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Morphological differentiation among species of the genus
Scardinius (Pisces: Cyprinidae) in Greece
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t Biology Department, University of Patras, Greece
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The systematics of the species Scardinius erythrophthalmus, Scardinius graecus
and Scardinius acarnanicus in Greece has been studied. Descriptive statistics were
computed and Phylogenetic, Principal Component and Gabriel graph analyses were
applied in order to establish the differentiation of these three taxa. The geographical
distribution of these taxa in Greece, their derivation and their development in
particular areas as well as their relations are discussed.

KEYWORDS: Scardinius, freshwater, Pisces, differentiation, morphometric analysis,
Greece.

Introduction

The cyprinid genus Scardinius Bonaparte, 1837 is widely distributed in western,
central and eastern Europe as well as in western Asia from Asia Minor to the Aral Sea
(Berg, 1949; Ladiges and Vogt, 1965). Members of the genus are found in the north
and central regions of Greece but not in the south (Peloponnesus).

We consider that the genus Scardinius in Greece is represented by three species:
the European species Scardinius erythrophthalmus (Linnaeus, 1758) and two endemic
species: Scardinius graecus Stephanidis, 1937 and Scardinius acarnanicus
Stephanidis, 1939 (Economidis, 1991). There are only a few studies dealing with the
systematics of these three taxa but these are based on characters derived from samples
of only a few individuals (Koller, 1927; Stephanidis, 1937, 1939a,b; Schmidt-Ries,
1943; Economidis, 1974). There are no recent works on the issue except for the
check-list of Economidis (1991) and areview of the taxa referred to as Scardinius which
is in preparation by three of the present authors.

The populations of these species are distributed in three biogeographical areas and
are genetically isolated by land barriers. The populations of Scardinius erythroph-
thalmus occur in Thrace, Macedonia and Thessaly. The populations of Scardinius
graceus exist only in Boeotia in the eastern—central part of Greece, whereas the
populations of Scardinius acarnanicus live in Etoloacarnania in the western—central
part of Greece (Fig. 1).

The main goal of the present work is to confirm the existence of three species of
the genus Scardinius in Greece, and to elucidate their morphological differentiation
within the genus.

0022-2933/96 $12-00 © 1996 Taylor & Francis Ltd.
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1, Scardinius erythrophthalmus; 2, Sc. graecus; 3, Sc. acarnanicus.
I, South Adriatic-Tonian Division; II, Attico-Boeotia Division; III, Ponto-Aegean Division
(after Economidis and Banarescu, 1991)

Fic. 1. Distribution of the species of the genus Scardinius in Greece.

Taxonomic note

The species S. erythrophthalmus is widely distributed in Europe ranging from
England to the Aral Sea (Berg, 1949; Economidis, 1974). The endemic species
S. graecus was originally described in 1937 by Stephanidis from the lakes Yliki and
Paralimni and there has been no further discussion of its taxonomy. The first report of
the presence of a third taxon (later to be recognized as Scardinius acarnanicus) in the
waters of western-central Greece, was made by Koller (1927) on the basis of four
specimens from the River Aspropotamos ( = Acheloos) and five specimens from Lake
Angelocastro ( = Lysimachia), deposited in the collections of the Natural History
Museum of Vienna. These specimens were classified by Koller (1927) as Scardinius
scardafa Bon. plotizza Heck. Some years later Berg (1932) changed the nomenclature
of this population to Scardinius erythrophthalmus scardafa (Bonaparte, 1832).
Meanwhile, Stephanidis (1939a) looking at new material collected in the same drainage,
noted some characteristic differences in the body proportions and in the colour of fins,
which are not red but dark grey. Based on these features, Stephanidis named the
population as Scardinius scardafa plotizza forma acarnanicus nov. forma. Due in part
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to the fact that the paper by Stephanidis (1939a) was written in Greek, little attention
was given to it by taxonomists. This is the main reason for the broad acceptance of the
nomenclature given by Berg and its wide use (Ladiges and Vogt, 1965, 1979; Ondrias,
1971; Economidis, 1973; Iliadou and Ondrias, 1980).

However, the comparison of recently collected material with preserved specimens
from natural history museums, mainly those of London, Vienna and Paris has shown
that the forma acarnanicus described by Stephanidis (1939a) must be elevated to full
species rank, as a second endemic species Scardinius acarnanicus Stephanidis, 1939
(Economidis, 1991).

Materials and methods
Sampling

Three samples were collected by means of seine, trammel and set gill nets from three
different sites of Greece from 1986 to 1989. The first sample consisted of 81 individuals
of 8. erythrophthalmus and came from Lake Koronia in northern Greece (Macedonia).
The second sample of 191 fishes of S. graecus was from Lake Yliki in eastern—central
Greece (Boeotia) and the third sample of 89 specimens of S. acarnanicus was collected
from Lakes Lysimachia and Trichonis in western—central Greece (Etoloacarnania).

Study areas

Lake Koronia is located in the Lagada basin in north Greece and is connected to
the adjacent Lake Volvi by a canal. Water flows from Lake Koronia into Lake Volvi
which has a lower water level, and then flows into Strymonikos Gulf through a small
river (Fig. 2).

Lake Yliki is in the Kopais basin and with adjacent Lake Paralimni form the remains
of a much larger lake which has partly dried out. Recently its water has been directed
to supply the artificial Lake Marathon which is part of the water supply system of Athens
(Fig. 2).

Lakes Lysimachia and Trichonis are in the western—central part of Greece in the
region called Etoloacarnania. These natural lakes belong to the Acheloos River system.
Water exits from lake Trichonis at the western end through an artificial canal that
connects the lakes. The water of lake Lysimachia reaches the Acheloos River through
another artificial canal at the western end of the lake (Fig. 2).

Laboratory work

Measurements. All fish, except juveniles, were measured and weighed. A detailed
morphological study of each individual including a set of 42 morphometric and meristic
characters was made. Vertebral counts included the four vertebrae of the Weberian
complex but excluded the urostyle. The last branched (soft) ray of the dorsal and anal
fins was counted as two. Morphometric characters of each individual were measured
to 0-1 mm with calipers and were expressed as a percentage of standard length, head
length or other body measurement.

Data analysis. Simple descriptive statistics, e.g. the mean (X), standard error (SX),
standard deviation (S) and coefficient of variation (C.V.) were computed for each of
the three samples.
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F16. 2. Sampling areas in Greece.

In order to elucidate the differentiation of the species, the three following methods
were applied:

(a) Phylogenetic Analysis. The UPGMA method using the Mahalanobis distance
(Mahalanobis, 1936; Balakrishnan and Sanghvi, 1968) was applied. The Mahalanobis
distance was estimated by means of 21 characters for which no missing values occurred
in all individuals among the three samples.

Furthermore the differentiation of the three species were studied including a sample
of S. erythrophthalmus from Poland (Klimczyk-Yanikowska, 1975). Only the mean
values of 16 characters for this sample were available, so the use of Mahalanobis
distance was not possible. For this reason, another distance, suitable for mean values
of characters, was applied. This distance is a modification of the D, distance (Krimbas
and Sourdis, 1987) and is defined as:

Dy(a,b) = (1n) 2, (la(i) — b()VAG))
i=1
where a(i) and b(i) are the mean values of the i character in samples a and b, A(i) is

the difference between the maximum and minimum values of the character i among all
samples, and #n is the number of characters.
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(b) Principal Component Analysis. By this analysis the » original character values
are transformed into a set of n variables (principal components). The dispersion or
differentiation of species is supposed to be depicted in the space of two or three
transformed variables (Piazza et al., 1981).

(c) Gabriel Graphs. By this method the samples are represented in a two dimensional
space and are connected according to their distance interrelations: two samples A and
B are connected if the following inequality holds for every third sample C

2 2 2
dap <dac t+dcs

(Matula and Sokal, 1980). As distance the D; was used.

Results

The descriptive statistics of all characters studied are presented in Tables 1 and 2,
whereas Tables 3 and 4 illustrate the morphological differences between the species on
the base of #-test. '

As is obvious from Tables 3 and 4, 40 of 51 morphological features (78%) from
comparison (I) of populations of S. acarnanicus and S. erythrophthalmus, 35 of 51
morphological features (69%) from comparison (IT) of populations of S. acarnanicus
and S. graecus and 41 of 51 morphological features (80%) from comparison (IIT) of
populations of S. graecus and S. erythrophthalmus show that the species differ
significantly.

In Tables 14 it appears that:

(a) for comparison (I), 13 of 40 (33%) features are as body proportions greater in
S. acarnanicus than in S. erythrophthalmus. These features are the preorbital distance,
post-orbital distance, head length, preventral distance, preanal distance, distance P-V,
distance V-A, diameter of eye, branched rays of pectoral fin, scales of lateral line and
gill rakers.

(b) for comparison (II), 18 of 35 (51%) features are as body proportions greater in
S. acarnanicus than in S. graecus. These features are the interorbital width, head depth,
max. body depth, minimum body depth, predorsal distance, preventral distance,
distance P-V, distance V-A, length of dorsal fin base, length of pectoral fin, length of
ventral fin, preorbital distance, diameter of eye, post-orbital distance, interorbital width
and head depth.

(c) for comparison (III), 14 of 41 (34%) features are as body proportions greater
in S. graecus than in S. erythrophthalmus. These features are the preorbital distance,
post-orbital distance, head length, post-dorsal distance, caudal peduncle length,
preventral distance, minimum body depth, diameter of eye, branched rays of pectoral
fin, scales of lateral line and gill rakers.

In Fig. 3 (a) the differentiation of the three samples is depicted by a UPGMA
dendrogram using the Mahalanobis distance on 21 morphometric and meristic
characters with no missing values. A second dendrogram of the three samples is shown
in Fig. 3 (b). This dendrogram was inferred by means of D, distance on the mean values
of the total set of characters studied (excluding some of them, such as sex and weight).
A third dendrogram is depicted in Fig. 3(c). In this case only 16 morphometric
characters were used. This dendrogram was evaluated as a test of the reliability of the
dendrogram of Fig. 3 (d) where only these 16 characters for the Polish sample were
available.
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Table 1. Morphometric characters of the three species of the genus Scardinius in Greece.
S. acarnanicus
Lakes Lysimachia and Trichonis
Characters n X *+Sx s C.V. Range
1. Total length 89 22901 *+3-12 2942 1285 193-00-328-00
2. Standard length 89 189-88*+2.73 2578 1358 157-00-277-00
% of standard length
3. Preorbital distance 89 7-71 = 0-04 0-36 4-63 6-79-8-76
4. Diameter of eye 89 6-57 = 0-06 0-59 891 4.98-7-53
5. Post-orbital distance 89 1296 * 0-05 0-44 339 12-02-14-03
6. Interorbital width 89 7-59 = 0-03 0-32 425 6-78-8-30
7. Head depth 89 19-10 = 0-07 0-69 3-64 17-73-21-35
8. Head length 89 2576 = 0-08 0-78 3-03 23.77-28-41
9. Max. body depth 89 29-84 = 0-16 1-47 4.94 26-65-33-32
10. Min. body depth 89 10-32 = 0-04 0-37 3.57 9-59-11-27
11. Predorsal distance 89 56-42 +0-12 1-13 1-99 54-00-59-60
12. Post-dorsal distance 89 32.98 £ 0-09 0-82 2:48 30-60-34-60
13. Caudal peduncle length 89 1892 + 0-10 0-94 495 16-42-22-73
14. Preventral distance 89 52-84 +0-11 1.06 2-00 50-17-55-18
15. Preanal distance 89 75-62 = 0-15 1-44 1-90 72-29-78-60
16. Distance P-V 89 28-55 + 0-12 1-17 4-08 25-71-31-65
17. Distance V-A 89 2770 = 0-19 1.77 638 23-03-31-46
18. Height of dorsal fin 89 1637 +0-11 1-00 6-09 13-74-18-90
19. Length of dorsal fin base 88 10-84 = 0-05 0-49 448 8-91-12.00
20. Height of anal fin 89 13-54 = 0-08 0-72 532 11-23-15-00
21. Length of anal fin base 89 10-11 = 0-06 0-59 5-88 8-70-11-53
22. Length of pectoral fin 88 20-53+0-11 1-06 5-18 16-58-22-99
23. Length of ventral fin 89 1678 + 0-10 093 555 13-82-21-12
% of head length
24. Preorbital distance 89 29-95+0-13 1-19 3.96 27-27-33.73
25. Diameter of eye 89 25.52 +0-22 212 832 20-56-29-40
26. Post-orbital distance 89 5033 +0-16 1-47 291 47-62-54-44
27. Interorbital width 89 29-50 = 0-16 1-54 522 26-00-34-92
28. Head depth 89 7420 = 0-34 320 4.31 67-96-86-31
% of max. body depth
29. Min. body depth 89 34-66 = 0-20 1-86 5-38 30-91-40-18
% of caudal peduncle length
30. Min. body depth 89 5471 = 0-37 3.50 6-39 44-80-65-71
% of preorbital distance
31. Diameter of eye 89 85-44 +0-93 879 1029 64-21-107-14
% of post-orbital distance
32. Diameter of eye 89 50-80 = 0-54 507 998 38-33-60-10
% of interorbital width
33. Diameter of eye 89 86-89 = 1-04 985 11-34 61-88-108-33
% of distance P-V
34. Length of pectoral fin 88 72-06 £ 0-56 5-24 727 59-28-85-27
% of distance V-A
35. Length of ventral fin 89 60-88 + 0-61 571 9:39 45-32-80-12
% of preanal distance
36. Predorsal distance 89 7462 + 0-19 1.75 2:34 70-80-79-84
37. Preventral distance 89 69-88 = 0-14 1-29 1-.84 67-10-72-96
% of post-dorsal distance
38. Caudal peduncle length 89 5737 £0-27 2-53 441 50-91-68-18
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Table 1. (Continued).

S. graecus
Lake Yliki
Characters n X *+ Sx s C.V. Range
1. Total length 189 17659 +190 2608 1477 153-00-422-00
2. Standard length 189 14461164 22.60 1563 125-00-363-00
% of standard length

3. Preorbital distance 165 774 £ 0-03 0-41 5-24 6-77-8-67

4. Diameter of eye 165 6-53 +0-03 043 6-58 4-35-7-54

5. Post-orbital distance 165 13:20 = 0-04 0-52 393 12.03-14-63

6. Interorbital width 165 6-88 £0.03 033 4.80 5.-87-7-92

7. Head depth 165 16-49 + 0-06 0-79 477 14-06-18-27

8. Head length 165 26-52 + 0-07 0-86 3.25 24-59-29-26

9. Max. body depth 165 24.04 +0-12 1-52 6-31 20-46-29-75
10. Min. body depth 165 9-38 + 0-03 041 4-41 8-09-10-53
11. Predorsal distance 165 55-69 + 0-09 1-16 2-08 52-71-59-23
12. Post-dorsal distance 165 3527 = 0-08 1-04 295 32.09-40-29
13. Caudal peduncle length 165 2133 =0.07 0-90 4-20 18-47-23-46
14. Preventral distance 165 5094 = 0-09 1-19 233 47-08-53-86
15. Preanal distance 165 7097 £0-12 1.52 2-15 66-92-79-89
16. Distance P-V 165 25-93 = 0-09 1-21 4-66 19-64-29-64
17. Distance V-A 165 21-89 = 0-09 1-20 546 15-54-25-62
18. Height of dorsal fin 164 1624 = 0.07 0-87 5-37 13-02-18-00
19. Length of dorsal fin base 164 9-76 = 0-04 0-57 5-85 8-03-11.62
20. Height of anal fin 165 1371 = 0-05 0-70 513 10-95-15-19

21. Length of anal fin base 165 11-20 £ 0-05 0-66 5-85 9-23-12-78
22. Length of pectoral fin 164 19-41 = 0.07 0-85 4-38 16-52-21-15

23. Length of ventral fin 165 14-80 = 0-05 0-68 4.62 12-87-16-28
% of head length

24. Preorbital distance 165 2920+ 0-10 1-28 4-39 25-69-33-09

25. Diameter of eye 165 2463 +0-13 1-67 678 16-70-27-14

26. Post-orbital distance 165 49-80 = 0-11 1-35 271 46-18-55-29

27. Interorbital width 165 25-96 = 0-09 1-17 453 22-43-29-84

28. Head depth 165 62-25 +0-26 338 542 52-58-70-30
% of max. body depth

29. Min. body depth 165 39-13+0-19 2-40 6-13 32-13-46-51
% of caudal peduncle length

30. Min. body depth 165 4403 £ 0-20 2-56 5-82 38-10-53-57
% of preorbital distance

31. Diameter of eye 165 84-49 = 0-52 6-68 791 51-80-97-78
% of post-orbital distance

32. Diameter of eye 165 49-49 £ 0-28 3.58 7-24 30-21-56-65
% of interorbital width

33. Diameter of eye 165 95-00 = 0-53 6-78 7-14 58-52-114-29

% of distance P-V
34. Length of pectoral fin 164 75-11 =043 553 7-36 55-76-95-64
% of distance V-A

35. Length of ventral fin 165 67-87 043 5:51 812 50-22-96-53
% of preanal distance

36. Predorsal distance 165 7850 £0-16 211 2-68 71-38-83-50

37. Preventral distance 165 7179 £0-11 1-39 1.93 66-06-75-86

% of post-dorsal distance
38. Caudal peduncle length 165 60-51 = 0-19 2-46 4-06 51-79-66-00
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Table 1. (Continued).
S. erythrophthalmus
Lake Koronia
Characters n X * Sx s C.V. Range
1. Total length 79 17987 =161 1429 795  158-00-244-00
2. Standard length 79 14566 =134 1192 818  128-00-200-00
% of standard length
3. Preorbital distance 79 7-12 =003 030 420 6-55-7-86
4. Diameter of eye 79 7-10 = 0-04 037 515 6-00-7-86
5. Post-orbital distance 79 11-83 = 0-04 038 320 10-72-13-02
6. Interorbital width 79 9.27 = 0-04 034 3.66 8-55-10-24
7. Head depth 79 1976 £ 0-06 055 277 18-29-21-09
8. Head length 79 24.14 + 0-07 061 255 22.97-25-38
9. Max. body depth 79 3277016 142 432 30-30-36-70
10. Min. body depth 79 11-18 £ 0-05 042 378 10-07-12-32
11. Predorsal distance 79 5624 = 0-12 104 1-84 53-93-58-60
12. Post-dorsal distance 79 33.63 =012 105 312 30-77-36-45
13. Caudal peduncle length 79 19-42 £ 0-11 1-00 5-16 16-57-22-10
14. Preventral distance 79 50-42 = 0-10 087 172 48-31-52-50
15. Preanal distance 79 72:00 = 0-14 124 173 69-29-75-16
16. Distance P-V 79 2772+ 0-10 089 323 25-35-30-33
17. Distance V-A 79 2522*0-14 126 499 22-50-28-66
18. Height of dorsal fin 79 19-62 = 0-09 083 422 17.82-21-69
19. Length of dorsal fin base 79 12-60 = 0-06 0-57 455 11-03-13.77
20. Height of anal fin 79 1629 £ 0-09 079 4.84 14-48-18-38
21. Length of anal fin base 79 14-42 = 0-09 083 576 12-50-15-98
22. Length of pectoral fin 79 22.09 = 0-09 080 3-60 20-32-24-00
23. Length of ventral fin 79 18-27 + 0-08 067 3.67 16-76-20-00
% of head length
24. Preorbital distance 79 2948 +0-12 1-10 373 27-03-31-94
25. Diameter of eye 79 29-43 = 0-15 134 4.56 24-84-32-70
26. Post-orbital distance 79 49-01 £ 0-14 125 2.54 45-82-52-63
27. Interorbital width 79 3841 +0-16 140 3:65 35.21-41-57
28. Head depth 79 8190 = 0-30 263 321 74-58-88-24
% of max. body depth
29. Min. body depth 79 34-14 =018 1-57 4.58 30-00-37-95
% of caudal peduncle length
30. Min. body depth 79 57-69 = 0-42 374 649 49-18-71-43
% of preorbital distance
31. Diameter of eye 79 99.96 + 0-66- 585 5.86 78-95-115-56
% of post-orbital distance
32. Diameter of eye 79 60-11 = 0-39 349  5-80 50-00-67-10
% of interorbital width
33. Diameter of eye 79 7674 = 0-54 477 622 62-50-88-00
% of distance P-V
34. Length of pectoral fin 79 79-75 = 0-39 3.50 4.39 71.43-87-22
% of distance V-A
35. Length of ventral fin 79 7263 £0-50 440 606 63-27-82-68
% of preanal distance
36. Predorsal distance 79 78-14 =018 1-63  2-08 74-34-81-52
37. Preventral distance 79 70-04 =0-15 137 1.96 68-20-74-50
% of post-dorsal distance
38. Caudal peduncle length 79 5776 = 0-28 246 425 50-29-63-13
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Table 2. Meristic characters of the three species of the genus Scardinus in Greece.

S. acarnanicus
Lakes Lysimachia and Trichonis

Characters n X+ Sx s C.V. Range
1. Rays of dorsal fin D
(a) simple 88 3-00 = 0-00 0-00 0-00 3-3
(b) branched 88 794 +0-03 0-28 348 7-9
2. Rays of anal fin A
(a) simple 89 3-00 = 0-00 0-00 0-00 3-3
(b) branched 89 9:37 £ 0-06 0-53 5-63 8-10
3. Rays of pectoral fin P
(a) simple 85 1-00 = 0-00 0-00 0-00 1-1
(b) branched 85 14-26 = 0-08 0-71 4.95 13-16
(c) simple 81 157 = 0-06 0-57 36-05 1-3
4. Rays of ventral fin V
(a) simple 89 1.98 =0-02 0-15 7-49 1-2
(b) branched 89 7-96 = 0-02 021 2-60 7-8
(c) simple 2 1-00 = 0-00 0-00 0-00 1-1
5. Rays of caudal fin C
(a) branched 89 1697 £ 0-02 0-23 1.38 16-18
6. Scales of lateral line L.1. 80 41-09 = 0-09 0-76 1-85 40-43
7. Scales rows above L.1. 86 7-01 = 0-01 0-11 1.53 7-8
8. Scales rows below L.1. 84 3.01 =0-03 0-24 8-09 2-4
9. Gill rakers 86 1443 = 0-10 0-90 6-21 12-17
10. Vertebrae 79 38.03 = 0-06 0-53 1.39 36-39
S. graecus
Lake Yliki
Characters n X+ Sx s C.V. Range
1. Rays of dorsal fin D
(a) simple 164 2.99 +0-01 0-08 2-60 2-3
(b) branched 164 7-94 * 0-02 0-26 332 7-9
2. Rays of anal fin A
(a) simple 164 3.00 = 0-00 0-00 0-00 3-3
(b) branched 164 10-70 = 0-05 0-59 5-50 10-12
3. Rays of pectoral fin P
(a) simple 165 1.00 = 0-00 0-00 0-00 1-1
(b) branched 165 14.96 = 0-06 0-74 4.96 13-17
(c) simple 159 1-51 =0-04 0-56 37.05 1-3
4. Rays of ventral fin V
(a) simple 165 1.97 £0-01 0-17 870 1-2
(b) branched 165 7-95 +0-02 0-30 3.73 7-9
(c) simple 13 1-00 = 0-00 0-00 0-00 1-1
5. Rays of caudal fin C
(a) branched 164 1697 = 0-03 0-34 2-00 15-19
6. Scales of lateral line L.1. 119 4231 = 0-11 1-18 279 3844
7. Scales rows above L.1. 100 7-68 = 0-07 0-69 9-00 5-9
8. Scales rows below L.1. 90 3-09 £0-05 0-44 14-19 24
9. Gill rakers 161 21:37 £ 0-09 1-16 5-44 17-24
10. Vertebrae 163 39.86 = 0-04 0-53 1-33 3841
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Table 2. (Continued).

S. erythrophthalmus
Lake Koronia

Characters n X * 8x s C.V. Range

1. Rays of dorsal fin D

(a) simple 79 2-99 =001 0-11 374 2-3

(b) branched 79 8.05 = 0-02 0-22 272 89
2. Rays of anal fin A

(a) simple 79 3-00 = 0-00 0-00 0-00 3-3

(b) branched 79 10-96 = 0-05 0-46 4.22 10-12
3. Rays of pectoral fin P

(a) simple 77 1-03 £ 003 0-23 22.07 1-3

(b) branched 77 13-03 = 0-08 0-68 525 11-14

(¢c) simple 77 2-01 £ 007 063 31-51 14
4. Rays of ventral fin V

(a) simple 79 1-94 = 0-03 0-24 12.57 1-2

(b) branched 79 7-90 = 0-03 0-30 3-82 7-8

(c) simple 7 1-00 = 0-00 0-00 0-00 1-1
5. Rays of caudal fin C

(a) branched 78 16-95 *+ 0-04 0-39 229 15-18
6. Scales of lateral line L.1. 54 40-80 = 0-12 0-87 213 3943
7. Scales rows above L.1. 47 7-64 = 0-07 048 629 7-8
8. Scales rows below L.1. 48 3-38 £ 0-07 0-48 14-34 34
9. Gill rakers 77 11-58 = 0-09 078 672 9-14

10. Vertebrae 78 37.97 = 0-08 072 1-88 36-39

Principal Component Analysis of the three samples was performed using the same
data set of the dendrogram 3 (b). The positions of the three samples are shown in the
space of the two principal components in Fig. 4 (b).

The evaluation of the Gabriel graph, usually, is an attempt to reach the unknown
mode of speciation or dispersion of samples, populations or species. The Gabriel graph
of the three samples is presented in Fig. 5 (a).

Adding the Polish sample the dendrogram of Fig. 3 (d) was derived using 16
morphometric characters. Fig. 4 (a) shows the position of the four samples in the space
of the two principal components when these 16 morphometric characters were analysed.
Finally, the Gabriel graph of the four samples is presented in Fig. 5 ().

Discussion

It is notable that in all types of analysis we performed on the three samples, the two
samples of S. acarnanicus and S. graecus form a separate group.

This is the case in Phylogenetic analysis despite the two distance estimators used,
Mahalanobis and D, being entirely different. The Principal Component Analysis
provides further confirmation of this mode of differentiation of the three taxa. In Gabriel
graphs, the two taxa S. acarnanicus and S. graecus with the pair of the Greek and Polish
samples of S. erythrophthalmus show a remarkable interrelation.

Speciation of freshwater fishes in Greece is a particularly complicated problem. It
is generally accepted (Economidis and Banarescu, 1991) that species have been isolated
in different periods in the water systems of the region and therefore an extensive
divergence of speciation patterns exists. Obviously this is the main reason for the
apparent variation of the origin and the constitution of the species in every particular
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Table 3. Differences of morphometric characters of the three species of the genus Scardinius

in Greece.
Characters 1 I m
% of standard length
1. Preorbital distance Kok — ®odok
2. Diameter of eye ®EE ks
3. Post-orbital distance Fkk KkE ok
4. Interorbital width *rk kkx ok
5. Head depth sk skkk ok
6. Head length wock ke kmok
7. Max. body depth sk *okk EESY
8. Min. body depth HkE kkk ok
9. Predorsal distance — *hk kkok
10. Post-dorsal distance dkk wkk kok
11. Caudal peduncle length HAk  ckkk doks
12. Preventral distance Rk dokok *kok
13. Preanal distance Fkk kkk ook
14. Distance P-V sk kR kkk
15. Distance V-A ddok sekk dokok
16. Height of dorsal fin Rk — Hkk
17. Length of dorsal fin base FRE O RRE gk
18. Height of anal fin *okx — w3k
19. Length of anal fin base ARk ok *kk
20. Length of pectoral fin dokk dekk okook
21. Length of ventral fin Aok okkk kokk
% of head length
22. Preorbital distance %k Kk —
23. Diameter of eye KR kkk KRR
24. Post-orbital distance Hkk *K ok
25. Interorbital width Hkk Rk dokok
26. Head depth Rokk sk okakok
% of max. body depth
27. Min. body depth _ sskok Ekk
% of caudal peduncle length
28. Min. body depth Rk kRE kR
% of preorbital distance
29. Diameter of eye *oRE Rk
% of post-orbital distance
30. Diameter of eye Rk dokk
% of interorbital width
31. Diameter of eye *Ek EkEkk ok
% of distance P-V
32. Length of pectoral fin HAk Rk kokok
% of distance V-A
33. Length of ventral fin Hxk kokx HHk
% of preanal distance
34. Predorsal distance kR Kk —
35. Preventral distance — A ko
% of post-dorsal distance
36. Caudal peduncle length — wkk skok

1: S. acarnanicus and S. erythrophthalmus. 11: S. acarnanicus and S. graecus. IIL: S. graecus
and S. erythrophthalmus.
*p < 0:05; **p < 0-01; ***p <0-001.
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Table 4. Differences of meristic characters of the three species of the genus Scardinius in
Greece.

Characters I II I

1. Rays of dorsal fin D
(a) simple — — —
(b) branched *k — Fakok
2. Rays of anal fin A
(a) simple — — —_
(b) branched *okk kkok koK
3. Rays of pectoral fin P
(a) simple — — —
(b) branched EZ 2 3 sfoksk ko
(c) simple sk _ sk
4. Rays of ventral fin V
(a) simple —_ — —
(b) branched — — —
(c) simple —_ _— —
. Rays of caudal fin C
(a) branched — — —

L

6. Scales of lateral line L.1. * 0 kak HHk
7. Scales rows above L.1. Hdedk ekor —
8. Scales rows below L.1. Ak —_ BT L
9. Gill rakers Hdok *kk sekeok

I: S. acarnanicus and S. erythrophthalmus. I1. S. acarnanicus and S. graecus. I11: S. graecus
and S. erythrophthalmus.
*p < 0-05; **p < 0-01; ***p <0-001.

geographical area of the country. According to Economidis and Banarescu (1991) there
are three main ichthyogeographical zones: the Ponto-Aegean Division, the Attico-
Boeotia Division and the South Adriatic-Ionian Division (Fig. 1).

The Ponto-Aegean area includes all rivers and lakes from north-eastern Bulgaria
to the Sperchios River in central Greece, which run into the Black and Aegean Seas.
The fish fauna of this area has a strong affinity with the central European fauna, as well
as those of the Ponto-Caspian and the Danubian regions.

In the Attico-Boeotia area, all rivers of the eastern slope of mainland Greece
(Attica and Boeotia), Euboea Island and the Lakes Yliki and Paralimni are inhabited
by a distinctive poor fish fauna which consists almost entirely of endemic species
(Vinciguerra, 1921; Stephanidis, 1937, 1939a; Economidis and Banarescu, 1991).

In the third area, the Adriatic and Ionian sea slope of the Balkan Peninsula, from
Lake Skadar and Drin River in the north to Eurotas River at the southeast end of
Peloponnesus, are included. In this area the fish fauna is richer with more endemic
species and shows a wider distribution than that of the two other areas.

In all the above areas the genus Scardinius is present. However, the particular
Scardinius species in these areas are quite distinct (Fig. 1). The species Scardinius
erythrophthalmus demonstrates a more or less continuous distribution in Greece from
Thrace to Thessaly. This species is concentrated in the Ponto-Aegean Division and is
closely related to its ancestral populations of central Europe. It seems that the
populations of this species may have been recently dispersed with other limnophile
species from the Danube River during the last glaciation (Banarescu, 1960; Economidis,
1974; Economidis and Banarescu, 1991). In the present study, the analysis of the
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FiGg. 3. Dendrograms of the four species: (1) S. erythrophthalmus; (2) S. graecus; (3) S.
acarnanicus; (4) S. erythrophthalmus from Poland. See text for details.

differentiation data between the populations of Greece and Poland has showed that these
populations are related. This is in accordance with the fact that the species Scardinius
erythrophthalmus is continuously and widely distributed from central Europe to central
Greece (Thessaly) without any particular differentiation in isolated populations.

On the contrary, the range of the species Scardinius graecus is limited to a narrow
zone consisting of the Yliki and Paralimni lake system (Fig. 2). It is worth pointing out
that until recently there was a huge shallow lake, Lake Kopais in the same system. Lake
Kopais, well known since historical times, dried in the first decades of this century
(Dimitrakos, 1970).

The whole system remained isolated since at least the upper Tertiary. It is accepted
from the species composition of its primary fish fauna that this system was not affected
by glaciation. Because of the existence of Lake Kopais, a limnophile species, Scardinius
graecus, has been present for a long period of time.

The species Scardinius acarnanicus belongs to the faunistic complex of South
Adriatic-Ionian Division. This region includes a rich ichthyofauna with many endemic
and intruder taxa. It is possible that the ichthyofauna of the South Adriatic-Ionian
Division is formed by the invasion of intruders, into the existing ichthyofauna of the
upper Tertiary during the Quaternary. The species Scardinius acarnanicus is an
endemic limnophile species which is found only in the Acheloos River system with
some other endemic limnophile species. It is considered that all these species belong
to an old faunistic stock which developed in the water of this system.

Based on the time of isolation of each of the three species and the area of their
distribution, Scardinius graecus seems to be older than Scardinius acarnanicus.
Perhaps, these two taxa are derived from a common stock and their morphological
differences are proportional to the time and the conditions of their isolation. Finally,
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Fig. 5. Gabriel graphs of the four species.

the continuously distributed species Scardinius erythrophthalmus obviously is the most
recent one.
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