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Abstract

In two populations of Dugesia (Schmidtea) mediterranea the third chromosome pair consists of two
heteromorphous elements. This chromosomal polymorphism, which is common in other animal groups, was

hitherto unknown in planarians.

The evolutionary and biogeographical significance of this chromosomal polymorphism 1s discussed, for
the geographical distribution of the two aberrant populations may have relevance for the theories of
microplate dispersal involving the western Mediterrancan.

Introduction

Within the Tricladida a wide range of karyological
and reproductive phenomena are known. including
polyploidy. aneuploidy, mosaicism, occurrence of
supernumerary chromosomes and various forms of
pseudogamic reproduction (Benazzi & Benazzi-
Lentati, 1976). In Dugesia (Schmidtea) polychroa,
one of the three species belonging to the subgenus
Schmidtea Ball 1974, polyploidy and pseudogamy
occur (Benazzi, 1963), whereas in Dugesia (Schmid-
tea) lugubris so far only sexual reproducing di-
ploids are known.

Dugesia mediterranea, the third species of the
subgenus Schmidtea, is a recently described fresh-
water triclad, occurring near Barcelona on the Iber-
1an peninsula, Corsica, Sardinia and Sicily (Benazzi
et al., 1972; 1975), and it is here recorded for the
first time from Mallorca (Balearic Islands).

The populations of this species occurring near
Barcelona and Mallorca are unusual in that they
reproduce ascxually by fission and possess a chro-
mosomal heteromorphism. The other populations
of Dugesia mediterranea from Sardinia. Corsica
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and Sicily all have a normal karvotype and repro-
duce sexually.

In this report we assess the available information
on the chromosomal polymorphism and compare
these data with the data from the populations of
Dugesia mediterranea with a normal karyotype.
Morcover, the present day distribution and geo-
graphical isolation of the two aberrant populations
has led us to consider the role of the plate tectonics
in the western Mediterrancan in the distribution
pattern of the two aberrant population.

Material and methods

The specimens used in this study were obtained
from the following localities;

Iberian peninsula, in a pond at Montjuic, near
Barcelona. Collected by J. Bagufia, 1980;

Mallorca, in a small stream crossing the road
from Felanitx to Villafranca de Bonany, =4 km
south of the latter. Collected by 1. R. Ball and
Maria Tran, March 1979;

Specimens from Sardinia, provided by Prof. Dr
N. G. Lepori, were used for comparison.



188

The karyological work was carried out on squash-
ed regenerative blastemas as described by for ex-
ample, Ball and Gourbault (1975). The chromo-
somal nomenclature conforms to that proposed by
Levan et al. (1964).

Attempts have been made to study the exact
nature of the aberration by banding techniques, but
so far such techniques have not been very successful
for planarian chromosomes (Sluys & De Jong, in
press).

Results

The normal haploid chromosome complement of
Dugesia mediterranea consists of four chromo-
somes, vz., two relatively large elements with a
median centromere, of which the first is more he-
terobrachial than the second, a smaller third ele-
ment with a submedian centromere and a small
fourth chromosome in which the centromere is in a
median position (Fig. 1C). Such populations, re-
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Fig. 1. Dugesia mediterranea, metaphase plates, 2n =8: (A)
Mallorca; {B) Barcelona; {(C) Sardinia. Arrows indicate third
chromosome pair.

Table 1. Relative lengths(r.1.) and centromeric indices{c.i.) with
standard deviations, of four chromosome pairs of Dugesia medi-
terranea.

Locality
Chromosome Barcelona Mallorca Sardinia
Irl 37.74+2.25 3496 + 3.31 3953 +2.45
C.1. 44.17 £2.17 42.54 + 3.52 42.13 =221
21l 31.77+ 187 31.76 + 3.30 32.54 + 1.91
c.l. 46.37 +1.96 46.75 1 2.31 49.60 + 0.42
3r.l 22.82 +6.94 23.18:5.50 18.06 + 2.15
c.l. 18.63 + 4.60 21.96 +6.99 26.84 +4.44
4r.l 7.60+1.16 10.55 + 1.73 9.93+2.14
c.i. 42.17 £ 3.00 43.22+4.72 43.06 +1.82

Number of plates used for the calculations: Barcelona (120
plates; 12 individuals), Mallorca (40/9) and Sardinia (recalcu-
lated from Benazzi et al., 1972).

producing sexually, occur in Sardinia, Corsica and
Sicily.

The karyometric data for the populations from
Barcelona and Mallorca, and for the Sardinian
population, which was used for comparison, are
represented in Table 1. In comparing the data for
the two largest and the fourth smallest chromo-
some, it is clear that the three populations belong to
the same karyotype. The position of the centromere
on the third element of the two aberrant popula-
tions, however, is subterminal, whereas in the Sar-
dinian specimens it is submedian. The matching of
the two elements of the third chromosome pair of
the populations from Mallorca and Barcelona re-
sults in a much higher standard deviation than does
the matching of the other chromosomes. Separa-
tion of this chromosome pair into the larger element
3A and the shorter element 3B results in different
values for their relative lengths and centromeric
indices and in a lower standard deviation for these
parameters (Table 2). In comparing the karyomet-

Table2. Relative lengths (r.1.) and centromeric indices (c¢.1.) with
standard deviations of the separate members of the third chro-
mosomec pair of Dugesia mediterranea; for the Sardinian popula-
tion the data of the two elements are joined together.

Locality
Chromosome Barcelona Mallorca Sardinia
3A L 29.50+ 1.84 28.31+2.13
c.i 14.87 + 2.10 17.28 +4.38
3Br.l 16.18 1+ 1.41 18.08 £ 1.66 18.06 +2.15
ci. 22,38 £3.04 26.72 +5.93 26.84 =4.44

Barcelona (120/12), Mallorca (409) and Sardinia (Benazzi et
al., 1972).



ric data of the two aberrant populations with those
of the population from Sardinia it is clear that the
element 3B is similar to the third chromosome of
normal Dugesia mediterranea, whereas element 3A
is about 45¢% longer (Fig. 1A, B).

Discussion

Karyometric data for Dugesia mediterranea from
Sardinia, Corsica and Barcelona were given by Be-
nazzi et al. (1972) and these authors stated that in
the population from Barcelona the third chromo-
some had a subterminal centromere, whereas in the
other populations the centromere of the third
chromosome was in the submedian region. Never-
theless, their data did not indicate a polymorphism
of the third chromosome as here observed, al-
though recalculation of their data shows that the
standard deviation of the centromeric index of the
third chromosome was greatest in the Barcelona
population. Our finding of such a polymorphism in
the asexual populations of Barcelona and Mallor-
ca, and its apparent absence in the Barcelona indi-
viduals studied by Benazziet al. (1972). thus at first
sight is difficult to understand. Yet, since thereisan
occasional loss of the extra segment during mitosis,
some individuals from the asexual population of
Barcelona are mosaics of polymorphic and normal
cells (Bagufia, unpublished). Thus it may be that
most metaphase plates, studied by Benazzi er al.
(1972) were of normal cells from mosaic individu-
als.

The difference in length between the two mem-
bers of the third chromosome pair is probably a
result of the duplication of a relatively large seg-
ment of the chromosome arm. An alternative ex-
planation could involve hybridisation between
normal Dugesia mediterranea with two 3B ele-
ments and a population with two 3A elements;
hitherto no such population with two longer ele-
ments has been found.

The study of chromosome behaviour during
meiosis, which could elucidate the nature of the
aberration, is precluded by the fact that the individ-
uals in the two aberrant populations reproduce on-
ly by fission. Occassionally, however, some speci-
mens have become partly sexual developing a
complete or partially complete copulatory appara-
tus. On these occasions traces of spermatogencsis
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have been seen, but meiosis has never been ob-
served and the animals remained infertile and re-
sumed fissioning after a period of time.

The occurrence of the heteromorphic chromo-
some pair in asexually reproducing populations is
noteworthy. Asexual reproduction is a widespread
phenomenonin planarians and it is primarily genet-
ically controlled (Benazzi, 1974). In the three spe-
cies of the subgenus Schmidtea however, it is re-
stricted to the two aberrant populations of Dugesia
mediterranea from Barcelona and Mallorca. Since
a strong correlation exists betwcen the chromo-
somal polymorphism and asexuality, it could be
argued that in these populations fission has been
induced by gene unbalance due to intra-arm dupli-
cation affecting somehow the fission controlling
genes.

From morphological and karyological studies it
seems that the two unusual populations are almost
identical, which is interesting when we consider
their geographical isolation. Freshwater triclads
are known to be bad dispersers (Ball, 1974), and,
with the cxception of one geographically restricted
North American species (Ball er al., 1981), they do
not possess any resting stages which are resistant to
extremes of temperature or desiccation. There are
no larval stages and the adults are fragile, spending
their entire life span in an aquatic environment,
their resistance to salinity is negligible making trans-
oceanic dispersal unlikely. The three known cases
of disjunct, trans-oceanic, distribution of freshwa-
ter triclads are undoubtfully a result of recent intro-
duction by man (Gourbault, 1969; Ball, 1969; Rey-
noldson et al., 1981).

An explanation involving quantum dispersal for
the western mediterranean distribution of Dugesia
mediterranea would require the assumption of five
independant succesful colonizations. A more uni-
fied explanation is possible when the palacogeo-
graphy of the arca is taken into account. Benazzi ef
al. (1975) have suggested that the distribution pat-
tern of Dugesia mediterraneafits well with the theor-
ies of microplate tectonics for this area as proposed
by Alvarez et al. (1974) and Alvarez (1976). These
authors have studied the orogeny and geology of
the western Mediterranean and they proposed that
during the Oligocene the western Mediterranean
was closed by a massif consisting of what would
later become Corsica, Sardinia, northeast Minorca,
Calabria and also possibly the rest of the Balearic
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Islands and the two Kabylic plates that are now part
of northern Africa (Van den Berg, 1979). This Mas-
sif, the Protoligurian Massif, was connected with
the coasts of southern France and northeast Spain,
forming a continuous land mass. Approximately 25
my BP the plate rotated away from southern
France and broke into fragments. The palaeo-
graphy of the Balearic Islands is not fully under-
stood but it scems that they remained connected
with the Iberian peninsula until the Messinian,
about 10 my BP (Cardona & Contandriopoulos,
1979; Biju-Duval & Dercourt, 1976). The separa-
tion of the islands within the Balearic group ap-
pears to have occurred even more recently, about |
my BP (Cordona & Contandriopoulos, 1979).

The distributional data for the diffcrent popula-
tions of Dugesia mediterranea suggest that the
species arose on the Protoligurian Massif. When
the massif rotated away and fragmented, the popu-
lation on the Balearic Islands and the Iberian pe-
ninsula, which were then still connected, became
separated, following which the reproductive and
chromosomal aberrations may have developed in
isolation. After the separation of the Balearic Is-
lands from the Spanish mainland the populations
near Barcelona and Mallorca, the latter being part
of the Balearics, became isolated from each other.

If we do exclude the possibility of quantum dis-
persal, and if we judge evolutionary convergence
highly improbable, we feel that the presence of the
two aberrant, but identical, populations in Spain
and Mallorca support the theory of a relatively late
split of the Iberian peninsula and the Balearic Is-
lands. Moreover, because of the relatively early
migration of the kabylian microplates we could
predict that any populations of Dugesia mediierra-
nea found in this part of North Africa would lack
the heteromorphosis.

The discovery of Dugesia mediterranea in areas
other than those involved in the microplate theory,
or the finding elsewhere of populations similarly
aberrant to those of the Iberian peninsula and the
Balearic Islands would, of course, falsify our hypo-
theses.
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