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In this research 55 species of caddisflies belonging to 33 genera and 13 families were identified in 
23 springs in the Dinaric area of Croatia. The Dinaric karst region is recognized as an area of excep-
tional biodiversity and endemism. The species Crunoecia irrorata (Curtis, 1834) was found in the spring 
in Kamensko, in the area of Lička Plješevica, and that is the first finding of this species in Croatia. The 
largest number of species was determined at the spring Keljevac (14 species) and the spring in Rudano-
vac village (14 species). The species Drusus croaticus Marinkovic-Gospodnetic, 1971 was found in most 
of the locations.
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Žalac, S. & Kučinić, M.: Doprinos poznavanju tulara (Insecta, Trichoptera) izvora u dinarskom 
kršu Hrvatske. Nat. Croat., Vol. 31, No. 2, 303-324, 2022, Zagreb.

U sklopu ovog istraživanja tulara na području Dinarskog krša Hrvatske u 23 izvora utvrđeno je 55 
vrsta iz 33 roda i 13 porodica. Regija Dinarskog krša prepoznata je kao područje iznimne bioraznoliko-
sti i endemizma. Na izvoru na Kamenskom, na području Ličke Plješevice, utvrđena je vrsta Crunoecia 
irrorata (Curtis, 1834), što je prvi nalaz ove vrste za područje Hrvatske. Najveći broj vrsta utvrđen je na 
izvorima Keljevac (14 vrsta) i izvoru u mjestu Rudanovac (14 vrsta). Vrsta Drusus croaticus Marinkovic-
Gospodnetic, 1971 utvrđena je na najviše lokaliteta (8).

Ključne riječi: jugoistočna Europa, vodena staništa, vodeni kukci, Crunoecia irrorata

INTRODUCTION
The Balkan peninsula, the south-eastern part of Europe, has very great biological 

diversity (Ivković & Plant, 2015; Kryštufek et al., 2007; Sket, 2002; Sket et al., 2001), 
not only because of the particular characteristics of its climate, geology and geomorp-
hology, but also because of the geological processes that occurred in the past (Biland-
žija et al., 20132013; Previšić et al., 2014b). Within the Balkan peninsula, a particularly 
interesting part is the 650 km-long area of Dinaric karst, which extends from Slovenia 
in the north-west to Albania in the south-east (Bilandžija et al., 2013) (Fig. 1). In the 
last two decades, a considerable number of scientific studies have been published on 
the fauna, the distribution, taxonomy, phylogeny and phylogeography of the aquatic 
insects of this area (Gligorović et al., 2010; Ivković & Plant, 2015; Malicky, 2005; Vi-
lenica et al., 2015; Živić et al., 2009), including Trichoptera (Malicky, 2005, 2014; Ma-
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rinković-Gospodnetić, 1970, 1971, 1976, 1978, 1979; Oláh, 2010, 2011; Previšić et al., 
2014a, 2014b; Valladolid et al., 2021).

Caddisflies are one of the most abundant insect orders in terrestrial aquatic biotopes. 
They are found in almost all types of freshwater habitats, although their biodiversity 
is the greatest in streams and small rivers (Wallace et al., 1996). As compared with 
other groups of aquatic insects, they demonstrate great biodiversity and numbers of 
species, which is a consequence of their ability to adapt to various life conditions in 
aquatic habitats and to adjust to various types of diet (Solem & Gullerfors, 1996). They 
are also one of the key bioindicator groups of organisms, along with Plecoptera and 
Ephemeroptera, in the assessment of the ecological condition of diverse freshwater 
habitats, including springs (Hlebec et al., 2021; Vilenica et al., 2015).

Investigations of the Trichoptera of the Dinaric part of the karst of Croatia have inc-
luded, to a certain extent, the springs, making a considerable contribution to the knowled-
ge of Trichopteran fauna (e.g. Cerjanec et al., 2020; Kučinić et al., 2017; Malicky et al., 
2007; Previšić et al., 2007, 2009, 2014a; Vučković et al., 2021; Waringer et al., 2009). Sprin-
gs are unique freshwater habitats in which communities with a specific composition and 
structure develop, often rich in endemic and relict species (Hlebec et al., 2021; Ibrahimi 
et al., 2015, 2016; Ivković et al., 2013, 2015; Marinković-Gospodnetić 1970, 1971, 1979). 
Certain species are adapted only to the ecological conditions characteristic of spring 
habitats, such as constant water temperature in all seasons.

There are various possibilities of categorising springs, for example, into the limno-
crene and the rheocrene (Habdija & Primc, 2019) or perennial and intermittent (Stub-
bington et al., 2017). Unlike perennial springs, at intermittent springs, a small number 
of species is recorded, which is consistent with the characteristics of communities of 
aquatic insects in lasting and occasional springs (Stubbington et al., 2017). In intermi-
ttent springs, an insect community is usually composed of tolerant, widely distributed 
species, and species with a life cycle adapted to a specific hydrological regime (Stub-
bington et al., 2017). Research into the aquatic insects in limnocrene and rheocrene 
springs (Ivković et al., 2018; Kučinić et al., 2017) shows various faunal compositions 
conditioned by various ecological factors (velocity of flow for instance).

The aim of the current study is to: 1) make a contribution to the knowledge of Tric-
hopteran fauna in the 23 studied springs, 2) draw particular attention to the species 
most interesting from a faunistic point of view, 3) draw attention to certain aspects of 
the threats to springs and their fauna.

MATERIAL AND METHODS

Study area
The Dinaric karst is geographically and geologically a part of the Dinarides range, 

which extends over about 60,000 square kilometres, forming the biggest uninterrupted 
karstic continuity in Europe (Mihevc et al., 2010). It lies between the Pannonian basin 
in the north-east and the Adriatic Sea in the south-west, covering an area over 650 km 
long and 200 km wide (Mihevc et al., 2010) (Fig. 1), from Slovenia in the north east to 
Albania in the south west (Fig. 1).

In Croatia the Dinaric karst occupy the mountain regions of Istria, Gorski Kotar, Lika, 
Hrvatsko primorje [littoral] and Dalmatia, with the island chain from the Kvarner Gulf 
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to the Dubrovnik littoral (Bonacci, 2015). The karstic area comprises 49% of the total area 
of Croatia, with its 27,683 square kilometres (Bonacci, 2015). In addition to those areas 
in which the karst is geographically and morphologically integral in Croatia, it also oc-
cupies smaller stretches in the land between the Sava and the Drava (Bonacci, 2015). In 
the area of the Dinaric karst, rivers and streams, because of the porous nature of the rock, 
in their flow along the surface, often disappear into the underground or actually remain 
in underground spaces, creating reservoirs of water or flow through the underground, 
ultimately reappearing on the surface in the form of karstic springs (Božičević, 1992). In 
its passage through the underground and on the surface, it will dissolve the rock, creating 
the typical karstic relief (Božičević, 1992).

Fig. 1. Approximate borders of Dinaric karst (after Hajna, 2019).

Field and laboratory work
During the period 2015-2020 caddisflies adults were sampled at 23 springs (Figs. 

2–3, A–F, Tab. 1). Fifteen springs belong to the Black Sea basin and 8 to the Adriatic 
basin (Tab. 1). Eight springs are limnocrene, 13 are rheocrene, one of the springs belon-
gs to the helocrene type, and one is a fountain type of spring (Tab. 1). The collecting of 
samples was done at all localities with portable 12V UV lamps and in 4 localities (spring 
of Drakulić river, Crna rijeka spring, spring of the Sušanj stream and Stipinovac spring) 
also with emergence pyramid-traps (see about this in Kučinić, 2002; Previšić et al., 
2007). Sampling with UV lamps was done at 23 locations, one hour at each location, 
three times a year. Collecting the material from emergence pyramid-traps was done 
monthly, in the first few days of the month. Caddisflies were also collected in all of the 
23 locations from the surrounding vegetation with an entomological net. Sampling 
with UV light traps and entomological net was done in the warmer part of the year 
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when caddisflies are more active (Kučinić, 2002), in the period from April to Septem-
ber. The collected material was preserved in 80% and 96% alcohol for laboratory 
analysis.

The collected material is part of two collections: the “NiP Trichoptera collection” 
deposited in the Croatian Natural History Museum in Zagreb and the first author´s 
research collection - „Trichoptera Žalac“.

Determination of all species was done according to Malicky (2004). Systematics 
followed Neu et al. (2018) and Morse (2022). Undeterminate females in genera Wormal-
dia, Philopotamus, Plectronemia, Hydropsyche & Diplectrona, Limnephilus, Potamophylax 
and Athripsodes were not included in the analysis of the total number of species and 
genera. The photo of the species Crunoecia irrorata was taken in the laboratory of the 
Croatian agency for Agriculture and Food by Maja Pintar.

Fig. 2. Studied springs: 1. Keljevac spring, 2. spring in Jasikovac village, 3. Crkva Ružica spring, 4. on 
Kamensko spring, 5. Vrelo Koreničko spring, 6. spring in Rudanovac village, 7. Stipinovac spring, 8. 
spring of the Drakulić river, 9. Napojište spring, 10. source of Plitvica stream, 11. Špilja spring, 12. 
Čerišnjevica spring, 13. spring of the Ljuta river, 14. Marija spring, 15. spring in Vodovađa village, 16. 
spring of the Vrljika river, 17. Vrutak spring, 18. Nela spring, 19. Štirovača fountain spring, 20. Majero-
vo vrilo spring, 21. spring of the Crna Rijeka river, 22. spring of Sušanj stream, 23. spring of the Bijela 
Rijeka river.
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Tab. 1. Springs where sampling was done, with some of characteristics (coordinates, elevation, spring 
type, basin and anthropogenic influence).

Locations Coordinates Elevation Spring type Basin Anthropogenic 
influence

Keljevac spring 439602,6671; 
4953724,062 666 m Limnocrene Black Sea Yes

spring in Jasikovac village 439009,6134; 
4954281,044 652 m Limnocrene Black Sea Yes

Crkva Ružica spring 443535,9269; 
4952794,79 616 m Rheocrene Black Sea Yes

Kamensko spring 450442,1482; 
4944445,133 932 m Rheocrene Black Sea No

Vrelo Koreničko spring 434462,1863; 
4959078,196 695 m Limnocrene Black Sea Yes

spring in Rudanovac village 435329,1213; 
4960372,82 687 m Limnocrene Black Sea No

Stipinovac spring 434151,9134; 
4959344,739 694 m Limnocrene Black Sea Yes

spring of the Drakulić river 433310,3603; 
4960453,61 701 m Rheocrene Black Sea No

Napojište spring 430141,1792; 
4965578,276 675 m Rheocrene Black Sea No

Bijela rijeka spring 425479,506; 
4966364,385 714 m Rheocrene Black Sea Yes

Crna rijeka spring 429944,911; 
4965832,915 667 m Rheocrene Black Sea No

Sušanj stream spring 426105,785; 
4970187,194 705 m Helocrene Black Sea No

Plitvica stream spring 426816,0645; 
4973946,074 610 m Rheocrene Black Sea Yes

Špilja spring 314390,625; 
4996502,006 54 m Rheocrene Adriatic No

Čerišnjevica spring 297620,8007; 
5019176,267 264 m Rheocrene Adriatic No

Ljuta river spring 654322,501; 
4712626,427 100 m Rheocrene Adriatic Yes

Marija spring 658123,9944; 
4709729,27 227 m Rheocrene Adriatic Yes

Vodovađa village spring 657941,4213; 
4710454,339 305 m Rheocrene Adriatic Yes

Vrljika river spring 554766,9153; 
4812621,466 268 m Limnocrene Adriatic No

Vrutak spring (Gornja 
Podgora)

548155,4791; 
4788940,189 260 m Rheocrene Adriatic No

Nela spring 492430,8589; 
4868167,262 388 m Limnocrene Adriatic Yes

Štirovača fountain spring 385078,936; 
4951917,787 1109 m Fountain Black Sea Yes

Majerovo vrilo spring 409746,3489; 
4964508,136 462 m Limnocrene Black Sea Yes



308 Žalac S. & Kučinić M.: Caddisflies of springs in the Dinaric karst of Croatia

Fig. 3. A – F: A) Marija spring, B) Nela spring, C) Vrelo Koreničko spring, D) Špilja spring, E) Čerišnje-
vica spring, F) Štirovača fountain spring.
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RESULTS
During this study and investigation at the 23 springs (Fig. 2, Tab. 1) a total of 687 adult 

Trichoptera were collected. Fifty-five species were established, belonging to 33 genera 
and 13 families (Tab. 2). The species Drusus croaticus was registered at 8 springs, the 
greatest number of any Trichoptera species recorded in this study. In contrast to D. cro-
aticus, 24 species were found at a single spring. The greatest numbers of species, 14 were 
recorded at Keljevac spring and the spring in the Rudanovac village, in four springs only 
two species were registered, and in one spring just one species was established (Tab. 2). 
In different types of springs a different number of species were collected: limnocrene 
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springs – 36 species, rheocrene springs – 50 species, helocrene spring – 9 species and in 
the fountain spring – 4 species. In springs that form part of the Black Sea basin 36 species 
were collected, and in the springs belonging to the Adriatic basin 32 species were colle-
cted. Faunistically interesting species established in this study were: Rhyacophila delici, 
Agapetus kampos, Crunoecia kempnyi, Drusus croaticus, Chaetopteryx gonospina, Potamophylax 
pallidus, Ernodes vicinus, but the most interesting is the species Crunoecia irrorata (Curtis, 
1834), found for the first time in Croatia (Fig. 4).

Forty-eight species were collected with the UV-lamps (633 individuals), 7 with en-
tomological nets (27 individuals) and 6 species (27 individuals) in emergence pyra-
mid-traps. The highest number of species was registered in June, August and Septem-
ber (Tab. 3). 

Regarding seasonal dynamics the largest number of species and specimens was 
established during the summer months, while in the winter months, in the period from 
December to March, adults were not collected (Tab. 3). 

Systematic presentation of caddisflies collected in this research with data of colle-
ction, collection date and number of collected female and male specimens, and sam-
pling methods (UV – UV light traps, P – emergency pyramid-traps, EN – entomologi-
cal net).

Family Rhyacophilidae
Rhyacophila delici Kucinic & Valladolid, 2020
Bijela rijeka spring: 13.08.2018, 3 ♂♂ (UV), 18.09.2018, 3 ♂♂ (UV), Crna rijeka spring: 

13.09.2018, 1 ♂ (UV), 11.10.2018, 2 ♂♂, 1 ♀ (UV), spring of the Drakulić river: 22.08.2017, 
1 ♂ (UV), 06.05.2018, 1 ♀ (P), 14.08.2018, 1 ♂ (UV), 31.10.2018, 4 ♀♀ (P), 19.10.2018, 8 
♂♂, 1 ♀ (UV), 29.10.2019, 1 ♂ (UV), Napojište spring: 14.10.2017, 1 ♂ (UV), spring of 
the Plitvica stream: 07.07.2017, 20 ♂♂, 3 ♀♀ (UV), 24.08.2017, 4 ♂♂, 10 ♀♀ (UV), spring 
in the Rudanovac village: 16.09.2016, 1 ♀ (UV), Vrelo Koreničko spring: 04.06.2016, 5 
♂♂ (UV), 26.07.2016, 3 ♀♀ (UV), 12.09.2016, 1 ♂ (UV).

Rhyacophila schmidinarica Urbanic, Krusnik & Malicky, 2000
Napojište spring: 29.05.2017, 1 ♂ (UV), 23.08.2017, 2 ♂♂, 1 ♀ (UV).
Rhyacophila tristis Pictet, 1834
Spring of the Ljuta river: 20.06.2020, 1 ♀ (UV), Marija spring: 30.10.2015, 2 ♂♂ (UV).

Family Glossosomatidae
Agapetus kampos Oláh, 2013
Spring of the Ljuta river: 02.04.2015, 5 ♂♂, 1 ♀ (UV), 13 ♂♂, 1 ♀ (EN), 21.07.2015, 4 

♂♂ (EN), 17.08.2016, 2 ♂♂, 1 ♀ (UV).
Agapetus ochripes Curtis, 1834
Spring in the Rudanovac village: 08.06.2016, 1 ♂ (UV), Vrelo Koreničko spring: 

26.07.2016, 1 ♂ (UV).
Glossosoma discophorum Klapálek, 1902
Spring of the Plitvica stream: 07.07.2017, 1 ♂ (UV), 24.08.2017, 1 ♂ (UV).
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Family Philopotamidae
Wormaldia occipitalis (Pictet, 1834)
Spring of the Drakulić river: 14.08.2018, 1 ♂ (UV), Napojište spring: 23.08.2017, 9 

♂♂, 3 ♀♀ (UV), spring in Rudanovac village: 02.08.2016, 1 ♂ (UV).
Wormaldia subnigra McLachlan, 1865
Čerišnjevica spring: 23.06.2017, 7 ♂♂, 14 ♀♀ (UV).
Wormaldia sp.
Spring in Rudanovac village: 06.06.2016, 1 ♀ (UV), 02.08.2016, 1 ♀ (UV), Vrelo Ko-

reničko spring: 06.06.2016, 1 ♀ (UV).
Philopotamus sp.
Spring of the Sušanj stream: 02.08.2018, 1 ♀ (P).

Family Polycentropodidae
Cyrnus trimaculatus (Curtis, 1834)
Čerišnjevica spring: 23.06.2017, 1 ♂(UV).
Polycentropus excisus Klapálek, 1894
Spring of the Ljuta river: 21.07.2015, 1 ♂ (UV). 
Plectronemia conspersa (Curtis, 1834)
Spring of the Drakulić river: 22.08.2017, 1 ♀ (UV), spring of the Plitvica stream: 

07.07.2017, 6 ♂♂ (UV), spring of the Sušanj stream: 17.07.2018, 1 ♂, 3 ♀♀ (UV), 
02.08.2018, 2♀ (P), 13.08.2018, 1 ♂ (UV), 31.08.2018, 1 ♂ (P), 10.09.2018, 1 ♂, 2 ♀♀ (P).

Plectronemia sp.
Spring in Jasikovac village: 17.07.2016, 1 ♀ (UV), Napojište spring: 23.08.2017, 1 ♀ 

(UV).

Family Psychomyiidae
Lype reducta (Hagen, 1868)
Spring Čerišnjevica: 23.06.2017, 1 ♂ (UV).
Tinodes braueri McLachlan, 1878
Spring of the Ljuta river: 01.11.2015, 2 ♂♂ (UV), 1 ♂ (EN).
Tinodes unicolor Pictet, 1834
Čerišnjevica spring: 23.06.2017, 7 ♂♂, 31 ♀♀ (UV), Špilja spring: 20.06.2017, 2 ♂ ♂ 

(UV), 13.09.2017, 1 ♂ (UV).
Tinodes sp.
Crna rijeka spring: 02.08.2018, 1 ♀ (P), Čerišnjevica spring: 14.09.2017, 1 ♀ (UV), 

Špilja spring: 13.09.2017, 4 ♀♀ (UV), spring of the Vrljika river: 05.04.2015, 2 ♀♀ (UV).

Family Hydropsychidae
Diplectrona cf. atra McLachlan, 1878
Spring of the Ljuta river: 21.07.2015, 6 ♂♂, 4 ♀♀ (UV), spring in Vodovađa village: 

22.07.2015, 3 ♂♂, 1 ♀ (UV), 1 ♂ (EN).
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Diplectrona sp. & Hydropsyche sp.
Spring of the Ljuta river: 17.08.2016, 1 ♀ (UV), spring in Vodovađa village: 21.07.2015, 

1 ♀ (UV), 16.08.2016, 4 ♀♀ (UV).
Hydropsyche bulgaroromanorum Malicky, 1977
Majerovo vrilo spring: 18.08.2017, 1 ♂ (UV).
Hydropsyche instabilis (Curtis, 1834)
Spring of the Ljuta river: 01.11.2015, 1 ♂ (UV), 17.08.2016, 1 ♂ (UV), Marija spring: 

22.07.2015, 1 ♂ (UV), spring of the Plitvica stream: 07.07.2017, 3♂♂, 3 ♀♀(UV), 
24.08.2017, 1 ♂ (UV), spring of the Sušanj stream: 13.08.2018, 2 ♂♂ (UV), spring in 
Vodovađa village: 21.07.2015, 1 ♂ (UV), spring of the Vrljika river: 20.06.2015, 1 ♂ (UV), 
20.06.2015, 1 ♂ (EN).

Hydropsyche saxonica McLachlan, 1884
Čerišnjevica spring: 14.09.2017, 4 ♂♂ (UV).
Hydropsyche sp.
Čerišnjevica spring: 23.06.2017, 2 ♂♂, 1 ♀ (UV), spring in Jasikovac village: 17.7.2016, 

1 ♀ (UV), Keljevac spring: 03.07.2015, 1 ♀ (UV), 01.08.2016, 1 ♀ (UV), spring of the 
Ljuta river: 21.07.2015, 2 ♀♀ (UV), 1 ♀ (EN), 01.11.2015, 2 ♀♀ (UV), spring in Rudano-
vac village: 02.08.2016, 1 ♀ (UV), spring of the Sušanj stream: 13.08.2018, 1 ♀ (UV), 
Štirovača spring: 29.05.2015, 1♀ (UV). 

Family Phrygaenidae
Agrypnia varia Fabricius, 1793
Spring in Rudanovac village: 02.08.2016, 1 ♂ (UV).
Trichostegia minor (Curtis, 1834)
Majerovo vrilo spring: 18.08.2017, 1 ♂ (UV).

Family Goeridae
Silo nigricornis (Pictet, 1834)
Marija spring: 02.04.2015, 1 ♂ (UV), 1 ♂ (EN).

Family Lepidostomatidae
Lepidostoma hirtum (Fabricius, 1775)
Čerišnjevica spring: 23.06.2017, 3 ♂♂ (UV), spring in Rudanovac village: 17.08.2017, 

6 ♀♀ (UV).
Crunoecia irrorata
Spring on Kamensko: 13.09.2016, 1 ♂ (UV).
Crunoecia kempnyi Morton, 1901
Napojište spring: 23.08.2017, 1 ♂ (UV).

Family Limnephilidae
Drusus croaticus Marinkovic-Gospodnetic, 1971
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Bijela rijeka spring: 13.08.2018, 1 ♂ (UV), Crna rijeka spring: 02.08.2018, 1 ♀ (P), 
13.08.2018, 1 ♂ (UV), 13.09.2018, 6 ♂♂, 14 ♀♀ (UV), 11.10.2018, 2 ♂♂, 1 ♀ (UV), spring 
of the Drakulić river: 01.06.2018, 2 ♀♀ (P), 14.08.2018, 1 ♂, 3♀♀ (UV), 03.10.2018, 1 ♀ 
(P), 19.10.2018, 2 ♂♂, 1 ♀ (UV), 31.10.2018, 6 ♀♀ (P), 04.06.2019, 1 ♀ (P), 29.10.2019, 1 
♂, 1 ♀ (UV), Keljevac spring: 11.09.2016, 1 ♂ (UV), 09.10.2016, 1 ♀ (UV), Majerovo 
vrilo spring: 20.04.2016 2 ♂♂ (UV), 21.07.2016, 1 ♂, 2 ♀♀ (UV), spring of the Plitvica 
stream: 24.08.2017, 3♂♂, 8♀♀ (UV), Stipinovac spring: 17.10.2019, 1 ♂, 1 ♀ (P), Vrelo 
Koreničko spring: 26.07.2016 3 ♂♂ (UV), 12.09.2016, 4 ♂♂, 1 ♀ (UV).

Glyphotaelius pellucidus (Reitzius, 1783)
Crkva Ružica spring: 19.05.2017, 1 ♂ (UV), spring in Jasikovac village: 17.07.2016, 1 

♂ (UV), 11.09.2016, 4 ♂♂, 1 ♀ (UV), Kamensko spring: 16.06.2016, 4 ♂♂, 1♀ (UV), Ke-
ljevac spring: 09.10.2016, 1 ♂ (UV), Napojište spring: 23.08.2017, 1 ♂ (UV), Nela spring: 
17.06.2015, 1 ♂ (UV), spring in Rudanovac village: 16.09.2016, 3 ♀♀ (UV).

Grammotaelius nigropunctatus (Retzius, 1783)
Spring in Jasikovac village: 11.09.2016, 1 ♀ (UV), Kamensko spring: 16.06.2016, 1 ♂, 

1 ♀ (UV), Keljevac spring: 11.09.2016, 2 ♂♂ (UV). 
Limnephilus auricula Curtis, 1834
Bijela rijeka spring: 18.09.2018, 1 ♂ (UV), Crna rijeka spring: 13.09.2018, 1 ♂ (UV).
Limnephilus extricatus McLachlan, 1865
Napojište spring: 29.05.2017, 1 ♀ (UV), Vrelo Koreničko spring: 04.06.2016, 3 ♀♀ 

(UV), 26.07.2016, 1 ♀ (UV), 12.09.2016, 2 ♂♂ (UV). 
Limnephilus flavicornis (Fabricius, 1787)
Bijela rijeka spring: 13.08.2018, 1 ♂ (UV), Majerovo vrilo spring: 18.08.2017, 1 ♂ (UV), 

spring of the Plitvica stream: 24.08.2017, 1 ♂ (UV), spring of the Sušanj stream: 
13.08.2018, 1 ♂ (UV).

Fig. 4. Crunoecia irrorata (Curtis, 1834). Male genitalia, lateral, left side (Kamensko spring, 13.09.2016, 
leg. S. Žalac), collection „Trichoptera Žalac“ (photo M. Pintar & M. Kučinić).
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Limnephilus cf. hirsutus (Pictet, 1834)
Spring of the Drakulić river: 14.08.2018, 1 ♂, 1 ♀ (UV), spring in Jasikovac village: 

17.07.2016, 2 ♂♂, 3♀♀ (UV), 11.09.2016, 2 ♂♂, 1 ♀ (UV), Keljevac spring: 01.08.2016, 1 
♂ (UV), 11.09.2016, 1 ♂ (UV), 19.09.2016, 1 ♀ (UV), spring in Rudanovac village: 
02.08.2016, 3 ♂♂ (UV).

Limnephilus ignavus McLachlan, 1865
Spring of the Drakulić river: 22.08.2017, 1 ♀ (UV), spring in Jasikovac village: 

17.07.2016, 1 ♂, 3 ♀♀ (UV), 11.09.2016, 2 ♂♂, 1 ♀ (UV), Keljevac spring: 04.10.2017, 1 
♀ (UV), 09.10.2016, 1 ♂ (UV), 13.10.2016, 1 ♂ (UV), spring in Rudanovac village: 
16.09.2016, 2 ♀♀ (UV).

Limnephilus lunatus Curtis, 1934
Spring in Jasikovac village: 17.07.2016, 1 ♀ (UV), Keljevac spring: 13.10.2015, 1 ♂ 

(UV), 27.10.2016, 2 ♂♂ (UV), spring of the Ljuta river: 01.11.2015, 1 ♂, 1 ♀ (UV), 1 ♀ 
(EM), Majerovo vrilo spring: 18.08.2017, 1 ♂, 1 ♀ (UV), Marija spring: 30.10.2015, 1 ♂ 
(UV), spring of the Plitvica stream: 24.08.2017, 1 ♂(UV), spring in Vodovađa village: 
31.10.2015, 1 ♂ (UV), spring of the Vrljika river: 20.06.2015, 3 ♀♀ (UV), 03.09.2015, 1 ♂ 
(UV), 1 ♀ (EN).

Limnephilus rhombicus (Linnaeus, 1758)
Keljevac spring: 22.08.2016, 1 ♂ (UV), spring of the Plitvica stream: 24.08.2017, 1 ♂ 

(UV), Štirovača fountain spring: 21.08.2015, 1 ♂ (UV), spring of the Vrljika river: 
20.06.2015, 1 ♂ (UV), 20.07.2015, 1 ♂ (UV).

Limnephilus sparsus Curtis, 1834
Bijela rijeka spring: 18.09.2018, 1 ♀ (UV), spring in Jasikovac village: 11.09.2016, 16 

♂♂, 3 ♀♀ (UV), Kamensko spring: 16.06.2016, 6 ♂♂, 2 ♀♀ (UV), Keljevac spring: 
22.08.2016, 1 ♀ (UV), 11.09.2016, 1 ♀ (UV), 19.09.2016, 1 ♂, 1 ♀ (UV), 09.10.2016, 1 ♂ 
(UV), spring in Rudanovac village: 16.09.2016, 8 ♂♂, 3 ♀♀ (UV), Vrelo Koreničko 
spring: 12.09.2016, 1 ♂ (UV).

Limnephilus vittatus (Fabricius, 1798)
Keljevac spring: 09.10.2016, 1 ♂ (UV).
Limnephilus sp. 
Crkva Ružica spring: 23.07.2017, 1 ♀ (UV), Kamensko spring: 13.09.2016, 1 ♀ (UV), 

Vrutak spring: 02.04.2015, 1 ♀ (UV).
Chaetopteryx gonospina Marinkovic, 1966
Crna rijeka spring: 13.09.2018, 1 ♂ (UV), 11.10.2018, 8 ♂♂, 1 ♀ (UV), spring of the 

Drakulić river: 19.10.2018, 1 ♀ (UV),31.10.2019, 1 ♂ (P), Napojište spring: 14.10.2017, 7 
♂♂ (UV), Stipinovac spring: 17.10.2019, 1 ♂ (P), spring of the Sušanj stream: 10.09.2018, 
2 ♀♀ (UV), 03.10.2018, 3 ♂♂, 2 ♀♀ (UV), 11.10.2018 2 ♂♂, 1 ♀ (UV).

Halesus digitatus (Schrank, 1781)
Bijela rijeka spring: 18.09.2018, 4 ♂♂, 10 ♀♀ (UV), Crna rijeka spring: 13.09.2018, 2 

♂♂, 10 ♀♀ (UV), 11.10.2018, 3 ♂♂, 11 ♀♀ (UV), spring of the Drakulić river: 19.10.2018, 
1 ♀ (UV), Keljevac spring: 09.10.2016, 1 ♂ (UV), spring of the Plitvica stream: 13.10.2017, 
2 ♀♀ (UV), spring in Rudanovac village: 11.09.2016, 1 ♀ (UV), spring of the Sušanj 
stream: 11.10.2018, 1 ♀ (UV).
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Mesophylax aspersus (Rambur, 1842)
Špilja spring: 20.06.2017, 1 ♂, 1 ♀ (UV), 13.09.2017, 1 ♀ (UV).
Micropterna lateralis (Stephens, 1834)
Vrelo Koreničko spring: 06.06.2016, 1 ♂ (UV), spring in Rudanovac village: 08.06.2016, 

1 ♂, 3 ♀♀ (UV), spring of the Sušanj stream: 17.07.2018, 1 ♂ (UV).
Micropterna nycterobia (McLachlan, 1875)
Keljevac spring: 04.10.2017, 2 ♂♂, 1 ♀ (UV), 09.10.2016, 1 ♂, 2 ♀♀ (UV). 
Micropterna sequax (McLachlan, 1875)
Vrutak Spring: 11.10.2014., 1 ♂ (UV), Štirovača spring: 21.08.2015, 1 ♂ (UV), 1 ♂ 

(EM). 
Micropterna testacea (Gmelin, 1790)
Keljevac spring: 04.10.2017, 3 ♂♂ (UV), 09.10.2016, 2 ♂♂, 1 ♀ (UV), Majerovo vrilo 

spring: 23.06.2016, 1 ♂, 1 ♀ (UV).
Micropterna wageneri Malicky, 1971
Spring of the Ljuta river: 01.11.2015, 1 ♂, 1 ♀ (UV), spring in Vodovađa village: 

31.10.2015, 1 ♀ (UV).
Potamophylax latipennis (Curtis, 1834)
Spring in Rudanovac village: 08.06.2016, 1 ♀ (UV), Vrelo Koreničko spring: 

04.06.2016, 1 ♂ (UV), spring of the Plitvica stream: 24.08.2017, 2 ♀ (UV). 
Potamophylax pallidus (Klapálek, 1899)
Bijela rijeka spring: 18.09.2018, 1 ♂ (UV), Crna rijeka spring: 13.09.2018, 1 ♂, 2 ♀♀ 

(UV), spring of the Drakulić river: 22.08.2017, 2 ♂♂ (UV), Marija spring: 30.10.2015, 1 
♂ (UV), Napojište spring: 23.08.2017, 5 ♂♂, 2 ♀♀ (UV), 14.10.2017, 1 ♂ (UV), spring of 
the Sušanj stream: 10.09.2018, 4 ♂♂, 7 ♀♀ (UV). 

Potamophylax sp.
Štirovača fountain spring: 24.10.2015, 1 ♀ (UV).
Stenophylax permistus McLachlan, 1895
Spring in Jasikovac village: 11.09.2016, 1 ♂, 1 ♀ (UV), Keljevac spring: 11.09.2016, 1 

♂, 2 ♀♀ (UV), 19.09.2016, 2 ♀♀ (UV), 09.10.2016, 1 ♀ (UV), 04.10.2017, 1 ♂ (UV), spring 
of the Vrljika river: 03.09.2015, 1 ♂ (UV).

Stenophylax vibex (Curtis, 1834)
Bijela rijeka spring: 18.09.2018, 2 ♀♀ (UV).

Family Sericostomatidae
Sericostoma flavicorne Schneider, 1845
Nela spring: 17.06.2015, 1 ♀ (UV), spring of the Plitvica stream: 07.07.2017, 1 ♀ (UV), 

spring in Rudanovac village: 08.06.2016, 1 ♂, 1 ♀ (UV), spring in Vodovađa village: 
16.08.2016, 1 ♀ (UV).

Family Odontoceridae
Odontocerum albicorne (Scopoli, 1763)
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Keljevac spring: 24.06.2017, 2 ♀♀ (UV), Marija spring: 16.08.2016, 1 ♂ (UV), spring 
in the Rudanovac village: 02.08.2016, 1 ♀ (UV).

Family Beraeidae
Beraea pullata (Curtis, 1834)
Napojište spring: 29.05.2017, 11 ♂♂, 1 ♀ (UV), 23.08.2017, 1 ♂ (UV).
Ernodes vicinus McLachlan, 1879 
Vrutak spring: 20.06.2015, 3 ♀♀ (UV).

Family Leptoceridae
Adicella filicornis (Pictet, 1834)
Spring of the Ljuta River: 02.04.2015, 1 ♂ (UV), Marija spring: 20.06.2020., 1 ♂ (UV).
Athripsodes cinereus (Curtis, 1834)
Vrelo Koreničko spring: 26.07.2016, 1 ♂ (UV).
Athripsodes sp.
Spring of the Vrljika River: 05.04.2015, 1 ♀ (UV).
Oecetis notata (Rambur, 1842)
Majerovo vrilo spring: 18.08.2017, 1 ♂ (UV).

Tab. 2. Number of species, genera and families per spring found during the research.

Spring Number of species Number of genera Number of families
Spring of the Drakulić river 9 8 4
Spring of Plitvica stream 11 9 6
Vrelo Koreničko spring 8 7 4
Napojište spring 9 8 5
Spring of the Ljuta river 9 9 7
Marija spring 8 8 7
Spring of the Vrljika river 4 3 3
Spring in Rudanovac village 14 11 8
Čerišnjevica spring 6 6 5
Špilja spring 2 2 2
Vodovađa spring 5 5 3
Majerovo vrilo spring 6 5 3
Keljevac spring 14 9 3
Štirovača spring 2 2 1
Stipinovac spring 2 2 1
Crkva Ružica spring 1 1 1
Spring in Jasikovac village 7 4 1
Kamensko spring 3 3 1
Nela spring 2 2 2
Vrutak spring 2 2 2
Spring of Sušanj stream 7 7 4
Bijela rijeka spring 8 6 2
Crna rijeka spring 6 6 3
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Tab. 3. Species and seasonal activity in the investigated area (23 springs).

Species/Months 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.
Family Rhyacophilidae
Rhyacophila delici Kucinic & Valladolid, 
2020 ● ● ● ● ● ●

Rhyacophila schmidinarica Urbanic, 
Krusnik & Malicky, 2000 ● ●

Rhyacophila tristis Pictet, 1834 ● ●
Family Glossosomatidae
Agapetus kampos Olah, 2013 ● ● ●
Agapetus ochripes Curtis, 1834 ● ●
Glossosoma discophorum Klapálek, 1902 ● ●
Family Philopotamidae
Wormaldia occipitalis (Pictet, 1834) ●
Wormaldia subnigra McLachlan, 1865 ●
Family Polycentropodidae
Cyrnus trimaculatus (Curtis, 1834) ●
Polycentropus excisus Klapálek, 1894 ●
Plectronemia conspersa (Curtis, 1834) ● ● ●
Family Psychomyiidae
Lype reducta (Hagen, 1868) ●
Tinodes braueri McLachlan, 1878 ●
Tinodes unicolor (Pictet, 1834) ● ●
Family Hydropsychidae 
Diplectrona cf. atra McLachlan, 1878 ●
Hydropsyche bulgaroromanorum Malicky, 
1977 ●

Hydropsyche instabilis (Curtis, 1834) ● ● ● ● ● ●
Hydropsyche saxonica McLachlan, 1884 ●
Family Phryganeidae
Agripnia varia Fabricius, 1793 ●
Trichostegia minor (Curtis, 1834) ●
Family Goeridae
Silo nigricornis (Pictet, 1834) ●
Family Lepidostomatidae
Lepidostoma hirtum (Fabricius, 1775) ● ●
Crunoecia irrorata (Curtis, 1834) ●
Crunoecia kempnyi Morton, 1901 ●
Family Limnephilidae
Drusus croaticus Marinkovic-Gospodnetic, 
1971 ● ● ● ● ● ●

Glyphotaelius pellucidus (Retzius, 1783) ● ● ● ● ● ●
Grammotaelius nigropunctatus (Retzius, 
1783) ● ●

Limnephilus auricula Curtis, 1834 ●
Limnephilus extricates McLachlan, 1865 ● ● ● ●
Limnephilus flavicornis (Fabricius, 1787) ●
Limnephilus hirsutus (Pictet, 1834) ● ● ●
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Species/Months 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.
Limnephilus ignavus McLachlan, 1865 ● ● ● ●
Limnephilus lunatus Curtis, 1834 ● ● ● ● ●
Limnephilus rombicus (Linnaeus, 1758) ● ● ●
Limnephilus sparsus Curtis, 1834 ● ● ● ●
Limnephilus vittatus (Fabricius, 1798) ●
Chaetopteryx gonospina Marinkovic-Gos-
podnetic, 1966 ● ●

Halesus digitatus (Schrank, 1781) ● ●
Mesophylax aspersus (Rambur, 1842) ● ●
Micropterna lateralis (Stephens, 1834) ● ●
Micropterna nycterobia (McLachlan, 1875) ●
Micropterna sequax (McLachlan, 1875) ● ●
Micropterna testacea Malicky, 1985 ● ●
Micropterna wageneri Malicky, 1971 ●
Potamophylax latipennis (Curtis, 1834) ● ●
Potamophylax pallidus (Klapalek, 1899) ● ● ●
Stenophylax permistus McLachlan, 1895 ● ● ●
Stenophylax vibex (Curtis, 1834) ●
Family Sericostomatidae
Sericostoma flavicorne Schneider, 1845 ● ● ●
Family Odontoceridae
Odontocerum albicorne (Scopoli, 1763) ● ●
Family Beraeidae
Beraea pullata (Curtis, 1834) ● ●
Ernodes vicinus (McLachlan, 1879) ●
Family Leptoceridae
Adicella filicornis (Pictet, 1834) ● ●
Athripsodes cinereus (Curtis, 1834) ●
Oecetis notata (Rambur, 1842) ●
Number of species - - - 4 5 24 17 28 21 17 3 -

DISCUSSION
In this investigation a total of 55 species of caddisflies were found (Tab. 3), and that 

is about 40% of caddisflies fauna established in spring biotopes in Croatia (e.g. Cerja-
nec et al., 2020; Kučinić et al., 2017, 2020; Vučković et al., 2021; Waringer et al., 2009). 
Several new species of caddisflies have previously been found and described from 
spring areas in Croatia, e.g. Rhyacophila cabrekenensis Malicky, Previšić & Kučinić 2007, 
Chaetopteryx bucari Kučinić, Szivák & Delić, 2013, Chaetopteryx marinkovicae Malicky 
& Krušnik, 1988, Drusus croaticus Marinkovic-Gospodnetic, 1971 (Kučinić et al., 2017; 
Malicky & Krušnik, 2008; Malicky et al., 2007; Marinković-Gospodnetić, 1971) which 
also indicate that the springs are faunistically very interesting habitats (e.g. Cerjanec 
et al., 2020; Kučinić et al., 2008, 2017).

The highest number of species was found at Keljevac spring and in the spring in 
Rudanovac village, probably because both of them are heterogeneous in microhabitats, 
or else on account of greater research effort (there were eight collecting outings), whi-

Tab. 3. Continued
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ch was the case with Keljevac spring, too. The lowest number of species was established 
for several springs (Tab. 2). In some cases, we found the anthropogenic influence to be 
the reason, e.g. at Štirovača spring, some localities are very specific, like Špilja spring 
- the spring in cave, while some springs are very small (Štirovača spring, Vrutak spring 
etc.). All these factors have influence on biodiversity and the number of species found 
in these localities. In some springs (e.g. spring Napojište – spring of the Ljuta river – 
spring of the Drakulić river, the number of species is the same and is determined by 
some specific characteristics of the springs not considered in this report, such as those 
related to hydrology, size, geology and geography.

As was expected, the highest number of species was collected with UV-lamps, usu-
al in the collection of Trichoptera; far fewer were caught with pyramidal emergence 
traps and with an entomological net during the daytime. Collection of Trichoptera with 
pyramid emergence traps was carried out at four springs, but this method is selective 
when it is a matter of research into the fauna of aquatic insects, although some very 
interesting results can be arrived at with it, taxonomic as well as faunistic (Previšić et 
al., 2007; Kučinić, 2002; Kučinić et al., 2013; 2017). The situation is similar with the 
collection of Trichoptera during the day with an entomological net, for a certain num-
ber of Trichoptera species demonstrate as a rule diurnal activity or else live in vegeta-
tion close to aquatic habitats, and so this method often proves to be very interesting in 
the investigation of aquatic insects, including Trichoptera.

More species have been found in rheocrene springs than in any other type of sprin-
gs, and more species have been found in springs that belong to the Black Sea basin than 
in springs of the Adriatic basin. This was expected because there were more springs 
belonging to the rheocrene type and to the Black Sea basin, than to the limnocrene type 
and Adriatic basin (Tab. 1).

The most interesting faunistic data of this research concern Crunoecia irrorata, be-
cause it has been found for the first time in Croatia. In the studies prior to this one, it 
has been relatively easy to collect some of the unrecorded species of Croatian fauna, 
which were previously unknown (Kučinić, 2002), but after relatively numerous studies 
in the last two decades (e.g. Cerjanec et al., 2020; Graf et al., 2008; Previšić et al., 2007; 
Vučković et al., 2021) and the large number of newly recorded species, the finding of 
a new one is increasingly rare (e.g. Kučinić et al., 2019, 2021). This is also the case with 
the species C. irrorata (Fig. 4). The European fauna currently has 5 recorded species of 
the genus Crunoecia (Fauna Europaea; Malicky, 2004). Until now Crunoecia kempnyi 
Morton, 1901 was the only species of this genus recorded in Croatia, discovered in the 
Plitvice Lakes National Park (Kučinić et al., 2017). The larva of C. irrorata builds a spe-
cific case, first circular in shape from grains of sand, and later it replaces the sand with 
plant material and the house becomes square in cross-section. It mostly inhabits forest 
streams. It includes wood remains, shredded fallen leaves in its diet, but it also shows 
characteristics of a predatory species (Graf et al., 2008; Wallace et al., 1990; http://tri-
chopteraireland.wordpress.com). According to Fauna Europaea (2020), this species is 
spread over a larger area of central and northern Europe (Gardenfors, 2005; Guller-
fors, 2002), including southern areas such as Bosnia and Herzegovina, Sardinia and 
Sicily.

Apart from C. irrorata other very interesting species found during this study were: 
Rhyacophila delici, Agapetus kampos, Crunoecia kempnyi, Chaetopteryx gonospina, Potamop-
hylax pallidus and Ernodes vicinus. 
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Rhyacophila delici is a taxon previously described as a subspecies of R. fasciata delici 
(Valladolid et al., 2020) but it was elevated to species level (Valladolid et al., 2022). 
As Croatian endemic, it is distributed in the north and central part of Pannonian/Pe-
ri-Pannonian, in central-mountainous and Mediterranean parts of Croatia (Valladolid 
et al., 2020).

Agapetus kampos is a species described from Montenegro (Oláh & Kovács, 2013). 
Apart from the type locality in Montenegro, this Mediterranean species has been re-
corded in Croatia only in the area of Konavle (Kučinić et al., 2021).

Crunoecia kempnyi is a very interesting species from the Lepidostomatidae family. 
In previous research it was registered in Croatia only at the spring of the Bijela rijeka 
river in the Plitvice area (Kučinić et al., 2017) so its finding at the source of the Napo-
jište stream (Plitvice Lakes NP) is the second one for the National Park and for Croatia. 
According to Fauna Europaea (2022), C. kempnyi is most widely distributed in Central 
Europe, in Austria, Bosnia and Herzegovina , Hungary and Germany.

The autumnal species Chaetopteryx gonospina has been found so far in Croatia only 
in the Banovina region (Kučinić et al., 2010) and from Plitvice Lakes (Kučinić et al., 
2017), as was confirmed in the present study. The genus Chaetopteryx is characterised 
by emergence in autumn and winter. In Croatia, 10 species of the genus Chaetopteryx 
have been recorded (Kučinić et al., 2013, 2017; Malicky & Krušnik, 1988; Oláh, 2011; 
Szivák et al., 2017), some of which have been described from our area, for example C. 
bucari with locus typicus in Banovina (Kučinić et al., 2013), C. marinkovicae with locus 
typicus in Istria (Malicky & Krušnik, 1988) and C. uherkovici with locus typicus in Sla-
vonia (Oláh, 2011). In a study published ten years ago seven species new to science 
from the genus Chaetopteryx were described from the area of Central Europe (Oláh et 
al., 2012), though with very questionable taxonomic statuses, and some species were 
synonymised (Malicky, 2014).

In this research the species Potamophylax pallidus was found for the second time in 
the Mediterranean part of Croatia, at the Marija Spring in Konavle. In Mediterranean 
Croatia it has previously been registered only in the Cetina River (Vučković et al., 2021), 
and it was also noted in the Central-Mountain and Pannonian/Peri-Pannonian area of 
Croatia (Cerjanec et al., 2020; Previšić et al., 2010). According to Fauna Europaea P. 
pallidus is distributed in parts of central and south east Europe, for example in Albania, 
Austria, Bulgaria, Bosnia and Herzegovina, Slovenia (Fauna Europaea, 2022).

A particularly interesting find in this study from the faunistic viewpoint is that of 
the species Ernodes vicinus from Biokovo Mt. This species, rare in the fauna of Croatia, 
was previously recorded only in Plitvice Lakes NP (Kučinić et al., 2017; Previšić et al., 
2010) and in Žumberak Mt in the north-east part of the Pannonian/Peri-Pannonian part 
of Croatia (Previšić et al., 2013). With the find in the area of Mt Biokovo, E. vicinus was 
found for the first time in the Mediterranean part. The determination of the species was 
confirmed with DNA barcoding (Ćukušić, 2019). E. vicinus is distributed in the area of 
central (Austria, Germany), eastern (Romania), western (France) and southern Europe 
(Italy) (Fauna Europaea, 2022).

The adults were collected in all months of the year, except in winter period, Decem-
ber to March (Tab. 3). In early investigations in the karst area (Plitvice Lakes National 
Park) the adults were collected in December and March, too (Kučinić et al., 2017).
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In June, August and September the greatest number of species was recorded, which 
is to be expected because of the biological characteristics of Trichoptera, and has been 
ascertained in some earlier studies (Cerjanec et al., 2020; Kučinić et al., 2017). The 
shortcomings of this segment of the results in this study reflect the diverse intensity of 
research (number of field trips) in different months, but is as such in accordance with 
the results for the seasonal dynamics of Trichoptera in the area of the Dinaric karst of 
Croatia (Cerjanec et al., 2020; Kučinić et al., 2011, 2017; Vučković et al., 2021).

CONCLUSION 
This study has made a new contribution to the understanding of Trichoptera of the 

springs of Croatia, which will continue to be the object of scientific research. Caddisfly 
diversity at springs is determined on the one hand by the biological features of a given 
species, and on the other by certain abiotic factors, such as the geographic, geological, 
or hydrological features of certain springs. There is much importance in the actual size 
of the springs, the type of the spring (limnocrene or rheocrene) and the anthropogenic 
influence that on the whole always has a negative impact on the biodiversity and stru-
cture of the fauna in all aquatic types of habitats, including springs. Springs in the area 
of the Dinaric karst are highly and negatively anthropogenically impacted, as seen for 
example in the modification of their hydrological features – capturing the springs, 
channelling of springs, construction of mini-HEP stations and even in various kinds of 
contamination (Cerjanec et al., 2020; Vučković et al., 2021) especially if they are in the 
vicinity of settlements. All these process lead to irreversible changes of the natural 
environment, in this case of springs and the fauna that inhabit them. Protection of 
springs, and other types of aquatic habitats, requires high standards for their effective 
preservation. We have to point out that green policies have to recognise that for exam-
ple hydro-power is often anything but ‘green’ and it has to be seen, analysed and tre-
ated accordingly. Protection of natural biotopes that includes springs as habitats of 
great diversity and endemism deserves the engagement of not only scientists but of all 
segments of the wider social community aimed at the preservation of local areas, both 
as individual segment and also as a part of the wider global mosaic.

Received August 31, 2022

ACKNOWLEDGMENTS 
This research was a part of scientific and expert projects: 1. EU Natura 2000 Integra-

tion Project (financed by the Ministry of Environmental Protection and Energy, and 2. 
scientific project "DNA barcoding of Croatian faunal biodiversity" (IP-2016-06-9988, 
leader M. Kučinić) supported by fundings from the Croatian Science Foundation. We 
also thank our colleague Maja Plantak for photographing the species Crunoecia irrorata.

REFERENCES
Bilandžija, H., Morton, B., Podnar, M. & Ćetković, H., 2013: Evolutionary history of relict Congeria 

(Bivalvia: Dreissenidae): unearthing the subterranean biodiversity of the Dinaric Karst. Frontiers in 
Zoology 10, 5.

Bonacci, O., 2015: Karst hydrogeology/hydrology of dinaric chain and isles. Environmental EarthScien-
ces 74 (1), 37-55.



Nat. Croat. Vol. 31(2), 2022 321

Božičević, S., 1992: Fenomen krš. Školska knjiga, Zagreb, 102 pp.
Cerjanec, D., Kučinić, M., Vilenica, M., Ćukušić, A., Ćuk, R., Ibrahimi, H., Vučković, I., Žalac, S. & Ruk, 

D., 2020: Ecological and faunistic features of caddiesflies (Insecta: Trichoptera) in different types of 
habitatas in Dinaric karst area (Central Croatia). Ecologica Montenegrina, 36, 1-34.

Ćukušić, A., 2019: Determination of caddiesflies (Insecta: Trichoptera) fauna biodiversity in Croatia using 
the method of DNA barcoding. PhD Thesis (in Croatian), Zagreb, Croatia: University of Zagreb, 310 
pp./Određivanje raznolikosti faune tulara (Insecta: Trichoptera) u Hrvatskoj metodom barkodiranja 
DNA. Doktorska dizertacija, Sveučilište u Zagrebu, 310 str/

Fauna Europaea: https://fauna-eu.org/ (accessed 14 October, 2022).
Gardenfors, U., 2005: Rødlistade arter i Sverige 2005 (The 2005 Red List of Swedish Species). Artdata-

banken, SLU: Uppsala, Sweden.
Gligorović, B., Pešić, V. & Gligorović, A., 2010: A contribution to the knowledge of the dragonflies 

(Odonata) from the River Morača. Acta entomologica serbica, 15, 149-159.
Graf, W., Murphy, J., Dahl, J., Zamora-Muñoz, C. Q. & López Rodríguez, M. J., 2008: Distribution and 

ecological preferences of European freshwater organisms. Pensoft.
Gullefors, B., 2002: Sveriges nattslandor (Trichoptera), en provinskatalog med nyare uppgifter. Ento-

mo-logisk Tidskrift, 123, 131–147. 
Habdija, I. & Primc, B.: Limnologija, Ekologija slatkih voda. Alfa d.d., Zagreb, 2019, 352 pp.
Hajna, N.Z., 2019: Dinaric carst – geography and geology. Encyclopedia of caves. Accademia Press. ZRC 

SAZU Karst Research Institute, Postojna, Slovenija. Pp 353-362.
Hlebec, D., Sivec, I., Podnar, M., Skejo, J. & Kučinić, M., 2021: Morphological and molecular characte-

rization of the Popijač´s Sally, Isoperla popijaci sp. nov., a new stenoendemic stonefly from Croatia 
(Plecoptera, Perlodidae). Zookeys, 1078, 85-106. http://doi.org: 10.3897/zookeys.1078.66382.

Ibrahimi, H., Kučinić, M., Vitecek, S., Graf, W., Previšić, A., Bálint, M., Keresztes, L. & Pauls, S. U., 
2015: New records for the Kosovo caddiesfly fauna with the description of a new species, Drusus 
dardanicus sp. nov. (Trichoptera: Limnephilidae). Zootaxa, 4032, 551-568.

Ibrahimi, H., Vitecek, S., Previšić, A., Kučinić, M., Waringer, J., Graf, W., Balint, M., Keresztes, L. & 
Pauls, S. U., 2016: Drusus sharrensis sp. n. (Trichoptera, Limnephilidae), a new species from sharr 
national park in Kosovo, with molecular and ecological notes. Zookeys 559, 107-124.

Ivković, M., Miliša, M., Previšić, A., Popijač, A. & Mihaljević, Z., 2013: Environmental control of emer-
gence patterns: case study of change sin hourly and daily emergence of aquatic insects at constant 
and variable water temperatures. International Review of Hydrobiology, 98, 104-115.

Ivković, M., Miliša, M., Baranov, V. & Mihaljević, Z., 2015: Environmental drivers of biotic traits and 
phenology patterns of Diptera assemblages in karst springs: The role of canopy uncovered. Limnolo-
gica 54, 44-57.

Ivković, M. & Plant, A., 2015.: Aquatic insects in the Dinarides: identifying hotspots of endemism and 
species richness shaped by geological and hydrological history using Empididae (Diptera). Insect 
conservation and Diversity, 8, 302-312 pp. http://doi.org/10.1111/icad.12113.

Ivković, M., Todorić, A. & Plavšić, J., 2018: Improved input to distributed hydrologic model in areas 
with sparse subdaily rainfall data using multivariate daily rainfall disaggregation. Journal of Hydro-
informatics,20, 784-797. https://doi.org/10.2166/hydro.2018.053

Kryštufek, B., Buzen, E. V., Hutchinson, W. F. & Hänfling, B., 2007: Phylogeography of the rare Balkan 
endemic Martino´s vole, Dinaromys bogdanovi, reveals strong differentiation within the western Balkan 
Penninsula. Molecular Ecology, 16, 1221-1232.

Kučinić, M., Previšić, A., Gottstein, A., Hrašovec, B., Stanić-Koštroman S., Pernek, M. & Delić, A., 
2008: Description of the larvae of Drusus radovanovici septentrionis Marinković-Gospodnetić, 1976 and 
Drusus croaticus Marinković-Gospodnetić, 1971 (Trichoptera: Limnephilidae) from Bosnia and Her-
zegovina and Croatia. Zootaxa, 1783, 1-17.

Kučinić, M., Vučković, I., Kutnjak, H., Šerić Jelaska, L. & Marguš, D., 2011: Diversity, distribution, 
ecology and biogeography of caddisflies (Insecta: Trichoptera) in the Krka River (National Park 
“Krka”, Croatia). Zoosymposia, 5, 255-268.

Kučinić, M., 2002: Diversity and distribution of caddiesflies in Plitvička Lakes. PhD Thesis (on Croatian), 
Zagreb, Croatia: University of Zagreb, Zagreb, 139 pp.

Kučinić, M., Szivák, I., Pauls, S. U., Bálint, M., Delić, A. & Vučković, I., 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.

https://fauna-eu.org/


322 Žalac S. & Kučinić M.: Caddisflies of springs in the Dinaric karst of Croatia

Kučinić, M., Previšić, A., Vajdić, M., Tunjić, M., Mihoci, I., Žalac, S., Sviben, S., Vučković, I., Trupković, 
M. & Habdija, I., 2017: First systematic investigation of adults and second checklist of Caddiesflies 
(Insecta, Trichoptera) of the Plitvice Lakes National Park with notes on research history, biodiveristy, 
distribution and ecology. Natura Croatica, 26(2), 225-260.

Kučinić, M., Ćukušić, A., Delić, A., Podnar, M., Gumhalter, D., Mičetić Stanković, V., Plantak, M., 
Čeple, G., Plavec, H. & Marguš, D., 2019: New species from the family Hydroptilidae in Croatian 
fauna collected in the Krka National Park with particular notice to biodiversity and DNA barcoding. 
Natura Croatica, 28, 443-456.

Kučinić, M., Ćukušić, A., Žalac, S., Delić, A., Cerjanec, D., Podnar, M., Ćuk, R., Vučković, I., Previšić 
A., Vuković M., Stanić Koštroman S., Bukvić, V., Šalinović, A. & Plantak, M., 2020:  Springs and 
DNA barcoding of caddisflies (Insecta, Trichoptera) in Croatia with notes on taxonomy and conser-
vation biology. Natura Croatica 29 (1), 73-98.

Kučinić, M., Šalinović-Steinbacher, A., Žalac, S., Gumhalter, D., Hlebec, D., Ćukušić, A., Vučković, 
I., Šašić, M., Mihoci, I., Hađina, J. & Vajdić, M., 2021: Faunal features of caddisflies (Insecta, Trichop-
tera) in Konavle region (Croatia) with notes on DNA barcoding and conservation biology. Natura 
Croatica, 30, 331-350.

Malicky, H., 2004: Die Köcherfliegen Griechenlands. Denisia, 17, 1-240.
Malicky, H., 2005: Ein kommentiertes Verzeichnis der Köcherfliegen (Trichoptera) Europas und des 

Mediterrangebietes. Linzer biologische Beiträge, 37, 533-596.
Malicky, H., 2014: Lebensräume von Köcherfliegen (Trichoptera). Denisia 34, 1-282.
Malicky, H. & Krušnik, C., 1988: Chaetopteryx marinkovicae sp. n. (Trichoptera, Limnephilidae) from Istria, 

Yugoslavia. Aquatic Insects, 11, 180.
Malicky, H., Previšić, A. & Kučinić, M., 2007: Rhyacophila cabrankensis nov. spec. from Croatia. Braueria, 

34, 14.
Marinković-Gospodnetić, M., 1970: Fauna Trichoptera područja Maglića, Volujka i Zelengore. Glasnik 

Zemaljskog Muzeja Bosne I Hercegovine u Sarajevu, 9, 107-119.
Marinković-Gospodnetić, M., 1971: The species of the genus Drusus in Yugoslavia. Godišnjak Biološkog 

Instituta Univerziteta Sarajevo (Annual of the Insitute of Biology – University of Sarajevo), 24, 105-109.
Marinković-Gospodnetić, M., 1976: The differentiation of Drusus species of the group bosnicus. In: Ma-

licky, H. (ed.), Proceedings of the First International Symposium on Trichoptera, The Hague, The 
Netherlands: Dr. W. Junk Publisher, pp. 77-85.

Marinković-Gospodnetić, M., 1978: The Cadds-flies (Trichoptera, Insecta) of Herzegovina (Yugoslavia). 
Godišnjak Biološkog Instituta Univerziteta u Sarajevu, 31, 115-130.

Marinković-Gospodnetić, M., 1979: Trichopetar (Insecta) velikih karstnih izvora u Dinaridima. In Rauš, 
Đ. (Ed.), Drugi kongres Ekologa Jugoslavije (Second Congress of Ecologist of Yugoslavia). Savez 
društava ekologa Jugoslavije. Zagreb, pp. 1837-1849.

Mihevc, A., Prelovsek, M. & Zupan Hajna, N., 2010: Introduction to the Dinaric Karst. Karst Research 
Institute ZRC SAZU. DOI: 10.3986/9789612541989.

Morse, J., 2022: Trichoptera world Checklist. http://entweb.clemson.edu/database/trichopt/index (acces-
sed 14 August, 2022).

Neu, P.J., Malicky, H, Wolfram, G. & Schmidt-Kloiber, A., 2018: Distribution Atlas of European Tric-
hoptera. ConchBooks, D-55296 Harxheim.

Oláh, J., 2010: New species and new records of Palearctic Trichoptera in the material of the Hungarian 
Natural History Museum. Annales Historico Naturales Musei Nationalis Hungarici, 102, 65-117.

Oláh, J., 2011: New species and records of Balkan Trichoptera. Folia historico Naturalia Musei Matraen-
sis, 35, 111-121.

Oláh, J., Kovács, T., Sivec, I., Szivák, I. & Urbanič, G., 2012: Seven new species in the Chaetopteryx rugu-
losa species group: applying the phylogenetic species concept and the sexual selection teory (Trichop-
tera: Limnephilidae). – Folia Historico Naturalia Musei Matraensis, 36, 51-79.

Oláh , J. & Kovács, T., 2013: New species and records of Balkan Trichoptera II. Folia Historico 
Naturalia Musei Matraensis 37, 109-121.
Previšić, A., Kerovec, M. & Kučinić, M., 2007: Emergence and Composition of Trichoptera from Karst 

Habitats, Plitvice lakes Region, Croatia. International Review of Hydrobiology, 92, 61-83. doi: 10.1002/
iroh.200510921

Previšić, A., Walton, C., Kučinić, M., Mitrikeski, P. T. & Kerovec, M., 2009: Pleistocene divergence of 
Dinaric Drusus endemics (Trichoptera, Limnephilidae) in multiple refugia within the Balkan Pennin-
sula. Molecular Ecology, 18 , 634-647.



Nat. Croat. Vol. 31(2), 2022 323

Previšić, A., Graf, W. & Kučinić, M., 2010: Caddisly (Trichoptera) fauna oft he Plitvice Lakes national 
Park, Croatia. Denisia, 29, 287-294.

Previšić, A., Ivković, M., Miliša, M. & Kerovec, M., 2013: Caddisfly (Insecta: Trichoptera) fauna of Papuk 
Nature Park, Croatia. Natura Croatica, 22, 1-13.

Previšić, A., Graf, W., Vitecek, S., Kučinić, M., Bálint, M., Keresztes, L., Pauls, S.U. & Waringer, J., 
2014a: Cryptic diversity of caddiesflies in the Balkans: the curious case of Ecclisopteryx species (Tric-
hoptera: Limnephilidae). Arthropod Systematics & Phylogeny, 72, 309-329.

Previšić, A., Schnitzler, J., Kučinić, M., Graf, W., Ibrahimi, H., Kerovec, M. & Pauls, S. U., 2014b: Mi-
croscal vicariance and diversification of western Balkan caddiesflies linked to Karstification. Freshwa-
ter Science, 33, 250-262.

Sket, B., Dovc, P., Jalžić, B., Kerovec, M., Kučinić, M. & Trontelj, P., 2001: A cave leech (Hirudinea, 
Erpobdellidae) from Croatia with unique morphological features. Zoologica Scripta, 30, 223-229.

Sket, B., 2002: The evolution of the karst versus the distribution and diversity of the hypogean fauna. In: 
Gabrovšek, F. (Ed) evolution of karst: from prekarst to cessation. Karst Research Institute at Research 
Cente of the Slovenian Academy of Sciences and Arts, Postojna-Ljubljana, pp. 225-232.

Solem, J.O. & Gullerors, B., 1996: Trichoptera, Caddiesflies. In Aquatic Insects of North Europe – a 
Taxonomic Handbook (ed. Nilsson), 224-255.

Stubbington, R., Bogan, MT., Bonada, N., Boulton, AJ., Datry, T., Leigh, C., Vander Vorste, R., 2017: 
The biota of intermittent rivers and ephemeral streams: aquatic invertebrates. Wiley Interdisciplinary 
Reviews: Water, 217-243.

Szivák, I., Mikes, T., Szalontai, B., Kučinić, M., Vučković, I., Vadkerti, E., Kisfali, P., Pauls, U., S. & 
Bálint, M., 2017: Ecological divergence of Chaetopteryx rugulosa species complex (Insecta, Trichoptera) 
linked to climatic niche diversification. Hydrobiologia, 794, 31-47. doi: 10.1007/s10750-016-3068-0.

Valladolid, M., Kučinić, M., Arauzo, M., Cerjanec, D., Ćuk, R., Dorda, B.A., Lodovici, O. & Stanić-Koš-
troman, S., 2020: The Rhyacophila fasciata Group in Croatia and Bosnia and Herzegovina: Rhyacophilaf.
fasciata Hagen 1859 and the description of two new subspecies, Rhyacophila fasciata delici Kučinić & 
Valladolid (ssp. Nov.) from Croatia and Bosnia and Herzegovina and Rhyacophila fasciata viteceki Valla-
dolid & Kučinić (ssp. Nov.) from Bosnia and Herzegovina (Trichoptera: Rhyacophilidae). Zootaxa, 
4885, 51-075. https://doi.org/10.11646/zootaxa.4885.1.3

Valladolid, M., Karaouzas, I., Ibrahimi, H., Arauzo, M., Slavevska Stamenković, V., Dorda, BA., Hinić, 
J., Bilalli, A., Musliu, M. & Rey, I., 2022: The Rhyacophila fasciata Group in Europe: Rhyacophila mace-
donica Karaouzas, Valladolid & Ibrahimi (n. sp.) from Greece, Kosovo, Republic of North Macedonia 
and Serbia (Trichoptera: Rhyacophilidae). Zootaxa, 5125, 101-130.

Vilenica, M., Gattolliat, J.-L., Mihaljević, Z. & Sartori, M., 2015: Croatian mayflies (Insecta, Epheme-
roptera): species diversity and distribution patterns. ZooKeys, 523, 99-127.

Vučković, I., Kučinić, M., Ćukušić, A., Vuković, M., Ćuk, R., Stanić-Koštroman, S., Cerjanec, D. & 
Plantak, M., 2021: Biodiversity, DNA barcoding data and ecological traits of caddiesflies (Insecta, 
Trichoptera) in the catchment area of the Mediterranean karst River Cetina (Croatia). Ecologica Mon-
tenegrina 44, 69-95. http://dx.doi.org/10.37828/em.2021.11.10

Wallace, I. D., Walace, B. & Philipson, G. N., 1990: A key to the Case-bearing Caddis Larve of Britain 
and Ireland. Scientific Publication 51, Freswater Biological Association, Ambleside, Cumbira, 273.

Wallace, J. B. & Anderson, N. H., 1996: Habitat, life history and behavioral adaptations of aquatic inse-
cts. In: Merritt, R. W. & Cummins, K. W. (Eds.), An introduction to the aquatic insects of North 
America, Kendal/Hunt Publising, pp. 41-73, Dubuque.

Waringer, J.A., Graf, W., Kučinić, M., Previšić, A. & Vučković, I., 2009: The Larva and life cycle of 
Annitella apfelbecki Klapalek, 1899, including a re-desctription of Melamopophylax nepos McLachlan, 
1880 (Trichoptera, Limnephilidae). Aquatic insects, 31, 71-80.

Živić, I., Marković, Z., Simić, V. Kučinić, M., 2009: New records of Helicopsyche bacescui (Trichoptera, 
Helicopsychidae) from the Balkan Peninsula with notes on its habitat. Acta Zoologica Academiae 
Scientarum Hungaricae, 55 , 77-87.

https://www.sciencedirect.com/science/article/pii/B9780128038352000073
https://scholar.google.com/scholar?oi=bibs&cluster=11873919103137811525&btnI=1&hl=hr
https://scholar.google.com/scholar?oi=bibs&cluster=11873919103137811525&btnI=1&hl=hr
https://scholar.google.com/scholar?oi=bibs&cluster=11873919103137811525&btnI=1&hl=hr



