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Introduction
Freshwater ecosystems are of exceptional interest 
because they are among the most diverse habitats 
on earth. It is widely recognised that rapid globalisa-
tion has caused wide-spread degradation and disrup-
tion of natural systems, especially in the freshwater 
realm (Lévêque et al. 2005). Declines in biodiversity 
are far greater in freshwaters (lakes, rivers and wet-
lands) than in the most affected terrestrial ecosystems 
(Dudgeon et al. 2006). According to the IUCN Red 
Lists of threatened species (IUCN 2015) and Abell 
et al. (2008), a quarter of the known worldwide fresh-
water species are listed as threatened or regionally 
extinct. Thus, the knowledge of the distribution and 
population status of the majority of aquatic species is 
urgently needed to understand and protect freshwater 
ecosystems worldwide (Mächler et al. 2014).

On the other hand, the present knowledge of 
freshwater diversity is still partial. According to a 
rough estimate by Balian et al. (2008), 60.4% of 

freshwater animal species are insects. Trichoptera, 
Plecoptera and Ephemeroptera (usually known as 
EPT taxa) represent 15%, 5% and 4%, respective-
ly, of the total number of freshwater animal species 
(Balian et al. 2008). These organisms are essential 
elements in the benthic communities playing an im-
portant role in the nutrient cycling of materials and 
in trophic transfers (Ferro, Sites 2007). As EPT taxa 
are generally sensitive to environmental perturba-
tions, they are widely used for ecological monitoring 
(Rosenberg, Resh 1993). 

The vulnerability to variation in abiotic factors 
(pollution, habitat degradation, acidification, climate 
change, etc.) may lead to local or global extinction 
of many EPT species (Slavevska-Stamenković et 
al. 2011, Herskovitz et al. 2015). In this regard, EPT 
species belong to the category of the most endan-
gered aquatic insects (Hering et al. 2009, Petrović 
et al. 2014, 2015). However, globally there are only 
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11 (seven Extinct, two Vulnerable, one Endangered 
and one Critically Endangered) EPT taxa included 
in the IUCN Red Lists for threatened species (IUCN 
2015). The larvae of EPT species, as well as of the 
other aquatic invertebrates are notoriously difficult to 
inventory because of their small size, often low pop-
ulation densities and patchy distribution (Mächler 
et al. 2014), which probably contributes to their low 
level of conservation. 

Compared to Western and Central Europe (e.g., 
Graf et al. 2008, 2009; Buffagni et al. 2009), scarce 
information on the distribution and conservation sta-
tus of EPT taxa from the Balkan Peninsula is avail-
able (Ibrahimi et al. 2012, 2014, Tyufekchieva et al. 
2013, Petrović et al. 2014, 2015). In the Republic of 
Macedonia, previous studies have been mainly fo-
cused on the taxonomy of EPT taxa. Ephemeroptera 
have been extensively examined by Ikonomov (1951, 
1953, 1954 a, b, c, 1958, 1960, 1961 a, b, 1962 a, b, 
c, d, 1963 а, b, 1964, 1970) and, more recently, by 
Vidinova (1998), Smiljkov, Slavevska-Stamenković 
(2004) and Smiljkov et al. (2008). 

There are numerous publications dealing with 
Macedonian stoneflies (Plecoptera), especially from 

the last century (Ikonomov 1969, 1970, 1971, 1972, 
1974 а, b, 1975, 1976 а, b, 1977, 1978, 1979, 1980 
а, b, 1982, 1983 а, b, c, 1986 а, b, Zwick 1984). 
Recently, a new species of stonefly, Siphonoperla 
korab Graf, 2012, was described (Graf et al. 2012) 
and four new taxa (Nemoura anas Murányi, 2007, 
Leuctra graeca Zwick, 1978, Zwicknia acuta 
Murányi & Orci, 2014 and Isoperla pesici Murányi, 
2011) for the Republic of Macedonia were recorded 
(Murányi 2007, Murányi et al. 2014). 

Compared to mayflies and stoneflies, 
Trichoptera (caddisflies) is relatively insufficiently 
known insect order in Macedonia (Radovanović 
1942, Botosaneanu 1960; Pavlovski 1991, Arsov 
1991, Kumanski 1997, Kumanski, Malicky 1999). 
Considerable progress has been made in recent years 
and new taxa were described (Oláh 2010, Oláh 
et al. 2011, 2013 a, b, Oláh, Kovács, 2013, 2014, 
Oláh et al. 2014, Vitecek et al. 2015). 

Although historical data are of great impor-
tance, future changes in the composition of the EPT 
taxa in Macedonia will go undetected unless current 
distribution of existing species is well documented. 
Thus, the aim of this paper is to report new data on 

Fig. 1. Localities of the studied water bodies
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some rare and endemic EPT taxa collected during 
the last years in the Republic of Macedonia, thus im-
proving the knowledge on their geographic distribu-
tion and assisting to make a preliminary assessment 
of their conservation status. 

Material and Methods
We present part of the results from the survey of 
18 sampling points (Fig. 1) classified as: Site A 
- Bregalnica River (S1-S11); Site D - Mala Reka 
River (S12), Tresonechka River (S13), Rosochka 
River (S14), Portica (Lazaropolska) River (S15); 
Site B - Orevovechka River (S16-S17) and Site C 
- Lenishka River (S18). Data for the geographical 
coordinates, altitude, sampling period and ecoregion 
(according Illies 1978) for each locality is presented 
in Table 1. 

The field survey was carried out between 
October 2007 and July 2014. Aquatic macroinver-
tebrates were collected with Surber sampler and 
hand-net with mesh size 500 μm, and in some cases 

(for coarse sand and silt substrata) an Ekman grab. 
Standard methodology for collection of bottom fauna 
(EN 28265:1994, EN 27828:1994, EN 9391:1995) 
was followed. EPT larvae specimens were separated 
from the other organisms, preserved in 80% ethanol 
and deposited in the Macedonian National Collection 
of Invertebrates (MNCI), Faculty for Natural Science 
and Mathematics, Skopje, R. Macedonia. The keys 
of Aubert (1959), Edigton, Hildrew (1981), Elliot 
et al. (1988), Hynes (1977), Waringer, Graf (1997, 
2013), Wallace et al. (2003) and Zwick (2004) were 
used for identification of the EPT larvae. The sys-
tematic presentation follows de Jong et al. (2014) 
and Bauernfeind, Soldan (2012). 

Abbreviations of collectors: BR=Biljana 
Rimcheska, VS=Valentina Slavevska-Stamenković.

Results 
Ephemeroptera

Serratella ikonomovi (Puthz, 1971) 
Material studied: Bregalnica River, S3: 

Table 1. Characteristics of the sampling sites

Code River/Locality Altitude 
(m)

Longitude 
(°N) Latitude (°E) Ecore-

gion Sampling period

Site A 
Bregalnica River

S1 Dve Reki 1 300 41°43’37.5’’ 22°59’16.5’’ 7 October 2008-September 2009
S2 Ramna River 1 100 41°43’52.6’’ 22°56’56.3’’ 7 October 2008-September 2009
S3 upstream Berovo 856 41°41’59.8’’ 22°51’27.9’’ 7 October 2008-September 2009
S4 upstream Dechevo 601 41°56’32.5’’ 22°48’15.7’’ 7 October 2008-September 2009
S5 upstream Kalimanci dam 536 41°59’20.8’’ 22°39’16.9’’ 7 October 2008-September 2009
S6 downstream Kalimanci dam 420 41°58’03.6’’ 22°34’32.4’’ 7 October 2008-September 2009
S7 v. Teranci 317 41°51’45.4’’ 22°20’58.5’’ 7 October 2008-September 2009
S8 mouth of Zletovica River 296 41°51’32’’ 22°15’51’’ 7 October 2008-September 2009
S9 v. Dolni Balvan 282 41°48’21’’ 22°12’12’’ 7 October 2008-September 2009

S10 v. Sofilari 257 41°42’34’’ 22°8’12’’ 7 October 2008-September 2009
S11 mouth of Bregalnica to Vardar 154 41°36’ 24.344’’ 21°55’23.011’’ 7 October 2008-September 2009

Site D
S12 Mala Reka River 735 41°32’9.888’’ 20°38’25.987’’ 6 April 2011
S13 Tresonechka River 1150 41°34’2.03’’ 20°44’46.895’’ 6 April 2011
S14 Rosochka River 810 41°32’35.07’’ 20°40’22.729’’ 6 April 2011
S15 Portica (Lazaropolska) River 1170 41°31’28.85’’ 20°41’27.81’’ 6 April 2011

Site B 
Orevovechka River

S16 downstream the local fishpond 860 41°23’48.32’’ 21°38’2.75’’ 6 March 2011, March 2012

S17 upstream entering  
Prilep Reservoir 740 41°23’1.971’’ 21°36’48.361’’ 6 March 2011, March 2012

Site C 
Lenishka River

S18 upstream course 1455 41°16’18.609’’ 20°33’13.628’’ 6 July 2014
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25.V.2008: 22 la, 28.VI.2008: 8 la, 24.VII.2008: 3 
la, leg. VS (MNCI).

Ephemerella mucronata (Bengtsson, 1909)
Material studied: Bregalnica River, S1: 

10.X.2007: 2 la, 15.XI.2007: 4 la, 24.XII.2007: 3 la, 
21.I.2008: 1 la, 15.II.2008: 1 la, 25.III.2008: 11 la, 
27.IV.2008: 27 la, 25.V.2008: 2 la, 28.VI.2008: 4 la, 
22.VIII.2008: 3 la, 01.XI.2008: 2 la; S2: 15.II.2008: 
2 la, 25.III.2008: 1 la, 27.IV.2008: 1 la, 25.V.2008: 
3 la, 24.VII.2008: 2 la, 22.VIII.2008: 5 la, leg. VS 
(MNCI).

Heptagenia longicauda (Stephens, 1835)
Material studied: Bregalnica River, S11: 

01.XI.2008: 7 la, leg. VS (MNCI).
Caenis pseudorivulorum Keffermüller, 1960 
Material studied: Bregalnica River: S3: 

22.VIII.2008: 1 la; S5: 25.V.2008: 18 la, 28.VI.2008: 
16 la, 22.VIII.2008: 26 la, 18.IX.2008: 46 la; 
S6: 28.VI.2008: 229 la; S7: 10.X.2007: 1 la; S8: 
10.X.2007: 5 la, 28.VI.2008: 19 la, 24.VII.2008: 19 la, 
22.VIII.2008: 2 la, 18.IX.2008: 1 la; S9: 28.VI.2008: 
31 la, 22.VIII.2008: 18 la, 18.IX.2008: 2 la; S10: 
10.X.2007: 1 la, 15.XI.2007: 2 la, 28.VI.2008: 15 
la, 24.VII.2008: 18 la, 22.VIII.2008: 9 la; S11: 
15.XI.2007: 1 la, 25.V.2008: 1 la, 28.VI.2008: 14 
la, 22.VIII.2008: 1 la, 18.IX.2008: 2 la, leg. VS 
(MNCI).

Note: New species for the fauna of the Republic 
of Macedonia.

Plecoptera
Brachyptera beali beali (Navás, 1924)
Material studied: Orevovechka River, S17: 

24.III.2011: 1 la, S18: 24.III.2011: 13 la, 18.III.2012: 
125 la, leg. BR (MNCI).

Taeniopteryx hubaulti Aubert, 1946
Material studied: Bregalnica River, S6: 

24.XII.2007: 1 la, leg. VS (MNCI).

Trichoptera
Thremma anomalum McLachlan, 1876
Material studied: Mala Reka River, S12: 

19.IV.2011: 1 la; Tresonechka River, S13: 
19.IV.2011: 2 la; Rosochka River, S14: 19.IV.2011: 
4 la; Portica (Lazaropolska) River, S15: 19.IV.2011: 
3 la; Lenishka River, S18: 13.VII.2014: 1 la, leg. VS 
(MNCI).

Discussion 
Our study shows that in Macedonia there are still 
unexplored areas concerning mayfly species. During 
the comprehensive survey of macroinvertebrate fau-
na from Bregalnica River, the presence of new and 

rare mayfly species was confirmed. Among them, 
Caenis pseudorivulorum Keffermüller, 1960 presents 
a Ponto-Caspian faunal element widespread all over 
Europe (Bauernfeind, Soldan 2012). Even though 
previously known from Bulgaria (Vidinova 2003), 
Greece (Bauernfeind 2003) and Serbia (Petrović 
et al. 2015), until now this species has not been re-
ported from Macedonia. The finding of this species 
in the middle and lower part of Bregalnica River 
(from S5 to S11), confirms its affinity to the potamal 
of large rivers with gravel and sandy microhabitats 
(Buffagni 1997, 1999, 2003, Vidinova 2003). The 
records of C. pseudorivulorum in Macedonia con-
tribute to the better knowledge of its distribution 
range on the Balkan Peninsula.

The mayfly Serratella ikonomovi (Puthz, 
1971) was observed in the waters of several 
countries in Southern European, such as Bosnia 
and Herzegovina (Tanasijević 1979), Serbia 
(Studemann et al. 1989, Simić, Simić, 2003, Savić et 
al. 2010), Albania (Studemann et al. 1989), Greece 
(Studemann et al. 1989, Bauernfeind 2003), Italy 
(Buffagni et al. 2003) and Spain (López-Rodríguez 
et al., 2008), but never from Ecoregion 7 (Eastern 
Balkans). In the Republic of Macedonia, this spe-
cies was previously reported from several stream-
lets from the western part (Ecoregion 6 - Hellenic 
Western Balkans) of the country (Ikonomov 1961, 
Studemann et al. 1989). In the current study, lar-
vae of this rare species were found on stony sub-
strate in the Upper  Bregalnica River (S3; Fig. 1), 
which is the first finding of S. ikonomovi for the 
Ecoregion 7 (Illies 1978). Based on the fact that 
this Mediterranean faunistic element inhabits 
higher altitudes along the Bregalnica River (856 m 
a.s.l.), we presume that the region is under increas-
ing influence of Mediterranean climate. 

The rheophilic mayfly Ephemerella mucronata 
(Bengtsson, 1909) is widespread in Europe (with 
the exception of the British Inlands and the Iberian 
Peninsula), oriental regions of the former USSR and 
North America (Belfiore et al. 1990, Bauernfeind, 
Soldan 2012). Concerning the Republic of 
Macedonia, scarce populations of the species were 
recorded by Ikonomov (1961) from three springs of 
the Baba and Osogovo Mountains. A field survey 
conducted on the upper course (S1 and S2; Fugure 
1) of Bregalnica River revealed that this rare mayfly 
inhabits Maleshevski Mountains too. These locali-
ties are the easternmost populations of E. mucronata 
in the Republic of Macedonia. 

Another rare mayfly, Heptagenia longicauda 
Stephens 1835, is a well known species from the 
Western Palearctic (Bauernfeind, Soldan 2012). 
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Previously it was recorded by Ikonomov (1963a) 
from the middle and lower course of Vardar River. 
In the current study, few larvae of H. longicauda 
were collected from the stone bedrocks and sub-
merged logs and plants at S11 (mouth of Bregalnica 
into Vardar River), although we expected it at local-
ity S9 and S10 which also belong to the lower part 
of the river. Despite its eurivalence to the most of 
ecological factors (Macadam 2003), H. longicauda 
usually avoids places with α-mesosaprobic condi-
tions (Vidinova, Russev 1997, Bauernfeind, Soldan 
2012). Another reason for the restricted distribution 
of the heptageniid population in the lowland parts 
of many European rivers is the gravel extraction in 
the catchments, which alters the aquatic environ-
ment, and in many cases causes total loss of habitat 
(Macadam 2006). This could be a possible explana-
tion for the extinction of H. longicauda, from the 
sampling point S9 (gravel extraction) and S10, one 
of the most polluted sites on the Bregalnica River 
(Slavevska-Stamenković, unpublished data). 

The results of this study provide new data for 
the distribution of two rare Plecoptera species in the 
Republic of Macedonia: Brachyptera beali beali 
(Navás, 1924) and Taeniopteryx hubaulti Aubert, 
1946. From a zoogeographical point of view, B. beali 
beali is a Balkan endemic stonefly (Graf et al. 2009) 
reported from Bosnia and Herzegovina (Murić et al. 
2011), Greece (Aubert 1963, Berthélemy 1971, 
Zwick 1978) and Montenegro (Murányi 2008). 
According to Ikonomov (1983 b, 1986 b) and re-
cently to Murányi et al. (2014) B. beali beali inhab-
its few springs in Southern Macedonia. Currently, 
Orevovechka River presents the northernmost point 
of its known distribution in the country.

The rheophilic stonefly Taeniopteryx hubaulti is 
an European species. According to Graf et al. (2009) 
it is known from Ecoregions 2 (Pyrenees), 4 (Alps), 
5 (Dinaric Western Balkans), 6 (Hellenic Western 
Balkans), 7 (Eastern Balkans), 8 and 9 (Western 
and Central Highlands) and 10th (Carpathians). In 
Macedonia, the larvae of the stonefly T. hubaulti 
were previously reported only from the Brajchinska 
River (Ikonomov 1974). In the current study its pres-
ence (a single larvae specimen) was recorded at site 
S6. Bregalnica River, after Kalimanci Dam is char-
acterised with high current speed, colder water dur-
ing the year, low fluctuation of temperature and high 
oxygen saturation which offers optimal conditions 
for its occurrence. Additionally, the restricted area 
and the fact that larvae were nоt collected during the 
last 50 years suggest that, if the species exists it is 
particularly rare; perhaps under higher risk of extinc-
tion, or that larvae occupy an unusual habitat which 

has not been sampled. Similar conservation status 
of the species was determined in the neighbouring 
countries Bulgaria and Serbia (Tyufekchieva et al. 
2013, Petrović et al. 2014).

The caddisfly Thremma anomalum McLachlan, 
1876 is a subendemic species for Balkan Peninsula, 
Carpathians and Caucasus (Graf et al. 2008, 
Živić et al. 2013). So far in Europe the species 
was known from Ecoregions 5, 6, 7, 10 and 24 
(Oláh, K ovács  2013, Živić et al. 2013, Ibrahimi 
et al. 2014). Additionally, T. anomalum was found 
by Sipahiler (2007) from the Asian part of Turkey, 
which belongs to Ecoregion Y (Asia Minor). 

In the Republic of Macedonia the adult stage of 
T. anomalum has been reported from Shar Planina 
Mountains (Kumanski 1997, Oláh, Kovács 2014) 
and Pelister (Radovanović 1942), and larvae were 
recorded from Podgorecka River, Jablanica Mts. 
(Radovanović 1942). In the current study limited 
numbers of specimens  (11) of T. anomalum were 
found. Despite intensive research performed by 
Slavevska-Stamenković (unpublished data) on 
the Jablanica Mts, reported as area for protection 
(Biodiversity Strategy and Action Plan of the 
Republic of Macedonia, 2004), a single larvae spec-
imen was registered (Lenishka River, S18). It should 
be stressed that the spring areas, upper courses of the 
streams and streamlets on this mountain are under 
higher anthropogenic pressure, and especially ab-
straction of water, which probably caused the disap-
pearance of T. anomalum. The other ten larvae were 
found in Mawla Reka River (S12), Tresonecka River 
(S13), Lazaropolska River (S15) and Rosocka River 
(S14) that belong to the „Mavrovo“ National Park. 
Restricted distribution range in the country and scarce 
populations, especially in the Jablanica Mts., suggest 
that T. anomalum belongs to the group of threatened 
caddisfly species in the Republic of Macedonia. The 
similar population trend of this taxon is registered in 
some of our neighbouring countries. Namely, recent 
study in Western Serbia and Northern Montenegro 
has not recorded this species, in spite of its previous 
presence (Živić et al. 2013).

Conclusion
Our results highlight the importance of new surveys 
in the area in order to assess the overall biodiver-
sity of this group of aquatic insects and to estimate 
population status or extinction rates of the EPT taxa 
according to IUCN criteria. Obtained data could be 
useful for selection the regions of high conservation 
values where effective protection measures should 
be applied. 



204

Slavevska-Stamenković V., B. Rimcheska, Y. Vidinova, V. Tyufekchieva, M. Ristovska, S. Smiljkov, M. Paunović, D. Prelić 

References

Abell R., M. L. Thieme, C. Revenga, M. Bryer, M. Kottelat, N. 
Bogutskaya and P. Petry 2008. Freshwater ecoregions of 
the world: a new map of biogeographic units for freshwater 
biodiversity conservation. – BioScience, 58 (5): 403-414.

Arsov G. 1991. Taxonomico-biocoenological analsis and altitude 
distribution on trichoptera larva fauna in the Zrnovska 
river. M.S. thesis. Faculty of Sciences, Skopje, 1-148. (In 
Macedonian)

Aubert J. 1959. Plecoptera. – Insecta Helvetica, Fauna (Lausanne), 
l: 1-140.

Aubert J. 1963. Quelques Plécoptères de Grèce. – Bonner Zoolo-
gische Beiträge, 3 (4): 224-227.

Balian E. V., H. Segers, K. Martens and C. Lévéque 2008. 
The freshwater animal diversity assessment: an overview 
of the results. – In: Freshwater Animal Diversity Assess-
ment. Springer, Netherlands, 627-637.

Bauernfeind E. 2003. The mayflies of Greece (Insecta: 
Ephemeroptera) - A provisional check-list. – In: Gaino E. 
(ed.): Research update on Ephemeroptera & Plecoptera. 
Università di Perugia. Perugia, Italy, 99-107.

Bauernfeind E., T. Soldan 2012. The Mayflies in Europe 
(Ephemeroptera). – Apollo Books, Ollerup, Denmark, 781 p.

Belfiore C., S. Campaioli, N. De Marco and M. Martin 
1990. Ephemerella mucronata (Bengtsson, 1909) in Italia 
(Ephemeroptera, Ephemerellidae). – Gortania, 11: 177-182. 

Berthélemy C. 1971. Plécoptéres de Gréce centrale et d’eubée. – 
Biologia Gallo-Hellenica, 3 (1): 23-56.

Biodiversity Strategy and Action Plan of the Republic of 
Macedonia 2004.- Ministry of Environment and Physical 
Planing, Skopje, 1-128. 

Botasaneanu L. 1960. Trichoptères de Yougoslavie recueillis en 
1955 par le Dr. F. Schmidt. – Deutsche Entomologische 
Zeitschrift, 7: 261-293.

Buffagni A. 1997. Taxonomic and faunistic notes of the Caenis 
pseudorivulorum-group (Ephemeroptera, Caenidae). – In: 
Landolt P., Sartori M. (ed.): Ephemeroptera & Plecoptera. 
Biology-Ecology-Systematics. Mauron + Tinguely & Lachat, 
SA. Fribourg, 434-438.

Buffagni A. 1999. Tassonomia, Faunistica ad ecologia di alcune 
specie italiane del genere caenis (Ephemeroptera, Caenidae). 
– Fragmenta entomologica, Roma, 31 (I): 1-13.

Buffagni A., C. Belfiore, S. Erba, L. J. Kemp and M. Cazzola 
2003. A review of Ephemeroptera species distribution in 
Italy: Gains from recent studies and areas for future focus. 
– In: Gaino E. (ed): Research update on Ephemeroptera & 
Plecoptera. Università di Perugia, Perugia, Italy, 279-290.  

Buffagni A., M. Cazzola, M. J. Lopez-Rodriguez, J. Alba-Terce-
dor and D. G. Armanini 2009. Distribution and Ecological 
Preferences of European Freshwater Organisms. Volume 3. 
Ephemeroptera. 254pp. 

de Jong Y., M. Verbeek, V. Michelsen, P. Bjorn, W. Los, F. Steeman, N. 
Bailly, C. Basire, P. Chylarecki, E. Stloukal, G. Hagedorn, 
F. Wetzel, F. Glockler, A. Kroupa, G. Korb, A. Hoffmann, C. 
Hauser, A. Kohlbecker, A. Muller, A. Guntsch, P. Stoev and 
L. Penev 2014. Fauna Europaea – all European animal species 
on the web. Biodiversity Data Journal 2: 1-35.

Dudgeon, D., A. H. Arthington, M. O. Gessner, Z. I. Kawabata, D. 
J. Knowler, C. Lévêque and C. A.  Sullivan 2006. Freshwa-
ter biodiversity: importance, threats, status and conservation 
challenges. – Biological reviews, 81(2): 163-182.

Edigton J. M., A. G. Hildrew 1981. A key to the Caseless Caddis lar-
vae of the British Isles, with notes on their ecology.- Freshwater 
biological associations, Scientific publications, 43: 1-91.   

Elliott J., U. Humpesch, T. Macan 1988. Larvae of the British 
Ephemeroptera: a key with ecological notes. – Freshwater 
biological associations, Scientific publications, 49: 145 p.

EN  27828: 1994.  Water quality – Methods for biological sam-
pling – Guidance on hand-net sampling of benthic macro-
invertebrates.

EN  28265: 1994.  Water quality – Methods for biological sampling 
– Guidance on the design and use of quantitative samplers 
for benthic macroinvertebrates on stonu substrata in schal-
low waters.

EN 9391:1995. Water quality – Sampling in deep waters for 
macroinvertebrates- Guidance on the use of colonisation, 
qualitative and quantitative samplers.

Ferro M. L., R. W. Sites 2007. The Ephemeroptera, Plecoptera and 
Trichoptera of Missouri State Parks, with Notes on Biomoni-
toring, Mesohabitat Associations, and Distribution. – Journal 
of the Kansas Entomological Society, 105-29.

Graf W., J. Murphy, J. Dahl, C. Zamora-Muñoz and J. M. López-
Rodríguez 2008.  Trichoptera. – In: Schmidt-Kloiber A., 
D. Hering (ed.): Distribution and ecological preferences of 
European freshwater organisms, Volume 1, Pensoft Publish-
ers, Sofia, 388 p.

Graf W., A. W. Lorenz, J. M. Tierno de Figueroa, S. Lucke, M. 
J. Lopez-Rodriguez and C. Davies 2009. Plecoptera. – In: 
Schmidt-Kloiber A., D. Hering (ed.): Distribution and 
ecological preferences of European freshwater organisms, 
volume 2. Pensoft Publishers, Sofia. 262 p.

Graf W., A. Popijač, A. Previsić, M. Gamboa and M. Kučinić 
2012. Contribution to the knowledge of Siphonoperla in 
Europe (Plecoptera: Chloroperlidae): Siphonoperla korab 
sp. n. – Zootaxa, 3164: 41-48.

Hering D., A. Schmidt-Kloiber, J. Murphy, S. Lücke, C. Zamora-
Munoz, M. J. López-Rodríguez and W. Graf 2009. Potential 
impact of climate change on aquatic insects: a sensitivity 
analysis for European caddisflies (Trichoptera) based on 
distribution patterns and ecological preferences. – Aquatic 
Sciences, 71(1): 3-14.

Hershkovitz, Y., V. Dahm, A. W. Lorenz and D. Hering 2015. A multi-
trait approach for the identification and protection of European 
freshwater species that are potentially vulnerable to the impacts 
of climate change. – Ecological Indicators, 50: 150-160.

Hynes H. 1977. A key to the adults and nymphs of the British 
Stoneflies (Plecoptera) with notes on their ecology and 
distribution. – Freshwater Biological Association Scientific 
Publications, 17: 92 p., 3rd ed.

Ibrahimi H., M. Kučinić, A. Gashi and L. Grapci-Kotori 2012. 
The caddisfly fauna (Insecta, Trichoptera) of the rivers of 
the Black Sea basin in Kosovo with distributional data for 
some rare species. – ZooKeys, 182: 71-85.

Ibrahimi H., M. Kučinić, A. Gashi and L. Grapci-Kotori 2014. 
Trichoptera Biodiversity of the Aegean and Adriatic Sea 
Basins in the Republic of Kosovo. –Journal of Insect Sci-
ence, 14 (1), 209 p.

Ikonomov P. 1951. Contribution à l’étude d’éphéméroptères de la 
Vallée d’Ochrida. –Annuaire de la Faculté de Philosophie 
de l’Université de Skopje, Section des sciences naturelles, 
4 (3): 1-33.

Ikonomov P. 1953. Ephemeroptera der Umgebung des Prespa-Sees. 
– Annuaire de la Faculté de Philosophie de l’Université de 
Skopje, Section des sciences naturelles, 6 (7): 1-29.

Ikonomov, P. 1954a. Éber das weibchen von Iron jugoslavicus 
Šamal. – Fragmenta Balcanica, Musei Macedonici Scien-
tiarum Naturalium, Skopje, 1(1): 1-6.

Ikonomov P. 1954b. [Über eine neue Heptagenia (Ephem.) aus 
Mazedonien]. –Fragmenta Balcanica 1 (7): 57-68.

Ikonomov P. 1954c. [Über eine neue larve der Gattung Baetis (Ephem) 
aus Mazedonien]. Fragmenta Balcanica 1 (11): 95-105.

Ikonomov, P. 1958. Preliminary notes on the nymphs of 
Ephemeroptera found in Macedonian waters. – Verhand-
lungen des Internationalen Verein Limnologie, Stuttgart, 
13: 858-859.



New Data on Ephemeroptera, Plecoptera and Trichoptera from the Republic of Macedonia

205

Ikonomov P. 1960. Die Verbreitung der Ephemeroptera in Maze-
donien. – Acta Musei Macedonici Scientiarum Naturalium, 
7 (3): 41-74.

Ikonomov P. 1961a. Eintagsfliegen (Ephemeroptera) Mazedoniens. 
Fam. Ephemerellidae. – Acta Musei Macedonici Scientiarum 
Naturalium, 8(3): 53-74.

Ikonomov P. 1961b. Ephemeroptera Jugoslaviens. Caenis strugaen-
sis sp.n. (Caenidae). – Fragmenta Balcanica, 4 (2): 11-19.

Ikonomov P. 1962a. Eintagsfliegen (Ephemeroptera) Jugoslaviens. 
Paraleptophlebia lacustris n. sp. – Fragmenta Balcanica, 
4 (17): 129-138.

Ikonomov P. 1962b. Baëtidae (Ephemeroptera) macedoniens. – 
Faculté des Sciences Naturelles de Úniversité de Skopje, 
Biologie, 13: 83-140.

Ikonomov P. 1962c. Eintagsfliegen (Ephemeroptera) Jugoslaviens. 
Oreianthus macedonicus (Ulmer) = (Rhoënanthus Ulm.). – 
Fragmenta Balcanica, 4 (11): 81-91.

Ikonomov P. 1962d. Eintagsfliegen (Ephemeroptera) Jugoslaviens. 
Oligoneuriella poecile sp. n. – Fragmenta Balcanica, 4 
(10): 69-79.

Ikonomov P. 1963a. Eintagsfliegen (Ephemeroptera) Macedoniens. 
Genus Heptagenia (Ecdyonuridae). – Annuaire de la Faculté 
des Sciences d’Université de Skopje (1962), 14 (7): 155-165.

Ikonomov P. 1963b. Ephemeroptera Jugoslaviens. Habrophlebia sp. 
nympha konjarensis. – Annuaire de la Faculté des Sciences 
d’Université de Skopje (1962), 14 (9): 175-181.

Ikonomov P. 1964. Die Eintagsfliegen (Ephemeroptera) des Flusses 
Vardar. – Annuaire de la Faculté des Sciences d’Université 
de Skopje, 15 (5): 191-198. 

Ikonomov P. 1969. Contribution à la connaissance des larves des 
Plécoptères de Macédoine. – Annuaire de la Faculté des 
Sciences d’Université de Skopje, 21: 5-29.

Ikonomov P. 1970. Repartition des larves Éphéméroptères et 
Plécoptères dans les cours d’eau de Macédoine. – An-
nuaire de la Faculté des Sciences d’Université de Skopje, 
(1969), 22: 5-11.

Ikonomov P. 1971. Repartition saisonnière des Plécoptères de la 
Rivière Kadina, dans le massif de Jakupitsa (Macédoine). 
– Annuaire de la Faculté des Sciences d’Université de 
Skopje, 23: 5-18.

Ikonomov P. 1972. Distribution saisonnière des Plécoptères (In-
sectes) dans les eaux de la Montagne Char. – Annuaire de la 
Faculté des Sciences d’Université de Skopje, 25: 11-39.

Ikonomov P. 1974а. Distribution saisonnière des Plécoptères (In-
sectes) dans les eaux de Macédoine par rapport au facteur 
température.VI. Ruisseau de Karani (Montagne de Belas-
sitsa). – Contributions of the Macedonian Academy of Sci-
ences and Arts, 6 (2): 29-49.

Ikonomov P. 1974b. Distribution saisonnière des Plécoptères (In-
sectes) dans les eaux de Macédoine par rapport au facteur 
température. IV. Rivière Braitchinska (Montagne Pélister). 
– Annuaire de la Faculté des Sciences d’Université de 
Skopje, 26: 15-36. 

Ikonomov P. 1975. Distribution saisonnière des Plécoptères 
(Insectes) dans les eaux de Macédoine par rapport à la 
température. V. Blatetska Reka (petite riviere de Blatets 
montagne Pljatciikovitsa). – Annuaire de la Faculté des 
Sciences d’Université de Skopje, 27/28: 5-25.

Ikonomov P. 1976а. Distribution saisonnière des Plécoptères 
(Insectes) dans les eaux courantes de Macédoine par rap-
port à la température.  Ruisseau de Pehtelievo (Montagne 
Malechevska). – Annuaire de la Faculté des Sciences 
d’Université de Skopje, 29: 5-28.

Ikonomov P. 1976b. Distribution des Plécoptères  (Insectes) dans les 
eaux courantes de Macédoine par rapport à la température. 
VIII. Ruisseau de Vevtchani (Montagne Jablanitsa). – Special 
issue Mus. Macedonici Sci. Nat. (Skopje), 7: 57-69.

Ikonomov P. 1977. Distribution des Plécoptères (Insectes) dans les 

eaux courantes de Macédoine par rapport à la température. IX. 
La riviere Kamenitsa (Montagne Osogovska). – Annuaire de 
la Faculté des Sciences d’Université de Skopje, 30: 5-25.

Ikonomov P. 1978. Distribution saisonnière et longitudinale des Plé-
coptères (Insectes) dans les cours d’eau Macédoine (X). Ruis-
seau de Velgochti (Montagne Gelitchitsa). – Contributions of 
the Macedonian Academy of Sciences and Arts, 10: 60-70.

Ikonomov P. 1979. Plécoptères (Insectes) dans le bassin de la riviere 
Radika. – Annuaire de la Faculté des Sciences d’Université 
de Skopje, 32: 45-60.

Ikonomov P. 1980а. La distribution saisonnière et longitudinale des 
Plécoptères par rapport au facteur température dans la région 
des sources de la Riviere Tresca (Grande Riviere). – Annuaire 
de la Faculté des Sciences d’Université de Skopje, 33: 5-13. 

Ikonomov P. 1980b. Contribution à la connaissance des Plécoptères 
(Insecta) en Macédoine occidentale. – Annuaire de la Faculté 
des Sciences d’Université de Skopje, 33: 15-23.

Ikonomov P. 1982. Plécoptères (Insecta) des régions méridion-
ales de Macédoine. – Annuaire de la Faculté des Sciences 
d’Université de Skopje, 35: 29-51.

Ikonomov P. 1983а. Nouvelle contribution a la connaissance des 
Plécoptères (Insecta) de la Plaine de Skopje. – Annuaire de 
la Faculté des Sciences d’Université de Skopje, 36: 5-20.

Ikonomov P. 1983b. Contribution à la connaissance des Plécoptères 
(Insecta) du bassin de la Rivière Tcrna Réka. – Annuaire de 
la Faculté des Sciences d’Université de Skopje, 36: 21-32.

Ikonomov P. 1983c. La Faune des Plécoptères (Insecta) dans la 
Region de Malech et Pianetz. Malech; Pianetz V Fauna, ed. 
Mac. Acad. Sci. Arts (Skopje), 5-23.

Ikonomov P. 1986a. Contribution à la connaissance des Plé-
coptères (Insecta) de Macédoine. – Fragmenta Balcanica, 
Musei Macedonica Scientiarum Naturalium, 13 (1): 1-9. 	
Ikonomov P. 1986b. Plécoptères de Macédoine (Insecta, 
Plecoptera). Taxonomie et Distribution. – Acta Musei mace-
donici scientiarum naturalium, 18 (4): 81-124. 

Illies J. 1978. Limnofauna Europaea. A Checklist of the Animals 
Inhabiting European Inland Waters, with Accounts of their 
Distribution and Ecology (except Protozoa). – Gustav Fis-
cher Verlag, Stutgart/New York; Swets & Zeitlinger B.V., 
Amsterdam. 532 p.

IUCN 2015. The IUCN Red List of Threatened Species. Version 
2015-4. <http://www.iucnredlist.org>. Downloaded on 19 
November 2015.

Kumanski K. 1997.  Contributions to the caddisfly fauna 
(Trichoptera) of the central-western part of the Balkan 
Peninsula. – Lauterbornia, 31: 73–82. 

Kumanski K., H. Malicky 1999. A survey of the genus Potamo-
phylax Wallengren 1891 in the Balkan Peninsula, with de-
scription of two new species (Trichoptera: Limnephilidae). 
– Braueria, 26: 27-30.

Lévêque, C., E. V. Balian and K. Martens 2005. An assessment 
of animal species diversity in continental waters. – Hydro-
biologia, 542: 39-67.

López-Rodríguez, M.J., J.M. Tierno de Figueroa and J. Alba-
Tercedor 2008. Life history and larval feeding of some 
species of Ephemeroptera and Plecoptera (Insecta) in the 
Sierra Nevada (Southern Iberian Peninsula). – Hydrobio-
logia, 610: 277-295.

Macadam C. R. 2003. Notes on Heptagenia longicauda (Stephens, 
1935). –Entomologist’s Monthly Magazine, 139: 179-181. 

Macadam C. R. 2006. The current status of Heptagenia longicauda 
(Stephen, 1835) (Ephemeroptera: Heptageniidae). – Ento-
mologists Monthly Magazine, 142: 163-167.

Mächler, E., K. Deiner, P. Steinmann and  F. Altermatt 2014. 
Utility of environmental DNA for monitoring rare and 
indicator macroinvertebrate species. – Freshwater Science, 
33 (4): 1174-1183.

Murányi D.  2007. New and little–known stoneflies (Plecoptera) 



206

Slavevska-Stamenković V., B. Rimcheska, Y. Vidinova, V. Tyufekchieva, M. Ristovska, S. Smiljkov, M. Paunović, D. Prelić 

from Albania and the neighbouring countries. – Zootaxa, 
1533: 1-40.

Murányi D. 2008. The stonefly (Plecoptera) fauna of Montenegro. 
– In: Peљić, V. (ed.): The Book of Abstracts and Programme, 
III International Symposium of Ecologists of Montenegro, 
Herceg Novi, 08-10.10.2008., 98 p.

Murányi, D., T. Kovács, and K. M. Orci 2014. New country records 
and further data to the stonefly (Plecoptera) fauna of south-
east Macedonia. – Ecologica Montenegrina, 1 (2): 64-77.

Murić, I., S. Trožić-Borovac, I. Šarić, A. Bećiraj, R. Dekić, and 
A. Ivanc 2011. An overview of basic data on the Bosnian-
Herzegovinian Plecoptera species. – In: Proceedings of 
Vth International Conference “Aquaculture and Fishery” 
(Belgrade, Serbia, 1-3 June 2011), 301-305.

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

Oláh J., T. Kovács 2013. New species and records of Balkan 
Trichoptera II. – Folia Historico Naturalia Musei Matra-
ensis, 37: 109-121.

Oláh J., T. Kovács 2014. New species and records of Balkan 
Trichoptera III. – Folia Historico Naturalia Musei Matra-
ensis, 38: 97-131. 

Oláh J., O. Lodovici and M. Valle 2011. A new species of Pota-
mophylax (Trichoptera, Limnephilidae) from Albania. – 
Braueria, 38: 13–14.

Oláh J., T. Andersen, P. Chvojka, G. Coppa, W. Graf, H. Ibrahimi, 
A. Previšić and M. Valle 2013a. The Potamophylax nigri-
cornis group (Trichoptera, Limnephilidae): resolution of 
phylogenetic species by fine structure analysis. – Opuscula 
Zoologica, Budapest, 44: 167–200.

Oláh J., H. Ibrahimi and T. Kovács 2013b. The genus Chaetopteroi-
des (Trichoptera, Limnephilidae) revised by fine structure 
analysis of parameres. – Folia Historico Naturalia Musei 
Matraensis, 37: 93–108.

Oláh J., T. Chvojka, G. Coppa, W. Graf, H. Ibrahimi, O. Lodovici, 
A. Ruiz Garcia, M. Sainz-Bariain, M. Valle and C. 
Zamora-Munoz 2014. The genus Allogamus Schmid, 1955 
(Trichoptera, Limnephilidae): revised by sexual selection-
driven adaptive, non-neutral traits of the phallic organ. – 
Opuscula Zoologica, 45 (1): 33–82.

Pavlovski T. 1991. Composition, dynamic and distribution of 
Trichoptera larvae in the Babuna River. – Special edition. 
Institute of Biology, PMF, Skopje, 7-82.

Petrović A., V. Simić, D. Milošević, M. Paunović and I. Sivec 2014. 
Diversity and Distributional Patterns of Stoneflies (Insecta: Ple-
coptera) in the Aquatic Ecosystems of Serbia (Central Balkan 
Peninsula). – Acta zoologica bulgarica, 66 (4): 517-526. 

Petrović A., D. Milošević, M. Paunović, S. Simić, N. Đorđević, M. 
Stojković and V. Simić 2015. New data on the distribution 
and ecology of the mayfly larvae (Insecta: Ephemeroptera) 
of Serbia (central part of the Balkan Peninsula). –Turkish 
Journal of Zoology, 39 (2): 195-209.

Radovanović M. 1942. Über zwei neue Trichopteren-Arten aus 
Mazedonien. – Zoologischer Anzeiger, 140: 183-190.

Rosenberg D. M., V. H. Resh 1993. Freshwater biomonitoring and 
benthic mavroinvertebrates. – Chapman & Hall, New York, 
London, 1-488.

Savić A., V. Randjelović and J. Krpo-Ćetković 2010. Seasonal vari-
ability in community structure and habitat selection of Mayflies 
(Ephemeroptera) in the Nišava River (Serbia). – Biotechnology 
& Biotechnological Equipment, 24 (2): 639-645.

Simić V., S. Simić 2003. Macroalgae and macrozoobenthos of the 
Pčinja River. – Archives of Biological Sciences, Belgrade, 
55 (3-4): 121-132.

Sipahiler F. 2007. The Trichoptera fauna of North-western Turkey 
with the descriptions of a new species and of some previously 
unknown females (Philopotamidae, Sericostomatidae). – 

Braueria, 34: 36-42.
Slavevska-Stamenković V., M. Paunović, B. Miljanović, V. 

Kostov, M. Ristovska and D. Miteva 2011. Water Quality 
Assessment Based on the Macroinvertebrate Fauna - the 
Pcinja River Case Study. – Water Research and Manage-
ment, 1 (2): 63-69. 

Smiljkov S., V. Slavevska-Stamenković 2004. Seasonal biocenologi-
cal investigations of the Mantovo reservoir and the mouth of the 
river Kriva Lakavica. – Natura Montenegrina, 3: 311-325.

Smiljkov S., V. Slavevska-Stamenković, D. Prelić and M. 
Paunović 2008. Distribution of benthic macroinvertebratesin 
Mantovo Reservoir (South-East part of the R. Macedonia), 
(BALWOIS). Available at:  (http://balwois.com/balwois/
administration/full_paper-1181.pdf)

Studemann D., P. Landolt and I. Tomka 1989. Contribution to 
the study of European Ephemerellidae (Ephemeroptera). II. 
Description of the winged stages of Ephemerella ikonomovi 
Puthz, 1971, and Serratella albai Gonzales del Tanago & 
Garcia de Jalon, 1983. – Mitteilungen der Schweizerischen 
Entomologischen Gesellschaft, 62 (1-2): 119-127.

Tanasijevic M. 1979. Prilog poznavanju vrste Ephemerella ikonomovi 
Puthz (Insecta, Ephemeroptera). [Beitrag zur Kenntnis der Art 
Ephemerella ikonomovi Puthz (Insecta, Ephemeroptera)]. – 
Godisnjaka Bioloskog Instituta Univerziteta u Sarajevu, 32: 
163-179. (In SerboCroatian, German summary)

Tyufekchieva V., H. Kalcheva, Y. Vidinova, I. Yaneva, T. Stoy-
anova and T. Ljubomirov 2013. Distribution and Ecology of 
Taeniopterygidae (Insecta: Plecoptera) in Bulgaria. – Acta 
zoologica bulgarica, 65 (1): 89-100.

Vidinova Y. 1998. New Rhithrogena - Species (Ephemeroptera: 
Heptageniidae) for the fauna of Macedonia. – Lauterbornia, 
33: 49-51. 

Vidinova Y. 2003. Contribution to the study of mayfly fauna 
(Ephemeroptera) in Bulgaria. – In: Gaino E. (ed): Research 
update on Ephemeroptera & Plecoptera. Università di Pe-
rugia, Perugia, Italy, 159-163.

Vidinova Y., B. Russev 1997. Distribution and ecology of the repre-
sentatives of some ephemeropteran families in Bulgaria. – In: 
Landolt P., M. Sartori (ed): Ephemeroptera & Plecoptera: 
Biology-Ecology-Systematics, MTL, Fribourg, 139-146.

Vitecek S., M. Kucinic, J. Olah, A. Previsic, M. Balint, L. 
Keresztes, J., Waringer, S.U. Pauls and W. Graf 2015. 
Description of two new filtering carnivore Drusus species 
(Limnephilidae, Drusinae) from the Western Balkans. – 
ZooKeys, 513: 79–104.

Wallace I. D., B. Wallace and G. N. Phillipson 2003. Keys to 
the Case-bearing Caddis larvae of Britain and Ireland. – 
Freshwater Biological Assosiation, Scientific Publications, 
Vol. 61: 1-259.   

Waringer J., W. Graf 1997. Atlas der österreichischen Köcher-
fliegrnlarven: unter Einschluß der angrenzenden Gebiete. 
– Wien (Facultas Universitätsverlag), 286 p. 

Waringer J., W. Graf 2013. Key and bibliography of the genera of 
European Trichoptera larvae. – Zootaxa, 3640 (2): 101-151.

Živić I., K. Bjelanovic, V. Simic, M. Zivic, V. Zikic and Z. Markovic 
2013. New Records of Thremma anomalum (Trichoptera: 
Uenoidae) from Southeastern Europe with Notes on its Ecol-
ogy. – Entomological News, 123 (3): 206-219.

Zwick P. 1978. Steinfliegen (Insecta, Plecoptera) aus Griechenland 
und benachbarten Ländern - 1.Teil. – Mitteilungen der Sch-
weizerischen Entomologischen Gesellschaft, 51(1): 21-38.

Zwick P. 1984. Rote Liste der Steinfliegen (Plecoptera). In: Blab 
J., E. Nowak, W. Trautmann, H. Sukopp (eds.): Rote Liste 
der gefährdeten Tiere und Pflanzen in der Bundesrepublik 
Deutschland, Greven: Kilda-Verlag, 115-116.

Zwick P. 2004. Key to the West Paleartic genera of stoneflies (Ple-
coptera) in the larvalstage. – Limnologica, 34: 315-348.

Received: 17.09.2015 
Accepted: 19.01.2016


