest-NG v. 0.1.6 (Darriba
et al. 2019) and the Akaike information criterion were used to independently select
the best-fitting model for each molecular marker for both ML and BI. The best models
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for ML and BI analyses were TrN+I+G (BI: HKY+I+G) for COI, TPM3uf+I1+G (BI:
HKY+G) for mt 12S-rDNA, GTR+G for mt 16S-rDNA, HKY+I+G for 18S-rDNA,
TPM1uf+I+G (BI: GTR+I+G) for ITS-rDNA, and GTR+I+G for 28S-rDNA. Inde-
pendent phylogenetic analyses were performed using models partitioned by region in
RAXML-NG v. 0.9.0 (Kozlov et al. 2019) for ML, and MrBayes v. 3.2.6 (Ronquist and
Huelsenbeck 2003) for BI. RAXML-NG was configured to use 12,345 initial seeds,
search for the best tree among 100 preliminary parsimony trees, scale and automati-
cally optimize branch length for each partition, and optimize the model parameters,
with 1000 bootstrap replicates. MrBayes was configured as indicated by ModelTest-
NG: 4 Markov chain Monte Carlo heated chains were run for 5,000,000 generations
with the temperature of the heated chain set to 0.2. Chains were sampled every 200
generations. Burn-in was set to 1,250,000 generations, at which point the average
standard deviation of split frequency was consistently below 0.01.

ITS-rDNA has been considered as a useful marker to delineate species in Zoan-
tharia (Reimer et al. 2007). Therefore, additional ML phylogenetic analysis for ITS-
rDNA was performed using PhyML v. 3.0 (Guindon et al. 2010) with the best model
(GTR) inferred by Smart Model Selection (SMS) implemented in the PhyML, with
1000 bootstrap replicates.

Morphological observations

External morphological characters of the preserved specimen were examined using
in-situ images and a dissecting microscope. Internal morphological characters were
examined by using histological sections; 10-15 pm serial sections were made with a
microtome (LEICA RM2145; Leica, Germany) and stained with haematoxylin and
eosin after decalcification with Morse solution for 48 h (1:1 vol; 20% citric acid: 50%
formic acid) and desilication with 20% hydrofluoric acid for 18-24 h. Classification of
marginal muscle shapes followed the scheme described by Swain et al. (2015). Cnidae
analysis was conducted using undischarged nematocysts from the tentacles, columns,
actinopharynxes, and mesenterial filaments of two polyps of the holotype specimen
under a Nikon Eclipse80i microscope (Nikon, Tokyo). Cnidae sizes were measured
using Image] v. 1.45 (Rasband 2012). Cnidae classification followed England (1991)
and Ryland and Lancaster (2004) except for the treatment of basitrichs and microbasic
b-mastigophores as mentioned by Kise and Reimer (2019). Associated hexactinellid
sponges were identified based on morphology (Reiswig and Wheeler 2002a, b).

Abbreviations

CMNH Coastal Branch of the Natural History Museum and Institute, Chiba, Japan;

NSMT  National Science Museum, Tsukuba, Ibaraki, Japan;

RMNH Rijksmuseum van Natuurlijke Historie (now at the Naturalis Biodiversity
Center), Leiden, the Netherlands;

RUMF  Ryukyu University Museum (Fujukan), University of the Ryukyus, Ok-

inawa, Japan.
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Results
Taxonomic description

Order Zoantharia Rafinesque, 1815
Suborder Macrocnemina Haddon & Shackleton, 1891
Family Parazoanthidae Delage & Hérouard, 1901

Genus Parachurabana Kise, gen. nov.

https://zoobank.org/B0C6562D-BA20-42D5-B875-E91977F3C31F

Type species. Parachurabana shinseimaruae Kise sp. nov. by original designation.

Diagnosis. Parazoanthidae with symbiotic relationship with farreid sponges.
Polyp cylindrical and flat when preserved. Preserved polyps 0.5-1.0 mm in height,
0.5-3.0 mm in diameter. Azooxanthellate. Cteniform endodermal marginal muscle.

Remarks. Parachurabana gen. nov. is differentiated from other sponge-associated
parazoanthids based on a combination of host-sponge identity and morphological fea-
tures. Parachurabana gen. nov. is easily distinguished from the genera Bergia, Parazo-
anthus, and Umimayanthus by its association with hexactinellid sponges, as the three
other genera are associated with Demospongiae sponges. In Hexactinellida-sponge-
associated Parazoanthidae genera, the association with subclass Amphidiscophora dif-
ferentiates Parachurabana gen. nov. from Isozoanthus. Marginal muscle morphology
differentiates Parachurabana gen. nov. (cteniform endodermal marginal muscles) from
Vitrumanthus (cyclically transitional marginal muscles). Parachurabana gen. nov. can
be distinguished from Churabana by polyp size, as Parachurabana gen. nov. has very
flat polyps when preserved (0.5-1.0 mm in height, 0.5-3.0 mm in diameter) in com-
parison to Churabana (3.0-4.0 mm in height, 2.8-4.0 mm in diameter). In thel6S-
rDNA region, Parachurabana gen. nov. is characterized by a unique deletion of 26 bp
(positions 136—150 and 168-178 in our alignment) (Suppl. material 2).

Etymology. Parachurabana alludes to its morphological similarities to Churabana.
The Prefix “para” is a Greek word meaning “resembling.”

Parachurabana shinseimaruae Kise, sp. nov.
https://zoobank.org/908AC687-D304-4881-A097-F1BA98340F6D
Figs 1-3

Material examined. Holotype. NSMT-Co 1819, Takuyo-Daigo Seamount off south-
western Minami-Torishima Island, 23°23'N, 153°04'E, 935 m depth, coll. RV Shinsei-
maru, 19 June 2020, fixed in 99.5% ethanol.

Material examined for comparison. Churabana kuroshioae RUMF-ZG-04447
(holotype), collected from near Iejima Island, Motobu, Okinawa, Japan by T. Higashiji,
02 Mar. 2018. Vitrumanthus schrieri RMNH.COEL.42429 (holotype), collected from
SubStation, Curagao by B.W. Hoeksema, 31 Mar. 2014. Vitrumanthus vanderlandi
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Figure 1. External morphology of Parachurabana shinseimaruae sp. nov. a photographic record from
Takuyo-Daigo Seamount off southwestern Minami-Torishima Island b—d NSMT-Co 1819 a living pol-
yps on a hexactinellid sponge Farrea sp. b preserved specimen ¢ close-up image of a single preserved polyp

d close-up, side-view image of a single preserved polyp attached to a hexactinellid sponge Farrea sp. Scale
bars: 20 mm (a, b); 1 mm (c, d).

RMNH.COEL.42623 (holotype), Cape Verde Islands, Sao Tiago, Ilheus Rombos east
of Cima by RV HNIMS Tydeman, 24 Aug. 1986. Vitrumanthus oligomyarius CMNH
7G-4785, off Katsuura, Chiba, Japan by A. Tamura, 19 Jan. 2006.

Description. External morphology. Cylindrical polyps that appear solitary and
sparsely distributed on the hexactinellid sponge Farrea Bowerbank, 1862 (Fig. 1a, b). Sur-
face of column rough, and ectoderm continuous. Polyps attached to hexactinellid sponge
surfaces with pedal-disk-like structure (Fig. 1c, d). In contracted polyp, tentacles poorly
covered by capitulum and actinopharynx visible. Preserved column creamy white in color
and heavily encrusted with sand and silica particles. Capitulary ridges discernible, 12-14
in number (Fig. 1c). Tentacles 24—28 in number, shorter than or equal to expanded oral
disk diameter. Living expanded polyps to ca. 10.0 mm in height and 5.0 mm in diameter.
Preserved contracted polyps to 0.5-1.0 mm in height and 0.5-3.0 mm in diameter. Liv-
ing column white and/or yellowish; capitulum and tentacle transparent (Fig. 1a).

Internal morphology. Zooxanthellae absent. Cteniform endodermal marginal
muscle with comb-like mesogleal pleats (Fig. 2a). Ectoderm and mesoglea heavily en-
crusted with numerous sand and silica particles of various size (Fig. 2b, c). Basal canals
of mesenteries absent and encircling sinus visible (Fig. 2¢). Single siphonoglyph and
complete mesenteries possibly fertile.
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Figure 2. Images of the internal morphology of Parachurabana shinseimaruae sp. nov. NSMT-Co 1819

a close-up image of cteniform endodermal marginal muscle in a longitudinal polyp section b cross-
section at the height of tentacles ¢ cross-section at the height of the actinopharynx. Abbreviations:
CEMM, cteniform endodermal marginal muscle; CM, complete mesentery; CW, column wall; DD,
dorsal directives; ES, encircling sinus; IM, incomplete mesentery; T, tentacles. Scale bars: 200 um (a);
500 pm (b, c).

Cnidae. Basitrichs and microbasic b-mastigophores, microbasic p-mastigophores,
holotrichs, special b-mastigophores, and spirocysts (See Fig. 3 and Table 1 for size).

Distribution and habitats. Northwestern Pacific Ocean: Takuyo-Daigo Sea-
mount off southwestern Minami-Torishima Island at depths of 900-1000 m.

Associated host. Farrea sp. (Porifera: Hexactinellida)

Molecular phylogeny. Both ML and BI phylogenetic analyses using the concat-
enate dataset indicate that Parachurabana shinseimaruae sp. nov. is basal to the clade
containing the genera Bergia, Parazoanthus, and Umimayanthus (Fig. 4; ML, 62%; BI,
0.99). ML phylogenetic analyses place Churabana and Vitrumanthus in a clade with oc-
tocoral-associated genera such as Corallizoanthus Reimer in Reimer, Nonaka, Sinniger
& Iwase, 2008 with no support (ML < 50%), whereas BI phylogenetic analyses place
Churabana and Vitrumanthus in a sister clade to that containing Parachurabana, Bergia,
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Parachurabana shinseimaruae gen. nov. et sp. nov.
Tentacles Column Actinopharynx Mesenterial filaments

A

wr of

S 00 HL SBM HL S 000 HL SBM SOPM HL SBM

Figure 3. Cnidac in the tentacles, column, actinopharynx, and mesenterial filaments of the holotype of
Parachurabana shinseimaruae sp. nov. Abbreviations: HL, holotrich large; O, basitrichs and microbasic b-

mastigophores; SBM, special microbasic b-mastigophores; PM, microbasic p-mastigophores; S, spriocysts.

Table |. Cnidac types and sizes observed in this study. Frequency: relative abundance of cnidae type in

decreasing order; numerous, common, occasional, rare. 7z = number of cnidae measured.

Tissue Type of cnidae Length Width Frequency =
(min—max, mean) (min—max, mean)
Tentacle Spirocysts 15.30-32.20, 23.40  2.22-4.81,3.64 Numerous 195
Basitrichs and microbasic 15.31-25.12,21.54  1.61-4.20, 3.38 Numerous 67
b-mastigophores
Holotrichs (L) 27.97-44.58, 35.29 11.63-21.31,15.20 Occasional 11
Column Special microbasic b-mastigophores 11.56-16.84, 13.91  5.16-8.04, 6.01 ~ Occasional 13
Holotrich (L) 28.84-37.84,32.00 10.72-18.72,15.35 Common 18
Actinopharynx Spirocysts 18.05-29.02,23.73  2.03-4.62,3.45 Numerous 45

Basitrichs and microbasic 18.29-27.64,22.33 1.73-4.96,3.30 Common 32
b-mastigophores

Special microbasic b-mastigophores 17.88-19.09, 18.48  5.69-5.73, 5.71 Rare 2

Holotrichs (L) 38.33-48.65, 43.00 11.08-17.51, 13.96 Rare 3

Mesenterial Spirocysts 19.31-32.17,24.76  2.26-4.81,3.40  Occasional 11
filaments Bastrichs and microbasic 17.81-27.46, 22.45 3.38-4.57,3.83 Common 15

b-mastigophores
Microbasic p-mastigophores 14.04-23.25,19.31  5.08-7.51,5.96  Occasional 13
Special microbasic b-mastigophores  5.84-10.71, 7.79 2.68-5.27,4.21  Occasional 11
Holotrichs (L) 33.13-48.86, 38.93 12.39-24.04, 16.39 Common 22

Parazoanthus, and Umimayanthus (Suppl. material 3). The topology of a phylogeny for
ITS-rDNA dataset was similar with the concatenate dataset (Suppl. material 4).
Remarks. Parachurabana shinseimaruae sp. nov. has so far only been identified on
one seamount off southwestern Minami-Torishima Island. However, Parachurabana
shinseimaruae sp. nov. may be distributed across the Pacific Ocean, as several specimens
associated with farreid sponges have been observed in Australian waters (M. Ekins per-
sonal communication). Although Parachurabana shinseimaruae sp. nov. is morphologi-
cally similar to Vizrumanthus schrieri, Parachurabana shinseimaruae sp. nov. and V. schrie-
7i can be separated by marginal muscle (cteniform endodermal marginal muscle vs cycli-
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Figure 4. Maximum-likelihood tree based on combined dataset of COI, 12S-rDNA, 16S-rDNA, 18S-
rDNA, 28S-rDNA, and ITS-rDNA sequences. Number at nodes represent ML bootstrap values (>50%
are shown). White circles on nodes indicate high support of Bayesian posterior probabilities (>0.95).

cally transitional marginal muscle). Furthermore, Parachurabana shinseimaruae sp. nov.
can be distinguished from Churabana kuroshioae by polyp size (0.5-1.0 mm in height by
0.5-3.0 mm in diameter vs 3.0—4.0 mm in height by 2.8-4.0 mm in diameter).

Etymology. The species is named after RV Shinsei-maru, as the type specimens
were collected by this vessel.

Discussion

Parachurabana gen. nov. is the third Parazoanthidae genus known to associate with
hexasterophoran sponges. Each of these three genera is associated with different hex-
asterophorans: Parachurabana gen. nov. is known to associate with Farrea (family
Farreidae); Churabana with Pararete ljima, 1927 (Euretidae); and Vitrumanthus with
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Verrucocoeloidea Reid, 1969 (Euretidae), Cyrtaulon Schulze, 1886 (Sceptrulophora in-
certae sedis), Aphrocallistes Gray, 1858 (Aphrocallistidae), and Tretochone Reid, 1958
(Euretidae) (Kise et al. 2022). In addition, Vitrumanthus is also known to associate
to Parahigginsia Dendy, 1924 within the Demospongiae (Kise et al. 2022). Although
Parachurabana gen. nov. may be host specific to the genus Farrea, recent studies sug-
gest that the association between zoantharians and host organisms can be more flexible
than initially presumed (see Vaga et al. 2020). Further studies on more taxa are re-
quired to evaluate host specificity between zoantharians and hexasterophorans. Recent
studies indicate that the deep sea harbors high levels of zoantharian diversity (e.g., Sin-
niger et al. 2013; Carreiro-Silva et al. 2017; Reimer et al. 2019). However, taxonomic
studies on the deep-sea zoantharians are generally lacking and numerous undescribed
species await formal description. This study contributes to filling this taxonomic gap.
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Abstract

A new species of the carabid beetle genus Bembidion Latreille is described from the Central Valley, Los
Angeles Basin, and surrounding areas of California. Bembidion brownorum sp. nov. is a distinctive spe-
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its populations may be in decline.
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Introduction

Our knowledge of the North American carabid (ground beetle) fauna has benefitted
from many decades of significant study and publication (e.g., Hatch 1953; Lindroth
1961-1969; Ball and Bousquet 2000; Bousquet 2012). However, the carabid fauna of
the western and southern regions of the continent remains understudied, with distri-
butional ranges, habitats, and life histories of the carabids in those regions still poorly
documented and new species still to be discovered and described. To fill this knowl-
edge gap, we have been sampling carabids in the western United States and Canada,
frequently targeting areas that appear to have been little sampled.

With about 275 species described from the USA and Canada, Bembidion Latreille
is the largest genus of carabid beetles in the region (and the world), and one of the
groups most likely to contain undiscovered taxa (e.g., Maddison and Cooper 2014;
Sproul and Maddison 2017a; Maddison 2020). These are small beetles, with adults of
most species ranging between 3 and 6 mm in length. The majority of species live along
the edges of bodies of water, from ocean shores and estuarian areas to pond shores
and marshes, river and creek shores, and high-elevation snow fields, but some species
are associated with grasslands, alpine meadows, and other areas far from open water.
California has the richest fauna in North America, with over 120 species known.

Although within an hour’s drive of the major metropolitan center of Sacramento,
many parts of Colusa County, California remain unsampled and little represented in
major California entomology collections. Most of the land in the county is privately
owned and used for agricultural production, which limits opportunities for access and
sampling. Somewhat serendipitously, access and permission to collect was obtained
for a ranch, known locally as “Mountain House,” in Colusa County. Over the course
of two years, periodic sampling was conducted to determine the diversity of carabid
beetles on the property.

Among the many insects sampled, a single specimen of Bembidion stood out as
very distinctive (Fig. 1). It was somewhat similar in overall appearance to Bembidion
mormon Hayward, B. obtusangulum LeConte, and B. callens Casey, all members of
the subgenus Notaphus Dejean, but the specimen’s morphological characteristics were
unusual enough that it seemed likely that it belonged to a previously unknown spe-
cies. Results of analyses of DNA sequence data from the specimen provided additional
evidence that it was a new species.

The discovery of this single specimen motivated a search in major carabid col-
lections in California for additional specimens. Only 21 additional specimens were
located, all of which were collected more than 55 years ago. The distribution of speci-
mens suggests this was a widespread species, but the lack of recently collected speci-
mens suggests it may now be more restricted in distribution. Given the prospect of a
declining and potentially threatened species, we felt it urgent to describe this species to
spur the search for additional populations, and prompt research to better understand
the species.
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Figure 1. Holotype male of Bembidion brownorum.
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Materials and methods

Members of Bembidion were examined from the collections listed below. Each collec-
tion’s listing begins with the code used in the text.

BMEC Bohart Museum of Entomology, University of California, Davis, USA;
CAS California Academy of Sciences, San Francisco, USA;

CSAC California State Arthropod Collection, Sacramento, USA;

EMEC  Essig Museum Entomology Collection, University of California, Berkeley, USA;
NMNH National Museum of Natural History, Washington, DC, USA;

OSAC  Oregon State Arthropod Collection, Oregon State University, Corvallis, USA.

Morphological methods

General methods of specimen preparation for morphological work, and terms used, fol-
low Maddison (1993, 2008). Genitalia were prepared, after dissection from the body, by
treatment in 10% KOH at 65 °C for 10 minutes followed by multi-hour baths of dis-
tilled water, 5% glacial acetic acid, distilled water, and finally 100% ethanol. Male geni-
talia were then mounted in Euparal between two small coverslips attached to archival-
quality heavyweight watercolor paper, and, once dried, pinned beneath the specimen.

Photographs of entire beetles, as well as the head and pronotum pictures, were taken
with a Leica M165C dissecting scope and a Sony NEX-7 camera, and of male genitalia
with a Leica DM5500B compound microscope and DMC425C camera. Microsculpture
photographs were taken with a DMC425C camera attached to a DM5500B compound
scope equipped with an X-Cite 110LED light source, which provides co-axial illumina-
tion, and a 20x epi-illumination objective lens. For all photographs of specimens or body
parts, a stack of images from different focal positions was merged using the PMax pro-
cedure in Zerene Systems’s Zerene Stacker; the final images thus potentially have some
artefacts caused by the merging algorithm. Measurements were made using Leica Appli-
cation Suite v. 4.9 from images acquired using either a Leica Z6 Apo lens and DMC4500
camera or a Leica DM5500B compound microscope and DMC425C camera.

Taxon sampling for DNA studies

We obtained new DNA sequence data for the holotype of Bembidion brownorum sp. nov.
and 13 specimens of related species of Bembidion. These new data were combined with
previously published data from six additional specimens (Maddison 2012; Sproul and
Maddison 2017b). As Bembidion flohri Bates, B. mormon, B. callens, and B. obtusangulum
appear to be the closest relatives of B. brownorum based upon a more extensive sampling
of Bembidion (Maddison unpublished), we focused our sampling on those species, and
included three additional species (B. obtusidens Fall, B. scudderi LeConte, and B. consimile
Hayward) as outgroups (Tables 1, 2). All voucher specimens are deposited in OSAC
except for the holotype of B. brownorum (deposited in EMEC) and the paralectotype of
B. callens (specimen 4939, deposited in NMNH as specimen USNM.Ent.01114823).
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Table 1. Sampling of members of Bembidion (Notaphus) for DNA-based study. Four-digit numbers un-
der “#” are D.R. Maddison DNA voucher numbers, and an abbreviation for state or province of capture
under “Loc”; further information on the newly sequenced specimens is given in Table 2. Other entries
are GenBank accession numbers. Newly acquired sequences are those with accession numbers beginning

with “OQ”.

# Loc 28S Co1 CAD Topo

Outgroups

B. obtusidens 2042 KY246703 KY246743 KY246784 KY246824
B. scudderi 1471 0Q286105 0Q284076 0Q288589 0Q288575
B. consimile 2506 0Q286106 0Q284077 0Q288590 0Q288576
obtusangulum group

B. flohri 3049 AB KY246708 KY246749 KY246789 KY246830
B. flohri 3046 OR KY246707 KY246748 KY246788 KY246829
B. flohri 1753 NV JN170340 JN171035 JN170807 JN171216
B. flohri 3061 uT KY246709 KY246750 KY246790 KY246831
B. flohri 5234 NM 0Q286107 0Q284078 0Q288591 0Q288577
B. mormon 3044  OR 0Q286110 0Q284081 0Q288594 0Q288580
B. mormon 2142 UT 0Q286111 0Q284082 0Q288595 0Q288581
B. mormon 3045  UT 0Q286112 0Q284083 0Q288596 0Q288582
B. mormon 4977 NV 0Q286109 0Q284080 0Q288593 0Q288579
B. mormon 2039 CA 0Q286108 0Q284079 0Q288592 0Q288578
B. obtusangulum 2051 AB JN170397 MF616907 JN170869 MF616774
B. obtusangulum 3151  AB 0Q286113 0Q284084 0Q288597 0Q288583
B. obtusangulum 3594  CO 0Q286115 0Q284086 0Q288599 0Q288585
B. obtusangulum 3043 CA 0Q286114 0Q284085 0Q288598 0Q288584
B. callens 4936 AZ 0Q286116 0Q284087 0Q288600 0Q288586
B. callens 4939 AZ 0Q286117 0Q284088 0Q288601 0Q288587
B. brownorum 5864  CA 0Q286118 0Q284089 0Q288602 0Q288588

Table 2. Locality information for specimens of Bembidion (Notaphus) analyzed for DNA. Four-digit
numbers under “#” are D.R. Maddison DNA voucher numbers.

Species # Locality
B. obtusidens 2042 Canada: Alberta: Burbank, junction of Red Deer and Blindman Rivers, 52.3542°N, 113.7556°W
B. scudderi 1471 Canada: Alberta: Bow River at highway 36, 50.246°N, 112.077°W
B. consimile 2506 USA: Colorado: Huerfano Co., Butte Road at 1-25, 1825m, 37.7454°N, 104.832°W
B. flohri 3049 Canada: Alberta: Birch Lake, 640 m, 53.362°N, 111.5231°W
B. flohri 3046 USA: Oregon: Harney Co., Harney Lake, NE corner, 1237 m, 43.2750°N, 119.0902°W
B. flobri 1753 USA: Nevada: Lyon Co., Carson River near Weeks, 390 m, 39.2866°N, 119.2778°W
B. flohri 3061 USA: Utah: Salt Lake Co., Great Salt Lake Marina, 1280 m, 40.7482°N, 112.1856°W
B. flohri 5234 USA: New Mexico: Torrance Co., Laguna del Perro, 1861 m, 34.6003°N, 105.9252°W
B. mormon 3044 USA: Oregon: Harney Co., 00 Ranch Road NW Harney Lake, 1240 m, 43.2804°N, 119.1976°W
B. mormon 2142 USA: Utah: Salt Lake Co., Great Salt Lake Marina, 390 m, 40.7482°N, 112.1856°W
B. mormon 3045 USA: Utah: Salt Lake Co., Great Salt Lake Marina, 1280 m, 40.7482°N, 112.1856°W/
B. mormon 4977 USA: Nevada: Mineral Co., Walker Lake, Twenty Mile Beach, 1200 m, 38.7503°N, 118.7577°W
B. mormon 2039 USA: California: Inyo Co., Owens Lake, 1100 m, 36.4684°N, 117.8585°W
B. obtusangulum 2051 Canada: Alberta: Kenilworth Lake, 10.vi.1993. DRM 93.054
B. obtusangulum 3151 CANADA: Alberta: High Level, 330 m, 58.5073°N, 117.1385°W
B. obtusangulum 3594 USA: Colorado: Alamosa Co., Alamosa NWR, 2292 m, 37.4435°N, 105.7722°W
B. obtusangulum 3043 USA: California: Mono Co., Mono Lake, 1940 m, 37.97780°N, 119.13000°W
B. callens 4936 USA: Arizona: Coconino Co., Havasu Indian Reservation, Havasu Springs, 36.2176°N, 112.6871°W
B. callens 4939 USA: Arizona: Tucson

B. brownorum 5864 USA: California: Colusa Co. Antelope Valley, Freshwater Creek, 39.13841°N, 122.34621°W
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DNA sequencing

Genes studied, and abbreviations used in this paper, are: 288: 28S ribosomal DNA
(D1-D3 domains); COI: cytochrome ¢ oxidase subunit I; CAD: part 4 of carbamoyl
phosphate synthetase domain of the rudimentary gene; Topo: topoisomerase 1.

For specimens collected into 95-100% ethanol (all but the paralectotype of
B. callens DNA4939), DNA was extracted using a Qiagen DNeasy Blood and Tis-
sue Kit. Fragments for the four genes were amplified using the Polymerase Chain
Reaction on an Eppendorf Mastercycler Pro Thermal Cycler, using TaKaRa Ex Taq
and the basic protocols recommended by the manufacturers. Primers and details of
the cycling reactions used are given in Maddison (2012) and Maddison and Cooper
(2014). The amplified products were then cleaned, quantified, and sequenced at the
University of Arizona’s Genomic and Technology Core Facility using a 3730 XL Ap-
plied Biosystems automatic sequencer. Assembly of multiple chromatograms for each
gene fragment and initial base calls were made with Phred (Green and Ewing 2002)
and Phrap (Green 1999) as orchestrated by Mesquite’s Chromaseq package (Maddison
and Maddison 2021a, ¢), with subsequent modifications by Chromaseq and manual
inspection. Multiple peaks at a single position in multiple reads were coded using IU-
PAC ambiguity codes.

DNA extraction and sequencing of the paralectotype of Bembidion callens
DNA4939 followed Sproul and Maddison (2017b). In brief, DNA in that speci-
men was extracted using the Qiagen QIAmp Micro Kit (using the standard protocol
with carrier RNA added), with dual-index libraries prepared using the NEBNext
DNA Ultra II kit (New England BioLabs), which were then sequenced on an Illu-
mina HiSeq 3000, multiplexed on a 150-base paired-end lane at the Oregon State
University Center for Quantitative Life Sciences. No other members of subgenus
Notaphus were included on that lane. Approximately 66 million reads were obtained
for the sample. Reads were processed in CLC Genomics Workbench (CLCGW) v.
22.0. Reads were trimmed to eliminate low-quality ends (limit = 0.000316, cor-
responding to a quality score of 35) and to remove adapter sequences. The number
of reads left after trimming was approximately 46 million. De novo assemblies
were generated using CLCGW from paired, trimmed reads using an automatic
word and bubble size, with the minimum contig length set to 200. The de novo
assemblies were converted to BLASTable databases using NCBI’s makeblastdb tool
and BLASTed using Mesquite’s (Maddison and Maddison 2021c¢) local BLAST
tool (1E-30 as the e-value cutoff for nuclear protein-coding genes, and 1E-100 the
cutoff for COI and 28S) using as query sequences the sequences of the four target
genes from B. mormon DNA3045. For each gene, only one contig was returned;
these hits were BLASTed to NCBI’s GenBank, and in all cases returned Bembidion
as the top match.

Newly acquired sequences are all of “genseq-4” (Chakrabarty et al. 2013), except
for those of the holotype of B. brownorum (specimen 5864) which are “genseq-1”, and
those of the paralectotype of B. callens (specimen 4939), which are “genseq-2”.
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Alignment and data exclusion

COlI, CAD, and Topo were easily aligned by eye, as there were no insertions or dele-
tions (indels) evident in the sampled sequences. Alignment of 28S was conducted in
MAFFT v. 7.130b (Katoh and Standley 2013) using the L-INS-i search option and
otherwise default parameter values. In general, no sites were excluded from analyses,
except at the 5’ and 3’ ends of the alignments; those regions were excluded, as they
were mostly missing data, containing data from only a small fraction of the samples
because of variation in the length of the sequences that were obtained.

Phylogenetic analyses

A maximum-likelihood (ML) analysis was conducted for each gene individually us-
ing IQ-TREE v. 2.1.3 (Nguyen et al. 2015), as orchestrated by Mesquite’s Zephyr
package (Maddison and Maddison 2021b, ¢). The ModelFinder feature within 1Q-
TREE (Kalyaanamoorthy et al. 2017) was used to find the optimal character evolution
models. The MFP model option was used for 28S, and the TESTMERGE option for
protein-coding genes. The TESTMERGE option sought the optimal partition of sites,
beginning with the codon positions in different parts. Fifty searches were conducted
for the ML tree for each matrix analyzed. In addition, analyses of a matrix formed by
concatenation of all four gene fragments were conducted, with the TESTMERGE op-
tion also being used, beginning with each codon position for each gene as a separate
part (thus, the analysis began allowing for up to 10 parts: three for each of the three
protein-coding genes, and one for 28S). Fifty searches were conducted for the ML
tree. For standard, non-parametric bootstrap analysis of the concatenated data, 500
replicates were used.

Data availability

Sequences of the studied genes have been deposited in GenBank with accession num-
bers OQ284076 to 0Q284089, 0Q286105 to 0Q286118, and OQ288575 to
0Q288602. Files containing the untrimmed gene sequences for each specimen as well
as the inferred trees for each gene have been deposited in Dryad (data available from
the Dryad Digital Repository at https://doi.org/10.6078/D17416.

Results
Molecular and phylogenetic results
The single specimen of Bembidion brownorum sequenced is quite distinctive in DNA se-

quences of 28S, COI, and Topo, and clearly outside the bounds of sequence variation in
the other species sampled. This is evident both by the gene trees (Fig. 2) and by the details
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Figure 2. Maximum-likelihood trees of the Bembidion obtusangulum group for four individual genes as
well as the concatenated matrix. Scale bars: 0.01 nucleotide substitutions per nucleotide site, as recon-
structed by IQ-TREE. Outgroups not shown; in all single-gene and concatenated analyses, the five species
shown here formed a clade, with a bootstrap value of 100% in the concatenated analysis.

of variation. Bembidion brownorum differs from all specimens of the morphologically
most similar species, B. mormon, at 13 bases in 28S, 44 bases in COI (6.7% divergence),
two amino acids in CAD, and one amino acid in Topo. It differs from B. callens, which
appears as a member of its sister group, at seven bases in 28S, 28 bases in COI (4.3%
divergence), and three amino acids in CAD, and from the other member of its sister
group, B. obtusangulum, at nine bases in 28S, and 33 bases in COI (5.0% divergence).

Three of the genes (285, COI, and Topo) individually suggest that the nearest rela-
tives of B. brownorum are B. callens and B. obtusangulums; in the ML tree of the concat-
enated matrix of all four genes, the latter two species form a clade with B. brownorum
as its sister group (Fig. 2). The bootstrap value for the concatenated matrix for this
sister-group relationship is 68%.

Morphological results

Bembidion brownorum has a distinctively convex and rounded prothorax (Fig. 3A) in
addition to other characteristics that distinguish it from additional members of the
subgenus Notaphus, as documented in the Taxonomic Treatment section below.
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Figure 3. Habitus of members of the Bembidion obtusangulum species group A Bembidion brownorum,
holotype male B Bembidion mormon male C Bembidion callens (paralectotype) female D Bembidion obtu-
sangulum male. Scale bars: 1 mm.
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Taxonomic treatment

To accommodate B. brownorum, couplet 169 in Lindroth’s (1963) key can be modified into
a triplet as follows (figure numbers refer to those in Lindroth (1963) except as specified):

169 3.5-4.0 mm. Upper surface unmetallic. Prothorax with evident latero-basal
carina (fig. 171b) wc.covvviiiiiiiiiicccccce, 102. B. nudipenne
- 4.4-5.0 mm. Upper surface unmetallic or only slightly metallic. Latero-basal
carina evident, long (this paper, Fig. 4B). Prothorax broad and very convex

(this paper, Fig. 1). California........cccccccoveecivinnnccccne. B. brownorum
- 4.3-5.9 mm. Metallic above. Latero-basal carina thin, usually rudimentary,
or absent (fig. 187). Prothorax conveX.........ccoeueueueivinnviccininincieneneen. 171

Bembidion brownorum Maddison, Sproul & Will, sp. nov.
https://zoobank.org/3B2A0EB4-D01A-4FBA-AE98-6898FDAF878D

Type materials. Holotype. Male, in EMEC, herein designated, labeled:
“39.13841/-122.34621 USA: California: Colusa Co. Antelope Valley, Freshwa-
ter Creek uv light pan trap 133 m. 1.vii.2021 K.Will [Cal2021.vii.1.2]”, “David R.
Maddison DNA5864 DNA Voucher” [pale green paper], “HOLOTYPE Bembidion
brownorum Maddison, Sproul, & Will” [partly handwritten, on red paper], “UC
Berkeley EMEC 3475877 [with matrix code on right side]. Genitalia mounted in
Euparal in between coverslips pinned with specimen; extracted DNA stored separate-
ly. GenBank accession numbers for DNA sequences of the holotype are 0Q284089,
0Q286118, 0Q288588, and OQ288602.

Paratypes. (13 males, 8 females). “Borax Lake, Lower Lake, Lake Co., Cal. May 14
19227 (2, CAS). “Atwater, Merced Co., Calif 15 Aug 1966” (5, CAS, OSAC). “Wood
L., Tulare Co., Calif. Rotary Trap V-22-1947 Norman W. Frazier, EMEC347588” (1,
EMEC). “Wood L., Tulare Co., Calif. Rotary Trap V-24-1947 Norman W. Frazier
EMEC347589” (1, EMEC). “Redondo, Cal.” (1, CAS). “Pasadena, Cal.” (3, CAS).
“San Joaquin Mill Tulare Co., Calif. May 15, 3800 ft” (2, CAS). “Azusa, Cal.” (1, CAS).
“Riverside, Cal. EE. Winters” (1, CAS). “CALIF: Forest Home, San Bernardino Mts,
6000 ft. May” (1, CAS). “Poway, San Diego Co., Cal.” (2, CAS). “S. Cal” (1, CAS).

Type locality. USA: California: Colusa Co. Antelope Valley, Freshwater Creek,
39.13841°N, 122.34621°W (Fig. 5).

Derivation of specific epithet. The specific epithet brownorum is treated as a noun in
the genitive case and refers to Jerry and Anne Brown, former Governor and First Lady of
California, respectively. The name is formed in their honor as it was their hospitality and
openness to allowing access for research of insects on their ranch, the type locality, which
led to the discovery of this species. Additionally, this honors their long commitment to
environmentalism and continued efforts in the international climate-change movement.
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Diagnosis. A relatively large Bembidion (Notaphus), superficially similar to B. mor-
mon (with which it has been confused in collections), with which it shares a pale
subapical band on the elytra. However, B. brownorum has a much more convex pro-
notum, giving it an inflated appearance; the pronotum has more rounded sides and is
more constricted posteriorly. From B. callens and B. obtusangulum, in addition to the
prothorax shape, it is distinguished by presence of pale elytral spots, which those two
species lack.

Description (based upon the holotype and 21 paratypes). Body length 4.4—
5.0 mm. Body dark brown or dark reddish brown, with head and pronotum slightly
darker than elytra; elytra each with one diffuse pale spot at about the posterior fourth.
Legs uniform in color, reddish brown; antennae brown, with first antennomere pal-
er, at least ventrally. Mentum with anterior lateral regions large, with apical portion
broadly rounded, not angulate; medial tooth simple (not bifid) with truncate tip;
frontal furrows weakly defined, shallow; eyes prominent (Fig. 4A). Prothorax large,
notably convex, with sides strikingly rounded such that the width at middle is much
greater than the width at the posterior margin, with sides immediately front of hind
angle slightly sinuate (Fig. 4B); hind angle slightly obtuse; posterolateral carina well
defined, moderately long; posterior region of pronotum slightly rugose. Elytra with
lateral bead not prolonged medially at shoulder; all striae complete, striatopunc-
tate, with much smaller punctures in the posterior half. Microsculpture present on
most of the dorsal surface of the body except for the disc of the pronotum, which
is glossy; evident in both sexes over entire surface of elytra, consisting of sculpticells
that are slightly transverse, more deeply engraved in females (Fig. 6B) than in males
(Fig. 6A); female elytra thus matte. Pronotum with two lateral setae on each side;
elytron with two setae in third interval. Aedeagus (Fig. 6C) typical for a member of
subgenus Notaphus.

Flight ability. All 18 specimens examined for wing condition are macropterous.
The capture of two specimens from Woodlake in a rotary trap (Winkler 1949) and the
capture of the holotype at a UV light both suggest that these beetles can fly.

Geographic variation. None noted.

Geographic distribution. Central Valley, Los Angeles Basin, and surrounding ar-
eas of California (Fig. 7). Two of the localities on the map are marked as uncertain:
those labeled as from Forest Home and Redondo. The Forest Home locality is at much
higher elevation than all other specimens (6000 ft). Based upon the labeling on other
specimens from the EE. Winters collection, the hand-written label attached to this
specimen appears not to be an original label, and we have doubts about the validity of
the data on the label. We have some doubts about the locality for the specimen labeled
“Redondo”, as there are at least seven localities in California that include “Redondo” in
the name (USGS Geographic Names Information System, https://edits.nationalmap.
gov/apps/gaz-domestic/public/search/names). An additional locality, “San Joaquin
Mill Tulare Co., Calif 3800 ft” was not mapped as we could not determine the site
with any certainty.
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Figure 4. Head and pronotum of holotype of Bembidion brownorum. Scale bar: 0.5 mm.

Habitat. The only specimen with detailed collecting data including an exact locality
is the holotype. Because it was collected at a UV light, the specimen was not found in its
natural microhabitat, and we do not know how far it had lown from a suitable habitat.
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Figure 5. Type locality of Bembidion brownorum. USA: California: Colusa Co. Antelope Valley, Fresh-
water Creek, 39.13841°N, 122.34621°W. Image taken November 2022.

However, the type locality might provide some hints about possible habitat of the spe-
cies. The type locality lies on the east side of Antelope Valley in the northern part of the
Cortina Ridge, which marks the western edge of the Colusa Basin region of the Sac-
ramento Valley. The ridge is formed of tilted sandstone beds, mudstone, and siltstone
formed from the eroded sediments of the Sierran—Klamath terrane. As members of sub-
genus Notaphus are almost universally found at the edges of bodies of water (with excep-
tions for some species found at high elevation), we expect B. brownorum to live on lake,
pond, marsh, river, or creek shores. The UV light was set up next to Freshwater Creek
(Fig. 5), which might be the habitat of the specimen. Freshwater Creek cuts through
Cortina Ridge; its bed is composed of consolidated claystone and lenses of poorly hard-
ened conglomerate, sandstone, and siltstone. The stream is somewhat trellis-like, with
persistent pools, due to the presence of minor ridges of erosion-resistant materials. The
current dominant vegetation consists of grasses, cattails, willows, and rushes near the
stream. Sparsely set oaks line the stream edge and lateral drainages. Water is persistent
and flows on the surface in portions of the stream throughout the year. Evaporation
along the stream margin intermittently creates a hardened crust of white mineral de-
posits that often overlays a black, highly organic mud in depositional stretches. Narrow,
steep-sided sections of the stream have banks composed of exfoliating claystone and
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Cc

Figure 6. Microsculpture and aedeagus of Bembidion brownorum A elytral microsculpture around seta
ed3 of holotype male B elytral microsculpture around seta ed3 of a female from Woodlake € aedeagus of
holotype male. Scale bars: 100 pm.

mud from eroded topsoil. The adjacent land was historically used for crop production,
e.g., barley, but the land and water has primarily been used for cattle ranching. Both
the stream bed and adjacent area show the impact of many years of cattle grazing. There
is an historical account of beaver damming (J. Brown pers. com.) but there is pres-
ently no impact of this event. There is no evidence that the water flow has been artifi-
cially dammed, channelized, or diverted in the collection area. As such, this stretch of



A new species of Bembidion 101

Figure 7. Geographic distribution of Bembidion brownorum in California. The locality indicated with a
star is the type locality. The two localities indicated by gray dots are uncertain or doubtful. Darker gray

areas in the base map represent higher elevations.

Freshwater Creek represents a relatively unaltered, natural, perennial source of surface
water—unusual in the Central Valley and adjacent foothills of California. However,
we consider evidence for B. brownorum being a stream-shore species very weak, as it is
based upon only one specimen which might have flown in from some distance.
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The other known localities do not clearly suggest a specific habitat, nor do the
known localities of related species. Bembidion brownorum localities include a lake with
sodium borate deposits (Borax Lake, Lake County), a city with a lake with extensive,
flat shores (Bravo Lake in Woodlake), and a site near the Pacific Ocean that once had
a salt lake (Redondo). At least the latter two are habitats similar to the saline, pond
and lake shore habitats frequented by B. obtusangulum and B. mormon, near relatives
of B. brownorum. The specimen labeled as from 6000 feet elevation at Forest Home,
San Bernardino Mts (presumably around 34.083°N, 116.893°W) suggest instead a less
saline, creek shore habit, but we doubt the veracity of that label (see above). The only
specimen of the related B. callens with known habitat data is a specimen collected by
Larry Stevens in gravel around the calcium-carbonate-rich waters of Havasu Springs,
Arizona, at 36.2176°N, 112.6871°W (Larry Stevens pers. comm. 2022).

Discussion

Much attention has recently been drawn to the apparent decline of insect populations
(Sdnchez-Bayo and Wyckhuys 2019; Wagner 2020; Wagner et al. 2021). Given the
many, significant changes brought about by human activities, which range in scale
from local and ephemeral to global and long-term, substantial changes in insect abun-
dance and species assemblages are not surprising. Even in the absence of apparent
changes in measures like species richness, insect assemblages may be homogenized with
increases in generalist species and species that can take advantage of human habitat
alterations (Ball-Damerow et al. 2014). Among carabid beetles, species decline and
apparent extinction have been recently documented (Kotze and O’Hara 2003; Knisley
and Fenster 2005; Brandmayr et al. 2009), and a number of traits have been hypoth-
esized as being linked to decline and extinction risk (Kotze and O’Hara 2003; Nolte et
al. 2019). Examples of these risk-linked traits are (1) habitat specialization, (2) small
distributional range, (3) large body size, and (4) being either monomorphic macropter-
ous or brachypterous. Bad luck (sensu Samways 2000) also plays a role, in that narrow
habitat requirements or restricted ranges may coincide with human land use priorities
that impact beetles. Among carabid beetles, there are notable examples of unlucky
species from California. For example, the southern subspecies of the Golden Bear Har-
paline (Dicheirus dilatatus angulatus Casey) is hypothesized to have been impacted by
annual fire break disturbance (Noonan 1968), transformation of seasonal wetlands to
agricultural production that reduced available habitat significantly impacted the Delta
Green Ground Beetle (Elaphrus viridis Horn) (Arnold and Kavanaugh 2021), and ur-
ban development and general habitat degradation have ongoing effects on the Ohlone
Tiger Beetle (Cicindela ohlone Freitag & Kavanaugh) (Knisley and Arnold 2013).

It is likely that B. brownorum is yet another unlucky carabid beetle species. After
our initial collection and recognition of B. brownorum we searched relevant collections
for additional specimens. The small number of specimens located were only found in
the EMEC and CAS collections, both with significant quantities of older material,
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including substantial holdings from pre-1950 (https://essig.berkeley.edu/museum-his-
tory/, https://www.calacademy.org/scientists/entomology-information-page#history).
Despite having considerable and important carabid beetle holdings, no specimens were
found in the CSAC and BMEC collections, which almost exclusively have specimens
collected after 1970. Prior to 2021, the most recent specimen is from Atwater, Cali-
fornia, collected in 1966. The only other specimens with an explicit date are from the
1940s. The undated specimens have labels in styles that suggest they are at least as old
or older than those with dates. For example, specimens of the EE. Winters collection
in CAS and EMEC are typically from collecting events in the early twentieth century,
up to about 1930. Such a long gap in sampling may be indicative of species deteriora-
tion but can also be the result of a lack of sampling (i.e., “Wallacean extinction” of
Ladle and Jepson 2008) or the lack of available taxonomic expertise (also a resource in
significant decline). Various factors can affect repeat collection of a given species, such
as range size, collecting effort, habitat access, and collectability (Ladle et al. 2011).

Bembidion brownorum’s large range (Fig. 7) and small body size suggest that
it should be resistant to decline, but its apparent monomorphic macroptery could
be a risk factor (Kotze and O’Hara 2003; Scheffers et al. 2011; Nolte et al. 2019).
Additionally, given its large range and that these beetles are attracted to lights, frequent
collection would be expected even though its small size might cause it to be missed
during visual-search collecting by general collectors and despite habitat access issues
in California. Other species collected abundantly in light traps in 2021 from Colusa
County, such as Stenolophus (Stenolophus) anceps LeConte, Stenolophus (Stenolophus)
limbalis LeConte, and Pseudaptinus (Pseudaptinus) tenuicollis (LeConte), Bembidion
(Trepanedoris) connivens (LeConte), Bembidion (Furcacampa) timidum (LeConte), and
Bembidion (Notaphus) approximatum (LeConte), are represented in all the collections
we surveyed, in very large numbers, and across the full distributional and temporal
range. These observations suggest that B. brownorum has likely experienced a signifi-
cant decline in population numbers, and that the lack of recently collected specimens
is not simply because it has been missed or overlooked by collectors.

Though details on the microhabitat are unknown, it seems probable that habitat
specialization and the degradation of that habitat led to this species’ decline. At a very
general level, most of the locations at which B. brownorum was historically collected
presently have no apparent, natural habitat, and are entirely highly developed (Atwa-
ter, Woodlake, Redondo [Beach], Pasadena, and Azusa) or are largely developed with
litcle potential habitat (Riverside and Poway). Perhaps the Borax Lake region, which is
only 33 km southwest of the type locality, holds the best odds for a persistent popu-
lation. In addition, lakes near previous localities may also harbor populations (e.g.,
Bravo Lake, within 4 km of the Woodlake collection site, or East Park Reservoir, about
25 km NNE of the type locality, or Indian Valley Reservoir, about 17 km W of the
type locality).

The recent collection of B. brownorum raises our hopes that the species persists in
more locations, and we encourage efforts to sample for it, but we are concerned that
the species still has the potential to disappear forever. Rediscovery or re-collection does
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not mean a species is doing well. As pointed out by Scheffers et al. (2011), “88% of
rediscovered [vertebrate] species are currently threatened” and declining abundance
leads to declining detectability, making the job of conservation even harder. Will popu-
lations of this, and other imperiled species, be located before the many sources of
disturbance (e.g., invasive species, habitat loss, pesticide exposure, and climate change)
drive them to extinction?
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Abstract

Falagonia mexicana is an aleocharine distributed from northern Mexico to Guatemala and El Salvador.
It is associated with Atta mexicana ants and lives within their piles of waste or external debris. The
phylogeography and historical demography of 18 populations from Mexico, Guatemala, and El Salvador
were studied. The data set encompasses a 472 bp fragment of the COI. Results suggest that £ mexicana
was originated during Middle Pliocene (ca. 0.5 Mya), starting its diversification at the Upper Pleistocene
and Holocene. Populations were recovered forming at least four main lineages, with a significant
phylogeographic structure. Evidence of contemporary restricted gene flow was found among populations.
The historical demography suggests that the geographic structure is due to recent physical barriers (e.g.,
Isthmus of Tehuantepec) rather than ancient geological events. Also, recent geological and volcanic events
in the east of the Trans-Mexican Volcanic Belt and the Sierra Madre Oriental might be responsible for the
restricted gene flow among populations. Skyline-plot analyses suggested that a demographic expansion
event took place at the end of the Late Quaternary glacial-interglacial cycles.
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Introduction

Falagonia mexicana Sharp, 1883 is a species of Coleoptera that belongs to the sub-
family Aleocharinae (Staphylinidae) (Bouchard et al. 2011). Particularly, the species
is placed within Lomechusini, a tribe distinctive for having a 4-5-5 tarsal formula,
metasternal process typically longer than mesosternal process, maxillar galea and la-
cinia moderately to considerably elongated, mesocoxae moderately to very widely
separated by broad meso- and metaventral processes (Seevers 1965, 1978), among
other characters. Several Lomechusini species are associated with termites and ants
(Navarrete-Heredia et al. 2002), as is the case of £ mexicana. However, some recent
studies have suggested that Lomechusini is not a monophyletic group and two clades
have been proposed: the “true Lomechusini” whose species show a Holarctic distribu-
tion, and the “false Lomechusini” distributed in tropical America (Elven et al. 2010,
2012). Based on molecular data £ mexicana has been recovered as part of the “false
Lomechusini” (unpublished data).

The genus Falagonia Sharp, 1883 included two species: £ mexicanaand E crassiventris
Sharp, 1883. Currently, £ crassiventris is located in the genus Pseudofalagonia Santiago-
Jiménez, 2010; therefore, Falagonia is now a monotypic genus (Santiago-Jiménez
2010; Santiago-Jiménez and Espinosa de los Monteros 2016). At a phylogenetic analy-
sis, Falagonia was supported by seven autapomorphies: 1) epipharynx with a spinose
process on the apico-medial margin; 2) with a pair of setae on the sensory area of ligula;
3) with simple punctures on elytral disc; 4) without tuberculate punctures on elytral
disc; 5) tergite IV of male with a protuberance on each side of midline; 6) tergite VIII
of male without lobes on posterior margin; and 7) tergite VIII of female without lobes
on posterior margin. It is important to highlight that the specimens of £ mexicana are
very homogeneous, except for some variation in size (4~7 mm); in color (from red-
dish to pale yellow in the tenerals); in the length of the a-sensilla of the epipharynx,
as well as the length of the spines of the spinose process on the apico-medial margin
of the epipharynx. Moreover, they present secondary sexual dimorphism. Males have
a protuberance on each side of the midline of tergite IV, and a protuberance on the
midline of tergite VIII.

From Mexico to El Salvador, E mexicana has been recorded in a wide altitude
range (from 50 to 2,000 m a.s.l.). This species has been recorded in diverse types of
vegetation (Santiago-Jiménez 2010). According to Challenger and Soberén (2008)
those habitats correspond to tropical evergreen forests, tropical deciduous forests, tem-
perate coniferous and broadleaf forests, cloud forests, and scrub xerophytes. These
types of vegetation in Mexico tend to present warm humid climates (Af, Am, Aw, BSh)
to temperate climates (Cfb, Cwa, Cwb). Records in pine and oak forests do not exceed
2,000 m a.s.l. Thus, in general, they prefer warm humid climates with dry winter
(Rzedowski 1994).

In Mexico, F mexicana is found in the states of Colima, Guanajuato, Guerrero,
Hidalgo, Jalisco, Michoacan, Morelos, Oaxaca, Queretaro, San Luis Potosi, Sinaloa,
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Sonora, Tamaulipas, and Veracruz (Santiago-Jiménez 2010). This distribution corre-
sponds to the biogeographic provinces of the Pacific, Trans-Mexican Volcanic Belt,
Sierra Madre Oriental, Sierra Madre del Sur, Soconusco, and Tierras Altas de Chiapas.
These regions are associated with physiographic provinces that show heterogeneous
historical processes and dates of origin (e.g., de Cserna 1989; Mastretta-Yanes et al.
2015 for summaries). For instance, the most recent formation corresponds to the
Trans-Mexican Volcanic Belt from the Miocene to the present day, with some strato-
volcanoes forming in during the Pleistocene (Ferrari et al. 2012).

Falagonia mexicana lives in the debris produced by Asta mexicana (Smith, 1858)
ants. The reddish color £ mexicana allows it to blend in with the debris. Apparently,
despite having developed wings, this species does not fly. Flight intercept traps have
been placed near the debris and we have not been able to catch them. Instead, by
placing pit-fall traps in the vicinity of the detritus we have obtained some speci-
mens. The nests of A. mexicana with its associated debris seems to be islands in the
geographic distribution of F. mexicana, due to their presumed inability to fly and
limited long-distance movement. Therefore, geographical barriers have a great effect
in reducing gene flow between its populations, as well as restrictions on its geographi-
cal distribution. Physical barriers can lead to genetic isolation when they remain for
an extended period of time, which is essential for lineage divergence (Saunders et al.
1991; Avise 2000).

Apparently, both A. mexicana and F mexicana are incapable of surviving in areas
above 2,300 m a.s.l. In the case of £ mexicana, its septentrional distribution is limited
by the Tropic of Cancer, as is the case with other insect groups (e.g., Passalidae, Reyes-
Castillo 2000). However, A. mexicana does reach the southern United States. It has
been seen in the field that £ mexicana prefers debris that is under vegetal cover, with
more shade and humidity. Usually, £ mexicana is found in A. mexicana’s detritus, but
that does not mean that every A. mexicana nest has E mexicana associated with it, es-
pecially when the detritus is exposed to desiccation.

Recently, some studies have been carried out to understand the biogeographical
patterns of the biota in Middle America (e.g., Marshall and Liebherr 2000; Daza et
al. 2010; Ornelas et al. 2013). With an average altitude of 200 m a.s.l. the Isthmus
of Tehuantepec has been identified as an effective barrier for gene flow (Barrier et al.
1998). Likewise, the Trans-Mexican Volcanic Belt represents a biogeographical bar-
rier (Marshall and Liebherr 2000) and a center for lineage diversification (Bryson et
al. 2018). The use of coalescent and geographic structure models based on molecu-
lar data can be useful to test historical demographic scenarios where hypothesis of
vicariance and dispersion can be contrasted (Knowles and Carstens 2007; Daza et
al. 2010). Therefore, £ mexicana is an interesting model to study the relationship
between genealogy and geography. The objectives of the present study are to estimate
the date of the appearance of Falagonia mexicana, to evaluate the phylogenetic struc-
ture of £ mexicana, and to correlate the historic events that explain the divergence
processes within the lineage.
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Materials and methods

The sampling was carried out in 18 localities from El Salvador, Guatemala, and Mexico
(Fig. 1, Table 1). The collection sites were selected based on previous records and po-
tential suitable sites. Potential localities were identified based on their environmen-
tal and geographic conditions. This sampling covers most of the species’ distribution.
Field collections were carried out by direct collection on debris of A. mexicana using
an aspirator. After its collection, the specimens were placed in 96% ethanol and stored
at -20 °C. The material was deposited at the Phylogenetic Systematics Laboratory
(INECOL, Xalapa).

From total genomic DNA, we obtained the sequence for a fragment of 472 base
pairs (bp) of the Cytochrome Oxidase subunit I (COI) mitochondrial gene. This frag-
ment is located between positions 250 and 720 of the COI gene. This gene was se-
lected since it presents an adequate mutation rate for this kind of studies (Avise 2000).
Sequences present extensive intraspecific polymorphisms, providing information be-
tween individuals. In addition, this molecular marker has been a useful tool for spe-
cies’ identification (Avise 2000). DNA extraction was performed using the kit Tissue
& Insect DNA MicroPrep (Zymo Research Corp., Irvine, CA), following the protocol
suggested by the manufacturer. DNA was extracted for amplification from 139 speci-
mens. Amplification was performed using the S1718 (Normark 1996) and NANCY
(Simon et al. 1994) primers designed for Coleoptera. PCR mix consisted of 5 pL of
DNA, 3 pL of 5X Buffer, 3 pL of MgCI2 (25mM), 3 pL of dNTP’s (8mM), 3 pL of
each primer (10mM), 0.2 pL of Taq polymerase (5 U/ uL) and 9.8 uL of ddH20O add-
ing to a final volume of 30 pL. The PCR protocol consisted of an initial denaturation
for 180 s at 94 °C; 35 cycles of 30 s at 94 °C as denaturing temperature, 30 s at 45 °C
for primer annealing and 90 s at 74 °C for extension; followed by one final extension
cycle of 300 s at 72 °C. PCR products were visualized in a 1% agarose gel stained with
ethidium bromide and purified using the GeneJET Genomic DNA Purification Kit
(Thermo Fisher Scientific Inc., Waltham, MA). The PCR samples were sent to the
Macrogen company (South Korea) for sequencing. Sequences were assembled with
the software SEQUENCHER v. 5.2.4 (Gene Codes Corporation). The alignment of
the sequences was trivial; therefore, it was done manually using the software MEGA v.
7 (Kumar et al. 2016). All the sequences acquired for the first time were deposited in
GenBank (0Q608846-0Q608984).

The identity of the sequences was corroborated by translating them into amino
acids, verifying the absence of nonsense codons or intermediate stops, and by a BLAST
search. Using the software PAUP v. 4.0 (Swofford 2002), the nucleotide proportion of
each sequence was estimated, as well as their standard deviation and nucleotide bias.
In turn, the first, second, and third positions were identified, and the same descriptors
were calculated. The proportion of transitions and transversions were also calculated.

To identify genetically congruent geographic regions, a spatial analysis of mo-
lecular variance (SAMOVA) was conducted. This was performed with the aid of the
software SAMOVA v. 1 (Dupanloup et al. 2002), using 100 banding steps to obtain
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Figure . Distribution map showing the localities where individuals of Falagonia mexicana were sam-
pled. Pie charts represent haplotypes sampled in each locality. Color on map indicates altitudinal changes
every 500 m a.s.l. The polygons represent the main biogeographical regions: Sierra Madre del Sur (black),
Sierra Madre Occidental (purple), Sierra Madre Oriental (green), Tierras Altas de Chiapas (blue), and
Trans-Mexican Volcanic Belt (red). The white line represents the Isthmus of Tehuantepec.

the fixation index F.. (Excoffier et al. 1992). Likewise, a non-hierarchical analysis of
molecular variance (AMOVA) was carried out including every population, followed
by an analysis between the statistically significant regions identified by the SAMOVA.
This was conducted with 1000 permutations using the software ARLEQUIN v. 3.5
(Excoffier and Lischer 2010). A Mantel test was performed, based on the combined
data set, to detect possible isolation by distance. Genetic variation within and between
populations was evaluated using descriptive empirical values, such as number of hap-
lotypes (H), haplotype diversity (Hd), nucleotide diversity (r) (Nei 1987), and segre-
gated sites (S) (Nei and Kumar 2000). These values were estimated using the software
DNASP v. 5.10 (Librado and Rozas 2009). This analysis was done for each population,
as well as for each region inferred by the SAMOVA. The haplotype network was made
with the software NETWORK v. 4.5 (Bandelt et al. 1999) using the Median Joining
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Table 1. Collection sites for samples of Falagonia mexicana examined in the present study (7 = 139).

Country Locality Region 72 Altitude Coordinates Haplotypes
(m a.s.l.)
El Salvador SAN: Montecristo TAC 7 1340 14°23.18'N, 89°24.01'W Ho6(1), H20(2), H23(2), H26(1),
H30(1)
El Salvador ~ AHU: El Imposible TAC 6 810 13°49.65'N, 89°56.84'W  H21(1), H25(1), H27(1), H28(1),
H36(2)
Guatemala GUA: Pacaya TAC 10 1350  14°24.22'N, 90°33.61'W  H22(1), H23(1), H29(1), H31(1),
H32(1), H33(1), H34(1), H35(2),
H37(1)
Mexico GUE: Acahuizotla SMS 5 1100 17°21.32'N, 99°28.68'W  H55(1), H56(1), H57(1), H59(1),
H60(1)
Mexico HGO: San Agustin SMO 10 1350  20°31.90'N, 98°38.40'W H1(5), H6(2), H7(1), H15(1), H20(1)

Mezquititlan
Mexico OAX: Candelaria Loxicha SMS 7 500 15°55.42'N, 96°29.33"W H45(1), H46(3), H47(1), H48(1),

H49(1)
Mexico OAX: Flor de Chiapas SOC 9 1130 16°28.48'N, 94°08.13'W H41(6), H42(2), H43(1)
Mexico OAX: Lachiguiri SMS 10 810 16°41.39'N, 95°31.72'W H19(1), H46(9)
Mexico OAX: Tlalixtac SMS: 9 1590  17°04.86'N, 96°39.03'W H38(1), H39(5), H40(3)
VvCO
Mexico OAX: Yautepec SMS: 10 760 16°29.84'N, 96°05.56'W  H39(2), H46(4), H50(1), H51(1),
VvCO H52(1), H53(1)
Mexico PUE: Tepexco ™V 3 1290 18°39.03'N, 98°39.88'W H54(1), H55(1), H58(1)
Mexico QUE: Neblinas SMO 2 650 21°16.08'N, 99°03.98'W H2(1), H24(1)
Mexico SIN: La Concordia PAC 1 130 23°17.27'N, 106°03.98'W H44(1)
Mexico TAM: Ocampo- SMO 10 1030 22°56.17'N, 99°31.10"W H1(1), H4(1), H11(4), H12(1),
Acahuales-Tula H13(1), H14(1), H16(1)
Mexico VER: Cerro Colorado SMO 9 520 19°21.15'N, 96°42.69'W H1(7), H3(1), H8(1)
Mexico VER: La Ordufia SMO 10 1210  19°27.64'N, 96°56.08'W HI1(8), H9(2)
Mexico VER: San Antonio Paso  SMO 10 1010 19°35.28'N, 96°50.27"W H1(2), H10(1), H17(4), H18(3)
del Toro
Mexico VER: Xalapa SMO 11 1360  19°30.17'N, 96°56.05"W H1(4), H5(1), H15(4), H17(2)

AHU Ahuachapan, SAN Santa Ana, GUA Guatemala, GUE Guerrero, HGO Hidalgo, OAX Oaxaca, PUE Puebla, QUE Queretaro,
SIN Sinaloa, TAM Tamaulipas, VER Veracruz, TAC Tierras Altas de Chiapas, SMS Sierra Madre del Sur, SMO Sierra Madre Oriental,
SOC Soconusco, TMV Trans-Mexican Volcanic Belt, PAC Pacific, VCO Valles Centrales de Oaxaca.

algorithm with a weight of 10 for all characters and an epsilon of 10 as suggested
by the authors. Similarly, the Maximum Parsimony post-processing tool was used to
eliminate all the superfluous intermediate haplotypes and the links that were not in
the shortest network.

The genealogy of the sequences was estimated with a Bayesian inference analysis,
using the software MRBAYES v. 3.2.3 (Ronquist et al. 2012). The best-fit nucleotide
substitution model was selected using the Akaike information criterion through the
software JMODELTEST v. 2.02 (Posada 2008). A homologous sequence of Pseudo-
Jalagonia sp. (acc. num. OL764948.1), a species closely related to £ mexicana, was
used as outgroup. The Markov Monte Carlo Chains (MCMC) were run for 10 million
generations sampling trees and parameters every 1000 generations. The consensus tree
was obtained with their respective posterior probabilities after discarding the initial
25% of the stored trees (Ronquist et al. 2012). Likewise, an inference based on the
Maximum Likelihood (ML) optimality criterion was carried out using the software
RAXML v. 8 (Stamatakis 2014). The robustness of the nodes recovered in the ML tree
was evaluated with 500 bootstrap replications.
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To date and infer possible isolation events in £ mexicana populations, we used
the software BEAST v. 1.10.4 (Drummond et al. 2012). To optimize tree search, the
topology inferred from the Maximum Likelihood analysis was used as the tree prior.
The ML tree was used instead of the Bayesian one because BEAST only accepts fully
resolved trees as priors. To estimate the divergence times, we used a relaxed uncorre-
lated clock model.

A nucleotide substitution rate of 6.311 (10 subs/site/My/lineage) for the COI
was used to date the genealogy of Falagonia. This rate between taxa is based on the
substitution rate estimated by Pons et al. (2010) for the COI gene of the coleopteran
mitochondrial genome. Alternatively, a more conserve substitution rate of 2.0 (10°
* subs/site/My/lineage) was used (chronogram available as Suppl. material 1). This
rate closely matches the standard mitochondrial arthropod clock reported by Brower
(1994), and the rates calculated in studies that compared closely related species of
Coleoptera (e.g., Leys et al. 2003; Balke et al. 2009; Ribera et al. 2010). The BEAST
MCMC ran for 10 million generations, sampling trees and parameters every 1000
generations. The software TRACER v. 1.6 (Rambaut et al. 2014) was used to evaluate
stationarity of the MCMC parameters, sample sizes (ESSs > 200) and posterior inter-
vals spanning the 95% of the highest posterior density. This analysis was repeated four
times and the trees resulting from each run were combined using the software LOG-
COMBINER v. 1.10.4 (Drummond et al. 2012), after applying an initial burn-in of
25%. The evaluated nodes were those that scored a posterior probability value higher
than 0.9. The inferred chronogram was viewed and edited with the software FIGTREE
v. 1.4.2 (Rambaut 2008). To determine the historical demography of the populations,
we conducted a neutrality test with Fu’s F statistics (Fu 1997). This was compared with
the generalized skyline-plot analysis inferred with BEAST. The input parameters, as
well as the molecular clock model, were identical to the ones used for the coalescence
analysis for node dating.

Results

The alignment of the 139 COI sequences showed 417 constant positions (88%). The
55 remaining characters correspond to variable sites (See Suppl. material 2), of which
39 of them are potentially phylogenetically informative, while the other 16 are single-
tons. Sequences present a 0.27 nucleotide bias and the following nucleotide percent-
ages: A 29.8%, C 17.2%, G 14.9%, and T 38.1%. Regarding codon positions, first
positions show less nucleotide bias (0.11) and the following nucleotide proportion: A
25%, C 17.6%, G 25.0%, and T 31.2%. Second positions present an intermediate
bias (0.28) and the following nucleotide percentages: A 13.3%, C 28.8%, G 17.2%,
and T 40.7%. Lastly, third positions show the highest nucleotide bias (0.64) and this
nucleotide composition: A 50.4%, C 17.2%, G 14.9%, and T 38.1%. Regarding base
substitution mutations we found a total of 48 transitions and 30 transversions, result-
ing in a Ts:Tv = 1.6:1 ratio. Mutation transitions were as follows: 27 A-G and 21 C-T;
while transversions: 10 A-T, 10 T-G, 7 A-C and 3 C-G.
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The haplotype network (Fig. 2) contains 60 haplotypes distributed among the
18 localities. Most of the localities exhibited more than one haplotype. Two main
haplotypes (i.e., H1, H46) connected by eleven mutations were recovered. Most of
the Sierra Madre Oriental populations had haplotype H1 individuals; while haplo-
type H46 is shared by individuals from the Sierra Madre del Sur, and one popula-
tion from the Valles Centrales de Oaxaca. Haplotypes H6 and H20 are shared be-
tween the Sierra Madre Oriental and Tierras Altas de Chiapas regions. Haplotypes
H2 and H24 collected in Neblinas (Queretaro state) were recovered in the network
as the most closely related to the haplotypes from Sierra Madre Oriental and Tier-
ras Altas de Chiapas, respectively. Haplotype H19 from Lachiguiri (Oaxaca state) is
an intermediate haplotype among those of Sierra Madre Oriental, Tierras Altas de
Chiapas, and Sierra Madre del Sur in Valles Centrales de Oaxaca. Individuals from
Tlalixtac and Yautepec (Valles Centrales de Oaxaca) shared Haplotype H39. Hap-
lotypes H41, H42, and H43 are endemic to Flor de Chiapas. Haplotypes H38 and
H40 are endemic to Tlalixtac. Haplotypes H45, H47, H48 and H49 are endemic
to Candelaria Loxicha (Oaxaca state), and haplotypes H50 to H53 to Yautepec.
Haplotypes H54 to H60 were found in individuals from the Sierra Madre del
Sur (Acahuizotla, Guerrero state) and the Trans-Mexican Volcanic Belt (Tepexco,
Puebla state) regions. Global and local haplotype frequencies can be consulted in
Suppl. material 3.

Genetic variation descriptors (Table 2) show that within populations the number
of segregated sites range from 1 to 16. The highest nucleotide variation value was
found in the population of Neblinas (= = 0.0149, S = 7). This locality had nearly 30
times the nucleotide variation found in Flor de Chiapas (x = 0.0005, S = 1). The lowest
value for haplotype diversity was at Lachiguiri (Hd = 0.2), while the highest value (i.e.,
1) was at Acahuizotla (Guerrero), Neblinas (Queretaro) and Tepexco (Puebla). The
global Fu’s Fvalue (i.e., -7.935; p < 0.001) is consistent with a significant demographic
expansion history. However, none of the individual populations showed statistically
significant values for this descriptor.

The SAMOVA (k change from 2 to 15) showed a gradual increase in the
F_ values (Table 3). The highest F. was reached with 15 groups, where the ge-
netic variability among groups reached approximately 80%. This result suggests
that practically every locality is an isolated group. The only two groups recov-
ered were: Xalapa-La Orduna-San Antonio Paso del Toro (central Veracruz state)
and Acahuizotla-Tepexco. The Mantel test revealed a significant positive correla-
tion (r = 0.3756, p < 0.0001), which suggests isolation by distance. The AMOVA
showed also significant genetic structure (F. = 0.77, P < 0.0001). Approximately
77% of molecular variance occurs among populations, while the remaining 23%
is explained by the genetic differences within populations (Table 4). Population
pairwise F values revealed significant differentiation between most populations
(Table 5). Gene flow estimations among populations were extremely varied, fluc-
tuating from M = 0.000 (i.e., between Flor de Chiapas-San Antonio Paso del Toro)
to a continuous exchange of individuals between Xalapa-La Ordufia, and Xalapa-
Cerro Colorado.
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Figure 2. Haplotype network of Falagonia mexicana. The network was based on statistical parsimony
for the 60 haplotypes retrieved from the COI sequences. Numbers indicate haplotype identity. Colors on

network correspond to each locality as shown in the legend.

Table 2. Indices of genetic diversity from the sequences of the 472 bp fragment of COI from £ mexicana.

Population n N n S.D. = b Hd S.D.Hd FusF ?

Flor de Chiapas 9 1 0.0005  0.0004 2 0.222 0.166 -0.263 0.342
La Ordufa 10 1 0.0008  0.0003 2 0.356 0.159 0.417 0.400
Cerro Colorado 2 0.0011  0.0005 3 0.417 0.191 -1.081  0.196
San Antonio Paso del Toro 10 2 0.0015  0.0005 3 0.511 0.164 -0.272  0.282
Xalapa 11 3 0.0029  0.0004 4 0.764 0.083 -0.290  0.251
Tepexco 3 4 0.0059  0.0022 3 1.000 0.272 -0.341 0.416
Tlalixtac 9 4 0.0025 0.0011 3 0.639 0.126 0.645 0.329
Candelaria Loxicha 7 5 0.0041  0.0012 4 0.714 0.181 -0.324  0.274
Neblinas 2 7 0.0149  0.0075 2 1.000 0.500 1.946 0.875
Acahuizotla 5 7 0.0069  0.0016 5 1.000 0.126 -2.238 0.096
El Imposible 6 7 0.0079  0.0015 4 0.867 0.129 0.426 0.352
Ocampo-Acahuales-Tula 10 7 0.0048  0.0010 7 0.867 0.107 -3.310 0.029
San Agustin Mezquititlan 10 8 0.0044 0.0018 5 0.756 0.130 -0.760 0.201
Montecristo 7 9 0.0078  0.0024 4 0.810 0.130 0.812 0.327
Pacaya 10 11 0.0079  0.0017 7 0.867 0.107 -1.744 0.109
Lachiguiri 10 12 0.0053  0.0041 2 0.200 0.154 4.582 0.069
Yautepec 10 16 0.0127  0.0039 6 0.844 0.103 0.778 0.272
La Concordia 1 0 0.0000 - 1 0 - - -
Xalapa, Ordufia, and San Antonio 31 4 0.0020  0.0003 5 0.652 0.063 -0.977 0.159
Paso del Toro

Acahuizotla and Tepexco 8 10 0.0064  0.0015 6 0.929 0.084 -1.785  0.113
Global 139 35 0.0161  0.0007 34 0.862 0.022 -7.935 <0.001

7n: samples number; S: number of segregating sites; m: nucleotide diversity; S.D.: standard deviation; 4: haplotype numbers; Hd: haplo-

type diversity; p: probability value.
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Table 3. Fixation index (#.,) for population groups of £ mexicana recovered by the SAMOVA.

Population groups
(Xal, Ord, CCo, Mez, OAT, Neb, Imp, Mon, Pac, SAPT, Tla) (Aca, CaL, Tep, Lac, FDC, Yau, Con)
(Xal, Ord, Cco, Mez, OAT, Neb, SAPT y Tla) (Aca, CaL, Tep, Lac, FDC, Con) (Imp, Mon, Pac)
(Xal, Ord, Cco, Mez, OAT, Neb, SAPT, Tla) (Imp) (Aca, CaL, Tep, Lac, FDC, Yau, Con) (Mon, PAC)
(Xal, Ord, Cco, Mez, OAT, Neb, SAPT, Tla) (Imp, Mon) (Pac) (FDC) (Aca, CaL, Tep, Lac, Yau, Con)
(Xal, Ord, Cco, Mez, OAT, Neb, SAPT) (Tla) (Imp, Mon, Pac) (Aca, Tep, Con) (CaL, Lac, Yau) (FDC)
(Xal, Cco, Mez, OAT, Neb, SAPT) (Ord) (Tla) (Imp, Mon, Pac) (Aca, Tep, Con) (CaL, Lac, Yau) (FDC)
(Xal, Ord, Cco, Mez, OAT, Neb, SAPT) (Tla) (Imp, Mon) (Pac) (Aca, Tep) (CaL, Lac, Yau) (Con) (FDC)
(Xal, Ord, Cco, Mez, OAT, Neb, SAPT) (Tla) (Imp, Mon) (Pac) (Aca, Tep) (CaL) (Lac, Yau) (FDC) (Con)
(Xal, Ord, Cco, Mez, SAPT) (OAT, Neb) (Tla) (Imp, Mon) (Pac) (Aca, Tep) (Cal) (Lac, Yau) (Con) (FDC) 10 0.774 <0.00001
(Xal, Ord, Cco, Mez, SAPT) (Neb) (OAT) (Tla) (Imp, Mon) (Pac) (Aca, Tep) (Cal) (Lac, Yau) (Con) (FDC) 0.783 <0.00001
(Xal, Ord, Cco, Mez, SAPT) (OAT) (Neb) (Tla) (Imp, Mon) (Pac) (Aca) (Tep) (CaL) (Lac, Yau) (Con) (FDC) 12 0.781 <0.00001
(Xal, Ord, Cco, SAPT) (Mez) (OAT) (Neb) (Tla) (Imp) (Mon) (Pac) (Aca) (Tep) (CaL, Lac, Yau) (Con) (FDC) 13 0.780 <0.00001
(Xal, Ord, Cco, Mez, SAPT) (OAT) (Neb) (Tla) (Imp) (Mon) (Pac) (Aca) (Tep) (Cal) (Lac) (Yau) (Con) (FDC) 14 0.792 <0.00001
(Xal, Ord, SAPT) (Cco) (Mez) (OAT) (Neb) (Tla) (Imp) (Mon) (Pac) (Aca, Tep) (Cal) (Lac) (Yau) (Con) (FDC) 15 0.794 <0.00001

Fy  p

0.613 <0.00001
0.634 <0.00001
0.620 <0.00001
0.680 <0.00001
0.760 <0.00001
0.741 <0.00001
0.771 <0.00001
0.767 <0.00001

O 00 N O\ W W N R

—_
- o

k: number of groups; F,. : genetic diversity between groups; p: p-value. Xal: Xalapa, Ord: La Ordufia, CCo: Cerro Colorado, Mez: San
Agustin Mezquititlan, OAT: Ocampo-Acahuales-Tula, Neb: Neblinas, Imp: El Imposible, Mon: Montecristo, Pac: Pacaya, SAPT: San
Antonio Paso del Toro, Tla: Tlalixtac, Aca: Acahuizotla, CaL: Candelaria Loxicha, Tep: Tepexco, Lac: Lachiguiri, FDC: Flor de Chiapas,
Yau: Yautepec, Con: La Concordia.

Table 4. Analysis of molecular variance (AMOVA) among the 18 populations of £ mexicana.

Variation Source d.f. Sum of squares Variance components Variation (%) F,
Among populations 17 507.30 3.75 77.03 0.77*
Within populations 121 135.39 1.12 22.97
Total 138 642.69 4.87

*= Significance < 0.000001.

The best-fitting nucleotide substitution model was TrN+G+]. The model’s specif-
ic parameters were: base frequency = 0.3175, 0.1536 0.1489, 0.38; nst = 2; ts:tv ra-
tio = 4.7931; Gamma shape = 0.5600; ncat = 4; and pinvar = 0.7490. The trees recovered
by Bayesian (Fig. 3) and ML (See Suppl. material 4) inferences have congruent topolo-
gies, with slight changes in the internal relationships. The base of the £ mexicana clade is
a polytomy formed by individuals of populations mainly distributed in the Sierra Madre
del Sur, Pacific and Trans-Mexican Volcanic Belt, a Flor de Chiapas clade (FDC [PP = 1]),
and a “big clade” (PP = 1) that encompasses the populations from Tierras Altas de Chia-
pas (TAC) to Sierra Madre Oriental (SMO). This “big clade” presents a substructure
recovering a monophyletic group formed by Valles Centrales de Oaxaca (SMS: VCO)
which is the sister group to the clade containing the rest of the sampled populations.

The chronogram (Fig. 4) showed a radiation event during the Middle Pleistocene.
The results showed that £ mexicana split from the outgroup approximately 450,000
years ago. The diversification events that originated the main lineages within the spe-
cies occurred nearly 150,000 years ago. The skyline-plots showed that the populations
were kept in stasis for the most part of the Pleistocene, followed by a demographic ex-
pansion period towards the end of this epoch. For the lineage of TAC, a small increase
in Ve occurred 3,500 years ago. In the SMO lineage, the increase of Ne occurred ap-
proximately 1,000 years ago. For the species (global analysis) the skyline-plot showed
a demographic increment process that started approximately 4,000 years ago (Fig. 4).
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Figure 3. Genealogy recovered based on Bayesian inference. Numbers indicate the Bayesian posterior prob-
abilities. The four main lineages are Flor de Chiapas (FDC), Sierra Madre del Sur that encompasses the Valles
Centrales de Oaxaca (SMS: VCO), Tierras Altas de Chiapas (TAC), and Sierra Madre Oriental (SMO).
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Figure 4. Chronogram and Skyline-plots based on COI sequences of Falagonia mexicana. For the
chronogram the time is in millions of years. The Skyline-plots are shown for the clades going through
demographic changes (SMO: Sierra Madre Oriental, TAC: Tierras Altas de Chiapas, and Global: Whole
genealogy). Skyline-plots show mean Ve, plus 95% HDP confidence limit.

Discussion

Population structure and genetic diversity

Falagonia mexicana is a highly polymorphic species with sixty different haplotypes re-
covered. Nucleotide changes are dispersed geographically creating many endemic hap-
lotypes, but despite this, there are two widely distributed haplotypes (i.e., haplotypes
H1 and H46) suggesting effective gene flow. Possibly, these haplotypes are ancestral
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that gave rise to the more recent ones. Gene flow is supported by the values obtained
for migrants per generation (Table 5). Nonetheless, the low values of migrants per
generation between the Sierra Madre Oriental (excluding Neblinas) and Tierras Altas
de Chiapas (M = 0.113-0.643) suggest the existence of potential geographic barriers.
The Isthmus of Tehuantepec could be such barrier. The gene flow is a complex process
as suggested by the Mantel’s test. The mutation pattern observed in haplotypes H24
and H19 suggests that they might mediate the inferred gene flow. They are intermedi-
ate haplotypes between those from Sierra Madre Oriental, Tierras Altas de Chiapas,
Tlalixtac, and Yautepec. There is a negative relationship between Hd and sample size
(Table 2). High Hd values were obtained for populations of Tierras Altas de Chiapas,
Ocampo-Acahuales-Tula, and Yautepec. Alternatively, populations closest to the Isth-
mus of Tehuantepec registered low Hd values. This occurs in the west (Lachiguiri) as
well as in the east (Flor de Chiapas) of the Isthmus. However, the number of segregated
sites and nucleotide diversity differ greatly within these two populations. The popula-
tion of Lachiguiri has maintained gene flow with the Candelaria Loxicha and Yautepec
populations (M = 9.323—inf; Table 5). Regarding to the population of Flor de Chia-
pas, it may have recently gone through a bottleneck reducing the genetic variability
to a single segregated site. Such uneven genetic dynamic suggests that the Isthmus of
Tehuantepec represents a geographic barrier that promoted differential effects on gene
flow and demography.

The F values (Table 5) and the AMOVA (Table 4) revealed a significant differ-
entiation between most populations and a high genetic structure. We found a phylo-
geographic structure like that reported by Nolasco-Soto et al. (2017) for populations
of the Canthon cyanellus beetle. According to these authors that species arose in the
late Pliocene with radiation during the Pleistocene. The oldest lineages were recovered
to the north of the Trans-Mexican Volcanic Belt (north of Sierra Madre Oriental) and
in the Pacific, and the most recent lineage to the south of the Trans-Mexican Volcanic
Belt, on the Coastal Plain of the Gulf of Mexico. Nolasco-Soto et al. (2017) reported
limited historical gene flow with current genetic structure determined by isolation
by distance and other contemporary processes. Anducho-Reyes et al. (2008) reported
high F__for the bark beetle Dendroctonus mexicanus, reporting an allopatric fragmen-
tation event among the populations to the north of the Trans-Mexican Volcanic Belt,
and the Sierra Madre del Sur. They assumed a long-distance colonization process with
continuous migration between populations of those geographic provinces. Another
study by Sdnchez-Sanchez et al. (2012) for the Dendroctonus approximatus beetle found
differentiation between populations in the group of Sierra Madre Oriental-Sierra
Madre del Sur with respect to the Sierra Madre Occidental-Trans-Mexican Volcanic
Belt group. This divergence was estimated to have occurred 195,000 years ago in the
late Pleistocene. They concluded that the populations of that species represent a model
of geographic range expansion and contraction, with subsequent restricted gene flow
among putative Pleistocene refuges. Apparently, a rapid genetic structure in space and
time for Coleoptera, and possibly for insects in general, is feasible in the mountainous
regions of Mexico. It is important to continue with studies like these that will allow us
to reinforce possible dominant evolutionary patterns in Neotropical insects.
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Biogeography and diversification time

The biogeographic history of Middle America has been complex and intriguing. One
of the main questions has been how many events of exchange of organisms between
the Nearctic and Neotropical regions have happened. Recently, studies have focused
on the Mexican and Central America highlands to understand the biogeographic his-
tory of this area (Mastretta-Yanes et al. 2015). The estimated divergence time suggests
that the origin of £ mexicana occurred during the Middle Pliocene, followed by a
radiation that begun in the Upper Pleistocene that persisted during the Holocene.
Such time coincide with several of the glacial-interglacial cycles that took place during
those periods (O’Dea et al. 2016). Although most of the volcanic activity in the Sierra
Madre Occidental and the other great mountain chains of Mexico ceased between the
Oligocene-Miocene boundary; however, many localized and significant tectonic events
have occurred until present times (de Cserna 1989; Ferrari et al. 1999, 2005, 2012).
For instance, different pulses have conformed the topology of the Trans-Mexican Vol-
canic Belt were some of the large stratovolcanoes were formed less than 1 Mya. It has
been found that the Trans-Mexican Volcanic Belt constitutes a geographical barrier,
separating two large biogeographical assemblages, one to the north and the other to
the south of it. Our results suggest that the ancestral area of F. mexicana might be
located between the Pacific, Trans-Mexican Volcanic Belt or Sierra Madre del Sur bio-
geographic regions (Fig. 4). One of the northernmost records of the species is Sierra
Alamos, Sonora (Santiago-Jiménez 2010). This area is located on the border of the Si-
erra Madre Occidental and Pacific provinces. That population is geographically closer
to that of La Concordia, Sinaloa, representing a cluster of Pacific affinities; whereas the
taxa distributed in the southern portion of the Sierra Madre Occidental have a closer
affinity to those in the Sierra Madre del Sur (Marshall and Liebherr 2000).

The Isthmus of Tehuantepec is a geographical barrier for gene flow between the
east and west regions. Many vicariance events have been invoked for different line-
ages (Castoe et al. 2009; Barber and Klicka 2010; Daza et al. 2010; Gonzdlez et al.
2011; Gutiérrez-Rodriguez et al. 2011). The Isthmus of Tehuantepec is a valley, located
near the triple junction of the North American, Cocos and Caribbean plates. It is
approximately 200 km long and has an average altitude of 200 m a.s.l. Climatic and
topographic conditions along with the glacial-interglacial cycles during the Pleistocene
might explaine diversification patterns found at this area (Pringle et al. 2012; Ornelas
et al. 2013; Rodriguez-Gémez et al. 2013; Pech-May et al. 2019). Our findings are
consistent with such vicariance patterns. Approximately 100,000 years ago three main
clades of Falagonia rose: a) a cladogenetic event occurred separating the FDC clade
(east of the Isthmus of Tehuantepec) from its sister group, b) the SMS: VCO clade
(west of the Isthmus) differentiated from the TAC clade, and ¢) the SMO clade (north-
west of the Isthmus) split from the TAC- SMS: VCO clade. All this could be regulated
by continental uplift and sea level oscillations, or glacial-interglacial cycles.

The Isthmus of Tehuantepec has an average altitude of 200 m a.s.l. Although this is
within the low range of the altitudinal tolerance of Falagonia, the dry and harsh climatic
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conditions of this area might create a barrier for this species. The northern area of the
Isthmus is more humid due to the influence of the Gulf of Mexico. Until a century ago
the predominant vegetation was tropical evergreen forest. In the past this vegetation was
a continuum ecosystem from northern Veracruz to the northeast of Chiapas (Rzedowski
1994). However, anthropocentric activities (e.g., cattle ranching) have decreased the veg-
etation cover to near disappearance, altering the climatic conditions significantly. Such
habitat modification indubitably is playing an important role in gene flow disruption
among the populations of this staphylinid and many other species of flora and fauna. A
more exhaustive population sampling at both sides of the Isthmus of Tehuantepec is nec-
essary to understand the effects of deforestation and habitat fragmentation on £ mexicana.

For the SMO clade the Trans-Mexican Volcanic Belt constitutes a recent geograph-
ical barrier. One of the most relevant episodes occurred between the late Pliocene and
the Quaternary in southern Veracruz (Palma Sola, Los Tuxtlas). Rodriguez et al. (2010)
considered the Cofre de Perote-Pico de Orizaba volcanic range as the eastern end of the
Trans-Mexican Volcanic Belt. The recent volcanic activity at this region and at the Si-
erra Madre Oriental allowed the SMO clade to finally establish during the Pleistocene,
once geological, geographic, and climatic conditions were more stable. More recently,
the volcanic activity to the east, at Chiconquiaco-Palma Sola, during the Quaternary,
apparently constituted another barrier to the £ mexicana populations from the north-
east of Mexico. The rocks of the Xalapa Monogenetic Volcanic Field, which comprises
more than 59 volcanoes of the Quaternary, fall into three groups, the oldest with a
little more than 2 Mya, others between 250 to 400 Kya, and others less than 100 Kya
(Rodriguez etal. 2010). This recent geologic activity possibly has not allowed the differ-
entiation of populations to the north (e.g., Ocampo-Acahuales-Tula) and south (e.g.,
Xalapa-La Ordufia-San Antonio Paso del Toro) of Chiconquiaco-Palma Sola region.

The divergence times suggest an origin for the populations of £ mexicana in the
western region of Mexico, where biogeographical assemblages from the southern Sierra
Madre Occidental have been found more closely related to other assemblages to the south
of the Trans-Mexican Volcanic Belt (Marshall and Liebherr 2000). Evidence of lineage
diversification during the Pleistocene in Mexico and Central America has been found for
different insects: dung beetles (Nolasco-Soto et al. 2017), bark beetles (Sinchez-Sdnchez
etal. 2012), edible crickets (Pedraza-Lara et al. 2015), dolichoderine ants (Pringle et al.
2012), and the Triatoma dimidiate vector (Pech-May et al. 2019), among others. This
supports the hypothesis that the geo-climatic events that took place during the Pliocene,
such as intense volcanic activity, glacial-interglacial cycles, and sea level fluctuations,
represent a major driver for the diversification of different insects’ lineages.

Historical demography

The population expansion processes inferred for £ mexicana during the Quaternary
period might be the result of the end of the last glacial maximum. The climate on Earth
has undergone very marked fluctuations in cycles of ~ 100,000 years, during the last
400,000 years. The coldest stages (8 °C less on average) constitute the glacial cycles, while
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the stages where the climates are equal to or warmer (2-3 °C higher) than the present,
are the interglacials (Stute et al. 1995; Brown and Lomolino 1998). Glacial events in the
Trans-Mexican Volcanic Belt produced a decrease in the Equilibrium Line Altitude of
~ 1,000 m from current levels in the main mountains. Therefore, not only the volcanic
activity has contributed to the diversification of lineages in this area (Caballero et al.
2010). Such drastic changes in temperature also could have had an effect in fluctuations
of the gene flow at the Isthmus of Tehuantepec region. Nowadays the lowlands that
separate the higher altitude areas have arid zones with warmer climates, dry jungles, and
tropical rain forests (Challenger and Soberén 2008; Mastretta-Yanes et al. 2015). Dur-
ing the last maximum glacial the paleolimnological and pollen data support drier and
cooler conditions in central and eastern-central Mexico, particularly between 21,000
to 18,000 years ago. While deglaciation started earlier in temperate zones, conditions
remained very similar to the last maximum glacial for the Trans-Mexican Volcanic Belt
mountains (Caballero et al. 2010). Falagonia mexicana could have been distributed in a
northwest-southeast sequence reaching northern Central America, pushed by the effects
of the Wisconsin glaciation and other previous glaciations, while a displacement in the
opposite direction (i.e., invasion of the Sierra Madre Oriental) occurred more recently.
Other data obtained from the mtDNA from a variety of insect groups has revealed a
general pattern where population expansions occurred during the Pleistocene (Pfeiler
and Markow 2011; Pfeiler et al. 2013; Nolasco-Soto et al. 2017; Pech-May et al. 2019).

Association with ants

The larvae of E mexicana are unknown; therefore, there is a lack of information about
its natural history, behavior, and ecology. So far, the adults of this species have been only
observed and collected in association or near by the nests of Atta mexicana. Santiago-
Jiménez (2010) reports that the adults are active predator of these ants. However, alter-
native hypotheses exist to explain the association between F mexicana with A. mexicana.
The ant species of the tribe Attini depend strictly for their feeding on the cultivation
of the Leucoagaricus gongylophorus fungi. Such agricultural practice creates particular
micro environmental condition inside the ant’s nest as well as the continuous produc-
tion of foliar debris. Temperature fluctuations had a harsh effect on insect population
perhaps partly due to thermoregulation in conjunction with body mass, playing an
important role at the level of ecological niche and geographic distribution patterns.
Verdd et al. (2006) pointed out that dung beetles weighing less than 1.9 g, tend to be
thermo-conformal or poikilotherms, only capable of maintaining a temperature simi-
lar to the environment at the time of flight. Marquez and Navarrete-Heredia (1994)
reported that the debris maintain, most of the time, a temperature between 19-27 °C,
usually higher than environmental temperature. This suggests that  mexicana can use
the nests of A. mexicana as a refuge to regulate their body temperature and, at the same
time, be able to capture prey. Therefore, the external debris of A. mexicana may histori-
cally constitute a refuge without abrupt temperature changes, allowing this species to
occupy higher altitudinal and wider latitudinal ranges in different vegetation types.
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Final remarks

Falagonia mexicana is a species whose origin can be dated during the Pleistocene and
diversified in at least four main haplogroups since then. Geographic barriers such as
the Isthmus of Tehuantepec, Trans-Mexican Volcanic Belt and Sierra Madre Oriental
have played a major role in the evolution of this species. Even though geographic
regions define the haplogroups, evidence of contemporary restricted gene flow was
found, which indicates that this lineage is in the process of genetic differentiation. The
differentiation among populations was supported by significant values of pairwise F,
and the global genetic structure revealed by the AMOVA. Also, a significantly positive
correlation between genetic and geographic distances, suggesting isolation by distance
is a process promoting its genetic structure. Finally, climatic, and volcanic events that
occurred during the late Quaternary Period indubitably have shaped the distribution,
genetic structure, and demography history of this elusive insect.
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Abstract

From the Japanese Archipelago, 12 Habroloma and 20 Trachys species (Buprestidae: Tracheini) have been
recorded. Two new Habroloma species were found, which are associated with Elaeocarpaceae and Loran-
thaceae, also new host plant families/orders for Tracheini. The two new species are described as Hazbroloma
elaeocarpusi sp. nov. and Habroloma taxillusi sp. nov., and the latter is the first Tracheini species shown to
be associated with epiphytes. Leaf mines of 31 Tracheini species are also reported in this work, including
new records of leaf mines for 16 Tracheini species. The larvae of all these recorded species are full-depth
linear-blotch mesophyll miners of mature leaves and pupate within their mines. The mining habits of
Habroloma species associated with Symplocos (Symplocaceae) are unique: the young larvae bore into mid-
ribs and petioles and cause leaf fall, and the larvae then mine the fallen leaves.

Keywords
Agrilinae, Habroloma, leaf miner, mining pattern, Symplocos, Trachys

Introduction

The coleopteran family Buprestidae is a species-rich clade whose larvae are xylopha-
gous wood-borers, while the leaf-mining habit has evolved (Hering 1951). The tribe
Tracheini of the subfamily Agrilinae is one of these leaf-mining clades and has great di-
versity, especially in Asia, Europe, and Africa. The two genera of Tracheini, 7achys and

Copyright Makoto Kato & Atsushi Kawakita. This is an open access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Habroloma, comprise more than 650 and 300 species worldwide, respectively (Bellamy
2008). Continental Asia is home to diverse trachyine species (Obenberger 1918, 1929)
and the number of trachyine species has been underestimated. In recent years, 14
Trachys and 33 Habroloma species have been newly described from China (Peng 2020,
2021a, b, ¢, d, 2022a, b). By contrast, the Japanese Archipelago harbors 20 Zrachys and
12 Habroloma species (Buprestidae: Tracheini) (Ohmomo and Fukutomi 2013), and
no new taxa have been added since the monograph by Kurosawa (1959).

Leaf-mining habits in Buprestidae are believed to have evolved from wood-boring
habits (Frost 1924), and the switch from wood-boring to leaf-mining has occurred
several times in Buprestidae (Evans et al. 2015). The leaf-mining habits of Japa-
nese trachyine species are characterized by full-depth blotch mining of the leaves of
woody plants such as Malus, Rosa, Prunus, Ulmus, Zelkova, Aphananthe, Broussonetia,
Quercus, Castanopsis, Platycarya, Salix, and Deutzia, or subwoody climbing plants
such as Pueraria, Amphicarpaea, and Desmodium (Yano 1952), while in Europe many
leaf-mining trachyine species are associated with herbaceous plants such as Fragaria,
Potentilla, Scabiosa, Stachys, Malva (Frost 1924), and Geranium (Schaefer 1950).

Of the 32 Japanese trachyine species, host plants have been reported for 28 (Ohm-
omo and Fukutomi 2013). The known host plants belong to seven angiosperm orders:
Fabales (3 spp.), Rosales (13. spp.), Fagales (5 spp.), Malpighiales (2 spp.), Malvales
(1 sp.), Cornales (2 spp.), and Ericales (2 spp.). The host plant records are based mainly
on observations of adult beetles feeding, with immature stages and leaf mines being
reported only for nine Trachys and four Habroloma species in Japan (Yano 1952).

To shed light on the diversity and host plant associations of trachyine species in
Japan, we have conducted extensive rearing of leaf-mining larvae on diverse plants
and a substantial collection of mined leaves. From the accumulated materials, we
identified two undescribed trachyine species. The two new species are associated with
two new plant orders and families for Tracheini: Oxalidales (Elacocarpaceae) and San-
talales (Loranthaceae). Furthermore, we detected leaf mines for 31 trachyine species,
including new leaf mine records for 18 trachyine species. In this paper, we describe
the two new species, as well as the leaf mines of 31 trachyine species, and discuss
the diversity and evolution of plant utilization patterns of trachyine species in the
Japanese Archipelago.

Materials and methods

We have conducted extensive sampling of buprestid leaf mines from the Japanese
Archipelago since the 1980s. By rearing the leaf-mining larvae, we obtained 400 adult
buprestid beetles. All of the specimens were collected by MK unless otherwise noted.
The leaves containing leaf mines were dried, and the dried herbarium specimens have
been deposited in the Kyoto University Museum (KUM).

The morphology of adult specimens was examined under a microscope (VHS-
7000; Keyence). Specimens were photographed by synthesizing virtual images from
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a sequence of corresponding depth images. To observe male genitalia, the specimens
were macerated in hot water and dissected under a microscope. The abdomen was
removed from the body and then cleaned in 5% KOH solution for ~ 12 h at room
temperature. After washing in distilled water, the terminalia extracted from the abdo-
men were mounted on slides with glycerol.

Results

Systematics of Japanese Habroloma Thomson, 1864

Among adult beetles that emerged from collected leaf mines, we identified two new
Habroloma species. We describe the two species using the following key to Japanese
species. In this key, Habroloma hikosanensis is missing because it is within the morpho-
logical variation of Habroloma yuasai.

Key to the Japanese Habroloma Thomson, 1864 species

1 Pronotum with a large distinct fovea at the post-inferior side of each anterior
ANGLE .o bifrons (Kiesenwetter, 1879)
- Pronotum with a shallow depression at the post-inferior side of each anterior
ANGLE ot 2
2 Ventral surface of body flattened; thickness index (body thickness/body
length) less than 0.36 (Fig. 2A-D); prosternal process inverted trapezoid,
posterior margin linearly truncated (Fig. 3A—D) ......cccceiiiiiiiiiiiiinne, 3
- Ventral surface of body convex ventrally; thickness index (body thickness/
body length) greater than 0.37; prosternal process round or lingulate, longer

than wide, posterior margin often rounded (Fig. 3E—])....cccccoeuiivinnncnnne. 6
3 Elytra clothed with greyish golden hairs except silvery vitta (Fig. 1A, B) .....4
- Elytra clothed with greyish hairs except silvery vitta (Fig. 1C, D)................ 5
4 Elytra with a distinct V-shaped silvery vitta (Fig. 1B) ......cccccoocevnniiininnnes

.................................................. eximium (Lewis, 1892) [host: Symplocos]
- Elytra without a distinct V-shaped silvery vitta (Fig. 1A).....cccccocvueveiininnnnns
........................................ liukiuensis Obenberger, 1940 [host: Symplocos]
5 Elytra with a V-shaped silvery vitta, which neighboring a V-shaped black vitta
ahead (Fig. 1C); prosternal process slightly expanded posteriorly (Fig. 3C)...
........................................ griseonigra (E. Saunders, 1873) [host: Quercus]
- Elytra with two waving transverse silvery vittae on posterior half; anterior
vitta M-shaped (Fig. 1D); prosternal process strongly expanded posteriorly
(Fig. 3D).ccovviviiiiiiiine elaeocarpusi Kato, sp. nov. [host: Elaeocarpus]
6 Basal 2/3 of elytra with a steel-blue patch (Fig. 1E).....cccccoovviiiinininnnee.
.................................................... lewisii (E. Saunders, 1873) [host: Rosal].
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Elytra with three wavy silvery and golden transverse vittae on posterior 2/3
(Fig. 1F); prosternal process round (Fig. 3F) .....c.cocooviiiiininiii
....................................................... taxillusi Kato, sp. nov. [host: Taxillus]
Elytra with two wavy silvery or golden transverse vittae on posterior half
(Fig. 1G-K); prosternal process lingulate, longer than wide (Fig. 3G-]) .....8
Body subovate, less attenuated posteriorly, margins nearly parallel in basal
half (Fig. 1G); prosternal process narrowest at base, with rounded posterior
margin (Fig. 3G)............ nixilla (Obenberger, 1929) [host: Lagerstroemial
Body cuneiform, attenuating toward posterior end even from basal half
(Fig. 1H-K); prosternal process with linearly truncated posterior margin
(Fig. BH=J) coeieeeieeeiee et 9
Anterior wavy transverse silverly/golden band of posterior elytra complete
(Fig. 1H, I); prosternal process with posterior margin linearly truncated
AT = 0 | OO OSSO 10
Anterior wavy transverse silverly/golden band of posterior elytra discon-
nected midway (Fig. 1], K); prosternal process with posterior margin arched
T ) o 12
Anterior wavy transverse band silvery (Fig. 1I).....cccccoviiiiiiiiiiiis
............................................ marginicolle (Fairmaire, 1888) [host: Rubus]
Anterior wavy transverse band grayish-golden and partly silvery (Fig. 1H)...11
Elytra with the sides constricted behind humeri; prosternal process as long as
WAC et asahinaiY. Kurosawa, 1959 [host: Rubus]
Elytra with the sides not constricted behind humeri (Fig. 1H); prosternal
process longer than wide (Fig. 3H) ......cccccoviiiiiiiiiiicccc
............................................. yuasaiY. Kurosawa, 1976 [host: Platycaryal
Elytra strongly attenuate from base to the apex, with the sides less arcuate and
distinctly constricted behind humeri (Fig. 1])...cccoovieiiinnniiiiiiieenee.
.......................................... subbicorne (Motschulsky, 1860) [host: Rubus]
Elytra attenuate from the base to the apex, with the sides not constricted be-
hind humeri (Fig. 1K)............ atronitidum (Gebhardt, 1929) [host: Rubus]

Habroloma elaeocarpusi sp. nov.
https://zoobank.org/13395C99-4CB0-48AB-8BAA-5BA2C4799DEF
Figs 1D, 2D, 3D, K-M

Material examined. Holotype: Jaran: & (MK-BP-a327), Mt. Osuzu, Tsuno-cho,
Miyazaki Pref. (32.262°N, 131.471°E, 230 m above sea level), 14-VII-2021 (as larva
on Elaeocarpus japonicus), emerged on 27-VII-2021, NSMT-I-C-200265.

Paratypes: Jaran: 13 (MK-BP-a360), same data as holotype, emerged on 30-

VII-2021, NSMT-1-C-200266; 19 (MK-BP-k35), Isso, Yakushima-cho, Yaku Island
(30.440°N, 130.472°E, 60 m above sea level), 11-VI-1993 (as larva on Elaeocarpus
japonicus), emerged on 26-VI-1993, NSMT-1-C-200267.
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Figure 1. Habroloma species of Japan, adult dorsal views A H. liukiuense B H. eximium eupoetum
C H. griseonigrum D H. elacocarpusi E H. lewisii F H. taxillusi G H. nixilla insulicola H H. yuasai
| H. marginicolle ) H. subbicorne K H. atronitidum. Scale bar: 1 mm.

Other material. Jaran: 2329, same data as holotype, emerged on 27-VII-2-VI-
11-2021.

Diagnosis. A small wedge-shaped species (length 3.1-3.3 mm) having pronotum
with posterior margin trisinuate. Elytra rather flattened, ornamentation consisting of
white pubescence; on posterior half with three transverse bands, anterior one obliquely
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zigzag, two posterior ones transversely straight. Male genitalia with slender tegmen
with paramere setiferous on anterior margin and slender pennis with rounded apex.
Larvae mine leaves of Elacocarpus japonicus.

Description. Adult male: (Figs 1D, 2D, 3D) Body somewhat wedge-shaped and
attenuated posteriorly; above entirely black-aeneous; body beneath, legs, and antennae
black, with a very slight aeneous tinge, except tarsal lamellae brownish.

Head, scen from above, transverse, broadly and sharply excavated between the
eyes, with the inferior rim of the eyes strongly and rather suddenly produced; frons
with the median impression distinct; fovea just above each antennal cavity obsolete
and indistinct; surface rather smooth, sparsely scattering laterally with traces of vario-
late and ocellate punctures, and sparsely clothed with whitish recumbent hairs; clypeal
suture transverse, somewhat arcuate exteriorly; clypeus transverse, - 2.6x as wide as
long, with the anterior margin somewhat arcuately emarginate; antennal cavities sur-
rounded posteriorly with elevated carina; antennae short and compact, with the third
segment ~ 1.5x as long as the fourth, with apical five segments serrated.

Pronotum transverse, widest just before the base, distinctly wider than elytra, and
~ 3.2x as wide as long; sides slightly but distinctly expanded just before the base,
then crescent-shaped and strongly attenuated to the anterior angles, which are acute
and strongly produced in dorsal aspect; anterior margin deeply, broadly and arcu-
ately emarginate; posterior margin trisinuate, produced and subtruncate, narrowly and
slightly emarginate just before scutellum; posterior angles acute and produced poste-
riorly; disk dilated laterally, broadly and obsoletely depressed at the anterior half of
the lateral dilation on each side, but without fovea, and obsoletely impressed along
the basal lobe causing the middle of the disk to be somewhat convex; surface lustrous,
punctured with traces of large, obsolete, shallow, somewhat ocellate punctures, and
sparsely clothed with whitish hairs. Scutellum smooth and triangular.

Elytra rather deplanate, widest at the base, - 1.3x as long as wide and - 4.3x as
long as pronotum; sides feebly sinuate and narrowed or subparallel to the anterior 2/5,
and then arcuately attenuated to the apex, but the attenuation somewhat angulate
near the apex; sutural margin not elevated entirely; humeri slightly prominent; basal
depressions along the base transverse; lateral carinae subparallel to the lateral margin;
disk constricted behind humeri, narrowly and obsoletely impressed along the inferior
side of each lateral carina; surface rather uniformly but coarsely punctate with shallow,
ill-defined, irregularly sized punctures, with the punctuation being somewhat rugous
at the sides; ornamentation consisting of white, yellowish-grey, and blackish hairs, with
the whitish hairs being predominant. Ornamentation consisting of white pubescence
arranged on each elytron as follows: at base with two irregular spots, at mid length
near suture with one irregular spot, toward side with one narrow, wavy, and irregular
strip, on posterior half with three transverse bands, anterior one obliquely zigzag, two
posterior ones transversely straight.

Body beneath scattered with very fine inconspicuous cinereous hairs. Prosternal
process inverted trapezoidal, narrow toward the base, - 1.3x broader than long, with
the apex almost truncate. Metasternum slightly convex coarsely punctate with variolate
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%

Figure 2. Habroloma species of Japan, adult lateral views A H. liukiuense B H. eximium eupoetum
C H. griseonigrum D H. elacocarpusi E H. lewisii F H. taxillusi G H. nixilla insulicola H H. yuasai

| H. marginicolle ) H. subbicorne. Scale bar: 1 mm.

and obsolete punctures at the middle. Abdomen beneath rather uniformly punctate
with shallow, obsolete variolate punctures. Legs normal; posterior coxae depressed en-
tirely, with the latero-posterior angles acute and produced latero-posteriorly.

Male genitalia (Fig. 3K—M). Sternite VIII wide, roundly arcuated along anterior
margin, furnished with several setae on each side of anterior margin. Tegmen slender;
paramere setiferous on anterior margin; phallobase wide, ~ 1/5 length of tegmen. Penis
slender, slightly shorter than tegmen; round at apex, basally with median struts ~ 1/3
length of penis.

Female. Like the male, but more robust. Length: 3.1-3.3 mm, width: 1.8-1.9 mm.

Etymology. The name indicates the host plant genus, Elaeocarpus.
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Japanese name. Kobanmochi-hiratachibi-tamamushi.

Host plant. Elaeocarpus japonicus Sieb. et Zucc.

Habitat. Primary evergreen forests dominated by Castanopsis sieboldii subsp. sieboldi.
Distribution. Japan (Kyushu and Yaku Island).

Habroloma taxillusi sp. nov.
https://zoobank.org/3A0F84C8-254D-4F21-AD10-90501E54DB37
Figs 1F, 2F, 3F

Material examined. Holotype: Jaran: & (MK-BP-k40), Yakukachi, Amami-shi,
Kagoshima Pref. (28.228°N, 129.347°E, 40 m above sea level), 23-V-2009 (as larva
on Taxillus yadoriki collected by A. Kawakita), emerged on 7-VI-2009, NSMT-I-
C-200268.

Paratype: Jaran: 19 (MK-BP-k39), same data as holotype, emerged on 2-VI-
2009, N NSMT-I-C-200269.

Diagnosis. A small wedge-shaped species (length 2.5-2.7 mm) having pronotum
with posterior margin trisinuate. Elytra slightly convex around base, ornamentation
consisting of yellowish-grey pubescence; on posterior 2/3 with three transverse bands,
first two obliquely zigzag, apical one slightly transversely waved. Larvae mine leaves of
a mistletoe species, Taxillus yadoriki.

Description. Adult male: (Figs 1F, 2E 3F) Body somewhat wedge-shaped and
attenuated posteriorly; above entirely black-aeneous; body beneath, legs, and antennae
black, with a very slight aeneous tinge, except tarsal lamellae dark brownish.

Head, secen from above, transverse, broadly excavated between the eyes, with the
inferior rim of the eyes strongly produced; frons with the median impression distinct;
fovea just above each antennal cavity obsolete and indistinct; surface rather smooth,
sparsely scattered laterally with traces of variolate and ocellate punctures, and sparsely
clothed with recumbent yellowish-grey hairs; clypeal suture transverse, somewhat ar-
cuate exteriorly; clypeus transverse, - 2.6x as wide as long, with the anterior margin
somewhat arcuately emarginate; antennal cavities surrounded posteriorly with elevated
carina; antennae short and compact, with the third segment - 1.5x as long as the
fourth, and five apical serrated segments.

Pronotum transverse, widest just before the base, as wide as elytra, and ~ 2.4x as
wide as long; sides slightly but distinctly expanded just before the base, then crescent-
shaped and strongly attenuated to the anterior angles, which are acute and strongly
produced in dorsal aspect; anterior margin deeply, broadly, and arcuately emarginate;
posterior margin trisinuate and subtruncate, narrowly and slightly emarginate just be-
fore scutellum; posterior angles acute and produced posteriorly; disk dilated laterally,
broadly and obsoletely depressed at the anterior half of the lateral dilation on each side,
but without fovea, and obsoletely impressed along the basal lobe causing the middle
of the disk to be somewhat convex; surface lustrous, punctured the traces of large, ob-
solete, shallow, somewhat ocellate structures, and sparsely clothed with yellowish gray
hairs. Scutellum smooth and triangular.
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Figure 3. Habroloma species of Japan, adult ventral views (A-J) and male genitalia of H. elacocar-
pusi (K=M). A H. liukivense B H. eximium eupoetum C H. griseonigrum D H. elaeocarpusi E H. lewisii
F H. taxillusi G H. nixilla insulicola W H. yuasai | H. marginicolle ) H. subbicorne K, L lateral and ventral
views of tegmen, pennis and sternite IX M tergite VIIL. Scale bars I mm (A=)); 0.5 mm (K-M).

Elytra slightly convex along base, widest at the base, - 1.4x as long as wide and -
3.3x as long as pronotum; sides feebly sinuate and narrowed or subparallel to the anteri-
or 2/5, and then arcuately attenuated to the apex but with the attenuation somewhat an-
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gulate near the apex; humeri slightly prominent; basal depressions along the base trans-
verse; lateral carinae subparallel to the lateral margin; disk constricted behind humeri,
narrowly and obsoletely impressed along the inferior side of each lateral carina; surface
rather uniformly but coarsely punctate with shallow, ill-defined, irregularly sized punc-
tures, but the punctuation somewhat rugous at the sides. Ornamentation consisting of
yellowish grey pubescence arranged on each elytron as follows: at base with two irregular
spots, on posterior 2/3 with three transverse bands, first and second ones obliquely zig-
zag, apical one slightly transversely waved; with transverse irregular spot apically.

Bodly beneath scattered with very fine inconspicuous cinereous hairs. Prosternal pro-
cess rounded, ~ 1.27x broader than long. Metasternum slightly convex and coarsely punc-
tate, with variolate and obsolete punctures at the middle. Abdomen beneath rather uni-
formly punctate with shallow, obsolete variolate punctures. Legs normal; posterior coxae
depressed entirely, with the latero-posterior angles acute and produced latero-posteriorly.

Male genitalia: not studied.

Female. Like the male, but more robust. Ornamentation of elytra is similar but
pubescence more whitish in female. Body length: 2.5-2.7 mm, width: 1.5-1.7 mm.

Etymology. The specific name indicates host plant genus, Zaxillus.

Japanese name. Obayadorigi-hiratachibi-tamamushi.

Host plant. Zaxillus yadoriki (Maxim.) Danser [Loranthaceae]

Habitat. Canopy of primary evergreen forests dominated by Castanopsis sieboldii
subsp. lutchuensis (Fig. 5L).

Distribution. Japan (Amami-Oshima Island, known only from the type locality).

Leaf mines of Japanese Tracheini species

Leaf mines of Tracheini species have the following characteristics. The mined leaves
are mature leaves that have completed expansion and hardening. An egg is laid on the
upper side of a leaf and covered by a circular brown glossy coating, which is secreted
by an adult female. Pupation takes place within the mine. Hereafter, we describe leaf
mines of the 14 Habroloma and 20 Trachys species in Japan.

Habroloma species checklist

1. Habroloma subbicorne (Motschulsky, 1860)
Fig. 4A-E

Host plant. Rosaceae: Rubus parvifolius (Yano 1952), Rubus palmatus, Rubus buergeri
(Kurosawa 1959).
Leaf mine. Brown full-depth blotch mine on mature leaf. Egg is laid at a distance
from leaf margin and the mine expands in the leaf blade. Frass is thread-like.
Material examined. Nishihoragawa, Kiso, Nagano Pref. 6-VIII-2015 (as larva on
Rubus palmatus var. coptophyllus), emerged on 27-VIII-2015 (Fig. 4A); Sakai-gawa, Taka-
oka, Miyazaki, Miyazaki Pref., 21-IX-2020 (as larva on R. buergeri), emerged on 7-VII-
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2020 (Fig. 4B, C); Seikandoro, Kumanogawa, Shingu, Wakayama Pref., 14-VII-2021 (as
larva on R. buergeri), emerged on 31-VII-2021 (Fig. 4D); Furubokke, Kasai, Hyogo Pref.,
11-1X-2018 (as pupa on R. parvifolius parvifolius), emerged on 15-IX-2018 (Fig. 4E).

2. H. atronitidum (Gebhardt, 1929)
Fig. 4F

Host plant. Rosaceae: Rubus vernus (new record).

Leaf mine. Brown full-depth blotch mine on mature leaf. Egg is laid near leaf
margin, and the mine expands along the leaf margin. Frass is thread-like.

Material examined. Mumyo-dani, Niimi, Okayama Pref., 9-VII-1991 (as pupa
on Rubus vernus), emerged on 2-VIII-1991 (Fig. 4F).

3. H. marginicolle (Fairmaire, 1888)
Fig. 4G-1

Host plant. Rosaceae: Rubus sieboldii (Kurosawa 1959), Rubus buergeri (new record).

Leaf mine. Brown blotch mine on mature leaf. Egg is laid at a distance from leaf
margin, and the mine expands in the leaf blade. Frass is thread-like.

Material examined. Modo, Minamata, Kumamoto Pref., 26-V-2018 (vacant mine
of Rubus sieboldii) (Fig. 4G); Inohae, Kitago, Nichinan, Miyazaki Pref., 16-VI-2019 (as
larva on Rubus sieboldii), emerged on 19-VII-2019; Inohae, Kitago, Nichinan, Miyazaki
Pref., 16-VI-2019 (as larva on R. buergeri), emerged on 21-VII-2019 (Fig. 4H, I).

4. H. asahinaiY. Kurosawa, 1959
Fig. 4]

Host plant. Rosaceae: Rubus sieboldii (Ohmomo and Fukutomi 2013).

Leaf mine. Brown full-depth blotch mine on mature leaf. Egg is laid near leaf
margin, and the mine expands along the leaf margin. Frass is thread-like.

Material examined. Okuma, Kunigami, Okinawa Pref., 30-11I-2018 (vacant mine
of Rubus sieboldii) (Fig. 4]).

5. H. lewisii (E. Saunders, 1873)
Fig. 4K-M

Host plant. Rosaceae: Rosa multiflora (Yano 1952).

Leaf mine. Brown, full-depth sometimes bluish, linear-blotch mine on mature
leaf. Egg is laid along leaf margin, and the mine expands along leaf margin. Frass is
thread-like, coiling or undulating for an extended length.

Material examined. Sabushi-gawa, Niimi, Okayama Pref., 1-VII-2018 (as larva
on Rosa multiflora), emerged on 18-VII-2018 (Fig. 7K); Shimotokuyama, Hiruzen,
Maniwa, Okayama Pref., 1-VII-2018 (as larva on Rosa multiflora) (Fig. 4L, M).
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Figure 4. Leaf mines of Habroloma spp. on leaves of Rosaceae A=E H. subbicorne on Rubus palmatus

var. coptophyllus (A), Rubus buergeri (B=D), and Rubus parvifolius (E) F H. atronitidum on Rubus vernus
G-l H. marginicolle on Rubus sieboldii ) H. asahinai on Rubus sieboldii K=M H. lewisii on Rosa multiflora.

Arrows indicate oviposition scars.

6. H. griseonigrum (E. Saunders, 1873)
Fig. 5A

Host plant. Fagaceae: Quercus glauca, Q. acutissima, Q. serrata (Yano 1952), Quercus
acuta (Ohmomo and Fukutomi 2013), Quercus hondae (new record).

Leaf mine. Brown full-depth blotch mine on mature leaf. Egg is laid near
leaf margin of leaf base, and the mine expands upwards along leaf margin. Frass is
thread-like.

Material examined. Gion, Yayoi, Sacki, Ooita Pref., 14-VI-1998 (as larva on
Quercus hondae); emerged on 8-VII-1998 (Fig. 5A).
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7. H. yuasaiY. Kurosawa, 1976
Fig. 5B-D

Host plant. Juglandaceae: Platycarya strobilacea (Yano 1952).

Leaf mine. Brown full-depth linear-blotch mine on mature leaf. Egg is laid near
leaf margin, and the mine expands along leaf margin. Frass is thread-like, excreted
from the mine through cracks of upper epidermis.

Material examined. Makido, Niimi, Okayama Pref., 22-VI-2020 (as larva on
Platycarya strobilacea), emerged on 20-VII-2020 (Fig. 5B-D).

8. H. elaeocarpusi sp. nov
Fig. SE-G

Host plant. Elacocarpaceae: Elacocarpus japonicus (new record).

Leaf mine. Pale brown full-depth linear-blotch mine on mature leaf. Egg is laid
just beside midrib of leaf base, and the mine expands along midrib or along leaf mar-
gin. Frass is thread-like; frass line iterating arc-shaped reciprocating motion.

Material examined. Mt. Osuzu, Tsuno-cho, Miyazaki Pref., 14-VII-2021 (as larva
on Elaeocarepus japonicus), emerged on 27-VII-2021 (Fig. 5SE-G).

9. H. bifrons (Kiesenwetter, 1879)

Host plant. Unknown, while related species in Europe is associated with Geranium
(Geraniaceae).
Leaf mine. Unknown.

10. H. nixilla insulicolaY. Kurosawa, 1959
Fig. 5SH, I

Host plant. Lythraceae: Lagerstroemia subcostata (Kurosawa 1959).

Leaf mine. Brown full-depth linear-blotch mine on mature leaf. Egg is laid along leaf
margin of leaf base, and the mine expands along leaf margin. Frass is thread-like, coiling
in the mine.

Material examined. Sumiyo, Amami, Kagoshima Pref., 23-V-2009 (as larva on
Lagerstroemia subcostata), emerged on 6-VI-2009 (Fig. 8H, I).

11. H. taxillusi sp. nov.
Fig. 5]-L

Host plant. Loranthaceae: Zaxillus yadoriki (new record).

Leaf mine. Brown full-depth linear-blotch mine on mature leaf. Egg is laid along
leaf margin of leaf base, and the mine expands along leaf margin. Frass is granular,
accumulated in the center of the mine.
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Figure 5. Leaf mines of Habroloma spp. on leaves of Fagaceae, Juglandaceae, Elacocarpaceae, Lythra-

ceae, and Loranthaceae A H. grisconigrum on Quercus hondae B=D H. yuasai on Platycarya strobilacea
E-G H. elaeocarpusi on Elaeocarpus japonicus H, | H. nixilla on Lagerstroemia subcostata }-L H. taxillusi
on Taxillus yadoriki. Arrows indicate oviposition scars.

Material examined. Yakukachi, Amami-shi, Kagoshima Pref., 23-V-2009 (as larva
on Taxillus yadoriki), emerged on 7-VI-2009 (Fig. 5]-L).

12a. H. eximium eximium (Lewis, 1893)

Host plant. Symplocaceae: Symplocos lancifolia (Kurosawa 1959).
Leaf mine. Unknown.
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12b. H. eximium eupoetum (Obenberger, 1929)
Fig. 6A-C

Host plant. Symplocaceae: Symplocos prunifolia (Kurosawa 1976), while the identifi-
cation seems to be incorrect; S. caudata (new record).

Leaf mine. Pale brown full-depth linear-blotch mine on mature leaf. Egg is laid
near midrib of leaf base, and the hatched larva enters midrib and bores into petiole,
causing the leaf to fall off from the branch by being abscised at the petiole base. After
the leaf-fall, the mine departs from the midrib and slowly expands upwards along
leaf margin or along midrib. After advancing halfway, the mine abruptly expands to
become a blotch mine. Frass is thread-like, going in a zigzag in the early linear mine,
and becomes thick cord-like without undulating as the mine expands. The fallen leaf is
kept green for ca. two weeks, during which the larva completes its development.

Material examined. Komi, Iriomote Is., Yacyama, Okinawa Pref., 10-V-2020 (as
larva on Symplocos caudata), emerged on 15-VI-2020 (Fig. 6A-C).

13. H. liukiuense (Obenberger, 1940)
Fig. 6D-1

Host plant. Symplocaceae: Symplocos okinawensis (Ohmomo and Fukutomi 2013),
S. microcalyx (Ohmomo and Fukutomi 2013).

Leaf mine. Pale brown full-depth linear-blotch mine on mature leaf. Egg is laid
near midrib of leaf base, and the hatched larva enters midrib and bores into petiole,
causing the leaf to fall off from the branch by being abscised at the petiole base. After
the leaf-fall, the mine departs from the midrib and slowly expands upwards along
leaf margin or along midrib. After advancing halfway, the mine abruptly expands to
become a blotch mine. Frass is thread-like, going in a zigzag in the early linear mine,
and becomes granular. The fallen leaf is kept green for ca. two weeks, during which the
larva completes its development.

Material examined. Foothill of Mt. Yonaha, Kunigami, Okinawa Pref., 6-VI-
2018 (as larva on Symplocos microcalyx), emerged on 12-VII-2018 (Fig. 6D-I).

14. H. hikosanense Y. Kurosawa, 1959

Host plant. Unknown.
Leaf mine. Unknown.

Trachys species checklist

1. Trachys auricollis E. Saunders, 1873
Fig. 7A

Host plant. Fabaceae: Pueraria montana var. lobata (Yano 1952).
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Figure 6. Leaf mines of Habroloma spp. on leaves of Symplocaceac A—C H. eximium on Symplocos cau-
data D=1 H. liukiuense on Symplocos microcalyx. Arrows indicate oviposition scars.

P

Figure 7. Leaf-mines of Zrachys spp. on leaves of Fabaceae and Rosaceae A 7. auricollis on Pueraria mon-
tanavar. lobata B-D T. reitteri on Amphicarpaea edgeworthii (B, €) and Glycine soja (D) E T. tokyoensis on
Desmodium podocarpum subsp. fallax F 1T toringoi on Chaenomeles japonica G 1. inconspicuus on Prunus
mume. Arrows indicate oviposition scars.
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Leaf mine. Gray full-depth blotch mine on mature leaflet. Egg is laid in an inner
area of leaf blade, and mine expands toward leaf margin. Frass is granular and distrib-
uted all over the mine.

Material examined. Mt. Osuzu, Tsuno, Miyazaki Pref., 14-VII-2021 (as larva),
emerged on 30-VII-2021 (Fig. 3A).

2. Trachys reitteri Obenberger, 1930
Fig. 7B-D

Host plant. Fabaceae: Amphicarpaea edgeworthii (Yano 1952), Pueraria montana var.
lobata, Rhynchosia volubilis, Glycine max (Ohmomo and Fukutomi 2013), Glycine soja
(new record).

Leaf mine. White full-depth blotch mine on mature leaflet. Egg is laid along an-
terior margin of a leaflet, and the mine expands toward leaf base. Frass is granular and
distributed all over the mine.

Materials examined. Kiso-Fukushima, Nagano Pref., 10-VIII-2019 (as larva on
A. edgeworthii), emerged on 23-VII-2019 (Fig. 7B) Hirogawara, Yamanashi Pref., 30-
VII-2018 (as larva on A. edgeworthii) (Fig. 7C); Kawaguchi-ko Lake, Yamanashi Pref.,
20-IX-2014 (as pupa on G. soja), emerged on 1-X-2014 (Fig. 7D).

3. Trachys tokyoensis Obenberger, 1940
Fig. 7E

Host plant. Fabaceae: Desmodium podocarpum subsp. oxyphyllum (Yano 1952), Desmo-
dium podocarpium subsp. fallax (new record).

Leaf mine. Brown full-depth blotch mine on mature leaflet. Egg is laid along an-
terior margin of a leaflet, and the mine expands toward leaf base. Frass is granular and
distributed all over the mine.

Material examined. Kawaguchi-ko Lake, Yamanashi Pref., 19-IX-2017 (as pupa
on Desmodium podocarpium subsp. fallax), emerged on 10-X-2017 (Fig. 7E).

4. Trachys toringoi Y. Kurosawa, 1951
Fig. 7F

Host plant. Rosaceae: Chaenomeles japonica, Malus sieboldii (Yano 1952), Cydonia
oblonga, Malus pumila, Pyrus pyrifolia, Amelanchier asiatica (Kurosawa 1959).

Leaf mine. Brown blotch mine on mature leaf. Egg is laid in an inner basal area
of leaf blade, and the mine expands toward leaf top. Frass is granular and distributed
all over the mine.

Material examined. Hara-mura, Suwa, Nagano Pref., 15-VIII-2018 (as vacant
mine of Chaenomeles japonica) (Fig. 7F).
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5. Trachys inconspicuus E. Saunders, 1873
Fig. 7G

Host plant. Rosaceae: Prunus mume, I salicina (Yano 1952).
Leaf mine. White full-depth blotch mine on mature leaf. Egg is laid along leaf margin,
and the mine expands along leaf margin. Frass is granular and distributed all over the mine.
Material examined. Kamikoma, Yamashiro, Kizugawa, Kyoto Pref., 17-VI-2016
(as pupa on Prunus mume), emerged on 19-VI-2016 (Fig. 7G).

6. Trachys pecirkai Obenberger, 1925
Fig. 8A

Host plant. Ulmaceae: Ulmus davidiana var. japonica (Ohmomo and Fukutomi 2013).
Leaf mine. Brown full-depth blotch mine on mature leaf. Egg is laid near midrib,
and the mine expands along lateral vein and then along leaf margin. Frass is granular
and distributed all over the mine.
Material examined. Suekawa, Kaida, Kiso, Nagano Pref., 5-VIII-2022 (as vacant
mine of Ulmus davidiana var. japonica) (Fig. 8A).

7. Trachys cupricolor E. Saunders, 1873
Fig. 8B, C

Host plant. Ulmaceae: Zelkova serrata (Ohmomo and Fukutomi 2013).

Leaf mine. Dark brown full-depth blotch mine on mature leaf. Egg is laid along
midrib, and the mine expands along leaf margin. Frass is granular and distributed all
over the mine.

Material examined. Mt. Ibuki, Maibara, Shiga Pref., 29-VII-2020 (as pupa on
Zelkova serrata), emerged on 25-VIII-2020 (Fig. 8B, C).

8. Trachys yanoiY. Kurosawa, 1959
Fig. 8D-F

Host plant. Ulmaceae: Zelkova serrata (Kurosawa 1959).

Leaf mine. Brown full-depth blotch mine on mature leaf. Egg is laid along leaf
margin, and the mine expands along leaf margin. Frass is granular and distributed all
over the mine.

Material examined. Mt. Shizuhata, Aoi-ku, Shizuoka, Shizuoka Pref., 27-VI-
2018 (as pupa on Zelkova serrata), emerged on 12-VII-2018 (Fig. 8D-F).

9. Trachys griseofasciatus E. Saunders, 1873
Fig. 8G, H

Host plant. Cannabaceae: Aphananthe aspera (Yano 1952), Celtis sinensis (Ohmomo
and Fukutomi 2013).
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Figure 8. Leaf mines of Trachys spp. on leaves of Ulmaceae and Cannabaceac A 7. pecirkai on

Ulmus davidiana var. japonica B=-D 1. yanoi on Zelkova serrata E, F 1. cupricolor on Zelkova serrata
G, H T griseofasciatus on Aphananthe aspera | T. ineditus on A. aspera }=L T. broussonetiae on Broussonetia
kazinoki (}) and Fatoua villosa (K, L). Arrows indicate oviposition scars.

Leaf mine. Dark brown full-depth blotch mine on mature leaf. Egg is laid along
anterior leaf margin, and the mine expands along leaf margin. Frass is thread-like and
distributed all over the mine.

Material examined. Demachi-yanagi, Shimogamo, Sakyo, Kyoto Pref., 1-VII-
2020 (as pupa on Aphananthe aspera), emerged on 7-VIII-2020 (Fig. 8G, H).

10. Trachys ineditus E. Saunders, 1873
Fig. 81

Host plant. Cannabaceae: Aphananthe aspera (Ohmomo and Fukutomi 2013).
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Leaf mine. White full-depth blotch mine on mature leaf. Egg is laid along leaf margin,
and the mine expands along leaf margin. Frass is granular and distributed all over the mine.

Material examined. Mukoujima, Uji, Kyoto Pref., 15-VII-2012 (as larva on
Aphananthe aspera), emerged on 28-VII-2012 (Fig. 81).

11. Trachys broussonetiae Y. Kurosawa, 1985
Fig. 8]-L

Host plant. Moraceae: Broussonetia kazinoki (Yano 1952), Fatoua villosa (new record).
The latter species is unique for host plants of Tracheini, because it is a herbaceous species.

Leaf mine. White full-depth blotch mine on mature leaf. Egg is laid along leaf
margin, and the mine expands along leaf margin. Frass is granular and distributed all
over the mine.

Materials examined. Chigonosawa, Kiso-fukushima, Kiso, Nagano Pref., 4-VIII-
2018 (as larva on Broussonetia kazinoki), emerged on 30-VIII-2018 (Fig. 8]); Mumyo-
dani, Niimi, Okayama Pref., 27-1X-2013 (as larva on Fatoua villos), emerged on 5-X-
2013 (Fig. 8K, L).

12. Trachys variolaris E. Saunders, 1873
Fig. 9A-C

Host plant. Fagaceae: Quercus glauca, Q. serrata, Q. variabilis (Yano 1952), Q. hondae
(new record).

Leaf mine. Gray full-depth blotch mine on mature leaf. Egg is laid near leaf margin,
and the mine expands along leaf margin. Frass is granular and distributed all over the mine.

Material examined. Inohae-keikoku, Kitago, Nichinan, Miyazaki Pref., 16-VI-2019
(as larva on Quercus hondae), emerged on 19-VII-2019 (Fig. 9A, B); Suizu, Tsuruga, Fukui
Pref.,, 14-VII-2021 (as larva on Q. glauca), emerged on 21-VII-2021 (Fig. 9C); Suizu,
Tsuruga, Fukui Pref., 19-VIII-2019 (as pupa on Q. serrata), emerged on 23-VIII-2019.

13. Trachys dilaticeps Gebhardt, 1929
Fig. 9D-F

Host plant. Fagaceae: Castanopsis sieboldii subsp. lutchuensis (Ohmomo and Fuku-
tomi 2013).

Leaf mine. Gray full-depth linear-blotch mine on mature leaf. Egg is laid along
midrib near leaf tip, and the mine expands downwards along leaf margin. Frass is
granular and distributed all over the mine.

Material examined. Mt. Nishime, Kunigami, Okinawa Pref., 6-VI-2018 (as lar-
va on Castanopsis sieboldii subsp. lutchuensis), emerged on 6-VII-2018 (Fig. 9D, E);
Komi, Iriomote Is., Yaeyama, Okinawa Pref., 4-VI-2018 (as vacant mine of C. sieboldii
subsp. lutchuensis); Yakukachi, Sumiyo, Amami, Kagoshima Pref., 25-V-2017 (as larva
on Castanopsis sieboldii subsp. lutchuensis), emerged on 15-VI1-2017 (Fig. 9F).
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Figure 9. Leaf mines of Trachys spp. on leaves of Fagaceae A=C T. variolaris on Quercus hondae (A, B)
and Quercus serrata (C) D=F T dilaticeps on Castanopsis sieboldii subsp. lutchuensis G=1 I, robustus on
Castanapsis sieboldii subsp. sieboldii. Arrows indicate oviposition scars.

14. Trachys robustus E. Saunders, 1873
Fig. 9G-I1

Host plant. Fagaceae: Castanopsis sieboldii subsp. sieboldii (Yano 1952).

Leaf mine. Gray full-depth linear-blotch mine on mature leaf. Egg is laid along
midrib near leaf tip, and the mine expands downwards along leaf margin. Frass is
granular and distributed all over the mine.

Material examined. Mt. Shizuhata, Aoi-ku, Shizuoka, Shizuoka Pref., 27-VI-2018
(as larva on Castanopsis sieboldii subsp. sieboldii), emerged on 13-VII-2018 (Fig. 9G,
H); Suizu, Tsuruga, Fukui Pref., 11-VIII-2018 (as larva on C. sieboldii subsp. sieboldii),
emerged on 5-X-2018 (Fig. 91).

15. Trachys minutus salicis (Lewis, 1893)
Fig. 10A-C

Host plant. Salicaceae: Salix caprea, S. miyabeana subsp. gymnolepis, S. vulpina, Populus
maximowiczii (Yano 1952), Salix reinii (new record).

Leaf mine. Brown full-depth blotch mine on mature leaf. Egg is laid just near leaf
tip, and the mine expands downwards along leaf margin. Frass is granular and connected.
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Figure 10. Leaf mines of Trachys spp. on leaves of Salicaceae, Violaceae, Malvaceae, and Hydrangeaceae.
A-C T minutus on Salix reinii (A, B) and Salix vulpina (C) D=F T. pseudoscrobiculatus on Viola grypocer-
as G T aurifluus on Tilia maximowicziana W, T. saundersi on Deutzia crenata (H) and Deutzia gracilis (1)

J-L T tsusimae on Deutzia scabra. Arrows indicate oviposition scars.

Material examined. Matsuo-kozan, Hachimantai, Iwate Pref., 7-VII-2018 (as
larva on Salix reinii), emerged on 30-VII-2018 (Fig. 10A, B); Toyohara, Nasu, Nasu-
gun, Tochigi Pref., 7-VII-2022 (as larva on Salix caprea) (Fig. 10C).

16. Trachys pseudoscrobiculatus Obenberger, 1940
Fig. 10D-F

Host plant. Violaceae: Viola grypoceras.

Leaf mine. White full-depth linear-blotch mine on mature leaf. Egg is laid along
leaf margin near leaf tip, and the mine expands downwards along leaf margin. Frass is
granular and connected.
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Material examined. Mt. Mikusa, Kato-shi, Hyogo Pref., 20-V-2018 (as larva on
Viola grypoceras), emerged on 8-VI-2018 (Fig. 10D-F).

17. Trachys aurifluus Solsky, 1875
Fig. 10G

Host plant. Malvaceae: Tilia maximowicziana, T. japonica (Kurosawa 1959).

Leaf mine. Brown full-depth linear-blotch mine on mature leaf. Egg is laid near
leaf margin, and the mine expands along leaf margin. Frass is granular and distributed
all over the mine.

Material examined. Iyari, Inao, Omachi, Nagano Pref., 1-VII-2013 (vacant mine
of Tilia maximowicziana) (Fig. 10G).

18. Trachys saundersi Lewis, 1893
Fig. 10H, 1

Host plant. Hydrangeaceae: Deutzia crenata (Yano 1952), D. gracilis (new record).

Leaf mine. Brown full-depth blotch mine of whole layers of leaf blade. Egg is laid
along leaf margin near leaf base, and the mine expands upwards along leaf margin.
Frass is granular and loosely connected.

Material examined. Makido, Niimi, Okayama Pref., 1-VII-2018 (as larva on
Deutzia crenata), emerged on 17-VII-2018 (Fig. 10H); Donden, Sado, Niigata Pref.,
13-VII-2019 (as larva on Deutzia crenata), emerged on 16-VIII-2019; Mt. Toyoguchi,
Ooshika, Shimoina, Nagano Pref., 2-VIII-2020 (as larva on Deutzia gracilis), emerged
on 5-IX-2020 (Fig. 10I).

19. Trachys tsusimae Obenberger, 1922
Fig. 10]-L

Host plant. Hydrangeaceae: Deutzia crenata (Ohmomo and Fukutomi 2013), but this
record may be doubtful. Deutzia scabra (new record). We obtained adults from only
D. scabra.

Leaf mine. Brown full-depth blotch mine on mature leaf. Egg is laid along leaf
margin, and the mine expands along leaf margin. Frass is granular and distributed all
over the mine.

Material examined. Mt. Osuzu, Tsuno, Miyazaki Pref., 14-VII-2021 (as larva
on Deutzia scabra), emerged on 27-VII-2021 (Fig. 10], K); Sakai-gawa, Takaoka,
Miyazaki, Miyazaki Pref., 18-VII-2018 (as larva on Deutzia scabra), emerged on
1-VIII-2018 (Fig. 10L).

20. Trachys cuneiferus Y. Kurosawa, 1959

Host plant. Unknown.
Leaf mine. Unknown.
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Discussion

After adding the two new species, we counted 34 trachyine species in the Japanese Archi-
pelago (Table 1). Among these 34 species, host plants are known for 32, which are narrowly
host-specific. All host plants are angiosperms belonging to ten orders of eudicots (Rosales,
Fabales, Fagales, Malpighiales, Malvales, Cornales, Oxalidales, Myrtales, Santalales, and Er-
icales), suggesting that they are not associated with basal angiosperms, monocots, Saxifra-
gales, Caryophyllales, or euasterids. From the standpoint of the life form of the host plant,
28 trachyine species are associated with woody plants (18 with trees, 10 with shrubs), three
with subwoody climbing plants, and one with herbaceous plants. These results suggest that
trachyine species have evolved from wood-borers associated with eudicots.

Table 1. A list of Japanese species of the tribe Trachyini, with their host plant species.

Buprestids Host plants
Genus Species Subclass ~ Order Family Genera Habit

Habroloma subbicorne Rosids Rosales Rosaceae Rubus evergreen/ deciduous shrub
atronitidum Rosaceae Rubus deciduous shrub
marginicolle Rosaceae Rubus evergreen shrub
asahinai Rosaceae Rubus evergreen shrub
lewisii Rosaceae Rosa deciduous shrub
griseonigrum Fagales Fagaceae Quercus evergreen/ deciduous tree
yuasai Juglandaceae Platycarya deciduous tree
elaeocarpusi n. sp Oxalidales®  Elacocarepaceac® Elaeocarpus® evergreen tree
bifrons Geraniales?  Geraniaceae ? Geranium? perennial ?
nixilla insuicola Myrtales Lythraceae Lagerstroemia deciduous tree
taxillusi n. sp Santalales*  Loranthaceae® Taxillus* evergreen epiphyte
eximium eximium  Asterids  Ericales Symplocaceae Symplocos evergreen tree
eximium eupoetum Symplocaceae Symplocos evergreen tree
linkinense Symplocaceae Symplocos evergreen shrub
hikosanense ? ? ?

Trachys auricollis Rosids Fabales Fabaceae Pueraria deciduous liana
reitteri Fabaceae Amphicarpaea, Glycine, deciduous liana

Pueralia, Rhynchosia
tokyoensis Fabaceae Desmodium perennial
toringoi Rosales Rosaceae Amelanchier, Chaenomeles, deciduous tree
Cydonia, Malus, Pyrus

inconspicuus Rosaceae Prunus deciduous tree
pecirkai Ulmaceae Ulmus deciduous tree
cupricolor Ulmaceae Zelkova deciduous tree
yanoi Ulmaceae Zelkova deciduous tree
griseofasciatus Cannabaceae Aphananthe, Celtis deciduous tree
ineditus Cannabaceae Aphananthe deciduous tree
broussonetiae Moraceae Broussonetia, Fatoua™* deciduous tree/ annual
variolaris Fagales Fagaceae Quercus evergreen tree
dilaticeps Fagaceae Castanopsis evergreen tree
robustus Fagaceae Castanopsis evergreen tree
minutus salicis Malpighiales Salicaceae Salix, Poplus deciduous tree
pseudoscrobiculatus Violaceae Viola perennial
aurifluus Malvales Malvaceae Tilia deciduous tree
saundersi Asterids  Cornales Hydrangeaceae Deutzia deciduous shrub
tsusimae Hydrangeaceae Deutzia deciduous shrub
cuneiferus ? ? ? ?

* new records.
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The host plant genera of the two new trachyine species are Elaeocarpus and Taxillus,
belonging to Elacocarpaceae (Oxalidales) and Loranthaceae (Santalales), respectively,
and representing the first records in Tracheini for both families and orders, while both
plant families have been recorded as hosts for Agrilus (Jendek & Polédkovd, 2014). The
record on Zaxillus is also the first record of buprestids associated with epiphytic, plant-
parasitic plants.

Our records of leaf mines suggest that those of trachyine species are generally
full-depth blotch mines on mature leaves of woody or subwoody plants, except for
one species (Trachys pseudoscrobiculatus) associated with Viola. These leaf mines con-
trast with upper-layer mines on young leaves formed by agromyzids, epidermal/mes-
ophyll mines on young leaves formed by gracillariids, thin full-depth linear mines
formed by Lyonetiidae, and full-depth linear-blotch mines on young leaves formed
by Eriocraniidae.
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Abstract

Timethypocoelis Koelbel, 1897, is a central Indo-West Pacific genus of small intertidal, soft sediment dotillid
crabs that includes five recognised species. Two new species, Tmethypocoelis simplex sp. nov. and 7. celebensis
sp. nov., are here described from Sulawesi, Indonesia. Tinethypocoelis simplex sp. nov. is found on the west
coast of Central Sulawesi, while 7. celebensis sp. nov. occurs in the north-eastern part of Sulawesi. Both
new species differ from each other and known congeners by the male cheliped, male pleon, and male
first gonopod characters. The differences in gastric mill morphology further confirm the two species as
new. The distinct water current patterns in the Makassar Strait and the Maluku Channel might have

contributed to the evolution of these two sibling species.

Keywords
Biogeography, Celebes, dotillid crabs, gastric mill, morphology

Copyright Dewi Citra Murniati et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.



160 Dewi Citra Murniati et al. / ZooKeys 1156: 159-190 (2023)

Introduction

Crabs of the dotillid genus, Zmethypocoelis Koelbel, 1897, are small and found on
intertidal mudflats and estuarine mud or sandy-mud banks, often extending into low
salinity (Dutreix 1992). Tinethypocoelis is unique among confamilials by having a long
narrow apical styliform projection on the eyestalks that extends beyond the cornea
(Davie 1990).

The first species to be described was Tmethypocoelis ceratophora (Koelbel, 1897)
from Hong Kong. Although it was initially placed in Dioxippe de Man, 1888, Koelbel
(1897, 1898) remarked that its unique characters deserved the recognition of a new
subgenus Dioxippe (Tmethypocoelis) Koelbel, 1897. Five species are currently known
in Timethypocoelis: 1. ceratophora (Koelbel, 1897) from China; 7. koelbeli Davie, 1990,
from Northern Territory, Australia (Davie 1990; Davie and Kosuge 1995); 7. odon-
todactylus Davie, 1990, from Madang, Papua New Guinea (Davie 1990; Davie and
Kosuge 1995); 1. choreutes Davie & Kosuge, 1995, from Japan (Davie and Kosuge
1995); 1 liki Murniati, Asakura, Nugroho, Hernawan & Dharmawan, 2022, from
Papua, eastern Indonesia (Murniati et al. 2022). The previous records of 7. ceratophora
from Japan and Indonesia (Dutreix 1992; Huang et al. 1992; Murniati 2015) would
appear to be misidentifications, and the Japanese specimens have since been described
as 17 choreutes Davie & Kosuge, 1995. The specimen first recorded from Lombok, In-
donesia, is also likely to be a new species and will be further discussed in a subsequent
paper with other potential new species from the Indonesian region following ongoing
revisionary work on this genus.

Fieldwork by the first author to investigate the systematics of the Dotillidae Stimp-
son, 1858, of Indonesia has resulted in the discovery of populations of two species oc-
curring on opposite coasts of Sulawesi Island, Indonesia, here described as both new to
science and compared with the previously known species of Timethypocoelis.

Materials and methods

Sampling

Fieldwork to Sulawesi Island was conducted in September 2020 and June 2021 at
six sampling estuarine sites: Moletang River (estuary), Kema Tiga, North Minahasa,
North Sulawesi, 1°21'59.6"N, 125°04'38.9"E; Iyok Beach, East Bolang Mongondow,
North Sulawesi, 0°35'06.0"N, 124°31'58.6"E; Towale River, Central Banawa District,
Donggala, Central Sulawesi, 0°43'29.3"S, 119°40'43.9"E; Tosale, Banawa District,
Donggala, Central Sulawesi, 0°45'57.1"S, 119°40'58.4"E; Tuladenggi Sibatang, Parigi
Moutong, Central Sulawesi, 0°24'41.0"N, 121°07'43.9"E; Maleyali, Sausu, Parigi
Moutong, Central Sulawesi, 1°05'31.0"S, 120°33'39.6"E (Fig. 1). The crab specimens
were collected by hand during diurnal low tide periods. All specimens were preserved
in 90% ethanol.
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Figure |. Map of Sulawesi. Sampling stations A Moletang Beach, Kema Tiga,North Minahasa,

North Sulawesi B Iyok Beach, East Bolang Mogondow, North Sulawesi € Towale, CentralBanawa
District, Donggala, Central Sulawesi D Tosale, Central Banawa District, Donggala, Central Sulawesi
E Tuladenggi Sibatang, Parigi Moutong, Central Sulawesi F Maleyali, Sausu, Parigi Moutong, Central
Sulawesi (derived from Wikipedia 2022).

Morphology

The crabs were observed, measured, and photographed using either a stereo micro-
scope (Olympus SZ) connected with a digital camera (Olympus E-330), or a Leica Z6
microscope connected to a computer using LAS Core v. 4.13 software.
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Measurements in millimeters (mm) were of carapace width (cw, measured across
at the widest point) and carapace length (cl, measured from the mid-front to the mid-
posterior margin). Smaller specimens and body parts were examined under a Nikon
SMZ 800 stereo Microscope equipped with a camera lucida drawing tube. Drawings
were made by hand and enhanced using a Wacom drawing pad and Adobe Illustrator
CC2015 software.

Morphological terminology for the teeth of the gastric mill follows Davie et al.
(2015). The G1 and teeth on the gastric mill were removed, fixed in glutaraldehyde
and cacodylate buffer, serially dehydrated in ethanol (50%, 70%, 85%, 90%,
100%), and vacuum-dried using TITEC VC-96N for 10 minutes. Each prepared
sample was then mounted on a specimen stub and coated with gold at 5-8 mA
for 5 min using ion coater (Dewi and Purwaningsih 2020). The detailed photos of
the teeth plate of the gastric mills and gonopods were captured using a scanning
electron microscope (SEM), JEOL JSM-IT 200, at an accelerating voltage of
5 kV. The photographs of the teeth plate are presented with posterior portion
upper-most.

Specimens have been deposited in the following repositories: Directorate of Scien-
tific Collection Management, BRIN, Cibinong, Bogor, Indonesia (MZB); Lee Kong
Chian Natural History Museum, National University of Singapore, Singapore (ZRC);
Osaka Museum of Natural History, Japan (OMNH); Naturalis Biodiversity Center,
The Netherlands (RMNH); and Queensland Museum, Australia (QM).

Abbreviations

Pl pleonite;

P pereiopod;

Gl  male first gonopod;
ovig ovigerous.

Taxonomy

Dotillidae Stimpson, 1858

Tmethypocoelis Koelbel, 1897.

Dioxippe (Tmethypocoelis) Koelbel, 1897: 715; 1898: 574.

Tinethypocoelis — Shen 1935: 33. — Sakai 1939: 643; 1976: 625. — Davie 1990: 463;
2002: 347. — Dai et al. 1986: 451. — Dai and Yang 1991: 495. — Huang et al.
1992: 150 (key), 154. — Wada 1995: 415 (key). — Davie and Kosuge 1995: 208.
— Ng et al. 2008: 235. — Shih et al. 2015: 61.

Type species. Dioxippe (Tmethypocoelis) ceratophora Koelbel, 1897, by original designa-
tion, subsequently elevated to generic status by Shen (1935); gender feminine.
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Remarks. The genus name Dioxippe de Man 1888, to which the type species was
originally placed, is pre-occupied by Dioxippe Thomson, 1860 [Coleopteral; and there-
fore, a replacement name, Tympanomerus, was proposed by Rathbun (1897), and sub-
sequently used by Tesch (1918) in his account of Tympanomerus ceratophora. However,
Tympanomerus Rathbun, 1897, is itself currently considered a junior synonym of Zyo-
plax Stimpson, 1858. Shen (1935) was the first to formally elevate Tmethypocoelis to
full generic rank.

The year of publication of Zinethypocoelis ceratophora has usually been wrongly
attributed to Koelbel (1898); the 1898 paper is actually a German translation of Koe-
Ibel’s original paper published in 1897 in Hungarian. The name should thus be cited
as Tmethypocoelis ceratophora (Koelbel, 1897).

Timethypocoelis simplex sp. nov.
https://zoobank.org/F7FC7DED-1435-42E8-8428-5B38FF061959
Figs 2-9, 17A, C

Material examined. Holotype. INDONESIA * 1 & (7.7 x 4.4 mm); Tosale, Banawa Dis-
trict, Donggala, Central Sulawesi; 0°45'57.1"S, 119°40'58.4"E; 17 Sep. 2020; coll.
DC. Murniati, D. Permatasari, Hairul, A. Padju; MZB.Cru.5573.

Paratypes. INDONESIA ® 12 ' (4.0x 2.5-7.9x4.6),6 D (5.8 x 3.6—6.5 x 4.0 mm);
Towale River, Central Banawa District, Donggala, Central Sulawesi; 0°43'29.3"S,
119°40'43.9"E; 17 Sep. 2020; coll. DC. Murniati, D. Permatasari, Hairul, A. Padju;
MZB.Cru.5182 » 15 & (4.1 x 2.6 — 7.7 x 4.4 mm), 4 @ (3.8 x 2.6 — 6.1 x 3.9
mm); same data as for holotype; MZB.Cru.5183 ¢ 4 & (4.7 x 3.0 — 5.3 x 3.3 mm),
4 Q (4.0 x 2.5 = 5.6 x 3.3 mm); Towale River, Central Banawa District, Donggala,
Central Sulawesi; 0°43'29.3"S, 119°40'43.9"E; 17 Sep. 2020; coll. DC. Murniati, D.
Permatasari, Hairul, A. Padju; ZRC 2023.0055 * 4 3 (4.0 x 2.5 -5.1 x 3.0 mm);
Towale River, Central Banawa District, Donggala, Central Sulawesi; 0°43'29.3"S,
119°40'43.9"E; 17 Sep. 2020; coll. DC. Murniati, D. Permatasari, Hairul, A. Padju;
OMNH-Ar.12758-12761 * 4 Q (5.8 x 3.5 — 6.6 x 4.0 mm); Towale River, Central
Banawa District, Donggala, Central Sulawesi; 0°43'29.3"S, 119°40'43.9"E; 17 Sep.
2020; coll. DC. Murniati, D. Permatasari, Hairul, A. Padju; OMNH-Ar.12762-12765
*63(5.5x3.4—6.7x4.0mm), 5 ? (5.0 x 3.1 - 5.8 x 3.5 mm); Towale River, Central
Banawa District, Donggala, Central Sulawesi; 0°43'29.3"S, 119°40'43.9"E; 17 Sep.
2020; coll. DC. Murniati, D. Permatasari, Hairul, A. Padju; RMNH.CRUS.D.58046
*3 3 (6.5 x 3.7 mm — 7.5 x 4.3 mm); Tosale, Banawa District, Donggala, Central
Sulawesi; 0°45'57.1"S, 119°40'58.4"E; 17 Sep. 2020; coll. DC. Murniati, D. Per-
matasari, Hairul, A. Padju; QM W29642.

Comparative material. Tinethypocoelis liki Murniati, Asakura, Nugroho, Hernawan
& Dharmawan, 2022: INDONESIA *® paratypes 5 & (5.3 x 3.1 mm — 5.5 x 3.2 mm); Liki
Village, Sarmi District, Sarmi Municipality, Liki Island, Papua Province; 01°37'25.29"S,
138°44'26.54"E; 21 Nov. 2018; coll. DC. Murniati; MZB.Cru.5012.
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Figure 2. Dorsal habitus of Tinethypocoelis simplex sp. nov. from Towale River, Central Banawa District,

Donggala, Central Sulawesi A holotype, male (7.7 x 4.4 mm) (MZB.Cru.5573) B paratype, female
(5.8 x 3.6 mm) (MZB.Cru. 5182).

Diagnosis. Carapace pentagonal, ca. 1.7x as wide as long (Fig. 2A). Branchial re-
gions sloping; protobranchial, mesobranchial and metabranchial regions well-defined.
Sub-branchial region bulging, bearing regular setae and tubercles. Posterior margin
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Figure 3. Tinethypocoelis simplex sp. nov. Holotype, male (7.7 x 4.4 mm) (MZB.Cru.5573), Towale
River, Central Banawa District, Donggala, Central Sulawesi A in-situ with live coloration B front area
C merus of left cheliped held against external orbital angle.

slightly concave, ca. 0.53 distance between exorbital angles. Exorbital angle triangular,
acute, directed forward (Fig. 4A). Second anterolateral tooth of carapace slightly acute,
slightly shorter than exorbital angle. Male pleon ca. 2x as long as wide (Fig. 4E). Male
chelipeds long (Fig. 5); palm bulky, ca. 1.4x as long as wide; fingers shorter than palm;
pollex short, triangular, cutting margin gently convex over entire length, without dif-
ferentiated tooth or lobe; dactylus cutting margin evenly dentate, one enlarged wide
convex tooth over proximal half, upper margin with one median row of granules in
simple row, narrower distally (Fig. 50). G1 long, curved, conspicuously slender; apical
portion forming two poorly defined lobes, with three conspicuously curved setae on
outer margin becoming slightly longer distally, two or three long setae apically, and
four short setae on inner margin (Fig. 8A-E).

Description. Carapace (Fig. 2A, B) pentagonal, weakly convex along mid-dorsal
line, weakly convex laterally, ca. 1.7x as wide as long. Dorsal surface smooth, lateral
portion with granules, regions semi-defined; epigastric lobe poorly defined. Cervical
grooves well-marked. Cardiac region with slight central depression. Branchial regions
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Figure 4. Tinethypocoelis simplex sp. nov. Holotype, male (7.7 x 4.4 mm) (MZB.Cru.5573), Towale Riv-
er, Central Banawa District, Donggala, Central Sulawesi A external orbital angle B orbit area C eyestalk
D third maxilliped E pleon. Paratype, female (5.8 x 3.6 mm) (MZB.Cru. 5182), Towale River, Central

Banawa District, Donggala, Central Sulawesi F pleon.

sloping; protobranchial, mesobranchial and metabranchial regions well-defined. Sub-
branchial region bulging, bearing regular setae and tubercles. Carapace widest between
exorbital angles. Intestinal and branchial borders poorly defined. Lateral margin of
carapace recurved, with row of tubercles and short stout setae. Posterior margin weakly
concave, ca. 0.53 distance between exorbital angles; fine ridge parallel to posterior mar-
gin forming broad rim. Front with lateral border moderately converging, width at base
ca. 0.24x distance between exorbital angles, ca. 0.21 at anterior margin; frontal angle
rounded; anterior margin with small central blunt prominence (Fig. 3B). Exorbital
angle triangular, acute, directed forward; anterior margin with microscopic tubercles,
lateral margin glabrous; one short tubercular ridge parallel to supraorbital margin;
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Figure 5. Tinethypocoelis simplex sp. nov. Holotype, male (7.7 x 4.4 mm) (MZB.Cru.5573), Towale Riv-
er, Central Banawa District, Donggala, Central Sulawesi. Left cheliped A merus lower margin B merus
outer surface. Carpus € outer surface D inner surface E upper surface F lower surface. Chela G upper
margin H lower margin. Merus | upper surface J lower surface K upper margin L outer margin. Chela

M inner surface N outer surface O dactylus upper margin.
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posteriorly followed by broad U-shaped sinus. Second anterolateral tooth slightly
acute, slightly shorter than exorbital angle. Posterolateral facet well-defined by crest
originating anteriorly from base of exorbital angle (Fig. 4A). Supraorbital margin sinu-
ous, sloping backward, microscopically tubercular. Infraorbital margin with medial
notch; pterygostome with inwardly directed oblique channel; inner portion consisting
of two granular ridges separated by shallow channel; upper ridge granular, with one
row of setae; lower ridge granular, granules larger than those of upper ridge, without
setation; outer portion granular, concave, ending in broad notch below exorbital angle
(Fig. 4B).

Eyestalks long, not reaching exorbital angle, medial and distal diameters of similar
width; projecting ocular style as long as cornea, tipped with setae; medial slope giving
twisted appearance; cornea slightly bulging (Figs 2, 3B, 4C).

Third maxillipeds slightly vaulted, not completely covering buccal cavern. Ischium
subquadrate; upper-mesial angle with wide triangular lobe; anterolateral angle nar-
row and triangular; mesial and lower margins with dense setae; lateral margin with
setation medially; outer surface with oblique row of dense long setae, scattered gran-
ules distributed unevenly (Fig. 4D). Merus slightly larger than ischium; lateral margin
convex, narrower distally, covered with short setae; mesial margin straight, with long
setae; outer surface covered with scattered short setae (Fig. 4D). Carpus trihedral in
cross section, mesial margin with dense long setae (Fig. 4D). Propodus short, margins
tubercular and covered with dense setae (Fig. 4D). Dactylus slender, long, twice as long
as propodus, margins tubercular, with long dense setae (Fig. 4D).

Male pleon (Fig. 4E) ca. 2x longer than wide; noticeably constricted at base of
pleonite 5 (PI5). PI1 trapezoidal, narrow, ca. 9.5x wider than long; anterior margin ca.
0.7x as long as posterior margin; ca. 1.3x wider than PI2. P12 ca. 7.5x as wide as long.
PI3 ca. 3.0x wider than long, anterior margin nearly straight, posterior margin convex.
Pl4 ca. 2.9x as wide as long, widest proximally, narrowing distally, distolateral angle
pointed. PI5 ca. 1.4x wider than long (widest distally), markedly constricted at base.
PI6 ca. 1.4x as wide as long; widest sub-distally; 1.1x longer than PI5; lateral margins
subparallel, slightly concave. Male telson rounded, ca. 1.4x wider than long (Fig. 4E).

Female pleon conspicuously broad (Fig. 4F). P11 shortest; P12 distinctly longer,
as wide as P11; PI3 trapezoidal, longer than PI2; P14 rectangular, slightly longer than
P13, lateral margins convex; P15 longer than P14; P16 distinctly longest. Female telson
triangular (Fig. 4F).

Male chelipeds stout, long, equal. Merus cross-section triangular; standing higher
than exorbital angle (Fig. 3C); lower margin covered with granules extending entire
length, granulation branched sub-medially into two rows (Fig. 5A); upper margin nar-
rower proximally, wider distally, with irregular rows of granules on distal half, proxi-
mal portion smooth (Fig. 5K); outer margin with a single row of granules extend-
ing whole length, granulation branched proximally (Fig. 5L); upper surface slightly
convex, with ovate tympanum, microscopic granules outside tympanum, granulation
mainly on distal portion, scattered setae (Fig. 5I); lower surface smooth, flattened,
without tympanum (Fig. 5]); outer surface slightly convex, wider than upper surface,
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Figure 6. Tincthypocoelis simplex sp. nov. Paratype female (5.8 x 3.6 mm) (MZB.Cru. 5182), Towale
river, Central Banawa District, Donggala, Central Sulawesi. Left chela A inner surface B outer surface.

tympanum smaller than on upper surface, granules outside tympanum distributed
evenly (Fig. 5B). Carpus shorter than merus, elongate, ca. 1.5x as long as wide; upper
and lower margins tubercular (Fig. 5C, D); outer surface rectangular, convex, mi-
croscopic granules only (Fig. 5E); inner surface shiny, with one oblique row of gran-
ules (Fig. 5F). Palm bulky, ca. 1.4x wider than long; upper margin with one row of
granules, distinct groove extending below granular rows forming clear granular string
(Fig. 5G); lower margin granular, granulation branched into two rows medial to dis-
tal portion (Fig. 5H); inner surface irregularly granular, upper granulation extending
over median portion, curved to sharply cut upper margin of outer surface and base of
fingers, lower granulation extending near lower margin from proximal portion to base
of pollex (Fig. 5M); outer surface distinctly granular over upper half to base of pollex,
lower half smooth (Fig. 5N). Fingers shorter than palm, broadly gaping at base; curved
inwards, expanded distally forming spooned-tip; cutting margins evenly serrated; in-
ner margin at tip of both fingers with short row of stout setae. Pollex short, triangular,
cutting margin evenly dentate; long flat enlarged dentate tooth over most of length,
ca. 0.4x as wide as palm; inner surface smooth (Fig. 5M); outer surface granular proxi-
mally parallel to cutting margin (Fig. 5N); lower margin granular nearly whole length
(Fig. 5H). Dactylus ca. 0.6x as wide as palm; cutting margin evenly dentate; one en-
larged wide convex tooth over proximal half; inner surface granular from proximal to
median portion near cutting margin, one clutch of granules proximally near upper
margin (Fig. 5M); outer surface with 1 row of granules medially, densest on proximal
portion of surface, granulation extending nearly entire length, irregular granulation
near cutting margin, a single row of spaced tubercles medially, parallel to upper mar-
gin (Fig. 5N); upper margin with median row of granules, narrower distally matching
shape of upper margin (Fig. 50).

Female chelipeds small, of typical dotillid type (Figs 2B, 6). Merus with ovate
tympanum on upper and lower surfaces. Fingers longer than palm, spooned-tip
(Fig. 6). Pollex outer surface with one tubercular ridge parallel to lower margin; low-
er margin entire; cutting margin with very low denticles. Dactylus cutting margin
without denticles.
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Figure 7. Left pereiopods of Timethypocoelis simplex sp. nov. Holotype, male (7.7 x 4.4 mm) (MZB.
Cru.5573), Towale River, Central Banawa District, Donggala, Central Sulawesi A, B P2 C,D P3 E, F P4;
G, H P5. Right side, anterior surface; left side, posterior surface.

Pereiopods slender, elongate, P2—P5 similar; smooth ovate tympanum on anterior
and posterior surfaces of meri. Tympani on posterior surfaces becoming progressively
smaller from P2-P5. Dactyli nearly straight, pointed, shorter than propodi.

P2 (Fig. 7A, B) shorter than P3; merus ca. 2.84x longer than wide; anterior surface
with scattered granules mainly near upper margin; posterior surface with sparse gran-
ules mainly near distal portion of tympanum; upper margin serrated, sparse long setae;
lower margin smooth, sparse setae. Carpus subequal in length to propodus, surfaces
smooth; margins smooth, sparse setae. Propodus with anterior and posterior surfaces
bearing scattered granules; margins with sparse long setae.

P3 (Fig. 7C, D) longest; merus ca. 2.67x longer than wide; anterior surface with
scattered granules, denser near upper margin; posterior surface with sparse granules
denser distal to tympanum; upper margin serrated, sparse long setae; lower margin
smooth, sparse setae. Carpus shorter than propodus, surfaces smooth; margins smooth,
sparse setae. Propodus with anterior surface bearing sparse granules; posterior surface
with sparse setae and granules; margins with sparse long setae.
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Figure 8. Reproductive organs of Tinethypocoelis simplex sp. nov. Paratype, males (A=D 4.1 x 2.6 mm
E 6.9 x 4.0 mm) (MZB.Cru.5183), Tosale, Banawa District, Donggala, Central Sulawesi, left G1 A dor-
sal view B apical (dorsal view) C, D apical (ventral view) E mesial view. Paratype female (5.8 x 3.6 mm)
(MZB.Cru.5182), Towale river, Central Banawa District, Donggala, Central Sulawesi F vulva.

P4 (Fig. 7E, F) merus ca. 2.78x longer than wide; anterior surface with scattered
granules denser near upper margin; posterior surface sparsely granulate, denser towards
upper margin; upper margin serrated, sparse long setae; lower margin smooth, sparse
setae. Carpus shorter than propodus, surfaces smooth; margins smooth, sparse setae.
Propodus with anterior surface with sparse setae and granules; posterior surface with
granules; margins with sparse long setae.

P5 (Fig. 7G, H) shortest; merus ca. 2.71x longer than wide; anterior surface with
scattered granules, denser near upper margin; posterior surface sparsely granulate, denser
toward upper margin; upper margin serrated, sparse long setae; lower margin smooth,
sparse setae. Carpus shorter than propodus, surfaces smooth; margins smooth, sparse se-
tae. Propodus with anterior and posterior surfaces smooth; margins with sparse long setae.

Reproductive organs. G1 (Fig. 8A-E) long, curved, very slender; sub-proximal
bulge (Fig. 8A, B); apical portion forming two poorly defined lobes, with three con-
spicuous curved setae on outer margin becoming slightly longer distally, two or three
long setae apically, and four short setae on inner margin (Fig. 8C-E). Vulva (Fig. 8F)
rounded, projecting.

Gastric mill (Fig. 17A, C). Median tooth plate simple, without defined ridges.
Urocardiac ossicle relatively broad throughout length. Propyloric ossicle semi-circular,
relatively flat and broad; posterior margin curved; anterior margin with one pointed
lobe medially; lateral margins slightly truncated, evenly convex (Fig. 17A). Lateral
zygocardiac tooth plate with nine slender teeth, four anterior teeth largest (Fig. 17C).

Habitat. Tinethypocoelis simplex sp. nov. lives in estuarine conditions on both sandy
and muddy substrata (Fig. 9). At Towale Village, it inhabits sandy substrates alongside
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Figure 9. Habitat of Tinethypocoelis simplex sp. nov. at mouth of Towale River, Central Banawa District,

Donggala, Central Sulawesi.

other ocypodoids, Austruca annulipes (H. Milne Edwards, 1837) and Scopimera inter-
media Balss, 1934, but also in muddier areas where it co-occurs with Tubuca dussumieri
(H. Milne Edwards, 1852). At Tosale Village, it was typically collected on sandy sub-
strates. While not collected, it was also observed along a small muddy canal near local
residences. It was recorded approximately 1 km further upstream beyond the estuary
in non-tidal area.

Etymology. The name simplex refers to the simple form of the cheliped dactylus
that lacks a conspicuous outer subdistal dorsal projection, a character that is character-
istic of other described species.

Remarks. Differences to distinguish and separate the species from 7. celebensis sp.
nov. and other congeners are given under “Remarks” for 7. celebensis sp. nov.

Timethypocoelis celebensis sp. nov.
hteps://zoobank.org/FA9B855D-5FE2-4007-BE15-EA27215DFD7E
Figs 10-16, 17B, D

Material examined. Holotype. INDONESIA * 1 3 (7.4 x 4.3 mm); Moletang River estu-
ary, Kema Tiga, North Minahasa, North Sulawesi; 1°21'59.6"N, 125°04'38.9"E; 12
Sep. 2020; coll. DC. Murniati and D. Nurdiansyah; MZB.Cru.5574.
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Paratypes. INDONESIA * 10 & (2.8 x 1.8 = 7.2 x 4.3 mm), 8 @ (4.8 x 3.6 — 5.7
x 3.7 mm); Moletang River estuary, Kema Tiga, North Minahasa, North Sulawesi;
1°21'59.6"N, 125°04'38.9"E; 12 Sep. 2020; coll. DC. Murniati and D. Nurdiansyah;
MZB.Cru.5180 ¢ 10 & (5.4 x 3.2 — 6.5 x 3.7 mm); Iyok Beach, East Bolang Mongon-
dow, North Sulawesi; 0°35'06.0"N, 124°31'58.6"E; 17 Sep. 20205 coll. D. Nurdian-
syah; MZB.Cru.5181 « 11 3 (6.3 x3.8-7.9 x 4.8 mm); Tuladenggi Sibatang, Parigi
Moutong, Central Sulawesi; 0°24'41.0"N, 121°07'43.9"E; 10 Jun. 2021; coll. DC.
Murniati; MZB.Cru.5575 ¢ 10 & (7.3 x 3.8 — 7.4 x 4.3 mm); Maleyali, Sausu, Parigi
Moutong, Central Sulawesi; 1°05'31.0"S, 120°33'39.6"E; 25 Jun. 2021; coll. DC.
Murniati, Muslihun, M. Ikram; MZB.Cru.5576 * 5 & (5.2 x 3.0 — 6.0 x 3.4 mm);
Iyok Beach, East Bolang Mongondow, North Sulawesi; 0°35'06.0"N, 124°31'58.6"E;
17 Sep. 2020; coll. D. Nurdiansyah; ZRC 2023.0056 * 4 & (6.6 x 3.8 —=7.2 x 4.1 mm);
Maleyali, Sausu, Parigi Moutong, Central Sulawesi; 1°05'31.0"S, 120°33'39.6"E; 25
Jun. 2021; coll. DC. Murniati, Muslihun, M. Ikram; ZRC. 2023.0057 5 & (4.7 x 3.0
—6.0 x 3.7 mm); Iyok Beach, East Bolang Mongondow, North Sulawesi; 0°35'06.0"N,
124°31'58.6"E; 17 Sep. 2020; coll. D. Nurdiansyah; OMNH-Ar.12770-12774 «
43 (6.6 x3.8—7.8 x 4.4 mm); Maleyali, Sausu, Parigi Moutong, Central Sulawesi;
1°05'31.0"S, 120°33'39.6"E; 25 Jun. 2021; coll. DC. Murniati, Muslihun, M. Ikram;
OMNH-Ar. 12766-12769 * 4 & (6.2 x 3.7 — 7.4 x 4.5 mm); Maleyali, Sausu, Parigi
Moutong, Central Sulawesi; 1°05'31.0"S, 120°33'39.6"E; 25 Jun. 2021; coll. DC.
Murniati, Muslihun, M. Ikram; RMNH.CRUS.D.58047 « 3 & (4.3 x 3.8 — 4.9 x
3.8 mm); Tuladenggi Sibatang, Parigi Moutong, Central Sulawesi; 0°24'41.0"N,
121°07'43.9"E; 10 Jun. 2021; coll. DC. Murniati; QM W29643.

Comparative material. Tmethypocoelis liki Murniati, Asakura, Nugroho,
Hernawan & Dharmawan, 2022: Indonesia ¢ paratypes 5 &' (5.3 x 3.1 mm — 5.5 x
3.2 mm); Liki Village, Sarmi District, Sarmi Municipality, Liki Island, Papua Province;
01°37'25.29"S, 138°44'26.54"E; 21 Nov. 2018; coll. DC. Murniati; MZB.Cru.5012.

Diagnosis. Carapace pentagonal, ca. 1.6—1.7x as wide as long (Fig. 10A). Branchi-
al region sloping, protobranchial, mesobranchial and metabranchial regions well-
defined. Sub-branchial region bulging, bearing regular setae and tubercles. Posterior
margin slightly concave, ca. 0.64 distance between exorbital angles. Exorbital angle
triangular, acute, directed forward (Fig. 12A). Second anterolateral tooth less acute,
slightly shorter. Male pleon ca. 2.0x longer than wide (Fig. 12E). Male chelipeds long.
Palm bulky, ca. 1.3x longer than wide (Fig. 13M, N). Fingers shorter than palm. Pollex
short, triangular, cutting margin slightly oblique, without large differentiated tooth or
lobe (Fig. 13M); cutting margin of dactylus with large teeth over proximal half, small
teeth on distal half, without median lobe, upper margin with row of fine tubercles; one
triangular, upturned tooth subdistally (Fig. 13M-0O). G1 long, recurved, very slender;
sub-proximal portion bulging (Fig. 15A, B); apical portion forming two lobes, with
three short setae on outer margin, two or three long setae apically, four or five short
setae on inner margin (Fig. 15C, D).

Description. Carapace (Figs 10A, 12A) pentagonal; weakly convex laterally and
longitudinally; ca. 1.6-1.7x wider than long. Dorsal surface smooth, regions semi-
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Figure 10. Habitus dorsal of Timethypocoelis celebensis sp. nov. Moletang River (estuary), Kema Tiga,
North Minahasa, North Sulawesi A holotype, male (7.2 x 4.4 mm) (MZB.Cru.5574) B paratype, female
(5.5 x 3.5 mm) (MZB.Cru.5180).

defined; epigastric lobe poorly defined. Cervical grooves, well-marked; cardiac region
slightly depressed. Branchial regions sloping, protobranchial, mesobranchial and meta-
branchial regions well-defined. Carapace widest between exorbital angles. Sub-branchi-
al region bulging, bearing regular setae and tubercles. Intestinal and branchial regions
well-defined. Posterior margin weakly concave, ca. 0.6x distance between exorbital
angles; fine ridge parallel with posterior margin forming broad rim. Lateral margin
recurved with row of tubercles and short stout setae. Frontal margin rounded, mod-
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Figure 11. Tinethypocoelis celebensis sp. nov. Holotype, male (7.2 x 4.4 mm) (MZB.Cru.5574), Mole-
tang River (estuary), Kema Tiga, North Minahasa, North Sulawesi A front area B left merus held against
external orbital angle.

erately convergent, basal width ca. 0.19x distance between exorbital angles, ca. 0.13x
at anterior margin; anterior margin with small central blunt prominence (Fig. 11A).
Exorbital angle triangular, acute, directed forwardly; anterior margin with microscopic
tubercles, lateral margin slightly tubercular; posteriorly followed by broad U-shaped
sinus. Epibranchial tooth less acute, slightly shorter. Posterolateral facet well-defined
by a crest originating anteriorly from base of exorbital angle (Fig. 12A). Supra-orbital
borders sinuous, sloping backward, microscopically tubercular. Infra-orbital border
with medial notch; pterygostome with inwardly directed oblique channel. Inner part
of infra-orbital border with two granular ridges separated by shallow channel; upper
ridge with row of setae; granules on lower ridge larger than that of upper ridge, without
setation. Outer part of infra-orbital border granular, concave, ending in broad notch
below exorbital angle (Fig. 12B).

Eyestalks (Figs 10, 11A, 12C) reaching exorbital angle, medial and distal diameters
similar size; ocular style as long as cornea, tipped with setae; medial slope gives twisted
appearance; cornea bulging.

Third maxillipeds (Fig. 12D) slightly vaulted, not completely covering buccal
cavern. Ischium subquadrate, outer surface covered with spaced long setae, with one
oblique row of long setae near upper margin, upper margin concave, upper-mesial
angle with narrow, rounded lobe; lower-mesial angle curved; inner and lower margins
with dense setae; lateral margin without setation (Fig. 12D). Merus slightly larger
than ischium, ca. 1.3x longer; outer surface with regularly scattered short setae; lateral
margin convex, narrower distally, covered with short setae; mesial margin straight with
long setae (Fig. 12D). Carpus trihedral, subequal in length to propodus and dactylus
together; mesial margin and distal portion with dense long setae (Fig. 12D). Propodus
shorter than dactylus; margins entire, with long dense setae (Fig. 12D). Dactylus slen-
der, with long dense setae laterally (Fig. 12D).

Male pleon (Fig. 12E) ca. 2.0x longer than wide. PI1 trapezoidal, ca. 8.0x wider
than long; ca. 1.3x wider than pl2. P12 very narrow, ca. 10x wider than long. P13 ca. 3x
wider than long. P14 ca. 3.2x wider than long, lateral margins convergent distally, dis-



176 Dewi Citra Murniati et al. / ZooKeys 1156: 159-190 (2023)

1 mm

1 mm 1 mm

Figure 12. Tinethypocoelis celebensis sp. nov. Holotype, male (7.2 x 4.4 mm) (MZB.Cru.5574), Moletang
River (estuary), Kema Tiga, North Minahasa, North Sulawesi A exorbital angle B orbit area € eye-
stalk D third maxilliped E pleon. Paratype, female (5.5 x 3.5 mm) (MZB.Cru.5180), Moletang River
(estuary), Kema Tiga, North Minahasa, North Sulawesi F pleon.

tolateral angle pointed. P15 ca. 1.5x wider than long (at widest point), markedly con-
stricted at base. P16 ca. 1.5x wider than long; widest sub-distally; subequal in length to
pl5. Male telson rounded, ca. 1.4x wider than long (Fig. 12E).

Female pleon (Fig. 12F) conspicuously broad. PI1 shortest; pl2 distinctly longer,
as wide as pl1; pl3 trapezoidal, longer than pl2; pl4 rectangular, slightly longer than
pl3, lateral margins convex; pl5 longer than pl4; pl6 distinctly longest. Female telson
(Fig. 12F) triangular.

Male chelipeds stout, long, equal. Merus triangular in cross-section; standing high-
er than exorbital angle (Fig. 11B); lower margin with two rows of granules extending
whole length of margin (Fig. 13A); upper margin narrowing proximally, with irregular
rows of granules on distal half (Fig. 13K); outer margin with one row of granules ex-
tending whole length (Fig. 13L); upper surface flattened, ovate smooth tympanum,
scattered long setae around tympanum, more setation distally, microscopically tubercu-
late (Fig. 131); lower surface flattened, nearly smooth, with scattered granules, lacking
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Figure 13. Tinethypocoelis celebensis sp. nov. Holotype, male (7.2 x 4.4 mm) (MZB.Cru.5574), Mole-
tang River (estuary), Kema Tiga, North Minahasa, North Sulawesi. Left cheliped. Merus A lower margin
B outer surface. Carpus € upper margin D lower margin E outer surface F inner surface. Chela G upper
margin H lower margin. Merus | upper surface J lower surface K upper margin L outer margin. Chela

M inner surface N outer surface O dactylus upper margin.
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tympanum (Fig. 13]); outer surface convex, tympanum smaller than that of upper
surface, evenly distributed granules and setae (Fig. 13B). Carpus shorter than merus,
elongate, ca. 1.4x longer than wide; upper and lower margins tubercular (Fig. 13C, D);
outer surface rectangular, scattered microscopic granules near upper and lower margins,
median portion without microscopic tubercles (Fig. 13E); lower surface smooth, with
one longitudinal row of granules, one patch of tubercles on proximal part (Fig. 13F).
Palm bulky, ca. 1.3x longer than wide; inner surface granular over upper half, with
granules extending over upper margin and curved to sharply cut upper margin of outer
surface, distally with one row of regular granules reaching pollex, smaller granules near
lower margin, median portion smooth (Fig. 13M); outer surface distinctly granular
over upper half reaching to base of pollex, lower half smooth (Fig. 13N); upper margin
with one row of granules, distinct groove extending below granular rows forming clear
granular string (Fig. 13G); lower margin with granulation extending to lower part of
inner surface (Fig. 13H). Fingers shorter than palm, lacking obvious basal gape, curved
inwards, spooned-tip; cutting margins evenly serrated; inner margin at tip of both
fingers with short row of stout setae. Pollex short, triangular, cutting margin slightly
oblique, without large differentiated tooth or lobe, ca. 0.5x as long as palm; inner sur-
face nearly smooth, one row of granules over proximal half (Fig. 13M); outer surface
granular parallel to cutting margin, granules with similar size (Fig. 13N); lower margin
granulated only along proximo-medially (Fig. 13H). Cutting margin of dactylus with
teeth, larger teeth over proximal half, smaller teeth over distal half, without median
lobe; inner surface with one row of granules parallel to upper margin, granulation ex-
tending from proximal to distal, one patch of granules proximally (Fig. 13M); band
of granules on outer surface near cutting margin and junction to palm, one tubercular
ridge extending medially parallel to upper margin (Fig. 13N); upper margin with row
of tubercles terminating with triangular upturned tooth subdistally (Fig. 130).

Female chelipeds small dotillid type (Figs 10B, 14). Not conspicuously different
from 7. simplex sp. nov. (see description for 7. simplex sp. nov.).

Pereiopods (Fig. 15) slender, elongate, P2—P5 similar; smooth ovate tympanum on
anterior and posterior surfaces of meri. Tympani on posterior surfaces becoming pro-
gressively smaller from P2—P5. Dactyli nearly straight, pointed, shorter than propodi.

P2 (Fig. 15A, B) shorter than P3; merus ca. 2.7x longer than wide; anterior sur-
face bearing scattered granules outside tympanum, granules denser near lower margin,
sparse setae near lower margin; posterior surface sparsely granulate, denser distal to
tympanum; upper margin convex, sparse long setae, distally tubercular; lower margin
smooth, sparse setae. Carpus shorter than propodus, surfaces smooth; margins without
granules, sparse setae. Propodus with anterior and posterior surfaces with few small
granules only; margins with sparse long setae.

P3 (Fig. 15C, D) longest; merus ca. 2.7x longer than wide; anterior surface scarce-
ly granular; posterior surface sparsely granulate, denser near upper margin; upper and
lower margins convex; upper margin tubercular distally, sparse long setae; lower mar-
gin smooth, sparse setae. Carpus shorter than propodus, surfaces nearly smooth, sparse
setae distally; margins without tubercles, sparse setae. Propodus with anterior and pos-
terior surfaces smooth; margins with sparse long setae.
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Figure 14. Tinethypocoelis celebensis sp. nov. Paratype, female (5.5 x 3.5 mm) (MZB.Cru.5180), Moletang
river (estuary), Kema Tiga, North Minahasa, North Sulawesi. Left chela A inner surface B outer surface.

Figure 15. Left pereiopods of Tinethypocoelis celebensis sp. nov. Holotype, male (7.2 x 4.4 mm) (MZB.
Cru.5574), Moletang River (estuary), Kema Tiga, North Minahasa, North Sulawesi A, B P2 C, D P3
E, F P4 G, H P5. Right side, anterior surfaces; left side, posterior surfaces.

P4 (Fig. 15E, F) nearly as long as P2; merus ca. 2.6x longer than wide; anterior
surface scarcely granular; posterior surface with evenly distributed granules; upper and
lower margins convex; upper margin tubercular distally, spaced long setae extending
whole length; lower margin smooth, sparse setae. Carpus shorter than propodus, sur-
faces smooth; margins smooth, sparse setae. Propodus with anterior and posterior sur-
faces smooth; margins with sparse long setae.
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P5 (Fig. 15G, H) shortest; merus ca. 2.8x longer than wide; anterior surface with-
out granules; posterior surface granulate, granules denser near upper margin; upper
and lower margins convex; upper margin sparsely tubercular, with sparse long setae,
short setae proximally; lower margin smooth, with sparse setae. Carpus shorter than
propodus, surfaces smooth; margins smooth, with sparse setae. Propodus with anterior
and posterior surfaces smooth; margins with sparse long setae.

Reproductive organs. G1 long, recurved, very slender; sub-proximal portion bulg-
ing (Fig. 16A, B); apical portion forming two lobes, with three short setae on outer
margin, two or three long setae apically, four or five short setae on mesial margin (Fig.
16C, D). Vulva (Fig. 16E) rounded, projecting.

Gastric mill. Median tooth plate simple, without defined ridges. Urocardiac os-
sicle relatively narrower throughout length. Propyloric ossicle semi-circular, relatively
narrow and protruding; posterior margin curved; anterior margin with one pointed
lobe medially; lateral margins quadrate with anterior lobes discrete, prominent, and
rounded (Fig. 17B). Lateral zygocardiac tooth plate with eight slender teeth, three
anterior teeth large (Fig. 17D).

Habitat. Tinethypocoelis celebensis sp. nov. inhabits sandy substrata in estuarine ar-
eas (Fig. 18).

Etymology. The species name is derived from the type locality. Celebes is the for-
mer name of Sulawesi Island, one of the great islands in Indonesia.

Remarks. The two new species described here differ from each other and from the
other known species by numerous characters compared below. In general, the species
of Tinethypocoelis are all extremely similar in general morphology with only small dif-
ferences in male cheliped shape and dentition (Table 1), differences in the apical setal
ornamentation of the male first gonopod, and sometimes differences in the propor-
tions of the somites of the male pleon.

A comparison of male first gonopod setation patterns of described species suggests
that the possession of two or three of markedly elongated apical setae (Figs SC-E, 16C,
D; Davie 1990: fig. 2), common to both ZTinethypocoelis simplex sp. nov. and 1. celeben-
sis sp. nov., is so far shared with 7. /iki from Papua and 7. koelbeli from the Northern
Territory, NW Australia. Therefore, these four species may be more closely related to
each other than they are to 7. ceratophora, T. choreutes, and T. odontodactylus, which all
share a coronet of shorter more evenly sized stout setae on the tip of the G1. A more
thorough analysis of relationships within the genus will be undertaken as part of a
larger revision of the genus, and with the help of DNA sequencing data.

Both Timethypocoelis simplex sp. nov. and 1. celebensis sp. nov. differ significantly
from 7. koelbeli in the shape of the male pleon, with that of 7. koelbeli being relatively
narrower, and in particular P15 being more constricted proximally (Table 2). The ple-
ons of 7. simplex sp. nov. and 7. celebensis sp. nov. are similar, however, both P16 and
the telson are slightly proportionately wider in 77 celebensis sp. nov.

Tmethypocoelis simplex sp. nov. differs from 7. celebensis sp. nov., 1. koelbeli, and T.
liki in the form and number of the apical setae of the G1. The G1 of 7. simplex sp. nov.



New species of Tmethypocoelis from Sulawesi 181
Table I. Comparison of male chelipeds in the species of Tmethypocoelis.
Species T. simplex T. celeb T. koelbeli T. liki A oph T ch T. odontodactyh
SP. nov. SP. nov.
Dactylus Upper Upper margin Dorsal band of Upper Finely tuberculate | Finely tubercular | Full length medial
dorsal margin finely finely tuberculate; fine granules; margin with | ridge on upper | ridge on the upper | granulate ridge;
and outer tuberculate; culminating in superior median row | margin of dactylus | margin continues | superior granulate
armature lacking subdistal upward, | border straight, | of granules, terminates in evenly distally; | crest terminating
differentiated | upwardly projecting | terminatingin | culminating | outwardly directed |  outer surface subdistally in
subdistal tooth; | triangular tooth of overhanging into 1 flat triangular has separate strong upturned
outer surface variable size from | triangular tooth at | prominent | tooth (see Davie ridge ending tooth (Davie
with semi- high and distinct | about % length; tooth and Kosuge 1995: |  in prominent 1990: fig. 3C)
defined granular | to low; size not outer surface fig. 1 A, C) triangular
row medially; correlated with with 2 subregular subdistal
irregular crab size; outer lines of granules, protrusion (see
granulation near | surface with medial | superior one may Davie and Kosuge
cutting margin | granular row over | extend % length 1995: fig. 1 B, D)
(Fig. SM-0) entire length (Fig. | to tip, lower one
13M-0) less than that of
superior
Dactylus Evenly dentate; Evenly dentate, Evenly dentate; Wide One small low Low broad Evenly dentate;
cutting one wide larger over proximal | smaller males and blunt | tooth proximally triangular slightly deeper
margin enlarged convex | half, then finger with raised irregular convexity but medially, but
tooth over narrower over distal | platform of teeth | serrations lacking clearly | without obvious
proximal half half differentiated in differentiated differentiated
proximal half, tooth tooth
but less evident in
mature chela
Pollex Evenly dentate; Evenly dentate; Evenly dentate Irregularly Prominent Lacking a defined | Weakly convex;
cutting long flat enlarged | ~ straight, without dentate enlarged convex | tooth; slightly evenly dentate
margin dentate tooth | differentiated tooth tooth medially convex
over most of or lobe
length
Gape at base Large Poorly developed Moderate Poorly Wide Not strongly Not strongly
of fingers developed developed developed

Table 2. Comparison of pleonal somite proportions of Zinethypocoelis simplex sp. nov. and 1. celebensis sp.
nov. with the closely related 7. koelbeli (proportions of latter taken from Davie 1990: fig. 1A).

Species T. koelbeli T liki T. simplex sp. nov. T, celebensis sp. nov.
Pleonite 5 width/length 1.1 1.3 1.5 1.5
Pleonite 5 narrowest proximal width to distal width 0.6 0.8 0.7 0.7
Pleonite 6 width/length 1.2 1.2 1.4 1.5
Telson width/length 1.2 1.4 1.4 1.4

typically has two or three very long setae apically (Fig. 8C-E), and subapically there
are three shorter stout setae on the outer margin increasing in length distally, and four
short, downwardly reflexed setae on inner lobe. The G1 of 7. celebensis sp. nov. has two
or three very long recurved setae apically (Fig. 16B-D), and subapically there are also
three stout setae on the outer margin, though the proximal seta is much smaller and
less prominent than on 7. simplex sp. nov., and also four or five short, downwardly re-
flexed setae on the inner lobe. The G1 of 7. koelbeli similarly has two long apical setae
but lacks a row of outer subapical setae and has a row of five short distally pointed setae
on the inner lobe (Davie 1990: fig. 2). The G1 of 7. /iki has one long and five short
apical setae (Murniati et al. 2022: fig. 20C).
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Figure 16. Reproductive organs of Tinethypocoelis celebensis b paratype, male (7.3 x 4.4 mm) (MZB.
Cru.5180), Moletang River (estuary), Kema Tiga, North Minahasa, North Sulawesi, left G1 A mesial
view B dorsal view C, D apical portion C dorsal view D ventral view. Paratype, female (5.5 x 3.5 mm)
(MZB.Cru.5180), Moletang River (estuary), Kema Tiga, North Minahasa, North Sulawesi E vulva.

Discussion

Timethypocoelis for many years included only the type species Tmethypocoelis ceratophora
(Koelbel, 1897), which was believed to be widespread from Hong Kong, China, Japan,
and south to Lombok in Indonesia (Tesch 1918; Dutreix 1992; Huang et al. 1992;
Murniati 2015). In recent years, however, four new species have been described (see
Introduction), and the distribution of 7. koelbeli has become more restricted (Davie
1990; Davie and Kosuge 1995; Murniati et al. 2022). Nevertheless, the genus is out-
wardly morphologically relatively homogenous, with only small differences among the
species most obviously related to chela dactylar tooth shape, and differences in the
apical setae of the G1. This is particularly exemplified by the separation of the pseudo-
cryptic 7. choreutes, that had long been confused with 7. cerarophora, but the mor-
phological differences were shown to correlate with the evolution of a different male
courtship waving display (Davie and Kosuge 1995).

The relative morphological homogeneity within the genus is also an indication that
Tinethypocoelis species have undergone relatively recent speciation based around small-scale
biogeographic restrictions. With the complex evolving paleogeography of land-connec-
tions and sea-level changes throughout the Indo-Malaysian Archipelago over the last two
million years, it can be expected that the genus may have speciated much more than previ-
ously thought. Careful collecting across a broad range of areas within the region and more
careful observations of populations, including finer scale morphological investigations,
behavioural analyses and genetic studies are indeed revealing this pattern, and further new
species will be described by the present authors as part of ongoing revisionary work.
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Figure 17. Teeth of gastric mill (posterior portion on upper part). Timethypocoelis simplex sp. nov., para-
type, male (6.9 x 4.0 mm) (MZB.Cru. 5183) (A, C). Tinethypocoelis celebensis sp. nov., paratype, male
(7.3 x 4.4 mm) (MZB.Cru.5180) (B, D). A, B median tooth C, D lateral tooth.

General morphology

It is interesting to note that the tympani on the anterior and posterior surfaces of the pereio-
pods are essentially the same between the present two new species; and while the tympani
are very similar on both faces of P2 and P3, on both P4 and P5 the anterior tympani are
markedly smaller in size with P5 the smallest; the posterior tympani on P2 and P5 are much
larger and cover a proportionately similar surface area to the first two pereiopods (Figs 7,
15). This is simply an observation, and no physiological explanation can be offered.
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Figure 18. Habitat of Tinethypocoelis celebensis sp. nov. at Moletang River (estuary), Kema Tiga, North

Minahasa, North Sulawesi.

Feeding morphology

Speciation in ocypodoid crabs seems to have commonly involved variations in struc-
tures related to feeding and adaptations to different sediment particle sizes or food
types on which each species feeds. For example, both the setation of the second maxil-
lipeds and the shape of the grinding plates inside the gastric mill, have proven useful
in distinguishing closely related species (Davie et al. 2015). The second maxilliped
has specialized “spoon shaped” setae for sorting organic matter and microorganisms
from the sand (e.g., Icely and Jones 1978; Vogel 1984; Colpo and Negreiros-Fransozo
2013). Spoon-tipped setae mostly occur on the inside margins of the second maxilli-
peds where they hold sand grains that are then brushed by short stiff setae on the outer
faces of the first maxillipeds. Such setal structures have been well studied especially in
species of Dotilla Stimpson, 1858 and Uca Leach, 1848 sensu lato, and vary according
to the preferred substrate particle-size composition, and the distribution of the species
on the shore (Icely and Jones 1978). Murniati and Wowor (2017) were the first to use
second maxilliped setation to successfully separate three species of Tmethypocoelis oc-
curring in Indonesia, and to help infer micro-ecological niche separation.

Although, the second maxillipeds have not been examined as a part of the present
species descriptions, the gastric mill structure has been included, and equally shows
that the two new species described here have adapted to different dietary requirements
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Figure 19. Map showing sea-current circulation patterns in the waters surrounding Sulawesi (derived
from Wijeratne et al. 2018 and Sprintall et al. 2019).

(e.g., see Kosuge and Davie 2001), and this is the first study to report species-specific
gastric mill differences within Tmnethypocoelis (Fig. 17A-D). The main trunk of the uro-
gastric ossicle is noticeably broader in 7. simplex sp. nov. than in 7. celebensis sp. nov.;
in both species, the medial tooth plate is simple and without defined ridges. How-
ever, the lateral margins are evenly convex in 7 simplex sp. nov., versus more quadrate
margins with anterior lobes discrete, prominent, and rounded in 7 celebensis sp. nov.;
the propyloric ossicle is also flatter and broader in 7. simplex sp. nov., versus narrower
and more protruding in 7. celebensis sp. nov. In lateral zygocardiac teeth, there are also
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Figure 20. Palcogeography of Sulawesi. A 2 Mya B 1 Mya map C present time (after Nugraha and
Hall 2018).

significant differences: in particular, 7. simplex sp. nov. has nine accessory teeth that
have a broader thicker brush of apical setae than 7. celebensis sp. nov., which has only
eight accessory teeth, each with a narrower brush of apical setae. While these differ-
ences would need a more specialized study to understand the dietary implications, nev-
ertheless, it is apparent that although ZTimerhypocoelis species are deposit feeders, the lack
of fine transverse median ridges on the urocardiac ossicle (as one would find on deposit
feeding ocypodids such as Uca; see Icely and Nott 1992) would seem to indicate that
the particulate organic matter that they are consuming does not require fine grinding,
and the brushes of setae and fine scales on the accessory teeth of the zygocardiac os-
sicles serve more of a brushing function.

Biogeography

Tmethypocoelis species are essentially estuarine animals, living abundantly on estua-
rine mud flats and able to tolerate low salinities. Davie (1985) and Davie et al. (2010)
have postulated that a short larval life in combination with local hydrological fac-
tors may be enough to lead to the allopatric separation of two geographically close
taxa. Davie and Kosuge (1995) remarked that ZTimethypocoelis ceratophora and their
new species 1. choreutes are separated by the relatively narrow strait between Taiwan
and the Japanese Yaeyama Islands. Davie et al. (2010) described a similar disjunc-
tion between the Chinese/Taiwanese Mictyris brevidactylus Simpson, 1858, and their
new species Mictyris guinotae Davie, Shih & Chan, 2010, as well as citing a number
of other similar cases of closely related sibling species on either side of the aforesaid
strait. They concluded that the Ryukyus appear to be much more influenced by the
main Kuroshio Current in contrast to the continental coastline, which is impacted
mainly by the South China Sea Current and westerly flowing Kuroshio Branch Cur-
rent (Jan et al. 2002), and that the deep-water strait between Taiwan and the Yaey-
ama Islands plays an important additional role in the local circulation patterns of
the region, so as to become an effective barrier for species that may have rapid larval
development and/or abbreviated life cycles. Thus, this narrow passage of water has
functioned as a barrier against genetic flow between the two regions, and allowed the
allopatric speciation of sibling taxa.
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In the case of the two new species described here, 7. simplex sp. nov. and 7. celebensis
sp. nov., there is good evidence that a similar pattern of local current flow may have led
to their separate evolutionary development (Fig. 19). Sprintall et al. (2019) have pub-
lished an interesting map of current circulation patterns within the Indonesian Archi-
pelago that shows the southerly flowing Mindanao current forming a counter-clockwise
circulation flow within the Celebes Sea as well as flowing south through the Makassar
Strait. The Celebes Sea is bordered to the east by a shallow ridge and island chain extend-
ing northwards from the tip of north Sulawesi to Mindanao in the southern Philippines;
whereas the east coast of Sulawesi, home to 7. celebensis sp. nov., is instead under the in-
fluence of an off-shoot of the North Equatorial Counter Current that flows southwards
through the Maluku Channel. There are, therefore, two major separate southerly flow-
ing current systems on either side of the island of Sulawesi, and this appears to effectively
separate larval dispersal of both species to the east and west coasts, respectively.

While no genetic clock estimates have yet been applied to the two species studied
here, it can be presumed that their evolutionary separation has been recent, i.e., within
the last 2 million years. This time-frame has precedent in other recent speciation events
that have occurred in the Indo-West Pacific region. For example, based on the molecular
clock of COI mutation rates suggested by Schubart et al. (1998), Ragionieri et al. (2009,
2010, 2012) found that the sister sesarmid species Neosarmatium africanum Ragionieri,
Fratini & Schubart, 2012, and N. meinerti (De Man, 1887) became isolated between
1.6-1.96 * 0.34 mya (1.6% divergence); and similarly, Lai et al. (2010) estimated that
the portunids Portunus armatus (A. Milne-Edwards, 1861) and P reticulatus (Herbst,
1799) became established around 0.78-2.5 mya, based on a 1.8% CO1 divergence.

Given our assumption that species separation has been caused by differences in cir-
culation patterns, then it is important to understand the geological history of the Indo-
nesian archipelago and the geological changes that have led to the current shape of the
island of Sulawesi. Nugraha and Hall (2018) have studied the Late Cenozoic palacoge-
ography of Sulawesi, and it is clear that it is only within the last 2 million years (since
the Early Pleistocene) that, Sulawesi began to resemble its present form (Fig. 20A—C).
By the Early Pleistocene, paleogeographic change across Sulawesi included the rise of
high mountains and the rapid subsidence in offshore basins; much of the North Arm
and most of the southern South Arm appear to have emerged although the northern
part of the South Arm was still a shallow marine area. Between 1.8—1.0 mya subsidence
in the southern SE Arm continued, and by 1 Mya, Sulawesi was very similar in form to
the present. The inter-arm basins were close to their present depths of 1.5 to 2.0 km.
The North Arm was largely emergent, and there was a land connection between the
North Arm and western Central Sulawesi as the Neck elevation increased. Therefore,
this pattern of recent island emergence and sea basin separation supports our conten-
tion that speciation of 7. simplex sp. nov. and 7. celebensis sp. nov. began as a vicariant
event within the last 2 million years.

Studies of survivorships of pelagic larvae under various salinity regimes, and analy-
ses of genetic structure among different island populations throughout the Indonesian
Archipelago will provide exciting insights into the speciation of coastal crabs and the
evolutionary impacts of paleogeography throughout this region.
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