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Abstract

The millipede genus Chamberlinius is basically confined to Taiwan, with only one of the four known
species presumably introduced to southern Japan. Both previously known species are redescribed, based
on new material: C. hualienensis Wang, 1956 (the type species) and C. piceofasciatus (Gressitt, 1941),
the latter being a new subjective senior synonym of Chamberlinius shengmui Wang, 1957, syn. n. Two
further congeners are described as new: C. pessior sp. n. and C. sublacvus sp. n. The genus is re-diagnosed,
all of its four species are keyed, and their distributions mapped. The tribe Chamberlinini is reclassified
and, based on gonopod traits, shown to comprise the following five genera: Chamberlinius Wang, 1956,
Haplogonosoma Brolemann, 1916, Riukiupeltis Verhoeff, 1939, Aponedyopus Verhoeff, 1939 and Genicu-
lodesmus Chen, Golovatch and Chang, 2008.
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Introduction

The genus Chamberlinius Wang, 1956 was first erected, based on the single species C.
hualienensis Wang, 1956, taken from Taruko, Hualien, Taiwan (Wang 1956). A year
later, Wang (1957) described another new congener, C. shengmui Wang, 1957, and he
also proposed a new subfamily, Chamberlininae. Jeekel (1968) placed Chamberlinius
in the tribe Sulciferini, subfamily Paradoxosomatinae. He compared the illustrations
of Orthomorphella pekuensis (Karsch, 1881), the type species of Orthomorphella Hoff-
man, 1963, which Hoffman (1963) had validated, with the poor line drawings of both
Chamberlinius hualienensis Wang, 1956 and C. shengmui Wang, 1957 as presented by
Wang (1956, 1957), to conclude that Chamberlinius was a senior synonym of Ortho-
morphella. This opinion has since been shared by Wang and Mauries (1996). Further-
more, Jeekel (1968) referred to Chamberlinius as containing four species: C. cristatus
(Takakuwa, 1942), C. hualienensis Wang, 1956 (the type species), C. pekuensis (Karsch,
1881) and C. shengmui Wang, 1957.

Soon after that, Hoffman (1973), disagreeing with Jeekel (1968), resurrected Or-
thomorphella as an independent genus, removed Chamberlinius from the tribe Sulcifer-
ini, and downgraded the subfamily Chamberlininae to the tribal status, Chamberlinini
in Paradoxosomatinae. This tribe was stated to encompass only Chamberlinius and
Riukiupeltis Verhoeff, 1939. He was also the first to assign C. piceofasciatus (Gressitt,
1941), another species from Taiwan, to Chamberlinius. He redescribed both C. hual-
ienensis and C. piceofasciatus, simply listing C. shengmui as a third congener. More
recently, Hoffman (1980) spoke already of “about five species” in this genus, which is
a slightly puzzling estimate because only the above trio has hitherto been known to
compose Chamberlinius.

Regrettably, since all of the diplopod material Wang (1956, 1957) claimed to have
deposited in the Department of Zoology (now incorporated into the Department of
Life Science) of the National Taiwan University and/or Taiwan Museum seems to be
lost, it appears necessary to amass new samples, including topotypes, and build up a
modern collection of Taiwanese Diplopoda.

The present study is a revision of the millipede genus Chamberlinius, based not
only on new material, including some topotypes, but also on a few old types. As a
result, all previously described species could be re-assessed, two new species added, and
a new synonym established. In addition, the tribe Chamberlinini could be reclassified
due to the present revision of the type genus Chamberlinius.

In his Nomenclator, Jeekel (1971, p. 219) corrected Chamberlininae to Chamber-
liniinae, because family-group names are derived from the stem of the genitive singular
of the genus name, which in this case is Chamberlinii, stem Chamberlini-. Similarly,
the correct form of Chamberlinini is Chamberliniini. We are keeping Chamberlini-
nae and Chamberlinini because Jeekel’s correction was not widely adopted and these
names are in prevailing usage (ICZN section 29.5).
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Material and methods

New extensive collections of millipedes covering most parts of Taiwan were made be-
tween 1986 and 2010, using hand-sorting of the soil and litter. Specimens were pre-
served in 70% ethanol. External morphology was examined and the drawings prepared
with a LEICA MZ 16 stereomicroscope as well as with a HITACHI $2400 scanning
electron microscope. Coloration of the specimens is described from alcohol material.
This material has been shared between the collections of Department of Life Sciences,
National Chung-Hsing University (NCHUL), Taiwan; National Museum of Natu-
ral Science (NMNS), Taiwan; the Department of Biological Sciences, National Sun
Yat-Sen University (NSYSUB), Taiwan; Department of Life Science, National Taiwan
Normal University (NTNUL), Taiwan; Taiwan Forestry Research Institute (TFRI),
Taiwan; California Academy of Sciences (CAS), San Francisco, U.S.A.; National Mu-
seum of Natural History (NMNH), Smithsonian Institution, Washington, D.C.,
U.S.A.; Field Museum of Natural History (FMNH), Chicago, Illinois, USA, and Zoo-
logical Museum of the State University of Moscow (ZMUM), Russia.

Systematic account

Genus Chamberlinius Wang, 1956
http://species-id.net/wiki/Chamberlinius

Chamberlinius Wang, 1956: 156; Wang, 1957: 103; Jeekel, 1968: 73; Jeekel, 1971:
219; Hoffman, 1973: 377; 1980: 170; Korsés, 2004: 22.

Diagnosis (amended): Large-sized Chamberlinini (25-37 mm long). Paraterga very
well-developed, paraterga 2 not lower, but as high as adjacent paraterga. Pleurosternal
carinae well-developed. Both a lobe between ' coxae 4 and adenostyles missing. A pair
of ridge-like spiracles flanking gonopod aperture.

Gonopod coxae long, subcylindrical, setose distodorsally, cannula as usual. Telopo-
dites very slender and long, in situ their distal parts crossing medially. Femorite espe-
cially long, longer than acropodite, simple, devoid of outgrowths, apically with a clear
cingulum demarcating a mesally directed, elongate postfemoral part; the latter branch-
ing near base (just distal to cingulum) into a long, thick and simple solenomere and a
shorter to longer, similarly thick solenophore supplied with a dentiform outgrowth at
base. Seminal groove running mostly on medial face of femorite to move laterally only
towards, and to return back to medial side near, cingulum.

Type species: Chamberlinius hualienensis Wang, 1956, by original designation.

Remarks. Hoffman (1973), when outlining the tribe Chamberlinini, included
only two genera therein: Chamberlinius and Riukiupeltis Verhoeff, 1939, with three
and one species, respectively. They show very well-developed paraterga resembling
those of some Xystodesmidae, both a lobe between &' coxae 4 and adenostyles missing,
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and the gonopods being peculiar in the entire terminal half of the telopodite (distal to
the cingulum) representing a single element with several subterminal branches, one of
which carries the seminal groove.

Such a description of gonopod structure actually means that, unlike many other
tribes of Paradoxosomatidae, which have a long and flagelliform solenomere more or
less strongly sheathed/protected by a complex, rather membranous solenophore, the
solenomere in the Chamberlinini is a thick, strong and long branch accompanied by
a similarly thick, strong and long solenophore branch. The above new diagnosis of
Chamberlinius emphasizes its peculiar gonopod conformation. Regrettably, the gono-
pod conformation of Riukiupeltis still remains to be clarified to properly rediagnose
this genus (Jeekel 1968).

Jeekel (1968) included the following species in Chamberlinius: C. cristatus (Takaku-
wa, 1942) from Japan, C. pekuensis (Karsch, 1881) from Japan, Korea, continental
China and Taiwan, C. hualienensis (misspelled as hauliensis) Wang, 1956 and C. sheng-
mui Wang, 1957, both latter taxa from Taiwan. Hoffman (1973) later transferred pek-
uensis into Orthomorphella (see above). As regards C. cristatus, originally described as
Orthomorpha cristatus Takakuwa, 1942 from near Tokyo, Japan (Takakuwa 1942), this
species badly needs a revision (Jeekel 1968), but the sketch of its gonopod structure
alone, showing a flagelliform solenomere and a complex membranous solenophore,
prevents its assignment to Chamberlinini altogether. So O. cristatus is here formally
ejected from Chamberlinius, but its current generic relationships remain obscure.

As a result, presently only three species can be considered as belonging to this ge-
nus (Hoffman 1973, Korsés 2004). Our contribution puts on record two new conge-
ners from Taiwan and establishes the synonymy of one of the older species, altogether
providing a revision of Chamberlinius.

Distribution: All Chamberlinius species are believed to be native to Taiwan (Hoff-
man 1980), but one congener seems to have been introduced to Japan (Higa and
Kishimoto 1986, 1989, Yamaguchi et al. 2000, Niijima and Arimura 2002, Nakamura
and Korsés 2010).

Chamberlinius hualienensis Wang, 1956
htep://species-id.net/wiki/Chamberlinius_hualienensis

Figs 1-8, 33-35

Chamberlinius hualienensis Wang, 1956: 155, fig. 1; 1958a: 341; 1958b: 881; 1963: 90;
1964: 69; Jeekel, 1968: 70; 1971: 219; Hoffman, 1973: 379, figs 19-21; Higa and
Kishimoto, 1986: 6272, figs 3, 9—14; Wang & Mauri¢s, 1996: 87; Korsés, 2004: 32.

Material examined: 1 @ (NSYSUB-DI 38), Taipei City (5 JL7), Yangmingshan
National Park (F5EHLLIEYZZ /N E]), Rd. BaLaKa (2 F17-K/3EE), under decayed leaves
in a gutter, ca. 850 m a.s.l., 10 September 2002, leg. S. Y. Wu. 1 & (NSYSUB), same
locality, the first staff dormitory, 24 June 2003, leg. J. L. Chao. 1 & (NSYSUB-DI 01),
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Figures 1=-8. Chamberlinius hualienensis Wang, 1956, & and @ from Siji forest path (FUZEFKIE) (1)
and & from Basianshan Forest Recreation Area (/\fllILLIZx##74E(&E) (2-8). | Entire body, dorsal view
2 Anterior body portion, lateral view. Circle: caudal tooth of pleurosternal carinae 3 Segments 10-12,
dorsal view. up arrow: transverse sulcus; down arrow: stricture 4 Segments 9-11, lateral view. down arrow:
calluses; up arrow: pleurosternal carinae; triangle: ozopore 5, 6 Epiproct, dorsal and lateral views, respec-
tively 7 Hypoproct, ventral view 8 Spiracle-bearing cones lateral to gonopod aperture (arrows). Scale bars:
5.0 mm (1); 1.0 mm (2-6, 8); 0.5 mm (7). c: collum; epi: epiproct; hyp: hypoproct; meta: metatergum;
p: paraterga; pap: pre-apical papillae; pro: prozona; s9-s12: segments 9—12 separately.
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New Taipei City (1L 7), Wulai Districe (52K &) (formerly: Taipei County &L
H%, Wulai Township E241), Wulai (552K), 5 November 2001, same collector. 1 9
(NSYSUB-DI 07), same place, Neidong (AJ)[H), ca. 500 m a.s.l., 16 August 2002, leg.
C. C. Chen. 1 @ (NSYSUB-DI 06), Tauyuan County (#k[E%%), Fushing Township (
18 HL4L), Hualing (FEF%), 1,060 m a. s. ., 19 August 2002, leg. J. N. Huang. 2 &, 2
@ (NSYSU), Taichung City (5 H17), Hoping District (f1F:[&) (formerly: Taichung
County &5 H'#%, Heping Township F1°F4), Anmashan Forest Rd. (#% 5 LLI#3E),
2,000-2,500m a.s.l., 1 June 2003, leg. J. D. Lee. 2 3,1 Q (NSYSU), same district,
Basianshan Forest Recreation Area (/\ll|LLIZxPRIFEEE), 900—1,500 m a.s.l., 23 June
2010, leg. H. D. Zhu. 1 & (NCHUL), Nantou County (F§#&%), Yuchi Township (
FUAT), Lake Sun Moon (H HH), ca. 750 m a.s.l., 16 July 2004, leg. S. H. Wu. 1
d, 1 @, same county, Lugu Township (BEZ4]), Siitou (ZFH), ca. 1,200 m a. s. L.,
15 November 2002, leg. J. D. Lee. 4 4,3 Q (NSYSU), same county, Xinyi Township
({E#:40), Tongfu Village ([E]Z+Y), Provincial Highway # 21 (another name: New
Central Cross-Island Highway #r$f&/ ), in soil, 1,280 m a.s.l., 23°34'09"N,
120°53'29"E, 8 September 2004, leg. H. D. Zhu. 3 3,2 9, 1 juvenile (NSYSUB),
same township, Dongpu (51fff), Shalisian Stream (VD El[%), in soil under stones,
ca. 1,020 m a.s.l., 23°33'24"N, 120°55'19"E, 9 April 2004, same collector. 2 &, 1 9
(NSYSU), same county, Zhushan Township (T7LLI#E), Shanlinsi Stream (FZ#f0%),
ca. 1,600-2,000 m a.s.l., 7 October 2004, leg. S. Y. Wu. 1 3,2 juveniles (NCHUL),
Chia-i County (F2#:#%), Alishan Township (f7] EL[[14])), 65 road-km of Provincial
Highway # 18, near Shihjhuo ({5 5), ca. 1,350 m a.s.l., 28 October 2000, leg. H. Z.
Liang. 1 &, 1 @, 1 & juvenile (NSYSUB-DI 02-04), same county, Fanlu Township (
Z&EE4), Longtou (5EFH), in bamboo forest, ca. 1,300 m a.s.l., 21 April 2002, leg. J.
L. Chao. 1 & (NTNUL-My 70), Kaohsiung City (%=if#17), Maolin District (Ji4
[&) (formerly: Kaohsiung County 15 %, Maolin Township SE#A4), Shanping (53
), ca. 700 m a.s.l., 7-9 July 1986, leg. S. H. Chen. 3 &, 6 @ (NTNUL-My 16-24),
26 January 1989, same place and collector. 1 @ (NSYSUB-DI 05), same place, 13
May 2002, leg. C. H. Yang. 1 @ (NSYSUB), same place, 1 October 2006, leg. M. H.
Hsu. 1 & (NSYSU), same district, Duona Township Rd. (Z644#£iE), 1,600 m a.s.l.,
11 August 2004, leg. T. Y. Tei. 1 @ (NSYSUB-DI 58), same city, Taoyuan District (
BEJEE) (formerly: Taoyuan Township BEJF4T), Tengjhih (B4%), ca. 1,450 m a.s.l.,
21 October 2001, leg. S. Y. Wu. 1 &, 2 @ (NSYSUB-DI 35-37), Pingtung County
(FFEER%), Shihzih Township (Jili+-41), Neiwun (N3ZFY), in humus under decayed
wood, ca. 400-500 m a.s.l., 5 October 2002, same collector. 5 &, 3 @, 6 juveniles
(NSYSU), same county, Mudan Township ($1:£F+4]), Dongyuan (5275, about 300
a.s.l., 4 July 2006, leg. H. W. Chang. 1 @ (NSYSU), Ilan County (EF§i%), Jiaoxi
Township (R4, llan village street (H.647), Linmeishipan forest path (Ff3E
#EFRIE), 200 m a.s.l., 8 September 2009, leg. C. C. Cheng. 9 &, 3 @ (NSYSUB-DI
18-29), same county, Datong Township (K [E]4), Ciilan Forest Amusement Park (
IR AR 4E[E]), 460480 m a.s.l., 20 August 2002, leg. C. C. Chen and Y. H.
Lin. 2 &, 5 @ (NSYSU), same township, Renze Warning Spring ({ZJZH ), 560
m a.s.l., 24°32'42"N, 121°30'16"E, 29 August 2004, leg. H. D. Zhu. 1 3, 4 juve-
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niles (NSYSUB-DI 30-34), same township, Taipingshan Working Station (ZFLL
TAEuE), under decayed leaves, ca. 480 m a.s.l., 20 August 2002, leg. C. C. Chen,
Y. H. Lin, J. N. Huang etc. 8 d, 2 Q@ (NSYSUB-DI 08-17), same township, Sihji
Forest Rd. (PUZEAIE), ca. 1,060 m a.s.l., under fallen bamboo leaves, 20 August
2002, leg. C. C. Chenand Y. H. Lin. 2 4, 1 @ (ZMUM), 2 &, 1 @ (FMNH 6673-
6675), 2 4, 1 @ (NMNS 4418-001), same place, date and collectors. 1 &, 1 Q
(NSYSU), same township, Sihji Village (TUZEFY), ca. 780 m as.l., 24°29'32"N,
121°25'43"E, 9 April 2006, leg. M. H. Hsu. 1 &' (NSYSU), same township, Nanshan
Village (FLLFY), ca. 1,380 m a.s.l., 24°27'08"N, 121°22'51"E, 8 April 2006, same
collector. 3 &, 2 @ (NSYSU), Hualien County ({£3#5%), Xiulin Township (F5Hk
41, Tongmen Village ($f['94), Provincial Highway # 14 (5 144%), ca. 210 m a.s.l.,
23°58'39"N, 121°28'28"E, 13 February 2007, same collector. 1 @ (NSYSU), same
county, Xincheng Township (¥r34), Beipu Village (JLI#FY), productive road (ZE
FIEER), ca. 80 m a.s.l., 24°03'22"N, 121°35'35"E, 1 March 2007, same collector.
2 juveniles (NSYSU), same county, Fengbin Township (2Z4[), Hualien village
street 51 (fE514F78) (Baliwan Productive Road /\ B & FEEEFR), ca. 250 m a.s.l.,
23°35'15"N, 121°30'15"E, 6 May 2009, same collector. 16 juveniles (NSYSU), same
place, 23°35'06"N, 121°30'04"E, same date and collector. 3 juveniles (NSYSU), same
county, Rueisuei Township (Ffif#4), Rueigang Highway (55 %), Houzihshan
(EF-1L0), ca. 130 m a.s.l., 23°29'50"N, 121°25'23"E, 7 May 2009, same collector.
2 juveniles (NSYSU), Taitung County (55 %), Changbin Township (£7E4]),
Sanjianwn (ZfHE), ca. 150 m a.s.l,, 23°21'37"N, 121°27'33"E, 7 May 2009, same
collector. 2 ¢, 3 @ (NSYSU), same county, Haiduan Township (&E#4]), Xiangyang
([7]F%), mine, under stones mixed with fallen leaves, ca. 1,280 m a.s.l., 26 June 2003,
leg. S. Y. Wu. 2 Jd (NSYSU), same township, South Cross-island Highway 175 k (near
Lidao FIJ##), ca. 1,070 m, a.s.l., 26 June 2003, same collector. 1 @ (NSYSU), same
township, tunnel entrance of Wulu (FEEFZ#E 1), in fallen leaves in a gutter, ca. 710
m a.s.l., 26 June 2003, same collector. 1 & (NSYSU), same county, Beinan Township
(BEFA4T), Lijia Forest Rd. (FI|F2#KiE, also called Lijia Productive Road FI|32 7 ¥
L), ca. 1,340 m a.sl, 22°49'56"N, 121°00'34"E, 18 August 2004, leg. Y. J. Fan.
9 juveniles (NSYSU), same township, Yanping Forest Rd. (ZE*F#£#H), ca. 1,070 m
a.s.l., 22°52'58"N, 121°02'18"E, 3 June 2009, leg. M. H. Hsu. 1 &, 1 @ (NSYSU),
same place, 22 February 2007, leg. S. Y. Wu. 1 a1 juvenile (NSYSU), same county,
Taimali Township C&Jiifi HL4), Yima forest path ({i¢fiii#fi&), 6 December 2004, <
800 m a. s. |, same collector. 1 @ (NSYSU), same county, Jinfeng Township (<14
%), Forestry Research Institute Forest Rd. (#fEd/7FT#kiE), ca. 850 m a.s.l., 30
August 2003, leg. M. H. Hsu.

Description: Length 30-34 (&, n=5) and 32-37 mm (%, n = 5); width of mid-
body metaterga 10 ca. 4.0-5.0 (J) and 5.0-5.2 mm (). Coloration of both sexes
in alcohol (Fig. 1) almost uniformly very light brown to brown in both sexes; head,
collum (except posterior edge), anterior end of metaterga 2—4, sometimes also of 19,
brown, subtrapeziform (Fig. 3) on presulcus halves of metaterga 5-18, separated by
an axial line, closer to axial line with narrower sides but closer to paraterga with wider
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sides; antennae entirely light brown to increasingly blackish distally; tip contrastingly
pallid.

In width, head < collum (c) (Fig. 2) = segment2>3<4<5<6-9<10<11<12
<13<14<152 161ng?,buthead<collum:segment2>3<4<5 <6-9<10<
11 <12 < 13 < 14 in @; thereafter body gradually and gently tapering both in width
and height towards telson. Antennae medium-sized to long, slender, reaching behind
middle to posterior end of metatergum 4 (Fig. 2) dorsally in 3, or posterior end of
segment 3 to anterior edge of segment 4 in ©. Surface generally shining and smooth,
rugulose on metazona (Figs 3, 4), also evidently and densely granular below paraterga
2-19 in both sexes. Paraterga (p) (Fig. 3) very well-developed, sometimes slightly more
strongly in J as compared to 9, calluses (Fig. 4, down arrow) delimited by a sulcus
dorsally and ventrally on segments 2—19, ventral sulcus finer than dorsal one; paraterga
like high ridges, subhorizontal, extending increasingly beyond caudal tergal margin
on segments 2—19 in both sexes, especially strongly spiniform caudally on segments
17-19 (&) (Fig. 5) or 18 and 19 (?); anterior corner of paraterga thinner dorsoven-
trally and depressed much more obviously in &' (Fig. 4). Axial line (Fig. 3) absent or
traceable in places, usually present. Transverse sulcus (Fig. 3, up arrow) evident on
metaterga 5—17, poorly traceable to evident on metatergum 18, wanting on segment
19 in both sexes, narrow, shallow, slightly deeper in &, neither beaded at bottom nor
reaching bases of paraterga in both sexes. Limbus thin, caudal margin entire. Segments
poorly constricted. Stricture (Fig. 3, bottom) dividing pro- and metazona (Figs 3, 4)
shallow, moderately wide, densely and roughly beaded at bottom dorsally down to
paratergal level, contrastingly more roughly so in @ as compared to J. Pleurosternal
carinae (Figs 2, 4) well-developed, contrastingly more strongly so in &' as compared
to @, well-developed on segments 2-9(10), traceable on segments 10-14, like low
bosses on segments 15 and 16 to sometimes only traceable on segments 11-17 in 3,
or well-developed on segments 2—10, traceable on segments 11 and 12, like low bosses
on segments 13-15 to sometimes only traceable on segments 11-16 in @, with small
caudal teeth on segments 3-7(8) () (Fig. 2, left) or (2)3-8 (%), thereafter wanting.
Tergal setae fully abraded, pattern untraceable in both sexes. Ozopores (Fig. 4, triangle)
lateral, lying on callus ca. one-third metatergal length in front of caudal edge. Epiproct
(epi) (Figs 5, 6) flattened dorsoventrally, long, somewhat longer in J' as compared
to ¢, curved (especially well so in 3) and directed caudoventrad in lateral view (Fig.
6), ratio of epiproct length to pre-epiproct (pre) length of telson 1:1.8 in & (Fig. 6),
tip subtruncate to slightly concave (&) or emarginate (?) in dorsal view (Fig. 5); pre-
apical papillae (pap) evident (Fig. 5), situated close to apex. Hypoproct (hyp) (Fig. 7)
subtrapeziform, caudally rounded (&) or convex to rounded (%), 1+1 setae at caudal
corners situated on well-separated knobs, sides slightly concave at base in both sexes.

Sterna moderately setose in &', more sparsely so in §; an obvious, short, round ridge
supporting spiracles lateral to gonopod aperture (Fig. 8, arrows); each cross-impression
with an evident transverse sulcus, but without axial groove. Legs (Fig. 4) without tarsal
brushes, long, ca. 1.5 times as long as midbody height in &, slightly shorter in §. Each
' coxa 2 perforated by a vas deferens with a very small pore opening apically.
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Gonopods (Figs 33-35) simple; coxae (co) long, subcylindrical, setose distodor-
sally; prefemur (prf) large, short, almost 1/4 femur length, densely setose; femorite
(f) about midway evidently thinner and broadened, with a thin membranous lobe on
mesal side (I); cingulum marking the end of femorite very clear, expecially so on lateral
side, common stem of postfemoral region (pof) short, very quickly branching into a
remarkably long and strong solenomere (sl) crowned with a narrow apical lamina (m),
and a similarly long, simple, less strong and unequally bifid solenophore (sph) with a
short, strong, dentiform process (dp).

Distribution: C. hualienensis Wang, 1956 is currently known from Taiwan, as
well as on Kyushu Island and on most of the islands of the Ryukyu Archipelago, Japan
(Higa and Kishimoto 1986, 1989, Yamaguchi et al. 2000, Niijima and Arimura 2002,
Nakamura and Korsés 2010). The occurrences of C. hualienensis in Japan are likely
to be introduced from Taiwan through human agency. Moreover, it is this species in
Japan, but not in Taiwan, that occasionally shows swarming, like repeated massive out-
breaks in Okinawa (Higa and Kishimoto 1986) or one at Kagoshima in early winter
2000 which caused serious railway traffic problems (Niijima and Arimura 2002).

Such a distribution pattern vividly reminds of that demonstrated by still another
basically Taiwanese paradoxosomatid genus, Aponedyopus Verhoeff, 1939. Of its three
currently known species (Chen et al. 2010), only one, the most widespead A. montanus
Verhoeft, 1939, has been recorded in the Ryukyus, Japan, but its identity still requires
verification (Nakamura and Korsés 2010).

In Taiwan, C. hualienensis is likewise the most common and widespread among its
congeners, with altitudes ranging from about 80 m to ca. 2,500 m a.s.l. (Map).

Chamberlinius piceofasciatus (Gressitt, 1941)
http://species-id.net/wiki/Chamberlinius_piceofasciatus

Figs 9-16, 39-41, 45, 46, 53

Prionopeltis piceofasciatus Gressitt, 1941: 59; Wang, 1964: 69; Jeekel, 1968: 69.

Chamberlinius piceofasciatus Hoffman, 1973: 381, figs 23-27; Wang and Mauries,
1996: 87; Korsés, 2004: 32.

Chamberlinius shengmui Wang, 1957b: 103, fig. 4; Hoffman, 1973: 382; Korsés, 2004:
22. New Synonymy!

Material examined: 1 3, 1 Q (CAS, type series number # 5617 of Prionopeltis piceofasciatus:
contrary to Hoffman’s (1973) presentation, it is the female that Gressitt (1941) had labeled
as the holotype, while the male is a paratype), central Taiwan (Z2& 1), Arisan (fo] EE (1),
2,000 m a.s.l., 24 May, 1934, leg. J. L. Gressitt. 1 3,1 Q2 (NMNH, Chamberlinius sheng-
mui, det. & ded. Y. H. M. Wang), Alisan Kiayi ([ EE (1] > F2F0%), August, 1957, leg. Y.
H. M. Wang. 1 @ (TFRI), Taichung City (& H17), Hoping District (FI*E[&) (formerly:
Taichung County & H15%, Heping Township A4, Shengguang (#5'%), 2,000-2,300
mas.l, 21 August - 24 September 2002, leg. W. C. Yeh. 1 & (TFRI), same place, date and
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Map. Distribution of Chamberlinius species in Taiwan. C. hualienensis Wang, 1956: filled grey squares; C.
piceofasciatus (Gressitt, 1941): filled red triangles; C. pessior sp. n.: filled light-green diamond. C. sublaevus
sp. n.: filled blue circles.

collector. 1 @ (TFRI), same place, 24 November - 24 December 2002, same collector. 1 &
(TFRI), same place, 26 March - 25 April 2003, same collector. 1 & (TFRI), same place, 24
July 2003, same collector. 1 & (TFRI), same place, date and collector. 1 @ (NTNUL-My
42), Nantou County (Fg &%), Renai Tow nship ({~ &4}, Hehuanshan (& #k111), 3,100
mas.l, 30 August 1988, leg S. H. Chen. 1 & (NCHUL), same township, Meifeng (f),
ca. 2,000 m a.s.l,, 2 April 2002, leg. S. H. Wu. 1 3,29,3 juveniles (NSYSUB-DI 44-49),
same township, HuaGer water source (F£ ] 7K)J5), ca. 2,600 m a.s.l., 22 August 2002, leg.
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Figures 9=16. Chamberlinius piceofasciatus (Gressite, 1941), & and @ from HuaGer water source (F£
[ 7KJ5) (9) and & from AliShan (Je[EE (L)) (10-16). 9 Entire body, dorsal view 10 Anterior body por-
tion, lateral 11, 12 segments 10 and 11, dorsal and lateral views, respectively 13, 14 Epiproct, dorsal and
lateral views, respectively 15 Hypoproct, ventral view 16 Spiracle-bearing cones/ridges lateral to gonopod
aperture (arrows). Scale bars: 5.0 mm (9); 1.0 mm (10-16). s10 and s11: segments 10 and 11 separately.
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C. C. Chen and J. N. Huang. 3 &, 2 @ (NTNUL-My 1-5), Chia-I County (ZZF%ER4),
AliShan (fefE[1]), 2,260 m as.l., 3 July 1989, leg. S. H. Chen. 1 &, 1 @ (NTNUL-My
59-60), same place, 2,250 m a.s.l., same date and collector. 1 & (TFRI), llan County (H.
[#i%), Datong Township (K[EI4), Lakes Jialuohu (fIIZE/H), ca. 2,300 m a.s.l., 24 May
2002, leg. W. C. Yeh. 1 juvenile (TFRI), same place, 23 August 2002, same collector. 1 a8
(NCHUL), Hualien County ({£3#5H4), Zhuoxi (§8;%), 2,500 m a.s.l., 15 February 2008,
leg. S. H. Wu. 1 & (NTNUL-My 43), Taitung County (5 554), Haituan Township (&
I74F), Siangyang ([51F5), on wall, ca. 2,270 m a.s.l., 3 September 2002, leg. J. H. Chen.
Diagnosis: Closest to C. hualienensis, but differs in often a lighter general colora-
tion; in metaterga 2—19 with only a slightly infuscate (brown), subtrapeziform band in
the anterior half (versus 1+1 darker, axially separated spots in C. hualienensis); in the
paraterga like low ridges (versus higher ridges in C. hualienensis); by the pleurosternal
carinae with small caudal teeth on segments 3-5(9, 10) (&) (versus 3-7(8) in C. hual-
ienensis); in the epiproct shorter; in the smaller spiracle-bearing ridges lateral to the
gonopod aperture; and in the gonopods, in which the solenophore is rounded apically
and considerably shorter than the solenomere, while the parabasal dentiform process
is stouter and more solid (versus longer and membranous in C. hualienensis), always
placed behind the solenomere in ventral view.
Description: Length 29-33 (&3, n=4) or 31-34 mm (@, n= 3); width of metazonite
10 ca. 4-4.5 (3) or 4.5-5.0 mm (). Specimens in NMNH: Length ca. 32 (&, n=1) and
38 mm (@, n = 1); width of midbody metaterga 10 ca. 4.0 (&) and 4.3-4.5 mm (9).
Coloration in alcohol (Fig. 9) light yellow-brown to light brown from head to end
of epiproct, as well as from dorsum down to paraterga, sterna and legs; collum and
metaterga 2—19 with a slightly infuscate (brown), subtrapeziform band in anterior half
(Fig. 11); a lighter or darker anterior part of epiproct; colour pattern similar in both
sexes, but @ darker; antennae increasingly blackish distally, but tip contrastingly pallid.
In width, head < collum <2 >3 <4<5<6<7<8-16in &, or head < collum <2 >
3<4<5<6<7<8<9-16in @; thereafter body gradually and gently tapering both in
width and height towards telson. Antennae (Figs 9, 10) moderately long to long in &, slen-
der, reaching either behind posterior end of metatergum 4 to anterior end of metatergum
5 (&), or anterior edge to end of metatergum 3 (?) dorsally. Surface smooth throughout,
rugulose on metaterga (Figs 10, 12) and below paraterga where evidently and densely gran-
ular on segments 2-19 in '; sometimes so only on segments 2—5, suddenly not so densely
on segments 6 and 7, then wanting on segments 8-14, but traceable again on segments
15 and 16 in & or on segments 2-18 in . Paraterga (Fig. 11) very well-developed, cal-
luses (Fig. 12) delimited by a sulcus only dorsally on segments 3 and 4, both dorsally and
ventrally on segments 5-19; like low ridges always extending beyond caudal tergal margin
on segments 2—19 (Fig. 9), spiniform caudally (Fig. 13) on segment 19 in both sexes or
on segments 18 and 19 only in §. Axial line wanting to traceable in places. Transverse
sulcus (Fig. 11) evident on segments 5-18 in 3, likewise evident on segments 5—17, but
only traceable on 18" in @, narrow, shallow, neither beaded at bottom nor reaching bases
of paraterga. Stricture (Fig. 11) between pro- and metazona very faintly beaded at bottom
dorsally. Pleurosternal carinae (Figs 10, 12) well-developed on segments 2-(9)10, traceable
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on (10)11-14(15), like low bosses on segments 15-17 in 3, well-developed on segments
2-(9)10, visible on segments (10)11-(13)16, like low bosses on segments (14-16)17 in
@, thereafter virtually absent in both sexes; with small caudal teeth (Fig. 10) on segments
3-5(9, 10) (&) or 3(4)-5(7) (Q). Tergal setae fully abraded, pattern untraceable. Ozopores
(Fig. 12) lateral, lying on callus ca. one-third metatergal length in front of caudal edge.
Epiproct (Figs 13, 14) digitiform, flattened dorsoventrally, moderately long in lateral view,
ratio of epiproct length to pre-epiproct length of telson 1: 2.2 in &' (Fig. 14); subtruncate
and slightly concave to emarginate in dorsal view (Fig. 13); pre-apical papillae (Fig. 13)
present, situated close to apex. Hypoproct (Fig. 15) roundly subtrapeziform caudally, 1+1
setae at caudal corners situated on well-separated knobs, sides straight to slightly concave.

Sterna moderately setose, not modified; a short, round, spiracle-bearing ridge
flanking gonopod aperture (Fig. 16, arrows); each cross-impression with an evident
transverse sulcus, but without axial groove. ' legs (Fig. 12) without tarsal brushes, ca.
1.5 times as long as midbody height, slightly shorter in §.

Gonopods (Figs 39-41, 45, 46, 53) peculiar in solenophore (sph) being rounded
apically and considerably shorter than solenomere (sl), while its dentiform process (dp)
more solid, and both sph and dp always placed behind solenomere in ventral view.

Remarks: The sketch of a gonopod of C. shengmui by Wang (1957) showed the so-
lenophore being strongly broadened distad, while the solenomere broadened at midway.
Apparently due to these distinctions, this species has since been considered as valid. We
have been privileged to examine the specimens of C. shengmui deposited at NMNH
(without catalogue number) by Wang, and found the gonopod sketch of the soleno-
mere accompanying the original description (Wang 1957) misleading. Having also re-
examined the § holotype and & paratype of C. piceofasciatus, both housed in CAS, and
compared them side-by-side with shengmui, we found that these species are identical.
Therefore, C. shengmui is a new junior subjective synonym of C. piceofasciatus.

Distribution: C. piceofasciatus seems to be endemic to Taiwan, being restricted to
higher elevations (2,000 to > 3,000 m a.s.I) (Map).

Chamberlinius pessior sp. n.
urn:lsid:zoobank.org:act:F832D34E-4E24-4243-B39D-08A0B46E5B04
htep://species-id.net/wiki/Chamberlinius_pessior

Figs 17-24, 36-38, 49-52

Holotype &' (NTNUL-My 74), Taiwan, Nantou County (E§#%5%), Renai Township
({ZZ4), Lushan warm spring (LI R), ca. 1,200 m a.s.l.,, 29 August 1988, leg.
S. H. Chen.

Paratypes: 1 &, 5 @ (NTNUL-My 75-80), same locality and date, together with
holotype.

Name: To emphasize the lower paraterga.

Diagnosis: Closest to C. hualienensis, but differs in being obviously smaller, with para-
terga like low ridges (versus higher ridges in C. hualienensis), the pleurosternal carinae are
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Figures 17-24. Chamberlinius pessior sp. n., holotype. 17 Entire body, dorsal view 18 Anterior body
portion, lateral 19,20 segments 10 and 11, dorsal and lateral views, respectively 21, 22 Epiproct, dorsal
and lateral views, respectively 23 Hypoproct, ventral view 24 Spiracle-bearing cones lateral to gonopod
aperture (arrows). Scale bar: 1.0 mm. s10 and s11: segments 10 and 11 separately.

with small caudal teeth on segments 3—10 (versus 3—7(8) in C. hualienensis), legs with tarsal
brushes (versus without in C. hualienensis) and the gonopods showing the tip of the soleno-
phore pointed and simple (versus bifid in C. hualienensis).

Description: Length 25-26 (J, n = 2) or 27-29 mm (%, n = 5), width of meta-
zonite 10 ca. 3.5-3.8 () or 3.8-4.0 mm (). Coloration in alcohol (Fig. 17) almost
entirely light yellow-brown in ', but infuscate (brown) in @ compared with J'; colour
pattern same as in C. hualienensis.

In width, head < collum = segment 2 >3 <4<<5<6<7<8<9<10<11<12<13
<ld< 15<161n<§,orhead<collum=segment2>3<4<5<6<7<8<9< 10<11-16
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in @; thereafter body gradually and gently tapering both in width and height towards tel-
son. Antennae (Figs 17, 18) long and slender, reaching behind middle of metatergum 4
(&) or 3 (?) dorsally. Surface generally shining and smooth, rugulose (r) (Figs 18, 20, 49)
on metaterga on place and below paraterga 2—19, metazona below paraterga evidently and
densely granular on segments 2—19 in both sexes. Paraterga (Fig. 19) very well-developed,
calluses (Figs 19, 20) delimited by a sulcus dorsally and ventrally on segments 2-19; para-
terga like low ridges (Figs 20, 49), slightly extending beyond caudal tergal margin on seg-
ments 2-4, obviously beyond it on segments 5-19 (Fig. 17), spiniform caudally (Fig. 22)
on segments 17-19 in both sexes; anterior corner of paraterga thinner dorsoventrally and
depressed only in . Axial line traceable to evident on pro- and metaterga from collum
to anterior part of segment 19 in &, fainter in Q. Transverse sulcus (Figs 19, 49) evident
on segments 5-17, traceable on segment 18, wanting on segment 19 in both sexes, nar-
row, shallow (markedly shallower in &' as compared to 9), neither beaded at bottom nor
reaching bases of paraterga. Limbus thin, caudal margin entire. Stricture (Fig. 19) between
pro- and metazona roughly beaded, evidently more roughly so in © as compared to J.
Pleurosternal carinae (Figs 18, 20) well-developed on segments 2—10, traceable on segments
11-15 in &, well-developed on segments 2—12, visible on segments 13-17 in @, thereafter
wanting, with small caudal teeth on segments 3-10 (3) or 3-9 (?). Tergal setae fully abrad-
ed, pattern untraceable in both sexes. Ozopores (Figs 20, 49) lateral, lying on callus about
one-third metatergal length in front of caudal edge. Epiproct (Figs 21, 22) digitiform, long,
flattened dorsoventrally, curved and directed caudoventrad in lateral view (Fig. 22), ratio of
epiproct length to pre-epiproct length of telson 1: 2.0 in & (Fig. 22), subtruncate and emar-
ginated () or slightly concave (9) in dorsal view (Fig. 21); pre-apical papillae (Fig. 21)
evident, situated close to apex. Hypoproct (Fig. 23) subtrapeziform, caudally convex, 1+1
setae at caudal corners situated on well-separated knobs, sides slightly concave in both sexes.

Sterna moderately setose in a3, sparsely so in @; an obvious, short, round, spiracle-
bearing ridge flanking gonopod aperture (Fig. 24, arrows); each cross-impression with
an evident transverse sulcus, without axial groove. Legs (Fig. 49) with tarsal brushes,
long, ca. 1.2 times midbody height in &, slightly shorter in .

Gonopods (Figs 36-38, 50-52) as in C. hualienensis, but solenophore (sph) not
bifid, being simple and pointed.

Remarks. C. pessior sp. n. is endemic to Taiwan, being known from a single locality
at 1,200 m a.s.l. (Map).

Chamberlinius sublaevus, sp. n.
urn:lsid:zoobank.org:act:6AC5346F-0657-44A1-9452-59B2A1ACI9B61
http://species-id.net/wiki/Chamberlinius_sublaevus

Figs 25-32, 42-44, 47, 48, 54-57

Holotype & (NSYSUB-DI 50), Taiwan, Taichung County (% H%%), Heping Town-
ship (FI1FE4T), Syuan (FEVF), 1.5 km away from the entrance of forest path no. 710,
ca. 2,050-2,100 m a.s.l., 21 August 2002, leg. C. C. Chen and Y. H. Lin.
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Figures 25-32. Chamberlinius sublaevus sp. n., @ and & paratypes from Yuanping forest path (JTF-Ak
3H) (25-31) and Syuan (fEJF) (32), respectively. 25 Entire body, dorsal view 26 Anterior body portion,
lateral 27, 28 Midbody segments, dorsal and lateral views, respectively. arrow: axial line 29, 30 Epiproct,
dorsal and lateral views, respectively 31 Hypoproct, ventral view 32 Cones lateral to gonopod aperture

(arrows). Scale bar: 1.0 mm. s7-s10: segments 7—10 separately.
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Paratypes: 3 3,12,2 juveniles (NSYSUB-DI 51-57), same locality and date as in
holotype. 1 &, 1 @ (NCHUL), Nantou County (F§#%5%), Renai Township ({~=Z4),
Meifeng (ffl£g), ca. 2,000 m a.s.l., 2 April 2002, S. H. Wu. 1 & (TFRI), Ilan County (
'H %), Datong Township (K [E]4), Lakes Jialuohu (1474, ca. 2,300 m a.s.l., 22
April 2001, leg. W. C. Yeh. 1 & (TFRI), same place, 26 April 2002, same collector. 1
& (TFRI), same place, 4 June 2003, same collector. 1 d, 1 Q (NSYSUB-DI 451-452),
same township, Yuanping forest path (JTF#H), 4 km, on a dirty wall, ca. 1,990 m
a.s.l., 29 August 2004, leg. H. D. Zhu.

Name: To emphasize the elevated paraterga.

Diagnosis: Closest to C. piceofasciatus, but differs in the smaller size and high-
er paraterga; by the pleurosternal carinae with small caudal teeth either on segments
3-8(10) () or 34, or without any caudal teeth (?) (versus segments 3-5(10) () or
3(4)-5(7) (R) in C. piceofasciatus); and in gonopod structure, with the solenophore be-
ing slender, its tip pointed and placed ventrad under the solenomere (versus the soleno-
phore being much stouter, blunt and remaining fully behind and above the solenomere
in ventral view in C. piceofasciatus).

Description: Length 29-30 (&, n=5)or 28 mm (@, n = 1); width of meta-
zonite 10 ca. 4-5 mm (&) or 4-5.5 mm (@). Coloration in alcohol (Fig. 25) pal-
lid to light brown from head to end of epiproct, as well as from dorsum down to
paraterga, sterna and legs; most of head (except for occipital part), anterior 2/3rds
of collum (Fig. 27), and most of epiproct darker, colour pattern same as in C. piceo-
Jasciatus (Gressitt, 1941) and similar in both sexes, but @ darker; antennae increas-
ingly blackish distally, but tip contrastingly pallid.

In width, head <collum < segment2>3=4<<5<6<7<8<9=10<11-15
in &, or head < collum < segment 2> 3 = 4 << 5-16 in §; thereafter body gradually
and gently tapering both in width and height towards telson. Antennae (Figs 25,
26) long, slender, reaching either middle to end of metatergum 4 dorsally in &, or
end of metatergum 3 in §. Surface generally shining and rather smooth, sometimes
rugulose on metaterga, rugulose, finely and densely granular below paraterga 2-19
(Figs 26-28, 55). Paraterga (Fig. 27) very well-developed, calluses delimited by
a sulcus only dorsally on segments 3—4, both dorsally and ventrally on segments
5-19; paraterga like high ridges (Fig. 28) extending beyond caudal tergal margin
on segments 5-19 (Fig. 25), spiniform caudally (Fig. 30) on segments 17-19 in
both sexes. Axial line (Fig. 27, arrow) wanting to sometimes traceable (on prozona),
visible also at anterior edge of collum to end of segment 19, or on segments 5-19,
better so on & metaterga than in Q. Transverse sulcus (Figs 27, 55) evident on seg-
ments 5-18, wanting on segment 19 in d, present on segments 5-18(19) in @,
narrow, shallow, neither beaded at bottom nor reaching bases of paraterga. Limbus
thin, caudal margin entire. Stricture (Figs 27, 55) between pro- and metazona faint-
ly beaded at bottom dorsally. Pleurosternal carinae (Figs 26, 28, 55) well-developed
on segments 2—10, traceable on segments 11-13 in &, reduced to low bosses on
segments 14-17 in d, well-developed on segments 2—8, visible on 9-16 (17) in @,
thereafter virtually absent in both sexes; with small caudal teeth either on segments
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3-8 or 3-10 (), or either on segments 3 and 4, or without any caudal teeth (9).
Tergal setae fully abraded, pattern untraceable. Ozopores (Figs 28, 55) lateral, ly-
ing on callus about one-third metatergal length in front of caudal edge. Epiproct
(Fig. 29) digitiform, long, flattened dorsoventrally, ratio of epiproct length to pre-
epiproct length of telson 1: 2.3 in a (Fig. 30); subtruncate or emarginate in dorsal
view; pre-apical papillae almost wanting, situated close to apex. Hypoproct (Fig.
31) subtrapeziform, caudally narrowly to broadly rounded, 1+1 setae at caudal cor-
ners situated on well-separated knobs, sides concave at base.

Sterna moderately setose, not modified; a pair of small, short, round, spiracle-
bearing ridges flanking gonopod aperture (Fig. 32, arrows); each cross-impression with
an evident transverse sulcus, without axial groove. 3 legs (Figs 28, 55) evidently inc-
rassate, especially so due to dorsally swollen prefemora, without tarsal brushes, ca. 1.7
times as long as midbody height, a little shorter and slenderer in 9.

Gonopods (Figs 42—44, 47, 48, 54, 56, 57) very similar to those of C. piceofas-
ciatus, differing in solenophore (sph) being slender, elongate, pointed and directed
ventrad under solenomere (sl).

Distibution: This new species is also endemic to Taiwan, being high-montane
(2,000-2,300 m a.s.l.) (Map).

Key to Chamberlinius species (based mainly on adult males):

1 Dark brown subtrapeziform markings on presulcus halves of metaterga 5-18
divided by a light axial line; solenophore as long as solenomere, parabasal
dentiform process of gonopod membranous ..........c.cccccevvivieieciciiininieenene. 2

- Brown subtrapeziform markings on presulcus halves of metaterga 2—-19 not
divided by axial line; solenophore considerably shorter than solenomere,
parabasal dentiform process of gonopod stout and more solid..................... 3

2 Body much longer and wider (length 30-34 mm, width 4.5-5.0 mm); para-
terga like high ridges; pleurosternal carinae with small caudal teeth on seg-
ments 3—7(8); solenophore with a bifid tip ....ccoecevveeninncacns C. hualienensis

- Body shorter and narrower (length 25-26 mm, width 3.5-3.8 mm); parater-
ga like low ridges; pleurosternal carinae with small caudal teeth on segments
3—10; solenophore with one pointed end.........cccoeveiruennee C. pessior sp. n.

3 Larger (length 29-33 mm); paraterga like low ridges; parabasal dentiform
process and solenophore of gonopods always placed behind solenomere in
VENTIAl VIEW ..ot C. piceofasciatus

- Smaller (length 29-30 mm); paraterga like high ridges; parabasal dentiform
process placed behind solenomere, but solenophore pointed and directed
ventrad under solenomere in ventral view .........cccocenee. C. sublaevus sp. n.
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Figures 33-38. 33-35 Chamberlinius hualienensis Wang, 1956, & from CiiLan Forest Amusement Park
(EERE AR IFEEE]), left gonopod (33-35). 33 Entire gonopod, sublateral view 34 Tip of telopodite,
sublateral view. Arrows: a bifid solenophore 35 Entire gonopod, medial view. Figures 36-38. Cham-
berlinius pessior sp. n., holotype, right gonopod. 36, 37 Entire gonopod and tip of solenophore (arrow),
respectively, submedial view 38 Apical part of telopodite, medial and slightly ventral view. Scale bars = 0.5
mm (33, 35, 36); 0.1 mm (34, 37); 0.25 mm (38). co: coxa; dp: dentiform process; f: femorite; m: apical
lamina; I: membranous lobe; pof: postfemoral region; prf: prefemur; sl: solenomere; sph: solenophore.
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Distribution

The distribution of Chamberlinius species in Taiwan shows that only one species, C.
hualienensis, is truly widespread across Taiwan, ranging from lowlands (ca 80 m a.s.l.)
to high in the mountains (up to 2,500 m a.s.1.) (Map). Unsurprisingly, it is C. hualien-
ensis that seems to have become introduced to southern Japan. Another species, C. pes-
sior sp. n., has only been encountered at a single midmontane locality at 1,200 m a.s..,
while the remaining two congeners are far more local in distribution, being restricted
to high elevations (> 2,000 a.s.l.) both in the northern and central parts of the island.
Allopatry or parapatry are prevailing, but syntopic occurrences of two species, one of
them usually C. hualienensis, are not too rare, e.g. at Alishan, Hoping etc.

To our mind, it seems more logical to surmise that high-montane species in Taiwan
tend to be more local in distribution, more inclined to endemism and less liable to
introduction than those showing vaster distributions, including lowland habitats. So
we are inclined to interpret the presence of the especially common and eurytopic C.
hualienensis in Japan as likely introduced from Taiwan.

Reclassification of the Chamberlinini

The subfamily Chamberlininae, proposed by Wang (1957) for Chamberlinius alone,
was originally diagnosed as showing a distally “toothed” seminal groove branch (=
solenomere). Because this statement was incorrect, Hoffman (1973), who was the
first to revise Chamberlinius, downgraded the Chamberlininae to the tribe Cham-
berlinini and reshaped it as comprising both Chamberlinius and Riukiupeltis. He
reformulated the tribe’s diagnosis to emphasize that the terminal part of the gonopod
lying distally of the postfemoral cingulum represents a single element with several
subterminal branches, one of which carries the seminal groove. This diagnosis still
holds valid and, based on several recent revisions, including the present one, now al-
lows for another few East to Southeast Asian genera and species to be formally added
to the tribe.

Thus, the genus Haplogonosoma Brolemann, 1916, with presumably two valid spe-
cies (one ranging from central Honshu, Japan to Kurile Island, Russia, the other from
Kyushu, Japan to ?Sumatra, Indonesia) shows highly elongate gonopods, in which the
slender femorite is supplied with a distinct lateral sulcus. Distally of it, there is a cin-
gulum demarcating a clear-cut geniculation followed by a very long, mesally directed,
complex and strongly coiled postfemoral region. The latter is split from its base into a
very long, flagelliform, fringed solenomere supported by an undivided, similarly long,
slender, membranous lamina (= solenophore). The solenophore carries a pronounced
basal outgrowth distodorsally.

Golovatch et al. (1995), who revised Haplogonosoma, referred this genus, albeit
with hesitations, to the basically Papuan tribe Eustrongylosomatini. At present, how-
ever, we believe it is better placed in Chamberlinini.
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Figures 39-44. 39-41 Chamberlinius piceofasciatus (Gressitt, 1941), & from AliShan (fe] EE(11), right
gonopod, subventral view. 39 Entire gonopod 40 Apical part of telopodite 41 Tip of solenomere, respec-
tively. Figures 42-44. Chamberlinius sublaevus sp. n., & paratype from Syuan (JEJ5), lefc gonopod,
sublateral view. 42 Entire gonopod 43 Apical part of telopodite, dotted line shows a broken tip of soleno-
phore 44 Tip of solenomere. Scale bars: 0.5 mm (39, 42); 0.25 mm (40, 43); 0.05 mm (41, 44).
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Figures 45-48. 45-46 Chamberlinius piceofasciatus (Gressitt, 1941), & from AliShan (S[EE(L]), left
gonopod, submedial view. 45 Entire, lateral view 46 Apical part of telopodite, submedial view. Figures
47-48. Chamberlinius sublaevus sp. n., & paratype from Syuan (EJ5), left gonopod, submedial view. 47
Entire, dotted line shows a broken tip of solenophore 48 Apical part of telopodite. Scale bars: 0.5 mm (45,
47); 0.25 mm (46, 48). sl: solenomere; sph: solenophore.

Aponedyopus Verhoeft, 1939, with three species from Taiwan, shows moderately
elongate gonopods, in which the femorite is enlarged parabasally, supplied by a distoven-
tral outgrowth, but devoid of a sulcus before a clear-cut cingulum and geniculation. The
latter is followed by a long, mesally directed, complex and moderately coiled postfemo-
ral region split from its base into a very long, simple and flagelliform solenomere sup-
ported by an only subterminally biramous, similarly long, slender, membranous lamina
(= solenophore). The solenophore carries an evident basal outgrowth distoventrally.

Chen etal. (2010), in their recent revision of Aponedyopus, have suggested transfer
of this genus from the Tonkinosomatini to the Chamberlinini. This transfer is formal-
ized below.

The genus Geniculodesmus Chen, Golovatch & Chang, 2008 has recently been erected
(Chen et al. 2008) to accommodate a single species, G. inexpectatus (Attems, 1944), de-
scribed from Mt Takao, Hachioujishi, Tokyo Prefecture, Japan and also recorded as likely
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Figures 49-52. Chamberlinius pessior sp. n., holotype. 49 Segment 10, lateral view 50-52 Right go-
nopod, medial, dorsal and sublateral views, respectively. Scale bars: 1.0 mm (49); 0.5 mm (50-52). I:
membranous lobe; sg: seminal groove ; sl: solenomere; sph: solenophore; o: ozopore; r: rugulosity.

an introduction at Kaohsiung, Taiwan. Its gonopods are elongate, the femorite is slender
and devoid of both a distal outgrowth and a sulcus before a clear-cut cingulum and genic-
ulation. The latter is followed by a long, mesally directed, rather simple and moderately
coiled postfemoral region split from its base into a long, simple and flagelliform sole-
nomere supported by an only subterminally bifid, similarly long, slender, membranous
lamina (= solenophore). The solenophore carries a basal, caudally directed outgrowth.

Geniculodesmus has initially (Chen et al. 2008) been considered as being especially
similar to both Haplogonosoma and Aponedyopus, so its formal assignment to Chamber-
linini is likewise fully warranted.
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Figures 53-57. 53 Chamberlinius piceofasciatus (Gressitt, 1941), & from AliShan (FiTE (L)), entire go-
nopods, ventral view. Figures 54-57. Chamberlinius sublaevus sp. n., a4 paratypes from Meifeng GS1ES)
(54) and Syuan () (55-57). 54 Entire gonopods, ventral view 55 Segment 10, lateral view 56-57
Right gonopod, medial and dorsal views, respectively. Scale bars: 0.5 mm (53, 54); 1.0 mm (55-57).

As regards Riukiupeltis Verhoeff, 1939, its scope and diagnosis remain rather ob-
scure. The type-species R. yamashinai Verhoeft, 1939, from the Ryukyus, Japan has
been described as showing the gonofemorite long and slender, devoid of both a sulcus
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Figures 58-59. Right gonopod of Riukiupeltis falcatus (Attems, 1953), & from Bi Doup National Park,

southern Vietnam, medial and ventral views, respectively. Scale bar: 0.5 mm.

and a distal outgrowth before a clear-cut cingulum and geniculation. The postfemoral
part is very long, slender, probably directed mesad, moderately coiled, devoid of any
basal outgrowth, gradually attenuating towards a pointed tip. A solenomere is only
depicted as likely broken off, branching off from the distal half of the solenophore
(Verhoeff 1939).

Such a conformation seemed so improbable that Jeckel (1968) doubted it alto-
gether, especially as regards the extent and position of the solenomere. The more so as
in another species, R. falcatus (Attems, 1953), from Laos and Vietnam, he also formally
placed in Riukiupeltis the gonopods show a condition readily reminding of that ob-
served in Chamberlinius: the solenomere is not flagelliform, but thick and long, gradu-
ally attenuating towards a pointed tip (Figs 58, 59). Yet, pending a revision of the type
species R. yamashinai, it appears impossible to unequivocally state that Riukiupeltis is
indeed characterized by the gonopod postfemoral portion being normal, non-split,
devoid of any additional solenophore, being represented instead solely by a thick, long
and helicoidally twisted solenomere.

To accommodate the above five genera into the tribe Chamberlinini, and to prop-
erly rediagnose it, only a few slight amendments to Hoffman’s (1973) definition are
necessary, as follows.
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Tribe Chamberlinini Wang, 1957

Diagnosis: Gonopod femorite usually long and slender, only rarely somewhat ex-
panded parabasally and supplied with a distal outgrowth (Aponedyopus) or carrying
a lateral sulcus (Haplogonosoma) before a clear-cut cingulum and geniculation. Post-
femoral portion directed mesad, long, slender, more or less coiled, either entirely a
thick solenomere devoid of any outgrowths (Riukiupeltis) or split at base into a thick
(Chamberlinius) or thin, long, truly flagelliform solenomere and a membranous, more
or less complex solenophore (remaining three genera).

Included genera: Chamberlinius Wang, 1956, Riukiupeltis Verhoeft, 1939, Apo-
nedyopus Verhoeft, 1939, Haplogonosoma Brolemann, 1916 and Geniculodesmus Chen,
Golovatch & Chang, 2008.
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Introduction

The gracillariid subfamily Lithocolletinae includes 503 species (De Prins and De
Prins 2011) assigned to 7-9 genera according to different authors (Kumata 1993;
Davis and Robinson 1998; Kuznetzov and Baryshnikova 2001). Lithocolletinae are
very small moths (less than 10 mm in wing expanse) with often brilliantly coloured
forewings of ochreous-orange or reddish-brown ground colour, marked by white or
silvery white striae and fasciae (Chapman 1902; Viri 1961; Kumata 1961, 1963,
1993; Watkinson 1985; Kuznetzov 1981; Kuznetzov and Stekol’'nikov 1987, 2001;
Davis and Robinson 1998; Kuznetzov and Baryshnikova 2001). The subfamily has
a worldwide distribution, but is more species-rich in temperate zones: 273 species
are known from the Palaearctic, 142 species from the Nearctic, 49 species from the
Oriental, 26 species from the Afrotropical, 16 species from the Neotropical, and only
8 species from the Australasian region (De Prins and De Prins 2005, 2011). The
hostplant range within this subfamily is broad. Lithocolletinae feed on no less than
36 families of plants (De Prins and De Prins 2005, 2011). Approximately 32 fami-
lies of dicotyledonous plants serve as hosts for Phyllonorycter moths, compared to 11
families for Cameraria (De Prins and De Prins 2005, 2011). Deschka (1993) lists 13
hostplant families for Cameraria, but we failed to find any published record related
to Cameraria larvae feeding on either Oleaceae or Sapotaceae. Seven lithocolletine
genera (Cameraria, Phyllonorycter, Chrysaster, Hyloconis, Neolithocolletis, Porphyrosela
and Protolithocolletis) mine plants of the family Fabaceae, with the latter five genera
feeding exclusively on Fabaceae (Robinson et al. 2007; De Prins and De Prins 2011).
Probably many more taxa will be discovered in the southern hemisphere. However,
even in the seemingly well-known European and North American Lithocolletinae
fauna the generic assignment of some lithocolletine species is still questionable; for
example, the species-rich genus Phyllonorycter, comprising about 400 species and hav-
ing a world-wide distribution, has served for some time as a depository for several
species of uncertain phylogenetic placement.

Characters defining genera within the Lithocolletinae are still being investigated.
Most of these concern the life history and morphology of the preimaginal stages (Ku-
mata 1993). With regards to adult morphology, Kumata (1993) diagnosed Lithoc-
olletinae genera by the following characters: 1) wing venation, in particular the parallel
condition of veins Rs and M near the base of the hindwing; 2) number of setae on
apical part of tegumen in male genitalia; 3) development of the transtilla in male geni-
talia; 4) number and shape of signa in female genitalia; and 5) dark margins of whitish
fasciae on forewings. Adult morphology does not always clearly separate genera: for
example, 1) the wing venation in Phyllonorycter and Cameraria is identical (with the
exception of C. fasciata); 2) a pair of setae on the apical part of the tegumen is present
in Cameraria, Chrysaster and Porphyrosela (absent in Phyllonorycter); more than two
pairs of tegumenal setae are found in Hyloconis and Cremastobombycia; 3) transtilla is
incomplete in Hyloconis and Cameraria (with the exception of C. magnisignata, C. mil-
letiae, C. palawanensis, C. pongamiae, and C. virgulata); 4) signa of the corpus bursae
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show a variety of shapes in Phyllonorycter; 5) most of the species in both Cameraria
and Cremastobombycia show black margins distally on the whitish fasciae (Busck 1909;
Ely 1918; Braun 1925; Kumata 1963, 1993, 1995; Opler and Davis 1981; Powell and
Opler 2009). Recently, a multidisciplinary approach was undertaken which incorpo-
rates adult morphology, chemical communication and DNA barcoding to resolve the
generic assignment within Lithocolletinae (De Prins et al. 2009). Although this ap-
proach appears useful to assess the generic limits of Gracillariidae, it is applicable only
to those few groups of species for which chemical communication has been studied
(De Prins et al. 2009; Liblikas et al. 2009 and the references therein). Collecting efforts
are beginning to reveal the existence of several previously unknown Lithocolletinae
genera in the tropics. An evaluation of generic apomorphies will only be accomplished
after a thorough phylogenetic study of Lithocolletinae genera, based on both molecu-
lar and morphological characters, is completed.

The purpose of this paper is to propose and diagnose a new lithocolletine genus,
Macrosaccus, and to document the five species we recognize within this New World
group. This study is long overdue because one species, Macrosaccus robiniella (Cle-
mens), has become a serious invasive pest on the introduced Robinia pseudoacacia L.
(Fabaceae) over much of Europe. With this contribution we also attempt to broaden
the understanding of the generic definitions within Lithocolletinae. We transfer three
previously known Phyllonorycter species to Macrosaccus, clarify the synonymy, and
designate lectotypes whenever possible for the species-group taxa. Additionally, we
provide DNA barcodes as identification aids and descriptions of two new congeneric
species which also were reared from Fabaceae.

Methods

Collecting and rearing. Field investigations were carried out in Europe (Belgium), Ca-
nary Islands (La Palma), and in several states within the United States (Arizona, Illi-
nois, Maryland, New Mexico). All specimens examined in this study were reared from
species of Fabaceae which are summarized in Table 1.

Leaves containing mines with larvae were placed in plastic bags or rearing contain-
ers periodically moistening the lids protecting the specimens from drying out. Speci-
mens were pinned, spread and mounted in the usual way for morphological examina-
tion. Some voucher samples of reared specimens were fixed in 100% ethanol for DNA
analysis. Larvae and pupae collected on Robinia pseudoacacia L. were preserved in 75%
ethanol.

Morphology

Adults were examined externally using either MZ12.5 or Nikon SMZ 1500 stere-
omicroscopes (maximum magnification 200x). Genitalia were prepared following
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Table 1. Macrosaccus and four Phyllonorycter species that feed on Fabaceae.

Donald R. Davis & Jurate De Prins | ZooKeys 98: 2982 (2011)

Moth species Host plant species Country Reference
Macrosaccus gliricidius Davis, sp. n. Gliricidia sepium Guadeloupe, | Present study
(Jacq.) Honduras
Macrosaccus morrisella (Fitch, 1859) | Amphicarpa bracteata | Canada Present study
(L) Fernald
Macrosaccus morrisella (Fitch, 1859) | Amphicarpa bracteata | U.S.A. Chambers 1878: 111
(L) Fernald
Macrosaccus morrisella (Fitch, 1859) | Amphicarpa sp. Canada Present study
Macrosaccus morrisella (Fitch, 1859) | Strophostyles leiosperma | Canada Present study
(Torrey & A. Gray)
Macrosaccus neomexicanus Davis, sp. n. | Robinia neomexicana | U.S.A. Present study
Gray
Macrosaccus robiniella Robinia hispida L. U.S.A. Chambers 1878: 111
(Clemens, 1859)
Macrosaccus robiniella Robinia pseudacacia L. | Belgium De Prins & Groenen
(Clemens, 1859) 2001: 159
Macrosaccus robiniella Robinia pseudacacia L. | U.S.A. Clemens 1859: 320.
(Clemens, 1859)
Macrosaccus robiniella Robinia viscosa Vent | U.S.A. Chambers 1878: 111
(Clemens, 1859)
Macrosaccus ublerella (Fitch, 1859) Amorpha fruticosa L. | U.S.A Chambers 1878: 110
Phyllonorycter cytisifoliae Chamaecytisus Canary Islands: | Hering M 1927: 419
(M. Hering, 1927) proliferus (L.) Link La Palma
Phyllonorycter foliolosi Adenocarpus foliolosus | Canary Islands: | Walsingham 1908:
Walsingham, 1908 (Ait.) DC La Palma 978
Phyllonorycter medicaginella Medicago sativa L. Belgium Kuchlein et al. 2002:
(Gerasimov, 1930) 89
Phyllonorycter nigrescentella Vicia sepium L. Belgium Fologne 1862: 24
(Logan, 1851)

Robinson (1976) with some modifications. After maceration of the abdomen in 10%
KOH for 24 hours or by heating in hot 10% KOH for - 30 minutes, and subsequent
cleaning and deionization, the male genitalia were stained with 2% eosine B, a mix-
ture of 2% azophloxine and 2% acid fuchsin; the female genitalia were stained with a
1% chlorazol black E solution and embedded in Euparal or Canada balsam. Genital
morphology was examined using a Leica DMLB microscope under magnifications of
150x, 200x, and 400x. The terminology follows Viri (1961), Klots (1970), Kumata
(1993, 1995), and Kristensen (2003). Microslides for studies of wing venation were
prepared following the technique suggested by Véri (1961) and applying modifications
used by Hoare (2000). Some wing slides were cleaned, stained with saffranin, and
mounted dry beneath a glass coverslip.

For scanning electron microscopy, the immatures were immobilized by moment

freezing at -27°C. Pupae were sputtered-coated with gold using a Bal-TEC/SCD 005
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Sputter Coater. The images were taken with a Jeol MP 35060 camera combined with
a Jeol JSM-5400 LV Electron Scanning Microscope and processed using the Orion
4 High Resolution Image Grabbing System software. Larval terminology follows
Davis (1987).

The spellings of all species names were retained as originally proposed.

Molecular analysis

Sequences of the 658bp Cytochrome Oxidase I were generated at the Biodiversity
Institute of Ontario, University of Guelph, Canada. DNA was extracted from legs or
entire bodies of adult moths using a QIAGEN DNeasy Extraction Kit (Qiagen, Inc.,
Valencia, CA). Primers LepF1 and LepR1 (Herbert et al. 2004) were used to obtain the
barcoding fragment of COI following methods previously described (Hajibabaei et al.
2006). Sequences are available at the National Center for Biotechnology Information
GenBank database and at the Barcode of Life Database (BOLD). A neighbor-joining
(N]) tree was generated utilizing the Kimura 2-parameter model via the BOLD web-
site (http://www.boldsystems.org/; Ratnasingham and Hebert 2007) to illustrate the
genetic divergences between species. A compressed version of this tree was produced
(Fig. 1) using Molecular Evolutionary Genetics Analysis (MEGA) version 4 (Tamura
et al. 2007).

Museum collections

Whenever possible the primary types of every species were examined. Lectotypes were
designated from the syntypic series whenever available.

Abbreviations of Institutions from which specimens were examined are:

ANSP  Academy of Natural Sciences, Philadelphia, Pennsylvania, USA.

BMNH The Natural History Museum (formerly the British Museum (Natural His-
tory)), London, United Kingdom.

CCDB  Canadian Centre for DNA Barcoding, University of Guelph, Canada

CNC Canadian National Collections of Insects, Arachnids and Nematodes, Agri-
culture and Agri-Food Canada, Ottawa, Canada.

CU Cornell University, Ithaca, New York, USA.

INHS Illinois Natural History Survey, Champaign, Illinois, USA.

MCZ Museum of Comparative Zoology, Harvard University, Cambridge, Mas-
sachusetts, USA.

RMCA Royal Museum for Central Africa, Tervuren, Belgium

USNM  Collections of the former United States National Museum, now deposit-
ed in the National Museum of Natural History, Smithsonian Institution,

Washington, D.C., USA.
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Macrosaccus uhlerella [USA: lllinois] n=1

0‘7 377

-a Macrosaccus gliricidius [French Guiana: Honduras] n=4

4.6

0.4 Macrosaccus morissella [USA: Maryland] n=2

Macrosaccus neomexicanus [USA:Arizona, New Mexico] n=2

Macrosaccus robiniella [Belgium: Antwerpen; USA: Maryland] n=4

2%

Figure |. Compressed subtree sequenced data for cytochrome ¢ oxidase I (COI) of Macrosaccus, derived
from 13 samples among 5 species based upon neighbor-joining analysis with Kimura 2-parameter model.
Numbers above branches indicate branch length. Sequence lengths obtained for all samples were 658bp each.

Table 2. Mitochondrial DNA (COI) sequence divergence (%) among species of Macrosaccus. Uncor-
rected average pairwise distances are shown for the barcoding region of (COI). Shaded cells contain means
within species distances. Cells below shaded diagonal contain mean between species distances. Species

abbreviations in the heading refer to species listed in left column.

gliri morr robi neom uble
Macrosaccus gliricidius 0.4
Macrosaccus morrisella 8.1 0.0
Macrosaccus robiniella 8.1 4.7 0.4
Macrosaccus neomexicanus 7.1 4.5 4.1 0.5
Macrosaccus ublerella 8.6 6.7 6.5 7.3 0.0

Systematic Account

Macrosaccus Davis and De Prins, gen. n.
urn:lsid:zoobank.org:act:2451DAED-FEB2-4E03-B86C-88F10584A067

htep://species-id.net/wiki/Macrosaccus

Type species: Lithocolletis robiniella Clemens, 1859, by original designation.
Macrosaccus is assigned to the subfamily Lithocolletinae on the basis of the follow-
ing putative morphological synapomorphies: hindwing vein Rs parallel to vein M and
costal margin; adults rest with body parallel to surface; adult head with occipital tuft;
and pupation occurring within the mine.
Diagnosis. Superficially, Macrosaccus is similar to nearly all other genera of Lithoc-
olletinae, sharing such characters as a well developed occipital tuft; a forewing pattern
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accentuated with oblique, whitish strigulae; and by the mode of pupation which oc-
curs inside a silken cocoon within the whitish blotch mine usually on the underside of
the host leaf without any prepared exit opening. However, in contrast to the typically
solitary larvae and pupae of other Lithocolletinae genera, those of Macrosaccus are
often gregarious inside a single, composite mine. The wing venation of Macrosaccus
is similar to that of Cameraria and Phyllonorycter in possessing five apical veins, but it
differs from the two latter genera in having Rs4 rising either from the base of Rs3 or
stalked with Rs3. The hindwing venation is similar to Cameraria, Chrysaster, Leucan-
thiza, Neolithocolletis, and Phyllonorycter, but differs from Cremastobombycia, Hyloconis,
Porphyrosela, and Protolithocolletis in the absence of vein M2. In the male genitalia,
the sternum 8 is not produced caudally as in Chrysaster, Leucanthiza, and Protocolit-
hocolletis. In Cameraria, Cremastobombycia, Hyloconis, Neolithocolletis, Phyllonorycter,
and Porphyrosela, the sternum 8 forms a large flap underlying the valvae. The apex of
the tegumen in Macrosaccus possesses a pair of tiny setae as in Cameraria, Chrysaster
and Porphyrosela, but unlike Phyllonorycter which lacks apical setae. The transtilla of
Macrosaccus is complete like that of other lithocolletine genera, but it differs from that
of Cameraria and Hyloconis where it is incomplete. The female genitalia of Macrosaccus
are characterized by numerous, microscopic spine-like signa which are scattered within
the subcaudal part of corpus bursae (in other lithocolletine genera the corpus bursae
bears other types of signa). Though the adult head of Macrosaccus is very similar to that
of Protolithocolletis, the venation between these two genera differs with the forewing
of Protolithocolletis more developed in possessing veins Rs1 and M2. The pupae pro-
vide perhaps the best characters for generic distinction, with that of Prozolithocolletis
lacking the spinose accessory cremaster ridge on sternum 7, which is characteristic for
Macrosaccus.

Adult. Head (Figs 10, 11). Vertex covered with long dense tuft of piliform scales;
frons with smooth appressed scales; eyes of midsize; interocular index (= vertical eye di-
ameter/interocular distance) - 0.75-0.96. Antenna about 0.7x the length of forewing
(n=9), smooth scaled, with a single row of scales per segment; scape with dense pecten.
Proboscis well developed, naked, ca. 1.8-2.5x length of labial palpus. Maxillary palpus
very short, rudimentary, - 0.5x length of labial palpomere II, and directed laterally;
consisting of 2 articulated segments; basal 2 segments fused; segment 3 free, spherical.
Labial palpus slender, drooping, with ratio of segments from base 1.5: 1: 2.

Thorax (Fig. 12). Forewing slender, maximum width/length ratio ca. 0.2, nar-
row at apex. Venation with 8 veins, apical part with 5 veins; Sc strong, extending
nearly to costa, basal half of R indistinct, Rs2 present, Rs3 arises from apex of the
cell, position of Rs4 variable, arising either from base of Rs3 or stalked with Rs3,
M and CuAl separate, CuP indistinct (fold) for entire length, 1A strong, separate,
discal cell either open (with absence of crossvein between Rs2 and Rs3) or closed,
extending ~ 0.78 of wing length. Hindwing lanceolate, maximum width 0.12 that
of length, venation reduced, similar to Phyllonorycter; Sc very short, Rs very long, ex-
tending almost to apex; basal 2/3 of M indistinct, parallel to Rs, distal part of M ends
near distal 3/5: basal half of Cu strong, distal half indistinct, ending slightly before
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midway along dorsum; frenulum a single stout bristle in male, 2 tightly appressed
bristles in female, retinaculum in male consisting of a broadly triangular curved fold
from the ventral base of Sc and a few stiff, forward directed scales situated on the
posterior part of Cu.

Abdomen. The margins of the abdominal opening strongly sclerotized and broad
laterally, the sclerotized margination of abdomen opening unconnected on T2, S2
apodemes long, ~ half the length of S2, generally slender but more stout at basal 1/3
and very slender at distal 2/3; two pairs of tiny spinules on S2 sublaterally, and a pair
of tiny spinules on $S3-S6 sublaterally. Sternum 8 in male undeveloped.

Male genitalia. Tegumen relatively short, broad, moderately sclerotized laterally.
Caudal portion covered with numerous tiny setae. A pair of long, slender setae pre-
sent at apex of tegumen. Vinculum broad, U-shaped with very slender, elongate sac-
cus which ranges from 1.1-1.7x the length of valva. Valvae symmetrical, moderately
broad, costal margin nearly straight to slightly curved; ventral margin variable between
species from slightly convex to slightly concave over distal half with apex varying from
fully round to abruptly narrowing; median surface of valva with sparse setac of me-
dium length; apex of valva densely covered with longer, more stout setae. Transtilla
complete and well developed, laterally expanded into rounded lobes. Aedeagus very
long, nearly as long as entire genital capsule (from apex of tegumen to anterior end of
saccus), straight and slender, of uniform diameter along its length; caudal end of vesica
usually with long, slender cornuti; phallobase - % total length of aedeagus.

Female genitalia. Papillae anales flattened, strongly interconnected, covered with
short setae mostly along apical margin; basal bar broad but weakly sclerotized. Poste-
rior apophyses slightly longer than width of papillae anales, straight and slender. Seg-
ment 8 short, weakly sclerotized. Anterior apophyses as long or slightly shorter than
posterior apophyses, with moderately broad bases, then slender extending to caudal
1/3 of segment 7. Ostiu