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Morphological Differentiation of Salmonines
(Subfamily Salmoninae) with Emphasis on Trout
Salmo spp. Stocks in Serbia and Adjacent Regions
Predrag Simonoviæ1, Saa Mariæ1 and Vera Nikoliæ1
Abstract: The multivariate analysis of the external morphology of 22 continuous characters
reveals that huchen Hucho hucho and Arctic charr Salvelinus alpinus are different from all
trout stocks, whereas the Lake Ohrid belvica Salmothymus ohridanus is close to the brown
trout complex. The position of rainbow trout Oncorhynchus mykiss implies greater similarity
in trout-salmon morphology in relation to that of huchen and charr. The phenetic relationships derived on external morphology suggest similarity of the west-Danubian brown trout
stock of the Black Sea basin to the brown and marble trout stocks from the Adriatic Sea
basin, difference of brown trout stock from the Mlava River and similarity of brown trout
stock from the Velika Morava River drainage in comparison to that of the Aegean Sea
basin. Those results are initial hints for the conservation of brown trout stocks of Serbia.
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Introduction
The problem in brown trout taxonomy comes both from the great phylogenetic oldness
of brown trout and from the dynamic evolutionary history in various parts of broad
dispersal area. The Balkan Peninsula is known for its nominal brown trout diversity.
However, the taxonomic status of those trouts is still unclear. KARAMAN (1926) stated
that the isolation of brown trout populations dating from the Tertiary (e.g., Lake Ohrid
trout taxa) is a consequence of mountain chains genesis (e.g., Dinarid Alps), whereas
the ice ages (within-drainage brown trout taxa) isolation after Pleistocene is the result of
the refuge character of the Balkans during and after the Quarternary ice-ages. The
dynamic geological history of the area is reflected in prominent taxonomic diversity,
together with the rather uniform ecological pattern of brown (including the marble)
trout stocks throughout the Balkan Peninsula. Brown trout stocks in the West Balkans
are the Black Sea basin stationary brown trout taxa Salmo trutta L., 1758, and / or S.
taleri (KARAMAN 1932), Aegean Sea basin stationary brown trouts S. macedonicus
KARAMAN, 1924, and S. pelagonicus KARAMAN, 1938, Adriatic Sea basin stationary
brown trout taxa S. farioides KARAMAN, 1938, S. dentex HECKEL, 1852, and marble
trout S. marmoratus CUVIER, 1829, as well as several Lake Prespa and Ohrid brown
trout taxa, e.g., S. peristericus KARAMAN, 1938, Salmo letnica (KARAMAN, 1924), Salmo
lumi POLJAKOV; FILIPI, BASHO, 1958, Salmo aphelios KOTTELAT, 1997, and S. balcanicus
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(KARAMAN, 1927), occurring in sympatry in different areas of the lake basin. In addition, the distinct West-Balkan endemic genus Salmothymus BERG, 1908 (including
Acanthiolingua HADIÈE, 1960), with several stocks in Lake Ohrid and rivers in the
Adriatic Sea Basin contributes to the diversity of salmonine fish fauna of the region.
The variability of external morphological characters in trouts was extensively studied in the Balkans (HECKEL, KNER 1858, KARAMAN 1926, 1932, 1934, 1938, KARAKOUSIS
et al. 1991, DELLING 2002, 2003a, 2003b). However, the majority of references are so
old and the analytical approach they contain out-of-date that they are not in citing any
more. KARAKOUSIS et al. (1991) failed to distinguish brown trout stocks of Greece for
their external morphology, whereas DELLING (2002, 2003a) revealed the distinctness of
marble trout and several other brown trout taxa from the Balkans in their morphological characters and analyzed their phylogenetic status. The rapid progress in biochemical
and molecular methods enabled the clear definition of particular phyletic distinct lineages of the brown trout, e.g., Atlantic, Danubian, Mediterranean, Adriatic and
marmoratus (BERNATCHEZ et al. 1992, BERNATCHEZ 2001), including the revelation of
their evolutionary history. In such recognized main lineages, however, particular isolates
remained still insufficiently explained in a sense of taxonomy (KOTTELAT 1997), regarding the discrepancy between the molecular data and those coming from the investigation
on morphology. Particular opinions, e.g. that of KOTTELAT (1997), have reservations
about the initially given significance of the results in the field of taxonomy based
exclusively on biochemical and molecular data, without taking into account the data
coming from the analyses of morphology, zoogeography and distribution. Moreover,
DELLING (2002) stated that molecular markers widely applied in salmonid biology have a
potential to falsify recognizable species. This criticism came out from the much scarcer
contribution to the systematics of fish from the molecular and biochemical analyzes than
expected. Regardless of how much biochemical and molecular analyses attempt to replace
the comprehensive analysis of morphophenotype with the analysis of particular minor
features of genome, it seems that phenetics associated with sophisticated analytic tools can
still give its contribution in clarification of trout stocks taxonomy.
The initial step for getting an insight into the diversity of brown trout stock of
particular river drainages and sea basins of the Balkans is the investigation of the
variability of their external morphology by exploratory techniques that should indicate
the basic level of diversity and facilitate the decision-making about further exploratory
steps. Considering that stocks of the Balkan brown trout are under the utilization of
recreative fisheries and that they are already long-term isolated both within the same or
between different river drainages of Serbia (e.g., those of Drina, Morava, Mlava, Timok
rivers and some other, smaller rivers flowing into the Sava and the Danube rivers), there
is a strong conservational need to get an insight into their original diversity before it is
severely disturbed by fish stocking.

Materials and Methods
Majority of samples of brown trout were collected from the West Balkans, i.e., from the
streams situated in East and West Serbia (cf. S. trutta), Bosnia and Herzegovina, Montenegro
and FYR Macedonia (Fig. 1). These were obtained using electrofishing gears (samples S2,
S3, S5, S6, S8 and SM) and by angling (samples S1, S4 and SZ) in the period from May
1996 to October 1999. The rest of brown, marble and rainbow trout samples were
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Table 1. Samples of salmonid fish, with their locality names, taxonomical assignments, sample sizes (N),
geographical determination of localities from which samples originate, notification on particular specificities and abbreviations used in the paper.
Locality
Buna River

Salmo farioides

Trebuèica
River

Salmo
marmoratus
Salmothymus
ohridanus

Lake Ohrid
Drina River

provided from fish farms (Table 1). In addition to the brown trout, samples of several
salmonid taxa, e.g., Lake Ohrid belvica Salmothymus ohridanus (STEINDACHNER, 1892),
rainbow trout Oncorhynchus mykkis (WALBAUM, 1792), huchen Hucho hucho (L., 1758)
and charr Salvelinus alpinus (L., 1758) were included into the analysis as outgroups. The
samples comprised 176 individuals totally, the majority of them was sexually immature
and hence the sex was not taken into account as the source of variability.
Analysis of external morphology was accomplished on 22 continuous characters
(Fig. 2). Those characters were chosen following HOLÈIK (1989) and BOOKSTEIN et al.
(1985, slightly modified). All measures for bilateral characters were taken from the right
side of the fish, except when this was impossible due to loss or damage of the character
in concern. The measuring of continuous characters was accomplished using the digital
caliper up to the nearest 0.01 mm.
In order to avoid the taxonomical assignments in advance, each sample was
considered an OUT (Operational Taxonomic Unit) of SNEATH, SOKAL (1973). Each
character was regressed vs. standard length of fish, in order to transform the sample to
the same scale size (SOKAL, ROHLF 1995), i.e., to exclude the size-effect on variability as
much as possible and residuals were used for the analysis. The morphometric data set
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Hucho hucho

N
12
18
6
11

Lake Boèac

Oncorhynchus
mykkis
Salvelinus
alpinus

Zeta River

Salmo taleri

10

Boica River

Salmo
macedonicus

25

Resava River

Salmo trutta

9

Godljevaèa
River

Salmo trutta

13

Buk Stream

Salmo trutta

17

Mlava River

Salmo trutta

9

Krupaja
River

Salmo trutta

5

Bela River

Salmo trutta

7

Crni Stream

Salmo taleri

10

Mlava River

Fig. 1. Sampling area and localities in the West Balkans.

Taxon

14
10

Area, drainage, sea
basin
Herzegovina, Neretva
River, Adriatic Sea
Slovenia, Soæa River,
Adriatic Sea
FYR Macedonia, Crni
Drim River, Adriatic Sea
Western Serbia, Sava
River, Black Sea
Eastern Serbia, Danube
River, Black Sea
Bosnia, Sava River,
Black Sea
Montenegro, Skadar
Lake, Adriatic Sea
Southern Serbia, Struma
River, Aegean Sea
Eastern Serbia, Velika
Morava River, Black Sea
Western Serbia, West
Morava River, Black Sea
Eastern Serbia, Mlava
River, Black Sea
Eastern Serbia, Danube
River, Black Sea
Eastern Serbia, Mlava
River, Black Sea
Central Serbia, West
Morava River, Black Sea
Western Serbia, Drina
River, Black Sea

Note

Abbr.

Trešnjica fish
farm

S7

Tolmin fish farm

SB
SO

Trešnjica fish
farm
agubica fish
farm
Introduced stocked
Upstream of
subterranean pass

HH
OM
SA
SZ
SM
S6
S1

Upstream of
subterranean pass

S2
S3
S4
S5
S8

of residuals was analyzed by MANOVA (SNEATH, SOKAL 1973), which tested the
significance of difference in morphological variability between OTUs, by Canonical
Discriminant Analysis, which defined multivariate morphological difference between
OTUs (MANLY 1986), and by UPGMA Cluster Analysis (SNEATH, SOKAL 1973) on
Mahalanobis D2 distances between OTUs (SOKAL, ROHLF 1995), which grouped the
most similar OTUs. The analysis was performed using the package STATISTICA v. 5.1.
for Windows 95 (StatSoft Inc.). The discriminating power of the most discriminative
morphometric characters transformed into the percentages of either head length LCAP
(e.g., LMAND), or standard length (e.g., LCAP, TA1) of fish was a posteriori tested
univariately for the statistical significance afterwards, using ANOVA and Tukey HSD
post hoc test for unequal sample sizes, i.e., SPJOTVOLL, STOLINE (1973) test.
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Table 2. Standardized Canonical Discriminant Analysis Coefficients (Roots) for morphometric characters of OTUs (characters with strong discriminative power bolded).
Character

Fig. 2. Character set (LCAP - head length; LCORP - body length; LPREOC - preocular length; LPOSTOC1 - first
postocular length from the rear edge of eye cave to the front edge of preopercular; LPOSTOC2 - second
postocular length from the front edge of preopercular to the rear edge of opercular; LMAX - upper jaw
length from the tip to its most rear spot at upper jaw; LMAND - lower jaw length from the tip of lower jaw
to its most rear spot.; TA1 - distance from the tip of snout to the rear end of skull; TA2 - distance from
the tip of snout to the isthmus base; TA3 - distance between the rear end of skull and isthmus base; TB1
- distance between the rear end of skull and the beginning of the dorsal fin base; TB2 - distance between
the isthmus base and pelvic din base; TB3 - distance between the beginning of the dorsal fin base and
pelvic fin base; TC1 - length of the dorsal fin base; TC2 - distance between the base of the pelvic fin and
beginning of the anal fin base; TC3 - distance between the end of the dorsal fin base and beginning of the
anal fin base; TD1 - distance between the end of the dorsal fin base and beginning of the adipose fin base;
TD2 - distance of the anal fin base; TD3 - distance between the beginning of the adipose fin base and end
of the anal fin base; TE1 - distance from the end of the adipose fin base and the dorsal end of the caudal
fin base; TE2 - distance between the end of the anal fin base and the ventral end of the caudal fin base; TE3
- distance between the dorsal and the anal ends of the caudal fin base).

On testing the consistency of OTUs, the second Canonical Discriminant Analysis
on distinct groups (i.e., stocks, or probable taxa) of brown trouts (with Salmothymus
ohridanus included) as OTUs was accomplished, in order to test the group consistencies,
and to gain information on characters discriminating them.

Results
The MANOVA testing of OTUs revealed significant general between-group variability
(Raos R286, 1576 = 12.515, p < 0.01). The majority of characters tested by ANOVA
were significantly variable at the level of p < 0.001, being with values of F13, 158 between
4.956 and 39.773. Only for LMAX the significance of between-group variability was less
than 99.9% (F13, 158 = 1.974, p < 0.05).
The Canonical Discriminant Analysis results corroborated that difference in variability of particular OTUs by a total of 97.09% of correct OTU classification (Appendix
1). Only the samples from Godljevaèka River (S1, 76.92% of correct classification) and
from the Bela River (S5) contained one individual each, both of them were classified to
the Buk Stream (S2, 88.23% of correct classification). The first eight Canonical Roots
explained 97% of the total discrimination (Table 2) with the character set (LCAP,
LCORP, LPREOC, LMAND, TA1, TA2, TA3, TB2, TC1, TD2 and TE3) which repeatedly
appeared discriminative. The lower jaw length (LMAND) had the greatest discriminative
power (54% of the total one), whereas character TC1 had the smallest (3%). All
Mahalanobis D2 distances between OTUs (Appendix 2) were significant at p < 0.001,
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Root1

Root2

Root3

Root4

Root5

Root6

Root 7

Root8

LCAP

0.97

-0.35

0.13

-0.11

0.25

-0.03

0.63

0.05

LCORP

0.06

0.27

0.42

0.01

-0.41

-0.08

LPREOC

0.47

0.29

0.52

-0.55
0.35

0.12

0.51
-0.29

-0.82

0.44

Lpostoc1

0.11

-0.29

0.08

0.03

-0.27

0.13

-0.37

-0.40

Lostoc2

0.05

0.12

-0.03

-0.45

-0.05

-0.18

0.07

-0.14

Lmax

-0.02

0.09

-0.12

-0.01

0.15

0.07

0.09

-0.24

LMAND

-0.84

-0.15

0.67

-0.55

-0.03

0.05

0.30

0.08

TA1

0.08

-0.50

-0.48

0.63

0.03

0.66

-0.30

-0.04

TA2

-0.81

-0.40

-0.10

0.09

-0.21

-0.24

0.10

TA3

-0.11

0.57

-0.60

-0.18

0.25

-0.65
0.34

0.29

-0.01

tB1

-0.35

-0.29

-0.44

-0.18

-0.03

-0.48

0.13

-0.19

TB2

0.40

-0.39

-0.04

-0.20

-0.52

-0.01

0.24

0.56

tB3

0.35

0.30

-0.17

-0.25

-0.02

-0.26

-0.44

0.29

TC1

-0.11

0.13

0.20

-0.37

0.10

-0.04

-0.06

-0.67

tC2

-0.25

0.20

-0.32

0.17

-0.06

-0.04

0.28

-0.16

tC3

-0.14

-0.15

0.18

0.07

0.33

0.16

-0.27

-0.11

tD1

0.15

0.18

0.18

0.44

0.24

-0.26

0.36

0.33

TD2

0.21

0.25

0.07

0.63

-0.72

-0.12

0.55

-0.03

tD3

-0.19

0.06

-0.12

0.07

0.06

-0.27

-0.10

-0.02

tE1

-0.22

0.30

-0.34

0.32

-0.48

-0.31

-0.40

-0.11

tE2

-0.07

0.16

-0.03

-0.01

0.32

0.22

0.28

-0.11

TE3

-0.34

0.25

0.23

-0.22

-0.37

0.51

0.19

0.61

Eigenvalue

16.55

12.45

4.51

3.47

3.00

2.04

1.59

1.33

% of discrimination

36

26

10

8

6

4

4

3

Cumulative %

36

62

72

80

86

90

94

97

except S2 - S4, S2 - SM and S5 - SO, being of p < 0.01 significance. The UPGMA
Cluster Analysis (Fig. 3) clearly separated two non-salmonine outgroup taxa, huchen
and charr, from the salmonine ones, since the head length (LCAP) and lower jaw length
(LMAND) were the most discriminative characters on the Canonical Root 1. However,
the topology of OTUs within the salmonine branch had unexpected configuration. Thus,
the Lake Ohrid belvica clustered together with the brown trout from the Mlava and
Krupaja rivers (Danube River drainage), who created the distinct brown trout branch,
whereas the rainbow trout clustered with the marble trout and brown trout from the
western part of the Balkans (Montenegro, Herzegovina and Drina River drainage in
West Serbia). The distinct branch of OTUs contained the brown trout samples from
streams in the Morava River (Velika - Great and Zapadna - Western) system together
with the OTU from the Aegean Sea basin (Struma River drainage). In addition, the
group, which consists of Lake Ohrid belvica and brown trout OTUs from Mlava and
Krupaja rivers, was distinct from the group of other brown trout OTUs, in which the
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Fig. 3. UPGMA phenogram of salmonid OTUs derived from Mahalanobis distances between them.

western brown trout was distinguishable from the one of the Morava River drainage.
Canonical Root 2, with the tA3 as discriminative character, separated marbled trout
from the majority of western brown trout samples. Canonical Root 3 with LPREOC,
LMAND and tA3, that appeared most discriminating characters, amalgamated the position of OTUs from the previous two Canonical Roots by separating rainbow trout,
belvica and marble trout from the large central group of brown trout OTUs and small
distinct group of brown trout OTUs from Godljevaèa and Krupaja Rivers and Buk
Stream. The most discriminative combination of canonical roots appeared to be that of
Roots 1 (explained by LCAP and LMAND) and 3 (explained by LPREOC, LMAND and TA3)
(Fig. 4). ANOVA testing of OTUs for discriminating characters did not reveal the
discrimination concordant with that from Canonical Discriminant Analysis, since the
differences between OTUs for characters were inconsistent (Appendix 3), implying an
occurrence of a lot of homoplasies.
The second Canonical Discriminant Analysis of the pooled Danube River drainage brown trout stocks into the Danube River drainage western (upper Zeta River, Crni
Stream), eastern (Buk Stream, Godljevaèa, Resava and Bela Rivers) and Danubian
(Mlava and Krupaja rivers), as well as the valid taxa from the Adriatic and Aegean
seas basins revealed the a priori classification correctness of 96.32% (Appendix 4), with
one western, one Adriatic S. farioides and three Aegean S. macedonicus incorrectly
classified. Certain new characters on head (TA1, TA2), body (TC1) and tail (TD2, TE3)
appeared discriminative (Fig. 5). The phenogram (Fig. 6) confirmed the similarity in
external morphology between eastern brown trout and S. macedonicus. In addition, the
western brown trout from the Danube River drainage (S. cf. taleri) and S. farioides
appeared more similar in body form than each of them was to the S. marmoratus. The
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Fig. 4. Position of salmonid OTUs in the space defined by their Canonical Discriminant Scores on
Canonical Roots 1 and 3.

Fig. 5. Canonical loadings of groups of pooled Salmo spp.and Salmothymus OTUs on Canonical
Roots 1 and 2.
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Fig. 6. UPGMA phenogram of groups of pooled Salmo spp. and Salmothymus OTUs derived from
Mahalanobis distances between them.

only deviation from the expected configuration was the Danubian brown trout from the
Mlava River drainage, who appeared more similar to the Salmothymus ohridanus than
to other brown trout taxa.
The phenetic, i.e., morphological relationships between OTUs (Figs 3 and 6)
suggest the clear division between the western and eastern brown trout stocks in the
West Balkans. Regardless of belonging to the Adriatic Sea basin (e.g. Buna River, upper
Zeta River brown trout OTUs and marble trout), or to the Black Sea basin (Crni
Stream brown trout, Drina River drainage), western brown trout stocks clustered together. The eastern stocks that belong to the Velika Morava River drainage did the
same. Even the isolated Buk Stream sample, which is not in the Velika Morava River
drainage (it is in the Mlava River drainage), was the most similar to OTUs from that
drainage. Another out-drainage East Balkans sample, the Boica River brown trout
from the Struma River drainage, Aegean Sea Basin, clustered with the brown trout
OTUs from the Velika Morava river drainage. The brown trout stocks from Mlava and
Krupaja (the tributary of Mlava) rivers in the Danube River drainage clustered separately from other brown trout stocks together with Salmothymus. The huchen and charr
were clearly distinct from all trout stocks in external morphology.

Discussion
The position of OTUs in phenogram (Fig. 3) is informative for the generic relationships
of huchen and charr, who clearly separated both from trout (Salmo, Salmothymus and
Oncorhynchus) stocks and from each other. This is in contrast to the cladogram of
OSINOV, LEBEDEV (2000) derived from 36 enzyme loci, where taimen Hucho hucho
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taimen is the salmonid closest to brown trout and to the Atlantic salmon Salmo salar. The
position of huchen and charr derived from phenetic analysis on external morphological
characters is concordant with phylogenetic relationships found on 119 morphological
characters by STEARLEY, SMITH (1993). However, the kind of ancestral position of Lake
Ohrid belvica Acantholingua (Salmothymus ohridanus here) close to the huchen and char
in their cladogram does not agree with the closer relationship to trout taxa resolved both
here (Figs 3 and 6) and in WILSON (1974), KENDALL, BEHNKE (1984), DOROFEYEVA
(1989) and OAKLEY, PHILLIPS (1999). Moreover, SNOJ et al. (2002) found on the mtDNA
control region, cytochrome b gene and LDH-C* gene that Salmothymus clade holds the
intermediary position between the Atlantic salmon and all five lineages of brown trout,
thus supporting the statement on the inclusion of Salmothymus into the genus Salmo.
The dispersal and recent distribution of brown trout stocks in the south-western part
of the Balkans seems to be more complex than would be expected on their locking in
particular sea basins. The similarity of brown trout OTUs from the upper Zeta River and
Crni Stream in LMAND and tA3 (Appendix 3) supports the presumption of KARAMAN
(1938) that after the rising of Dinarid Alp and formation of subterranean break in the
Zeta River (or its predecessor lake) continuum, the subsequent (probably glacial) connection of the upper Zeta River with the Piva - Tara - Drina rivers system took place,
followed by introgression of brown trout from the ancient Black Sea basin. KARAMAN
(1938) designated brown trout stocks from the West Balkan part of the Black Sea basin
(Slovenia, Lika, north-western and central Bosnia and northern Montenegro) Salmo taleri,
differentiating it from the Adriatic Sea brown trout S. farioides by the slimmer body,
smaller mouth opening, scarcer dentation, smaller scales, lower dorsal fin and bigger
number of pyloric caeca. The brown trout OTUs from the upper Zeta River and Crni
Stream had lower tA3 - rear head height and longer LMAND - lower jaw length than S.
farioides from the Buna River. In contrast, by shorter LCAP, longer LMAND and higher
tA3, S. taleri was different from the brown trout stocks of Velika Morava and the
Danube rivers drainages. Until the future confirmation or rejecting by additional morphological and molecular analyses, as well as by phylogeographic processing of brown trout
stocks in the Black Sea basin in the Balkans, the assignment of S. taleri in conservational
sense should be adopted in fishery practice (e.g., in fish-stocking).
The similarity between the brown trout stocks from the Velika Morava River
drainge in LMAND and TA3 suggests that this stock differs enough from those of the
western part of the Black Sea basin in the Balkans. The close relationship of the Buk
Stream with OTUs in the Velika Morava drainage implies that this isolated stock
geographically closest to the Mlava River was once connected to the ancient common
eastern stock of brown trout. The close morphological relationship of stocks from
Boica (S. macedonicus) and Resava rivers might suggest their ancient connection,
which is to be cleared by both molecular and phylogenetic analyses. The grouping of the
brown trout stocks from the Velika Morava (Black Sea basin) and Boica (Aegean Sea
basin) rivers in the distinct cluster different from the western brown trout stocks resembles the grouping of brown trout populations in Greece (APOSTOLIDIS et al., 1996),
where western and north-eastern groups of brown trout stocks were detected, with
stocks from the eastern, Ponto-Aegean zone being related to the Danubian, i.e., the
Black Sea stocks. By data from GRUBIÆ et al., (1982), who designated brown trout from
the Resava River (Velika Morava River drainage) Salmo trutta m. fario, it is not
possible to conclude on the status of this stock in relation to the western one (S. taleri)
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from the Black Sea basin. ORIÆ (1990) reported that brown trout from the Resava
River differs from the Adriatic S. farioides by the greater number of shorter and thinner
pyloric appendices, slightly larger number of scales above and below the lateral line,
smaller depth of head, bigger eye, lower anal fin and smaller pelvic fins. In conservational sense, it seems that stocking with brown trout from hatcheries on streams and
rivers in the Velika Morava River drainage should be accomplished exclusively by
material from that drainage.
The distinct phenogram branch consisting of brown trout stocks from Mlava and
Krupaja rivers suggests their distinctness from other stocks of the Black Sea basin in the
region. However, the drawing of a final conclusion from this result is very difficult.
Mlava and Krupaja rivers are the only two in Serbia that are typical chalk streams, with
the brown trout stocks completely isolated from neighbour trout-holding rivers. Further
investigation on brown trout from unstocked streams flowing directly into the Danube
River reservoir between the two Djerdap dams shall give more elements for concluding
distinctness of the Danubian brown trout stock. Since then, the stocking material that
originates exclusively from the Mlava River drainage should be provided, as occurred
hitherto once in 2001 in small extent.
In spite of the similarity found between brown trout stock from the Velika Morava
River system and that from the Boica River (Struma River drainage), the crossed fishstocking of those waters has to be avoided until the phyletic and taxonomic status of
both stocks is examined in details. This is especially important, since the Boica River
stock is strongly defficient and needs urgent conservational measures (MARIÆ et al.
2004). In addition, the brown trout stock of the Jerma River, the tributary of Niava
River, Velika Morava River system appeared to hold the same brown trout occurring in
the Boica River (unpublished), which reportedly was never stocked by fisheries managers from Serbia, implying that Aegean brown trout was stocked into the Jerma River
(Fig. 7) by fisheries managers in adjacent Bulgaria. The brown trout S. macedonicus
from the Boica River drainage (Fig. 7) is easily distinguishable from that of the Velika
Morava River (Fig. 7) system. Brown trout from the Boica river features numerous
very large strongly ocellated spots that are dark-red (above the lateral line almost violet)
in colour, as well as four dark vertical bars in backgound, whereas those from the
Vlasina River feature less numerous small black and slightly ocellated bright red dots
and more than 5 (up to 9) less prominent vertical bars in colour. Preliminary molecular
data (unpublished) strongly warns for much more care in fish stocking practice, when
brown trout stocks of the south-western part of Serbia, both in the Aegean Sea basin
and in the Danube River drainage are in concern, since the molecular (i.e., haplotype)
diversity has ancient character there and is in a strong need for conservation.
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Appendix 1. Percentage of correct classification (%) of OTUs in Canonical Discriminant Analysis (all
brown trout OTUs from the Danube River drainage denoted S. trutta).
OTU
S. trutta Godljevaèa R. (S1)
S. trutta Buk Stream (S2)
S. trutta Mlava R. (S3)
S. trutta Krupaja R. (S4)
S. trutta Resava R. (S6)
S. trutta Bela R. (S5)
S. farioides Buna R. (S8)
S. trutta Crni Stream (S7)
S. macedonica Boica R. (SM)
S. marmoratus (SB)
Oncorhynchus (OM)
Salmothymus ohridanus (SO)
Hucho hucho (HH)
Salvelinus alpinus (SA)
S. trutta Zeta (SZ)
Total

354

%
76.92
88.24
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
97.09

S1 S2 S3 S4 S6 S5 S8 S7 SM SB OM SO HH SA SZ
10
3
1 15
1
9
5
9
6
12
10
22
18
14
6
11
10
10
11 15 9 5 9 7 12 10 25 18 14 6 11 10 10

S3

S4
(5)

S6
(9)

S5
(7)

SF
(12)

S8
(10)

SM
(25)

SB
(18)

SO
(6)

OM
(14)

HH
(11)

SA
(10)

SZ
(10)

11.685 7.611 5.187
13.006 10.670 12.103 12.357
5.248 7.876 5.791 10.265
16.273 12.887 22.853 17.246
13.425 11.708 22.081 19.329
9.418 11.328 17.021 13.535
25.168 26.554 28.000 22.559 14.840
19.174 12.574 18.141 16.764 14.455

20.979 21.290 9.718 12.500 14.893 11.310 20.366 23.966 22.672 32.325 19.068

41.119 52.060 41.758 35.308 40.760 20.550 41.565 25.945 37.209 34.014 45.231 45.285

40.659 41.069 58.881 41.871 26.814 29.619 17.126 19.890 34.482 37.111 35.447 47.400 68.603
20.908 18.191 29.811 20.272 12.352 12.182

S. trutta Krupaja (S4)
S. trutta Resava (S6)
S. trutta Bela (S5)
S. trutta Buna (SF)
S. trutta Crni (S8)
S. macedonica (SM)
S. marmoratus (SB)
Oncorhznchus (OM)
Salmothymus (SO)
Hucho (HH)
Salvelinus (SA)
S. trutta Zeta (SZ)

6.881

8.604

9.577

6.463

9.261

7.083

9.073

8.501

9.314

0

0 123.587

0 367.820 175.814

0 345.035 374.519 242.414

0 134.104 203.237 169.278 72.966

4.745 12.503 10.216 15.279 30.680 32.791 21.898

9.716 18.490 17.472

0 60.236 212.482 137.202 160.164 44.089

0 40.824 58.484 142.577 139.499 139.005 50.401
9.479 15.101

7.759

0 31.278 40.910 46.399 189.360 139.107 112.257 26.781

0 36.341 32.583 41.293 39.700 150.468 201.531 87.868 43.614

8.844 10.859

6.089

7.279

9.484

0 70.072 57.511 38.294 58.134 63.810 114.893 156.576 234.031 96.257

0 53.347 52.514 51.595 30.168 69.280 74.130 122.931 232.915 160.791 74.068

0 117.683 117.317 149.319 177.267 102.305 176.933 139.192 142.862 313.851 384.002 185.922

0 49.399 76.846 47.797 125.315 132.406 74.621 130.722 93.033 80.212 238.618 353.083 178.760

14.335 11.405

S. trutta Mlava (S3)

0 54.309 60.409 50.808 52.509 50.210 51.621 31.680 81.821 44.524 141.932 214.853 181.080 80.208

9.740

0 36.076 75.846 98.924 68.813 37.766 72.013 66.297 31.322 90.864 78.040 150.959 191.454 200.787 103.252

(9)

S. trutta Buk (S2)

S. trutta Godljevaèa (S1)

S2
(17)

S1
(13)

Appendix 2. Mahalanobis D2 distances between OTUs (above the matrix diagonal) and their F values (below the matrix diagonal) with OTU abbreviations,
localities and sample sizes (in bracket); plain numbers denote distances with 0.01 < p < 0.001, and bold ones those with p < 0.001).

Appendix 3. Box - Whisker plots for discriminating characters with the ANOVA testing results.
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Appendix 3. Continued

Appendix 3. Continued
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Appendix 3. Continued

Appendix 3. Continued

Appendix 4. Percentage of correct classification (%) of brown trout groups in Canonical Discriminant
Analysis.
Brown trout groups

%

Eastern (E)

93.33

Western (W)

95.45

Danube (D)

100.00

S. macedonicus (SM)

100.00

S. marmoratus (SB)

94.44

Salmothymus (SO)

100.00

S. farioides (SF)

100.00
Total

359

360

96.32

E

W

D

SM

42

SB

SO

SF

3
21

1
14
22

1

17
6
9

42

22

14

25

17

6

10

Ìîðôîëîãè÷íè ðàçëè÷èÿ ìåæäó âèäîâåòå îò
ïîäñåìåéñòâî Ïúñòúðâîâè (Salmoninae) è ãëàâíî
îò ðîä Ïúñòúðâè (Salmo spp.) â Ñúðáèÿ è
ïðèëåæàùèòå

ðåãèîíè

Ï. Ñèìîíîâè÷, Ñ. Ìàðè÷, Â. Íèêîëè÷
(Ðåçþìå)
Ìóëòèâàðèàíòíèÿò àíàëèç íà 22 âúíøíè ìîðôîëîãè÷íè áåëåãà ïðè
Ïúñòüðâîâèòå ïîêàçà, ÷å äóíàâñêàòà ïúñòúðâà (Hucho hucho) è àðêòè÷åñêèÿò
ñèâåí (Salvelinus alpinus) ñå ðàçëè÷àâàò îò âñè÷êè îñòàíàëè ïîïóëàöèè, äîêàòî
áåëâèöàòà (Salmothymus ohridanus) îò Îõðèäñêîòî åçåðî ïðèíàäëåæè êúì
êîìïëåêñà íà ðå÷íàòà ïúñòúðâà. Ïîëîæåíèåòî íà äúãîâàòà ïúñòúðâà
(Oncorhynchus mykiss) ïîêàçâà ïî-ãîëÿìà áëèçîñò ñ ìîðôîëîãèÿòà íà âèäîâåòå
îò ðîä Salmo, îòêîëêîòî ñ òàçè íà äóíàâñêàòà ïúñòúðâà è ñèâåíà. Íà áàçàòà
íà âúíøíàòà ìîðôîëîãèÿ áå óñòàíîâåíî, ÷å ïîïóëàöèèòå íà ðå÷íàòà ïúñòúðâà
îò ðåêèòå íà Çàïàäåí Äóíàâ (×åðíîìîðñêèÿ áàñåéí) ñà ôåíîòè÷íî áëèçêè ñ
òåçè íà ðå÷íàòà è ìðàìîðíàòà ïúñòúðâà îò áàñåéíà íà Àäðèàòè÷åñêî ìîðå è
ôåíîòè÷íî ðàçëè÷íè îò òåçè íà ðå÷íàòà ïúñòúðâà â ð. Ìëàâà. Ïîïóëàöèèòå
íà ðå÷íàòà ïúñòúðâà îò áàñåéíà íà ð. Âåëèêà Ìîðàâà ïîêàçâàò ôåíîòè÷íà
áëèçîñò ñ òåçè îò Åãåéñêèÿ áàñåéí. Òåçè ðåçóëòàòè ñà ïúðâèòå ïîêàçàòåëè çà
íåîáõîäèìîñòòà îò îïàçâàíå íà ïîïóëàöèèòå íà ðå÷íàòà ïúñòúðâà â Ñúðáèÿ.
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