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SUMMARY — The three species of cobitoids inhabiting the Iberian Peninsula were
cytogenetically analysed - Cobitis calderoni, C. maroccana and Nemacheilus barbatulus.
Metaphasic plates of specimens collected in several Portuguese and Spanish streams
and, for the stoneloach, also in a central European river, were compared. All the
species have a diploid value of 27 =50 and are characterized by a high incidence of
chromosomes with terminal/subterminal centromeres, particularly the cobitids. In
spite of their phenotypical distinction, the spined-loaches karyotypes are grossly
similar, suggesting only the occurtence of punctual chromosome rearrangements relat-
ed to the respective differentiation processes. The lack of well-apparent interpopula-
tion chromosome variability and the existence of diploid-polyploid relationships in
these Euro-Asiatic families is finally discussed according to the new model of Cyprini-
dae karyological evolution.

INTRODUCTION

In the Iberian Peninsula there are two genera of loaches — Cobitis
Linnaeus, 1758 and Nemacheilus Bleeker, 1863 — which belong, according to
SAawADA (1982), to distinct families Cobitidae and Homalopteridae !, respecti-
vely, both included in the superfamily Cobitoidea.

The genus Cobitis, which has a number of species with rather limited
ranges, presents a Palearctic distribution — through all East Asia and even part
of Mekong Basin in South Asia, Siberia, part of West Asia, whole Europe, and
Morocco. The Iberian species presently recognized are the endemic C. calderoni
Bacescu, 1961 and the ibero-african endemic C. maroccana Pellegrin, 1929.

! This nomenclature should be replaced, according to KoreLLaT (19884), by the senior synonym
«Balitoridae» but the option here was to avoid additional confusion.
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The former inhabits the septentrional catchments, while the latter, more
common and widespread, is found in the central and meridional rivers and also
in Morocco (see VASIL'EVA et al. 1992).

The genus Nemacheilus, with almost 200 species awaiting a taxonomic
redefinition (see BANARESCU 1990), ranges through Eurasia (with the exception
of: most northern areas, most of Iberian, Italian and Arabian Peninsulas,
western slope of Balkans, southern Greece, south of Tigres and Euphrates
Basins) and has one isolated species in Lake Tana (East Africa). The type-
species — N. barbatulus (Linnaeus, 1758) — although recently captured in a
Douro tributary (GONZALEZ ef al. 1989) is typically found in NE Spanish rivers
(DoADrRIO 1986).

The aim of this paper is to present a comparative cytotaxonomic analysis
of the three loach species inhabiting Iberian waters. First results on Iberian
loaches karyology were presented by ELvIRA and BusTAMANTE (19834, 19835)
-but never published. Recently, VASIL’EVA ef al. (1992) studied the morphology
of both spined loaches, and included karyological data of C. maroccana Portu-
guese specimens, which were compared with the karyotype of C. calderoni (only
known from an Abstract presented by ELviRa and BustamANTE 19834).

Afterwards, a more complete and general survey is now offered. It
includes the analysis of specimens of both cobitid species collected in Spanish
and Portuguese streams, and also the comparison of the karyotype of the
Iberian stoneloach with the one found in stoneloaches captured by the first
author (J.M. Madeira) in a tributary of the European River Rhine.

MATERIALS AND METHODS

Specimens were captured by electrofishing or by cast nets. The Iberian collection
sites are represented in Fig. 1: Cobitis calderoni - Portugal (1-3, Douro Basin, N=11),
Spain (4-5, Douro B., N=7); C. maroccana - Portugal (6, Vouga B.; 7, Samarra B.; 9-
13, Tagus B.; 14, Sado B.; 15-16, Mira B.; 17, Arade B.; 18-20, Guadiana B., N=56)
and Spain (8, Tagus B., N=5) and Nemacheilus barbatulus - Spain (21, Ebro B.,
N=16). The stoneloach sample from Rhine Basin (N=35), was directly obtained in
River Rotbach, Urmasch tributary (Switzerland, 21-09-1988 - T.L.=41—48 mm).

Standard procedures for chromosome preparation and respective classification
were used as described in CorLLARES-PEREIRA (1983). Silver NOR staining was per-
formed tollowing the technique of HowELL and Brack (1980). Gill and kidney tissues
were analysed in Portuguese and Swiss material, but only gill tissue was used in Spanish
material. The homologous chromosome pairs were assembled into the groups: M
{metacentric, r=1.0-1.7), S (submetacentric, r=1.8-3.0) and A (subtelo-, acro- and
telocentric, r> 3.0). For FN estimation, the first two groups were scored as bi-armed
and the latter as uni-armed.
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Fig. 1. — Collection sites of the Iberian material.
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The three species analysed have 50 elements in their respective diploid
sets, and both male and female karyotypes did not exhibit any apparent
distinction at general morphological level (Table 1).

TasLe 1 - Karyotypic formulations and FN from modal metaphases of the Iberian loaches now
analysed (S - Spain; P - Portugal; SW - Switzerland).

No. Specimens

Karyot. form.

Species Loc. FN
3 € ? M: § A

Cobitis calderoni lsj ! 2 ; 2 ij ;8 70

C. maroccana IS) 2; 33 4 2 g ;; 68

Nemacheilus barbatulus g\W > 1 5 2 ;g ;g 78




276

Portucal

| A

ﬁs‘,ﬁﬂﬂhnﬂﬁt\hﬂﬂﬂﬂﬁl

ﬁﬂﬁﬁﬂﬁﬁﬂ&“nﬁnﬁ

PoRrTueAL

i RAFORENN 5 1 S iy
ﬂﬂ'ﬂﬁﬂfnﬁmmwuwa M;--,n..&nrn it

)

M R%&252an

A

HARAAD BN
AAARRRA N
ﬁ?.,at a"ﬂ

ﬁﬂﬂ!i&ﬁﬁ ﬁﬁﬁ r\x‘\aam

i%&adnn‘ﬁﬂhﬁ

Fig

MADEIRA, COLLARES-PEREIRA and ELVIRA

N. barbatulus

(@) G . calderoni SPAIN
(M ®AKEN® vie . M KR EEN
Bt 2 X & S i
q‘.‘ﬁ_ A ] .
ﬁﬁﬁ&a"" RN o ) STINE A
DANGAN | T xS ARNAAATR
i't ﬁ ;‘f:-;-'m l.
IR YAy &ﬁﬁhﬂ-ﬁﬁﬁﬂﬂnz
BAA L ACARAA A ™A
t C.maroccana SPAIN
TRESESE R 3 LtE M M Rxx A
'f'}“? ’.;_(v' il 0 Lo }
% \:' ;'f':‘
S
b ;‘f?ﬁt RAv P R A R
S 7 C.ﬁ.rc:“)_! S
by bhg t\ﬁﬂﬁbi\
~~x22T ¢ :
A A
ﬁnmf’\.--_r-wu‘\nn*-‘wr«r A
ATTR PN = W08 s o v gy o s P

SWITZERLAND
o MM Eafmsnna
i -?—J-\... o 1 8 ;
\k .';"l.?hf
n?‘*".‘;_ oW i Ty
AP E YT S AAs AR s HR
- 7
ks i P P
‘;,:5{"’-?- i 2 2
A
ey o, gy Y o o P Y O g
ABABNn g»

. 2. — Metaphasic plates and karyotypes of specimens of (a) C. calderoni (Portugal: no. 1; Spain:

no. 4); (b) C. maroccana (Portugal: no. 18; Spain: no. 8); (c) N. barbatulus (Spain: no. 22: Sv..vit;erlandj
(see Fig. 1 for collecting place reference). Arrows indicate Ag-NOR pair.
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Cells not yielding modal counts were almost all negatively skewed, proba-
bly due to loss during preparation, overlap or miscounting. Also the very
reduced number of hypermodal values may be explained by those artifacts or
by both breakage and/or premature chromatid separation.

Cobitis calderoni. — All the specimens analysed (N = 18) exhibit identical
karyotypes, with a reduced number of metacentric elements (three pairs).
Besides, one of them presents an arm ratio near the M-S border, specially in
Spanish material, and its classification was not unequivocal in all the photo-
graphed plates. However, the karyotypic formulations obtained in fishes col-

lected both in Spanish and Portuguese tributaries of Douro Basin may be
considered similar (6M: 14S: 30A, FN=70) (Fig. 24).

C. maroccana. — The karyotype description of this ibero-african species
previously presented (VASIL-EVA ef al. 1992) is confirmed by the analysis of
more material from the same and distinct aquatic systems (N=61), both in
Portugal and in Spain. The karyotypic formulations obtained in material from
several catchments are also identical (6M: 12S: 32A, FN =68), without any
well-apparent differences (Fig. 2b). The Ag-NORs were always detected in the
biggest metacentric pair.

Nemacheilus barbatulus. — The karyotype seems to be characterized by
the existence of 14 pairs of meta-and submetacentric chromosomes and by a
clearly inferior number of acrocentric elements (karyotypic form. 8M: 20S:
22A, FN =78). There is also an apparent reduction in the TCL (total comple-
ment length) when compared with the analysed cobitid species. Conspicuous
differences between the iberian and the non-iberian material now studied
(N =21) were not detected. Chromosomal NORs were found to occur identi-
cally in the biggest metacentric pair (Fig. 2¢).

DISCUSSION

All the species have the same diploid complement and are characterized
by a high incidence of chromosomes with terminal/subterminal centromeres,
particulatly the cobitids. Moreover, and based on the evidence given by the
conventionally Giemsa-stained chromosomes, the apparent similitude within
and between the karyotypes of these Cobitis is really striking, specially if the
clear distinction at phenotypical level is taken into account (for details see
VASIL'EVA et al. 1992). In fact, the general chromosome pattern of the two
spined-loaches, differing only in a small submetacentric pair, did not allow the
detection of any more significant difference, suggesting karyological stability.

The same unexpected loss of apparent interpopulation variability was also
enregistered in N. barbatulus. In fact, this species, which karyotype may be
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distinguished from the now analysed cobitids by the presence of more meta-
and submetacentric chromosomes, presents gross chromosomal identity in the
specimens of both iberian and non-iberian populations. So, without using more
resolution and more reliable technical procedures, the existing differences with
formerly published data (Sorrapzpa and Vurkovic 1979; Vasu’ev 1985),
referring to the presence of a higher number of acrocentric elements in
stoneloaches collected both in Bosnia and USSR, respectively, should not be at
present interpretated.

As for the number of chromosomes, the populational differences already
described in three distinct congeneric taxa — C. taenia, C. biwae and C. sinensis
— apparently envolving hybridization and unisexuality phenomena (UEno and
Onmia, 1976; Sorrapzija and BerBEROVIC 1978; VASIL'EV ef al. 1989, 1990),
were not found in Iberian cobitids. Moreover, a diploid-triploid-tetraploid
complex was very recently described in Cobitidae by the last team, suggesting
the production of stable tetraploidy through the hybridization of two diploid
bisexual species (C. taenia and C. granoei).

Therefore, the family Cobitidae contains both «diploid» and «tetraploid»
species, the first group ranging from 2# =40 to 27 =62, with a modal value of
2n =50, the second one varying between 2#=98-100. The latest were until
now described in three distinct genera — these referred to Cobitis, Botia and
Misgurnus {Table 2) — and have been assumed as the product of independent

TasLE 2 - List of know diploid values of Cobitidae and Homalopteridae genera (see Mazix and
ToxkTosoNov 1984; Vasi’ev 1985; Kuupa-BukHSsH ef 4l 1986; YU e ¢l 1987, 1989).

Genera No. species analized 2n
Cobitidae
Acanthophthalmus 1 50
Acanthopsis 1 50
Barbatula 2 48
Botia 5 50-100
Cobitis 7 48-100
Lefua 2 50
Lepidocepbalichtbyes 1 62
Leptobotia 6 50
Misgurnus 2 48-100
Parabotia 3 50
Paramisgurnus 1 48-49
Sabanejewia 3 50
Homalopteridae

Hemimyzon 1 50
Nemacheilus 9 36-50
Micronemacheilus 1 50
Triplophysa z 48
Vanmanenia i 50
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polyploidization events arisen in their lineages (see VASIL’EV ef al. 1989). So,
21 =750 has been considered the plesiomorphic condition for the family (Vasi-
VEV ef al 1989; YU et al. 1989; Buth et al 1991), assumption almost
exclusively supported by commonality.

Regarding the Homalopteridae, all the already analysed taxa present
diploid values ranging between 2#=36-50, most commonly 2#=50 (Fig. 3).
However, SorrapzA and Vukovic (1979) observed the existence of spermato-
genetic polyploid meiosis in N. barbatulus from Bosnia.

Diploid-polyploid relationships have been also discussed in another cy-
priniform family, besides the biggest fish family - Cyprinidae. Extant «poly-
ploids», that represent already more than = 209% of the = 450 analysed
cyprinids, after being also assumed as derivated from the most primitive
«diploids» were recently divided, according to CoLLARES-PEREIRA and COELHO
(1989), into two distinct groups: primary polyploids, those who retained the
ancestral condition (just as another Cypriniformes family — the Catostomidae)
and, the remaining, as secondary polyploids. Such new model for the karyologi-
cal evolution of Cyprinidae is in some way also supported by the strong
correlation found between the occurrence of polyploidy and the geographic
distribution of southeastern asiatic taxa, very probably the center of origin and
radiation of the family.

Such remarkable fact was objectively related by ZaN et al. (1986) with the
uplift of Qinghai-Xizang Plateau through the suddently induced temperature
decrease, and by Kaupa-Buknsu et al. (1986) with the termic variation and
exigent ecological conditions of the rapidly-flowing Himalayan streams where
polyploids are also very abundant.

Although Homalopteridae are not known to have polyploid taxa it would
be interesting to analyse in the near future the karyotypes of the several species
of Yunnanilus Nichol, 1925, which are characterized by having both a wide
distribution range and habitat preferences. In fact, KorreELAT (19885) de-
scribed a «miniature species flock» from the chinese Yunnan Plateau nearby
the area anteriorly foccused. So, if the referred to theoretical assumption of the
origin of cyprinid polyploidy is valid and if these nemacheiline were already
differentiated, considering their relatedness, it is expectable that they will
share this apomorphic character with the cyprinids. If not, inference about an
eventually most recent differentiation process from a well-established already
diploidizied cyprinid ancestor may be supported.

Effectively, the superfamily Cobitoidea with a total of =48 genera and
~ 300 species (see NELSON 1984), constitute the second most important group
of Cypriniformes. However their karyotypes have a striking difference in
relation to Cyprinidae: the relatively high number of chromosomes with
subterminal/terminal centromeres, only observed in some very few indian
cyprinids (see TripaTHI and SHARMA 1987). Such fact may favour an origin for
loaches from a cyprinid ancestor already reduced to 2#=350, and so the
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occurrence in this family of only secondary polyploids probably by an indirect
via, as already evidenced and cited above. Those telocentric elements could
have been produced in the course of the differentiation processes by distinct
kinds of structural rearrangements such as pericentric inversions andfor centric
transpositions, what in part may counteract with the apparent karyological
stability now observed in Iberian cobitids.

However, the great variability observed in genome sizes of loaches is
somehow remarkable pointing that, as in cyprinids, considerable changes have
occurred during or associated to cobitid speciation episodes. Data from MuURa-
MOTO et al. (1968), HINEGARDNER and RoseN (1972) and ZaN et al. (1986)
report a range from 0.8 pg to 4.6 pg for cobitids, suggesting that Misgurnus
anguillicaudatus may really represent a secondary polyploid with its two kinds
of populations (2#=50 - 1.4 pg; 2#»=100 - 4.6 pg). Nevertheless, Botia
macracantha (2n=98) has a DNA content similar to Acanthophthalmus kbulii
(2#=50) and very closed to the inferior limit described for the family. This
may obviously suggest an origin for «polyploid» species also from a polyploid
ancestor, and the subsequent occurtence of other types of structural rearrange-
ments such as, at least initially, centric fusions.

In conclusion, to answer to this complex question, most extensive work
must absolutely be carried out in loaches, regarding not only genome size
determinations but also the obtention of high resolution chromosome images.
Improvement of banding techniques will certainly increase the information
potential of chromosomes, since the establishment of the presumed homologies
will be reliable. Then, more extensive inferences on loaches phylogeny and on
the real role of polyploidy in the evolution of this important Cypriniformes
group, will be allowed.
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