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Figs. 91 – 99. Detail of surface microsculpture in Anemadus, pronotum (91, 93, 95, 97) and elytra (92, 94, 96, 98, 99). 91, 92: A. greben­
nikovi, PT male (JRUC). 93, 94: A. haba, PT female (JRUC). 95, 96: A. hajeki, HT male (Maoniuping, NMPC). 97 – 99: A. hajeki, PT male 
(Cangshan, JRUC) (99: part of 98 in larger magnification).
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Figs. 100 – 107. Detail of surface microsculpture in Anemadus, pronotum (100, 102, 104, 106) and elytra (101, 103, 105, 107). 100, 101:  
A. imurai, HT female (NSMT). 102, 103: A. kabaki, HT male (JVAC). 104, 105: A. smetanai, male (10 km SW Zhongdian, OUMNH). 
106, 107: A. tangi, PT male (Lulang, JRUC).
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Figs. 112 – 114. Detail of pronotum and left elytron in Anemadus. 112: A. strigosus, female (Libice nad Cidlinou env., Libický luh for­
est, JRUC). 113: A. hajeki, PT male (Maoniuping, MPEC). 114: A. kabaki, PT female (MPEC). — Abbreviations: hr – humeral region of 
elytron, set – setation.

Figs. 108 – 111. Detail of structures in Anemadus. 108: A. strigosus, surface of pronotum, male (Czech Republic, Praha, Stromovka city 
park, JRUC). 109: A haba, female genitalia in lateral view, PT female (JRUC). 110: A. imurai, antenna in lateral view, HT female (NSMT). 
111: A. hajeki, apex of antenna in lateral view, HT male (Maoniuping, NMPC). — Abbreviations: a7 – a10 – antennomeres 7 to 10.
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Figs. 115 – 121. Habitats of Anemadus in China. 115: Jizu Shan Mt., deciduous forest (ca. 2700 m a.s.l.), ca. 500 m lower from the locality 
with A. grebennikovi. 116: Cang Shan mountain range, Rhododendron forest at the lower part of alpine zone (4063 m a.s.l.), locality of A. 
hajeki. 117: Maoniuping in Yulong Xue Shan mountain range, upper part of mixed forest (3540 m a.s.l.), type locality of A. hajeki. 118: 
Haba Xue Shan Mt., Rhododendron forest (4072 – 4133 m a.s.l.), locality of A. haba. 119: Haba Xue Shan Mt., upper edge of mixed forest 
with Rhododendron (3272 m a.s.l.), locality of A. haba. 120: Mt. Mianya Shan, coniferous mixture forest with large broad-lived deciduous 
trees (3500 m a.s.l.), type locality of A. imurai. 121: same locality, exposition of underground pitfall trap. — Photos by V. Grebennikov 
(115, 116, 118, 119), J. Růžička (117) and Y. Imura (120, 121).
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Fig. 122. Known distribution of Anemadus smetanai species group in China.

Fig. 123. Correlation of phylogenetic analysis of “Anemadus smetanai species group” with distribution of its members in China.
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Fig. 124 – 125. Most parsimonious topologies from phylogenetic analyses of “Anemadus smetanai species group” based on morphological 
characters, obtained from implicit enumeration analyses. 124: Analysis 1: character 1 ordered, character 5 inactive; single most parsimoni­
ous tree (length = 56, consistency index = 0.87, retention index = 0.82). 125: Analysis 2: characters 1 – 9 inactive; single most parsimonious 
tree (length = 45, consistency index = 0.77, retention index = 0.75). Ambiguous characters are optimized with ACCTRAN (accelerated op­
timization in WinClada). Character numbers are given above, character states below. Solid circle indicates uncontroverted synapomorphy; 
empty circle indicates homoplasy or reversal apomorphy. Numbers below branches are bootstrap values (with 1000 replicates).

6. 	 Discussion

6.1. 	 Geographical distribution

Present knowledge on the distribution of Chinese Ane­
madus is limited, and new taxa from several species 
groups of the genus have been recently discovered (Per­
reau 2009, 2016; Wang & Zhou 2016). Based on current 
knowledge, the “smetanai species group” seems to be 

limited to the eastern part of Xizang (Tibet), Sichuan and 
north-western Yunnan (Figs. 122, 123). All species of the 
group have limited distribution and are local endemics, 
restricted to different “sky islands” in high mountains; 
the only known exception being A. hajeki sp.n., known 
from two adjacent mountain ridges (Yulong Xue Shan 
and Cang Shan, with distance between localities up to 
160 km); but see comments on its geographical variabil­
ity above. Similar pattern of allopatric lineages with rath­
er limited distribution is known also in several groups 
of subterranean small carrion beetles, e.g. Neotropical 
Proptomaphaginus (Peck 1983) and south-east Nearc­
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tic Ptomaphagus (Adelops) and Adelopsis (Peck 1979, 
1984).
	 The internal phylogeny of the group is congruent 
with the distribution of species (Fig. 123). Two species 
within the group (A. imurai sp.n. + A. kabaki) form a 
cluster distributed in Sichuan (Fig. 123, yellow branch). 
The remaining two supported clusters are from southern 
part of the north-western Yunnan (A. grebennikovi sp.n. 
+ A. hajeki sp.n.) (Fig. 123, red branch) and from north­
ern part of north-western Yunnan and Xizang (Tibet) (A. 
haba sp.n., A. smetanai + A. tangi sp.n.) (Fig. 123, blue 
branch, sister to the two species from Sichuan). Mem­
bers of two of these clusters (A. haba sp.n. and A. hajeki 
sp.n.) seem to be found in closely situated localities (with 
distance between them only ca. 25 km); but Yulong Xue 
Shan and Haba Xue Shan Mts. are separated by the deep 
valley of the Jinsha River (a primary tributary of the up­
per Yangtze River), which probably completely isolates 
both upper forest and lower alpine species of these mas­
sifs. A similar pattern of distribution in two allopatric, 
closely related species is known also in the genus Od­
ontotrypes Fairmaire, 1887 (Geotrupidae) with O. haba 
Král, Malý & Schneider, 2001 and O. yulong Král, Malý 
& Schneider, 2001 (Král et al. 2001).

6.2. 	 Subterranean modifications

Members of the “smetanai species group” exhibit sev­
eral morphological modifications, linked to a subterra­
nean (in this case mostly endogean) habitat in a relatively 
constant, humid environment. Some can be considered 
as reductions, this probably applies to eye modifications 
(different extents of microphthalmy), absence of meta­
thoracic wings, reduction of metendosternite and corre­
sponding structures (Růžička 1999: 625, fig. 13), general 
depigmentation and weaker sclerotization of the body, 
especially of the abdominal tergites 2 – 6 (Fig. 73). In the 
clade A. imurai sp.n. + A. kabaki, these reductions are 
more prominent, with complete anophthalmy, general 
elongation of body, reduction of pronotum width and, in 
A. kabaki, elongation of appendages. 
	 Other modifications are probably linked with im­
provement of the body rigidity to move in deep soil, here 
enhancing the interlocking devices of elytra and abdo­
men. Elytra are fused medially and elytral epipleuron 
is extended ventrolaterally, fixing tightly the abdomen. 
Other structures which can be related to rigidity of the 
abdomen is the presence of pairs of lateral apodemes, de­
veloped anteriorly on ventrites 4 – 7 (Figs. 11, 12). 
	 Similar, but much smaller and weakly sclerotized apo­
demes (Fig. 78) are found also in the Japanese Cholevodes 
tenuitarsis Portevin, 1928, another genus of Anemadina, 
but are missing in other species groups of Anemadus. 
However, the homology of these structures remain ques­
tionable. The single species of Cholevodes Portevin, 1928 
from Japan also has slightly reduced size of eyes, distinct­
ly slender legs, but functional metathoracic wings (Nishi­

kawa 1994). It is reported to occur in cavities of decayed 
trees and under bark of rotten logs (Nishikawa 1994).
	 Similar structures were reported also on ventrite 7 
in several species of the “Tachinus fimbriatus species 
group” (Staphylinidae: Tachyporinae), such as T. holz­
schuhi Schülke, 2006 from Bhutan and T. loebli Schülke, 
2006 and T. paramalaisei Li & Ohbayashi, 1996 from 
Nepal (Schülke 2006: 1704, fig. 6H, 1707, fig. 9A, 1712, 
fig. 14I).

6.3. 	 Monophyly of Anemadini and 
	 Anemadina

Few apomorphic characters presently support the mono­
phyly of Anemadina and even of the whole tribe Anema­
dini (Newton 1998; Perreau 2000). An unexpected con­
sequence of the detailed investigation of the “Anemadus 
smetanai species group” is to bring to light a new female 
genital structure: the genital annulus, a sclerotized oval to 
round structure located at the bottom (so in the anterior 
part) of the invaginated vaginal ducts. This structure is 
abundantly illustrated in this paper (Figs. 63 – 71, 80). Its 
size is variable, either small (with its diameter less than 
1/3 of maximum width of tergite 10, which seems to be 
the plesiomorphic state; Figs. 63 – 65, 67) or large (with 
its diameter 0.6 – 1.1 as wide as maximum width of ter­
gite 10; Figs. 66, 68 – 71); with either a narrow (e.g., Figs. 
67, 68) or broad rim (e.g., Fig. 71). It probably works as 
an attachment for muscles. The presence of this character 
has been checked in other species groups of Anemadus:  
A. acicularis (Fig. 63), A. leonhardi, A. strigosus (Fig. 64), 
and in the three other genera of Anemadina: Anemadiola 
(checked in A. smetanai Perreau, 1996), Cholevodes ten­
uitarsis (Fig. 80) and Speonemadus (checked in S. sub­
costatus (Reiche, 1864)). In Nemadina, we find presence 
of this structure in Nemadus colonoides (Kraatz, 1851), 
N. japanus Coiffait & Ueno, 1955 and N. asagi Nishi­
kawa, 1986. The absence of a genital annulus has been 
checked in the three other subtribes of Anemadini: Pa­
racatopina (in Paracatops relatus (Broun, 1893), which 
has nevertheless other kinds of differentiated structures 
in the vaginal ducts) and in Eocatopina (in Eocatops el­
lipticus Jeannel, 1936). The phylogenetic significance of 
this character, which has not yet been recorded in other 
groups of Leiodidae, necessitates an exhaustive inven­
tory of species provided with these structures. Such an 
inventory is beyond the scope of this paper.
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