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Abstract

The inter- and intraspecific variation of DNA amount of 7 Discoglossis taxa was determined
by fow cytometric measurements. Comparing the genome size sl specics lovel D pictus showed the
lowast DINA coment, lollowed by D serdus and D montaleniii with similar zenomic size.
1) patpanod has the lorgest DNA conrent.

The mean DNA amount of the analyeed specimeny ranged from 1.3 peacall in 12 pictus
auritus o 130 pedcell in O paloancd jeannsae. DNA zontent of weh tissue [0 IMseoofosens was
significantly higher thun in skin and In the mixed tissuc of amputaied phalanges. Mo significant
intraspecific differences in genome size between specimens, populations or, respectively, the
subspecios D0 g picius D, p, auritus and 2. g galganad ' D, g, jeanneqe were abserved. The guan-
titalive differences among the genome of the Discoglossus taxa agree with the recent taxonomy.

Introduction

Recently, several taxonomic investigations focused on the mediterrancan anuran
genus fyscoglossus. Since 1984 three new species of this genus have been described.
Lawza et al. (1986) recoenized 8 valid Discoglossus taxa;

L} migrivenier: Norihern [stael (probably sstinet),

L2 pictus pretus: Sicily, Malia, and Gozo lsland.

D, pictus auritus: Alzeria, Tunisia, Scuthern Franee/NE Spain (probably introduced).

L) pierus seevazzi Moroceo.,

L sardus: Argentano (Toscany), Islands of Corsica, Sdardinis, Montz Cristo, Giglio and
[Tveres,

L, etran fideniif Corsica.

L galeano palzanol: West and Cential Spuain, Porlugal,

L) galgan jeamnede: Spain south ol the Guadalquivir river,

The purpose of this study is 10 investigate the phylogenetic relationships within
the genus scoglossus using dara on the quantitative DNA conteni among and
within various Discoglossys specics. We will describe differences in genome size and
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discuss their possible rale in evolutionary relationship. Special attention will he
dirgcted towards a comparison of this phylogenetic approach with other hypotheses
which are based on cnzyme electrophoresis, advertisement call analyses and mor-
phometric measurements.

Recent studics on genome size report means and ranges of DNA content for in-
dividual species. The values are mostly measured by flow cytometry, which is a rapid
and sensilive method for DNA quantification. Cells are stuined with 1 DNA specific
fluorochrome and are analyzed for [luorescence, which is dircetly proportional to the
IINA content.

Amphibians exhibil a wide range of variability in nuclear DNA content, &ven
values of closely related species can differ substantially (Oivo and Mogkscarcm
1975). Therelore DNA content can be used as a species-specitic character.

DNA contenl has been studied in three genera of the anuran lamily
Discoglossidue. Values ranged from 10.3 picogramm/nucleus (pg/N) in Biscoglossus
pierus trom Sicily (Ovmo and Morescarcar 1978) to 13,4 in Alvies cisternasii and 16
in Alfytes obstetricans (Morescarcar and Ormo 1982), 13,6 pe/N in Bombing
variegara scabra (De SwmeT 1981) and 21 in Bombina varfezate (Oumo and Mogre-
SCALCHT 1978),

Relative DNA values were presented by UrtericH (19709 for Bomibina bombini,

Material and Methods

samples of tissue from 13 individuals were available for comparison. The [ollowing specimens
were stdied: | male of Deseoglissus o pictns (Palenmo, Sicily);, | male and 1 juvenile of
fl pogurttus (Southern Franed)s 2 maley (1 from Mezzana, Corsica, | trom Sassari, Sardinia) of
£, yareiuy; | female of £ spec. (Sardinia?; see section ** Uhe status of D speet'): 1 omale, | femals,
und 1 juvenile of £ montalentii (Vizzavenz, Corsica): 2 males (1 [rom the environments of Madrid
and 1 from Orense) and | lemale (from La Corufia) of the [herian £} g gaizanof | male and 2
juveniles of D p. jegnncar (near Faginas, Cediz provinee).

Tissue samples were cul off from living animals, Since only véry small samples were needead,
a killing af the specimens wis nor necessary, Andmals survived the procedure without problems,
and in some cases several hours [ater they started calling snd maling sgain, Tissue samples were col-
lected either as small picees of web or skin or as ampurared phalanges.

Methods lor tissue preparations, staining and flow celomelne analysis wre described in detail
by Urrtem eal. (1988),

Nucleated eells were stained with the DNA specific dye 47 G-diamidine-2-phenvlindole (DAPL,
Fa. Sigind) in Tris- HCI bhuffer pH 7.5 containing 0.5% (v/v) Triton X-100Q, Chicken ervthrocvies
(CEBC) were used as internal standard. To exclude errors @rising from possible variations of dve
w DNA moelar ruio and changes in sampie, flow charactenstic reference cells were analvzed
sirnulteneously wirk the cells under studyv, Nuelear Muorgseence wiy measured on a4 PAS I flow
cytometer (Fa. Partee, Munster) equipped with an UGH exitution filier, TK 420 dichroie mirror and
i 03 433 barrier filter. Instrumental gain and the voltage of the phoromultiplier was adjusted so
thal the G peak of the CRBC was at channe! 30, A sunple ratio was caleulated based on the chan:
nel numbers at the Gl-peak [or the Diseaglassus sumples and the CRBC standard. For the quan-
Litative evalugton of the histogram a compater program (Fa, Partec) was used 1o calculate the me-
diam and the coefficien! of variation (CV) ol cuch peak.

It has o be kept in mind that DAPT Rinds prefersnially AT-reh TINA replons and thefelone
15 1ot sulted 1o ciloulate absoluie DNA values of cclls wath an AT/GC proportion differing [rom
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30y, However, ror the purpose of phylogenene interpretanions 8 comparisen 15 possible sines also
g cifference 10 the proportion of AT can be considered as specics-specific.

Statistical analwsis was peclormed with the ssanstic puckages SPSS for Windows and Sveiat for
Windows, Differenices in IINA content of the throe analyzed rissuc classes (toe, skin, and web) wene
lested by analyses ol variance (ANOVAS) which are analogous to a -test for multiple samples, For
laxonomic comparison we divided our semples into S classes which correspond to the different
species L pictus, 13 sardus, £ montaleniid, B palpanof and o the doubtful form £ spec. The
small number of samples made 1w diffieul to test for normality. Therefore in this case we preferred
a Kruskal-Wallis single-factor analysis of variance by ranks. [he statistical instroment ANOVA
allowed us 1o test the correlation of taxonomic classification of the specimens with their DNA can-
tent despate the very small number of availuble samples,

Results and Discussion

The sex and the absolute DNA content of the seven iscoel/ossis taxa are
reparied in Table |, The average of DNA content of all taxa was 13.3 pe/cell and
ranged from 11.3 in D p auritus to 15,0 pe/ccll in D) g. jeanneae (mean values for
cach specimen). Divergence ol vilues within the species were 1.9 pg/eell in D picrus,
|.3Apeseell in O galganoi and | .2 pgieell in B sardus, D sardys and B montalentit
show similar values, but the ranges of sardus montalentii, pictus and galvanol do not
overlap.

Are thesc differences species-specific? The fish genus Xiphopfiorus and (he
salmonid fishes are examples which demonstrate that DNA content variability be-
lween individuals of one taxon, betweéen various populations of one species and even
between related species can be very small (Tiersom et al. 1989, Jonsson et al, 1987),
This example would suggest that even comparing single specimens ol dilTerent taxa
could prove species-specific differences. In fact studies on DNA content in amphi-
bians assurned low individual variability, Generally only single specimens of a
species wers used for genome size dercrmination (eg. Bacuvany and BloMyeRs-
SCHLOSSER 1973),

(On the other hand, it has been demonstrated for fish of the genus Coreronies
that within certain species there can be a large variation between individuals (up to
15% of |he mean genome size: range of individual means from 4.4 pe o 10.5 pe,
Lockwoop o al. 19913,

Despite the small oumber of examined Discoglossys speeimens, statistical
anilysis support the assumption that the observed differences refer to species-
specific DNA contents. A Kruskal-Wallis one-way ANOVA of the mean DNA con-
tent values ol the exymined specimens vielded a significance at the 0.01 level, Same
wety the case when comparing values of all samples by Kruskal-Wallis-ANOVA,
Moreowver, literature data of a DNA content of 10.5 pg for 2 pretus (Orvo and
MoroscarcHr 1978) fall within the range of our measurements tor this species.
Therefore laxonomic inlerpretation of our data seems tenable, However it should be
stated that differences in DNA content indicare taxonomic distinctness, while
similarities do not necessarily reflect ¢lose relationships. It also has to be stressed
that the statistical analysis only shows a genceral significant carrelation of the nuclear
DNA vontent of the analyzed specimens with their taxonomic classification: it does
not prove the significance ol each af the observed differences.
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Table 1. Comparison of DNA content of 15 specimens belonging o seven laxy of
Discoglossus. M — male: F = female; | = juvenile

laaon Nex n of samples Mean DNA content (ppseell)
(Min— Max)

D g piciuz A% - 11.8 {11.5—12.2)
D, . quritis M h 113 (HE3—12.2)
D p auritis 1 | 3 )
£ sardus (Corsica) Wi 3 1ZE{12.4—13.1)
13 sardus (Sardinia) M L 13,3 {.J.’- — 13,6}
43 wpee. (Sardinma?) F 2 |48 (4.4 - [5.2)
0. monralentil W] 4 3.5 (13— 13.9)
2 monralentii 33 | 12.8
L montalenrii I | 113
£ og, eaivgnnd | Madrid) v 4 4.3 (14— 14.5
2 e, safounai {(Carnfia) B 2 13:4
0 g galeanor (Orense) M 2 14:6 (144 - 14,9
2 g feanneae \S | 2 4.9 (14.6—=15.2)
2 g, rewnneae I 1 148

[ | 5.4

Lk g, feainnvoe

t. Taxonommy

Wilh exception of Discoglossus picius scovazzi and the probably extinct
1, migrivenier we investigared the DNA content of all valid Diseoglossus taxa.

Values ol Nei's genelic distance (NE1 1972) as culeulated by enzyme elec-
Lrophoresis results (Laxza et al. 1984, Capria et al. 1985, Lavza el al. 1986), adver-
tscment call analyses (Graw and Vences 1991, Vexces and GLaw in prep.), and
data ol morphometric variation (Capura and Corrti 1993) are available for all forms
sxcept L. migriventer. In the following sub-sections we will compare our results on
DNA content with these data on several levels. We will investigare relationships of
Discoglossus at the level of populations, of subspecies and species, After that we will
cottinue by discussing some conlroverse taxonomic guestions.

Level of Populations

Berween populations of the same taxon, Nel's genelic distance ranged from 0 1o
0,020 O sardus and D, p predus (Lanza et al. 19843, Multivariare investigation for
morphometric dilferences belween Miscozlossus populations of the sams taxon were
not perlormed up to now, Call differences between populations of D sardus (same
material as examined in this paper) can exist, but in the most important parameter,
call duration, the differences are not significant (Graw and Vences 1991). Same
regards populations of £, p. palranor.

Also the DNA content hetween populations of I serdus showed no differences.
Same was the case between populations of 12 g galeano.
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| evel of Subspecics

Genetic distunce belween the three subspecics of D picrus ranges Irom 0.033 1o
(0,175 (Laxza ¢t al. 1984), No signilicant call differences were found berween these
subspecies (Graw and Vexces 1991). Genetic distance beltween IX g galganoi and
1) . jeanneae was caleulated as 0,07, Call differences between jeanneae and galganoi
from narthern Spain were relagvely small; they were even smaller than rhose between
ealeanol populations from northern Spain and Madrid (Vesces and Graw in prep. ).
However, multivariate analviis of morphometric measurcinenis evidenced dif-
ferences belween Lhe pictus and galzanoi subspecies (Carvra and Cormi 1993),

The similar DNA content of 2 p pictus and D, p. aurifues as well as Lthe sunilar
values of I g, galeanoi and D. g jeanneae give no evidence ol specifie distinetness of
these taxi.

Level of Species

Between 2 picius; {3 sardus and D gafganol. genetic distances [rom 0.371 to
(1.755 were calculated (Laxnza et al. 1986). Comparing the distances, sgrdus appears
most closely related to picrus, and most distant to galganol. D, piciuy appeary inbe-
tween sardus and gateanoi, with comparable distances to both forms. Mullivariate
analysis of morphometric characters resulted in significant variation between
Discaplossus species (Carura and Cortr 1993), Call analyses show clear differences
between the three taxa for different parameters. The most important feature, call
duration, is lowest in #2. picrus, higher in D. sardus, and highest in . galgano, with
significant differences between the taxa (Graw and Vences 1991). This succession
pictns-sardus-galganoi corresponds well with the DNA content. which is also lowest
in D pictus, higher in £ sardies and highest in D, galganot.

The relationships of D monialenti

12, montalentii shows very high genetic distances to all the other taxa (0,845 =
1.074, Laxza et al. 1986). 1t 1s also the only form with distinet osteological differen-
liation (Crarkr and Laxwa 1990). and its call is the most divergent (Graw and
VEnCEs 1991). Some morphometric characters, as enlarged fingertips and longer
hindlimbs, are also characteristic for £ montalentii, 'These data scem to characterize
the species as a descendant of a different ancestral stock than the pieius-sarelus-
galeanor group (Lanza et al. 1986),

But this hypothesis is somewhat doubtful. By the inlerpretation of osteclogical
analyses, montalentii is also regarded as the mosl primitive living Discogiossuy; bul
sardus is grouped as a sister species or u slightly more derived form rogether with
morialenitl and apart From the *highly derived galganor-picius sister pair™’ (CLARKE
and Laxza 1990). This conclusion is corroborated by morphometric analvsis; sardus
and montalentii share the followine characters which place them apart from pierns
and gafeanci: longer nostrils, bigeer eves and a broad interorbital distance (CAPULA
and Corti 1993), Reearding colouration, sardus and monfalentii never have a light
median stripe an the back, which occurs in populations of pictus and galganol
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The morphological and acoustic differentiation of moftalensii could also be ex-
plained by the fact that Corsica is the only place where two Discoglossus Species (sor-
ﬁlf'm and montalentii) oceur in sympatry and even syntopy, Therefare, acoustic parti-
tening to prevent interbreeding could be the reason for the call differences (Ciraw
and VENCES 1991), and adaplation to differcnt habitat rypes (pools In rocks along
mountain streams versus lowland water bodics) could be the reason for the mor-
phological differcnces between both taxa.

The data on DNA content provide anly slight help to salve this ambiguous situa-
lion. DNA content of monralentii is very similar to that of sardus, what could be seen
s a support for CLarkE and Lanza's (1990) hypothesis of a sister group sardus-
montalentii. However, when using this argument for pectus and goleancd, we sce that
they can not be grouped together as suggested by CLARKE and [ ANza (1990}, since
the DNA content values for these two raxa are very dilferent, |

The status of the axon jeannege

[n 1986 Busack described the taxon jeanneae as new species, In his evolutionary
:-;c‘::narir:r, jqanneme is more closely related to 1, picius than o B mtleanol, BUusack's
puctus specimens were collecled in Morocco and belong therefore to D P scovazzi,
which in faer we did not investigate in what regards the DNA content, Neverthaless,
as DNA amount differences between the remaining two pvctus subspecies (plctus pic-
tus and picrus quritus) and D, . jeannege arc hi gher than between all other forms, a
close allinity of jeanneae to pictus seems very improbable, In addition, data on
genetic differences clearly group jegnmewe with salganof, und genetic differerices be-
tween the Lhree picuy subspecics are very low (Laxza et al., 1986). One more ATEL-
menl against the relation of jeannege to scovazzi is Lhat the calls ol scovazzi :'ﬂl'f.‘.
similar to those of the other picius subspecics, and ditferent from those of jeannege
(VENCES and Graw in prep.).

Carvra and Cormt (1993) by  multivariate analysis  of maorphometric
measurements calculated high morphometric distances between galfeanoi and jean-
fleae, In our opinion, however, these results should not he overvahied; they may be
due 1o -

a) 4 high proportion of relatively young (and small) specimens in the jegnneae
sample (range Snout-vent length 31 — 5| mm); in fact Busack (1986) reports a jean-
nede specimen of 60 mm. Despite this, own data Irom northern Spain (VExCES un-
published) seem to confirm a larger siz¢ of northern gafeanoi specimens. Snout-
vent-length range of 82 adult specimens from 1.a Corufig was 44 —70 mm,

b) a high proportion of galeanoi specimens [rom northern Iberia in the analyzed
sample; only 2 gelganol specimens from southern or central Spuin (north of
the Guadalguivir) were measured by Carura and Cowrrl (1993). Thus the observed
differences between jeanneae and galganol may not be originated by the existence of
two well differentiated taxa but due toa continuous cline th rough the Iberian Penin-
sula. Such u cline would correspond with |he assumption of Capura and Copti
(1993) (hat the differences of Jeanneae and galganol muy in part be explained by
ccological causes. _
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The status of ‘0. spec.’

Two specimens of this form were supplied with the uncertain locality **Sardinia®,
Lp o now only 12 sardus is known o occur on this island (Lanza et al, 1986). The
calls 0 the male specimen ol I3 spec., however, differed substantially from those of
0 sardus (Graw and VENCES 1991). The mysterious status of these specimens is cor-
roborated by the data on IDNA content of the female, which places the form apar
from L} sardfus. Some hypotheses of the identity of these red-backed ammals can be
found in Vewces et al. (in press).

2. Differences between tissue types

Our data show that the highest DNA contentis of each species could mostly be
phserved 1n the web-lissue samples. In most cases DNA content of web was aboul
(.5 —1 pg/N higher than in other samples from the same specimen,

ANOVA of all analyeed samples showed a significant influence of the tissue tvpe
(toe, skin, and web) on the DNA content values (p < 0.03). This influcnee appeared
even more significant (p < 0.01) when toe and skin where groupad together and
compared with web.

lo demonstrate that the significance was really originared by a hiszher DNA con-
tent of web in comparison to both other tissues, we successively carried out ANOVAS
after eliminating all data refering to one of the tissue tvpes. Significant ditferences
(p < (LOS) were found between web and toe, and between web and skin, but nor
(p > (1.3) between skin and toe. Thus 1t can be assumed that DNA content of web
Lssue in Discoglossus 18 signiticantly higher than in skin and in the mixed tissue of
amputated phalanges. An alternative explanation for these results ¢ould be a higher
proportion of AT-base pairs in nuclei of web tissue.

3. Sexual differences

D montalennii and 0. galganoi show larger DNA values in males than in females
(.5 —1 pe, same tissue types). Our daa are insulficient (o prove the sienificance af
this trend, burt if was corroboraled by further studies it could be regarded as due to
heteromorphism of sex chromosomes, Such heteromorphism has been demonsiraed
i Diseoglossus, but the differeneces observed up (o now are not suited to explain the
DNA amount variations, The acrocentric chremosome pair 14 of Discoglassus (pro-
bably pictis) is homogeneous in males, with both homologous chromosomes having
rouzhly the same size, and heterogenous in females, with one chromosome longer
Lhan the other (MoreseateHn 1964), These data suggest a mechanism of ZZ (male)
and ZW (female, with a W larger than the Z), and would predict a lareer DNA
amount in females.

Maybe other, undiscovered, heteromorphic chromosome regions are responsible
lor the observed differences. In ervihrocyles ol Xenopus species, DNA content is
.4 =3.7% lower in males than in corresponding females (Urrior el al. 1988),
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4. Evolutionary trends and lile history aspects

DNA amounts in Lhe genus Discoglossis are relatively high in comparison with
other anurans, This i alse true in other discoglossid genera. The value of 21 pe/N
i Bombina variegata (Mo and Morescaicsr 1978) is one of the highest in
anuruns, Average in anurans was calculated as about 9— 10 pe/N (BACHMANN and
BLOMMERS-SCIILOssER 197 35),

Cimo and Morescarcm (1975) showed that in Candates (salamanders and
newts) the DNA amounts are generally very high franging from 30 to 165 pe/N).
They argue thut a progressive metabolic decav (oxvdative metabolism lalling to very
low levels) may have been selectively advantagcous in the habitats proper to
Caudates, and that this phenomenon is associared with the increase in the Eenome
and cell size. In anurans a corrclation of genome size and developmental rate was
demonstrated by Goiv et al. (1968) and OELDORF et al. (1978),

In the Caudata, pasdomaorphic (neotenous) species have by [ar the highest con-
ents (Orvo and MowrescAalcHr 1975), Sam~ov (1990) related the high values of
Bombina with the pacdomorphic characreristies found in this SIS,

Within Diseoglossus, the DNA conlent is about 300 higher m D raleanoi
than in D pictes. Ressarch should be conducted to obtain data on a) possible
paedomaorphic features (retarded und reduced assification) of D galganol in com-
parison to D pictus and b) a possibly lower metabolism and developmental rate ol
1 gaiganol

Conclusions

Qur results add a new piece 1o the constantly increasing mosaic ol daty on
Discoglossus systematics, Many approaches o bhiscoginssus laxonomy now have
been carried out, and there arc only few “missing data sets’; Among these are com-
parative cytogenetics, tadpole comparisons and mitochondrial IDNA analvses, which
have not vet been published. Probably it will soon be possible (o CArry oul 4n in-
legrative sludy which trics to use all data for a phylogenetic tree of the genus
Discoglossus. In amphibians, recently such an integrative anal ysis was done eon the
phvlogeny ol the newt genus fFiurus (eg. MACGREGOR et al., 1990} Behavioral data
were combined with binchemistry, evtogenelics and records of reproductive interac-
LTS,

The medilerranean distribution of Discogfossus makes a solid phylogeny of this
gerius very interesting, since it would allow to test differcnt palacobiogeographic
hypothcses. This hay already besn done by Busack (1986), who tried to compare
genetic distances between related Spanish and Morocean animals 1o answer the Ques-
tion of past land connections between Iheria and Africa. More extended disicussions
on this subject can be found in Lanza et al (1986),

There is one more reason why probably so much attention has been focused on
Discoglossus systematics; This genus is one example for a group of species which are
genetically  well differentiated  but virtwally indistinguishable by morphaologic
features, in fact, still 30 years ago there was 2 dispute whether 1 or 2 Discoglossus
species do exist — today we kinow at least 3 valid EpEeCies.
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This fael contains also some rclevance [or other fif:'ldb' m‘_ hiulﬂgy:. Eapﬁﬂﬂ}fg
phvsiologists and neurobiologists have often w::_rkcd in their emenmcrntsd 1:;31,.
DEI.FFL'E?,EJ{JIS,-SHS. Whether the results of ditlerent wprkmg. groups rcan be Eﬂ:&];.m ":1 sl
also ,:['Er.wcnd an which species have been under urln:sr.] gﬂfu:_m. ;mfj 1o fu:il .-‘:T:} b i
1o this question is not easy, Different labs wr:u.rk w1th_ different Da'.ﬂ'i:ﬂf OS5
stocks, and often their geographic origin is impossible to I.IIEL'E:EL'I'HIT'IE?'. ) 1

Methods availabile up to know are not suited Lo dq:tlerrmne eusily 1h_n._lrlamrlmn*;11c
rank ol a certain Discoglossus specimen: tiEElI'DIIJhDTI:LIE lsmrfrrnc aga?m:mma I}'
needs reference specimens for comparison, and for call comparison it 15 necessary 10

-cord calls of highly motivated males. | _ _
!I.Lﬂggezi:?difer:xflnatiur.m by means of DNA content ¢an be L'ar.ned :ﬁul W]:::[ué ;EITI:
ing ypecimens, and also juveniles and females can be 115.-:::-::1. Thus DNA Eml e
mination is an interesting new method to determine the taxonomic ran

Discoglossus speciimens,
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Zusammenfassung

Variation e DNA-Gehall wurde von 7 ﬂf.&'t'f],[’:i'ﬂ-‘rﬁlﬂ.@' Arten und vlj'.merurit:. |“iiml;
Durchflufizytopholometric bestimmt. [ pictus Zeigie den mctjin_guen T.-'IN.-"'L Ciehalt, -Eh. 0 f nwd'oi :
D sardhes und 0 momtalenti, Jie sine dhnliche Cenomgrdhe aulweisen. Far 0. gzr.’gam:m?n e ;
hachsien DN A Werte ermittell, Der mittlere DNA-Gehall dE-.‘lul'lIEr'F.I:lll.:htEIl Excmp_la?n‘e rsg]m-r :«E [;f'-aur
11.3 pa/delle tur Discoplessus pictus auritus und 13.0pg/ E.l.'"i:' fir .11 gu!gara;r _je::;:: mh.l s
ONA Gehalt in Sehwimmhauwlgewebe war signifikany bdher als in der Taut und in dem Mis

i erler Phalangen. | B
Emﬂ&ilﬂﬂn;}?sﬁ?r; inlruspez}ﬁschc Linterschiede im DNA Gehalt -I'f‘l-"-‘j.ﬂl-.fht‘.'l'! einzelnen lndm#uﬂﬂd’
F::pﬂ;l_luu&u oder den Uplerarien F2pn picrus up;.i L :;'m'uu:w .f.i??m D: g-‘uij:f‘rﬂi:: -FI;E_
N, g feenneae lieBen sich niche feststellen. Die ermitteliten DNA-Variationen zwisc = i

stimmen mit der gepeawidrtigen Taxonomie Gberei,
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