
 

1 
 

This article originally appeared in German in Österreichs Fischerei, 75: 299 - 320 (2022). 

Genetic and morphological diversity in brown trout (Salmo spp.) in the 
Aoos/Vjosa River drainage in Greece and Albania: a comparison of genetic 
population structure with other brown trout populations in Mediterranean 
catchments in the southwestern Balkans 

JOHANNES SCHÖFFMANN | Finkenweg 18, St. Veit a. d. Glan | j.schoeffmann@hotmail.com 

SIMONA SUŠNIK BAJEC, ALEŠ SNOJ | Biotechnical Faculty, Department of Animal Science, University of Ljubljana, 

Slovenia | simona.susnik@bf.uni-lj.si , ales.snoj@bf.uni-lj.si  

SAŠA MARIĆ | Faculty of Biology, Institute of Zoology, University of Belgrade, Serbia | sasa@bio.bg.ac.rs  

ROK ROZMAN | Leeway Collective (NGO), Slovenia | rok@leeway-collective.com 

 

Abstract: Three phylogenetic lineages of brown trout have been discovered in the Aoos/Vjosa 
River based on mtDNA control region (in this study the name Aoos (also Aoös) refers only to the 
Greek section of the Vjosa (also Vjosë) River in Albania). In addition to the previously detected 
Mediterranean (ME) lineage, the Adriatic (AD) and marmoratus (MA) lineages have also been 
also found. While the AD lineage is widespread in the Mediterranean basin of the Balkans, the 
ME lineage is known to exist in only a few rivers, such as the Krka River (Croatia), Mati and Izvori 
rivers (Albania), and Aoos/Vjosa and Aliakmon River systems (Greece/Albania). The MA lineage, 
which in the Balkan rivers is by no means identical to marble trout (Salmo marmoratus), also 
occurs in the Krka River (Croatia), in the Bistrica River (Albania) and at least four other river 
systems in Greece (Acheloos, Arachthos, Mornos and Aliakmon). The Balkan cluster can be 
considered a distinct phylogenetic lineage, closest to the AD lineage. Some Balkan cluster 
haplotypes are characteristic of southern populations of marble trout. In the Aoos River, there 
are two phenotypes of trout in terms of the coloration and spotting pattern. In the Voïdomatis, 
a tributary of the Aoos, trout not only display a separate phenotype but also two different 
morphological forms with regard to snout shape, which appear to reflect dietary differences. 
Factorial Correspondence Analysis (FCA) based on microsatellite genotypes, clearly separated 
brown trout from the Aoos/Vjosa drainage and the Izvori, a short coastal stream south of the 
Vjosa estuary in Albania, from the six other Albanian river populations studied. In both Albania 
and Greece, native trout are endangered by uncontrolled fishing. However, the trout 
populations of the Aoos and Voïdomatis are among the few in Greece that have not been 
drastically or completely decimated by fishing pressure. In addition to uncontrolled fishing, 
hydropower is currently the greatest threat to the ecosystem of the entire Vjosa River system. 
The conservation of native trout stocks in this region is therefore closely linked with fishing 
restrictions and preventing further expansion of hydroelectric power generation.  

 

Introduction 

The Vjosa River, known as the Aoos River in Greece, springs in the Pindus Mountains east of the city of Ioannina 

in northwestern Greece and flows over 80 km of Greek territory and about 270 km of Albanian territory before 

draining into the Adriatic Sea. As one of the last living, free-flowing wild rivers in Europe, the Vjosa and its 

tributaries offers a dynamic, near-natural ecosystem with a species diversity that is yet to be fully explored. To 

date, 31 species of fish fauna have so far been recorded. Of these, 27 are indigenous species and eight are 

endemic to the Balkan Peninsula (Shumka et al. 2018a, 2018b; Schiemer et al. 2020). The Vjosa is part of the 

last major river system in Albania that is not over polluted by wastewater from industry and households (Cullaj 

et al., 2005). The use of hydropower is currently the greatest threat to this river system. The Ministry of Energy 

has plans to build eight dams along the Albanian section of the Vjosa and at least 23 at its tributaries. So far, 
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dams have only been constructed on two tributaries in the entire Albanian catchment area of the Vjosa. In the 

Greek section, there is a large dam near to the source of the Aoos (Pigos-Aoos hydropower station) since 1984, 

and the Greek government is planning another dam project to withdraw around 70 million cubic meters of 

water from the river for irrigation purposes every year (Vjosa fact sheet, 2016; U. Eichelmann, RiverWatch, 

pers. comm.). An additional serious threat is the sale of rights to exploit oil and natural gas by the Albanian 

government to Shell in the mountainous regions through which the Vjosa flows. Concerned nature 

conservationists and organizations are working to combat these projects at both the national and international 

levels. A coalition of environmentally oriented NGOs, such as RiverWatch and EuroNatur, has launched the 

campaign entitled “Save the blue heart of Europe” to draw attention to the impending wave of dams planned 

on the Balkan Peninsula and to save the most valuable rivers and river sections from destruction. According to 

environmental organizations, i.e. EcoAlbania, the entire catchment area of the Vjosa in Albania should be 

declared a national park in to protect this still intact ecosystem from future encroachments (Lovgren 2021). 

Recently, the entire course of the Vjosa in Albania was recently declared a nature park, as an important step 

towards the first “wild river national park” in Europe. Finally, in summer 2022, the Albanian government 

officially committed to establishing this area as a national park. 

 

Map: Balkan Peninsula. Black line: continental divide between the basins of the Mediterranean Sea and Black Sea.                                                 

Red numbers – sampling sites for genetic analyses: 1 Cemi (Cijevna), 2 Shala, 3 upper Valbona, 4 lower Valbona, 5 Nikaj,       

6 Sina (Crni Drim/Black Drin), 7 Izvori, 8 Bënça, 9 Aoos.                                                                                                                                          

Black numbers – Other mentioned rivers: 10 Voïdomatis, 11 Drinos, 12 Shushica, 13 Bistrica, 14 Sarandaporos, 15 

Venetikos, 16 Mati, 17 Krka, 18 Louros, 19 Arachthos, 20 Acheloos, 21 Mornos, 22 Beli Drim/White Drin, 23 Radika. 
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Distribution and current state of brown trout in the Vjosa drainage 

In the Albanian catchment of the Vjosa River (Fig. 2), native trout are known to inhabit three left tributaries 

(Drinos, Bënça, and Shushica) that flow into the middle and lower course of the main river. The small remaining 

population in the Drinos is restricted to the last section of the river before the confluence with the Vjosa (about 

3 km), where trout can survive at the entrance of springs and in deep pools. There is an issue with water 

quality, due to the inflow of domestic sewage and presence of waste landfills further upstream at the town of 

Gjirokastra, and due to water abstraction for irrigation, which dries up large parts of the upper reaches in the 

summer months (S. Shumka, pers. comm.). The 15 km long Bënça River (Fig. 3) is still in very good ecological 

condition, though there are plans for up to eight hydropower plants; none are currently under construction (U. 

Eichelmann, pers. comm.). In addition to cyprinids, trout are also found in large numbers in this river, with the 

age groups 0+ and 1+ (6–13 cm TL) predominating. Specimens with 18–20 cm TL are rare and larger ones have 

not been seen (S. Shumka, pers. comm.; author observations). The apparent shortage of large trout is likely due 

to fishing pressures. Most of the 80 km long Shushica River is still in excellent condition. However, gravel 

extraction from the river bed for road construction destroyed a considerable section of the upper reaches, and 

five dams are planned along the entire river (U. Eichelmann, pers. comm.). The Shushica is rich in cyprinids, and 

according to local residents, trout have never been common, which could be due to the relatively high water 

temperatures. In summer, the water temperature in the middle course can reach 20°C, while in the upper 

course and in the tributaries it reaches 16–18°C. The water stays cooler year round only in the headwaters. In a 

fish population survey carried out by Albanian ichthyologists in 2010, only two brown trout were caught in the 

middle course, and one was caught here in spring 2021 by scientists of BOKU Vienna (Universität für 

Bodenkultur Wien) (S. Shumka, pers. comm.). This team also caught brown trout in two small tributaries of the 

lower reaches of the Vjosa (upstream of the projected Kalivaç dam; work was started but has been stopped), 

while no trout were found in the main river itself despite intensive electro-fishing from a boat (P. Meulenbroek, 

pers. comm.). However, since one of the tributaries in which trout were caught does not have water year round 

and the second is only 100 m long, it can be assumed that trout also occur in the main river. On Greek territory, 

two large rivers flow towards the Aoos: the Sarandaporos River (50 km long) and the Voïdomatis from the 

Vikos Gorge north of Ioannina, which is only 15 km long, but richer in water.  

Trout native to the Vjosa River drainage are usually assigned to two taxa common in the Western Balkans: 

Salmo farioides and S. dentex (Karakousis et al. 1991; Delling 2003; Kottelat & Freyhof 2007). From the entire 

river system, genetic studies have only been published on trout from the Voïdomatis to date, confirming two 

haplotypes of the ME lineage (Apostolidis 1997; Bernatchez 2001).  

 

Genetic characteristics of trout in the Mediterranean basin of the Balkan Peninsula 

Based on the mitochondrial DNA, the trout of the “Salmo trutta complex” that are native to the Mediterranean 

basin of the Balkan Peninsula belong to four phylogenetic lineages: the Adriatic (AD), the Balkan cluster, the 

Mediterranean (ME) and the marmoratus (MA) lineage. In addition, softmouth trout (S. obtusirostris) and the 

belvica trout (S. ohridanus) from Lake Ohrid are found here. The predominant and most widespread haplotypes 

found in the trout populations of this region are those of the AD lineage. Even some populations (subspecies) 

of softmouth trout show AD haplotypes (Sušnik et al. 2007a, 2007b). However, all softmouth trout in the 

Neretva drainage and the belvica trout have their own species-specific haplotypes (Snoj et al. 2002, 2008; 

Sušnik et al. 2006). Some haplotypes of the Balkan cluster are also characteristic for brown trout and marble 

trout (S. marmoratus) from the Neretva and Skadar-Drim River systems (Marić et al. 2006, 2017; Sušnik et al. 

2007a; Snoj et al. 2009, 2010; Pustovrh et al. 2012, 2014). The distribution of the Balkan cluster haplotypes 

corresponds well with the distribution of the questionable taxon S. farioides. Balkan cluster haplotypes appear 

not particularly closely related to haplotypes from the AD lineage, indicating independent and successive 

colonization events into the Adriatic drainage (Marić et al. 2006; Razpet et al. 2007; Sušnik et al. 2007a; Snoj et 
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al. 2009). Trout of the ME mtDNA phylogenetic lineage can only be found in a few waters of the Balkans; either 

as the only present (fixed) haplotype, as in the Mati River in northern Albania (Snoj et al. 2009), or together 

with haplotypes of other lineages. In the Bistrica River, which flows into the Ionian Sea in southern Albania, 

only one haplotype of the MA lineage was detected (Snoj et al. 2009). In Greece, MA and AD haplotypes were 

found in the Acheloos and Arachthos Rivers, while only one MA haplotype was found in the Mornos River 

(Bernachtez 2001; Apostolidis et al. 2008). It should be also noted that trout from these Balkan rivers having a 

MA haplotype are not phenotypically similar to the marble trout of the northern Adriatic basin, characterised 

by a marbled skin pattern. The phylogenetic lineage MA (marmoratus) was originally established for the marble 

trout of the northern Adriatic basin (Bernatchez et al. 1992), which exhibit exclusively MA haplotypes. 

The common occurrence of three lineages typical to the Mediterranean region (AD, ME, MA) was described 

from the Krka River in Croatia (Jadan et al. 2015)*. However, it is unclear to what extent this is due to stocking 

measures. The presence of a haplotype of the non-native Atlantic lineage (AT1a), often found in fish farms, is 

evidence that stocking has occurred. The occurrence of haplotypes of the three Mediterranean region lineages 

and one haplotype of the Danubian lineage (DA) in the Aliakmon drainage in Greece can partly be traced back 

to anthropogenic causes, since the rivers in this area were almost exclusively restocked with trout from the 

Acheloos, which mainly show MA and AD haplotypes (Apostolidis et al. 1997, 2008; Economidis et al. 2000; 

Bernatchez 2001). It cannot be determined with certainty whether the presence of a DA haplotype in the 

Venetikos River, a tributary of the Aliakmon, is due to natural immigration from the Black Sea basin or whether 

it is also anthropogenic. The presence of the ME haplotype in the Venetikos River is still unclear, since only AD 

haplotypes in the Balkans and DA haplotypes in northwestern Turkey occur naturally in the Aegean basin. The 

origin of the Venetikos River is close to the source of the Aoos River, which could explain the immigration of 

trout from the Aoos into the Venetikos with help of stream captures in postglacial times. However, human 

influence (translocation) cannot be completely ruled out. 

*) Shared occurrences of the three Mediterranean lineages in the broader sense (AD, ME, MA) are also known from several 

rivers in Italy, such as the tributaries of the Chienti River in the Central Apennines (Splendiani et al. 2006) or the drainage of 

the Pellice in the Po Basin (Splendiani et al. 2020). 

 

Material 

In 2015, the Leeway collective organized a 270 km kayak descent along the Vjosa River to protest the planned 

hydropower plant construction on this last undammed river in Europe. As part of this campaign, brown trout 

sampling was also performed in highly isolated river stretches that are only accessible by kayak (Fig. 4). Five 

additional specimens were caught by fly fishing in the Aoos River: four specimens (Fig. 5 and 6) were caught 

about 40 km upstream from the Aoos-Voïdomatis confluence, while the fifth (specimen no. 5; Fig. 7) was 

caught 10 km further upstream. In September 2021, J. Schöffmann collected 19 samples from the Bënça River. 

In both rivers, the fish were immediately released at the place of capture after a small piece of fin was cut off 

for DNA analysis. In 2019, J. Schöffmann received three dead trout from the Izvori River from a local fisherman. 

This approximately 4.5 km long coastal stream flows 36 km south of the Vjosa estuary into the Gulf of Vlora. 

The samples of brown trout populations from the drainage of the Skadar-Drim-System (see map, 1-6) used for 

comparative studies were mostly collected by the authors or by others (S. Shumka, D. Ulqini, R. Beaumont). The 

entire sample-set (see Table 1) was used for both phenotypic characterization and genetic analysis. In addition, 

trout from the Voïdomatis River were used for phenotypic characterization.  
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Figure 1: Evolutionary relationships of taxa/haplotypes. 

 

Methods 

Phenotypic characterization 

To record morphological characteristics (snout and body shape and spotting pattern, here designated as 

phenotype), in 1991 and 1993 J. Schöffmann collected 15 brown trout (17–36 cm TL) in the Voïdomatis River 

(Figs. 7–9) and in 2001 one brown trout (27 cm TL) in the upper Aoos River (Fig. 8) and photographed them in 

an aquarium. The stomach contents of several specimens were also examined. Photographs in the aquarium 

(locations according to the map, 1-5 and 8) or outside the water (6 and 7) were also taken of brown trout from 

most of the other genetically studied populations. 

Genetic analyses 

Total DNA was isolated from fin tissue preserved in 96% ethanol following the protocol of Medrano et al. 

(1990). 

Mitochondrial DNA 

The complete mitochondrial control region (mtDNA CR, approx. 1100bp) was amplified in sampled individuals 

and sequenced in both directions, following the protocol in Marić et al. (2012) using primers LRBT-25 and 

LRBT-1195 (Uiblein et al. 2001). Sequences were aligned using Clustal X (Thomson et al. 1997) 

implemented in MEGA version 6 (Tamura et al. 2013) and blasted to find identical previously 

described haplotypes in GenBank database. Haplotypes without 100% identical hit in GenBank were described 

as new haplotypes. 
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The evolutionary history was inferred using the Neighbor-Joining method (Saitou & Nei, 1987). The bootstrap 

consensus tree inferred from 500 replicates was taken to represent the evolutionary history of the 

taxa/haplotypes analyzed. Branches corresponding to partitions reproduced in less than 50% bootstrap 

replicates were collapsed. The percentage of replicate trees in which the associated taxa/haplotypes clustered 

together in more than 50% bootstrap test (500 replicates) are shown below the branches (Felsenstein, 1985). 

The evolutionary distances were computed using the Kimura 2-parameter method (Kimura, 1980) and are in 

the units of the number of base substitutions per site. The rate variation among sites was modeled with a 

gamma distribution (shape parameter = 1). All ambiguous positions were removed for each sequence pair. 

There was a total of 990 positions in the final dataset. Evolutionary analyses were conducted in MEGA6 

(Tamura et al., 2013) (see figure 1). 

Microsatellite DNA 

Twelve microsatellite loci were amplified in all sampled individuals (Table 1) using fluorescently labelled 

forward primers as described in Lerceteau-Köhler & Weiss (2006). Aliquots of amplified fluorescently labelled 

DNA were mixed with formamide and GENESCAN-500 ROX Size Standard (Applied Biosystems) and genotyped 

on the ABI Prism 3130xl with GeneMapper® Software v4.0 (Applied Biosystems). 

Factorial Correspondence Analysis (FCA; Benzécri, 1973) implemented in the GENETIX 4.04 (Belkhir et al., 2004) 

was used to visualize genetic distance and relatedness between the tested individuals and to check for 

genetically homogenous groups within the entire sample-set (Fig. 21 and 22).  

               Location         Coordinates N               mtDNA haplotypes 

Cemi (Cijevna) 42.467444, 19.565508  22 

ADcs11 [19] (AY836340),                   

AdPrz3 [2], AdRM [1] 

Shala 42.388324, 19.779559 4 no data 

Upper Valbona, with 

tributary 

42.453085, 19.894170 

42.458246, 19.902924 

42.436332, 19.978927 24 

Haplo14 [3] (AY926571), ADcs1 [8] 

(AY836330), ADcs11 [6] 

(AY836340), AdAL2 [5], AdAL4 [2] 

Lower Valbona  42.331699, 20.085008 5 

ADcs11 [2] (AY836340), AdPrz [1] 

(KU667310), AdAL2 [1], AdPrz1 [1] 

Nikaj 

42.289440, 

19.939825  2 

Haplo14 [1] (AY926571),                

AdPrz [1] (KU667310) 

Sina (Crni Drim) 41.677320, 20.327978 16 Haplo14 (AY926571) 

Izvori 40.327772, 19.484980 3 MEcs1 [1] (AY836350), AdAL6 [2] 

Bënça 

40.249119, 

19.974091  19 MEcs1 (AY836350) 

Aoos 

40.007664, 21.003361 

40.028831, 20.760392 5 

AdAL5 [2], MaAL2 [2],                  

MEcs1 [1] (AY836350) 

Table 1: Sample description - location, coordinates (… north, … east), number of analysed samples (N), mtDNA haplotypes 

detected in locations and their respective number in square brackets, accession number for previously described 

haplotypes in parentheses. 
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Results  

Morphological characteristics 

In the Aoos River, two different phenotypes can be distinguished based on the six examined specimens:  

a) With round red, light-rimmed spots along the flanks and a few black spots on the upper sides of the 

body; yellowish-brown background (Fig. 5, 6, 8). 

b) With numerous, irregularly shaped, black spots except for a few reddish-brown spots along the 

posterior part of the lateral line; silvery-gray background. This colouration and spotting pattern was 

seen in only one specimen (Fig. 7) caught in the lower section of the Aoos, i.e. nearest to the mouth of 

the Voïdomatis. 

The trout of the Voïdomatis have the following appearance: The sides are covered with small to medium-sized 

black and red spots of irregular shape. In fish larger than 22 cm TL, four dark transverse bands are visible on the 

sides; one behind the head, one between the dorsal and pelvic fins, one above the anal fin and one in front of 

the caudal fin. These markings are particularly intense in large specimens (>30 cm TL; fig. 11) and can also be 

clearly seen from outside the water. The trout of the Aoos also have the four dark bars, albeit less pronounced 

(Fig. 6). Trout from both rivers keep their parr marks up to 20–24 cm TL.  

With regard to the shape of the snout, there are two extremes in the trout of the Voïdomatis: 

A) Long and pointed snout with a maxillary extending far behind the eye; strong teeth (Figs. 10 and 11).  

B) Short and blunt snout with a maxillary that extends only to the posterior edge of the eye; lower jaw 

set back slightly; small teeth (Fig. 9). 

The different snout shape appears to reflect the diet of the fish. Based on examinations of stomach contents of 

a few specimens, it was found out that group A trout feed mainly on large terrestrial insects (e.g., cicadas, 

beetles), while group B trout specialize in small aquatic insects (e.g., stonefly larvae). It has not yet elucidated 

whether these two forms belong to two different, reproductively separated populations or whether there are 

variations within a single population. The obvious presence of intermediate forms, however, tends to favour 

the latter option. 

The trout from the other populations examined in this study all show a pointed snout shape, with the 

exception of two specimens from the Bënça River and the Sina River, a small tributary of the Crni Drim (Black 

Drin), both of which have a slightly blunter snout and a relatively high body (Figs. 12 and 18). All juvenile 

specimens (N = 19; 6–12 cm TL) from the Bënça River and the one pictured individual from the Sina River show 

several medium-sized red spots along the flanks and smaller black spots on the upper sides of the body (Figs. 

12 and 19). 

Trout with a comparatively blunt snout, short upper jaw and often slightly inferior mouth can also be found in 

the two coastal streams Izvori and Bistrica in Albania (Schöffmann 2019) and in the Louros River in Greece 

(Delling 2003). In addition, these fish all have a relatively high body and short head. The latter trout population 

has even been described as a separate species: Salmo lourosensis Delling, 2010. Two phenotypes appear in the 

three specimens from the Izvori: Two particularly high-bodied individuals (28 and 31 cm TL) show irregularly 

shaped black spots, more numerous on the anterior half of the body, while red spots dominate on the 

posterior half (Fig. 20). The smaller, less high-bodied individual (20 cm TL) has slightly larger red spots evenly 

distributed along the sides, and smaller black spots located mainly on the front flanks (see Schöffmann, 2019: 

Fig. 10). However, these phenotypic differences could also be due to the two different age classes of the fish. 

What all populations have in common is that four more or less clearly visible transverse bands appear in adults. 

These markings gradually form from the parr marks in fish from 17–25 cm in total length (Figs. 8, 15 and 18 

show different transition stages). The Izvori trout appear to be an exception as neither parr marks nor four 
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transverse bands were clearly visible in the three specimens (20, 28, 31 cm TL) examined (Fig. 20). However, 

these fish were purchased from a local harpoon poacher and were already dead at the time of photographing. 

The four transverse bands or four dark areas on the sides are not only observed in brown trout in the 

Mediterranean region, but also in some populations of the Atlantic basin from Morocco to the Iberian 

Peninsula (Schöffmann, 2021). This feature is often (not always) present in marble trout but never in softmouth 

trout. 

 

Genetic analysis 

Aligned sequences of the 1004 bp mtDNA CR, obtained from 100 individuals, grouped into 13 haplotypes (Table 

1). PCR-amplification failed in five specimens, all four from the Shala and one from the Nikaj.  

Vjosa drainage, including Izvori: Three haplotypes were found in the Aoos samples, representing three mtDNA 

brown trout evolutionary lineages: Adriatic (AdAL5), marmoratus (MaAL2) and Mediterranean (MEcs1). In the 

Bënça, only the latter was found. Of these haplotypes, two (AdAL5 and MaAL2) have not been previously 

described. In the Izvori, MEcs1 and another undescribed Balkan cluster haplotype (AdAL6) were found. 

Skadar-Drim drainage: In Cemi, three Adriatic/Balkan haplotypes were found, of which ADcs11 predominated; 

the other two haplotypes AdRM and AdPrz3 (considering 563 bp of the 5’ end of the mtDNA CR as sequenced 

in Sušnik et al. 2007) correspond to haplotypes previously described in the lower, Montenegrin part of the 

Cemi (Cijevna) River as ADcs11 and AdPrz (Sušnik et al., 2007). In the Valbona River, haplotype diversity was 

highest consisting of seven Adriatic/Balkan haplotypes. The haplotype distribution was not the same between 

the upper and lower sections of the river. For example, haplotype 14 (Haplo14 for short), otherwise 

characteristic of the Ohrid letnica (Sušnik et al. 2007), was found only in the upper section, while the AdPrz 

haplotype, characteristic of marble trout from the Skadar drainage in Montenegro (Snoj et al. 2010), appeared 

only in the lower section. These two haplotypes were both found in the Nikaj River, and Haplo14 was also 

found in the Sina River, a tributary of the Crni Drim (Table 1).  

As shown on the FCA graph (Fig. 21), the sample set is roughly divided into four genetic groups that primarily 

correspond with the geographically separated populations: Izvori, Skadar-Drim drainage, Bënça and Aoos, 

though one of the Aoos specimens (no. 5; Fig. 7) tends to the group Bënça, while the other four form an 

independent group, though the genetic distances between them are still considerable. 

When removing the most distant group Izvori from the analysis (Fig. 22), three genetic subgroups emerge in 

the Skadar-Drim drainage, coinciding with Sina, Cemi/Shala and Valbona; samples from Nikaj fall within the 

Valbona and Sina subgroups. It should be noted that the distances among these subclusters are comparable to 

or even smaller than the distances among the specimens of the Aoos genetic group. 

 

Discussion 

Phenotypic differences can be observed both within and between the studied trout populations. Phenotypic 

traits reflect what is happening at the genetic level; they can be affected by the presence or absence of certain 

genetic variants (alleles), some of which are advantageous in one environment and some in another, or could 

be affected by direct influence of the environment (epigenetics). Genes that influence phenotype interact with 

the environment and are therefore not neutral. Genes that are not affected by the environment are said to be 

neutral. In principle, this also includes microsatellites that are used to determine genetic relationships between 

individuals or populations. The studied trout populations, although all stemming from the Adriatic basin in 

Albania, also show considerable genetic differences. 
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The trout of the upper Aoos differ significantly in coloration and spotting pattern from the trout of the lower 

reaches and the tributary Voïdomatis. The spotting pattern of the specimen of the lower reaches of the Aoos 

(no. 5; Fig. 7) corresponds most closely to that of the Voïdomatis trout (Fig. 9–11). In addition to morphological 

differences, trout from Aoos are also characterized by genetic heterogeneity: in five specimens we found as 

many as three haplotypes representing three phylogeographic lineages of trout. This suggests that the 

individuals are not descendants of a single ancestor, but that they came to Aoos independently (naturally via 

several colonization events or/and by human mediated translocations). Their dissimilarity is also suggested by 

the large mutual distances on the FCA graph. It is interesting that specimen no. 5 is not only morphologically 

but also genetically very different from the other four Aoos specimens. These four specimens were sampled 

about 40 km upstream of the confluence of the Aoos and Voïdomatis, while specimen no. 5 was sampled only 

10 km upstream from the confluence. The sampled locations are separated by a large canyon, where the Aoos 

has a considerable elevation drop, many siphons, and a number of sharp rapids and drops of approx. 1–2 m, 

which is assumed to hinder upstream trout migration and gene-flow. Specimen no. 5 shares the same 

mitochondrial haplotype (MEcs1) with trout from Bënça (a tributary of the Vjosa in Albania, some 100 km 

downstream from the confluence with the Voïdomatis) and considering the distribution of the samples on the 

FCA graph, specimen no. 5 is closest to the Bënça trout, yet not identical with them. Morphological similarities 

between specimen no. 5 and the trout form the Bënça could not be determined because the latter were too 

small for adequate phenotypic examination. Unfortunately, we do not have samples from the Voïdomatis, so 

we could not check the microsatellite-based similarity of these trout with the remaining samples from the 

Vjosa river system. Regardless, ME haplotypes (and a phenotype similar to that of specimen no. 5) are also 

characteristic of Voïdomatis trout (i.e., MEs2r1, MEs3r1; Bernatchez, 2001). 

 

Based on these findings, we hypothesise that perhaps the lower Aoos – approximately from the point where 

specimen no. 5 was sampled – and the Albanian Vjosa drainage are inhabited by a different trout population 

that the upper part of the Aoos above the canyon, where morphologically and genetically different and more 

heterogeneous trout were found. Given they are characterised by AD and MA haplotypes, and that trout with 

this mitochondrial profile have previously been stocked in nearby rivers (e.g., in the Aliakmon River system; see 

Introduction), it is possible that they also arrived in the upper Aoos in the same way. However, due to the small 

sample size examined here, their native origin cannot be ruled out. 

 

The Izvori River is 1.5 km long and flows directly into the sea, approx. 35 km south of the Vjosa estuary. Given 

its proximity, one might expect the genetic makeup of trout to be similar. Genetic analysis indeed shows the 

presence of the MEcs1 haplotype, which is also present in the Vjosa drainage, as well as a previously 

undescribed haplotype from the Balkan cluster (AdAL6). Only three samples were analysed, showing 

microsatellite based genetic similarity, though at the same time two quite distinct mtDNA haplotypes, implying 

that this population was stocked. Genetic data of trout from hatcheries used for stocking in Albania could help 

unravel whether this is the original population naturally present here or these are stocked individuals. 

Phenotypic differences, especially in spotting pattern, were also observed within the studied trout 

populations/rivers. For example, the trout from the upper Valbona show medium-sized, rounded, black and red 

spots with a light border (Fig. 14 and 15), while those from the lower Valbona have a large number of either 

small to medium-sized, irregularly shaped (Fig. 16) or particularly small spots (Fig. 17). The latter characteristic 

is also found in the trout of the Nikaj, which flows into the Drim only a few kilometers west of the Valbona (see 

Schöffmann, 2019: Fig. 2). However, it must be taken into account that the number of spots can increase with 

age, as can be seen from the Bënça specimens (Figs. 12 and 13). In addition, genetic differences between the 

upper and lower Valbona have been observed; not only on microsatellites (Fig. 22), but also on mtDNA. For 

instance, haplotype AdPrz (and its as yet undescribed derivate AdPrz1) were found in the Valbona only in its 

lower part. AdPrz belongs to a separate haplogroup, the so-called Balkan cluster, which is rather divergent from 

the remaining AD haplotypes (e.g., ADcs11, Haplo14, ADcs1) of the AD clade (Snoj et al. 2009), and was found 

to be typical for all S. marmoratus from the Skadar Lake drainage (Zeta and Cijevna) in Montenegro sequenced 
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so far (n=12) (Snoj et al. 2010). This haplotype was also found there in putative hybrids between marble and 

brown trout (Snoj et al. 2010; Mrdak et al. 2012). It should also be emphasized that the Balkan cluster, first 

mentioned by Marić et al. (2006), can be considered as a distinct phylogenetic lineage, since its haplotypes are 

less closely related to those of the Adriatic lineage than previously assumed (Fig. 1; Snoj et al. 2009). 

Marble trout is known to inhabit the lower Valbona, where some individuals were last personally witnessed by 

J. Schöffmann in 1993. Moreover, S. marmoratus is known to inhabit (or to have inhabited) the Drim River and 

its tributaries, including the lower reaches of the Shala (Poljakov et al., 1958), the Beli Drim with its tributaries 

Istočka River and Miruša (Marković, 1962; Šorić, 1990; Grapci-Kotor et al. 2010) and the Radika River (Georgiev, 

2011), a tributary of the Crni Drim. In many of these rivers or their tributaries previously studied, trout are also 

characterized with the AdPrz mtDNA haplotype, such as Shala (Snoj et al. 2009), Radika (Marić et al. 2017), 

Prizrenska Bistrica-tributary to Beli Drim (Marić et al. 2006). In the present study, the haplotype AdPrz was 

found not only in the lower Valbona but also in the lower Nikaj. The confirmed existence of hybrids (Mrdak et 

al., 2012) and the presence of the AdPrz haplotype together with a phenotype that differs from other brown 

trout (e.g., in the upper Valbona) could indicate that in the lower Valbona and Nikaj introgression has occurred 

between brown and marbled trout. Whether this assumption is correct, and whether putative introgression 

was of natural or anthropogenic cause, is difficult to say until the original Drim marbled trout are tested; 

however, this is unlikely to ever happen as it appears that marbled trout have since become extinct here. 

Unfortunately, the two samples of marble trout from the Valbona that J. Schöffmann collected in 1993 and 

sent to L. Bernatchez can no longer be found. 

Trout from the Shala (Fig. 18) and the Cemi (Cijevna) Rivers are characterized by numerous small to medium 

sized, but always irregularly shaped, black and red spots. These two are also genetically very similar as shown 

by the FCA graph (Fig. 22) – even more than trout from Shala and Valbona, even though Shala is connected to 

Valbona directly via Drim, and to Cemi via Lake Skadar (see Map), making this similarity surprising. Data for CR 

mtDNA for Shala samples are missing, but according to previous study (Snoj et al. 2009), haplotypes ADcs11 

and AdPrz were reported there. AdPrz has never been found in the Albanian part of Cemi (Snoj et al. 2009; 

present study), only the closely related haplotype AdPrz3. In contrast, ADcs11 is very common in the Skadar-

Drim-system (Marić et al. 2006; Sušnik et al. 2007; Snoj et al. 2009) and also the prevailing haplotype in Cemi in 

Albania. In the Montenegrin part of Cemi (Cijevna) AdPrz also occurs, but only in marble trout (Snoj et al. 2010). 

The cause of the morphological resemblance and the genetic similarity of trout from Shala and Cemi, detected 

by microsatellites, remains elusive and could be due to natural process (possibly via river capture) or human 

mediated translocation. Since the headwaters of Shala and Cemi are very close, both options are possible.  

The influence of the environment of the morphology of trout is well known. A good example are the trout of 

the upper Valbona and one of its tributaries (nine samples, included in the sampling site “upper Valbona”), 

which could not be genetically distinguished. Compared to the trout from the main river, the specimens from 

the short side stream that flows through a plateau show particularly corpulent and high body structure and 

more rounded fin tips (Fig. 15). This peculiarity is likely due to the special habitat (low current) and a rich food 

supply. Another feature, though not environmental, is a single red dot in the adipose fin in individuals from 

about 14 cm TL, whereas the trout of the main river (upper and lower Valbona) only have red-lined adipose 

fins. The population of the small tributary is isolated from the trout of the other sampling sites by waterfalls 

just above the most upstream sampling site in the main river. Gene flow would only be possible in one 

direction (downstream). Nevertheless, individuals from the tributary and from the upper Valbona are 

genetically very similar. There are no barriers between the other sampling sites in the river, but as explained 

above, the trout of the upper and lower Valbona differ from each other both phenotypically and genetically. 

This study showed again that we can infer their relatedness through the phenotypes of individuals, though this 

assessment is not always reliable, because even unrelated individuals living in similar environments can 

develop similar phenotype due to similar selection, or vice versa. By evaluating the genetic distances obtained 

through neutral genetic markers, the determination of kinship is more reliable. The combined approach, 
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including genetic markers and morphology, is even more reliable due to the complementarity of both 

approaches and mutual verification, and provides useful information, through which we can determine how 

reliably certain taxa can be distinguished based on their external appearance. 

 

Conservation status 

Agricultural, industrial and urban effluents are considered the main sources of river pollution worldwide. Their 

impacts on water quality include the increase of phosphates and ammonium and the decrease of oxygen 

concentrations in the water. Such influences, which are particularly evident in the more densely populated 

regions and agricultural areas of Albania and Greece, impair the habitat of trout and other species. In both 

countries, the catchment area of Vjosa has so far been largely spared from harmful environmental influences of 

this kind (Cullaj et al. 2005; Stefanidis et al. 2019). Here, however, water extraction for field irrigation in 

summer can lead to declining water levels and increased water temperatures, as observed in the Shushica and 

Drinos Rivers. In the southern Balkans, native trout are mainly endangered by uncontrolled fishery. Fishing with 

cast nets is still widespread, especially in the Albanian rivers. Occasionally, explosives are also used, and 

recently more often using harpoon and diving equipment. The trout stocks of the Aoos and the Voïdomatis are 

among the few in Greece that have not yet been drastically decimated or even wiped out by uncontrolled 

fishing. In the inaccessible canyons in particular, the fish have so far escaped the pursuit of anglers. In addition, 

all fishing in the heart of the Vikos-Aoos National Park is prohibited by law. One can only hope that these 

unique trout populations will be preserved in the future and not be genetically contaminated by stocking with 

domesticated hatchery fish or threatened by further restrictions on their habitats. 
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Figure 2: Middle course of the Vjosa near Tepelena. 

 

Figure 3: Bënça River, a tributary of the Vjosa River near Tepelena. 
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Figure 4: Upper reaches of the Aoös River, sampled in 2015. 

 

Figure 5: Trout from the upper Aoös River; 24 cm TL, MA haplotype. 
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Figure 6: Trout from the upper Aoös River; 23 cm TL, AD haplotype. 

 

Figure 7:  Trout from the lower Aoös River; 22.5 cm TL, ME haplotype. 

 

Figure 8: Trout from the upper Aoös River; 27 cm TL, unknown haplotype. 
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Figure 9: Trout with blunt snout from the Voïdomatis River; 22 cm TL. 

Figure 10: Trout with pointed snout from the Voïdomatis River; 23 cm TL. 

Figure 11: Trout from the Voïdomatis River; 36 cm TL. 
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Figure 12: Trout from the Bënça River; 12 cm TL. 

 

Figure 13: Trout from the Bënça River; 20 cm TL.   Photo: S. Shumka. 

 

Figure 14: Trout from the upper Valbona River; 21 cm TL. 
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Figure 15: Trout from a tributary of the upper Valbona River; 22 cm TL. 

 

Figure 16: Trout from the lower Valbona River; 23 cm TL. 

 

Figure 17: Trout from the lower Valbona River; 24 cm TL. 
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Figure 18: Trout from the Shala River; 22 cm TL. 

 

 

Figure 19: Trout from the Sina River; 19 cm TL.   Photo: S. Shumka. 

 

 

Figure 20: Trout from the Izvori River; 31 cm TL. 
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Figure 21: FCA of all trout genotyped on 12 microsatellite loci. Populations are colour coded. The 

first, second and third axes explain the 6,35%, 5,37% and 4,63% of the variance, respectively. 

 

 

 

 

Figure 22: FCA of trout without individuals from Izvori, genotyped on 12 microsatellite loci. 

Populations are colour coded. The first, second and third axes explain the 6,11%, 5,07% and 4,62% of 

the variance, respectively. 

 

 

Figure 21: FCA of all trout genotyped on 12 microsatellite loci. Populations are colour coded. The first, second and third 

axes explain 6.35%, 5.37% and 4.63% of the variance, respectively. 
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Populations are colour coded. The first, second and third axes explain the 6,11%, 5,07% and 4,62% of 

the variance, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22: FCA of trout without individuals from Izvori, genotyped on 12 microsatellite loci. Populations are colour coded. 

The first, second and third axes explain 6.11%, 5.07% and 4.62% of the variance, respectively. 
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