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In this paper an annotated checklist of Croatian riffle beetles is presented. It is a result of a literature
review, revision of museum collections, implementation of results from various environmental impact
and baseline studies, as well as field investigations throughout Croatia from 2002-2013. Altogether 23
species in eight genera of Elmidae were identified. Five species are new for the Croatian fauna: Elmis
rioloides (Kuwert 1890), Esolus angustatus (Miiller 1821), E. pygmaeus (Miiller 1806), Oulimnius tuberculatus
(Mtller 1806) and Stenelmis consobrina Dufour 1835. Furthermore, the occurrence of Elmis aenea (Miiller
1806) in Croatia is confirmed.
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Miceti¢ Stankovi¢, V., Jach, M.A. & Kucini¢, M.: Popis slapoljuba (Insecta: Coleoptera: Elmidae)
Hrvatske s napomenama. Nat. Croat., Vol. 24, No. 1, 93-109, 2015, Zagreb

U ovom je radu dat popis slapoljuba Hrvatske s napomenama o njihovoj biologiji i stanistima u
Hrvatskoj. Rezultat je pregleda literature, uvida u muzejske zbirke, implementacije rezultata stru¢nih
studija i elaborata, kao i prikupljanja vodenih kornjasa tijekom raznih terenskih istrazivanja duz Hr-
vatske u razdoblju od 2002. do 2013. godine. Ukupno su utvrdene 23 vrste slapoljuba s pet novih vrsta
za faunu Hrvatske: Elmis rioloides (Kuwert 1890), Esolus angustatus (Miller 1821), E. pygmaeus (Miiller
1806), Oulimnius tuberculatus (Miiller 1806) i Stenelmis consobrina Dufour 1835. Potvrdena je i prisutnost
vrste Elmis aenea (Miiller 1806) u Hrvatskoj.

Kljucne rijeci: Insecta, Coleoptera, Elmidae, slapoljub, prvi nalazi, slatkovodno, vodeni kornjasi

INTRODUCTION

Beetles are the largest order of insects, comprised of numerous representatives adap-
ted to different environmental conditions. The ones that inhabit freshwater are known
as water beetles, which is not a phylogenetic but an ecological term. Water beetles are
connected with water in at least one stage of their life cycle (see also JAcn, 1998). ElImidae
are considered as “true water beetles” (sensu JAcn, 1998). In Europe, Elmidae are repre-
sented by 10 genera and more than 40 species. In Croatia’s neighbouring countries,
where Elmidae have been systematically studied so far, 21 species were recorded from
Austria, 16 from Hungary and 27 from Italy (JicH et al., 2006).
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Together with other water beetles, Elmidae are among the most common organisms
in benthic communities of rivers and streams (M1SERENDINO & ARCHANGELSKY, 2006; JACH
& Barkg, 2008). They have a complex life cycle which includes both water and riparian
zones, and they are used as bioindicators for water quality and habitat preservation (see
CrowsoN, 1981; Moog & JAcH, 1995, 2003; ErLioTT, 2008; NEW, 2010).

Adult Elmidae are rather small-sized (on average 2-3 mm) and at least partly covered
with a hydrofuge pubescence that functions as a plastron and enables them direct inta-
ke of oxygen from the surrounding water (CooTER & Barcray, 2006; Kobapa et al., 2014).

Systematic research on the distribution of the family Elmidae in Croatia has not been
carried out so far. Viktor Apfelbeck (1859-1934), insect dealer and curator in Sarajevo,
was obviously the first entomologist who sampled Elmidae in Croatia. His specimens
are deposited in various European museum collections.

One valid species of Elmidae, Esolus czwalinae Kuwert 1889, was even described from
Croatia, as well as one species, which is currently regarded as a synonym (Lareynia
croatica Kuwert 1890 = Elmis obscura (Miiller 1806)). Elmis rufiventris Kuwert 1890 (= Li-
mnius intermedius Fairmaire 1881) and Riolus bosnicus Kuwert 1889 (= R. subviolaceus
(Miiller 1817)) were described from Croatia and Bosnia and Herzegovina (type locality
not yet fixed).

In the second half of the twentieth century Novaxk (1952, 1970) collected water beetles
in the Mediterranean part of Croatia where he identified seven species of Elmidae. Spo-
radically, Elmidae were investigated as part of benthic communities in projects with
special interest in Croatia, i.e. National Park Plitvice Lakes (MATONICKIN & PAVLETIC,
1967; MatoNICKIN et al., 1971; Haspya et al., 1994), from where these authors identified
five taxa: Esolus sp., Limnius sp., Riolus sp. and Elmis sp., and E. maugetii Latreille 1802.
During investigations of benthic invertebrate communities in aquatic habitats in the
Dinaric area, MaRINKOVIC-GosPODNETIC et al. (1980) highlighted that water beetles are
unduly among the least investigated groups of aquatic insects in this region.

Additionally, today’s awareness of the importance of biodiversity conservation chall-
enges every country to list its flora and fauna, including groups with such small repre-
sentatives like Elmidae. Jicn et al. (2005) indicated that, unfortunately, the protection
of nature is still equalized with protection of vertebrates; in the last 50 years six speci-
es of Elmidae and Hydraenidae became extinct in Austria, receiving no or little atten-
tion.

MATERIAL AND METHODS

This list is a result of a literature review, revision of museum collections, implemen-
tation of results of environmental impact studies and baseline studies, and various field
investigations. The following museum collections were examined:

AlL Hungarian Natural History Museum, Budapest, Hungary

All: National Museum of Bosnia and Herzegovina, Sarajevo, Bosnia and Herze-

govina (closed since 2012): Apfelbeck Collection

CNHM: Croatian Natural History Museum, Zagreb, Croatia: Igallffy Beetles Collec-

tion (IC), Novak Insects Collection (NC), Redensek Beetles Collection (RC),
Weingértner Beetles Collection (WC)

NMW: Vienna Natural History Museum, Wien, Austria
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Tab.1. Geographical coordinates of family Elmidae findings in Croatia.

Site name Latitude Longitude |Altitude
(m)
Butina River, spring area N 43°10'34.20” | E17°24'25.30” | 252
Cetina River, Glavas$ spring N 43°58'36.00” | E 16°25'48.00” | 385
Cetina River, Preocki Most N 43°57'59.00” | E 16°25'53.00” | 370
Cetina River, Crveni Most N 43°58'05.00” | E 16°25’53.00” | 365
Cetina River, Obrovac Sinjski N 43°40'01.00” | E 16°41°04.00” | 300
Cetina River, Trilj N 43°36'21.00” | E 16°43'46.00” | 295
Cetina River, Cikotina Lada N 43°31'59.00” | E 16°44'42.00” | 250
Cetina River, Radmanove Mlinice N 43°26’16.00” | E 16°45'11.00” 15
Dobra River, Bistrica spring N 45°16'27.00” | E 15°17'28.00” | 245
Dobra River, spring near Podumol N 45°21'27.30” | E15°18'31.20” | 182
Dobra River, Ribnjak spring N 45°20'86.00” | E 15°15’57.00” | 239
Dobra River, Gojak spring N 45°17'51.20” | E15°16°02.50” | 219
Dobra River, spring area of Gojacka Dobra N 45°18'18.00” | E 15°16’68.00” | 223
Dobra River, sampling site by Bridge Lesce N 45°22'24.56” | E15°21'21.74” | 144
Drava River, HP Cakovec, left drainage ditch N 46°18'44.97” | E 16°27'59.10” 162
Drava ver B Gl s s i 153on | gaaes | wromonse| 16
betnreen engine room and mouth of watercowse Jezertica | 46°185238" | E16310430° | 155
Drav Rver I kv blogial i 230y ggtgar o prosviors| 11
]‘:Dex;?t\;: River, HP Cakovec, accumulation, before recreation N 46°19'08.83” | E 16°21°50.99” 166
Drava River, HP Dubrava, drainage derivation canal
between engine room and 200 m after mouth of drainage | N 46°19'11.54” | E 16°45'12.91” | 133
watercourse
Drava River, HP Dubrava, right drainage ditch N 46°19°06.63” | E 16°42’44.09” 139
Drava River, HP Dubrava left drainage ditch N 46°19'41.62” | E 16°42’58.36” 144
SDt;anfn I)iner, biological minimum (before mouth of Plitvice N 46°19'44.00” | E 16°44'36.19” 138
Drava River, HP Varazdin, accumulation N 46°22’53.00” | E 16°11710.54” 184
Drava River, HP Varazdin, drainage derivation ditch N 46°2047.70” | E 16°16"16.90” 141
Jadro River, spring N 43°3230.30” | E 16°3111.80” | 111
Kosov¢ica River, spring N 43°56'28.00” | E 16°15'10.00” | 260
Krka NP, Skradinski Buk waterfall N 43°48'11.26” | E 15°57'56.29” 41
Krka NP, Roski Slap waterfall N 43°54'20.00” | E 15°58'22.00” 55
Ljuta River, spring area N 42°32'11.00” | E 18°22'41.00” 70
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Matica River, Crni Vir N 43°07°09.20” | E 17°28'56.90” 24
Matica River, next to the bridge downstream Stasevica N 43°0820.60” | E 17°25"46.10” 22
Mirna River N 45°22'43.30” | E 13°53"29.2” 20
Norin River, Upper Reach in Vid N 43°04'49.80” | E 17°37"4.30” 162
Petrinjcica River N 45°21'7.93” | E 16°16'57.57” 148
Plitvice lakes NP, Korana River in Korana Village N 44°55’33.00” | E 15°37°09.00” 390
al;tt\;irizlllakes NP, Plitvica Stream 50 m upstream big N 44°54'08.00” | E 15°36'27.00" 555
E?}t;;ircri (1;1(&1 1e\LP, Tufa barrier Novakovica Brod in the line N 44°54°07.00” | E 15°36'38.00” 500
Ei}t)\;ircrz ;ek]zsk ISISP, Tufa barrier Kozjak-Milanovac in the line N 44°53'39.00” | E 15°36/32.00” | 545
Plitvice lakes NP, Tufa barrier Labudovac N 44°52’17.00” | E 15°35’59.00” 630
Plitvice lakes NP, Lower Reach of Crna rijeka River N 44°50'22.00” | E 15°35’59.00” | 665
Plitvice lakes NP, Middle Reach of Crna rijeka River N 44°50°10.00” | E 15°36’30.00” 670
Plitvice lakes NP, spring of Crna rijeka River N 44°50"14.00” | E 15°36'28.00” | 680
Plitvice lakes NP, Upper Reach of Bijela rijeka River N 44°50704.00” | E 15°33"33.00” 715
Plitvice lakes NP, spring of Bijela rijeka River N 44°50'05.00” | E 15°33'43.00” | 720
Ruda River, spring N 43°40'07.00” | E 16°47'56.00” | 320
Ruda River, 500 m downstream of spring N 43°40'07.50” | E 16°47°49.20” | 330
Vitunjcica River N 45°17'21.83” | E 15°09'25.63” | 340
Vojskova River N 43°49'25.60” | E 16°37'54.60” 570
Vrljika River, sampling site Opacac N 43°27°15.90” | E 17°10'24.90” | 275
Vrljika River, sampling site Kamen most N 43°25'52.80” | E17°11'42.40” | 263
Vrljika River, sampling site downstream Runovici N 43°23’12.70” | E 17°14’40.40” | 257

Furthermore, in implemented environmental impact studies and baseline studies
Elmidae were sampled as part of benthic invertebrate communities and afterwards iden-
tified by the authors of this article. Identification of Elmidae was conducted either on
species level (Kerovkc et al., 2007b; O1xon, 2014; GorTsTEIN ef al., 2009) or only on genus
or family level (Mrakov¢ic et al., 2010, 2011a—c, 2012, 2014; KerovEc et al., 2007a) when
detailed identification was carried out subsequently. Also, riffle beetles were collected
sporadically in various field investigations carried out throughout Croatia in 2002-2013.
Sampling was conducted by Surber net, D net or benthos net, mesh size 300-500 pum.
Specimens were preserved in 80% ethanol in the field, and afterwards dry mounted.
Only males were analysed since female genitalia are not always reliable as an identifi-
cation feature. Identification was carried out using relevant literature (e.g. Jicn, 2006;
Orwmy, 1976, 1978; BERTHELEMY, 1979; BERTRAND, 1954) and if needed, questionable speci-
mens were compared with well-identified specimens housed in the World Water Beetle
Collection & Research Centre at the NMW. All riffle beetles collected during this study
are deposited in the CNHM. Faunistic data published by Ormr (1976) were only partly
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considered, since information on the distribution of particular species is ambiguous and
imprecise, often defined as “Balkan Peninsula” or “Yugoslavia”.

Each record was georeferenced, using ArcGIS software if possible, and presented in
Tab. 1. Classification and nomenclature of riffle beetles follow JAcH et al. (2006) and JicH
et al. (in press).

RESULTS

This checklist includes 23 species in eight genera identified/recorded from Croatia. Five
species are new for the Croatian fauna: Elmis rioloides (Kuwert 1890), Esolus angustatus
(Miiller 1821), E. pygmaeus (Miiller 1806), Oulimnius tuberculatus (Miiller 1806) and Stenel-
mis consobrina Dufour 1835. The occurrence of Elmis aenea (Miiller 1806) in Croatia is con-
firmed. The occurrence of one species, Limnius muelleri (Erichson 1847), is very doubtful.

Checklist of riffle beetles of Croatia

(*first record, **confirmed record)

Genus Elmis Latreille 1802
Elmis aenea (Miiller 1806) **
Elmis bosnica (Zaitzev 1908)
Elmis latreillei Bedel 1878
Elmis maugetii Latreille 1802
Elmis obscura (Miiller 1806)
Elmis rioloides (Kuwert 1890)*

Genus Esolus Mulsant & Rey 1872
Esolus angustatus (Miiller 1821) *
Esolus czwalinae Kuwert 1889
Esolus parallelepipedus (Miiller 1806)
Esolus pygmaeus (Miiller 1806) *

Genus Limnius Illiger 1802
Limnius intermedius Fairmaire 1881
[Limnius muelleri (Erichson 1847) *]
Limnius opacus (Miiller 1806)
Limnius perrisi (Dufour 1843)
Limnius volckmari (Panzer 1793)

Genus Macronychus Miiller 1806
Macronychus quadrituberculatus Miiller 1806

Genus Oulimnius Gozis 1886
Oulimnius tuberculatus (Miiller 1806) *

Genus Potamophilus Germar 1811
Potamophilus acuminatus (Fabricius 1792)
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Genus Riolus Mulsant & Rey 1872
Riolus cupreus (Miiller 1806)
Riolus nitens (Miiller 1817)
Riolus subviolaceus (Miiller 1817)

Genus Stenelmis Dufour 1835
Stenelmis canaliculata (Gyllenhal 1808)
Stenelmis consobrina Dufour 1835 *

Additional data on the family Elmidae in Croatia

Elmis aenea (Miiller 1806) **

Biology: microphagous; in upper parts of streams, in lower altitude rivers in coexi-
stence with E. rioloides and E. maugetii; on rocks and stones, on mosses or between ma-
crophytes, in stronger water current (BERTHELEMY, 1966; OLMm1, 1976; HEBAUER, 1994; JAcH,
1994; ErLiotT, 2008).

Habitats in Croatia: springs, spring areas, Upper, Middle and Lower reaches of large
and small karstic Mediterranean rivers; tufa barriers; Upper and Lower reaches of large
and small submountainous and mountainous karstic rivers in Dinaric Continental su-
becoregion; large rivers and channels in Pannonian lowlands on silicate bed; on submer-
ged mosses, other macrophytes, between rocks, in slightly alkaline water, often in coe-
xistence with E. rioloides.

Distribution in Croatia

Literature records: Vrana, Solin (Novak, 1952); spring of Kosovcica River (KErovec et
al., 2007b); Cetina River: Crveni Most, Cikotina Lada, Preocki Most and Radmanove
Mlinice; Plitvice Lakes NP: Korana River in Korana Village, Tufa barrier Kozjak-Mila-
novac in the line of barrage lakes, Plitvica Stream 50 m upstream of big waterfall (M1cE-
TIC STANKOVIC, 2010).

Museum collection records: spring of Ombla River (Al); Knin (AIl); Vrana, Solin, Split
(IC); Solin, Vrana (NC).

New records: spring area of Butina River; Dobra River: Bistrica spring, Gojak spring,
spring area of Gojatka Dobra, Ribnjak spring; Drava River: Hydropower plant Cakovec:
left drainage ditch, right drainage ditch 7.5 km upstream of wastewater outlet of Varaz-
din city; Hydropower plant Dubrava: left drainage ditch, right drainage ditch, biological
minimum (before Plitvica River confluence); Krka NP: Roski slap waterfall; Matica River:
sampling site next to the bridge downstream of Stasevica and Crni Vir; Norin River:
Upper Reach in Vid; Ruda River: spring and 500 m downstream of spring; Vitunj¢ica
River; Vojskova River; Vrljika River: sampling sites Opacac, Kamen most and down-
stream of Runovidi.

Elmis bosnica (Zaitzev 1908)
Biology: no literature data.

Habitats in Croatia: springs, spring areas, Upper, Middle and Lower reaches of large
and small karstic Mediterranean rivers; tufa barriers; springs, Upper and Middle reaches
of mountainous and submountainous small karstic rivers in Dinaric Continental sube-
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coregion; on submerged mosses, other macrophytes, between pebbles, in slightly alka-
line water, high or moderate water current.

Distribution in Croatia

Literature records: Croatia (JAcH et al., 2006); Cetina River: Glavas spring, sampling
sites near Crveni Most, Obrovac Sinjski, Preocki Most and Trilj; Plitvice Lakes NP: spring
and Upper Reach of Bijela rijeka River, spring, Middle Reach and Lower Reach of Crna
rijeka River (MICETIC STANKOVIC, 2010).

Museum collection records: Lastovo, Dalmacija (Al); Sinj, Makarska (NMW).

New records: spring of Jadro River; Krka NP: Skradinski Buk waterfall, Roski Slap
waterfall; spring area of Ljuta River; Ruda River: spring and 500 m downstream of
spring; Vojskova River.

Elmis latreillei Bedel 1878

Biology: microphagous; mainly in mountainous rivers and streams where it can be
numerous, also very common in cold springs; underneath stones, between pebbles and
gravel or on submerged mosses, between macrophytes, in low water current (BERTHELE-
My, 1966; Ormi, 1976; HEBAUER, 1994; JAcH, 1994; ErLioTT, 2008).

Habitats in Croatia: small lowland Pannonian rivers on carbonate bed; between pebbles
and rocks.
Distribution in Croatia

Literature records: Croatia (OLmi, 1976; JicH et al., 2006).

Museum collection records: Gomirje, Lokve, Ludbreg (Al).

New records: Petrinjcica River.

Elmis maugetii Latreille 1802

Biology: microphagous; in hilly and mountainous rivers and streams, but also in
lowland lotic habitats; on coarse substrates covered with mosses, between gravel, on
submerged wood and macrophytes, exposed to high water velocity (OLmi, 1976; BEr-
THELEMY, 1966; HEBAUER, 1994; JAcH, 1994; Err1O0TT, 2008).

Habitats in Croatia: small karstic Mediterranean rivers; Middle reaches of large lowland
Pannonian rivers on carbonate bed; submountainous and mountainous Pannonian stre-
ams on silicate bed; between gravel.

Distribution in Croatia

Literature records: Imotski (PENECKE & MULLER, 1906); Bribirske Mostine, Imotski, Ko-
navle Sinj, Solin, Vrana (Novak, 1952); Croatia (Orwmi, 1976; JicH et al., 2006).

Museum collection records: Croatia, Gomirje, Ludbreg, Rijeka (AI); Knin, Split (AIL);
Sinj (IC); Bribirske Mostine, Imotski, Konavli, Orebi¢, Sinj, Solin, Vranjic, Vrana (NC);
Luznica, Podsused, Podsused Sava (RC); Podsused, Sljeme, Zagreb (WC).

New records: Vojskova River.

Elmis obscura (Miiller 1806)

Biology: microphagous; usually wingless; both in lowland and mountainous lotic
habitats; on stones and exposed roots of riparian vegetation, and on mosses (BERTHELE-
My, 1966; Ormi, 1976, HEBAUER, 1994; JAcH, 1994; ErLioTT, 2008).

Habitats in Croatia: lack of current data.
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Distribution in Croatia
Literature records: Croatia (JAcH et al., 2006).
Museum collection records: Zagreb (A, All).
New records: none.

Elmis rioloides (Kuwert 1890) *

Biology: microphagous; in hilly and mountainous streams and rivers, it coexists on all
altitudes with E. maugetii; on rocks, stones or mosses, between macrophytes (BERTHELE-
My, 1966; OLmi, 1976; HEBAUER, 1994; JAcH, 1994; ErLioTT, 2008).

Habitats in Croatia: springs, spring areas, Upper, Middle and Lower reaches of large
and small karstic Mediterranean rivers; tufa barriers; Upper reaches of large and small
submountainous and mountainous karstic rivers in Dinaric Continental subecoregion;
large rivers and channels in Pannonian lowlands on silicate bed; on submerged mosses
and other macrophytes, between rocks, in slightly alkaline water, often in coexistence
with E. aenea.

Distribution in Croatia

Literature records: spring of Kosov¢ica River (Kerovec et al., 2007b); Cetina River: sam-
pling sites near Crveni Most, Cikotina Lada, Obrovac Sinjski, Preocki Most, Radmanove
Mlinice and Trilj; Plitvice Lakes NP: Korana River in Korana Village, Tufa barrier Kozjak-
Milanovac in the line of barrage lakes, Plitvica Stream 50 m upstream of big waterfall
(MI1CETIC STANKOVIC, 2010).

Museum collection records: Zagreb (Al).

New records: Dobra River: Ribnjak spring, spring area of Gojacka Dobra; Drava River:
Hydropower plant Dubrava: biological minimum (before mouth of Plitvice Stream),
drainage canal between engine room and 200 m after mouth of drainage watercourse;
Hydropower plant Cakovec: left drainage canal.

Esolus angustatus (Miiller 1821) *

Biology: microphagous but also feeds on mosses; in mountain streams and rivers and
cold springs; on gravel and pebbles covered with mosses, from moderate to low water
current, often at higher altitudes than E. parallelepipedus and E. pygmaeus, often on sili-
cate bed (Janssens, 1955; BERTHELEMY, 1966; OLm1, 1976; HEBAUER, 1994; JAcH, 1994; ELLI-
orT, 2008).

Habitats in Croatia: springs of small karstic rivers in Dinaric Continental subecoregion;
submountainous and mountainous Pannonian streams on silicate bed; on mosses and
other macrophytes, between pebbles.

Distribution in Croatia

Literature records: none.

Museum collection records: Dalmacija, Ludbreg, Zagreb (Al), Sljeme, Zagreb (WC).

New records: Dobra River: spring near Podumol, spring area of Gojacka Dobra.

Esolus czwalinae Kuwert 1889
Biology: microphagous; on mosses; poorly studied (Ormi, 1976).
Habitats in Croatia: described from ,Croatia”(Kuwert, 1889); lack of current data.
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Distribution in Croatia
Literature records: Croatia (KuwgrT, 1889).
Museum collection records: none.
New records: none.

Esolus parallelepipedus (Miiller 1806)

Biology: lowland streams and large rivers; on gravel and coarse sand, from high to
moderate flow with abundant filamentous algae (BERTHELEMY, 1966; HEBAUER, 1994; JAcH,
1994; ErLiotT, 2008).

Habitats in Croatia: Upper, Middle and Lower reaches of large karstic Mediterranean
rivers; tufa barriers; springs, spring areas, Upper and Lower reaches of large and small
submountainous and mountainous karstic rivers in Dinaric Continental subecoregion;
large rivers and channels in Pannonian lowlands on silicate bed; on mosses and other
macrophytes, between pebbles and gravel, in slightly alkaline water.

Distribution in Croatia

Literature records: Croatia (JAcH et al., 2006); Cetina River: sampling sites near Crveni
Most, Cikotina Lada, Obrovac Sinjski, Preocki Most, Radmanove Mlinice and Trilj;
Plitvice Lakes NP: spring and Upper Reach of Bijela rijeka River, Tufa barrier Labudovac,
Korana River in Korana Village, Tufa barrier Kozjak-Milanovac in the line of barrage
lakes, Tufa barrier Novakovica Brod in the line of barrage lakes, Plitvica Stream 50 m
upstream of big waterfall (M1CETIC STANKOVIC, 2010).

Museum collection records: Ludbreg, Maksimir, Pakrac, Zagreb (Al); Krk Island: stream
near Baska, Fuzine (NMW).

New records: Dobra River: spring near Podumol, spring area of Gojacka Dobra, Gojak
spring, Bistrica spring; Drava River: Hydropower Cakovec: right drainage ditch in 7.5
km upstream of wastewater outlet of Varazdin city.

Esolus pygmaeus (Miiller 1806) *

Biology: currently critically endangered or very rare; in large streams and rivers, sprin-
gs; between rocks (BErTHELEMY, 1966; JAcH, 1994; ELL10TT, 2008).

Habitats in Croatia: lack of current data.

Distribution in Croatia
Literature records: none.
Museum collection records: Luznica (RC).
New records: none.

Limnius intermedius Fairmaire 1881

Biology: poorly known, similar habitats like L. volckmari, in small to moderately sized,
rather warm streams; between rocks (BERTHELEMY, 1966; OLm1 1976; JAcH, 1994; ELLiOTT,
2008).

Habitats in Croatia: lack of current data.

Distribution in Croatia
Literature records: Croatia (JAcH et al., 2006).
Museum collection records: Ludbreg, Pakrac, Zagreb (AI).
New records: none.
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Limnius opacus (Miiller 1806)
Biology: microphagous; streams and rivers in hills and lower mountains, coexists with
L. volckmari, between stones (BERTHELEMY, 1966; OLmi, 1976; JAcH, 1994; ErrioTT, 2008).
Habitats in Croatia: lack of current data.

Distribution in Croatia
Literature records: Istra (Ormi, 1976); Croatia (JAcH ef al., 2006).
Museum collection records: none.
New records: none.

Limnius perrisi (Dufour 1843)

Biology: microphagous; in mountain streams, usually at higher altitudes than L. volc-
kmari and L. opacus; on stones or between gravel and pebbles, in high water current
(BErRTHELEMY, 1966; OLM1, 1976; HEBAUER, 1994; JAcH, 1994; ELLioTT, 2008).

Habitats in Croatia: springs of small mountainous karstic rivers in Dinaric Continental
subecoregion; large rivers and channels in Pannonian lowlands on carbonate bed;
between rocks and pebbles, on mosses.

Distribution in Croatia
Literature records: Croatia (JAcH et al., 2006).
Museum collection records: Lokve (AlI); Ludbreg (AII); Luznica, Podsused Sava (RC).
New records: Dobra River: Ribnjak spring.

Limnius volckmari (Panzer 1793)

Biology: microphagous; in submountainous and lowland rivers and streams; between
gravel, pebbles or on stones; from high to moderate flow with abundant filamentous
algae, often on silicate bed (Janssens, 1955; BERTHELEMY, 1966; OLm1, 1976; HEBAUER, 1994;
JAcH, 1994; ErLioTT, 2008).

Habitats in Croatia: springs, spring areas, Upper, Middle and Lower reaches of large
and small karstic Mediterranean rivers; tufa barriers; springs, Upper and Middle reaches
of large and small submountainous and mountainous karstic rivers in Dinaric Conti-
nental subecoregion; lowland karstic rivers in Dinaric Continental subecoregion; large
rivers and channels in Pannonian lowlands on silicate bed; between gravel and pebbles,
on rocks and stones, in slightly alkaline water.

Distribution in Croatia

Literature records: Imotski (PENECKE & MULLER, 1906); Imotski, Konavle, Solin, Split,
Zrnovnica (Novak, 1952); Solin, Split (Ormi, 1976); Croatia (JAcH et al., 2006); Cetina
River: Glava$ spring, sampling sites near Crveni most, Cikotina Lada, Obrovac Sinjski,
Preocki Most, Radmanove Mlinice and Trilj; Plitvice Lakes NP: Upper Reach of Bijela
rijeka River, Middle Reach of Crna rijeka River, Korana River in Korana Village (M1CeTI¢
Stankovic, 2010); Mirna River (O1xon, 2014).

Museum collection records: Ludbreg, Zagreb (Al); Knin, Ludbreg, Slavonija, Split (AII);
Split (IC); Imotski, Konavle, Solin, Split, Zrnovnica, (NC); Luznica (RC).

New records: Dobra River: Bistrica spring, spring area of Gojacka Dobra, spring near
Podumol, Ribnjak spring, sampling site near LeS¢e Bridge; Vitunjcica River; Drava River:
Hydropower plant Cakovec: drainage derivation canal between engine room and mou-
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th of watercourse Jezercica; biological minimum in 2.5 km before connecting to the dra-
inage derivation canal; accumulation, before recreation centre; Hydropower plant Du-
brava: left drainage ditch; right drainage ditch; Hydropower plant Varazdin: accumula-
tion and drainage derivation ditch; Ruda River: spring, and 500 m downstream of spring.

Macronychus quadrituberculatus Miiller 1806

Biology: xylophagous; larvae and adults on submerged decaying wood in streams
(OLm1, 1976; HEBAUER, 1994).

Habitats in Croatia: large rivers and channels in Pannonian lowlands on carbonate bed.

Distribution in Croatia
Literature records: Sava River (Cuk et al., 2014).
Museum collection records: Jaska (Al); Pakrac (All); Zagreb (WC).

New records: none.

Oulimnius tuberculatus (Miiller 1806) *

Biology: microphagous; in rivers both in lowlands and hills; on mosses and submerged
wood, on leaves and stems of macrophytes or between fine gravel; avoids strong current
(BErRTHELEMY, 1966; OLM1, 1976; HEBAUER, 1994; JAcH, 1994; ELLioTT, 2008).

Habitats in Croatia: Middle reaches and Lower reaches of large karstic Mediterranean
rivers; tufa barriers; springs, Upper and Lower reaches of small karstic rivers in Dinaric
Continental subecoregion; lowland karstic rivers in Dinaric Continental subecoregion;
large rivers and channels in Pannonian lowlands on silicate bed; between pebbles or
macrophytes, on fine gravel and sand.

Distribution in Croatia

Literature records: Cetina River: sampling site near Obrovac Sinjski; Plitvice Lakes NP:
Korana River in Korana Village (M1CETIC STANKOVIC, 2010).

Museum collection records: Lokve, Maksimir, Pakrac (Al); Zagreb (AII).

New records: Dobra River: Bistrica spring, Gojak spring, spring near Podumol, sam-
pling site near Les¢e Bridge; Drava River: HP Cakovec: right drainage ditch in 7.5 km
upstream of wastewater outlet of Varazdin city; Krka NP: Skradinski buk waterfall.
Potamophilus acuminatus (Fabricius 1792)

Biology: in potamal rivers; adults live on half submerged wood; today very rare (Ber-
THELEMY, 1966; OLMmI, 1976; HEBAUER, 1994; JicH, 1994).

Habitats in Croatia: lack of current data.

Distribution in Croatia
Literature records: Istra (BeErToLINI, 1872), Croatia (JAcH et al., 2006).
Museum collection records: Zagreb (Al).
New records: none.

Riolus cupreus (Miiller 1806)

Biology: microphagous; in mountainous streams at lower altitudes, usually in calca-
reous water; between pebbles and gravel, or on stones from high to moderate or even
slow water current (JansseNs, 1955; Ormi, 1976; BERTHELEMY, 1966; HEBAUER, 1994; JAcH,
1994; ErLioTT, 2008).
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Habitats in Croatia: Upper, Middle and Lower reaches of large karstic Mediterranean
rivers; tufa barriers; Upper, Middle and Lower reaches of large and small submountai-
nous and mountainous karstic rivers in Dinaric Continental subecoregion; between pe-
bbles and gravel, in slightly alkaline water.

Distribution in Croatia

Literature records: Croatia (JAcH et al., 2006); Cetina River: sampling sites near Crveni
Most, Cikotina Lada, Obrovac Sinjski, Radmanove Mlinice and Trilj; Plitvice Lakes NP:
Upper Reach of Bijela rijeka River, spring and Middle Reach of Crna rijeka River, Kora-
na River in Korana Village, Tufa barrier Kozjak-Milanovac in the line of barrage lakes,
Tufa barrier Labudovac, Tufa barrier Novakovica Brod in the line of barrage lakes, Pli-
tvica Stream 50 m upstream of big waterfall (Mi¢eTI¢ StANKOVIE, 2010).

Museum collection records: Ludbreg (Al); Luznica (RC).
New record: Krka NP: Roski Slap waterfall.

Riolus nitens (Miiller 1817)

Biology: poorly studied; often at lower altitudes than R. subviolaceus and R. cupreus;
very common in the Mediterranean Region; in calcareous streams, mostly on substrates
without vegetation (BERTHELEMY, 1966; OLMm1, 1976; JAcH, 1994; HEBAUER, 1994).

Habitats in Croatia: Upper and Lower reaches of large karstic Mediterranean rivers;
tufa barriers; Upper reaches of large submountainous karstic rivers in Dinaric Continen-
tal subecoregion; lowland large karstic rivers in Dinaric Continental subecoregion; on
mosses and other macrophytes, between gravel and pebbles, on stones, in slightly alka-
line water, preferably in moderate water current.

Distribution in Croatia

Literature records: Omis (Novak, 1952); Croatia (JAcH et al., 2006); Cetina River: sam-
pling sites near Cikotina Lada, Preo¢ki Most and Radmanove Mlinice; Plitvice Lakes
NP: Korana River in Korana Village, Tufa barrier Kozjak-Milanovac in the line of barra-
ge lakes, Tufa barrier Novakovica Brod in the line of barrage lakes (M1CETIC STANKOVIC,
2010).

Museum collection records: Krk Island: stream near Baska (NMW).

New records: Krka NP: Skradinski Buk waterfall, Dobra River: sampling site near
Lesce Bridge.

Riolus subviolaceus (Miiller 1817)

Biology: microphagous; in hilly and mountainous streams, usually in calcareous wa-
ter; between pebbles and gravel, or on mosses covering coarse substrate exposed to high
and moderate water current (JansseENs, 1955; BERTHELEMY, 1966; Orm1, 1976; HEBAUER,
1994; Jicn, 1994; ELLioTT, 2008).

Habitats in Croatia: Upper, Middle and Lower reaches of large karstic Mediterranean
rivers; tufa barriers; springs, Upper and Middle reaches of small and large mountaino-
us and submountainous karstic rivers in Dinaric Continental subecoregion; between
pebbles and gravel, in slightly alkaline water.

Distribution in Croatia

Literature records: Konavle, Zrnovnica (Novak, 1952); Croatia (JAcH et al., 2006); Cetina
River: sampling sites near Crveni Most, Cikotina Lada, Obrovac Sinjski, Radmanove
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Mlinice and Trilj; Plitvice Lakes NP: Upper Reach of Bijela rijeka River, spring and Midd-
le Reach of Crna rijeka River, Korana River in Korana Village, Tufa barrier Kozjak-Mi-
lanovac in the line of barrage lakes, Tufa barrier Labudovac, Tufa barrier Novakovica
Brod in the line of barrage lakes, Plitvica Stream 50 m upstream of big waterfall (M1CETIC
Stankovic, 2010).

Museum collection records: Konavle, Zrnovnica (NC).
New record: Krka NP: Roski Slap waterfall.

Stenelmis canaliculata (Gyllenhal 1808)

Biology: rare species, larvae microphagous; on bottom of streams and rivers, or
between stones and pebbles, on submerged and decaying wood at margins of lakes
(BERTHELEMY, 1966; OLM1, 1976; HEBAUER, 1994; JAcH, 1994).

Habitats in Croatia: spring areas of submountainous and mountainous small karstic
rivers in Dinaric Continental subecoregion; rocks covered with mosses, pebbles covered
with algae.

Distribution in Croatia
Literature records: Istra (BErToLINT, 1872).
Museum collection records: none.
New records: Dobra River: spring area of Gojacka Dobra.

Stenelmis consobrina Dufour 1835 *

Biology: bottom of streams and rivers; on stones and pebbles or between these; at
margins of lakes; currently extinct or critically endangered in most parts of Europe
(BErRTHELEMY, 1966; OLMmI, 1976).

Habitats in Croatia: lack of current data.

Distribution in Croatia
Literature records: none.
Museum collection records: Zagreb (WC).
New records: none.

DISCUSSION

Although Croatia is a rather small country, it is very rich in surface running waters
due to its geographical position and climatic characteristics (Sararex & Sovric, 2011).
Water beetles have not yet been investigated in the majority of the lotic habitats in Cro-
atia, especially in the Pannonian ecoregion. Therefore, just like with other groups of
insects, e.g. caddisflies or moth flies (Kucinic€ et al., 2013, 2014; KvirtE et al., 2013; PReVI-
81€ et al., 2013), the number of water beetle species is expected to increase with future
investigations. As for Elmidae, two additional taxa, Elmis syriaca zoufali (Kuwert 1890)
and Stenelmis puberula Reitter 1887, are likely to be found in Croatia since both are known
from Bosnia and Herzegovina. Otherwise the list of Elmidae seems quite complete. On
the other hand, further DNA sequence studies might reveal even undescribed species,
which are presently not recognizable on morphological characters.

Five new records of riffle beetles in Croatia is an expected result due to the previou-
sly poor knowledge of this water beetle family. Two new records, Esolus pygmaeus and
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Stenelmis consobrina, are represented only in the historical museum collections of Reden-
Sek and Weingértner, dating back to the first half of the twentieth century. Both species
are nowadays regarded as critically endangered, very rare or extinct, and their presence
in Croatia needs to be confirmed.

Esolus czwalinae was described from “Croatia” (without any further details). This
species is also known from Bosnia and Herzegovina, France, Italy, Slovenia. The type
material has not been retrieved so far.

Limnius muelleri has been recorded from Croatia (Imotski) by Novak (1952). However,
we were not able to retrieve this specimen. Furthermore, two specimens (one male, one
female) from Ludbreg are deposited under this name in the collections of AIl. Unfortu-
nately, this museum is not accessible at present and we were thus not able to verify the
identification by aedeagus examination. This species is likely to be confounded with L.
intermedius.

The presence of Esolus angustatus in Croatia is here confirmed. The geographical
distribution map published by Ormr (1976) is ambiguous and unclear, covering the
whole Balkan Peninsula, without providing particular records.

New records for O. tuberculatus demonstrate its wide distribution in Croatia, from
the Pannonian to the Mediterranean part.

Furthermore, new records of E. rioloides also demonstrate its wide distribution in
Croatia. OLmr (1976) recorded this species from Bosnia and Herzegovina, but in the
distribution map for this species some parts of Croatia are also marked. Interestingly,
specimens of E. rioloides collected in various localities in Croatia differ from each other
in both shape and structure of the pronotum. Specimens from Dobra River, Plitvice
Lakes NP or spring of Kosov¢ica River have a pronotum “typical” for representatives
of this species in Central Europe, with V-shaped ridges diverging anteriad. In specimens
from Cetina River (locality Radmanove Mlinice) the pronotal ridges are found to be
either V-shaped or U-shaped (as in E. aenen). It is well known that this species is very
variable, but there are only few literature data about the difference in shape and struc-
ture of pronotum and elytra (e.g. by BErtHELEMY, 1979). Former identifications of Croa-
tian species of Elmis, based only on external morphology, are to be regarded as doubtful.
Revision of Novak’s collection in CNHM showed that he did not examine genitalia. His
work represents the only published data for E. genea in Croatia (Novak, 1952), in Dal-
matia particularly; these records of E. aenea are herewith confirmed.

It is also necessary to point out that we did not include the record of E. maugetii from
investigations in Plitvice Lakes NP, where Elmidae were analysed as part of the inver-
tebrate benthic communities (MATONICKIN et al., 1971; HaBpya et al., 1994), because iden-
tification was also based on external morphology only (Krulik, personal communication).
In fact, during subsequent research of riffle beetles in this area (M1CETIC STANKOVIC, 2010)
this species was not found.

In the future it will be important to focus on the biology of Riolus nitens and Elmis
bosnica, since they have never been thoroughly studied (Ormr, 1976). Our results showed
that both species usually inhabit calcareous rivers. In Europe, E. bosnica is distributed
only in its south-eastern part. In Croatia, it is often the only Elmis species in springs and
spring areas. Remarkably, E. latreillei, which is quite common in cold springs in Central
Europe (JAch, 1994; HEBAUER, 1994), was not found in cold springs in Croatia during our
study, which included more than 50 rivers and springs. We collected E. latreillei only in
one lowland river, sampled at light during a warm summer night in June.
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In conclusion, some results of our study clearly corroborate the hypothesis of JAicu &
BaLke (2008) that detailed morphological and molecular analysis of the family Elmidae
will increase the number of (unknown) species, especially in the Mediterranean part of
Europe, a region with one of the highest speciation rates on a global scale (MITTERMEIR
et al., 1998; Myers et al., 2000).
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