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Abstract

We present the description of two new subspecies of the Rhyacophila fasciata Group: Rhyacophila fasciata delici Kuc¢inié¢
& Valladolid (ssp. nov.), broadly distributed in Croatia and present also in Bosnia and Herzegovina, and R. fasciata viteceki
Valladolid & Kucini¢ (ssp. nov.), found in Bosnia and Herzegovina. Our study of the morphology of adults, as well as
our analysis of the barcode region of the mitochondrial cytochrome oxidase I (mtCOI) gene and geographical distribution
confirm the differences of the two new subspecies with the nominal species R. f. fasciata, also found in both countries.

Key words: Taxonomic revision, new subspecies, identification, mitochondrial COI, distribution

Sazetak

U radu prikazujemo opis dviju novih podvrsta iz Rhyacophila fasciata Grupe: Rhyacophila fasciata delici Ku¢ini¢ &
Valladolid (ssp. nov.) rasprostranjenu u Hrvatskoj i Bosni i Hercegovini i R. fasciata viteceki Valladolid & Kucinié
(ssp. nov.), utvrdenu u Bosni i Hercegovini. Nasa studija morfologije adulata, kao i barkod regije mitohondrijalnog
gena citokrom oksidaze podjedinice I (mtCOI) te geografske rasprostranjenosti potvrduje razlike dviju novih podvrsta s
nominalnom vrstom R. f. fasciata, takoder utvrdenu u obje zemlje.
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Kljuéne rijeci: Taksonomska revizija, nove podvrste, odredivanje, mitohondrijalni COI, rasprostranjenost

Resumen

Se presenta la descripcion de dos nuevas subespecies del Grupo Rhyacophila fasciata: Rhyacophila fasciata delici Kuéinic¢
& Valladolid (ssp. nov.), ampliamente distribuida en Croacia y presente también en Bosnia y Herzegovina y R. fasciata
viteceki Valladolid & Kucini¢ (ssp. nov.), encontrada en Bosnia y Herzegovina. El estudio de la morfologia de los adultos,
asi como el analisis de la citocromo oxidasa I mitocondrial (COImit) y la distribucion geografica confirma las diferencias
de las dos nuevas subespecies con la especie nominal R. . fasciata, también presente en ambos paises.

Palabras clave: Revision taxondmica, nuevas subespecies, identificacion, COI mitocondrial, distribucion

Introduction

In the introduction of his monograph on the genus Rhyacophila Pictet 1834 and the family Rhyacophilidae Stephens
1836, Schmid (1970) concluded that Rhyacophila is one of the most primitive and important genera of caddisflies,
because it is present in almost all lotic environments in the Holarctic and Oriental Regions. This genus included 465
species at that time, a number that has increased to 792 valid species (and 30 valid subspecies) (GBIF 2020; Morse
personal communication). Schmid (1970) emphasized that Rhyacophila represents an evolutionary stage essential
for inferring the phylogeny of Trichoptera, mainly due to the male genitalia, where high variability in details is
mixed with a high stability in general architecture. Furthermore, in their geographic distribution, many of the spe-
cies are restricted to small areas, sometimes to only a single mountain, providing the opportunity for phylogenetic
and zoogeographical inferences.

Hagen (1859), studying Stephens’, Curtis’, and Pictet’s private collections, classified the specimens of the
genus Rhyacophila in five different species: R. vulgaris Pictet 1834, R. dorsalis (Curtis 1834), R. paupera Hagen
1859, R. ferruginea Scopoli 1763, and R. fasciata Hagen 1859. In his study of the British Trichoptera, McLachlan
(1865) described the species R. septentrionis McLachlan 1865 and said that he had doubted it was a new species,
because the form of the genital appendages agreed with the figure of R. ferruginea sent to him by Hagen. After
examining the examples of R. septentrionis sent by McLachlan, Hagen concluded that they were larger and darker
than continental types of R. ferruginea and may be distinct. In 1865, McLachlan said about R. ferruginea: “Scopoli’s
name cannot be said to apply to this species with certainty,” and in 1879, in his redescription of R. septentrionis,
concluded that the species R. ferruginea must remain uncertain.

Malicky & Sipahiler (1993) proposed the “R. fasciata complex”, including several subspecies, some of them
degraded from species rank: Rhyacophila f. fasciata Hagen 1859, widely distributed over Europe, R. fasciata den-
ticulata McLachlan 1879 in northern Spain and the French Pyrenees, and R. fasciata aliena Martynov 1916 in the
Caucasus and eastern Turkey. In addition, this taxa set was complemented by R. fasciata mysica Malicky & Sipa-
hiler 1993 in western Turkey, R. fasciata kykladica Malicky & Sipahiler 1993 in Greece, and R. fasciata libanica
Malicky & Sipahiler 1993 in Lebanon (see also Malicky 2004 for the distributions of these subspecies). In 2018
Sipahiler described a new subspecies of this group from Turkey, Rhyacophila fasciata ilgazica Sipahiler 2018.

In recent studies of two subspecies of the Rhyacophila fasciata Group, Rhyacophila fasciata denticulata (Val-
ladolid et al. 2018), and R. fasciata kykladica (Valladolid et al. 2019) we have proposed their promotion to species
rank as R. denticulata and R. kykladica, respectively, and the resurrection of a third species, R. sociata Navas 1916
(Valladolid et al. 2018), previously synonymized with R. fasciata denticulata by Schmid (1970).

Systematic studies of caddisflies (biodiversity, taxonomy, ecology) in Croatia began at the end of the XX cen-
tury. In the last 20 years, there have been several studies about caddisflies in different parts of Croatia (e.g., Graf
et al. 2008; Kucini¢ 2002; Kucini¢ & Malicky 2002; Kucini¢ et al. 2008, 2010a, 2011a, 2011c, 2013, 2014, 2015,
2017; Malicky 2009; Malicky et al. 2007; Previsi¢ & Popija¢ 2010; Previsi¢ et al. 2007, 2009, 2010, 2012, 2013;
Szivéak et al. 2017; Waringer et al. 2009) including some parts of Bosnia and Herzegovina (e.g., Kucini¢ et al.
2008, 2010b, 2011a, 2011b; Stani¢-Kostroman et al. 2012, 2015; Vitecek et al. 2015). In this paper we provide the
results of our study about “R. fasciata” in Croatia and in Bosnia and Herzegovina. We have found morphological
and genetic variability in some specimens, so we propose two more subspecies that are new for the Rhyacophila
fasciata Group: R. fasciata delici Ku¢ini¢ & Valladolid, from both countries, and R. fasciata viteceki Valladolid &
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Kucini¢, from Bosnia and Herzegovina, based on differences in morphology of adults and DNA analysis (genetic
divergences of mitochondrial cytochrome oxidase I (mtCOI) gene) from R. f. fasciata. The geographical distribution
and ecology of these subspecies are also provided and compared with those of R. f. fasciata in Croatia and Bosnia
and Herzegovina.

Material and methods

Adult material examined

Specimens studied for this project are deposited in the Collection Trichoptera NIP, Croatian Natural History
Museum, Zagreb, Croatia (CNHM); the D. Cerjanec Collection, Barilovi¢, Croatia (DCC); the Trichoptera Collec-
tion of the Museo Civico di Scienze Naturali “E. Caffi,” Bergamo, Italy (MCSN); the M. Kucini¢ Collection, Za-
greb, Croatia (MKC); the Trichoptera Collection “Krka”, Faculty of Science, University of Zagreb, Croatia (TCK);
the Collection of Entomology, Museo Nacional de Ciencias Naturales, Madrid, Spain (MNCN); the R. Cuk Collec-
tion, Zagreb, Croatia (RCC); the S. Stani¢-Kostroman Collection, Mostar, Bosnia and Herzegovina (SSKC); and the
Trichoptera Collection, University of Mostar, Bosnia and Herzegovina (UMBH).

Bosnia and Herzegovina: R. /. fasciata: 1 & + 39 (BS1-BS4), river Bosna, Zenica-Doboj, Maglaj, 29-31/
vii/13. Leg.: Louda. ID Data number of Access Catalog 28055, (MCSN).

R. f. fasciata (=R. fasciata viteceki): 1 & (B1), river Bunica, upper course, 04/vi/17 (UMBH); 3 & (N1-N3),
river Neretva, Badeviéi, 30/vi/17. Leg.: Stani¢-Ko$troman & M. Ku¢ini¢ (N1, MNCN; N2, MKC; N3, UMBH). 2 &
+1 @ (S1-S3), river Sturba, near Livno, 30/viii/18. Leg.: M. Ku¢ini¢ (S1, S3, MNCN; S2, MKC).

Croatia: R. f fasciata: 1 3 +1 Q (K1-K2), river Kutjevacka, upper course, 16/v/05. Col. & Leg.: R. Cuk (RCC).
3 &, river Voéinska, upper course, near Pozega, 03/v/15. Leg.: R. Cuk (CNHM). 4 &, river Voéinska, upper course,
Papuk Mt., 19/v/15. Leg.: P. Crn¢an (CNHM). 3 & + 1 Q, 03/viii/15; 3 &, 28/x/15, river Rijeka, Bastaji. Leg.: R. Cuk
(CNHM). 1 @, 15/7/15;2 & +7 @, 05/viii/15, river Pakra, Kusonje. Leg.: A. Cukusi¢ & A. Deli¢ (CNHM).

R. . fasciata (=R. fasciata delici): 1 3 + 1 Q (D1-D2), spring of the river Dretulja, 09/ix/14; 2 & (G1-G2),
middle course of river Gacka, Otoc¢ac, 11/v/15. Leg.: D. Cerjanec & M. Ku¢ini¢ (MNCN). 2 & (C1-C2), 21/vi/15;
2 & (C3-C4), 05/v/15, spring of the river Cabranka. Leg.: D. Cerjanec (C1-C3, MKC; C4, UMBH). 1 § + 1 @
(V1-V2), Vukoviéa spring, river Cetina, 09/v/17. Leg.: A. Deli¢ & M. Ku¢ini¢ (MNCN). 1 & (BI1), spring of river
Bijela rijeka, National Park “Plitvice Lakes”, 16/iii/18. Leg.: I. Sivec, M. Ku¢ini¢ & S. Zalac (MKC). 1 & +1 @
(R1-R2), Roski slap (Roski waterfall), National Park “Krka”, 19/v/19. Leg.: M. Ku¢ini¢ & A. Deli¢ (TCK). 1 &
(BR1), Brkljaca channel, Udovi¢i¢, 20/vi/15. Leg.: S. Zalac & M. Kugini¢ (MKC). 1 @ (CT1), tributary of river
Cetina, Civljani, 07/vi/15. Leg.: M. Ku¢ini¢ & A. Deli¢ (MKC). 1 & + 1 Q (BT1-BT2), river Butisnica, Golubic,
06/viii/15. Leg.: A. Deli¢ & A. Cukusi¢ (MKC). 1 @ (BU1), Brusane, Gospi¢, Licko-Senjska County, Road D 25,
10-15/vii/16. Leg.: G. Galli (MCSN).

Czech Republic: R. . fasciata: 1 & + 1 9, Bohemian Switzerland National Park, brook Bily (N Bohemia),
22/vi/10. 1 &, Jizerské mountains, brook Jeskrabec, Rejdice (N Bohemia), 02/vi/08. 1 & + 1 @, Kru$né mountains,
stream Hluboky, near Dolni Nivy (W Bohemia), 31/viii/15. 1 &, brook near Nové Straseci (C Bohemia), 31/v/11,
Leg.: P. Chvojka (MNCN).

Slovakia: R. f. fasciata: 1 & + 1 @, High Tatras, stream Biely Vah (N Slovakia), 7/x/90. 1 &, Strazov Moun-
tains, stream Suciansky, NW Nitrianske Sucany (W Slovakia), 24/vi/15. 1 & + 1 Q, Oravské Beskydy mountains,
left tributary of Bystra stream below Babia hora mountain (N Slovakia), 15/x/91. Leg.: P. Chvojka (MNCN).

Methods

Morphology. Morphological characters of adults were observed and measured using a binocular microscope.
Selected parts of genitalia from adult males (parameres and aedeagus) were photographed using a light microscope
and multiple stacked images were integrated with focal stacking software (Auto-Montage Essentials, Syncros-
copy©).

The following descriptions of adults of R. fasciata and synonymized species (R. ferruginea, R. septentrionis)
were consulted: Bertrand (1954), Eidel (1974), Fotius-Jaboulet (1964), Hagen (1859), Malicky (2004), Malicky &
Sipahiler (1993), McLachlan (1865, 1868, 1879), Novak (1963), Schmid (1970), Scopoli (1763), Tobias & Tobias
(1981), Ulmer (1909). The terminology of genitalia is according to Schmid (1970).

DNA Extraction, Amplification, and Sequencing
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Muscle tissue of legs and thorax from specimens was dissected. Samples were fully immersed in 0.5 ml diges-
tion buffer (Gilbert ez al. 2007) and incubated overnight at 55°C with gentle agitation. The buffer consisted of 5 mM
CaCl,, 2% sodium dodecyl sulphate (SDS), 40 mM dithiotreitol (DTT), 250 mg/ml proteinase K, 10 mM Tris buffer
pH 8, 2.5 mM EDTA (Ethylene-Diamine-Tetra-Acetic acid) pH 8.0, and 10 mM NaCl, (final concentrations). After
incubating, nucleic acids were extracted from the digestion buffer using a Qiaquick PCR purification kit (QIAGEN,
Alda et al. 2007). A 508 bp region of the mitochondrial COI gene (Cytochrome Oxidase 1) was amplified with the
primers C1-J-1718 (5’-GGAGGATTTGGAAATTGATTAGTTCC-3") and HCO2198 (5’-TAAACTTCAGGGT-
GACCAAAAAATCA-3’) (Folmer et al. 1994; Simon et al. 1994). Three microlitres of the DNA solution were
used as a template. Other components of the 25 ul PCR reaction were: 1x of the corresponding buffer (75 mM Tris
HCI, pH 9.0; 50 mM KCl and 20 mM (NH,),SO,); 2 mM MgClL,; 10 mM dNTPs mix; 0.1 uM of each primer; 0.02%
BSA; and 0.125 units AmpliTaq Gold® DNA Polymerase (Applied Biosystems). Five microlitres of PCR products
were electrophoresed through a 1.5% agarose gel and visualized with SYBR Safe™ DNA Gel Stain (Invitrogen)
under ultraviolet light. PCR products were purified by treatment with ExoSAP-IT (USB Amersham, Buckingham-
shire, UK) and incubated at 37°C for 45 min, followed by 80°C for 15 min to inactivate the enzyme. Purified PCR
product was then used to sequence in both directions using the BigDye Terminator v3.1 sequencing kit (Applied
Biosystems Inc., Foster City, USA) in a 10 pL volume, containing 15-20 ng of purified product and 3 pmol of
primer. To verify that the sequences obtained came from a Rhyacophila, they were compared with sequences from
GenBank using Blast tool (Altschul ez al. 1997). The alignment of all Rhyacophila COI gene sequences generated
in our lab was performed and edited manually using MEGA X (Kumar et al. 2018). Fine adjustments were made by
eye, as the COI does not present any gaps.

A total of 151 sequences of mtCOI were used in the study: 19 derived from specimens from Croatia (2 of R. f.
fasciata and 17 of R. f. delici) and 20 from Bosnia and Herzegovina (4 of R. f. fasciata, 7 of R. f. viteceki and 9 of
R. f. delici), together with 82 of R. f. fasciata from different countries, (5 from Belgium, 9 from Czech Republic,
1 from Estonia, 18 from Finland, 14 from Germany, 5 from Kosovo, 2 from North Macedonia, 6 from Norway, 12
from Poland, 7 from Russia, 2 from Slovakia and 1 from Sweden), 3 of R. denticulata (France) and 17 of R. sociata
(13 from Spain and 4 from France), promoted to species rank by Valladolid ez al. (2018, see Table 1 for references),
9 of R. kykladica (Greece), promoted to species by Valladolid et al. (2019, see Table 1 for references) and 1 of R.
relicta (Spain) as outgroup (for more information, see Table 1). Rhyacophila f. fasciata has a wide area of distribu-
tion in northern and central Europe and there does not exist any GenBank entry from the type locality (Elberfeld,
Germany), so we have included some sequences from localities around it (Belgium and Germany), sequences from
different countries collected from GenBank and sequences prepared in our laboratory.

Phylogenetic analyses were conducted using maximum likelihood (ML) and Bayesian inference (BI) methods.
The CIPRES Science Gateway v.3.3 online server (Miller et al. 2010) was used to run jModeltest v.2.1.9 (Guin-
don & Gascuel 2003; Darriba et al. 2012) which was used to calculate the nucleotide substitution model and the
ML with RAXML-HPC BlackBox (Stamatakis 2014), using 10,000 bootstrap replicates to assess node support.
BI analyses were run in MrBayes-3.2.7 (Ronquist et al. 2012). We used the substitution model space with the op-
tion Iset nst=mixed rates=invgamma, for 1.5x106 generations, discarding the first 25% generations as burn-in and
synthesizing the results. Distances among and within species and subspecies were calculated using the maximum
composite likelihood and p-distance models with MEGA X (Kumar et al. 2018). The maximum likelihood tree was
made with MEGA X, but only a few sequences were represented in the figure. Nucleotide sequences were deposited
in GenBank (2020) (accession numbers and MNCN: ADN Collection numbers in Table 1).

Geographical distribution

The analysis of the subspecies distributions was based on the localities where specimens were captured, data
from the several collections [Trichoptera NIP (Croatian Natural History Museum), Trichoptera-Cerjanec, Trichop-
tera-Vuckovi¢, Trichoptera-Kucini¢, Trichoptera Collection of the Museo Civico di Scienze Naturali “E. Caffi”
(Bergamo, Italy)], and references from literature: Bosnia and Herzegovina: Botosaneanu (1960, 1961); Stani¢-
Kostroman et al. (2012, 2015); Croatia: Cerjanec (2012); Graf et al. (2008); Habdija et al. (2004); Kucini¢ (2002);
Kucini¢ et al. (2008, 2010a, 2011c, 2017); Malicky (2009); Marinkovié¢-Gospodneti¢ (1979); Olah (2010); Previsi¢
et al. (2007, 2010, 2013); Previsi¢ & Popija¢ (2010); Vuckovi¢ (2011).

The distribution map was drawn using ArcGIS 10.3 (ESRI 2011).
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Results
Rhyacophila fasciata delici Ku€ini¢ & Valladolid (ssp. nov.)

This subspecies has been found widely distributed in Croatia and it is also present in Bosnia and Herzegovina.

Etymology. The specific name is the genitive singular of Deli¢, given in honour of Dr. Antun Deli¢, naturalist
and biologist, retired professor of the Teachers Faculty, University of Zagreb.

Type material. Holotype &': CROATIA, Roski slap (Roski waterfall), National Park “Krka” (43.90625° N
15.975° E, 80 m a.s.l.), 10/v/19 (M. Ku€ini¢ & A. Deli¢) [R1, no. 4444 (TCK)].

Paratypes: 1 @, same locality as holotype, 19/v/19, (M. Ku¢ini¢ & A. Deli¢) [R2, no. 4445 (TCK)]. 2 J&,
spring of the river Cabranka, 21/vi/15 (D. Cerjanec) [C1-C2, nos. 4446-4447 (MKC)] 2 &, same locality, 05/v/15
(D. Cerjanec) [C3, no. 4448 (MKC), C4, no. 1110 (UMBH)]. 1 &, spring of river Bijela rijeka, National Park “Plit-
vice Lakes”, 16/iii/18 (I. Sivec, M. Ku¢ini¢ & S. Zalac) [BI1, no. 4449 (MKC)]. 1 &, Brkljaca channel, Udovigi¢,
20/vi/15 (S. Zalac & M. Kugini¢) [BR1, no. 4450 (MKC)]. 1 @, tributary of river Cetina, Civljani, 07/vi/15 (M.
Ku¢ini¢ & A. Deli¢) [CT1, no. 4451 (MKC)]. 1 & and 1 @, river Butisnica, Golubi¢, 06/viii/15 (A. Deli¢ & A.
Cukuéié) [BT1-BT2, nos. 44524453 (MKC)]. 1 ¢, Brusane, Gospi¢, Licko-Senjska county, Road 25, 10-15/vii/16
(G. Galli) [BUI1, ID Data number of Access Catalog 33789 (MCSN)]. 1 & and 1 Q, spring of the river Dretulja,
09/ix/14 (D. Cerjanec & M. Ku¢ini¢) [D1-D2, MNCN_Ent 269370, MNCN_Ent 269371 (MNCN)]. 1 &'and 1 Q,
Vukovica spring, river Cetina, 09/v/17 (A. Deli¢ & M. Ku¢ini¢) [V1-V2, MNCN_Ent 269372, MNCN_Ent 269373,
(MNCN)]. 2 &, middle part of river Gacka, Otocac, 11/v/15 (D. Cerjanec & M. Kuéini¢) [G1-G2, MNCN_Ent
269374, MNCN_Ent 269375, (MNCN)].

Description of the imago. Holotype (R1): Length from front of head to distal edge of segment IX 8.82 mm,
each forewing 11.42 mm, each hind wing 9.65 mm.

Males: Length 7.21-9.92 mm (X = 8.61, n = 12), each forewing 10.07-13.09 (X = 11.15, n = 12), each hind
wing 8.29-11.17 mm (X =9.66, n = 12).

Females: Length from front of head to distal edge of segment VIII 8.96-11.61 mm (X = 10.69, n = 6), each
forewing 10.48-14.15 mm (X = 12.28, n = 6), each hind wing 9.77-12.7 mm (X =10.93, n = 6).

In ethanol-preserved specimens colour generally pale brown and yellowish, with golden brown setae. Head,
thorax, and abdomen dorsally pale brown, with small black and irregular darker brown spots in dorsal area, abdo-
men ventrally yellowish; females generally darker than males, anterior 2/3 of abdominal segments pale brown or
brown in darker specimens. Legs light, with spurs reddish brown. Forewings brown, spotted lighter than back-
ground; hind wings pale.

Male genitalia (Figs 1, 5a—5e): Apical segment of each inferior appendage (Figs 1A, 5a) with basal and distal
edges diverging, posterior edge oblique straight or slightly convex, ventral edge slightly concave, at least two times
longer that dorsal edge. Apicodorsal vertex slightly angular, apicoventral angle projecting as thick lobe narrowing
progressively to round apex (Fig 5a).

Parameres (Figs 1BV—1BL, 5c, 5d) in ventral view curved posteromesad in apical half (Figs 1BV p, 5¢). In
lateral view (Figs 1BL, 5d) each slender at base, dilated in middle, with almost parallel dorsal and ventral margins
in central area, pointed at apex; few thick spines on midventral margin and posterior midventral area, parallel to
surface (Figs 5c, 5d); midlateral surface almost completely covered by thin spicules or setae, reaching from antero-
ventral edge to posterodorsal edge of paramere, decreasing in size from ventral to dorsal margin, absent on mid-
dorsal edge.

Aedeagus (phallicata) in lateral view (Figs 1CL, 5e) with anterodorsal margin straight, then slightly concave
with posterior corner of concavity hooked anterad, upper posterior edge slightly concave, then straight caudad,
ventral apex round, ventral edge curved upward anteriorly to slight angle below hook. Lateroventral lobes of phal-
lus (Fig 1CD lvl) convex, narrowing progressively towards apex, apicolateral margins slightly pointed to inside,
posterior edge of each lobe concave. Ventral lobe of aedeagus subtriangular, pointed progressively backwards (Fig
1BV vl).

Apicodorsal lobe of segment IX (Figs 1DD, 5b) dilated subapicolaterally, nearly circular, ratio of posterior
maximum width to anterior width 2:1; preanal appendages (Fig 1DD pa) shorter than apicodorsal lobe (Fig 1DD al)
of segment IX laterally, with concave posterior edges. In ventral view (Fig 1DV), apical band V-shaped, inner and
outer edges almost parallel in posterior third, rounded apically, longer than wide (Fig 1DV ab); posterior edge of
non-sclerotized ventral area round, with apicomesal incision (Fig 1DV va), anal sclerites triangular (Fig 1DV as).
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FIGURES 1, 2. Male and female genitalia of Rhyacophila fasciata delici Ku€ini¢ & Valladolid ssp. nov. 1, male: 1A, 2nd seg-
ment of left inferior appendage, left lateral; 1BV—-1BL, parameres: 1BV, parameres (p) and ventral lobe of acdeagus (phallicata)
(vl), ventral; 1BL, left paramere, left lateral. 1ICL-1CD, aedeagus (phallicata) and lateroventral lobes: 1CL, aedeagus and
ventral lobe, lateral; 1CD, aedeagus and lateroventral lobes (Ivl), dorsal. 1DD, apicodorsal lobe of segment IX (al) and preanal

appendages (pa); 1DV, segment X, ventral, ab = apical band, as = anal sclerites, va = non-sclerotized ventral area. 2, female
segments VIII-XI: 2L, left lateral; 2D, dorsal; 2V, ventral. Scale bars: unlabelled = 1 mm; circle = 0.5 mm; asterisk = 250 pm.
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FIGURES 3, 4. Male and female genitalia of Rhyacophila fasciata viteceki Valladolid & Ku€ini¢ ssp. nov. 3, male: 3A, 2nd seg-
ment of left inferior appendage, left lateral; 3BV-3BL, parameres: 3BV, parameres (p) and ventral lobe of acdeagus (phallicata)
(vl), ventral; 3BL, left paramere, left lateral. 3CL-3CD, aedeagus (phallicata) and lateroventral lobes: 3CL, aedeagus and ven-
tral lobe, left lateral; 3CD, aedeagus and lateroventral lobes (1vl), dorsal. 3DD, apicodorsal lobe of segment IX (al) and preanal
appendages (pa); 3DV, segment X, ventral, ab = apical band, as = anal sclerites, va = non-sclerotized ventral area. 4, female
segments VIII-XI: 4L, left lateral; 4D, dorsal; 4V, ventral. Scale bars: unlabelled = 1 mm; circle = 0.5 mm; asterisk = 250 pm.
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FIGURES 5-7. Male genitalia of Rhyacophila spp. 5, R. fasciata delici Ku¢ini¢ & Valladolid ssp. nov. 6, R. fasciata viteceki
Valladolid & Kucini¢ ssp. nov. 7, R. f- fasciata Hagen, 1859. 5a—7a, 2nd segment of left inferior appendage, left lateral; Sb—7b,
apicodorsal lobe and preanal appendages, dorsal; 5¢—7¢, parameres and aedeagus (phallicata), ventral; 5d—7d, left paramere, left
lateral; S5e—7e, aedeagus (phallicata) and ventral lobe, left lateral. Scale bars: a—c = 0.5 mm, d— = 250 pm.
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FIGURES 8-10. Segments VIII-XI of females of Rhyacophila spp. 8, R. fasciata delici Ku€ini¢ & Valladolid ssp. nov. 9, R.
fasciata viteceki Valladolid & Kucini¢ ssp. nov. 10, R. 1. fasciata Hagen, 1859. 8L—10L, left lateral; 8D-10D, dorsal; 8V-10V,
ventral. Scale bar: 1 mm.

Morphological characters diagnosing males of R. fasciata delici and R. f. fasciata

1) In R. fasciata delici, apical segment of each inferior appendage with posterior edge straight or slightly convex
(Figs 1A, 5a), ventral edge at least two times longer that dorsal edge. In R. fasciata fasciata, apical segment of each
inferior appendage with posterior edge slightly convex dorsally and slightly concave subapicoventrally (Fig 7a),
ventral edge less than two times as long as dorsal edge.

i1) In R. fasciata delici, parameres in lateral view (Figs 1BL, 5d) with few thick spines on midventral margin
and posterior midventral area, parallel to surface (Figs Sc, 5d); midlateral surface almost completely covered by
very fine spicules or setae, reaching from anteroventral to posterodorsal edges, decreasing in size from ventral to
dorsal margin, absent on middorsal edge. In R. fasciata fasciata, (Fig 7d) parameres in lateral view each with two
rows of thick spines diverging from midventral margin (Figs 7c, 7d); midlateral surface covered partially by fine
spicules or setae, reaching from middle posteroventral edge almost to posterodorsal edge, absent from anteroventral
and dorsal edges.

iii) In R. fasciata delici, dorsal margin of aecdeagus straight; upper posterior edge of aedeagus concave, then
straight caudad, ventral apex truncate (Figs 1CL, 5e), subtriangular and pointed backward in ventral view (Fig 1BV
vl); lateroventral lobes of phallus (Fig 1CD Ivl) convex, narrowing progressively towards apex, apicolateral margins
slightly pointed mesad, posterior edge of each lobe concave. In R. fasciata fasciata anterodorsal margin of acdeagus
shallowly concave; posterior edge of aedeagus straight, projected posteroventrally, ventral subapical margin round,
sligthly truncate (Fig 7e), triangular in ventral view; lateral margins of lateroventral lobes of phallus almost parallel,
posterolateral edges almost straight, apicolateral margins round.
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iv) In R. fasciata delici, apicodorsal lobe of segment IX subcircular, posterior half maximum width about two
times width of base (Figs 1DD al, 5b); preanal appendages with concave posterior edges (Figs 1DD pa, 5b); in ven-
tral view, apical band (Fig 1DV ab) longer that wide, inner and outer edges almost parallel in posterior third, non-
sclerotized ventral area with apicomesal excision, posterior edges rounded (Fig 1DV va). In R. fasciata fasciata,
apicodorsal lobe of segment IX uniformly rounded, almost circular (Fig. 7b), preanal appendages with convex pos-
teromesal edges; in ventral view, apical band almost as wide as long, posterior edges converging posterad, posterior
edge of non-sclerotized ventral area with V-shaped posteromesal excision.

Description of the female of R. fasciata delici and morphological character diagnosing female genitalia of R.
fasciata delici and R. fasciata fasciata

1) R. fasciata delici, in lateral view (Figs 2L, 8L), posterodorsal margin of segment VIII valves on each side
concave, with dorsolateral projection, posteroventral margin pointed or round; triangular yellow sclerotized tissue
pointed backwards at midheight on segment IX. In R. fasciata fasciata (Fig. 10L), with posterior margins of seg-
ment VIII valves on each side irregular, with dorsolateral, ventrolateral, and mid-height projections of different sizes
and shapes.

i1) R. fasciata delici in dorsal view (Figs 2D, 8D), with indentation between segment VIII valves, apicodorsal
ends of valves narrow with round apical corners, almost parallel anterior and posterior edges, delimiting oval space.
In R. fasciata fasciata (Fig 10D), apicodorsal ends of valves with round apical corners, wider than in R. fasciata
delici, in some specimens with small projection in subapical corners, anterior and posterior edges not parallel.

ii1) R. fasciata delici in ventral view (Figs 2V, 8V), segment VIII valves with proximal edges diverging, slightly
concave, posterior edges truncate, intersegmental membrane with pair of elongate sclerites, more or less sclerotized
near apex. Band of yellow sclerotized tissue along each lateral margin of segment, visible in lateral, dorsal and ven-
tral views (Figs 2L, 2D, 2V, 8L, 8D, 8V). In R. fasciata fasciata (Fig. 10V) segment VIII valves with proximal edges
nearly parallel, posterior edges irregular, intersegmental membrane with pair of oval sclerites near valves. Narrow
lateral bands of yellow sclerotized tissue at midheight on segment IX, sometimes not conspicuous.

Rhyacophila fasciata viteceki Valladolid & Kucini¢ (ssp. nov.)

This subspecies has been found in Bosnia and Herzegovina.

Etymology. The specific name is the genitive of Vitecek, given in honour of Dr. Simon Vitecek, biologist and
trichopterologist of Wasser Cluster Lunz, Lunz am See, Austria.

Type material. Holotype §: BOSNIA AND HERZEGOVINA, river Neretva, Bacevi¢i (43.254154° N
17.824627° E, 35 m a.s.l.), 30/vi/17 (Stani¢-Kostroman & M. Kucini¢) [N1, MNCN_Ent 269367 (MNCN)].

Paratypes: 2 J, same locality as holotype, 30/vi/17 (Stani¢-Kostroman & M. Ku¢ini¢) [N2, no. 4455, (MCK)
and N3, no. 1111 (UMBH)]. 2 & and 1 Q, river Sturba, 30/viii/18 (M. Ku¢ini¢) [1 &, S1, MNCN_Ent 269368
(MNCN); 1 9, S3, MNCN_Ent 269369 (MNCN); 1 & S2, no. 4456 (MKC)]. 1 &, river Bunica, 04/vi/17 (Stani¢-
Kostroman & M. Kucini¢) [B1, no. 1112 (UMBH)].

Description of the imago. Holotype (N1): Length from front of head to distal edge of segment IX 8.91 mm,
each forewing 12.55 mm, each hind wing 10.54 mm.

Males: Length 8.29-9.21 mm (X = 8.72, n = 6), each forewing 9.83-12.55 (X = 11.34, n = 6), each hind wing
8.85-10.54 mm (X =9.79, n = 6).

Female: Length from front of head to distal edge of segment VIII 11.26 mm (n =1), forewing 14.52 mm (n =
1), hind wing 12.15 mm (n = 1).

In ethanol-preserved specimens colour generally pale brown, yellowish, with golden brown setae. Head, thorax,
and abdomen dorsally pale brown, with small dark brown spots in dorsal area, some specimens in lateral view with
long black spots marking borders between dorsal and ventral areas, abdomen ventrally yellowish; female darker
than male, anterior 2/3 of abdominal segments pale brown or brown in darker specimens. Legs light, with spurs
reddish brown. Forewings brown, spotted; hind wings pale.

Male genitalia (Figs 3, 6a—6e): Apical segment of each inferior appendage (Figs 3A, 6a) with basal and distal
edges diverging, posterior edge oblique and slightly convex, ventral edge straight to slightly concave, at least two
times longer that dorsal edge. Apicodorsal vertex angular, apicoventral angle projecting as thick lobe narrowing
progressively to round apex (Fig 6a).
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Parameres (Figs 3BV-3BL, 6¢-6d) in ventral view curved posteromesad in apical 2/3 (Figs. 3BV p, 6¢). In
lateral view (Figs. 3BL, 6d) each slender at base, slightly dilated in middle, with rounded dorsal margin before
midlength and almost straight ventral margin at midlength, pointed at apex; row of few thick spines on midventral
margin (Figs 6¢—6d); midlateral surface covered by very fine spicules or setae, reaching from anteroventral to pos-
terodorsal edges of paramere, absent from dorsal edge.

Aedeagus (phallicata) in lateral view (Figs 3CL, 6e) with dorsal margin deeply concave and posterior corner
of concavity hooked anterad; upper posterior edge concave to obliquely truncate apex, ventral edge sinous. Latero-
ventral lobes of phallus (Fig. 3CD Ivl) convex, narrowing progressively towards apex, apicolateral margins round,
posteromesal edge of each lobe concave. Ventral lobe of aedeagus nearly round, tapering and acute caudally (Fig
3BV vl).

Apicodorsal lobe of segment IX (Figs 3DD, 6b) slightly dilated subapicolaterally, posterior edge semicircular,
lateral edges converging anterad; preanal appendages (fig 3DD pa) shorter than apicodorsal lobe (Fig 3DD al),
obliquely subtruncate apicolaterally, with slightly concave posteromesal edges (Figs. 3DD, 6b). In ventral view,
apical band V-shaped, inner and outer edges converging in posterior third, pointed apically, longer than wide (Fig
3DV ab); posterior edge of non-sclerotized ventral area slightly concave, with small mesal incision (Fig 3DV va),
anal sclerites subtriangular, concave apically (Fig 3DV as).

Morphological characters diagnosing males of R. fasciata viteceki and R. fasciata fasciata

1) In R. fasciata viteceki, apical segment of each inferior appendage with posterior edge slightly convex (Figs
3A, 6a), ventral edge at least two times as long as dorsal edge. In R. fasciata fasciata, apical segment of each inferior
appendage with posterior edge slighly convex dorsally and slightly concave subapicoventrally (Fig 7a), ventral edge
less than two times as long as dorsal edge.

i) In R. fasciata viteceki, parameres in lateral view (Figs 3BL, 6d) with row of few thick spines on midventral
margin (Figs 6¢, 6d); midlateral surface covered by very fine spicules or setae, reaching from anteroventral to pos-
terodorsal edges of paramere, absent from dorsal edge. In R. fasciata fasciata, (Fig. 7d) parameres in lateral view
each with two rows of thick spines diverging from midventral margin (Figs 7c, 7d); midlateral surface covered
partially by fine spicules or setae, reaching from middle posteroventral edge to almost posterodorsal edge, absent
from anteroventral and dorsal edge.

ii1) In R. fasciata viteceki, anterodorsal margin of aedeagus deeply concave; posterodorsal edge concave, apex
obliquely truncate, ventral subapical margin round (Figs 3CL, 6e), subcircular, tapering and acute caudally in ven-
tral view (Figs. 3BV vl); lateroventral lobes of phallus (Fig 3CD lvl) convex, narrowing progressively towards apex,
apicolateral margins round. In R. fasciata fasciata, anterodorsal margin of aedeagus shallowy concave; posterior
edge of aedeagus straight, projected posteroventrally, ventral subapical margin round (Fig 7e), triangular in ventral
view; lateral margins of lateroventral lobes of phallus almost parallel, posterolateral edges almost straight, apico-
lateral margins round.

iv) In R. fasciata viteceki, apicodorsal lobe of segment IX slightly dilated subapicolaterally, posterior edge
semicircular, lateral edges converging anterad (Figs 3DD al, 6b); preanal appendages obliquely subtruncate apico-
laterally, with slightly concave posteromesal edges (Figs 3DD pa, 6b); in ventral view, apical band (Fig 3DV ab)
longer than wide, posterior edge of non-sclerotized ventral area slightly concave, with small mesal incision (Fig
3DV va). In R. fasciata fasciata, apicodorsal lobe of segment IX uniformly round, almost circular (Fig 7b), preanal
appendages with convex posteromesal edges; in ventral view, apical band almost as wide as long, posterior edges
converging posterad, posterior edge of non-sclerotized ventral area with V-shaped posteromesal excision.

Description of the female of R. fasciata viteceki and morphological character diagnosing female genitalia of
R. fasciata viteceki and R. fasciata fasciata (1 specimen)

1) R. fasciata viteceki, in lateral view (Figs 4L, 9L), with posterior margins of segment VIII valves on each side
concave, with dorsolateral and ventrolateral projections of similar size; triangular yellow sclerotized tissue pointed
caudad at mid-height of segment IX. In R. fasciata fasciata (Fig 10L) posterior margin of segment VIII valves on
each side irregular, with dorsolateral, ventrolateral, and mid-height projections of different sizes and shapes.

i) R. fasciata viteceki in dorsal view (Figs 4D, 9D) with indentation between segment VIII valves, apicodorsal
ends of valves dilated, fan shaped. In R. fasciata fasciata (Fig 10D), apicodorsal ends of valves with round apical
corners, in some specimens with small projection in subapical corners.
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ii1) R. fasciata viteceki in ventral view (Figs 4V, 9V), segment VIII valve proximal edges slightly convex, pos-
terior edges sinuous; intersegmental membrane with pair of elongate sclerites, reddish brown with pale spots inside.
Two bands of yellow sclerotized tissue along lateral surfaces of segment IX, visible in lateral and ventral views,
connected ventrally by band of yellow tissue anterior of pair of sclerites (Figs 4L—4V, 9L-9V). In R. fasciata fas-
ciata (Fig 10V) segment VIII valves with proximal edges nearly parallel, posterior edges irregular, intersegmental
membrane with pair of oval sclerites near valves without pale spots. Narrow lateral bands of yellow sclerotized tis-
sue at midheight on segment IX, sometimes not conspicuous.

Genetic analysis

The mitochondrial sequences of the cytochrome oxidase gene subunit I (mtCOI) analysed show clear differ-
ences between the nominal R. fasciata fasciata specimens and those of R. fasciata delici, R. fasciata viteceki, R. den-
ticulata, R. sociata, and R. kykladica. Based on the divergence of sequences, there are six well-supported branches
in maximum likelihood tree, corresponding to R. fasciata delici (bootstrap value of 92) (Fig. 11a), R. fasciata fas-
ciata (b.v. of 99) (Fig. 11¢), R. denticulata (b.v. of 98) (Fig. 11d), R. sociata (b.v. of 98) (Fig. 11e), R. kykladica (b.v.
of 100) (Fig. 111), all clearly different from the R. relicta branch (b.v. of 99) (Fig. 11g). R. fasciata viteceki (Fig.
11b) appears as an unresolved paraphyletic group in this analysis (b.v. of 72). Intraspecific distances (maximum
composite likelihood model) are lower than 1% (Table 2a), being the lowest in R. f. viteceki (0.0017), and interspe-
cific distances are mostly higher than 4.35% (Table 2b) among all of these species. The lower distances are between
species R. denticulata and R. sociata (0.0430) and between subspecies R. f. fasciata & R. f. delici (0.0435) and R. f.
fasciata & R. f. viteceki (0.0239) and R. f. delici & R. f. viteceki (0.0203).

TABLE 2. Genetic distances (maximum composite likelihood model). 2a: intraspecific distances, n/c = not computed (1
specimen only). 2b: interspecific distances.

Table 2a Table 2b

Intraspecific Interspecific R. relic.  R. kykla. R. soc. R. den. R. f. fas.  R. f. delici

R. relicta n/c R. relicta

R. kykladica 0.0019 R. kykladica 0.0699

R. sociata 0.0062 R. sociata 0.0870 0.0773

R. denticulata  0.0053 R. denticulata 0.0935 0.0669 0.0430

R. f fasciata 0.0041 R. f fasciata 0.0717 0.0655 0.0678 0.0619

R. f. delici 0.0087 R. . delici 0.0719 0.0551 0.0614 0.0579 0.0435

R.f. viteceki 0.0017 R. f viteceki 0.0585 0.0506 0.0474 0.0470 0.0239 0.0203
Discussion

Mitochondrial DNA (mtDNA) sequences can be useful as a first indicator in species delineation, and, combined
with careful morphological, behavioural, and ecological analysis, can help to establish accurate species boundaries
(Bickford et al. 2007; Dasmahapatra & Mallet 2006; Galtier et al. 2009). Most recent studies show the importance
of mtDNA in the creation of new species, through mitochondrial-nuclear (mitonuclear) coevolution: Some changes
in mitochondrial DNA are selected and lead to cyto-nuclear incompatibility between populations that become new
species (Burton er al. 2013; Galtier et al., 2009; Chou & Leu 2015; Healya & Burton 2020; Hill 2016, 2017). Hill
(2016) proposed a new definition for bisexual species: 4 species is a population that is reproductively isolated from
other populations by incompatibilities in uniquely coadapted mt and N-mt genes. Species boundaries are the bound-
aries of coadapted mitochondrial and nuclear genes, which will be boundaries already deduced from the mtCOI
barcode gap.
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FIGURE 11. Maximum likelihood tree of some species and subspecies of the Rhyacophila fasciata Group: Rhyacophila fascia-
ta delici (Rdel) (11a), Rhyacophila fasciata viteceki (Rvit) (11b), Rhyacophila f. fasciata (Rfas) (11¢), Rhyacophila denticulata
(Rden) (11d), Rhyacophila sociata (Rsoc) (11e), Rhyacophila kykladica (11f) together with Rhyacophila relicta (Rrel) (11g)
as outgroup, based on mitochondrial COI sequence data. Bootstrap values of main branches are shown; data for specimens are
summarized in Table 1. RdelBH = R. fasciata delici specimens from Bosnia and Herzegovina, RdelCRO = R. fasciata delici
specimens from Croatia; RdenFRA = R. denticulata specimens from France; RfasBEL = R. f. fasciata specimen from Belgium,
RfasBH = R. f. fasciata from Bosnia and Herzegovina, RfasCRO = R. f. fasciata specimens from Croatia, RfasCZE = R. f.
fasciata specimen from Czech Republic, RfasGER = R. f. fasciata specimen from Germany, RfasPOL = R. f. fasciata speci-
men from Poland; RkykGRE = R. kykladica specimens from Greece; RrelSPA = R. relicta specimen from Spain; RsocFRA =
R. sociata specimens from France, RsocSPA = R. sociata specimens from Spain; RvitBH = R. fasciata viteceki specimens from
Bosnia and Herzegovina. Scale bar: 1% divergence.
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FIGURE 12. Distribution of Rhyacophila fasciata delici Ku¢ini¢ & Valladolid ssp. nov., R. fasciata viteceki Valladolid &
Kuc¢ini¢ ssp. nov., and R. f fasciata Hagen 1859 in Croatia and in Bosnia and Herzegovina. Colour scale: altitude (m a.s.l.).
Circle: species and subspecies present in Croatia, Triangle: species and subspecies present in Bosnia-Herzegovina. Green: R.
fasciata delici, black: R. fasciata viteceki, red: R. f. fasciata.

Among the mitochondrial DNA, the nucleotide sequence of the gene cytochrome ¢ oxidase subunit 1 has been
established as a highly effective DNA barcode for diagnosing the species boundaries of animals (Hill 2016; Hebert
et al. 2003b; Dasmahapatra & Mallet 2006; Bucklin et al. 2011). In a majority of metazoan populations, there is a
correspondence between the species designated by mtCOI and species previously described morphologically (Tava-
res & Baker 2008; Tavares et al. 2011) and discovery of barcode gaps often leads to the recognition of new species
upon further study (Hebert ez al. 2004; Bickford et al. 2007; Hill, 2016).

In this study, the differences observed at genetical and morphological levels between specimens corroborate
the hypothesis that in Croatia and Bosnia and Herzegovina there are at least three different subspecies: R. 1. fasciata
is found in northern Croatia and Bosnia and Herzegovina and is genetically close and morphologically similar to
specimens of other European countries, R. fasciata delici is a new subspecies present in Croatia and in Bosnia and
Herzegovina and R. fasciata viteceki, is a new subspecies found in Bosnia and Herzegovina. Morphological and ge-
netic results highlight the new subspecies status: The intraspecific distances were always lower than 1% divergence,
and interspecific distances were usually higher than 4.35% (Table 2), in a similar way that we found in specimens
of R. denticulata and R. sociata (Valladolid et al. 2018), and R. kykladica (Valladolid et al. 2019). Other authors
that have analysed the divergence of mtCOI sequences between different species of several taxonomic groups found
that more than 98% of the species pairs show divergences greater than 2% (e.g., Hebert ef al. 2003b), and that the
intraspecific divergences usually are less than 1% (Avise 2000). We also agree with the premise of Hebert et al.
(2003a) that we can recognize species by their genetic divergences from known species assemblages. In this case,
both subspecies were identified originally as R. f. fasciata. Based on our morphological and genetic evidence and
the geographical isolation of the populations (allopatric populations), we propose conservatively the creation of two
new subspecies: R. fasciata delici Ku¢ini¢ & Valladolid, from Croatia and Bosnia and Herzegovina, and R. fasciata
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viteceki Valladolid & Kucini¢, from Bosnia and Herzegovina. Possible future discovery of co-occurrence of two or
all three of these haplotypes/morphotypes may demonstrate their reproductive isolation and justify their elevation
as distinct species according to Hill’s (2016) definition.

Distribution and Ecology. The Balkan Peninsula is known for its high species diversity of aquatic insects (Ku-
manski 1985; 1988; Kvifte et al. 2013; Malicky 2005; Petrovi¢ et al. 2014; Vitecek et al. 2015; Vilenica et al. 2017).
In this part of Europe, many aquatic species have been found and described recently, showing small distribution areas
[microendemic species (e.g., Graf et al. 2012; Kvifte et al. 2013; Miceti¢ Stankovi¢ et al. 2015; Muranyi 2011; Vitecek
et al. 2017)]. Together with the Alps, the Iberian Peninsula, the Apennine Peninsula, and the Carpathian Mountains, the
Balkan Peninsula is one of the most interesting areas in Europe concerning biodiversity and endemisms.

The distributions of these three subspecies of the Rhyacophila fasciata Group in Croatia and Bosnia and Herze-
govina, Rhyacophila f. fasciata, R. fasciata delici, and R. fasciata viteceki, are shown in Fig. 12.

Rhyacophila f. fasciata was found in northeastern Croatia and northern Bosnia and Herzegovina. In Croatia, the
subspecies inhabits the rivers of the Papuk Nature Park: Dubocanka, Kovacica, Djedovica, Brzaja, and Jankovac
spring (Previsi¢ et al. 2013), and the upper part of the Kutjevacka, a 13 km long river situated on the slopes of the
Krndija Mountain, in the eastern part of the Park. This area is mostly covered by forests and harbours a large net-
work of streams and a variety of different freshwater areas.

In Bosnia and Herzegovina we found this subspecies in Bosnia: Trnovo River (Botosaneanu 1960, 1961) and
Bosna, Fojni¢ka, Kresevka and Zeljeznica Rivers (Stani¢-Kostroman et al. 2015). This last area belongs to a moun-
tainous region of Bosnia and Herzegovina characterized by moderate continental climate with strong influences of
mountain and subalpine climates, with harsh snowy winters and moderately warm summers. The rivers belong to
the Bosna Basin and the Black Sea watershed (Stani¢-Kostroman et al. 2015).

Rhyacophila fasciata delici is present in all ecological areas of Croatia, in the lowland continental part (Kucini¢
et al. 2010a; Previsi¢ et al. 2007, 2013), the central-mountain part (Cerjanec 2012; Kucini¢ 2002, Kucini¢ et al.
2008, 2017; Previsi¢ et al. 2010), and in the Mediterranean part (Graf e al. 2008; Kucini¢ et al. 2011c; Vuckovié
2011). In these areas this subspecies was previously identified as R. fasciata.

In our investigation of caddisflies, we usually found R. fasciata delici in springs, streams and rivers but almost
never in lake habitats (Kucini¢ et al. 2017). For example, in the NP Plitvice Lakes in the central-mountain area we
recorded this subspecies in springs, streams, and tuffa barrier, but never in lakes (Kucini¢ 2002; Kucini¢ et al. 2017;
Previsi¢ et al. 2007).

In the continental part of Croatia (NP Plitvice Lakes) in emergence pyramid traps we found adults with long
winter flight period in all months except February (Previsi¢ et al. 2007). In the Mediterranean part (Krka River), we
collected adults of R. fasciata delici in the period between March to December and in the Cetina River in all months
except March. These results are in accordance with the findings of Otto (1981) and demonstrate that caddisflies
with predatory larvae have food resources during all periods of the year and long emergence of adults (Previsi¢ et
al. 2007) without well-separated generations.

In Croatia we found this subspecies in altitudes from 53 m a.s.l. to about 720 m a.s.l. (Kucini¢ et al. 2011c,
2017).

In Bosnia and Herzegovina, R. fasciata delici has been found in two localities near Sarajevo: the Miljacka River
in Dariva, and the Bosna River, in Vrelo Bosne, about 560-580 m a.s.l. (Kalamuji¢, personal communication).

Rhyacophila fasciata viteceki is a common subspecies in Bosnia and Herzegovina, widespread in the mountain-
ous, sub-mountainous, and Mediterranean regions of Herzegovina. It inhabits faster-flowing streams and rivers,
from the crenal to the metarhithral zone, and the larvae are most numerous on the boulders, cobbles, and pebbles.
In comparative studies undertaken during 2003 and 2004, R. fasciata viteceki was very common in Herzegovina,
while it was less prevalent at stations in central Bosnia where Rhyacophila nubila Zetterstedt 1840 occurs (Stanic-
Kostroman 2009; Stani¢-Kostroman et al. 2015).

The specimens studied come from the Neretva Basin and Sturba River. The Neretva River is located in the karst
region of Bosnia and Herzegovina, characterized by modified Mediterranean climate with maritime influences:
Relatively low humidity and cloudiness, long hot summers and more frequent rainfall during winter. This basin
belongs to Adriatic Sea watershed.

The Sturba is a karstic river situated in the western part of Bosnia and Herzegovina, near the town of Livno,
with a spring in the village Sturba. It is a short river (15 km long) that flows slowly through the largest karst field
in Europe, Livanjsko Polje, and belongs to the Adriatic Sea watershed. The adult caddisflies were collected near the
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spring in the upper part of the river (400 m from the spring), in the village of Sturba. In this location, the substrate
consisted of stones, pebbles, moss, and aquatic vegetation.
Specimens of R. fasciata viteceki have been found from 30 m a.s.l. to 755 m a.s.l.
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