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The rare lacertid lizard Lacerta fraasii occurs in two mountain ranges in Lebanon at 

altitudes around 2000 m where it is found in open, stony habitats with sparse vegetation 
that are dry in summer and covered with snow during the long winter period (in den 
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Bosch, 1993). Boulenger (1920) considered this species to be related to L. vivipara. Peters 

(1962) pointed out a resemblance between L. fraasii and L. parva. Arnold (1973, 1989) 
supported the latter affinity, also holding that these species and L. brandtii would belong 
to the same lineage as Gallotia and Psammodromus. 

The L. parva karyotype consists of 24 chromosomes with 14 biarmed macrochromo- 
somes (Gorman, 1969; Kupriyanova, 1980; Olmo 1986; Olmo et al. 1993). Similar 

karyotypes are very rare in Lacertidae, and have recently been found only in some 

species from the Pyrenees (Odierna et al., sumbitted). In the current study we investi- 

gated the so far unknown karyotype of L. fraasii to obtain information on its phylogene- 
tic relationships. 

We karyotyped a male specimen captured by one of us (in den Bosch) in Lebanon in 
the Sannin mountains, near Ayoun Assiman, east of Farai'ya (in den Bosch, 1993). The 
chromosomes were obtained from intestine, spleen, lung and testis by means the 

scraping and air drying method as described by Olmo et al. (1986). Besides the 
conventinal chromosome morphology, we also studied NOR localization by the 

AgNOR method described by Howell and Black (1980). 
Our research shows that the chromosome set of L. fraasii consists of 24 chromosomes 

with 14 biarmed and 8 uniarmed macrochromosomes and 2 microchromosomes and is 
thus very similar to that of L. parva (fig. 1). The biarmed chromosomes have the same 

morphology in L. fraasii and L. parva, except those of the 7th pair, which are sub- 
telomeric in the former species and metacentric in the latter (fig. 1). The NOR location 
is also different: in L. parva it occurs on the micro chromosomes (Olmo et al., 1991), 
whereas in L. fraasii it is located telomerically on the long arm of the 5th pair (fig. 1). ). 
This arm has a size similar to that of the L-type NOR-bearing chromosome found in 
various lacertid species belonging to Lacerta s. str., Archaeolacerta and the L. lepida group 
(Odierna et al., 1987; Olmo et al. 1993). 

In our opinion, the close karyological resemblance between L. fraasii and L. parva 
clearly corroborates the sister-group relationship between them. In fact, in view of the 
extreme rarity of karyotypes rich in biarmed chromosomes in lacertids (Olmo et al., 

1993) it is very improbable that this likeness is only the result of convergence 
phenomena. 

The evolution from L. parva or L. fraasii karyotype, or vice versa, is likely to have 
involved only two mutations: 

1) A pericentric inversion in the chromosomes of the 7th pair. This variation has often 
been observed in skinks (Olmo et al., 1994), and, in some cases, might have accom- 

panied or followed speciation phenomena (Caputo et al., 1993; Olmo et al. 1994). 
2) Translocation of the nucleolar organizer. The NOR localization on a micro- 

chromosome observed in L. parva is considered a plesiomorphic character (Odierna et 
al. 1987; Olmo et al. 1993). This would suggest that L. fraasii karyotype, showing an L 

NOR-bearing chromosome, is derived. In addition, in view of the proven diagnostic 
value of NOR localization in indicating relationships (Odierna et al., 1987; Lozano et 

al., 1993), the resemblance in this character between L. fraasii and several species 
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belonging to Archaeolacerta and the L. lepida group might be indicative of a phylogenetic 

relationship among these groups. In this connection, Engelmann and Schaffner (1981), ), 
based on electrophoretic studies, suggest that L. parva is related to L. princeps and L. 

lepida, though morphological (Arnold 1989) and microcomplement fixation (Mayer and 

Lutz, 1989) studies clearly contrast with this hypothesis. However, the karyological data 

so far obtained are preliminary, and therefore, the aforementioned resemblance in 

NOR localization might be either a simple case of evolutionary convergence or a 

plesiomorphic character, both hypotheses being plausible (Olmo et al. 1991). ). 
Our results help to confirm the relationship between L. fraasii and L. parva. However, 

a more detailed study of the karyology of these species is necessary to elucidate the 

significance of karyological resemblances between these two species and other lacertid 

taxa. In this connection, it would be interesting to investigate the karyotype of L. 

brandtii, a species which is considered to be related to L. parva and L. fraasii (Peters 1962; 
Böhme 1971; Arnold 1973, 1989), although recently B6hme (1993) denied a close 

relationship of L. fraasii, based on examination of hemipenial microornamentation. 

Further information will be gained from a comparison of ethological data. The 

courtship behaviour of L. parva was described by in den Bosch (1990), who also observed 

the sexual behaviour of L. fraasii. Observations on behaviour in L. brandtii could be 

revealing in this context. 

Acknowledgements. Discussions with Dr. E.N. Arnold (Natural History Museum, London) are grate- 
fully acknowledged. 

References 

Arnold, E.N. (1973): Relationships of the Northern Palaerctic lizards assigned to the genera Lacerta, 
Algyroides and Psammodromus (Reptilia, Lacertidae). Bull. Brit. Mus. Nat. Hist. (Zool.) 25: 289-366. 

Arnold, E.N. (1989): Towards a phylogeny and biogeography of the Lacertidae: relationships within an 
Old-World family of lizards derived from morphology. Bull. Brit. Mus. Nat. Hist. 55: 209-257. 

Böhme, W. (1971): Uber das Stachelepithel am Hemipenis lacertider Eidechsen und seine systematische 
Berrdeutung. Z. Zool. Syst. Evolutionsf. 9: 187-223. 

Böhme, W. (1993): Hemipenial microornamentation in Lacerta brandtii De Filippi, 1863: Falsification of a 
systematic hypothesis? (Squamata: Sauria: Lacertidae). Herpetozoa 6: 141-143. 

Bosch, H.A.J. in den (1990): Lacerta parva. Courtship and reproduction. Herp. Review 21: 20. 
Bosch, H.A.J. in den (1993): Veldwaarnemingen aan de Libanese berghagedis (Lacerta fraasii). Lacerta 52: 

26-34. 
Boulenger, G.A. (1920): Monograph of the Lacertidae, vol 1. London: Trustees of the British Museum 

(Natural History). 
Caputo, V., Odierna, G., Aprea, G., Capriglione, T. (1993): Eumeces algeriensis Peters, 1864, a full species of 

the Eumeces schneiderii group (Scincidae): karyological and morphological evodence. Amphibia-Rep- 
tilia 14: 187-193. 

Engelmann, W.E., Schäffner H. (1981): Serologisch-immunologische Untersuchungen innergalb der Sam- 
melgattung Lacerta (Sauria, Lacertidae). Zoologisch Jahrbücher. Abteilung für Systematik 108: 
139-161. 

Gorman, G.C. (1969): New chromosome data from 12 species of lacertic lizards. J. Herpetol. 3: 49-54. 
Howell, W.M., Black, D.A. (1980): Controlled silver staining of Nucleolus Organizer Regions with a 

protective colloidal developer: a 1-step method. Experientia 36: 1014-1015. 
Kupriyanova, L.A. (1980): B-chromosomes in the karyotype of Lacerta parva Boul. Genetica 52/53: 

223-226. 



297 

Lozano, R., Ruiz Rejon, C., Ruiz Rejon, M. (1992): A comparative analysis of NORs in diploid and 
triploid salmonids: implications with respect to the diploidization process occurring in this fish 
group. Heredity 68: 450-457. 

Mayer, W., Lutz, D. (1989): Chemosystematische Untersuchungen zur Phylogenese der Sammelgattung 
Lacerta (Reptilia: Sauria: Lacertidae). Z.f. Zool. Syst. Evolut. Forsch. 27: 338-349. 

Odierna, G., Olmo, E., Cobror, O. (1987): Taxonomic implications of NOR-localization in lacertid 
lizards. Amphibia-Reptilia 8: 373-382. 

Odierna, G., Aprea, G., Arribas, O., Capriglione, T., Caputo, V., Olmo, E. (submitted): Karyology of the 
iberian rock lizards. 

Olmo, E. (1986): Reptilia. In: Animal Cytogenetics, 4, Chordata 3A. John, B., Ed., Berlin, Stuttgart: 
Gebruder, Borntraeger. 

Olmo, E., Odierna, G., Cobror, O. (1986): C-band variability and phylogeny of Lacertidae. Genetica 71: 
63-74. 

Olmo, E., Odierna, G., Capriglione, T., Caputo, V. (1991): A karyological approach to the systematic of 
Lacertidae (Reptilia, Sauria). Rev. Esp. Herpetol. 6: 81-90. 

Olmo, E., Odierna, G., Capriglione, T. (1993): The karyology of Mediterranean lacertid lizards. In: 
Lacertids of the Mediterranean region, Athens, Bonn, Alicante: p. 61-84. Valakos, E.D. et al., Eds., 
Hellenic Zoological Society. 

Olmo, E., Odierna, G., Capriglione, T., Caputo, V., Canapa, V. (1994): Results and perspectives in study 
of the karyology of Scincomorphs. Proceedings of 7th Ordinary General Meeting, S.E.H. (in press). 

Peters, G. (1962): Die Zwergeidechse (Lacerta parva Boulanger) und ihre Verwandtschaftbeziehungen zu 
anderen Lacertiden, insbesonder zur Libanon-Eidechse (L. fraasii Lehrs). Zoologische Jahrbücher, 
Abteilung für Systematik 89: 407-478. 

A skeletochronological analysis of three syntopic amphibian 

species from southern Italy 

Fabio Maria Guarino, Francesco Angelini, Maria Cammarota 

Department of Comparative and Evolutionary Biology, University of Naples "Frederico II", Via Mez- 
zocannone 8, 80134 Naples, Italy 

The skeletochronological method allows a reliable estimation of individual age in 

amphibians and reptiles. It relies on counts of lines of arrested growth (LAGs) in 

diaphyseal cross-sections of long bones, which are generally the most informative 

skeletal elements (Castanet et al., 1993). The method can also provide new information 

on the populational biology and ecology of the species studied (e.g. Bastien & Leclair, 
1992; Denton & Beebe, 1993; Caetano & Castanet, 1993). However, scheletochronol- 

ogy has rarely been used for Italian amphibians (Francillon et al., 1990; Pagano et al., 
1990; Rossi et al., 1991; Guarino et al., in press), for most of which growth rates, age at 
sexual maturity and longevity are poorly known. 

This paper reports a scheletochronological study of age structure in adults of three 

different amphibian species (Rana dalmatina, Rana italica, Bombina variegata pachypus) living 


