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the paper brings data about the new findings of the rare Mediterranean caddisfly species Microp-
terna wageneri Mal. in Croatia with first data of DNA barcoding for this species. the species is recorded 
in Konavle region and on the Mt. biokovo. we also present the diversity of the genus Micropterna in 
Croatia and discuss issues related to the DNA barcoding for this genus in Croatia and europe.
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rad donosi podatke o novim nalazima rijetke mediteranske vrste tulara Micropterna wageneri Mal. 
u Hrvatskoj, s prvim podacima o DNA barkodiranju te vrste. vrsta je zabilježena u Konavlima i na 
biokovu. također se predstavlja raznolikost roda Micropterna u Hrvatskoj i raspravlja o DNA barkodi-
ranju tog roda u Hrvatskoj i europi.
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INtrODuCtION
Identification of various animal species is a starting point of research into the mor-

phology, histology, genetics, physiology, distribution, ecology, phylogenetics and other 
biological characteristics of individual species. such approach in biology is based on the 
rules of binomial nomenclature set up by Carl linnaeus in the 18th century (linneaus, 
1758). Morphological characteristics have for a long time been used as the basis for de-
termination of organisms and this practice is being used until today. Determination of 
populations to the level of species enables us to understand the characteristics of fauna, 
its diversity and biogeography within a certain area. Due to a high complexity of diver-
sity of numerous groups of animals, in particular invertebrates, many of which are 
similar, sibling or cryptic species, other methods are used to support a more exact de-
termination of species and finding those that cannot be determined by conventional 
morphological methods (ross, 1974; bickford et al., 2007: Dincă et al., 2013, 2016; previšić 
et al., 2014). One of the recent and most frequently used methods in analysis of biodiver-
sity and determination of organisms within a particular area is the DNA barcoding 
method (Hebert et al., 2003a, 2003b). this method is used to identify animal species and 
is based on sequencing of the standardized segment of the mitochondrial (mt) cyto-
chrome c oxidase subunit 1 (coi) gene (Hebert et al., 2003a, 2003b).

research of caddisflies in Croatia became more intensive in the second half of the 20th 
century through a larger number of limnological studies (Matoničkin et al., 1971; 
Matoničkin, 1987; Matoničkin & pavletić, 1967; Habdija, 1989) and continued with 
increased intensity during the last two decades with numerous taxonomic, faunal and 
ecological studies (e.g. Krulik, 1979; Kučinić & Ilić, 1993; Kučinić, 2002; Kučinić & 
Malicky, 2002; Habdija et al., 2004; previšić et al., 2007, 2009, 2014; Kučinić et al., 2008, 
2011; vučković et al., 2011; szivák et al., 2013; Matić et al., 2016). Application of the DNA 
barcoding method in these studies has started recently in taxonomic and faunistic stud-
ies of Croatian trichoptera (Kučinić et al., 2013, 2016).

this paper presents the new finding of the rare Mediterranean caddisfly species 
Micropterna wageneri Malicky 1971 in Croatia with first data of DNA barcoding for this 
species. we also present the diversity of the genus Micropterna stein in Croatia and dis-
cuss issues related to the DNA barcoding for this genus in Croatia and europe.

MAterIAl AND MetHODs

Fieldwork and research areas
Our research took place in the Konavle region and in the Nature park biokovo. During 

our investigation in the Konavle region (valley) we collected caddisfly specimens on 
several locations on springs, streams and the river ljuta. Konavle region is located in 
the southern part of Croatia (Dalmatia region). In this part of Croatia there are only few 
permanent streams and rivers and some temporary streams. very interesting aquatic 
habitat in Konavle valley are small manmade canals. we visited Konavle valley three 
times during 2015 and one time during 2016. 

Nature park biokovo is situated in central Dalmatia. It is very impressive mountain 
area with lot of endemic species of animals and plants (e.g. Casale & Jalžić, 1988 ). the 
highest peak is sv. Jure with 1762 m above sea level. except several small springs and 
streams on south expositions on lower elevation, in the highest area of biokovo there 
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are no natural aquatic habitats. During 2015 we visited Nature park biokovo three times 
and one time during May of 2017.

Adults of caddisflies were collected using uv light traps during night and with en-
tomological net during day. the specimens were stored in 96% alcohol. After determi-
nation all caddisfly specimens collected during 2015 were deposited in the trichoptera 
collection in the Croatian Natural History Museum in Zagreb. NIp trichoptera collecti-
on is one of the results of the NAturA 2000 Integration project (NIp). specimens collec-
ted in 2016 were deposited in the trichoptera collection vučković and in the trichopte-
ra collection Kučinić. 

For determination of species from the genus Micropterna we used standard literature 
Kumanski (1988) and Malicky (2004). systematic presentation follows Malicky (2004) 
and Morse (2017).

DNA extraction, PCR amplification and phylogenetic analysis
genomic DNA was extracted from legs of nine specimens, two M. wageneri and other 

caddisflies listed in tab. 1 with specimen ID marked with bold letters. All specimens used 
in this study are kept as voucher specimens in the trichoptera DNA barcode Collection 
in the Croatian Natural History Museum in Zagreb. genomic DNA was extracted using 
genelute Mammalian genomic DNA Miniprep kit (sigma-Aldrich, germany) according 
to the manufacturer’s specifications and eluted in 100 µl of elution buffer. For the ampli-
fication of the coi-5p barcode region lCO1490 and HCO2198 (Folmer et al., 1994) primers 
were used. the volume of mixture for polymerase chain reactions (pCr) was 50 µl. the 
pCr mixture contained 1 x go taq®reaction buffer (containing 1.5 mM MgCl2, prome-
ga), 0.2 mM of each dNtp, 0.4 µM of each primer, 1.25 units of go taq®DNA polymera-
se (promega) and 5 µl of DNA eluate. pCr cycling conditions comprised an initial dena-
turation step (94°C for 2 min) followed by 35 cycles of denaturation at 94°C for 30 s, 
annealing at 50°C for 30 s and elongation at 72°C for 90 s, and a final extension step of 
72°C for 7 min. product purification and bidirectional sequencing was performed by 
Macrogen Inc. sequencing service (seoul, south Korea) using the amplification primers. 
sequences were edited manually and aligned using the program bioedit (Hall, 1999). 

DNA sequences obtained in this study were submitted to barcode of life Data sy-
stems (bOlD, ratnasingham & Hebert, 2007; tab. 1). For phylogenetic analysis all ava-
ilable Micropterna DNA barcode sequences were retrived from the bOlD system data-
base (bOlD IDs are given in tab. 1). As outgroups we selected four species belonging 
to different genera of the family limnephilidae, such as genus Mesophylax Mclachlan; 
potamophylax wallengren; allogamus schmid; Halesus stephens (tab. 1). Identical sequ-
ences were collapsed into unique haplotypes using Fabox v.1.41 (villesen, 2007). All 
haplotypes are listed in tab. 1. two different methods of tree reconstruction were used: 
Neighbor-Joining (NJ) and Maximum likelihood (Ml) as implemented in MegA 7.0. 
(Kumar et al., 2016) to infer phylogeny-based specimens identification. Details of phylo-
genetic analyses were the same as in Kučinić et al. (2016). 

Inter- and intraspecific genetic uncorrected pairwise divergences (p - distances) were 
calculated in MegA 7.0. (Kumar et al., 2016). the number of hypothetical species within 
data set was estimated based on barcode gap (difference between inter- and intraspeci-
fic genetic distances) by using Automatic barcode gap Discovery, AbgD (puillandre 
et al., 2012). the mtcoi data set was submitted to the AbgD online website using the 
same settings as described in Kučinić et al. (2016).
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results AND DIsCussION

Faunal data 
Micropterna wageneri (Fig. 1 A) was described by male adults (Fig. 2A) from Italy 

(Malicky, 1971). Female (Fig. 2b) was described by Moretti also from this region (Moret-
ti, 1981). According to the literature data this species is distributed in southern europe 

Fig. 1 A-C. Micropterna wageneri: A) adult (collected in Konavle region and deposited in the 
NIp-trichoptera collection in the Croatian Natural History Museum in Zagreb); b) spring in 
the village vodovađa (Konavle valley); C) geographical regions in Croatia according to bertić 
et al. (2001), with locations where M. wageneri was found: Mt. biokovo (green points) and 
Konavle region (yellow points).  

a)                                                                          b)

 
 
 

c)
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(Italy, Croatia, Albania…) (e.g. Malicky, 1971; Moretti, 1981, 1988; Cianficconi, 2002; 
Oláh, 2010). Fauna europaea reports this species from serbia/Montenegro, however 
literature data for these two countries do not support these data. In the last 25 years we 
have visited Mt. biokovo many times and collected a lot of species of butterflies and 
moths (e.g. Mladinov & Kučinić, 1993; Kučinić et al., 1998; Mihoci et al., 2011) and 
several species of caddisflies (M. Kučinić, unpublished data). until our investigation in 
Konavle region in southern Croatia (region Dalmatia) M. wageneri was only known from 
two localities on Mt. biokovo: first locality is at an altitude of 550 m (28 May 1995, 1 

Fig. 2 A-B. Micropterna wageneri: A) male genitalia (left lateral view; b) female genitalia (left 
lateral view); specimens were collected in Konavle region and deposited in the NIp-trichop-
tera collection in the Croatian Natural History Museum in Zagreb. 

a)

 
 

 

b)
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male) and the second locality named lađena at an altitude of 1270 m above sea level (28 
May 1995, 2 males and 27 september 1995, 1 male). these specimens were collected 22 
years ago (leg. M. vajdić, F. perović, M. Kučinić, det. H. Malicky) and are deposited in 
the Croatian Natural History Museum in Zagreb. During our investigation in Konavle 
region we collected M. wageneri at two locations, first one in a spring in the village 
vodovađa (250 m a.s.l.) and the second one in the middle section of a stream near village 
palje (150 m a.s.l.). thus currently M. wageneri is known from four localities in Croatia, 
two on biokovo Mt. and two in the Konavle region. Distance between these two areas 
is approximately 140 kilometres (Fig. 1 C). 

Molecular data
the sequences obtained from M. wageneri samples submitted to the bOlD Identifica-

tion engine as well as to the genbank did not find any match. Analysis of the genetic 
distance of DNA barcode region (mtcoi) between species of the genus Micropterna is 
shown in tab. 2. genetic difference among two specimens of M. wageneri (Mw) is only 
0.0019 (0.2%). Intraspecific genetic difference within M. wageneri is identical to intraspe-
cific difference (0.2%) within M. testacea gmelin. For comparison: Zhou (2009) reported 
the mean value of 0.48 for the intraspecific differences based on mtcoi barcode region 
(1481 sequence of 53 caddisfly taxa). this observed low value is in line with the observed 
variability of Drusus stephens species (0.2% in Kučinić et al., 2015). 

the minimum interspecific difference between M. wageneri and other Micropterna 
species and outgroup species is 0.096 (9.6%) (tab. 2), which is above minimum difference 
between caddisfly species noted in literature (8.05% in Smicridea species, pauls et al., 
2010; 8.2% in anisogamus species graf et al., 2015). Most similar species to M. wageneri 
in this analysis are M. sequax Mclachlan (tlIM_2) from Croatia and M. lateralis stephens 
(gbept617-14) from germany (0.096/9.6%). relatively same value of minimum inter-
specific difference for DNA barcode region is noted for tinodes Curtis (10% in Kučinić 
et al., 2016) and other limnephilidae (8.2% and 9.6% in graf et al., 2015). 

Micropterna wageneri specimens clustered within the well supported clade which is 
distinct from other Micropterna species (100% bs support in both, Ml and NJ analyses). 
the clustering of M. sequax sequences in three independent, well-supported clades in 
both NJ and Ml analyses as well as in three distinct groups identified in AbgD analy-
sis (group 2, group 3 and group 4 in Fig. 1) point to the existence of potentially new 
taxa within M. sequax. Often this kind of intraspecific divergence indicates the presence 
of cryptic species (Hebert et al., 2004). Clustering of M. lateralis with several M. sequax 
specimens as well as the sharing of the same coi haplotype between those two species 
(Hp 18 haplotypes in tab. 1) also prompts the need for further investigation of those 
taxa. 

thereby, population of these species from different parts of europe should be ana-
lysed by means of morphological and more comprehensive phylogenetic analysis by 
employing additional molecular markers (mitochondrial as well as nuclear) to determine 
their exact taxonomic and phylogenetic status. In this case, DNA barcoding flagged 
possibly still unrecognised cryptic species complex. the use of morphological and mo-
lecular methods as a basis for integrative taxonomy (vitecek et al., 2017), as well as an 
additional analysis of ecological and biogeographic data, are very important aspect of 
modern taxonomic and phylogenetic research of such taxa whose status cannot be ef-
ficiently resolved without employing all mentioned approaches.
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the AbgD analysis revealed 9 genetic groups (Fig. 3). Interspecific distances of M. 
wageneri, among other specimen groups, did not overlap with intraspecific divergenc-
es as the AbgD analysis shows (Fig. 4). M. wageneri formed one group separated from 
other group of Micropterna and strongly indicates that M. wageneri is independent spe-
cies. For 5 species from the genus Micropterna DNA barcoding analyses is done (tab. 
1, 3).

Fig. 3. Maximum likelihood (Ml) phylogram based on 658 bp long fragment of the DNA 
barcode region showing the relationships between species of the genus Micropterna. Num-
bers above the branches represent bootstrap support (bs) for Neighbor-Joining (NJ) and Ml 
analysis (NJ/Ml). bs values less than 70 are not shown. the groups delineated by Automa-
tic barcode gap Discovery (AbgD) approach are shown on the right side of the tree.
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Biodiversity of the genus Micropterna
thirty four species genus Micropterna are recorded in europe, North Africa and west 

Asia (Malicky, 2004). In southeastern europe (balkan peninsula) ten species from this 
genus are present: M. caesareica schmid, M. coiffaiti Décamps, M. fissa Mclachlan, M. 
lateralis stephens, M. malaspina schmid, M. nycterobia, M. sequax, M. testacea, M. taurica 
Martynov and M. wageneri (Kumanski, 1988; Živić et al., 2002; Malicky, 2004, 2005; Ibra-
himi et al., 2013; Oláh, 2010; stanić-Koštroman et al. 2015;). In Croatian fauna 6 species 
have been found so far (e.g. langhoffer, 1915; radovanović, 1935; Marinković-
gospodnetić, 1979; Kučinić & Ilić, 1993; Kučinić, 2002; Cerjanec, 2012) (tab. 3). the 

Fig. 4. Histogram depicting the frequency distribution of K2p distances for species of lim-
iniphilidae family used in this study, calculated by AbgD. the horizontal axis shows the 
pairwise K2p-distance, and the vertical axis shows the number of pairwise sequence com-
parisons. On the left side of histogram (yellow colour) is intraspecific and on right is inter-
specific (green colour) distance variation.

Tab. 3. biodiversity and distribution of the genus Micropterna in three geographical regions 
in Croatia (*species which have DNA barcoding analysis from specimens collected in Cro-
atia), some DNA barcoding data are unpublished.  

species of genus Micropterna pannonian- 
peripannonian

Mountainous part 
part of Croatia

Mediterranean part 
of Croatia

M. fissa Mclachlan – – ●

M. lateralis stephens* ● ● –

M. nycterobia Mclachlan* – ● ●

M. sequax Mclachlan* ● ● ●

M. testacea gmelin* – ● ●

M. wageneri Malicky * – – ●

tOtAl 2 4 5
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highest number represented by 5 species was recorded in the Mediterranean part of 
Croatia, while in the mountain area there are 4 recorded species and in the pannonian-
peripannonian part of Croatia only two species (tab. 3). the species that appears in all 
three biogeographic regions of Croatia is the species M. sequax (tab. 3). two species re-
corded are distributed only in the Mediterranean area: M. fissa and M. wageneri (tab. 3). 
three species were recorded in two regions of Croatia: M. lateralis (pannonian-peripano-
nian and mountainous part), M. nycterobia and M. testacea (mountainous and Mediter-
ranean part) (tab. 3). 

Ecological data 
According to graf et al (2008) Micropterna wageneri belongs to submountain and 

mountain species. During our investigations of Mt. biokovo, we found M. wageneri in 
middle and high altitudes (550 m and 1270 m above sea level) but in Konavle region we 
found this species at significantly lower altitudes (220 m and 250 m above sea level). 
these results were expected because this Mediterranean species probably has the abil-
ity to migrate into higher mountain regions, like some other limnephilid species (e.g. 
Novák & Sehnal, 1963). there are no natural aquatic habitats, such as springs or small 
streams, in higher mountainous areas of Mt. biokovo. these types of aquatic habitats 
were established only at lower altitudes on biokovo, where M. wageneri has not been 
established yet. In Konavle region M. wageneri probably inhabits springs and small 
streams, habitats in which we have collected adults. In small manmade canals in the 
Konavle valley we found interesting aquatic insect fauna (M. Kučinić unpublished data).

the larva of M. wageneri is not described yet (waringer & graf, 1997, 2011; waring-
er & Malicky, 2016). Future investigations of caddisflies in the Konavle region will be 
focused on finding and possibly describing morphological features of larvae of this spe-
cies. very interesting ethological and ecological feature of the genus Micropterna is the 
ability of adults to live in pits and caves like troglophilic species (if such a habitat type 
exists in that area). the first finding of the genus Micropterna in Croatian subbteranean 
habitats is from the beginning of the XX. century, with the species: M. lateralis, M. nycter-
obia and M. sequax (e.g. Radovanović, 1935; langhoffer, 1915; gottstein et al., 2002; 
Kučinić et al., 2012). the fourth species from the genus Micropterna in subterranean 
habitats in Croatia was a species M. testacea (Kučinić & Ilić, 1993). this species was 
found on Mt. biokovo for the first time for Croatian fauna (Kučinić & Ilić, 1993). Cad-
disflies are frequent faunistic element in caves and pits of the Dinaric karst, although in 
a relatively small number of species (gottstein-Matočec, 2002; Kučinić et al., 2012, M. 
Kučinić unpublished data). so far 12 species have been found in the fauna of Croatia 
(gottstein-Matočec, 2002; Kučinić et al., 2012). they belong to the group of troglophilic 
organisms that spend only one period of their life cycle in subterranean habitats. the 
most common species of caddisflies in speleological objects in Croatia are M. sequax, M. 
nycetrobia and Stenophylax permistus Mclachlan (gottstein et al., 2002; Kučinić et al., 
2012). Micropterna wageneri was not found in these types of habitats in Croatia, but Moret-
ti recorded this species as element of subterranean fauna in Italy (Moretti, 1988). the 
reason why caddisflies are entering speleological objects are not entirely clear. the oc-
currence of this two genera in caves (Micropterna and Stenophylax Kolenati) is not acci-
dental and that has been proved by overwhelming number of the finds so far (e.g. 
gottstein–Matočec et al., 2002; Kučinić et al., 2012). we can assume that they found 
shelter in subterranean habitats. the biological reasons behind the migration of species 
of the genera Micropterna and Stenophylax to speleological objects remain to be found.
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