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Abstract

This paper reviews the status of Geodiapria and its nominotypical and only included spe-
cies G. longiceps. Geodiapria was previously understood to be very similar to, and doubt-
fully separated from the genus Basalys. We use integrative taxonomy (morphology,
DNA-barcoding, phylogenetic tree building) to show that the valid name for what was
G. longiceps Kieffer, 1911 is now Basalys rufocinctus (Kiefer, 1911) and that Geodiapria
is consequently a junior synonym of Basalys syn. nov. The following taxa are new syn-
onyms of B. rufocinctus: Loxotropa longiceps Wasmann, 1909, syn. nov., G. longiceps
Kieffer, 1911, syn. nov., L. rufosignata Kieffer, 1911, syn. nov. Basalys rufocinctus is new-
ly reported from Corsica, Germany, Norway and Spain.

Key words: Basalys rufocinctus, DNA-barcoding, first record, integrative taxonomy,
parasitoid wasp, species concepts

Introduction

Parasitoid wasps of the family Diapriidae are speciose and distributed world-
wide, and while about 50% of its diversity is estimated to be unknown to sci-
ence, there are few experts working on this family. Small size (c. 1-4 mm),
wide distribution, cryptic diversity, sexual dimorphism, and previous poor tax-
onomy and lack of critical study of types are some of the problems researchers
face when dealing with Diapriidae. The taxonomy of this group still therefore
presents many interesting challenges. The status of the genus Geodiapria and
its single included species G. longiceps Kieffer, 1911 has been a taxonomic
problem for some time because of its close relation to Basalys, in particular
species such as B. rufocinctus (Kiefer, 1911) with similar distinctive reddish
flattened petiolar hairs. The question this paper seeks to resolve is whether
or not Geodiapria is valid. Geodiapria was first described in a key by Kieffer
(1910) who separated it from Loxotropa auctt. (now Basalys in part) and Basa-
lys sensu stricto simply by the lack of a basal vein, adding later (Kieffer 1911a)
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that the form of the head, longer than wide and a little wider in front than be-
hind, was also distinctive. It was clearly similar to Basalys because Kieffer had
previously considered the same material to be a Loxotropa auctt. (Wasmann,
1909). Kieffer (1911b) then described two species of Loxotropa auctt. with the
same distinctive reddish flattened petiolar hairs: L. rufosignata said to have a
head slightly longer than wide and reduced wings without distinct veins; and
L. rufocincta with an almost square head and with an almost hyaline basal
vein. Pschorn-Walcher (1957) examined the type of G. longiceps and consid-
ered Geodiapria to be very close to Loxotropa auctt., noting that the absence of
the basal vein could be a consequence of wing reduction, but did not make a
decision on the validity of Geodiapria because of lack of material. Since more
material is now available, it is timely to reexamine the question of the validity
of Geodiapria using an integrative approach combining morphotaxonomy and
DNA barcoding (Ratnasingham and Hebert 2007). We examined 18 examples
including types of four relevant nominal species, including L. rufosignata and
L. rufocincta, and provide an up to date nomenclatural summary, presenting
the first genetic results, including the DNA-barcode placing Geodiapria in its
proper context.

Material and methods

The specimens of B. rufocinctus used for the CO1 DNA barcoding were collect-
ed in July 2021 in the Dammbach Valley (Spessart Nature Park) on an orchard
meadow, using a Malaise trap. The sequencing was conducted at Canadian
Centre for DNA Barcoding (Guelph, Canada) using a voucher recovery protocol.
Tree building was undertaken using 1Q TREE (server version 1.6.12, Trifinopou-
los et al. 2016) using the default settings with 1000 generations. MODELFIND-
ER determined GTR+F+I+G4 to be the best fitting substitution model. The re-
sulting tree was edited using FIGTREE v. 1.4.4 (Rambaut 2010) and INKSCAPE
v. 1.1 (https://inkscape.org/de/).

Repository acronyms:

DNPC David Notton personal collection, United Kingdom

MCSN Museo Civico di Storia Naturale “Giacomo Doria”, Genoa, Italy
MNHN Muséum national d’Histoire naturelle, Paris, France

NHME Natural History Museum, Maastricht, Netherlands

NHMUK Natural History Museum, London, United Kingdom
SNSB-ZSM Bavarian State Collection, Munich, Germany

Taxonomy

Basalys Westwood, 1833

Basalys Westwood, 1833: 343. Type species Basalys fumipennis Westwood,
1833 by monotypy.

Loxotropa auctt. nec Forster, 1856.

Geodiapria Kieffer, 1910: 707, syn. nov. Type species G. longiceps Kieffer, 1911
by subsequent monotypy.
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Notes. Other generic synonyms are omitted from the above list for simplicity. A
diagnosis and detailed description of Basalys was given by Masner and Garcia
(2002), hence, only a brief diagnosis is given here. Further information on syn-
onyms can be obtained from Johnson (1992).

Diagnosis. Small, smooth and shining wasps; head and mesosoma with
long scattered hairs; antennal shelf usually distinctly prominent; female an-
tenna 12-segmented, with strongly abrupt 3- or 4-segmented clava; male an-
tenna 14-segmented with A4 distinctly modified; fore wing with submarginal
vein slightly remote from fore margin of wing, costal vein absent, stigmal vein
often moderately developed, basal vein always present in macropterous forms,
straight, usually strongly pigmented, perpendicular to but never contiguous
with submarginal vein.

Remarks. We discovered that the type species of Geodiapria, that is G. longi-
ceps, is a Basalys, a synonym of B. rufocinctus (see below) and so Geodiapria
becomes a junior synonym of Basalys syn. nov.

Basalys rufocinctus (Kieffer, 1911)

Loxotropa longiceps Wasmann, 1909: 68, 172, syn. nov., preoccupied nec B.
longiceps (Ashmead, 1893).

Geodiapria longiceps Kieffer, 1911a: 897, syn. nov., preoccupied nec B. longi-
ceps (Ashmead, 1893).

Loxotropa rufocincta Kieffer, 1911b: 916, 939 takes precedence over L. rufosig-
nata by first revisor action.

Loxotropa rufosignata Kieffer, 1911b: 914, syn. nov.

BIN number. BOLD_BIN: AEW6196 (Ratnasingham and Hebert 2007).

Type material. Holotype ¢ of Loxotropa longiceps labelled: “Allotype & (!)/
Solenopsia imitatrix/ Wasmann, err. det.!; Holotype 9@/ Geodiapria longiceps/
Kieffer, 1911; Loxotropa/ longiceps n. sp./ ¢ Kieff.; 5.98. Exaet./ b. Solenopsis;
Solenopsis m/ Kol. 293. sang [=colony #293 of Formica sanguinea].” (NHME)
(Fig. 2). Holotype ¢ of Geodiapria longiceps - the same specimen as the holo-
type of Loxotropa longiceps q.v. Holotype ¢ of Loxotropa rufosignata labelled:
“Is. Giglio/ IV.1902/ G. Doria; Loxotropa/ rufosignata; 9" (MCSN) (Fig. 3).
Syntypes 22 33 of Loxotropa rufocincta: 22 labelled: “Holotype [sic — there is
no original designation]; Bitche; Loxotropa/ rufocincta; Muséum Paris/ 1957/
coll. Kieffer. 23 labelled: Loxotropa/ rufocincta; Bitche; J; Allotype; Muséum
Paris/ 1957/ coll. Kieffer. & labelled: Paratype; Muséum Paris/ 1957/ coll. Kief-
fer; Bitche” (MNHN).

Other material. DENMARK * 9; N. E. Zealand, Tisvilde Hegn; 56°02'N, 12°04'E;
4 May 1994; P.N. Buhl leg. (DNPC). FRANCE * J; Corsica, Corse du Sud, Bastel-
icaccia nr. Ajaccio; 41°55'N, 08°30'E; 14-21 Jun. 1996; C. Villemant leg.; Mal-
aise trap, Quercus suber stand (DNPC) < Q; Gard, Mont Ventoux, Malauceéne;
44°13'N, 05°08'E; 1-8 Jul. 1997; C. Villemant leg.; maquis, Quercus ilex
(DNPC) * &; same locality; 5-12 Aug. 1997; C. Villemant leg.; maquis, Quer-
cus ilex (DNPC). GERMANY * Q; Bavaria, Dammbach, Dammbachtal; 49°51'58"N,
09°19'30"E; 338 m a.s.l,; 16 Jul. 2021; J. Hibner leg.; nutrient poor grassland;
ZSM-HYM-42434-G0O2 (BOLDSYSTEMS Process ID: DTIII5299-22; GenBank
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A .
Figure 1. Basalys rufocinctus (Kieffer, 1911) : A habitus, dorsal view B habitus, lateral view C wing with reduced venation
(arrow) D close-up of petiole.
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Figure 2. Holotype @ of Loxotropa longiceps (Wasmann, 1909), the same specimen is also the holotype ¢ of Geodiapria
longiceps Kieffer, 1911: A habitus, lateral view B labels.

accession ID: OR450821) (SNSB-ZSM) « © same locality; 16 Jul. 2021; J. Hiib-
ner leg.; nutrient poor grassland; ZSM-HYM-42433-H11 (BOLDSYSTEMS Pro-
cess ID: DTI15225-22; GenBank accession ID: OR450822) (DNPC). NORWAY * ;
Onsgy, Hankg Bloksberg, EIS 20, @; 3-29 Jun. 1995; 0. Hanssen & J.1.I. Batvik
leg.;pitfall trap (DNPC). SPAIN * Q; Granada, Calahonda; Jul. 1987; L. Lockey
leg.; Malaise trap, (DNPC) « Q; Granada, Sierra Nevada; 1600 m a.s.l.; 10 Apr.
1959; C. Besuchet leg. (NHMUK). UNITED KINGDOM * Q; Cheshire, Abbotts Moss;
53°12'27"N, 02°36'23"W; 12 Oct. 1990; D.G. Notton leg.; swept, stream (DNPC)
* 39; Norfolk, Santon Downham; 52°27'45"N, 00°40'29"E; 15 Aug. 1984; J. Field
leg.; Malaise trap, heath with Betula and Pinus (DNPC) ¢ 13; same locality; 18—
25 Aug. 1983; J. Field leg. (DNPC).

Diagnosis. Female Head elongate, rounded, about 1.2 times as long as wide;
frons without angles or teeth; antenna 12-segmented with abrupt 3-segmented
clava; A11 transverse in lateral view, as long as wide in dorsal view; A6—A9
transverse in lateral view (Fig. 1A); mesonotum and scutellum slightly convex
in longer winged individuals, almost flat in shorter winged individuals (Fig. 1B),
anterior pronotum with a ruff of whitish setae; anterior scutellar pit small and
transverse, less than one third the width of the scutellum; propodeum with
medial keel slightly raised anteriorly, less so in short winged individuals; fore
wing variable in length, at most extending well beyond apex of gaster, at least
reaching anterior margin of petiole; basal vein present in longer winged individ-
uals although hard to see as it is fine and barely pigmented, absent in shorter
winged individuals; femora of all legs broadened medially, fore femora 2.2-2.3
times as long as wide in lateral view, with sharp keel ventrally; petiole densely
covered dorsally and laterally with long orange flattened setae (Fig. 1D); bas-
al margin of large tergite with two whitish hair tufts more or less concealed
under petiolar setae; disc of large tergite normally bare, although the shortest
winged individuals, e.g. the type of L. rufosignata, may have some long setae.
Male As for female except antenna 14-segmented with A4 expanded posteri-
orly subtriangular with a fine flange; A5 elongate, flagellar segments becoming
shorter towards apex, A13 more or less quadrate; fore wing variable in length
at least reaching apex of gaster, at most extending well beyond it; basal vein
present, fine, barely pigmented; femora slightly less broadened than female.
Body length 1.3-2.2 mm (2); 1.5-2.4 mm (&).
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Figure 3. Holotype @ of Loxotropa rufosignata Kieffer, 1911: A habitus, dorsal view B labels.

Distribution. Czechia (Macek 1989 as B. rufocincta [sic]); Denmark (Buhl 1998
as B. rufocincta [sic]) confirmed here; France - mainland France (Kieffer 1911bas L.
rufocincta) confirmed here; France - Corsica (new record); Germany (new record);
ltaly (Kieffer 1911b as L. rufosignata); Netherlands (Wasmann 1909 as L. longi-
ceps); Norway (new record); Spain (new record); Sweden (Hedqvist 2007 as B. ru-
ficincta [sic]); United Kingdom (Nixon 1980 as B. rufocincta [sic]) confirmed here.

Biology. Host unknown. Basalys rufocinctus has previously been considered
to be a myrmecophile but the evidence is weak. Of all the specimens we have
seen only one, Wasmann's, was found in an ant nest, in a mixed colony of Solen-
opsis fugax and Formica sanguinea, and may have entered the nest by accident.
Wasmann provided no ethological observations to demonstrate myrmecophily
and the species has no obvious morphological adaptation for myrmecophily
when compared to other Basalys.

Remarks. From the extensive material examined we recognised only one
taxon, diagnosed above, and with more variation than previously understood.
Most importantly we found that the head was always elongate when seen from
above, also significant variation in fore wing length, and expression of the basal
vein which was present and weakly pigmented in longer winged individuals, be-
coming hyaline and then altogether absent in shorter winged individuals. This
taxon is therefore a Basalys since there is no significant morphological differ-
ence: some other species of Basalys are known to have elongate heads, also
some other Basalys have the basal vein absent in short-winged individuals.
Based on our examination of the type specimens we consider all four nominal
species above, including Geodiapria longiceps, belong to this taxon.

Further support for the generic placement of B. rufocinctus is based on genetic
analyses. A representative ML tree (Appendix 1; Idiotypa maritima (Haliday, 1833)
as outgroup, 1000 generations) with 76 Diapriini specimens shows B. rufocinctus
nested within a Basalys clade (Appendix 1). The obtained sequences are publicly
available on the BOLDSYSTEMS platform (Ratnasingham and Hebert 2007).

Some nomenclatural notes are necessary:

1. We differ from some authors in recognising Loxotropa longiceps as a
nominal species separate from, and not just a combination of, Geodiapria
longiceps. Loxotropa longiceps is available from Wasmann'’s (1909) paper
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where the name is first used. The name is made available by indication
(ICZN 1999: Code art. 12.2.1) since Wasmann refers to his description
(Wasmann, 1899) of a specimen previously misidentified as a male of
Solenopsia imitatrix Wasmann, 1899. Although Wasmann attributes the
name to Kieffer, the author of the name is actually Wasmann because he
was responsible for publishing the name and writing the prior description
(ICZN 1999: Code art. 50.1). The oldest available name for the taxon is
thus L. longiceps Wasmann, 1909.

2. As L. longiceps is transferred to Basalys it becomes a secondary junior
homonym of B. longiceps (Ashmead, 1893) so is invalid.

3. The next oldest available name is G. longiceps described as new by Kieffer
(1911a). The date of publication is early 1911: evidence comes from the
NHMUK copy which has a library stamp 25 Feb. 1911, and the page bound
into the end of vol. 10 of Species des Hyménoptéres d’Europe et d’Algérie
which says 1 Mar. 1911.

4. As G. longiceps is transferred to Basalys it becomes a secondary junior
homonym of B. longiceps (Ashmead, 1893) so is invalid.

5. The next oldest available names are L. rufosignata Kieffer, 1911b and L. ru-
focincta Kieffer, 1911b which were published simultaneously in mid-1911:
the page bound into the end of vol. 10 of Species des Hyménopteres d’Eu-
rope et d’Algérie says 1 Jun. 1911.

6. Since the only two remaining potentially valid names are published simul-
taneously, we here make a first revisor action to determine precedence
thus: L. rufocincta has precedence over L. rufosignata. We have chosen L.
rufocincta because this is the more widely used name.

7. L. longiceps, G. longiceps and L. rufosignata are all new synonyms of L.
rufocincta.

8. The valid name is thus Basalys rufocinctus, a combination first recognised
by Nixon (1980).

9. Despite previous misspellings, when in combination with Basalys, the cor-
rect spelling of the species epithet is rufocinctus; the gender of Basalys is
masculine (Notton (2014).
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Appendix 1

P GBDTA18361-21_Diapria cava
pe GBDTA2034-21_Diapria cava
s GBDTA18044-21_Diapria nigricornis
GBDTA3872-21_Diapria nigricornis

GBDTA16580-21_Diapria conica
GBDTA16578-21_Diapria conica

100
o GBDTA4090-21_Trichopria aequata
. GBDTA3773-21_Trichopria aequata
% GBDTA17366-21_Trichopria tritoma
o GBDTA17259-21_Trichopria tritoma
= DTII6295-22_Trichopria subimpressa
o DTIII6453-22_Trichopria subimpressa
= GBDTA3047-21_Trichopria suspecta
95

9

92 GBDTA2916-21_Trichopria suspecta

e GBDTA18108-21_Trichopria compressa

GBDTA18248-21_Trichopria compressa
|10 GBDTA3880-21_Trichopria oogaster
28 91 1 GBDTA4221-21_Trichopria oogaster
o DTII15238-22_Trichopria verticillata

DTIII6008-22_Trichopria verticillata
GBDTA17264-21_Trichopria modesta
3o GBDTA17757-21_Trichopria modesta
r = DTII16022-22_Trichopria prema
DTII4295-22_Trichopria prema
GBDTA3950-21_Trichopria drosophilae
GBDTA3878-21_Trichopria drosophilae
GBDTA3765-21_Trichopria aequata
GBDTA3764-21_Trichopria acquata
GBDTA16609-21_Trichopria conotoma
GBDTA16606-21_Trichopria conotoma
‘ o DTIII6790-22_Trichopria nigra
DTII6791-22_Trichopria nigra
97 o GBDTA3165-21_Trichopria picipes
GBDTA17824-21_Trichopria picipes
DTII15419-22_Trichopria sp.
DTII6578-22_Trichopria sp.
GBDTA4201-21_Lepidopria pedestris
GBDTA3003-21_Lepidopria pedestris
GBDTA17174-21_Monelata cincta
GBDTA2126-21_Monelata cincta
i GBDTA17054-21_Monelata clavigera
- GBDTA2072-21_Monelata clavigera
& GBDTA18359-21_Monelata solida
98 GBDTA18343-21_Monelata solida
T GBDTA18894-21_Monelata parvula
GBDTA18773-21_Monelata parvula
GBDTA3446-21_Basalys sp.
GBDTA3176-21_Basalys sp.
GBDTA4551-21_Basalys sp.
GBDTA4644-21_Basalys sp.
GBDTA18708-21_Basalys sp.
DTIII5341-22_Basalys sp.
DTII7209-22_Basalys pedisequa
DTI117424-22_Basalys pedisequa
GBDTA3228-21_Basalys sp.
GBDTA2724-21_Basalys sp.
GBDTA17159-21_Basalys sp.
GBDTA3775-21_Basalys sp.
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GBDTA17787-21_Basalys insignificans
DTII6527-22_Basalys sp.
GBDTA4495-21_Basalys abruptus
GBDTA4636-21_Basalys abruptus
DTII7916-22_Basalys sp.
GBDTA4508-21_Basalys sp.
GBDTA16969-21_Basalys sp.
DTII15225-22_Basalys (Geodiapria) rufocinctus
DTIII5299-22_Basalys (Geodiapria) rufocinctus
GBDTA2686-21_Basalys sp.
DTI1I4579-22_Basalys sp.
GBDTA1911-21_Basalys macroptera
GBDTA17905-21_Basalys macroptera
DTII14574-22_Basalys sp.
DTII14347-22_Basalys sp.
DTIII4643-22_Basalys sp.
DTII4642-22 Basalys sp.
DTII6178-22_Idiotypa maritima
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Figure A1. Maximum-likelihood tree of 76 Diapriini specimens, with Idiotypa maritima as outgroup. The different genera
are color-coded, the numbers on the nodes represent the bootstrap values. Files are openly accessible online at TREE-
BASE (Piel et al. 2009; http://purl.org/phylo/treebase/phylows/study/TB2:S30685).
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Abstract

The taxonomy of the potamid crab genus Parvuspotamon Dai & Bo, 1994, with two
species native to Yunnan province of southwest China, is revised based on mor-
phological and molecular data. In order to stabilise the taxonomy of these species
(and the genus), two separate genera are hereby designated: Parvuspotamon and
Songpotamon gen. nov. While Parvuspotamon is restricted to P. yuxiense Dai & Bo,
1994, as a monotypic genus, P. dixuense Naruse, Chia & Zhou, 2018, is transferred
to a new genus, Songpotamon gen. nov. In addition, two new species of Song-
potamon gen. nov. are described herein: S. funingense sp. nov. and S. malipoense
sp. nov. Songpotamon gen. nov. morphologically most resembles Parvuspotamon
and Chinapotamon Dai & Naiyanetr, 1994, but can be distinguished by the combina-
tion of characters in the carapace, third maxilliped, thoracic sternites, and male first
gonopod. The genetic data derived from the mitochondrial 16S rDNA also supports
the monophyly of these new taxa.

Key words: China, Crustacea, new combination, Potamiscinae, taxonomy, Yunnan

Introduction

The Yunnan Province of southwest China is noted for harbouring an exception-
al number of freshwater species with a high level of endemism. This is widely
recognised to be a direct consequence of the geological history of this moun-
tainous region, e.g., orogenic processes and/or past climatic changes (Myers
et al. 2000; Li et al. 2015; Antonelli et al. 2018; Rahbek et al. 2019; Pan et al.
2022). This diversity in landscape should have offered sufficient stability to the
eco-environment, which not only supports the persistence of endemic species
but also propels evolution and speciation (He and Jiang 2014; Atlas and Fu
2019; Ye et al. 2019; Wu et al. 2022).

Yunnan is a centre of diversification for Chinese freshwater crabs (Dai 1999;
Cumberlidge et al. 2011). Although extensive research has been conducted on
freshwater crabs in this region, the discovery of new genera and species still
continues, and many new taxa have recently been revealed through morpho-
logical and molecular studies (Chu et al. 2017, 2018a, b; Naruse et al. 2018;
Huang et al. 20204, b; Wang et al. 2020; Zhang et al. 2020; Pan et al. 20214, b,
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2023; Tan et al. 2021; Shi et al. 2022). This is partly attributed to ongoing efforts
focused on previously under-sampled areas.

The genus Parvuspotamon Dai & Bo, 1994, was erected for its type species
Parvuspotamon yuxiense Dai & Bo, 1994, which is currently only known from
Yuxi City, Yunnan Province. Naruse et al. (2018) recently described Parvus-
potamon dixuense Naruse, Chia, & Zhou, 2018, from Yunnan, citing its morpho-
logical similarities with Parvuspotamon. Recent surveys in southwest China
(Fig. 1) resulted in the collection of several freshwater crab specimens, which
are similar to P. dixuense. Interestingly, these specimens are different from the
type species of Parvuspotamon, i.e., P. yuxiense. After morphological compari-
sons and molecular phylogenetic inferences, we reveal that Parvuspotamon is
polyphyletic and consists of two distinct clades. Parvuspotamon is therefore
hereby revised, and a new genus, Songpotamon gen. nov., is established to ac-
commodate P dixuense and two new species, Songpotamon funingense sp.
nov. and Songpotamon malipoense sp. nov.

Materials and methods

Crab collection

All individuals were collected from Yunnan Province. Specimens were preserved
in 95% ethanol and were deposited at the Jiangsu Key Laboratory for Biodiversity
and Biotechnology, College of Life Sciences, Nanjing Normal University, Nanjing,
China (NNU) and the Institute of Zoology, the Chinese Academy of Sciences,
Beijing, China (CB). The terminology is after Ng (1988), with changes as recom-
mended by Dai (1999) and Davie et al. (2015). The abbreviations used are as
follows: asl., above sea level; G1, male first gonopod; G2, male second gonopod.

Phylogenetic analyses

DNA was extracted from gill or muscle tissues using the Trelief Animal Genom-
ic DNA kit (Tsingke, Beijing, P.R. China) following the manufacturer’s protocol.

103:’0‘E 104I°0'E 105:’0'E 106:’0‘E

Legends

@ Songpotamon funingense gen. et sp. nov.
@ Songpotamon malipoense gen. et sp. nov.
@ Songpotamon dixuense comb. nov.

Altitude (m)
8848

“a“pa

Figure 1. Map of southeast Yunnan showing the distribution of three species of Song-
potamon gen. nov.
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A region of 490 base pairs (bp) of the 16S r DNA (16S) was amplified by poly-
merase chain reaction (PCR) using the primers 1471 and 1472 (Crandall and
Fitzpatrick 1996). The PCR conditions included: initial denaturation at 95 °C
for 3 min; 35 cycles of 30 s at 95 °C, 40 s at 50 °C, and 1 min at 72 °C; and a
7-min incubation at 72 °C. The following accession number were obtained from
the GenBank: Songpotamon funingense gen. et sp. nov., OR469050, OR469051,
OR469054, OR469055, OR469057, and OR469058; Songpotamon malipoense
gen. et sp. nov., OR469052 and OR469053; Songpotamon dixuense (Naruse,
Chia & Zhou, 2018) comb. nov., OR469056 and OR544490; and Parvuspotamon
yuxiense, OR469059 (also see type material sections).

All sequences were aligned using MAFFT v.7.215 (Katoh and Standley 2013),
with the iterative refinement method G-INS-i (accurate alignment). The 16S
dataset was compiled from both GenBank (n = 18) and newly generated data
(n =11). The Maximum:-likelihood (ML) phylogenetic inference was performed
using IQ-TREE v. 1.6.10 (Nguyen et al. 2015). The best substitution model was
selected using MODELFINDER (Kalyaanamoorthy et al. 2017) as implemented
in IQ-TREE v. 2. The Bayesian Inference (Bl) analysis was conducted in MR-
BAYES v. 3.2.7a (Ronquist et al. 2012). Four chains were run simultaneously
(three heated, one cold) for 10,000,000 generations, with tree space sampled
every 1,000 generations. After a graphical analysis of the evolution of the like-
lihood scores, the first 250,000 generations were discarded as burn-in. The re-
maining trees were used to calculate the consensus tree. Acceptable conver-
gence to the stationary distribution was checked by inspecting the posterior
samples using the diagnostic software TRACER v. 1.7 (Rambaut et al. 2018).
Effective sample sizes were > 200 for all parameters. The pairwise genetic dis-
tance among each species were calculated using MEGA X under the pairwise
Kimura two-parameter (K2P) model (Kimura 1980; Kumar et al. 2018).

Taxonomic account

Family Potamidae Ortmann, 1896
Subfamily Potamiscinae Bott, 1970 (sensu Yeo and Ng 2004)

Genus Parvuspotamon Dai & Bo, 1994
Figs 2—-4

Type species. Parvuspotamon yuxiense Dai & Bo, 1994, by original designation.

Diagnosis. Medium sized (adult carapace width 16-26 mm, n = 15). Car-
apace broader than long, ovate; dorsal surface convex, smooth, regions not
clear; branchial regions swollen, smooth (Figs 2A, 4A). Epigastric cristae weak-
ly developed, oblique, separated from each other by deep inverted Y-shaped
groove; postorbital cristae low, indistinct, confluent with epigastric cristae
(Figs 2A, 4A). External orbital angle bluntly triangular, outer margin and an-
terolateral margin of carapace confluent (Figs 2A, 4A). Anterolateral margin
of carapace entire convex, smooth; posterolateral margins of carapace gently
converging, smooth (Figs 2A, 4A). Epibranchial tooth indistinct (Figs 2A, 4A).
Sub-orbital, sub-hepatic and pterygostomial regions smooth (Figs 2B, C, 4B, C).
Antennular fossae slit-like in anterior view; median lobe of epistome posterior
margin narrowly triangular (Figs 2B, 4B). Exopod of third maxilliped reaching
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Figure 2. Parvuspotamon yuxiense Dai & Bo, 1994, 7, 26.18 x 19.73 mm (NNU-3151-01) A overall dorsal view B overall
frontal view C overall ventral view. Scale bars: 10 mm.
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Figure 3. Parvuspotamon yuxiense Dai & Bo, 1994, &, 26.18 x 19.73 mm (NNU-3151-01) (A-C, E, G-J);
Q, 22.82 x 16.98 mm (NNU-3151-05) (D, F) A right chela B left chela C anterior thoracic sternum and pleon D pleon
E thoracic sternum with right G1 in situ F thoracic sternum showing vulvae G left third maxilliped H dorsal view of left G1
I ventral view of left G1 J dorsal view of left G2. Scale bars: 10 mm (A-F); 1 mm (G-J).
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beyond anterolateral corner of ischium, without flagellum (Fig. 3G). Thoracic
sternites 3/4 in male completely fused (Figs 2C, 3C, E, 4C). Vulvae transversely
ovate, widely located from each other, touching suture of sternites 5/6 (Fig. 3F).
Male pleon broadly triangular (Figs 2C, 3C, 4C). G1 slender, reaching pleonal
locking tubercle in situ (Figs 3E, H, |, 4D, E); subterminal segment stout, slightly
sinuous (Figs 3H, |, 4D, E); terminal segment slender, relatively long, subconical,
strongly sinuous, bent inwards, inner margin strongly concave, ~ 0.6x length of
subterminal segment, without groove for G2 on ventral side, tip rounded, dorsal
flap absent (Figs 3H, I, 4D-G). G2 longer than G1; terminal segment relatively
long; subterminal segment ~ 1.5x length of terminal segment (Fig. 3J).

Remarks. Parvuspotamon was previously known by two species, P. yuxiense
(type species) and P. dixuense. The latter species was recently described by
Naruse et al. (2018) based on the characters in the carapace and G1 terminal
segment. Based on morphological and molecular data, P. dixuense, however, is
transferred to Songpotamon gen. nov. since it possesses the generic charac-
ters of the new genus (see Remarks for the new genus). The present revision
thus restricts Parvuspotamon only to the type species, i.e., P. yuxiense.

The morphological similarities between Parvuspotamon and Songpotamon
gen. nov. notwithstanding, Parvuspotamon can easily be distinguished from
Songpotamon gen. nov. by the characters in the carapace, vulvae and G1 (see
Remarks for Songpotamon gen. nov.). Parvuspotamon is immediately distin-
guished from most of the remaining Chinese potamid genera by the combina-
tion of its medium body size (adult carapace width 16—26 mm), the strongly
sinuous G1 terminal segment, and the absence of a flagellum on the exopod of
the third maxilliped (Dai and Bo 1994; Dai 1999).

Geographic distribution. Parvuspotamon is known only from Yunnan Prov-
ince of southwest China.

Parvuspotamon yuxiense Dai & Bo, 1994
Figs 2-4

Type material. Holotype. CHINA *« &, 15.7 x 12.9 mm; Yunnan Province, Yuxi City,
Xinping County, Gasa Township; Aug. 1990; CB05138 YN 9091116A.

Additional material. CHINA + 4 &, 26.18 x 19.73 mm (NNU-3151-01),
23.26 x 17.19 mm (NNU-3151-02), 22.68 x 17.02 mm (NNU-3151-03),
20.79 x 15.52 mm (NNU-3151-04), 3 @, 22.82 x 16.98 (NNU-3151-05),
21.13 x 16.47 (NNU-3151-06), 22.59 x 17.35 (NNU-3151-07); Yunnan Prov-
ince, Yuxi City, Xinping County, Heshalak Village; 23.96°N, 101.45°E; altitude
955 m asl; 11 Apr. 2019; Boyang Shi, Xiyang Hao, Zewei Zhang, and Hongying
Sun, leg. * 5 &, 24.94 x 18.94 mm (NNU-1513-01), 21.16 x 16.86 mm (NNU-
1513-02), 22.02 x 16.06 mm (NNU-1513-03), 18.72 x 13.42 mm (NNU-1513-
04),16.58 x 11.98 mm (NNU-1513-05), 2 @, 22.54 x 16.63 mm (NNU-1513-06),
17.12 x 12.77 mm (NNU-1513-07); Yunnan Province, Yuxi City, Gasha Town;
24.02°N, 101.58°E; altitude 795 m asl; 15 Oct. 2015; Kelin Chu, Qiang Zhao,
Pengfei Wang, and Hongying Sun leg.

Description. Medium sized (adult carapace width 16—26 mm, n = 15). Car-
apace broader than long, ovate; dorsal surface convex both transversely and
longitudinally, smooth, regions not clear; branchial regions swollen, smooth
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Figure 4. Parvuspotamon yuxiense Dai & Bo, 1994, holotype &, 15.7 x 12.9 mm (CB05138 YN 9091116A) A overall dorsal
view B overall frontal view C overall ventral view D dorsal view of left G1 E ventral view of left G1 F dorsal view of left G1
distal portion G ventral view of left G1 distal portion. Scale bars: 10 mm (A-C); 1 mm (D-G).
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(Figs 2A, 4A). Postorbital and epigastric cristae confluent (Figs 2A, 4A); epigas-
tric cristae weakly developed, oblique, separated by deep inverted Y-shaped
groove (Figs 2A, 4A); postorbital cristae low, indistinct (Figs 2A, 4A). External
orbital angle bluntly triangular, outer margin and anterolateral margin of cara-
pace confluent (Figs 2A, 4A). Anterolateral margin of carapace entire convex,
smooth; posterolateral margin gently concave, smooth, converging towards
posterior carapace margin (Figs 2A, 4A). Epibranchial tooth indistinct (Figs 2A,
4A). Orbits large; supraorbital and infraorbital margins smooth; sub-orbital,
sub-hepatic, and pterygostomial regions smooth (Figs 2B, C, 4B, C). Antennular
fossae slit-like in anterior view; median lobe of epistome posterior margin nar-
rowly triangular (Figs 2B, 4B). Third maxilliped with rhombus ischium; exopod
reaching beyond anterolateral corner of ischium, without flagellum (Fig. 3G).

Chelipeds unequal (Figs 2A-C, 3A, B, 4A-C). Merus trigonal in cross sec-
tion; margins weakly crenulated (Figs 2A, 4A). Carpus with sharp spine at
inner-distal angle (Figs 2A, 4A). Major cheliped palm length ~ 1.3x height
(Fig. 3B). Occlusal margin of fingers with several small teeth; distinct gape
when closed (Fig. 3A, B).

Ambulatory legs not distinctly elongated, dactyli slender (Figs 2A, C, 4A,
C); second pair longest, last pair shortest (Figs 2A, C, 4A, C). Outer surface of
merus weakly rugose, dorsal margin weakly serrated, without subdistal tooth,
length ~ 4.1x width (Figs 2A, 4A).

Male thoracic sternum smooth, weakly pitted; sternites 1/2 fused forming tri-
angular structure; sternites 2/3 separated by deep but incomplete groove; ster-
nites 3/4 completely fused; median longitudinal suture of sternites 7/8 deep
(Figs 2C, 3C, E, 4C). Vulvae transversely ovate, widely located from each other,
touching suture of sternites 5/6, posteromesial margin with low rim, opened
obliquely upwards (Fig. 3F).

Male pleon broadly triangular; male telson relatively broad, lateral margins
concave, width ~ 1.4x length; male pleonal somite 6 trapezoidal, broad, width
~ 2.3x length; somites 3-5 trapezoidal, gradually decreasing in width; somite
2 trapezoidal, reaching to bases of coxae of fourth ambulatory legs, thoracic
sternite 8 not visible when pleon closed (Figs 2C, 3C, 4C). Female pleon ovate,
covering most of thoracic sternum (Fig. 3D).

G1 slender, reaching pleonal locking tubercle in situ, with terminal and sub-
terminal segments clearly demarcated (Figs 3E, H, I, 4D-G); subterminal seg-
ment stout, slightly sinuous (Figs 3H, I, 4D, E); terminal segment slender, rela-
tively long, subconical, strongly sinuous, bent inwards, inner margin strongly
concave, ~ 0.6x length of subterminal segment, without groove for G2 on ven-
tral side, tip rounded, dorsal flap absent (Figs 3H, I, 4D—G). G2 longer than GT1;
terminal segment relatively long; subterminal segment ~ 1.5x length of termi-
nal segment (Fig. 3J).

Colour in life. Carapace and chelipeds are generally yellowish brown in ma-
ture individuals.

Habitat. Parvuspotamon yuxiense can be found under rocks in hill streams at
~ 700-1000 m altitude.

Remarks. Parvuspotamon yuxiense is the sole species of the genus
and closely related to the species of Songpotamon gen. nov., and two spe-
cies of Tenuipotamon Dai, 1990 (Tenuipotamon yuxiense Chen, 1993, and
Tenuipotamon xingpingense Chen, 1993) that are known from Xinping County,
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Yuxi City of Yunnan Province. Parvuspotamon yuxiense can nevertheless be
differentiated from T. yuxiense and T. xingpingense by the following characters:
anterolateral margins of the carapace entire and smooth (vs cristate); and G1
terminal segment relatively less strongly curved, lacking a dorsal flap (vs more
strongly curved, with a distinct dorsal flap) [cf. Chen 1993: figs 3 (4-6), 4 (4-
6)]. On the other hand, P yuxiense can be differentiated from the species of
Songpotamon gen. nov. by the characters in the carapace, vulvae and G1 (see
Remarks for Songpotamon gen. nov.).

Geographic distribution. Parvuspotamon yuxiense is known only from the
Yuxi City, Yunnan Province, southwest China.

Genus Songpotamon gen. nov.
https://zoobank.org/8CCC83D0-C234-4C34-AB6B-A3580AF601CD
Figs 5-10

Type species. Songpotamon funingense sp. nov., by present designation.

Species included. Songpotamon dixuense (Naruse, Chia & Zhou, 2018),
comb. nov., Songpotamon funingense gen. et sp. nov., and Songpotamon
malipoense gen. et sp. nov.

Diagnosis. Medium sized (adult carapace width 19-27 mm, n = 16).
Carapace broader than long, ovate; dorsal surface convex, generally smooth,
pitted, regions not clear; branchial regions swollen (Figs 5A, 7A). Postorbital
and epigastric cristae not confluent, separated by shallow groove (Figs 5A, 7A).
External orbital angle bluntly triangular, outer margin separated from anterolat-
eral margin of carapace by shallow cleft (Figs 5A, 7A). Anterolateral margin of
carapace convex (Figs 5A, 7A). Orbits large; supraorbital and infraorbital mar-
gins smooth (Figs 5B, 7B). Exopod of third maxilliped reaching beyond antero-
lateral corner of ischium, without flagellum (Figs 6C, 8C). Thoracic sternites 3/4
in male fused except for incomplete groove demarcating suture (Figs 5C, 6E,
G, 7C, 8E, G). Vulvae transversely ovate, relatively closely located to each other,
touching suture of sternites 5/6 (Figs 6H, 8H). Male pleon narrowly triangular
(Figs 5C, 6E, 7C, 8E). G1 slender, almost reaching or reaching beyond pleonal
locking tubercle in situ (Figs 6G, 8G, 9A, B, D, E, 10A-D); terminal segment slen-
der, subconical, bent outwards, relatively short, ~ 0.4x length of subterminal
segment, with distinct groove for G2 on ventral side, tip subtruncate, gently re-
curved upwards, dorsal flap absent (Figs 9A, B, D, E, T0A-D). G2 longer than G1;
terminal segment relatively short; subterminal segment ~ 5x length of terminal
segment (Fig. 9C, F).

Etymology. The genus is named after the late Prof. Daxiang Song, a senior
academician in the Chinese Academy of Sciences, in the honour of his im-
mense contributions to Chinese invertebrate systematics; in arbitrary combi-
nation with the genus name Potamon Savigny, 1816. Gender of genus neuter.

Remarks. Songpotamon gen. nov. is established for S. dixuense comb.
nov. and two new species, S. funingense sp. nov. and S. malipoense sp. nov.
Songpotamon dixuense comb. nov. was previously in Parvuspotamon, but here
transferred to Songpotamon gen. nov. because it possesses the key generic
characters of the new genus, which includes, the medium body size (adult car-
apace width 19-27 mm), the third maxilliped exopod lacking a flagellum, the
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Figure 5. Songpotamon funingense gen. et sp. nov., holotype &, 27.2 x 21.9 mm (NNU-167462-01) A overall dorsal view
B frontal view of cephalothorax C overall ventral view. Scale bars: 10 mm.
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external orbital angle being bluntly triangular, the slender G1 shape, and the
terminal segment being subconical and with a groove for G2 on the ventral side
(cf. Naruse et al. 2018: figs 24-27).

Songpotamon gen. nov. can easily be distinguished from Parvuspotamon
by the following characters: 1) carapace dorsal surface with scattered pits
(Figs 5A, 7A, cf. Naruse et al. 2018: fig. 25A) (vs smooth; Figs 2A, 4A); 2) outer
margin of the external orbital angle separated from the anterolateral margin of
the carapace by the shallow cleft (Figs 5A, 7A; cf. Naruse et al. 2018: fig. 25A)
(vs confluent with each other; Figs 2A, 4A); 3) vulvae relatively close located
to each other (Figs 6H, 8H; cf. Naruse et al. 2018: fig. 27) (vs relatively widely
located from each other; Fig. 3F); 4) G1 terminal segment relatively shorter, ~
0.4x the length of the subterminal segment, with a truncated tip (Figs 9A, B, D,
E, T0A-D; cf. Naruse et al. 2018: fig. 26A-D) (vs relatively longer, ~ 0.6x the
length of the subterminal segment, with a rounded tip; Figs 3H, I, 4D-G); 5) G1
terminal segment bent outwards but with the tip gently recurved upwards, the
inner margin being straight to gently curved (Figs 9A, B, D, E, T0A-D; cf. Naruse
et al. 2018: fig. 26 A-D) (vs bent inwards, with the inner margin being strongly
concave; Figs 3H, I, 4D-G); and 6) groove for G2 on the G1 terminal segment
clearly visible in the ventral view (Figs 9 B, E, 10B, D; cf. Naruse et al. 2018:
fig. 26A, B) (vs not visible; Figs 3l, 4E, G).

Furthermore, Songpotamon gen. nov. is most likely to be confused with
Chinapotamon Dai & Naiyanetr, 1994, as both the genera have a very similar
carapace physiognomy, and their G1 terminal segment is subconical, with the
groove for G2 visible in the ventral view. The new genus, Songpotamon gen. nov.,
is nevertheless distinguished from Chinapotamon by the following characters:
1) carapace relatively high (Figs 5B, 7B) (vs relatively low); 2) ambulatory legs
relatively stout (Figs 5A, C, 6D, 7A, C, 8D) (vs relatively slender); 3) anterolateral
margin of the carapace being less convex (Figs 5A, 7A) (vs strongly convex); 4)
third maxilliped exopod without flagellum (Figs 6C, 8C) (vs with well-developed
flagellum); 5) thoracic sternites 3/4 with incomplete but distinct groove demar-
cating suture (Figs 5C, 6E, G, 7C, 8E, G) (vs groove demarcating suture absent);
and 6) G1 terminal segment gently curved outwards (Figs 9A, B, D, E, 10A-D)
(vs strongly bent outwards) (cf. Dai 1999: figs 42-47; Ng 2017: figs 2-4, 6-8;
Zou et al. 2018: figs 2-6).

Geographic distribution. Songpotamon gen. nov. is known from Wenshan
Prefecture, eastern Yunnan Province, southwest China.

Songpotamon funingense gen. et sp. nov.
https://zoobank.org/8C1EEA1D-F6D9-4256-B0D4-1599AA753C99
Figs 5,6,9A-C, 10A, B

Type material. Holotype. CHINA * &, 27.2 x 21.9 mm; Yunnan Province, Wen-
shan Prefecture, Funing County, Tianwan Township; 23.20°N, 104.87°E; altitude
880 m asl.; 22 Oct. 2020; Boyang Shi, Ruxiao Wang, and Hongying Sun leg;
GenBank: OR469050; NNU-167462-01.

Paratype. CHINA * &, 25.2 x 20.9 mm; same collection data as for holotype;
GenBank: OR469051; NNU-167462-02 + &, 26.6 x 21.0 mm; same collection
data as for holotype; GenBank: OR469057; NNU-167462-03 + ¢, 23.5x 19.1 mm;
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Figure 6. Songpotamon funingense gen. et sp. nov., holotype 7, 26.18 x 19.73 mm (NNU-3151-01) (A-E, G); paratype @,
22.6 x 18.0 mm (NNU-167462-05) (F, H) A right chela B left chela C left third maxilliped D right second ambulatory leg
E anterior thoracic sternum and pleon F pleon G thoracic sternum with right G1 in situ H thoracic sternum showing vul-

vae. Scale bars: 10 mm.
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same collection data as for holotype; GenBank: OR469058; NNU-167462-04 « Q,
22.6 x 18.0 mm; same collection data as for holotype; NNU-167462-05 « ©, 24.6
x 19.7 mm; same collection data as for holotype; NNU-167462-06 * &, 22.2 x
17.8 mm; Yunnan Province, Wenshan Prefecture, Funing County, Longbo Town-
ship; 23.31°N, 105.46°E; altitude 1611 m asl.; 24 Oct. 2020; Boyang Shi, Ruxiao
Wang, and Hongying Sun leg.; GenBank: OR469054; NNU-167533-01 « &, 21.5
x 17.7 mm; same collection data as for NNU-167533-01; GenBank: OR469055;
NNU-167533-02 - ¢, 20.8 x 16.4 mm; same collection data as for NNU-167533-
01; NNU-167533-03.

Diagnosis. Medium sized (adult carapace width 21-27 mm, n = 9). Carapace
broader than long, ovate; dorsal surface convex, smooth, pitted, regions not
clear; branchial regions swollen (Fig. 5A). Postorbital and epigastric cristae low,
not confluent, separated by weak shallow groove (Fig. 5A); epigastric cristae
weakly developed, straight, separated by shallow inverted Y-shaped groove;
postorbital cristae low, rugose (Fig. 5A). External orbital angle bluntly triangular,
outer margin convex, separated from anterolateral margin of carapace by shal-
low cleft (Fig. 5A). Anterolateral margin of carapace convex, generally smooth,
weakly cristate; posterolateral margins gently converging, smooth (Fig. 5A).
Orbits large; supraorbital and infraorbital margins smooth (Fig. 5B); sub-orbital,
sub-hepatic and pterygostomial regions smooth or weakly rugose (Fig. 5B, C).
Antennular fossae rectangular in anterior view; median lobe of epistome poste-
rior margin low, rounded (Fig. 5B). Exopod of third maxilliped reaching beyond
anterolateral corner of ischium, without flagellum (Fig. 6C). Thoracic sternites
3/4 in male fused except for relatively deep, incomplete groove demarcating
suture (Figs 5C, 6E, G). Vulvae transversely ovate, closely located to each other,
touching suture of sternites 5/6, opened obliquely ~ 45° upwards (Fig. 6H).
Male pleon narrowly triangular; somite 6 relatively narrow, width ~ 2.4x as
length (Fig. 5C). G1 slender, almost reaching pleonal locking tubercle in situ
(Figs 6G, 9A, B, 10A, B); subterminal segment stout, sinuous, inner margin con-
cave; terminal segment subconical, bent at ~ 45° outwards, relatively short,
~ 0.4x length of subterminal segment, with distinct groove for G2 on ventral
side, tip subtruncate, recurved upwards (Figs 9A, B, 10A, B). G2 longer than GT;
terminal segment relatively short; subterminal segment ~ 5x length of terminal
segment (Fig. 9C).

Description. Medium sized (adult carapace width 21-27 mm, n = 9).
Carapace broader than long, ovate; dorsal surface convex transversely, longi-
tudinally, smooth, pitted, regions not clear; branchial regions swollen, smooth
(Fig. 5A). Postorbital and epigastric cristae inconspicuous, not confluent, sep-
arated by weakly shallow groove (Fig. 5A); epigastric cristae weakly developed,
straight, separated by shallow Y-shaped groove; postorbital cristae low, ru-
gose, reaching epibranchial tooth (Fig. 5A). Cervical groove indistinct (Fig. 5A).
External orbital angle bluntly triangular, outer margin straight, with shallow cleft
demarcating it from epibranchial tooth; epibranchial tooth weakly developed
(Fig. 5A). Anterolateral margin convex, smooth, weakly cristate; posterolateral
margin gently concave, smooth, converging towards posterior carapace margin
(Fig. 5A). Orbits large; supraorbital and infraorbital margins smooth; sub-orbit-
al, sub-hepatic, and pterygostomial regions relatively smooth or weakly rugose
(Fig. 5B, C). Antennular fossae rectangular in anterior view; median lobe of epi-
stome posterior margin low, rounded (Fig. 5B). Third maxilliped with rhombus
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Figure 7. Songpotamon malipoense gen. et sp. nov., holotype &, 21.7 x 16.8 mm (NNU-167444-01) A overall dorsal view
B overall frontal view C overall ventral view. Scale bars: 10 mm.
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ischium; exopod of third maxilliped reaching beyond anterolateral corner of is-
chium, without flagellum (Fig. 6C).

Chelipeds unequal (Figs 5A, C, 6A, B). Merus trigonal in cross section; mar-
gins crenulated (Fig. 5A, C). Carpus with sharp spine at inner-distal angle
(Fig. 5A, C). Major cheliped palm length ~ 1.4x as height (Fig. 6B). Occlusal
margin of fingers with sharp teeth; distinct gape when closed (Fig. 6B).

Ambulatory legs not distinctly elongated, dactyli slender (Figs 5A, C, 6D);
second pair longest, last pair shortest (Fig. 5A, C). Outer surface of merus
slightly rugose, dorsal margin weakly serrated, without subdistal tooth, length
~ 3.7x as width (Fig. 6D).

Male thoracic sternum generally smooth, weakly pitted; sternites 1/2 fused
to form a triangular structure (Figs 5C, 6E, G); sternites 2/3 demarcated by hori-
zontal groove; sternites 3/4 fused except for relatively deep, incomplete groove
demarcating suture (Figs 5C, 6E, G); median longitudinal suture of sternites
7/8 deep (Fig. 6E, G). Vulvae transversely ovate, closely located to each other,
touching suture of sternites 5/6, opened obliquely ~ 45° upwards, posterome-
sial margin with low raised rim (Fig. 6H).

Male pleon narrowly triangular; telson relatively broad, lateral margins
slightly convex, width ~ 1.2x as length (Figs 5C, 6E); somite 6 broadly rectan-
gular, width ~ 2.4x as length; suture between somites 6/7 sinuous; somites
3-5 trapezoidal, gradually decreasing in width; somite 2 trapezoidal, reaching
to bases of coxae of fourth ambulatory legs; thoracic sternite 8 not visible
when pleon closed (Figs 5C, 6E). Female pleon ovate, covering most of tho-
racic sternum (Fig. 6F).

G1 slender, almost reaching pleonal locking tubercle in situ, with terminal
and subterminal segments clearly demarcated (Figs 6G, 9A, B, 10A, B); sub-
terminal segment stout, sinuous, distal part prominently narrow, inner margin
concave (Figs 9A, B, 10A, B); terminal segment slender, subconical, bent at ~
45° outwards, relatively short, ~ 0.4x length of subterminal segment, outer mar-
gin slightly convex, inner margin straight, with distinct groove for G2 on ventral
side, tip subtruncate, recurved upwards (Figs 9A, B, 10A, B). G2 longer than G1,
terminal segment relatively short; subterminal segment ~ 5x length of terminal
segment (Fig. 9C).

Etymology. The species is named after Funing County, the type locality of the
new species in the Yunnan Province of China.

Colour in life. Carapace and chelipeds are generally bright orange to red with
purplish brown ambulatory legs in mature individuals. Generally purplish brown
all over with bright orange tips of the chelipeds in smaller individuals.

Habitat. This new semi-terrestrial species digs and inhabits mud burrows
close to small hill streams and seeps.

Remarks. The new species most closely resembles S. malipoense gen. et sp.
nov., in general carapace morphology, especially in possessing the relatively nar-
rower male pleonal somite 6, the recurved tip of the G1 terminal segment, and
the distinct and entire groove for the G2 on the ventral side of the G1 terminal
segment. Songpotamon funingense gen. et sp. nov., however, can be separated
from S. malipoense gen. et sp. nov. by the following characters: 1) anterolateral
margins of the carapace generally smooth (Fig. 5A) (vs with small granules;
Fig. 7A); epigastric cristae straight in dorsal view and separated from each oth-
er by a shallow inverted Y-shaped groove (Fig. 5A) (vs oblique in dorsal view
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Figure 8. Songpotamon malipoense gen. et sp. nov., holotype &, 21.7 x 16.8 mm (NNU-167444-01) (A-E, G); paratype @,
20.7 x 16.7 mm (NNU-167444-05) (F, H) A right chela B left chela C left third maxilliped D right second ambulatory leg
E anterior thoracic sternum and pleon F pleon G thoracic sternum with right G1 in situ H thoracic sternum showing vul-

vae. Scale bars: 10 mm.
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and separated from each other by a relatively deep inverted Y-shaped groove;
Fig. 7A); male thoracic sternites 3/4 with relatively deep groove demarcating
suture (Figs 5C, 6E, G) (vs relatively shallow; Figs 7C, 8E, G); vulvae opening
obliquely ~ 45° upwards (Fig. 6H) (vs opening inwards; Fig. 9H); G1 subterminal
segment relatively stouter, with the inner margin concave (Figs 9A, B, 10A, B)
(vs relatively slenderer, with the inner margin almost straight; Figs 9D, E, 10C,
D); and G1 terminal segment strongly bent at ~ 45° outwards (Figs 9A, B, 10A,
B) (vs gently curved at ~ 30° outwards ; Figs 9D, E, 10C, D).

The new species is also morphologically similar to S. dixuense comb. nov.
in the weakly developed epibranchial tooth, the relatively smooth sub-orbital,
sub-hepatic, and pterygostomial regions, and the sinuous subterminal segment
of the G1. Songpotamon funingense gen. et sp. nov., however, can be distin-
guished from S. dixuense comb. nov. by the following characters: antennular
fossae subrectangular (Fig. 5B) (vs slit-like); male pleonal somite 6 relatively
narrower (Fig. 5C) (vs relatively broader); vulvae opening distinctly oblique ~
45° upwards (Fig. 6H) (vs opening slightly oblique ~ 30° upwards); G1 subtermi-
nal segment relatively stouter (Figs 9A, B, 10A, B) (vs relatively slenderer); and
G1 terminal segment relatively strongly bent at ~ 45° outwards (Figs 9A, B, 10A,
B) (vs gently curved at ~ 30° outwards) (cf. Naruse et al. 2018: figs 24B, 26, 27).

Geographic distribution. Songpotamon funingense gen. et sp. nov. is known
from Funing County, eastern Wenshan Prefecture, Yunnan Province, south-
west China.

Songpotamon malipoense gen. et sp. nov.
https://zoobank.org/6D3DB24F-9039-4DDB-A1C7-FOF46443826C
Figs 7, 8, 9D-F, 10C, D

Type material. Holotype. CHINA * &, 21.7 x 16.8 mm; Yunnan Province, Wen-
shan Prefecture, Malipo County, Tiechang Township; 23.20°N, 104.83°E; alti-
tude 864 m asl.; 24 Oct. 2020; Boyang Shi, Ruxiao Wang, and Hongying Sun leg;
GenBank: OR469052; NNU-167444-01.

Paratype. CHINA « &, 22.1 x 17.8 mm; same collection data as for holotype;
GenBank: OR469053; NNU-167444-02 + &, 20.3 x 16.2 mm; same collection
data as for holotype; NNU-167444-03 + &, 19.6 x 15.7 mm; same collection
data as for holotype; NNU-167444-04 « ©,20.7 x 16.7 mm; same collection data
as for holotype; NNU-167444-05 « @, 20.5 x 15.4 mm; same collection data as
for holotype; NNU-167444-06 - ¢, 18.6 x 14.3 mm; same collection data as for
holotype; NNU-167444-07.

Diagnosis. Medium sized (adult carapace width 19—-22 mm, n = 7). Carapace
broader than long, ovate; dorsal surface convex, smooth, pitted, regions not
clear; branchial regions swollen, smooth (Fig. 7A). Postorbital and epigastric
cristae inconspicuous, not confluent, separated by shallow groove (Fig. 7A);
epigastric cristae weakly developed, oblique, separated by deep inverted
Y-shaped groove; postorbital cristae low, weakly rugose (Fig. 7A). External
orbital angle bluntly triangular, outer margin convex, separated from antero-
lateral margin of carapace by shallow cleft (Fig. 7A). Anterolateral margin of
carapace convex, cristate, granular; posterolateral margin straight, with mul-
tiple weakly oblique striae (Fig. 7A). Orbits large; sub-orbital regions smooth;
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Figure 9. Songpotamon funingense gen. et sp. nov., holotype &, 27.2 x 21.9 mm (NNU-167462-01) (A-C). Songpotamon
malipoense gen. et sp. nov,, holotype &, 21.7 x 16.8 mm (NNU-167444-01) (D-F) A, D dorsal view of left G1 B, E ventral
view of left G1 C, F dorsal view of left G2. Scale bars: T mm.

A

¥ o

Figure 10. Songpotamon funingense gen. et sp. nov., holotype &, 27.2 x 21.9 mm (NNU-167462-01) (A, B). Songpotamon
malipoense gen. et sp. nov., holotype &, 21.7 x 16.8 mm (NNU-167444-01) (C, D) A, C dorsal view of left G1 B, D ventral
view of left G1. Scale bars: 1 mm.

sub-hepatic and pterygostomial regions with small, rounded granules (Fig. 7B,
C). Antennular fossae semi-circular; median lobe of epistome posterior margin
broadly triangular (Fig. 7B). Exopod of third maxilliped reaching beyond antero-
lateral corner of ischium, without flagellum (Fig. 8C). Thoracic sternites 3/4 in
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male fused except for relatively shallow, incomplete groove demarcating su-
ture (Figs 7C, 8E, G). Vulvae transversely ovate, closely located to each other,
touching suture of thoracic sternites 5/6, opened inwards (Fig. 8H). Male pleon
narrowly triangular; somite 6 relatively narrow, width ~ 2.5x as length (Fig. 8E).
G1 slender, reaching beyond pleonal locking tubercle up to suture between
thoracic sternites 4/5 in situ (Figs 8G, 9D, E, 10C, D); subterminal segment
relatively slender, gently sinuous, inner margin almost straight; terminal seg-
ment short, slender, subconical, relatively less strongly bent at ~ 30° outwards,
~ 0.4x length of subterminal segment, with distinct groove for G2 on ventral
side, tip subtruncate, recurved upwards (Figs 9D, E, 10C, D). G2 longer than GT1;
terminal segment relatively short; subterminal segment ~ 5x length of terminal
segment (Fig. 9F).

Description. Medium sized (adult carapace width 19-22 mm, n = 7). Carapace
broader than long, ovate; dorsal surface convex transversely, longitudinally,
smooth, pitted, regions not clear; branchial region swollen, smooth (Fig. 7A).
Postorbital and epigastric cristae inconspicuous, not confluent, separated by
shallow groove; epigastric cristae weakly developed, oblique, separated by deep
inverted Y-shaped groove; postorbital cristae low, weakly rugose, reaching epi-
branchial tooth (Fig. 7A). Cervical groove distinct, shallow (Fig. 7A). External or-
bital angle bluntly triangular, outer margin convex, with shallow cleft demarcating
it from epibranchial tooth; epibranchial tooth weakly developed (Fig. 7A). An-
terolateral margin of carapace convex, cristate, granular; posterolateral margin
straight, with multiple weakly oblique striae, converging towards posterior cara-
pace margin (Fig. 7A). Orbits large; supraorbital and infraorbital margins smooth;
sub-orbital regions smooth, sub-hepatic and pterygostomial regions with small,
rounded granules (Fig. 7B, C). Antennular fossae semi-circular in anterior view;
median lobe of epistome posterior margin broadly triangular (Fig. 7B). Third
maxilliped with subrectangular ischium; exopod of third maxilliped reaching be-
yond anterolateral corner of ischium, without flagellum (Fig. 8C).

Chelipeds unequal (Figs 7A, C, 8A, B). Merus trigonal in cross section; mar-
gins crenulated (Fig. 7A, C). Carpus with bluntly stout spine at inner-distal angle
(Fig. 7A, C). Major cheliped palm length ~ 1.2x as height (Fig. 8A). Occlusal
margin of fingers with rounded, blunt teeth; distinct gape when closed (Fig. 8A).

Ambulatory legs not elongated, slender dactyli (Figs 7A, C, 8D); second pair lon-
gest, last pair shortest (Fig. 7A, C). Outer surface of merus slightly rugose, dorsal
margin weakly serrated, without subdistal tooth, length ~ 3.5x as width (Fig. 8D).

Male thoracic sternum generally smooth, weakly pitted; sternites 1/2 fused
forming triangular structure (Figs 7C, 8E, G); sternites 2/3 demarcated by hor-
izontal groove; sternites 3/4 fused except for relatively shallow, incomplete
groove demarcating suture (Figs 7C, 8E, G); median longitudinal suture of ster-
nites 7/8 deep (Fig. 8E, G). Vulvae transversely ovate, closely located to each
other, touching suture of thoracic sternites 5/6, opened inwards, posteromesial
margin with low raised rim (Fig. 8H).

Male pleon narrowly triangular; telson relatively broad, lateral margins slightly
convex, width ~ 1.3x as length (Figs 7C, 8E); somite 6 broadly rectangular, width
~ 2.5x as length; suture between somites 6/7 sinuous; somites 3—5 trapezoidal,
gradually decreasing in width; somite 2 trapezoidal, reaching to bases of cox-
ae of fourth ambulatory legs; thoracic sternite 8 not visible when pleon closed
(Figs 7C, 8E). Female pleon ovate, covering most of thoracic sternum (Fig. 8F).
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G1 slender, reaching beyond pleonal locking tubercle up to suture between
thoracic sternites 4/5 in situ, with terminal and subterminal segments clearly
demarcated (Figs 8G, 9D, E, 10C, D); subterminal segment relatively slender,
gently sinuous, distal part prominently narrow, inner margin almost straight
(Figs 9D, E, 10C, D); terminal segment short, slender, subconical, relatively less
strongly bent at ~ 30° outwards, ~ 0.4x length of subterminal segment, outer
margin convex, inner margin convex, with distinct groove for G2 on ventral side,
tip subtruncate, recurved upwards (Figs 9D, E, 10C, D). G2 longer than G1, ter-
minal segment relatively short; subterminal segment ~ 5x length of terminal
segment (Fig. 9F).

Etymology. The species is named after Malipo County, the type locality of the
new species in the Yunnan Province of China.

Colour in life. The dorsal surface of the carapace is dark brown, with brighter
chelag; the ventral surface is paler.

Habitat. Songpotamon malipoense gen. et sp. nov. is usually found hiding
under rocks in small hill streams. Some large specimens have nevertheless
been collected from deep mud burrows at the bank of hill streams, suggesting
a semi-terrestrial lifestyle.

Remarks. The new species superficially resembles S. dixuense comb. nov.
in overall carapace physiognomy, especially in possessing the granular an-
terolateral margin of the carapace and the relatively slender G1. Songpotamon
malipoense gen. et sp. nov., however, can immediately be distinguished from
S. dixuense comb. nov. by the following characters: 1) carapace dorsal sur-
face glabrous, with dense pits (Fig. 7A) (vs with few short setae and scattered
pits); 2) inverted Y-shaped groove between the epigastric cristae relatively deep
(Fig. 7A) (vs relatively shallow); 3) chela generally smooth on the outer surface
(Fig. 8A) (vs relatively rugose); 4) pterygostomial regions with prominent round-
ed granules (Fig. 7B) (vs relatively smooth); 5) antennular fossae rectangular
in anterior view (Fig. 7B) (vs slit-like); 6) median tooth on the epistome posteri-
or margin broadly triangular (Fig. 7B) (vs narrowly triangular); 7) male pleonal
somite 6 relatively narrower (vs relatively broader); and 8) G1 with an almost
straight inner margin of the subterminal segment (Fig. 9D, E, 10C, D) (vs with a
gently concave inner margin) (cf. Naruse et al. 2018: figs 24A, B, 25B, 26A, C).
Biogeographically, these two species are also isolated due to their occurrence
in different drainages, with the new species in the Yuanjiang-Red River Basin
and S. dixuense comb. nov. in the Pearl River Basin (Fig. 1). Songpotamon mali-
poense gen. et sp. nov. need not be confused with S. funingense gen. et sp. nov.
(see Remarks for the latter new species).

Geographic distribution. Songpotamon malipoense gen. et sp. nov. is known
from Malipo County, southern Wenshan Prefecture, Yunnan Province, south-
west China.

Phylogenetic analysis and discussion

A total of 18 potamid species from 10 genera, including the new genus and
two new species, and P. yuxiense, were used in the analysis. A 490 bp 16S
rDNA segment, excluding the variable regions, was aligned. ML and Bl analyses
resulted in congruent tree topologies with some minor differences in the
terminal lineages. The phylogenetic results inferred that two new species and
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BI/ML

Tree scale: 0.1

*/*

S. dixuense comb. nov. formed a well-supported monophyletic lineage (Fig. 11).
Parvuspotamon yuxiense is situated at a basal position and is far away from
the new genus, Songpotamon gen. nov., in the phylogenetic tree. Songpotamon
gen. nov. is phylogenetically more closely related to Diyutamon Huang, Shih &
Ng, 2017, and Chinapotamon than to Parvuspotamon, occurring in southeast
Yunnan. These genera, however, are not only morphologically distinct but also
characterised by different geographic distributions and habitats, i.e., Diyutamon
colonised subterranean karst streams (Huang et al. 2017), and Chinapotamon
occurred in both subterranean karst streams and hill streams (Dai and Naiyanetr
1994; Ng 2017; Zou et al. 2018).

The phylogenetic trees suggested that two new species of Songpotamon
gen. nov. cluster with their congener S. dixuense comb. nov. Songpotamon ma-
lipoense gen. et sp. nov. is close to S. dixuense comb. nov. (PP/BV = 0.96/89),
whereas S. funingense gen. et sp. nov. is positioned outside (PP/BV = 1/100).
The pairwise distance based on the Kimura 2 parameter model showed that
most of the pairwise genetic distances between the 12 species beyond a
threshold of 0.04 (Table 1). The genetic distances between Songpotamon gen.
nov. and the other genera ranged from 0.042 to 0.178, and the minimum value

Songpotamon funingense gen. et sp. nov. OR469050

Songpotamon funingense gen. et sp. nov. OR469051
97/90 Songpotamon funingense gen. et sp. nov. OR469057
*/89| ' Songpotamon funingense gen. et sp. nov. OR469058
Songpotamon funingense gen. et sp. nov. OR469054
.80/9 Songpotamon funingense gen. et sp. nov. OR469055
*/% Songpotamon dixuense comb. nov. OR544490

97/

74/75)

Songpotamon dixuense comb. nov. OR469056
Songpotamon dixuense comb. nov. LC548632
Songpotamon malipoense gen. et sp. nov. OR469052
*/"t Songpotamon malipoense gen. et sp. nov. OR469053

Songpotamon gen. nov.

*190 il Diyutamon cereum LC198519
Diyutamon cereum LC198520
*/99r Chinapotamon longlinense LC198521
ir[- Chinapotamon depressum KT586287
Chinapotamon glabrum AB428451
Qianguimon elongatum MG709240
Qianguimon splendidum MG709241
Cantopotamon shangchuanense LC342048
Cantopotamon hengqinense LC342047

_r Nanhaipotamon hongkongense AB212869
*I97—  Nanhaipotamon nanriense AB433545

*

71

.96/74
.80/

*/*

5979 Huananpotamon angulatum AB428454
: ?—Iuananpotamon nanchengense AB551390
— Minutomon shanweiense LC176065

*/*r Parvuspotamon yuxiense MZ350939

L Parvuspotamon yuxiense OR469059
— Teretamon husicum MW807292

L~ Teretamon husicum MW807293

Figure 11. Maximum Likelihood phylogenetic tree based on 16S rDNA sequences. Support values at the nodes represent
the > 50% posterior probabilities (PP) and bootstrap values (BV) for Bl and ML (PP/BV), respectively. The new sequences
are indicated in bold font. Asterisks indicate PP = 1.00 or BS = 100.
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Table 1 Matrix of pairwise nucleotide divergences based on the Kimura 2 parameter model using 16S rDNA sequences be-
tween the species of Songpotamon gen. nov., Parvuspotamon, Cantopotamon, Chinapotamon, Diyutamon, and Qianguimon.

1

2
3
4
5
6
7
8
9

. Parvuspotamon yuxiense

. Cantopotamon hengginense

. Cantopotamon shangchuanense
. Chinapotamon longlinense

. Chinapotamon depressum

. Chinapotamon glabrum

. Diyutamon cereum

. Qianguimon elongatum

. Qianguimon splendidum
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10. Songpotamon dixuense comb. nov. 0.163 | 0.067 | 0.088  0.062  0.065 | 0.044 0.042 0.078 | 0.081
11. Songpotamon malipoense gen. et sp. nov. | 0.160  0.068 | 0.090 0.066 0.068 | 0.052 0.044 0.084 | 0.084 0.042
12. Songpotamon funingense gen. et sp. nov. | 0.178 | 0.083 A 0.097 0.084 0.087 0.068  0.074 0.098 0.104 0.054 0.060

within Songpotamon gen. nov. was 0.042. Considering the profound morpho-
logical differences and the genus/species level genetic divergence among
these genera and species, we revealed that Songpotamon gen. nov. and the two
new species of this new genus, indeed represent distinct taxa of Potamidae.

Geographically, the three species of Songpotamon gen. nov. occur in two
different drainages, with S. dixuense comb. nov. occurring in the Tuoniang River
(tributaries of the Pearl River), and the two new species in the Panlong River and
Nanli River, respectively (tributaries of Yuanjiang-Red River) (Fig. 1). Previous
studies of stream-associated freshwater crabs have shown that drainage sys-
tems can drive species divergence and biogeographical patterns (Daniels et
al. 2015; Fang et al. 2015; Shi et al. 2021). In the present study, we inferred
the two hydrologic systems may contributed the genetic divergence between
S. dixuense comb. nov. and the two new species of Songpotamon gen. nov.
Meanwhile, the species divergence between two new species may be attribut-
ed to local adaptive evolution in different tributaries.
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Abstract

Despite the essential role of mayflies (Ephemeroptera) in freshwater ecosystems and
their long-term use in research and routine biomonitoring in the Carpathian and Panno-
nian ecoregions, their distribution data are fragmentary and outdated. All published and
unpublished data on mayflies from Slovakia was gathered and a database of > 15,000
species records from 2206 localities built with the aims (i) to critically revise available
data and assess the completeness of the species inventory, (ii) to identify hotspots of
species diversity, and (iii) to provide a benchmark for assessment of species rarity and
conservation status in the region. After the critical revision of the data covering more
than 100 years, the occurrence of 109 mayfly species in Slovakia was confirmed. The
species inventory appears to be nearly complete, as evidenced by the rarefaction curve
and a nonparametric species richness estimator. The highest mayfly gamma diversity
was recorded below 500 m a.s.l. and in streams of the fifth order, which can be consid-
ered hotspots of mayfly diversity in the region. Six species were last recorded before
1990 and thus can be considered extinct in Slovakia. Twenty-nine species could be clas-
sified as very rare, with their occurrence frequency decreasing with increasing altitude
and most of them being restricted to large lowland rivers and stagnant water habitats in
their floodplains. In conclusion, our study provides comprehensive data on key freshwa-
ter bioindicators and suggests increasing conservation priorities, especially in lowland
river floodplains occupied by several very rare mayfly species.

Key words: Freshwater bioindicators, lowland rivers, rare taxa, species frequency,
species richness

Introduction

Mayflies (Ephemeroptera) represent one of the oldest insect orders, whose ori-
gin dates back to the late Carboniferous (Sartori and Brittain 2015), and togeth-
er with dragonflies and damselflies (Odonata), they are considered the sister
lineage to all other winged orders of insects (Thomas et al. 2013). Their long
evolutionary history has resulted in extraordinary morphological and ecolog-
ical diversity, especially in nymphs, reflected in the diverse types of feeding,
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locomotion, occupied microhabitats, life cycles or overall requirements for abi-
otic and biotic environmental conditions (Sartori and Brittain 2015; Jacobus et
al. 2019). Mayflies colonise a broad spectrum of freshwater habitats on almost
all continents except Antarctica and some remote islands (Sartori and Brittain
2015). However, among the eight major aquatic insect lineages, mayflies are
among the least species rich (Dijkstra et al. 2014), but their nymphs consti-
tute a significant part of the macroinvertebrate biomass and production in lotic
habitats (Brittain and Sartori 2009). Mayfly nymphs are essential consumers of
periphyton and detritus and serve as prey for predators such as fish, amphib-
ians, or predaceous invertebrates (Wallace and Webster 1996; Baptista et al.
2006). They participate in maintaining important ecosystem functions, such as
bioturbation, bio-irrigation, decomposition, and self-cleaning processes, which
support the natural balance of the whole system (Jacobus et al. 2019). The
cosmopolitan distribution of mayflies and their high-water quality requirements
make them essential bioindicators of water and habitat quality (Baptista et al.
2001; Medina and Vallania 2001; Arimoro and Muller 2010) and an integral part
of biomonitoring protocols (Menetrey et al. 2008; Makovinska et al. 2015) and
metrics (e.g., EPT richness; Lewin et al. 2013; Wright and Ryan 2016).

The extant global Ephemeroptera fauna encompasses almost 3800 species in
478 genera and 42 families (Sartori and Brittain 2015; Jacobus et al. 2021), with
the highest generic diversity occurring in the Neotropics and the lowest in the
Palearctic (but with the highest number of recorded species, Barber-James et al.
2008). From a taxonomic perspective, North America and Europe are the best-ex-
plored parts of the world (Sartori and Brittain 2015). The last checklist of mayfly
fauna covering most of the Western Palearctic reported 369 species in 48 genera
and 19 families (Bauernfeind and Soldan 2012). In general, the diversity of may-
flies is low in alpine habitats, while meta- and hyporhithral sections in the col-
line or lower mountain zones are inhabited by many species (Landolt and Sartori
2001; Bauernfeind and Soldan 2012). Some studies also indicate a high diversity
of mayflies in pristine lowland rivers (Bauernfeind and Moog 2000), which are
currently known to be the most affected by the reduction of potamal specialists
(Zedkova et al. 2015). However, more extensive data summarising the diversity
of mayflies depending on basic characteristics such as hypsometric distribution,
stream order or the habitat classification of running waters (according to lllies
1953 and lllies and Botosaneanu 1963) are largely absent in many European re-
gions, and the current knowledge is thus based on only a few studies (e.g., Landa
and Soldan 1989; Bauernfeind and Moog 2000; Landolt and Sartori 2001).

The first faunistic records of mayflies from today’s territory of Slovakia ex-
tended to the Austro-Hungarian Empire (Mocsary 1875, 1878; Petricsko 1892),
and the first “checklist” was presented by Mocséry (1899), who reported 11
species. This list was later expanded to 33 species (Pongracz 1914). Later,
most of the research on mayflies was local and faunistic in nature, often as-
sociated with the first records of several species (for a synopsis, see Derka
2006). Previous knowledge was summarised by Landa (1969), who processed
data on the distribution, ecology, and taxonomy of 78 mayfly species reported
from Czechoslovakia, 68 of which were recorded in today’s territory of Slova-
kia. Subsequent decades have seen significant progress in mayfly taxonomic
knowledge in Central Europe, with revisions of several groups and descriptions
of many new species (e.g., Landa 1970; Sowa 1971; Sowa 1981; Sowa and
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Soldan 1986; Klonowska et al. 1987). Extensive faunistic-ecological investiga-
tions consequently characterised the turn of the 1970s and 1980s, and new
data on the distribution and ecology of mayflies were obtained as part of broad-
ly focused hydrobiological studies in Slovakia (for a synopsis, see Derka 2006).
Landa and Soldan (1989) summarised the long-term research on mayflies in
Czechoslovakia concerning water quality, and the number of species reported
from Slovakia rose to 94. Finally, the latest catalogue contains as many as 123
species from 37 genera and 16 families, unfortunately without a closer spec-
ification of the respective species findings (Derka 2003a) but with a relatively
detailed overview of their autecological characteristics (Derka 2003b).

Despite the long tradition of European mayfly faunistic research, checklists
are missing in several European countries, including Slovakia, and only a few of
them can be considered reliable [e.g., Czech Republic — Zahradkova et al. (2009);
Germany, Austria, and Switzerland — Haybach (2010); Austria — Weichselbaumer
et al. (2015); Serbia — Petrovi¢ et al. (2015); Kosovo — Xérxa et al. (2019); Croatia
- Vilenica et al. (2021)]. Our first aim was (i) to critically revise the species list and
assess the completeness of the species inventory in Slovakia. Hydro-morpholog-
ical modifications of rivers, construction of hydropower plants, water pollution,
the spread of invasive species and the effects of climate change have recently
caused excessive degradation and loss of natural freshwater habitats (Dudgeon
et al. 2006; Carpenter et al. 2011), leading to a significant change in communities
and a decrease in freshwater biodiversity (Zedkova et al. 2015; Sanchez-Bayo
and Wyckhuys 2019; Rumschlag et al. 2023). Therefore, we also aimed (i) to
identify regional hotspots of mayfly species diversity and (iii) to provide a bench-
mark for assessing species rarity and conservation status in the region.

Materials and methods
Study area

Although the majority of the area of Slovakia (49,035 km? 16°50-22°34'E,
47°44-49°37'N) belongs to the Carpathian Mountains system (Mraz and Ron-
ikier 2016), the territory belongs to the Carpathian and Pannonian ecoregions
(Illies 1978; HOk et al. 2019). Substantial landscape diversity (from lowlands
to mountains) results in high variability of annual temperature (~ 0.3-11.4 °C),
precipitation (500-1400 mm) and elevation (94-2654 m a.s.l.). Most of the
largest rivers originate in the central arch of the Western Carpathians and drain
to the Danube River basin. Up to 47,056 km? of the country belongs to the Black
Sea drainage area, whereas the minority (1953 km?) drains into the Baltic Sea
(Vistula River Basin; Miklés 2002).

Dataset

The data in this study are compiled from two primary sources:

1. Published data. Records of mayflies in Slovakia were gathered from 91
publications and six monographic studies covering the period from 1905
to 2021 (see Suppl. material 1 for publication references). Only one work
was published in 1905, 66 between 1950 and 1999, and 33 since 2000.
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2. Field survey. Qualitative and quantitative sampling of mayflies was per-
formed at 317 localities during 2003-2021, with more than 1/3 occurring
during 2019-2021. Various lotic and lentic habitats were sampled, from
springs to potamal sections of the largest rivers and from the lowlands to
the high alpine lakes and ponds. Most of the material processed was rep-
resented by nymphs, mainly sampled by the kick netting (Frost et al. 1971)
or resulting from individual collections from specific types of microhabitats
(e.g., clay banks). A negligible part of the material was represented by adults
obtained by sweep netting. The material was preserved in situ with 96% eth-
anol or 4% formaldehyde. Subsequently, individuals were examined under a
stereomicroscope for assignment to higher taxonomic groups. Finally, most
of the individuals were identified to the species level using the identification
keys of Bauernfeind and Humpesch (2001), Eiseler (2005) and Krno and
Derka (2011). Voucher material is stored in the collection of the Department
of Ecology, Comenius University, Bratislava, Slovakia, and the Department of
Biology and General Ecology, Technical University, Zvolen, Slovakia.

Data handling and analysis

Overall, we processed data on mayfly occurrence from 2206 localities (Fig. 1,
see Suppl. material 1 for details on collection data) located within the altitudi-
nal range 94-2091 m a.s.l.,, with a majority situated between 192 and 587 m
a.s.l. Lotic ecosystems represented more than 93% of all localities, covering
a broad spectrum of aquatic environments from springs and small creeks to
large lowland rivers. Alpine lakes and ponds, reservoirs, gravel pits, wetlands or
temporary ponds in inundated areas represented lentic ecosystems.

For taxonomic consistency, we used the nomenclature according to Bauern-
feind and Soldan (2012), even though several subgenera listed in this study are
now commonly considered as genera (e.g., Waltz et al. 1994; Cruz et al. 2021). The
final dataset includes only records identified at the species level, except for five
taxa with insufficient taxonomical characters in the nymphal stage (refer to Re-
sults). Taxa classified by Bauernfeind and Soldan (2012) as “species inquirenda” in
the latest checklist of mayflies in Europe were excluded from the dataset. This cat-
egory includes species whose taxonomic position is unclear, and it is impossible to
decide whether they represent valid species or should be regarded as subspecies
or conspecifics of another species. Another category of excluded taxa includes
dubious species, whose findings in Slovakia were based on misidentification as
determined in our morphological revision or literature review, demonstrating their
highly improbable distribution in the territory (Bauernfeind and Soldan 2012). To
evaluate the last record of the species in our territory, we used four time periods
(= 1990, 1991-2000, 2001-2010, and 2011-2021), which correspond to the peri-
od when the collection of the species was published, since in several publications
it is not possible to determine the exact time of collection, or it is a longer period.

Geographical coordinates of sampling localities were directly measured in the
field, extracted from publications, or determined by the most accurate estimate us-
ing the online software Mapy.cz (https://mapy.cz) based on the description of the
investigated site in the source publication. Elevation data were determined using
Google Earth Pro 7.3.6.9345 or extracted from publications. Repeated samples
from the same localities were pooled, and species data were presented only once.
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Figure 1. Spatial distribution of localities sampled for mayflies in Slovakia from 1905 to 2021.

We constructed an analytical sample-based rarefaction curve with uncon-
ditional confidence intervals (Colwell et al. 2004) to assess the completeness
of the mayfly species inventory. In addition, we used the asymptotic richness
estimator Chao2 (Chao 1987) to estimate the total number of mayfly species,
including unobserved species. Since the detection probabilities of the spe-
cies were relatively homogeneous (coefficient of variation of infrequent spe-
cies = 0.35), we used the bias-corrected form of the estimator (Chao 2005).

To explore the species hypsometric distribution, we created a series of box-
plots showing altitudinal optima (median) and variation in species occurrence
along a 2000 m elevation gradient. The same approach has been employed
to investigate species distributions based on rarity level. To evaluate species
rarity based on the frequency of occurrence (i.e., the number of localities with
the positive occurrence of the species), we used a five-degree scale developed
by Sartori and Landolt (1999): F1 — very rare (up to 10 localities of occurrence),
F2 - rare (11-25 localities), F3 — uncommon (26-50 localities), F4 — common
(51-100 localities), and F5 — widespread (over 100 localities). This scale was
designed for mayflies concerning the order’s chorological specificity and has
already been applied in other European countries with similar species compo-
sitions (e.g., Switzerland - Landolt and Sartori 2001; Czech Republic — Zahrad-
kova et al. 2009), which enables comparison.

Since sampling frequency and collection methods changed considerably
among sampling localities, we decided not to compare site-level mayfly diver-
sity. However, we divided the studied altitudinal gradient into four 500 m-wide
altitudinal belts (< 500 m, 507-1000 m, 1001-1500 m, and > 1501 m) and es-
timated the total number of mayfly species (the concept of gamma diversity
according to Whittaker 1960) expected in each belt, which diminished the po-
tential bias introduced by different sampling strategies. Since the number of
localities varied widely among the belts (80—1528 localities), we standardised
the sampling effort and estimated the expected total number of species at 80
localities in each belt using sample-based interpolation (Colwell et al. 2004).
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Since mayflies are predominantly stream-dwelling insects, we also explored
diversity patterns among streams of different orders. Each lotic site was clas-
sified according to Strahler’s system using the EU-Hydro River-Net dataset, a
high-resolution pan-European hydrographic database (Gallaun et al. 2019).
Again, sample-based interpolation was used to estimate the total number of
species in each stream order, standardising the sampling effort to 100 streams.
We restricted the analysis to localities with stream orders ranging from 1 to 6
because higher-order streams were sampled rarely.

The analysis was performed in R (R Development Core Team 2022) using the
packages ggplot2 (Wickham 2016) and iNEXT (Chao et al. 2014).

Results
Checklist

Our extensive field survey resulted in the identification of 91 mayfly species. A
literature review of all available publications related to mayflies revealed addi-
tional 40 taxa. Finally, the total number of species ever reported from the territo-
ry of Slovakia is 131. However, the detection of 15 species was evaluated as du-
bious, and seven observations were assigned “species inquirenda”. Hence, the
current checklist of mayflies includes 109 species (Table 1). The delimitation
of four species from the genus Rhithrogena is unclear, and therefore, we treated
them as Rhithrogena iridina + R. picteti and R. carpatoalpina + R. puytoraci. Ec-
dyonurus nigrescens is reported with cf. (confer) due to ambiguous determin-
ing characters, which requires future comparison with the type material. More
than 55% of the species belong to families Heptageniidae and Baetidae, nine
families are monogeneric, and seven are monospecific. Finally, we report the
following species richness for the detected families: Heptageniidae — 35, Baeti-
dae - 27, Caenidae — 12, Leptophlebiidae — 9, Ephemerellidae - 5, Oligoneuri-
dae, Ephemeridae and Siphlonuridae — 4, Ameletidae - 2, and Ametropodidae,
Isonychiidae, Arhthropleidae, Behningiidae, Palingeniidae, Polymitarcyidae and
Potamanthidae — 1. The mayfly species inventory of Slovakia seems to be near-
ly complete as the accumulation curve reached an asymptote (Fig. 2). The ex-
pected total number of species calculated by the bias-corrected Chao2 estima-
tor was 111, meaning that only two species are expected to remain undetected.

Species distribution and diversity

Baetis rhodani was the most frequently occurring species, whereas Behningia
ulmeri, Oligoneuriella polonica, O. pallida, and Oligoneurisca borysthenica were
found at only a single location. Most of the mayfly species had optimal alti-
tudinal distributions below 500 m, and only a few species were typical of the
mountain areas (e.g., Ameletus inopinatus, Rhithrogena loyolaea, Rhithrogena
hercynia, and Rhithrogena circumtatrica) (Suppl. material 2). The broadest am-
plitudes were recorded for Baetis alpinus (elevation range of 1982 m), B. vernus
(1877 m), and B. rhodani (1871 m). Mayfly preferences for lower altitudes were
also apparent in the gamma diversity patterns. The highest number of species
was found at elevations below 500 m a.s.l. (72 spp.), while the gamma diver-
sity decreases steeply towards higher altitudes (Fig. 3A). Considering the lotic
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Figure 2. Sample-based rarefaction curve of mayfly species richness in Slovakia. The
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Figure 3. Total number of mayfly species (gamma diversity) according to A altitudinal belts and B stream orders. The
estimated total number of species (black circle) is displayed with 95% confidence intervals (error bars).

species, mayfly gamma diversity showed a unimodal pattern along stream or-
ders, with the highest number of species expected in streams of the fifth order

(83 spp.) (Fig. 3B).
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Table 1. Checklist of mayflies occurring in Slovakia and their species rarity (F1 to F5, see Material and Methods) accord-
ing to Sartori and Landolt (1999), with the number of findings in brackets and the period of the last record according to
the year of publication (++++ = <1990; +++ = 1991-2000; ++ = 2001-2010; + = 2011-2021). Excluded species are pre-
sented at the end of the checklist (species inquirenda and dubious findings). The species list is arranged by family, genus
(subgenus), and species according to taxonomic nomenclature of Bauernfeind and Soldan (2012).

Taxa Species rarity Last record
AMELETIDAE Mc Cafferty, 1991
Ameletus Eaton, 1885
Ameletus inopinatus Eaton, 1887 F4 (92) +

Metreletus Demoulin, 1951

Metreletus balcanicus (Ulmer, 1920) F1(8) +
SIPHLONURIDAE Ulmer, 1920 (1888)

Siphlonurus (Siphlonurus) Eaton, 1868

Siphlonurus (Siphlonurus) aestivalis Eaton, 1903 F3 (43) +
Siphlonurus (Siphlonurus) armatus Eaton, 1870 F2(17) +
Siphlonurus (Siphlonurus) lacustris Eaton, 1870 F2 (19) +
Siphlonurus (Siphlurella) Say, 1824

Siphlonurus (Siphlurella) alternatus (Say, 1824) F1(5) ++

AMETROPODIDAE Bengtsson, 1913

Ametropus Albarda, 1878

Ametropus fragilis Albarda, 1878 F1(4) +
BAETIDAE Leach, 1815

Baetis (Acentrella) Bengtsson, 1912

Baetis (Acentrella) inexpectatus (Tshernova, 1928) F1(7) ++++
Baetis (Acentrella) sinaicus Bogoescu, 1931 F2(12) +
Baetis (Baetis) Leach, 1815

Baetis (Baetis) alpinus (Pictet, 1843) F5 (621) +
Baetis (Baetis) buceratus Eaton, 1870 F5 (288) +
Baetis (Baetis) fuscatus (Linnaeus, 1761) F5 (453) +
Baetis (Baetis) liebenauae Keffermiiller, 1974 F3 (26) +
Baetis (Baetis) lutheri Mdiller-Liebenau, 1960 F5 (349) +
Baetis (Baetis) melanonyx (Pictet, 1843) F5 (153) +
Baetis (Baetis) pentaphlebodes Ujhelyi, 1966 F5 (136) +
Baetis (Baetis) scambus Eeaton, 1870 F5 (287) +
Baetis (Baetis) tracheatus Keffermdiller & Machel, 1967 F1(8) +
Baetis (Baetis) vardarensis lkonomov, 1962 F5(221) +
Baetis (Baetis) vernus Curtis, 1834 F5 (529) +
Baetis (Labiobaetis) Novikova & Kluge, 1987

Baetis (Labiobaetis) tricolor Tshernova, 1928 F2 (24) +
Baetis (Nigrobaetis) Novikova & Kluge, 1987

Baetis (Nigrobaetis) gracilis Bogoescu & Tabacaru, 1957 F1(6) ++
Baetis (Nigrobaetis) muticus (Linnaeus, 1758) F5 (506) +
Baetis (Nigrobaetis) niger (Linnaeus, 1761) F4 (54) +
Baetis (Rhodobaetis) Jacob, 2003

Baetis (Rhodobaetis) rhodani (Pictet, 1843) F5(1322) +

Baetopus (Raptobaetopus) Miiller-Liebenau, 1978
Baetopus (Raptobaetopus) tenellus (Albarda, 1878) F1(5) +
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Taxa
Centroptilum Eaton, 1869
Centroptilum luteolum (O. F. Miiller, 1776)
Cloeon (Cloeon) Leach, 1815
Cloeon (Cloeon) dipterum (Linnaeus, 1761)
Cloeon (Similicloeon) Kluge & Novikova, 1992
Cloeon (Similicloeon) simile Eaton, 1870
Procloeon (Procloeon) Bengtsson, 1915
Procloeon (Procloeon) bifidum (Bengtsson, 1912)
Procloeon (Procloeon) ornatum Tshernova, 1928

Procloeon (Pseudocentroptilum) Bengtsson, 1915

Procloeon (Pseudocentroptilum) macronyx Kluge & Novikova, 1992

Procloeon (Pseudocentroptilum) pennulatum (Eaton, 1870)

Procloeon (Pseudocentroptilum) pulchrum (Eaton, 1885)
ISONYCHIIDAE Ulmer, 1914

Isonychia (Isonychia) Eaton, 1871

Isonychia (Isonychia) ignota (Walker, 1853)
OLIGONEURIDAE Ulmer, 1914

Oligoneuriella Ulmer, 1924

Oligoneuriella pallida (Hagen, 1855)

Oligoneuriella polonica Mol, 1984

Oligoneuriella rhenana (Imhoff, 1852)

Oligoneurisca Lestage, 1938

Oligoneurisca borysthenica (Tshernova 1937)
ARTHROPLEIDAE Balthasar, 1937

Arthroplea Bengtsson, 1908

Arthroplea congener Bengtsson, 1908

HEPTAGENIIDAE Needham, 1901

Ecdyonurus (Ecdyonurus) Eaton, 1871

Ecdyonurus (Ecdyonurus) aurantiacus (Burmeister, 1839)
Ecdyonurus (Ecdyonurus) dispar (Curtis, 1834)
Ecdyonurus (Ecdyonurus) insignis (Eaton, 1870)
Ecdyonurus (Ecdyonurus) macani Thomas & Sowa, 1970
Ecdyonurus (Ecdyonurus) starmachi Sowa, 1971
Ecdyonurus (Ecdyonurus) submontanus Landa, 1969
Ecdyonurus (Ecdyonurus) torrentis Kimmins, 1942
Ecdyonurus (Ecdyonurus) venosus (Fabricius, 1775)
Ecdyonurus (Helvetoraeticus) Bauernfeind & Solddn, 2012

Ecdyonurus (Helvetoraeticus) carpathicus Sowa, 1973

Ecdyonurus (Helvetoraeticus) cf. nigrescens Klapélek, 1908

Ecdyonurus (Helvetoraeticus) picteti (Meyer-Dir, 1864)
Ecdyonurus (Helvetoraeticus) subalpinus Klapalek, 1907
Electrogena Zurwerra & Tomka, 1985

Electrogena affinis (Eaton, 1883)

Electrogena lateralis (Curtis, 1834)

Electrogena quadrilineata (Landa, 1969)
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F1 (1)
F1 (1)
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F1(1)

F1(6)
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F2 (15)
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F2 (21)
F5 (129)
F2 (25)
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Taxa Species rarity Last record
Electrogena ujhelyii (Sowa, 1981) F5 (158) +
Heptagenia (Dacnogenia) Kluge, 1987
Heptagenia (Dacnogenia) coerulans Rostock, 1878 F3(31) +
Heptagenia (Heptagenia) Walsh, 1863
Heptagenia (Heptagenia) flava Rostock, 1878 F3 (141) +
Heptagenia (Heptagenia) longicauda (Stephens, 1836) F2 (15) +
Heptagenia (Heptagenia) sulphurea (Miiller, 1776) F5 (166) +
Heptagenia (Kageronia) Matsumura, 1931
Heptagenia (Kageronia) fuscogrisea (Retzius, 1783) F1(6) +
Epeorus (Epeorus) Eaton, 1881
Epeorus (Epeorus) assimilis Eaton, 1885 F5 (504) +
Rhithrogena Eaton, 1881
Rhithrogena beskidensis Alba-Tercedor & Sowa, 1987 F5(119) +
Rhithrogena carpatoalpina Klonowska et al. 1987 + Rhithrogena puytoraci Sowa & F5 (491) +
Degrange, 1987
Rhithrogena circumtatrica Sowa & Soldéan, 1986 F3 (34) +
Rhithrogena germanica Eaton, 1885 F4 (59) +
Rhithrogena gorganica Klapalek, 1907 F1(9) ++
Rhithrogena hercynia Landa, 1969 F3 (36) +
Rhithrogena iridina (Kolenati, 1839) + Rhithrogena picteti Sowa, 1971 F5 (463) +
Rhithrogena loyolaea Navas, 1922 F5(107) +
Rhithrogena podhalensis Sowa & Soldan, 1986 F1(5) +
Rhithrogena savoiensis Alba-Tercedor & Sowa, 1987 F3 (44) +
Rhithrogena semicolorata (Curtis, 1834) F5 (608) +

LEPTOPHLEBIIDAE Banks, 1900
Choroterpes (Choroterpes) Eaton, 1881

Choroterpes (Choroterpes) picteti (Eaton, 1871) F1(10) +
Habroleptoides Schonemund, 1929

Habroleptoides confusa Sartori & Jacob, 1986 F5 (542) +
Habrophlebia Eaton, 1881

Habrophlebia fusca (Curtis, 1834) F4 (99) +
Habrophlebia lauta Eaton, 1884 F5 (306) +
Leptophlebia Westwood, 1840

Leptophlebia marginata (Linnaeus, 1767) F1(7) +
Leptophlebia vespertina (Linnaeus, 1758) F1(8) +
Paraleptophlebia Lestage, 1917

Paraleptophlebia cincta (Retzius, 1783) F1(10) ++
Paraleptophlebia submarginata (Stephens, 1836) F5(114) +
Paraleptophlebia werneri Ulmer, 1920 F2 (15) +

BEHNINGIIDAE Motas & Bacesco, 1937

Behningia Lestage, 1929

Behningia ulmeri Lestage, 1929 F1(1) ++++
EPHEMERIDAE Latreille, 1810

Ephemera (Ephemera) Linnaeus, 1758

Ephemera (Ephemera) danica Miiller, 1764 F5 (481) +
Ephemera (Ephemera) lineata Eaton, 1870 F4 (65) +
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Taxa Species rarity Last record
Ephemera (Ephemera) vulgata Linnaeus, 1758 F4 (74) +
Ephemera (Sinephemera) Kluge, 2004
Ephemera (Sinephemera) glaucops Pictet, 1843 F1(7) ++++

PALINGENIIDAE Albarda, 1888

Palingenia Burmeister, 1839

Palingenia longicauda (Olivier, 1791) F2 (13) +
POLYMITARCYIDAE Banks, 1900

Ephoron Williamson, 1802

Ephoron virgo (Olivier, 1791) F3 (43) +
POTAMANTHIDAE Albarda, 1888

Potamanthus Pictet, 1843

Potamanthus luteus (Linnaeus, 1767) F5(215) +
EPHEMERELLIDAE Klapalek, 1909

Ephemerella Walsh, 1862

Ephemerella ignita (Poda, 1761) F5 (576) +
Ephemerella mesoleuca (Brauer, 1857) F2 (16) ++
Ephemerella mucronata (Bengtsson, 1909) F5 (468) +
Ephemerella notata Eaton, 1887 F4 (72) +

Torleya Lestage, 1917

Torleya major (Klapdlek, 1905) F5(211) +
CAENIDAE Newman, 1853

Brachycercus Curtis, 1834

Brachycercus europaeus Kluge, 1991 F1(4) ++
Brachycercus harrisellus Curtis, 1834 F2 (14) +
Cercobrachys Soldan, 1986

Cercobrachys minutus (Tshernova, 1952) F1(2) +
Caenis Stephens, 1835

Caenis beskidensis Sowa, 1973 F4 (92) +
Caenis horaria (Linnaeus, 1758) F5(118) +
Caenis lactea (Burmeister, 1839) F1(8) +
Caenis luctuosa (Burmeister, 1839) F5(301) +
Caenis macrura Stephens, 1836 F5 (288) +
Caenis pseudorivulorum Keffermiiller, 1960 F5(119) +
Caenis pusilla Navas, 1913 F1(2) ++
Caenis rivulorum Eaton, 1884 F3 (48) +
Caenis robusta Eaton, 1884 F4 (91) +
SPECIES INQUIRENDA

Baetis (Baetis) beskidensis Sowa, 1972 F1(9) +
Baetis (Rhodobaetis) gemellus Eaton, 1885 F2 (14) +++
Cloeon (Cloeon) cognatum Stephens, 1836 F2 (21) ++
Cloeon (Cloeon) inscriptum Bengtsson, 1914 F2(11) +
Cloeon (Similicloeon) praetextum Bengtsson, 1914 F1(6) ++
Procloeon (Pseudocentroptilum) nana (Bogoescu, 1951) F1(3) +
Rhithrogena zelinkai Sowa & Soldén, 1984 F1(4) ++
DUBIOUS FINDINGS

Baetis (Baetis) macani Kimmins, 1957 F1(1) +
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Baetis (Baetis) subalpinus Bengtsson, 1917

Baetis (Nigrobaetis) digitatus Bengtsson, 1912
Oligoneuriella keffermuellerae Sowa, 1973

Ecdyonurus (Helvetoraeticus) austriacus Kimmins, 1958
Ecdyonurus (Helvetoraeticus) epeorides Demoulin, 1955
Ecdyonurus (Helvetoraeticus) helveticus (Eaton, 1885)
Ecdyonurus (Helvetoraeticus) zelleri (Eaton, 1885)
Ecdyonurus forcipula (Pictet, 1843)

Rhithrogena alpestris Eaton, 1885

Rhithrogena dorieri Sowa, 1971

Rhithrogena hybrida Eaton, 1885

Rhithrogena landai Sowa & Soldan, 1984

Rhithrogena wolosatkae Klonowska, 1987

Taxa Species rarity Last record
F2(17) ++
F1(4) ++
F1(1) +
F1(1) +H+
F1(2) +++
F4 (70) ++
F2(19) ++
F4 (69) +++
F1(1) +H++
F1(2) +++
F4 (65) +
F1(1) +H++
F1(3) +++
F1(8) +

Palingenia fuliginosa (Georgi, 1802)

Species rarity

Six species, which we considered extinct (refer to Discussion), are dated to
a period before 1990, none between 1991 and 2000 and eight between 2001
and 2010. Only 95 species have been recorded since 2011. At the same time,
we tried to confirm all species found before 2010 with our field research but
without a positive result (Table 1). Applying the five-degree frequency scale
to our data, we can classify 29 species as very rare (F1), 12 as rare (F2), 11
as uncommon (F3), 13 as common (F4) and 42 as widespread (F5) (Table 1,
Suppl. material 3A). Moreover, species with very rare and rare frequencies usu-
ally occupy localities at lower altitudes (according to the median value) and in
the lower altitudinal range, in contrast to those with very frequent distributions
(Suppl. material 3B, C).

Discussion
Checklist

This study presents the first critically revised checklist of mayflies in Slovakia
after two decades (Derka 2003a), listing 109 species from 33 genera and 16
families. This species list can be considered almost complete, as evidenced by
the rarefaction analysis and nonparametric estimation.

In our list, six species from the family Baetidae and one from the Heptageni-
idae are marked as “species inquirenda”. Among those, the most frequently
reported is Baetis gemellus. The first taxonomic ambiguities occurred when
Steinmann (1907) described nymphs of B. alpinus as B. gemellus, and several
authors followed this interpretation (e.g., Lestage 1918). However, the descrip-
tion of the nymphs does not exist, and male imagoes are very similar to Baetis
gadeai (Thomas, 1999) or B. rhodani (Bauernfeind and Solddn 2012). Kimmins
(1960) regarded B. gemellus sensu Steinman as a junior synonym of B. alpinus
and B. gemellus sensu Eaton as identical to the closely related B. rhodani. Sev-
eral authors followed this interpretation, including in reports from Slovakia (e.g.,
Landa 1969; Landa and Soldan 1989; Devan 1994). Th