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The caddisfly species Cyrnus crenaticornis (Kolenati, 1859) was recorded for the first time in Croa-
tia in the Odra River during August 2015. The record refers to a larval stage which was determined
according to morphological characteristics and supported by DNA barcoding.
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Tular Cyrnus crenaticornis (Kolenati, 1859) je po prvi puta utvrden u Hrvatskoj u rijeci Odri u
kolovozu 2015. godine. Vrsta je utvrdena na temelju morfoloske determinacije licinke, a potvrdena je
primjenom metode DNA barkodiranja.
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INTRODUCTION

One of the most frequent groups of benthic macroinvertebrates in running fresh-
water ecosystems is Trichoptera (caddisflies). They inhabit almost every type of habi-
tat, but their biodiversity is greatest in streams and small rivers (WaLLACE ef al., 1990).
The Trichoptera World Checklist counts 16,267 species in 632 genera of 63 families,
including 521 fossil species, 133 fossil genera and 20 fossil families (Morsk, 2021). The
Western Palearctic, which includes Europe, contributes with 13.9%, or 1,888 species.
In Croatia, caddisflies are among the best studied orders of insects, with a certain
amount of literature; however, in some cases lack of georeferenced data or sampling
data as well as of information on the depository, decreases the value of these data.
Systematic studies of Trichoptera based on adults started relatively recently in Croa-
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tia with fieldwork in the Plitvice Lakes National Park (e.g. Kucini¢, 2002; KuCinI¢ &
MaLicky, 2002; KuCINIC et al., 2017; MARINKOVIC-GOSPODNETIC, 1971, 1979; PREVISIC et
al., 2007a, 2010) and later in different, often restricted parts of Croatia e.g. the Krka
River (Kuc¢inNi¢ et al., 2011, 2019; RipL et al., 2015; VarLrapoLip et al., 2020), the Cetina
River catchment area (Grar ef al., 2008a; PrevISIC et al., 2014; VuckoviC et al., 2011,
2021; WARINGER ef al., 2009), the Drava River (PreviSIC et al., 2007b), Gorski kotar area
(CERJANEC et al., 2020; MALICKY et al., 2007; PrRevISIC & Porrjac, 2010), Banovina area
(KuCINIC ef al., 2010, 2020b), Mt Papuk (PreviSic et al., 2013), and some individual
researches in the inland part of Croatia (e.g. CUKUSIC et al., 2017; KuciNié ef al., 2020b;
MaLIcKY & KRUSNIK, 1988; MaLicky, 2009, 2014; OLAnH, 2011; SzivAk et al., 2017; VRUCINA
et al., 2016). On the other hand, studies on caddis larvae are much more scarce due to
the lack of experts, and beside the description sometimes having to deal with previ-
ously unknown larvae (e.g. Grar et al., 2008a; Karaouzas et al., 2015; KuCiNic ef al.,
2008; PrReVISIC et al., 2014; WARINGER ef al., 2009, they mostly originate from studies
related to the biomonitoring of surface water quality that report new records (Cuk &
VUuckovic, 2009, 2010, 2014; Cuk et al., 2015). Sometimes they will be found as a part of
the macrozoobenthic community (Haspija & Privc, 1987; Haspija et al., 1994, 1997,
2000, 2002, 2003, 2004; MATONICKIN & PAVLETIC, 1961, 1965; MATONICKIN et al., 1969,
2001; Rapa & Purjas, 2010).

DNA barcoding is a molecular method based on sequencing of the barcode region
(658 bp in length) of the cytochrome c oxidase subunit I gene (COI) to aid species
identification (HEBERT et al., 2003a, 2003b; RaTNasINGHAM & HEBERT, 2007) and has
significantly contributed to the knowledge of biodiversity, taxonomy and phylogeny
of different groups of organisms (e.g. AMORA et al., 2015; Baczkiewicz et al., 2017;
CARDENAS et al., 2013; Dera Cruz et al., 2016; ELias-GUTIERREZ et al., 2008, KUCINIC et al.,
2020a, MoRINIERE ef al., 2017, Vijavan & Tsou, 2010). This method is very useful for
the determination of morphologically very similar species, and also the finding of
cryptic species (e.g. KuCINIC et al., 2013; Tyact et al., 2017; VacLia et al., 2008; VALLAD-
oL et al., 2020). According to Baczkiewicz et al. (2017): “DNA barcoding is a highly
useful method for identifying taxonomically difficult species”. In the last few years,
the DNA barcoding method has been applied in the biodiversity research of Trichop-
tera in Croatia, including faunistic (e.g. CERJANEC ef al., 2020; Cukusic et al., 2017;
KuciNic et al., 2020b; Vuckovic et al., 2021) and taxonomic research (KucinNic et al.,
2013, 2020a; VaLrapoLID ef al., 2020).

This paper presents the first record of Cyrnus crenaticornis (KoLenari, 1859) in Cro-
atia, the presence of which is confirmed with application of DNA barcoding.

MATERIAL AND METHODS

Research area. The Odra River is situated in the Hungarian lowland ecoregion
(Pannonian) (ER11) (ILLiks, 1978) and belongs to the catchment area of the Sava River.
It is an inland river and is 45.5 km long. According to national typology, the Odra
River is classified among "Medium and large lowland rivers” (HR-R_4) (OrriciaL
GazeTTE, 2013). The study site on the Odra River is located at the settlement of Cicka
Poljana (IN45°40726,9”, E16°10°36,8”) (Fig. 1a). The dominant substrate was psam-
mopelal with 100% coverage of submerged and emerged macrophyte in the littoral
zone where the sample was taken (HRN EN 16150, 2012) (Fig. 1b).



Nat. Croat. Vol. 30(2), 2021 407

Canal Odra - Sava

Fig. 1. Distribution of Cyrnus crenaticornis in Croatia: a) record in Croatia (red spot) with a detail of the
study area; b) the Odra River at Ci¢ka Poljana

Sampling and laboratory work. Sampling of benthic macroinvertebrates was con-
ducted on August 27" 2015 using a hand net with a mesh size of 500 pm according to
the AQEM sampling protocol (AQEM Consortium, 2002). The collected material was
preserved in ethanol in the field so the final concentration was approximately 70%.
Isolation and determination of benthic macroinvertebrates were done in the labora-
tory using a binocular stereomicroscope (Olympus SZX10). Additional larvae (3 spec-
imens) were collected on June 13" 2021 and stored in absolute ethanol. For species
determination the keys of WARINGER & Grar (2011) and LECHTHALER & STOCKINGER
(2007) were used. All specimens have been deposited in the collection of caddisflies
in the Central Water Management Laboratory of Hrvatske vode.

Water samples were collected monthly in 2015 at the study site and the following
physical-chemical parameters were analysed according to standard analytical meth-
ods for assessment of surface water quality (ISO norms): pH, biological oxygen
demand (BOD;) (mgQO, /1), chemical oxygen demand (COD-Mn) (mgQO, /1), ammonia
(NH,") (mgN/I), nitrates (NO,) (mgN/l), total nitrogen (mgN/l), ortophosphates
(PO,*) (mgP/1), total phosphorus (mgP/1).

DNA extraction, amplification and sequencing. DNA barcoding was performed
using one of the newly collected larvae in 2021. Total genomic DNA was extracted
from two legs (1 larva) using GenElute Mammalian Genomic DNA Miniprep kit
(Sigma-Aldrich, Germany) following the manufacturer’s protocol and eluted in 50 uL
of elution buffer. The standard DNA barcode region (658 bp) of the mitochondrial
cytochrome c oxidase subunit I gene (COI) was amplified with the use of standard
PCR-protocol and universal primer pair LCO-1490/HCO-2198 (FoLMER et al., 1994) in
20 pL reaction mixture. Polymerase chain reactions (PCRs) were carried out using: 1 x
DreamTaq™ reaction buffer with 2 mM MgCl, (Thermo Fisher Scientific Inc., US), 0.2
mM dNTPs, 0.4 pM of each primer, 0.025 U/uL of DreamTaq polymerase (Thermo
Fisher Scientific Inc., US) and 1 pl of eluted DNA. The PCR cycling protocol included:
initial denaturation at 95 °C for 2 min, followed by 35 cycles of denaturation at 95 °C
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for 30 s, annealing at 50 °C for 30 s, extension at 72 °C for 1 min, followed by a final
extension step at 72 °C for 10 min. Purification and sequencing were performed by
Macrogen Inc. (Amsterdam, Netherlands) using the same amplification primers.
Sequence obtained in this study were deposited in the Barcode of Life Database (Rat-
NASINGHAM & HEBERT, 2007) under the accession number CROTR362-21.

Sequence data and phylogenetic analysis. Sequence was checked, edited, assem-
bled from both directions, and inspected manually for base pair ambiguities, as well
as stop codons, indels or double peaks in chromatograms in Geneious R6 (https://
www.geneious.com). All available Cyrnus sequences were retrieved from the Gen-
Bank and BOLD database (accessed on July 20 2021) and aligned with the sequence
from this study using MAFFT v.7 (Katon & StanpLEY, 2013). Sequences were col-
lapsed into 42 unique COI haplotypes using the online tool FaBox v.1.5 (VILLESEN,
2007). The most diverse haplotypes were included in further analysis and the final
data set for phylogenetic analysis comprised 22 sequences. Limnephilus flavicornis
(CROAAQ08-18) was selected as outgroup. Uncorrected p-distances between haplo-
types were calculated using MEGA-X (Kumar ef al., 2018). BOLD Identification Engine
(accessed on July 20th 2021) was used for comparison of obtained DNA sequence
with sequences available in BOLD database. BOLD IDs and accession numbers for all
specimens included in final data set are given in Tab. 1. Phylogenetic analysis was
performed in MEGA-X (Kumar ef al., 2018) and phylogenetic relationships were esti-
mated by two different optimality criteria: neighbour joining (NJ) and maximum
likelihood (ML). NJ was made using the Kimura-2-parameter (K2P) model of nucleo-
tide substitution with pairwise deletion option and the robustness of the clades was
assessed through 5000 bootstrap replicates. For ML the optimal model of nucleotide
evolution (GTR+I) was selected under the Bayesian information criterion (BIC) using
jModelTest 2.1.5 (DarriBa ef al., 2012). Nearest-Neighbour-Interchange (NNI), a heu-
ristic method using the fast bootstrap algorithm, was used in ML with 2000 replicates.

RESULTS AND DISCUSSION

Twenty-one (21) larval specimens of C. crenaticornis (Fig. 2a) were documented in
the Odra River at Ci¢ka Poljana during August 2015 and three (3) specimens in June
2021, representing thus the first record of this species in Croatia. According to
WARINGER & GRaF (2011) the characteristics of the larva are following: basal segment
of anal proleg has numerous bristles, with short spines lacking from the ventral side
of the ninth abdominal segment (Fig. 2b), inner apex of anal claw has four blunt teeth
(Fig. 2¢), the transverse row of dark spots is situated within the pale central frontocl-
ypeal area, posterior angle of frontoclypeus without pale spot and pale patch at the
center of frontoclypeus without dark anterior border (Fig. 2d).

Molecular analysis based on the obtained sequence of the DNA barcode region
(658 bp long) confirmed the morphological identification and identified the obtained
sequence as Cyrnus crenaticornis. Uncorrected p-distance to the single C. crenaticornis
sequence (specimen with sampling site in Denmark) available in BOLD database is
0.0001.

The topology of NJ and ML trees was congruent, with only a few weakly sup-
ported nodes (Fig. 3). Sequences of C. crenaticornis group together in a 100% BS-sup-
ported clade, with C. crenaticornis being recovered as sister to C. fennicus.
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Fig. 2. Cyrnus crenaticornis, a) larva; b) tip of abdomen, ventral view; c) anal claw; d) head, dorsal view

Tab. 1. Specimens and sequences used in the analysis. Newly obtained sequence is marked in bold.

Species name Country Sample ID BOLD sequence ID
Croatia TPFLA_2 CROAA129-18
G GBOL00309 FBAQU1465-13
erman
y BC ZSM AQU 00348 FBAQU348-09
Cyrnus trimaculatus Belgium UA-SG-TRICH-C46 TFLAN135-11
Netherlands MK093958 GBMNA42546-19
08JPCAD-068 JPCADO068-08
Germany
08JPCAD-069 JPCAD069-08
. . Croatia CC1A CROTR362-21
Cyrnus crenaticornis
Denmark JS1k-2013F077 TRIFI1002-13
Cyrnus fonnicus Japan 08JPCAD-081 JPCADO081-08
4 P 08JPCAD-083 JPCAD083-08
Curnus insoltus Sweden JQ239776 GBMIN18566-13
yrmi Finland ARin-2011F193 TRIFI733-12
c . . ] 08JPCAD-074 JPCADO074-08
rnus nipponicus apan
Y i P 08JPCAD-075 JPCAD075-08
. JS1k-20090083 TRIFI188-10
Finland
JS1k-20090084 TRIFI189-10
c flavid Norway BI2019_E07 STUBAO007-12
rnus flavidus
4 Germany BC ZSM AQU 00109 FBAQU109-09
FinnCAD-003 FINNTO046-12
Norway
TRD-TRI4 ODTRI022-14
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Fig. 3. Maximum likelihood phylogenetic tree based on the COI sequence of Cyrnus crenaticornis from
Croatia and haplotypes of Cyrnus species from BOLD database. Numbers at the nodes indicate neigh-
bour joining (NJ) and maximum likelihood (ML) ultrafast bootstrap support values (BS). Terminal
codes present BOLD Process ID, as in Tab. 1.

According to Grar et al. (2008b), MaLicky (2004, 2013) and Morsk (2021) seven (7)
species of the genus Cyrnus are present in Europe: C. cintranus McLachlan, 1884, C.
crenaticornis (Kolenati, 1859), C. fennicus Klingstedt, 1937, C. flavidus McLachlan, 1864,
C. insolutus McLachlan, 1878, C. monserrati Gonzalez & Otero, 1983 and C. trimacula-
tus (Curtis, 1834), the last of which has been recorded in Croatia relatively frequently,
in the Pannonian-Peripannonian, Central-mountain and Mediterranean areas (e.g.
CERJANEG et al., 2020; KucCINIC et al., 2017, 2020b; Vuckovi¢ et al., 2021). However, the
distribution of C. crenaticornis in Europe (MaLicky, 2013) indicates that although the
species could have been expected to occur in Croatia (see Fig. 4), no previous records
existed. The species has a wide range of distribution, occurring mostly in the littoral
zone of standing waters (above 18°C) usually on living plants, mainly on macro-
phytes, very rare on algae; prefers lower altitudes mainly plains (<300m) but also
300-800 m (GRraF et al. 2008b). The sampling site on the Odra River completely fits in
the above-mentioned ecological preferences of the species, as the record refers to the
littoral zone of a very slow flowing watercourse, on macrophyte vegetation.

We present the taxa list of the most common species in the benthic community
found at this site: mayflies (Ephemeroptera): Caenis sp. and Cloeon dipterum (Lin-
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Fig. 4. Distribution of C. crenaticornis in Europe (MaLicky, 2013)

naeus, 1761), beetle (Coleoptera) Haliplus sp., leach (Hirudinea) Erpobdella octoculata
(Linnaeus, 1758), snail (Gastropoda) Gyraulus sp. Caddisflies recorded at the sam-
pling site were Athripsodes sp. and Leptocerus tineiformis (Curtis, 1834). Macroinverte-
brate assemblage at the study site indicates good water status regarding saprobity
module, however, regarding general degradation module, the study site is classified
into poor water status and therefore does not meet the Water Framework Directive
(WFD) criteria.

According to the basic physical-chemical parameters at the study site (Tab. 2) the
water does not meet the WFD criteria due to the increased concentrations of nitrates
and total nitrogen. Other physical-chemical parameters investigated indicate high
status (OrriciAL GAZETTE, 2013).

Tab. 2. Annual (n = 12) median value of basic physical-chemical parameters in the Odra River at
Cicka Poljana in 2015 (the associated colour corresponds to the water status according to national
methodology; blue = high status; green = good status; yellow = below good status)

physical-chemical parameter median value
pH 7,85
BOD, (mgO,/1) 1

COD-Mn (mgO,/1) 1,7
Ammonia (mgN/1) 0,0355
Nitrates (mgN/1) 2,105

Total N (mgN/1) 2,53
Ortophosphates (mgP/1) 0,0095
Total P (mgP/1) 0,034
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The Trichoptera fauna of Croatia counts approximately 210 species (e.g. CERJANEC
et al., 2020; Cuk & Vuckovic, 2009, 2010, 2014; Cuk et al. 2015; KLaDARIC et al., 2021;
KuciNiC et al., 2019, 2020a; MaLICKY & KRUSNIK, 1988; MaLIcKY ef al., 2007, MALICKY,
2009, 2014; MARINKOVIC-GOSPODNETIC, 1971, 1979; Oran, 2011; PreviSIC et al., 2013,
2014; Vuckovic et al., 2021), most of which have been determined morphologically
based on adult specimens, and recently sometimes additionally with the application
of DNA barcoding (e.g. CERJANEC et al., 2020; Cukusic et al., 2017; KuGINIC et al., 2013,
2019, 2020a, 2020b; Szivix et al., 2017; VaLLapoLIp ef al., 2020; VUC¢koviC et al., 2021).
New records determined on the basis of morphological characteristics of larvae are
rare (e.g. Cuk & Vuckovic, 2009, 2010, 2014; Cuk et al., 2015), not only due to the lack
of expert knowledge and determination keys, but also due to a certain number of lar-
vae expected to occur in Croatia based on their area of distribution not having been
described. The national monitoring programme of surface water quality promises to
result in new records, as caddisfly larvae are part of the benthic macroinvertebrate
assemblage that are sampled regularly at a large number of sampling stations all over
the country. Therefore, more attention should be given to larvae in general, as they
might provide valuable information.

ACKNOWLEDGEMENTS

This research was supported by funding from the Croatian Science Foundation by
the scientific project "DNA barcoding of Croatian faunal biodiversity” (IP-2016-06-
9988, Project leader: Professor Mladen Kucini¢) and Dora Hlebec through ESF (DOK-
2018-09-1417).

Received August 3, 2021

REFERENCES

AMORA, G., Hamapa, N., Fusari, L. M. & ANDRADE-Souza, V., 2015: An Asiatic Chironomid in Brazil:
morphology, DNA barcode and bionomics. ZooKeys 514, 129-144.

AQEM Consortium, 2002: Manual for the application of the AQEM system: a comprehensive method
to assess European streams using benthic macroinvertebrates, developed for the purpose of the
Water Framework Directive. Version 1.0, February 2002, 202 pp.

Baczkiewicz, A., SzczeCiNska, M., JAKUB SAWICKI, J., ApAM STEBEL, A. & Buczkowska, K., 2017: DNA
barcoding, ecology and geography of the cryptic species of Aneura pinguis and their relationships
with Aneura maxima and Aneura mirabilis (Metzgeriales, Marchantiophyta). PLoS ONE 12(12):
e0188837.

CARDENAS, P, Rapp, H. T., KLITGAARD, B. A., BEST, M., THOLLESSON, M. & TENDA, O. S., 2013: Taxonomy,
biogeography and DNA barcodes of Geodia species (Porifera, Demospongiae, Tetractinellida) in
the Atlantic boreo-arctic region. Zoological Journal of the Linnean Society 169, 251-311.

CERJANEC, D., KuciNni¢, M., VILENICA, M., CUKL‘ﬁI(’:, A, CUK, R., Iranimi, H., Vuckovic, 1., ZALA(;, S. &
Ruk, D., 2020: Ecological and faunistic features of caddisflies (Insecta: Trichoptera) in different
types of habitats in the Dinaric karst area (Central Croatia). Ecologica Montenegrina 36, 6-39.

Cux, R. & VUCKOVIC, 1., 2009: First record of caddisfly Rhyacophila lacvis Pictet, 1834 (Insecta: Trichop-
tera) in Croatia. Natura Croatica 18 (2), 449-453.

Cux, R. & VUEKOVIC, 1., 2010: Tronoquia dubia Stephens, 1837 (Insecta: Trichoptera), a caddisfly species
new for Croatia. Natura Croatica 19 (1), 231-237.

Cuk, R. & Vuckovic, L., 2014: The first record of caddisfly Setodes viridis (Fourcroy, 1875) (Insecta:
Trichoptera) in Croatia. Natura Croatica 23 (2), 407—413.



Nat. Croat. Vol. 30(2), 2021 413

Cuk, R., Vuckovic, 1., Kucini¢, M., VALIC, D. & WARINGER, J., 2015: First record of Beraea dira McLach-
lan 1875 (Insecta, Trichoptera, Beraeidae) in Croatia. Natura Croatica 24 (2), 311-316.

CukusIG, A., Cuk, R., PREVISIC, A., PoDNAR, M., DELIC, A., Kucini¢, M., 2017: DNA barcoding and first
records of two rare Adicella species (Trichoptera: Leptoceridae) in Croatia. Biologia (Slovakia) 72
(7), 796-806.

Darriba, D., Tasoapa, G. L., DoaLLo, R. & Posapa, D., 2012: jModelTest 2: more models, new heuris-
tics and parallel computing. Nature Methods 9 (8), 772.

Dera Cruz, J. N. B, NuNeza, O. M. & LiN, C-P, 2016: Description of a new Oriental stonefly species,
Phanoperla constanspina (Plecoptera: Perlidae) from Mindanao, Philippines and association of life
stages using DNA barcoding. Zootaxa 4193, 102-116.

ELias-GUTIERREZ, M., JERONIMO, F. M., IvaNova, N. V., VaLDpEzZ-MoRENO, M. & HEserT, P. D. N., 2008:
DNA barcodes for Cladocera and Copepoda from Mexico and Guatemala, highlights and new
discoveries. Zootaxa 1839, 1-42.

FoLMER, O., Brack, M., Hoen, W., Lutz, R. & VRIJENHOEK, R., 1994: DNA primers for amplification of
mitochondrial cytochrome ¢ oxidase subunit I from diverse metazoan invertebrates. Molecular
Marine Biology and Biotechnology 3, 294-299.

Grar, W., Kucini¢, M., PREVISIC, A., VUCKOVIC, 1. & WARINGER, J., 2008a: The larva, ecology and distri-
bution of Tinodes braueri McLachlan, 1878 (Trichoptera: Psychomyiidae). Aquatic insects 30 (4),
295-299.

Grar, W., MURPHY, J., DaHL, J., ZaMORA-MUNOZ, C. & LOPEZ-RODRIGUEZ, M. J., 2008b: Distribution and
ecological preferences of European freshwater organisms. Volume 1. Trichoptera. Pensoft,
Sofia-Moscow, 388 pp.

HRN EN 16150, 2012: Water quality — Guidance on pro-rata Multi-Habitat sampling of benthic mac-
ro-invertebrates from wadeable rivers, 12 pp.

Hasbpija, 1. & Prive, B., 1987: Biocenotical classification of the lithoreophilous communities in the
karst running waters according to the macro benthic fauna. Acta Hydrochimica et Hydrobiologica
15 (5), 495-503.

Hasbpija, 1., PriMc-HaBpija, B. & BELINIC, 1., 1994: Functional community organization of macroinver-
tebrates in lotic habitats of the Plitvice Lakes. Acta Hydrochimica et Hydrobiologica 22 (2), 85-92.

Haspija, I., RapaNovi¢, I. & Primc-Haspija, B., 1997: Longitudinal distribution of predatory benthic
macroinvertebrates in a karstic river. Archiv fiir Hydrobiologie 139 (4), 527-546.

Hasbpija, L., RapaNovic, I. & MaToNICKIN, R., 2000: Functional feeding structure of benthic macroinver-
tebrates in travertine barrier biotopes. Verhandlungen — Internationale Vereinigung fiir Theore-
tische und Angewandte Limnologie 27, 2594-2599.

Hasbpija, 1., Rapanovic, 1., Primc-HaBpijA, B. & SPOL_]AR, M., 2002: Vegetation cover and substrate type
as factors influencing the spatial distribution of trichopterans along a karstic river. International
Review of Hydrobiology 87 (4), 423—-437.

Hasbpija, 1., RapaNovi¢, 1., Privc-Hasbpija, B., MATONICKIN, R. & Kucini¢, M., 2003: River discharge
regime as a factor affecting the changes in community and functional feeding group composition
of macroinvertebrates on a cobble substrate in Sava River. Biologia, Section Zoology 58 (2), 217—
229.

Hagbija, L., Primc-HaBDIjA, B., MaTONICKIN, R., KUCINIC, M., RADANOVIC, 1., MILISA, M. & MIHALJEVIC,
Z.,2004: Current velocity and food supply as affecting the composition of macroinvertebrates in
bryophyte habitats in karst running water. Biologia (Bratislava) 59 (5), 577-593.

Hepert, P D. N., Cywinska, A., BALL, S. L. & bpE Waarbp, J. R., 2003a: Biological identifications through
DNA barcodes. Proceedings of the Royal Society B 270, 313-321.

HeBerT, P D. N., RATNASINGHAM, S. & DE Waarp, J. R., 2003b: Barcoding animal life: Cytochrome c
oxidase subunit 1 divergences among closely related species 2003b: Proceedings of the Royal
Society B: Biology letters 270 (Supp. 1), pp. S96-599.

ILLiEs, J., 1978: Limnofauna Europaea. Gustav Fischer Verlag, Stuttgart, 532 pp.

Karaouzas, I., Grar, W., KuCINIC, M., VUCKOVIC, 1. & WARINGER, 1., 2015: The larva of Rhyacophila bal-
canica Radovanovic 1953 (Trichoptera: Rhyacophilidae) with notes on ecology. Zootaxa 4057 (3),
444-450.

Karon, K. & Stanprey, D. M., 2013: MAFFT Multiple Sequence Alignment Software Version 7:
improvements in performance and usability. Molecular Biology and Evolution 30 (4), 772-780.



414 Cuk, R. et al.: First record of Cyrnus crenaticornis in Croatia

Kraparic, L., Porijac, A., HLeBEC, D., PREVISIC, A., Cuk, R., Vuckovic, 1. & KuciNic, M., 2021: A supris-
ing finding of Ecclisopteryx asterix Malicky, 1979 (Insecta, Trichoptera) in Croatia with notes to
DNA barcoding and new distributional data of the subfamily Drusinae. Ecologica Montenegrina
48, 71-85.

Kucini¢, M., 2002: Biodiversity and distribution of caddisflies (Trichoptera, Insecta) of Plitvice Lakes.
— PhD- Thesis, Faculty of Science, University of Zagreb, 139 pp.

KucNie, M. & Mavicky, H., 2002: Rhyacophila dorsalis plitvicensis, a new subspecies (Trichoptera: Rhy-
acophilidae) from Croatia. Proceedings of the 10th International Symposium on Trichoptera (Ed.
Wolfram Mey). Nova Supplementa Entomologica 15, 145-147.

KucIni¢, M., PREVISIC, A., GOTTSTEIN, S., HrRASOVEC, B., STANIC-KOSTROMAN S., PERNEK, M., DELIC, A.,
2008: Description of the larvae of Drusus radovanovici septentrionis Marinkovié-Gospodnetic, 1976
and Drusus croaticus Marinkovié-Gospodneti¢, 1971 (Trichoptera: Limnephilidae) from Bosnia and
Herzegovina and Croatia. Zootaxa 1783, 1-17.

Kucinie, M., Bucar, M. & DELIC, A., 2010: Prvi prilog poznavanju faune tulara (Insecta, Trichoptera)
na podrudju Banovine. In: Bucar M. (Ed) Zrinska gora: Regionalni park prirode. Grad Petrinja: Uitel-
jski fakultet: Matica hrvatska, Ogranak; Sisacko-Moslavacka Zupanija; Sveuciliste u Zagrebu,
Petrinja — Sisak — Zagreb, pp. 226-235.

Kucini¢, M., Vuckovic, 1., Kurnjak, H., gk:kl(’:_]b;msm, L., & Marcus, D., 2011: Diversity, distribution,
ecology and biogeography of caddisflies (Insecta: Trichoptera) in the Krka River (National Park
”Krka”, Croatia). Zoosymposia 5, 255-268.

Kuc¢ini¢, M., Szivak, 1., PauLs, S. U., BALINT, M., DELIC, A. & VUCKOVIC, 1., 2013: Chaetopteryx bucari sp.
n. a new species from the Chaetopteryx rugulosa group from Croatia (Insecta, Trichoptera) with
some molecular, taxonomical and ecological notes on the group. Zookeys 320, 1-28.

Kucini¢, M., PrRevISIC, A., Vajpi¢, M., Tunji¢, M., Minocr, 1., 7ALAC, S., SVIBEN, S., VUCKOVIC, 1., TRUP-
KOVIC, M. & Haspija 1., 2017: First systematic investigation of adults and second checklist of cad-
disflies of the Plitvice Lakes National Park with notes on research history, biodiversity, distribu-
tion and ecology. Natura Croatica 26 (2), 225-260.

KuciNie, M., CUKUéI(’:, A., DELIC, A., PODNAR, M., GUMHALTER, D., MICETIC STANKOVIC, V., PLANTAK, M.,
CepLE, G., PLavic, H. & Marcus, D., 2019: New species from the family Hydroptilidae in Croatian
fauna collected in the Krka National Park with particular notice to biodiversity and DNA barcod-
ing. Natura Croatica 28 (2), 441-454.

KuciNie, M., CL‘KUﬁIC, A., IBranivi, H., PLanTak, M., VUukovi¢, M., Bukvic, V. & Vuckovic, 1., 2020a:
DNA barcoding and a new taxonomic status of the Triaenodes ochreellus lefkas Malicky, 1974
(Insecta, Trichoptera) with new distribution data. Ecologica Montenegrina 38, 172-185.

KuciniG, M., DELIG, A., Bucar, M., Pravec, H., CerLe, G., Cukusic, A., Cuk, R., CERrJANEC, D., Vuckovic,
I. & Gjurasin, B., 2020b: Prvi nalaz tulara Agraylea sexamaculata Curtis, 1834 (Insecta, Trichoptera)
na podrudju kontinentalnog dijela Hrvatske s nadopunjenom check-listom Trichoptera Banovine i
kratkim osvrtom na DNA barkodiranje. Zrinska gora regionalni park (Ed. Bucar, M.), 70-79.

KuMaRr, S., STECHER, G., L1, M., Knvaz, C. & Tamura, K., 2018: MEGA X: Molecular Evolutionary
Genetics Analysis across computing platforms. Molecular Biology and Evolution 35 (6), 1547-1549.

LECHTHALER, W. & STOCKINGER, W., 2007: Trichoptera — Key to Larvae from Central Europe. Gustav
Stresemann Institut e. V. Deutsche Gesellschaff fiir Limnologie.

Maricky, H. & KrusNix, C., 1988: Chaetopteryx marinkovicae sp. n. (Trichoptera, Limnephilidae) from
Istria, Yugoslavia. Aquatic Insects 11 (3), 180.

Mavicky, H., 2004: Atlas of European Trichoptera, Second Edition, Springer, 359 pp.

MaLicky, H., Previdic, A. & Kucinie, M., 2007: Rhyacophila cabrankensis nov. spec. from Croatia.
Braueria 34, 14.

Maticky, H., 2009: Die Kocherfliegen (Insecta: Trichoptera) der Sammlung von Franjo Koscec im
Museum Varazdin, Kroatien. Natura Croatica 18 (1), 129-134.

Mavicky, H., 2013: Trichoptera, Caddisflies. Fauna Europaea version 2017.06, https:/ /fauna-eu.org
(accessed on August 11t 2021)

Maticky, H., 2014: Lebensraume von Kocherfliegen (Trichoptera). Denisia, 34, 1-280.

MARINKOVIC-GOSPODNETIC, M., 1971: The species of the genus Drusus in Yugoslavia. Godisnjak
Bioloskog Instituta Univerziteta Sarajevo (Annual of the Institute of Biology — University of Sara-
jevo) 24, 105-109.



Nat. Croat. Vol. 30(2), 2021 415

MARINKOVIC-GOSPODNETIC, M., 1979: Trichoptera (Insecta) velikih karstnih izvora u Dinaridima. In:
Raus, B. (Ed.), Drugi kongres Ekologa Jugoslavije (Second Congress of Ecologists of Yugoslavia).
Savez drustava ekologa Jugoslavije. Zagreb, pp. 1837-1849.

MAaTONICKIN I. & Pavieric Z., 1961: Biljni i Zivotinjski svijet na sedrenim slapovima jugoslavenskih
krskih voda. Bioloski glasnik 14, 105-128.

MAaTONICKIN 1. & PavLETIC Z., 1965: Bioloska klasifikacija gornjih tijekova krskih rijeka. Acta Botanica
Croatica 24, 151-162.

MATONICKIN 1., PAvLETIC Z., HaDIjA 1. & StiLiNnovi¢ B., 1969: Prilog limnologiji gornjeg toka rijeke
Save. Ekologija 4, 91-124.

MaTONICKIN, R., HaBDIJA, 1. & PriMc-Habpija, B., 2001: The effects of season and food availability on
macroinvertebrate colonization in a woodland stream. Archiv fiir Hydrobiologie, 153 (1), 55-74.

MORINIERE, J., HENDRICH L., BALKE, M., BEERMANN A. J., KONIG, T., HEss, M., KocH, S., MULLER, R.,
Leesk, F., HeperT, P. D. N., HAUSMANN, A., SCHUBART, C. D. & HaszprUNAR, G., 2017: A DNA bar-
code library for Germanys mayflies, stoneflies and caddisflies (Ephemeroptera, Plecoptera and
Trichoptera). Molecular Ecology Resources 17, 1293-1307.

Morsk, J. C., 2021: Trichoptera World Checklist. http://entweb.clemson.edu/database/trichopt/
index.htm (Accessed 4 August 2021)

OrriciaL GazetTe, 2013: Regulation on Water Quality Standard. Official Gazette of the Republic of
Croatia No. 73/13,151/14,78/15,61/16,80/18.

OraH, J., 2011: New species and records of Balkan Trichoptera. Folia Historico Naturalia Musei
Matraensis 35, 111-121.

PreviSIC A., KErOVEC, M. & Kucini¢, M., 2007a: Emergence and Composition of Trichoptera from
Karst Habitans, Plitvice lakes Region, Croatia. International Review of Hydrobiology 92 (1), 61-83.

PREVISIC, A., MIHALJEVIC, Z. & KEROVEC, M., 2007b: Caddisfly Insecta: Trichoptera) fauna of altered and
man-made habitats in Drava river, NW Croatia. Natura Croatica 16 (3), 181-187.

PrevVISIC, A., Grar, W. & Kucini¢, M., 2010: Caddisfly (Trichoptera) fauna of the Plitvice Lakes
National Park, Croatia. Denisia 29, 287-294.

PREVISIC, A. & Popijac, A., 2010: Fauna tulara (Insecta: Trichoptera) Kupe, Cabranke i njihovih pritoka
(Gorski kotar, zapadna Hrvatska). Natura Croatica 19 (2), 357-368.

PREVISIC, A., IvROvIC, M., MILiSa, M. & Kerovee, M., 2013: Caddisfly (Insecta: Trichoptera) fauna of
the Papuk Nature Park, Croatia. Natura Croatica 22 (1), 1-13.

PreEVISIC, A., GraF, W., VITECEK, S., KUuCINIC, M., BALINT, M., KERESZTES, L., PauLs, S. U. & WARINGER,
J., 2014: Cryptic diversity of caddisflies in the Balkans: the curious case of Ecclisopteryx species
(Trichoptera: Limnephilidae). Arthropod Systematics & Phylogeny 72 (3), 309-329.

Rapa, B. & Pupjas, S., 2010: Do Karst Rivers “deserve” their own biotic index? A ten years study on
macrozoobenthos in Croatia. International Journal of Speleology 39 (2), 137-147.

RATNASINGHAM, S. & HEBERT, P D. N., 2007: bold: The Barcode of Life Data System (http:/ /www bar-
codinglife.org). Molecular Ecology Notes 7 (3), 355-364.

RipL, A., PREVISIC, A., IvKOvIC, M. & MIHALJEVIC, Z., 2015: Emergencija tulara (Trichoptera, Insecta)
sedrenih barijera u NP "Krka”. Zbornik radova o NP Krka (ed. Marcus, D.), 183-194.

Sz1vAk, 1., MIkEs, T., SzaronTal, B., Kucini¢, M., Vuckovic, 1., VapkerTi, E., Kisrarl, P, Pauts, S. U. &
BALINT, M., 2017: Ecological divergence of Chaetopteryx rugulosa species complex (Insecta, Trichop-
tera) linked to climatic niche diversification, Hydrobiologia 794, 31-47.

Tyac, K., KuMmaAr, V., SINGHA, D., CHANDRA, K., LASKAR, B. A. KunpuU, S., CHAKRABORTY, R. & SUMANTIKA
CHATTERJEE, S., 2017: DNA Barcoding studies on Thrips in India: Cryptic species and Species
complexes. Scientific Reports 7, Article number 4898.

Vacuria, T., Haxairg, J., KircHING, 1. J., MEUSNIER, I. & RouGERrIE, R., 2008: Morphology and DNA
barcoding reveal three cryptic species within the Xylophanes neoptolemus and loelia species-groups
(Lepidoptera: Sphingidae). Zootaxa 1923, 18-36.

Vavrraporip, M., KucCiNi¢, M., Aravzo, M., CerjaNec, D., CUK, R., Dorba, B., Lobovici, O.,
Stani¢-KosTrOMAN, S., Vuckovic, 1. & Rey, 1., 2020: The Rhyacophila fasciata Group in Croatia and
Bosnia and Herzegovina: Rhyacophila f. fasciata Hagen 1859 and the description of two new sub-
species, Rhyacophila fasciata delici Kucini¢ & Valladolid (ssp. nov.) from Croatia and Bosnia and
Herzegovina and Rhyacophila fasciata viteceki Valladolid & Ku¢inié (ssp. nov.) from Bosnia and
Herzegovina (Trichoptera: Rhyacophilidae). Zootaxa 4885 (1), 051-075.



416 Cuk, R. et al.: First record of Cyrnus crenaticornis in Croatia

Viavan, K. & Tsou, H. C., 2010: DNA barcoding in plants: Taxonomy in a new perspective, Current
science 99 (11), 1530-1541.

VILLESEN, P, 2007: FaBox: an online toolbox for fasta sequences. Molecular Ecology Notes 7, 965-968.

VRUCINA, 1., PREVISIC, A. & MERDIC, E., 2016: First record of Oecetis furva (Rambur, 1842) and Orthotri-
chia tragetti (Mosely, 1930) (Insecta, Trichoptera) for the Croatian fauna. Natura Croatica 25 (1),
109-118.

Vuckovic, 1., PREVISIC, A., Grar, W. & KuciNI¢, M., 2011: Description of the female and new data on
distribution of Annitella apfelbecki Klapalek, 1899 (Insecta: Trichoptera). Aquatic Insects 33(4), 381—
389.

Vuckovic, 1., Kueinig, M., Cukusic, A., Vukovié, M., Cuk, R., STANIC-KOSTROMAN, S., CERJANEC, D. &
PLaNTAK, M., 2021: Biodiversity, DNA barcoding data and ecological traits of caddisflies (Insecta,
Trichoptera) in the catchment area of the Mediterranean karst River Cetina (Croatia). Ecologica
Montenegrina 44, 19-25.

WaLLACE, I. D., WALLACE B. & PHiLipsoN G. N., 1990: A key to the case-bearing caddis larvae of Britain
and Ireland. Freshwater Biological Association, Ambleside, 259 pp.

WARINGER, J., Grar, W., KuCINIC, M., PREVISIC, A. & Vuckovic, 1., 2009: The Larva and life cycle of
Annitella apfelbecki Klapalek, 1899, including a re-description of Melampophylax nepos McLach-
lan, 1880 (Trichoptera: Limnephilidae). Aquatic insects 31 (1), 71-80.

WARINGER, J. & Grar, W., 2011: Atlas der mitteleuropdischen Kocherfliegenlarven — Atlas of Central
European Trichoptera Larvae. Dinkelscherben: Erik Mauch Verlag.

SAZETAK

Prvi nalaz tulara Cyrnus crenaticornis (Kolenati, 1859)
(Insecta, Trichoptera, Polycentropodidae) u Hrvatskoj:
morfoloska determinacija i DNA barkodiranje

R. Cuk, M. Kuéini¢, L. Kladari¢, D. Hlebec, V. Pani¢ & M. Mili¢ié

Fauna tulara (Trichoptera) Hrvatske trenutno broji oko 210 vrsta, a nove vrste i
nalazi se relativno ¢esto utvrduju velikim dijelom zahvaljuju¢i DNA barkodiranju.
Ova je metoda postala odli¢na nadopuna standardnom morfoloskom odredivanju
vrsta. lako se identifikacija vrsta, kao i taksonomska istraZivanja najcesée provode na
odraslim jedinkama koje se smatraju pouzdanijima, licinke tulara su takoder dobar
izvor informacija. Ovim radom se prvi puta spominje vrsta Cyrnus crenaticornis
(Kolenati, 1859) za Hrvatsku, pronadena u rijeci Odri u mjestu Ci¢ka Poljana u kolo-
vozu 2015. godine s 21 utvrdenim primjerkom. Identifikacija je provedena na temelju
morfologkih znacajki li¢inki, a potvrdena je i DNA barkodiranjem. Utvrdeni nalaz je
vrijedan doprinos poznavanju faune Hrvatske.



