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Fig. 8. Ecclisopteryx keroveci sp.n., larva; head
and pronotum in A: frontal and B: lateral view. Ec-
clisopteryx ivkae sp.n., larva; head and pronotum
in C: frontal and D: lateral view. Ecclisopteryx
dalecarlica Kolenati, larva; head and pronotum in
E: frontal and F: lateral view. Ecclisopteryx guttu-
lata (Pictet), larva; head and pronotum in G: fron-
tal and H: lateral view. I: Ecclisopteryx madida
(McLachlan), larva; head and pronotum in frontal
view. Arrows: median notch on pronotum.
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Licky 2004). This collection site represents the north-
westernmost distribution of the species and considerably
extends its range to the Dinaric Western Balkan ecore-
gion (ERS5 sensu ILLIEs 1978).

3.6. Ecology, habitat and phenology of

Ecclisopteryx ivkae

Larval habitat characteristics at the type locality of E. iv-
kae (Cetina River, Glava$ spring) indicate a preference
for crenal sections of streams. Larvae were collected ap-
proximately 50 m downstream of the spring. Here the
stream was about 5 m wide, with a mean current veloc-
ity of 0.21 ms™ and water temperatures ranging from 8.4
to 12.9°C throughout the year (Popuac 2007). Substrate
was mainly composed of smaller fractions (microlithal
and mesolithal) with some larger stones and submersed
vegetation. Larvae of E. ivkae were collected on the sur-
face of algae-covered stones, which, in concordance with
larval mandibular morphology, indicates that E. ivkae is
also a grazer (PauLs et al. 2008; WARINGER et al. 2010).
Additionally, adults were collected at the site 2.4 km
downstream, indicating a possible preference for rhithral
sections as well. Adults were generally collected in late
May and early June (in 2005, 2007 and 2012).

At Glavas spring, E. ivkae was sympatric with the tri-
chopterans Rhyacophila balcanica Radovanovi¢, 1953,
Rhyacophila fasciata Hagen, 1859, Glossosoma discopho-
rum Klapalek, 1902, Hydropsyche sp., Tinodes dives (Pic-
tet, 1834), Annitella apfelbecki Klapalek, 1899, Chaetopte-
ryx fusca Brauer, 1857, Grammotaulius nigropunctatus
(Retzius, 1783), Limnephilus flavicornis (Fabricius, 1787),
Limnephilus lunatus Curtis, 1834, Limnephilus vittatus
(Fabricius, 1798), Micropterna nycterobia McLachlan
1875, Micropterna testacea (Gmelin, 1789), Stenophylax
permistus McLachlan, 1895, Allogamus uncatus (Brauer,
1857), Halesus digitatus (Schrank, 1781), Sericostoma
[flavicorne Scheider, 1845 and Odontocerum albicorne
(Scopoli, 1763) and the plecopterans Leuctra mortoni
Kempny, 1899, Nemoura cinerea (Retzius, 1783), Proto-
nemura autumnalis Rauser, 1956, Protonemura hrabei
Rauser, 1956, Isoperla illyrica Tabacaru, 1971, Isoperla
inermis Kacanski & Zwick, 1970, Isoperla tripartita 11-
lies, 1954, and Brachyptera tristis (Klapalek, 1901) (Po-
PJAC & Sivec 2010; WARINGER et al. 2009; our data).

4. Discussion

4.1. Species delimitation and larval
affiliation

Association of adults and larvae of the two new spe-
cies collected at the mouth of the Jabucica River and the
spring reach of the Cetina River, respectively, is sup-
ported by molecular genetic analyses at both intra- and
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interspecific levels. Additionally, larvae collected at both
localities exhibit a unique combination of morphological
characters and are clearly distinct from each other and the
other Ecclisopteryx species (see 3.4. for details).

Despite the tremendous importance of species level
identification of larvae in applied science (e.g., water
quality monitoring, conservation biology) (e.g. HERING et
al. 2004), ca. 60% of Drusinae larvae remain unknown
(WARINGER et al. 2013). In particular, species level iden-
tification offers enhanced resolution of trait-environ-
ment relationships, particularly in ecologically sensitive
taxa. Thus, species-level resolution has the potential to
improve the quality of ecological assessments that use
caddisflies or other sensitive aquatic insects as quality
indicators (e.g. ScHMIDT-KLOIBER & NuBOER 2004). The
morphological characteristics of the larva of E. keroveci
and E. ivkae now allow clear identification of these spe-
cies and will enable better ecological characterisation of
Drusinae in the region. When this information is inte-
grated in national and international databases it will be of
great value for further use in ecological investigations.

The B/MCMCMC phylogenetic analysis presented
here to discriminate the species is based on the combi-
nation of three gene fragments (mtCOI, mtLSU, nuWG)
previously demonstrated to successfully resolve phyloge-
netic relationships among species of Drusinae (PAuLs et al.
2008). The phylogeny suggests a highly supported sister
clade relationship of (E. keroveci + E. ivkae) + (E. dale-
carlica + E. guttulata) and monophyly of all putative Ec-
clisopteryx species except E. ivkae, which is recovered in
a basal polytomy (Fig. 2). Interspecific p-distances of mt-
COI sequence data between the two new species, E. ker-
oveci and E. ivkae (1.6—2.7%), are similar to the observed
intraspecific variability of the same mtCOI fragment in
populations of some Drusinae species (e.g. Ku¢mic et al.
2008; PauLs et al. 2009; Previsic et al. 2009, 2014). How-
ever, in several closely related Drusinae species, interspe-
cific p-distances of the same mtCOI fragment are simi-
lar or even lower than observed between E. keroveci and
E. ivkae in the current study (e.g., WARINGER et al. 2007,
Kuémic et al. 2011). Further, intraspecific p-distances of
the mtCOI gene fragment in E. keroveci show relatively
high divergence of easternmost and westernmost popula-
tions (e.g., 1.6% between haplotypes from eastern Mon-
tenegro (Brodavac) and western Croatia (Velika Belica),
1.8% between haplotypes from eastern Bosnia (Sutjeska
NP) and the latter, Fig. 3). Nevertheless, the morphologi-
cal and molecular data at hand suggests that these speci-
mens all belong to a single species.

In contrast to the highly variable mtCOI gene, differ-
ences between closely related species in nuWG and par-
ticularly in mtLSU are much lower (PauLs et al. 2008),
and thus provide less information. Probably for this rea-
son the BIMCMCMC phylogeny does not fully support
the delimitation of the two species, as E. ivkae forms a
basal polytomy. Including additional (or more variable)
loci would improve the present analysis. However, in
our case, the striking differences in larval morphology of
northern European populations of E. dalecarlica initially
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led us to think that two or more new species might occur,
especially since larval characters in Drusinae are stable
and vary little among species (e.g. Kucinic¢ et al. 2011;
WARINGER & GRAF 2011; WARINGER et al. 2013). Further-
more, as indicated in our study, morphology of male and
female genitalia of E. keroveci and E. ivkae differs dis-
tinctly between these species and E. dalecarlica (see 3.4
for details).

Thus, the integration of genetic and morphological
differences, justifies the separation of E. ivkae and E.
keroveci as two distinct species, as both taxa exhibit a
unique combination of both genetic and morphological
character states. Additional and equally comprehensive
studies might uncover the existence of other localised al-
lopatric lineages in Ecclisopteryx species in the Balkans,
regardless of their current taxonomic status.

4.2. Distribution of E. keroveci

and E. ivkae

With the addition of the 2 new Ecclisopteryx species, this
genus currently comprises 7 species: 3 species relatively
widespread in Europe, 1 regional endemic, and 3 micro-
endemics (Table 2 & Fig. 1; Grar et al. 2008, 2011; GRAF
& ScumipT-KromBer 2011). Unlike the 2 Ecclisopteryx
range restricted endemics confined to different parts of
the Alps (E. malicky is known exclusively from the south-
central Alps, and E. asterix from the south-eastern Alps;
Grar et al. 2008, 2011; GRAF & ScHMIDT-KLOIBER 2011),
E. keroveci and E. ivkae show rather unique distribution
patterns in the Western Balkans (Fig. 1B). Although both
are allopatric and endemic, E. keroveci seems to have a
wider, disjunct distribution in the region.

Previous records of both E. dalecarlica (UrRBANIC
2004; Stanic-KosTroMAN 2009; PrREVISIC & Popuiac
2010; IsranMI 2011; Vuckovie 2011; Vuckovi¢ et al.
2011) and E. guttulata (RapbovaNovI¢ 1935; MARINKOVIC-
GospopNETIC 1970) in the region are misidentifications of
these 2 new, formerly unknown cryptic endemics. This
conclusion is further supported since specimens from
most the localities where E. dalecarlica and/or E. gut-
tulata were presumed to have been collected were avail-
able for the current study; these all proved to be either of
the 2 new species. The only historical record we could
examine is a single male from central Bosnia, collected
at the end of the 19" century, from Klapalek’s collec-
tion (the National Museum, Prague, Czech Republic).
It was originally listed as E. guttulata, but it proved to
be E. keroveci. The findings of Rapovanovic (1935) and
MARINKOVI¢-GOosPODNETIC (1970) could not be checked
because the material was not available for study.

4.3. The Western Balkans — a hotspot of
freshwater biodiversity under threat

The description of E. keroveci and E. ivkae increases
the number of endemic Western Balkan caddisflies: of
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36 Drusinae species distributed in the region, 28 are en-
demics. Most of these are restricted to very small geo-
graphic areas (GRrAF et al. 2008; OLAH 2010, 2011; GRAF
& ScumipT-KLOIBER 2011; OLAH & KovAcs 2013). In the
Dinaric Western Balkan ecoregion (ER5) 64% of Drusi-
nae species are endemic (14 of 22 species); similarly, in
the Hellenic Western Balkan ecoregion (ER6) 65% are
endemic (13 of 20; Grar et al. 2008; OLAH 2010, 2011;
GRAF & ScumipT-KroiBer 2011; OLAn & Kovacs 2013).

Hence, the Western Balkans is a diversity centre for
highland caddisflies inhabiting isolated “island habitats”
such as coldwater springs and streams (e.g. Drusinae,
Chaetopteryx species; Kuc¢iNiC et al. 2013). Such habitat
preferences coupled with low dispersal abilities, specific
life history traits, and historical processes causing fur-
ther fragmentation and isolation of habitats (e.g., karsti-
fication; PREVISIC et al. 2009, 2014) most likely result in
high diversification rates. A remarkable degree of cryptic
diversity was recently observed in the Western Balkans
not only in groundwater fauna (e.g. ZAkSEek et al. 2009),
but also in widespread and commonly known surface
aquatic species, such as the crayfish Austropotamobius
torrentium (KLoBuCar et al. 2013) and the amphipod
Gammarus fossarum (WEiss et al. 2014). Furthermore,
a considerable fraction of the existing endemic diversity
across various animal groups is considered cryptic in
many parts of Europe, e.g., in isolated southern Europe-
an mountain ranges (EssL et al. 2013). All this indicates
that high degrees of cryptic diversity can be expected in
many groups of aquatic organisms in the Balkans, and
highlights the need for more comprehensive research of
insufficiently investigated freshwater biodiversity and
biogeography.

Near natural streams in all Western Balkan countries
are increasingly threatened by human activities, espe-
cially the increase in construction of small power plants
(FreyHOF 2012; Scuwarz 2012). According to FREYHOF
(2012), construction of dams and its inevitable side ef-
fects pose the most serious threat to freshwater diversity
in the Balkans, the most important “hotspot” of European
threatened biodiversity. Such adverse environmental im-
pacts also threaten the existence of yet-to-be-discovered
cryptic species.
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