Mosaicism in somatic triploid
specimens of the Bufo viridis complex
in the Karakoram with examination
of calls, morphology and taxonomic
conclusions
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ABSTRACT
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Taxonomic overview and first consequences

axonomy of Asian green toads was reviewed by
Roth (1986), Borkin & Kuzmin (1988) and Stock &
Grosse (in press). The following taxa of the B. viridis
sroup (nger, 1972) are known in the region south of
the main watersheds of the Hindukush, Karakoram and
Himalayas:

Bufslaace) Genlecges, 1882 v descrbed from

Ladakh (N-India). Hemmer ef al. (1978) considered the
taxon to inhabit Middle Asia which was refulud by
Pisancts & Sheherbak (1979). Their opinion was sup-

ported by ki ot al (19960, Roth (1966, and Borkin
& Kuzmin (1958, Hemmer of al. (1978) determined

their animals wihou ivestgation of the ype scries
and argued, they used topotypic material i
e T of ey 1
o re represent the
latastis latasit). Gruber (1981) wrote that Hemmer ef al
(1978) “discovered that these
species 8 atast latastt Bolenges, 1967 One k-
ological study of  Bufo sp. rom Kashmic (Duda &
e e appears to involve B. latasti 25

DU & Martens (1977 and Roth & Rib (1986) sup.
posed, shows a diploid karyorype different from that of
B. viridis. However, it is sill not clear whether this
fayorype el belongs to . aasti or to ther sy
a species (¢4, B, stomaticus, B. bimalayans).
"The comaponding bor (o el 1998 s
specimen BMNH 1947.2.21.28 (formerly 72.4.17.223)
from the syntypes of B. latastii ©0 be the lectotype (Fig.
1) since its dorsal colouration patiern s identical with
that shown in the figure of the species de
(Boulenger 1882: plate XIX). After comparisons.
Gruber's and additional material (Eisell, Schmidtler leg.)
from Kashmir and Ladakh, the corresponding author
found Gruber's, Eiselt's and Schmidiler's toads o be
dlesty differnt from Middle s e similar 10
the B, ftasi leciotype ed B latasti of-
Boulenger,

e show s dask browish i Wi e -
fritups comm) typical striped coloura-
tion and characteristic dark spots on the usually mar-
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Fig. 1 - Above: BMNHI947.2.21.28 ormerly 72417.223), lecto-
vpe of Buf st Blenger
speces descrp

pr
iachimensis, Khan, 1997, a ot synonym of Bufo tasi.

bled belly. Until a detailed study will be done, the
ploidy level of B. latastii remains unknown, although
the calls (Dubois & Martens, 1977) seem 1o provide evi-
dence for considering the species to be polyploid
(stock, 1998).

Only two females from East Karakoram (Shinu, N-
Pakistan), which were not analysed Karyologically
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formed the basis for the description of Bufo siachinen-
sis Khan, 1997. The typical striped colouration (Fig. 1),
ed parotids, the neighbourhood of the type

shers (1981 locales i T, 2, the in
correct discrimination ( endix) within the type
description (Khan, 1997) Trom . et and naly. &
morphometric analysis (see below) led the correspond-
ing author to the conclusion that B. siachinensis is a ju-
nior synonym of B. latasti,

Bufo (viridis) pseudoraddei (Mertens, 1971) from
northern Pakistan (Swat Valley) was supposed to be-
long to B. latasti (Dubois & Martens, 1977) or o be a
subspecies (Hemmer ef al,, 1978) of ‘their’ B. latastii
(see above). The ploidy level was unknown. Roth
(1986) announced preliminarily the form would be
tetraploid.

Bufo (viridis) zugmayeri (Eiselt & Schmidtler, 1973)
was described from Pishin (West Pakistan), and con-
sidered a subspecies of B. latastii by Hemmer ef al.
(1978). The ploidy level is unknown and the systemat-
ic position is therefore unclear (Stock & Grosse, in
press).

Origin of polyploids

After the discovery of tetraploid green toads in the
northern Tien Shan (Mazik ef al,, 1976), different au-
thors controversially discussed the origin of polyploid
formns rom vadous localtis. Kyologiel (Roth, 1966
Rah & Rab, 1980, iosyme.electropharetca (Bordn ot
s s 1oy Absscet of he. Thig S

ongress o petology, Prague: 123) and cytometrical
daa (udyavcey e al, 1963) semed to provide ag
ments for their autoploidy. Conversely, Mezhzhe
Pisancts (1990, 19953, b) found an allopolyploid origin
of tetraploids with isozyme electrophoresis.

Triploidy in the Bufo viridis complex

Triploid individuals have been detecte isanets
(1978) and Mezhzherin & Pisanets (1995a) in Danata
(West Turkmenistan). Triploid specimens have
found in northern Kyrgyzstan (Kuzmin, 1995; Cervella et
al, 1997, Abstracts of the Third World Congress of He
petology, Prague: 38; Castellano ef al,, 1998), and south-
castern Kazakhstan (Borkin ef al,, 1997, Abstracts of the
Third World Congress, Prague: 26). Mezhzherin &
Pisanets (1990) concluded the rare occurrence of
triploid individuals in the Central Pamirs from isozyme
data. Most of the authors supposed a hybrid origin of
iploids 55  result of misraings benween diplod and
tetraploid oads. Preliminarily, Lattes and Cervella et al
(e ahove) indicated that triploids from Kazakhetan
and Kyrgyzstan do not originate from hybridizations be-
tween diploid and tetraploids but seem to be closely re-
lated forms of the tetraploids

Here we report the discovery of wiploidy in popula-
tions of a new taxon in the Karakoram 1
Kistan

been
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mm with dual calipers according 1o Stock (1997). Briefly, they
are: snout-urosiyle lengeh (SVL), head lengih (HL); length of
d (P, horizontal di-

parotond land VL, widh of parcioid an

e (IND), distance betseen nosiril a
c QED), lngth of bl 1), lenth of b 01,
of inner metaarsl wberce

o e toad were caught, wih an accurey of 05
5 o ontogenetic change, or

For sttstic analyses, the programme SPSS 7.5 for Windows was.
used.

RESULTS

Karyotypes

All eleven specimens of the new subspecies (see be-
low) studied from Sust, Pasu and Gilgit were found to
be triploid. In addition, triploi
in the three F, juveniles res
triploid parents from Gilgit "The female from Kolala
(swat) was also triploid.

The 33 conventionally stained chromosomes (Figs 34,
4a) can be arranged in three groups (triplets), each
containing 11 chromosomes (Fig. 3b). As in many other
Bufo species (Bogart, 197 King, 1990), the chromo-
somes are mostly metaceniric or submetacentric. The
karyotype shows a distinct demarcation in size between
the larger elements (triplets 1 to 6) and the remaining
five triplets. The conventionally stained chromosomes
do not show differences in form and size withi
triplet. The tiploid karyotypes exhibit brightly qui-
nacrine positive segments (Fig 4b) which are sity
interstitially and close to the centromere in the metacen-
tric wiplet 1, and niesstialy in the smaller chromo-
somes of triplets 6 to 11 (Fig. 4c). Whereas chromo-
somes of tiplet 1, 6 and 7 exhibit fluorescing segments
in only one arm, the chromosomes of triplets 8 to 11
show fluorescence in both arms. In some specimens we
observed that not all, but only two, chromosomes of a
triplet were Q-banding positive.

K
=

Meiosis in testes tissue

In the testes tissue samples (specimens from Pasu,
Sust, Gl examined o far, we ound wplod (ot
metaphases (33 chromosomes) and both diploid
chromosomes; Fig, 5) and tetraploid (44 hromosom
metaphases (g, . We also obecrved diploid (11 b
lents) and tetraploid 5

#

ding preliminarily indicates that at least some
adult males exhibit mosaicism because they consist of
somatic triploid cells, while the testes cells are diploid,
triploid and tewraploi
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Conventionally

Fis jemsa-stained mitotic metaphase of &
Vo specmen fom G b,

sestained Karyouype 31 =

DNA content

The mean erythrocyte DNA content in the Gilgit popu-
lation was 6.13 times the content of the reference stan-
dard chicken DNA (14.34 pg if 2.34 pg/chicken nucleus
jon); the mean of the Pasu population
(6.44x. £15.07 pg) was about 5% higher (Table ).
Mann-Whitney-U tests revealed si
for this difference. The mean for all riploid toads was
6.31x (414.77 pg) of the chicken DNA content. A blood
sample from a tetraploid toad (Kashgar, China; Stock
1998b) was used as control and contained 7.48x (417.50
pg), the content of the chicken nuclei (Fig. ). Our re-
suls confirm the triploidy of all 54 specimens examined.

Erytbrocyte size (ES)
The Pasu population exhibited a distincily higher
mean of ES than the Gilgit population (Table 11
means differed significantly (i-tes0). The animal from
Sust had a value in the lower range of the Pasu popula-
tion and near the average value of the Gilgit one. We
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Fig. 4 - a. Giemsa-stained mitotic metaphase of a triploid speci
men from Sust; b, Q-banded mitotic metaphase of a triploid speci-
men from Pasu; ¢, Q-banded tiploid Karyotype.

compared the ES with those of 98 Asian tetraploids and
36 diploids (Stock & Grosse, 1997). The toads from
Gilgit (and Sust) exhibited an ES in the upper range of
diploid forms; toads from Pasu had an ES between
those of diploids and tetraploids (Fig. 9). The animal
from Kulalai had an ES value (Table TD) in the lowe:
range of the Pasu population and near the average val-
ue of the Gilgit one. We did not find any relationship
between mean ES and body size (Fig. 10). A multiple
LSD-test demonstrated differences of ES between the
triploid, diploid and tetraploid toads at the P < 0.001
level (triploid/tetraploid) and at the P < 0.025 level
(triploid/diploid).

TRIPLOIDS IN BUFO PSEUDORADDEI BATURAE
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containing 22 chrc

Fig. 5 - Giemsa-stained diploid metaphase
somes from the testes tissue of a somatic triploid male from Gilgit
(ZSM 112/1998), the same specimen as in Figure 7). Note the
three black sperm nuclei.

Fig. 6 - Giemsa-stained tetraploid metaphase containing 44 chro-
mosomes from the testes tissue in one of the somatic triploid
paratypes (ZSM 101/1998) of Bufo p. baturae from Sust

Fig. 7 - Two adjoining Giemsa-stained diakineses, one diploid
containing 11 bivalents (right) and one tetraploid containing 22
bivalents (left) from the testes tissue of a somatic triploid male

from Gilgit (ZSM 112/1998)

Mating calls

Within the trills, consisting of series of pulses with a
constant duration separated by constant interpulse inter
vals, the regular structure was reached only after about
the 10th pulse (Table 1L, Fig. 11, First pulses were ei-
ther shorter or longer and had a lower frequency (Fig
11D). The mating call structure of toads examined from
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Table 1 - DNA content in two populations of Bufo pseudoraddei

Pasu
(=3

Ratio 1o Ratio to
chicken mean  pg e
=100 6

Mean 644 1000 1507 613 1000 143

Max 6. 1068 1609 648 1057 1516

Min 90 916 138 572 933 1338
s 023 S0s3 o2 ST 056

asu, Gilgit and Kulalai was similar in different popula-
tions. The typical relationship between call parameters
and water temperature could be studied especially in
the Pasu population (Figs 12, 13). Linear regressions in

from 7°
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Fig 9 - Boxplots of mean erythrocyte size of present populations
from Pakistan in comparison with diploid and tetraploid oads
from Middle Asia (Stock & Grosse, 1997).

this population across a range of
C o 27° C (Figs 12, 13) were xound for interpulse inter-
val duration: y = 2.12x + 89.23, = 0.794; for pulse
duration: y = -1.67x + 63.70, % = 095 .\nd for the re-
sulting pulse rate: y = 0.59x + 2.86, 7 =

Bufo pseudoraddei pseudoraddei

The locality (Kulalai, Swat valley), the colouration
(Fig. 15H), and morphological characters of the toads
from Kulalai are typical of B. viridis pseudoraddei
Mertens, 1971 A comparison with the c
firmed this The only adult female (ZSM
105, 1‘1‘)8 Fig. 151D which was examined karyologically
und to be triploid (see above). Mating calls of
ales from Kulala (Table 11 Figs 11-13) were similar

450 b

I number
@
g
8
fol
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4 50 100 150 200 250
Fig, 8 - Hisogram obtaioed by DNA flow eytomenry from » mis.
wre of DAPI st ples from chicken as the star

@, v .Amplmd s oo it € = L16%, and a
tetraploid toad from Kashgar (China; ©), CV = 1.98%. Total cell
numer: 5830.

[ —

Snouturostyl length ()

10 - Erythroc d body size of Bufo p. baturac
(rakoram: Suse pasu, Gig and.» single specimen of 5.5
pseudoraddei (Western Himalayas, Kulalap.

0 those of wiploid toads from Sust, Pasu and Gilgit, and
therefore different from those of diploid B. viridis (cf.
Stock, 1998a). With regard to the results reported
above, it is very probable, that the taxon previously
considered a subspecies of B viridis or B. latastii repre-
sents a separate species, and toads from the terra typica
(swat) are consequently the nominate subspecies 5.
‘This can be
from B. viridis by a combination of morphological traits.
reported in the description of Mertens (1971). In ad
tion, our results demonstrate that at least some spe
mens in the B. p. pseudoraddei populations are triploid.
B. p. pseudoraddei can be distinguished by its distinctly
shorter parotids from B. latasti (see below and Table
IV). B. p. pseudoraddei appeas to be distributed in
open habitats within the zone of Himalayan dry conifer-
ous forest with ilex oak and Himalayan moist temperate
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Table 11

rythrocyte size (projection areas) in the populations of B. pseudoraddei baturae

(Susi, Pasu, Gilgit) and one specimen of Bufo p. pseudoraddei (Kulalai)

Population
Parameter (um?)
Sus Pasu Gilgit Kulalai
n n=35 n=28 n
Mean of means in this population 276.98 27303 27224
Masximal mean in this population 32277 29954 31811
Minimal mean in this population 22443 24387 21637
Largest cell measured 32277 30185 31811
Smallest cell measured 224.43 18200 21637
Mean standard deviation in this pop. 2462 23,09 2562 2199

Table III - Mating calls of Bufo pseudoraddei baturae (male 1-13) and B. p. pseudoraddei (male 14-15).

TCC) Pulse Interpulse Pulse  Fundamental
Locality Male duration interval duration rate frequency
(number in Fig. 1) Air Water (ms) (ms) (Hz) (H2)

Pasu (1) 1 17.0 70 75
Pasu (1) 2 17.0 7.0 7.38
Pasu (1) 3 155 15 9.77
Pasu (1) 4 155 115 10.53
Pasu (1) 5 140 150 9.98
Pasu (1) 6 140 150 1071
Pasu (1) 7 280 7.0 2058
Pasu (1) 8 270 275 18.28
Gilgit (3) 9 270 240 20.44
Gilgit (3) 10 270 240 19.38
Gilgit (3) 11 270 240 19.41
Gilgit (3) 12 270 240 18.21
Gilgit (3) 13 270 240 21.28

2008
Kulalai (4) 14 230 240 1388
Kulalai (4) 15 230 200 14.04

14.04

forest (Roberts, 1991: maps on pl. 4-6) which are neigh-
bouring in the upper Swat valley

A new subspecies

The toads from Sust, Pasu and Gilgit were found to
represent a new taxon:

Bufo pseudoraddei baturae n. ssp.
(proposed common name: Batura toad)

Bufo viridis. Minton (1967), Baig (1988); Bufo viridis
pseudoraddei: Eiselt & Schmidder (1973) in part; Bufo
latastii pseudoraddei: Hemmer et al. (1978) in part,

Etymology — The name is derived from the Batura

glacier, whose mouth is situated close to the type local-
ity. From this geographical name the genitive case was
formed according to the ICZN (1985, Appendix D: IV
), p. 197).

Holotype (Fig. 14) — ZSM 103/1998, an adult male
from a plain above the right bank of the Hunza river
near the mouth of the Batura glacier, opposite the
muu[h of the Shimshal river, north of the village of Pa-

, 2700 m a.s.l., Karakoram, Pakistan, collected by M.
Sm(k and H. Veith, June 1997. Triploidy was deter-
mined with flow cytometry.

Paratypes (Fig. 15 in part) — ZSM 104/1998 (male),
ZSM 105/1998 (a young female), ZSM 113/1998 (fe-
male), ZSM 114/1998 (male), ZMB 58769 (adult mJ|L)
ZMB 58770 (adult female), same data as holotype;
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Fig. 11 - A, Oscillograms of mating calls of a triploid male B
pseudoraddei haturae recorded in Gilgit, water temperature 24°

B, Male Bufo pseudoraddei pseudoraddei from Swat (Kulalai), wa
ter temperature 20° C. C, Male B. pseudoraddei baturae from Pa-
su, water temperature 15° C. D, Oscillogram (above), sonogram
(below) and power spectrum (lefo of a triploid m peudo-
raddei baturae from Gilgit, water temperature 24° €.

101/1998 (male), ZSM 102/1998 (female) from Sust,
from the valley slope above the seulement on the left
bank of the Hunza river, 2950 m a.s.1., Karakoram, Pak-
istan, collected by M. Stiick, June 1996. Some specimens
have had leg bones and tissue removed for chromo-
some and future molecular biological a

alyses

Diagnosis

This is a small-sized subspecies of the B. viridis com-
plex which differs from most other members of the com-
plex by the following combination of traits: the parotids
are inconspicuous and very short, their length (PL) is
smaller than double their width (PW); interorbital width
(10W) is smaller than, or approximately
ubercles single on
second and

the same size as

toes but often double on first,
viduals, on third finger; most specimens have very incon-

in some indi-

M. STOCK, M. SCHMID, C. STEINLEIN, W.-R. GROSSE

Interpulse interval duration (ms)
&

5 10 15 20 25 30
Water temperature (° C)

12 - Interpulse interval duration in relationship to water tem-
perature in males of B. pseudoraddei baturae from Pasu, and
Gilgit and B. pseudoraddei pseudoracdei from Kulalai in compar
son with diploid and tetraploid males from Middle Asia (Stock,
1998,

@ Karakora, Pasu (i

X Karakoram, Gilgit (3n = 33)
Swat = 33 ATetraploid 4n = 44 (Stock, 1997); O
Diploid 2n = 22 S o T Tincar regression (Karakoram,
Pasu (3n = 33))

Pulse duration (ms)
a
3

5 10 15 20 2 30
Water temperature (° C)

Fig. 13 - Pulse duration in relationship to water temperature in
males of B. pseudoraddei baturae from Pasu and Gilgit, and
males of B. pseudoraddei pseudoraddei from Kulalai in compari
son with diploid and tetraploid males from Middle Asia (Stock,
19982). For symbols, see Figure 12
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spicuous tarsal folds. The somatic chromosome number
in the majority (maybe in all) of the members of the pop-
ulations is 31 = 33. In life, the iris is darkly greenish-gold-
en (Fig. 15G). The new subspecies can be distinguished
from B. latastii Boulenger, 1882 (= B. siachinensis, Khan
1997; see above) whose chromosome number is appa
ently unknown, mainly by the distinctly shorter parotids;
the difference in the ratios of PL/PW (Table IV) is highly
nt between both groups of toads (Mann-Whit-

i, 14 - Holotype ZSM  103/1998 of Buyfo pseudoraddei baturae n. ssp. above: ventral view; below: dorsal view. Scale is valid for both

ney-U test, P < 0.001). The new subspecies also differs
from B. latastii in a combination of morphometric char-
acters (see below), and in the colouration (see below).
From the obviously allopatric B. p. pseudoraddei
Mertens, 1971, the new subspecies differs in having a
more slender habitus, a much more granular (glandular
warty) dorsal skin texture in both sexes, and a distinct
sexual dimorphism in the colouration. B. p. baturae can
be distinguished from Bp. pseudoraddei by a combina-
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Table V. ko P s of s, preloraddel peion-
P batrac and Bulo. s dfferon ocaie)

» Bufo p. baturae  Buo latastit
Tason oraddei  (ust Pasu, (e Mat
(Localiies)  (Swat, Kulalah) Gl examined)

n=7 n=78 w12
Mean 151 154 202
Nin 108 115 1
Max 182 05 27

ton of momhomerc s (see below), the frequent oc-
e of double subarticular tubercles on first, second
i thid fingers, the absence of distnct, larger dark
spots but only cloudy gray colour on the ventral side.
The new subspecies differs from the allopatric B.
viridis zugmayeri Eiselt & Schmidiler, 1973 (unknown
ploidy level) in having a distinctly smaller interort
width 10W), shorter and more inconspicuous parotids,
and a different colouration (see below)

Measurements of the holopype (in millimeters)

SVL 582, HL 130, PL 10.2, PW 6.2, HDT 27, VDT 25,
ED 6.7, HW 204, IND 4.5, NED 3.2, TL 223, LL 368,
LFT 3.1, LMT 30, IOW 28,

Description of the holotype
An adult mature male with brown nuptial excres-

cences on firs ightly on third finger,
body relatively small; head distincdly shorter than wide,

RAE

snoutrounded but moderately conical from dorsal
view, but shoat aod relavely bunt from lateral view:
ightly directed laterally, their distance larger
han the imerorbital widh, nostls sitated about two
thirds the distance from anterior comer of eye to tip of
snout; tympanum smaller than half the diameter of the
eye, its anterior margin vertically under posterior corner
of eye; anterior margin of the short, ellipsoid parotids
close 10 the posterior corner of eye: parotids smooth,
only with few small, warty glands; the posterior parts
roundish; skin on nasal and spheneth-
o ool towards dorsum and postrior
parts of eyalds increasingly verracous, apex o ve
e dorasm obviousy covered with Kerain, dorel in
texture and dorsal surfaces of limbs roughened. sandpa-
per-like; skin of flanks from dorsum to belly smoother,
belly relatively smooth, slightly rugose; subaricular tu-
bercles double on e, second and thid fnge, single
on toes; two palmar twhercles, inner one more promi-
nent, its surface about half the size of outer one; third
finger distinctly extending beyond fourth, tip of fourth
only slightly extending 1 articulation of
third finger; inncr and outer metatarsal tubercle longish,
the inner about one third longer than the outer;
colouration in alcohol dorsally olive-grayish; some in-
conspicuous dark olive irregular spots and stripes on
head and dorsal surfaces of limbs: a thin short yellow-
ish stripe along spinal column in the interorbital region,
hin apexcs of dorsal verrucae rufous; ventral side
yellowish-whitish.

N

Colouration in Iife

The new subspecies eshibits a distinct sexual dimor-
phism in colouration: females from Pasu (Fig. 15A) and

Table V/ minimm, and living Bufo pseudoraddes baturac
Population S HL  PL PW HDT VDT ED HW IND NED TL Ll LFT IMT IOW MASS(®)
Py MEAN 628 166 126 73 34
females W28 035 115 125 015
n MIN 594 164 115 60 32
MAX 6726 170 135 85 35
Piu MEAN 604 163 105 66 31
males  SD 307 083 11l 056 044
ne3 MIN 517 149 84 55 23
MAX 663 184 133 83 40
Gigt  MEAN 642 162 1Li 86 31
females  SD 676 126 145 034 047
MIN 574 152 100 82 24
MAX 733 180 130 90 34
Gigit  MEAN 651 174 115 78 33
males  SD 324 100 129 073 040
ne3s  MIN $85 155 94 60 23
720 193 162 95 40
Sut female 672 165 108 72 34
mile 68 154 96 55 26
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able V1 - Rclasscarion resut of the dicrimtant analyss
i 16 morphometic chay

Predicted group membership
Number of cases (percentage)

Ploidy

Diploid  Tetraploid o . baturae.
Diploid W0 1 0 30
Tetaploid ia Sie0rn  SEI @
Bufop barae 0 3G 760620

able VI Sundardizd canonical dicrmiant coficien

o e antn 1 oermired 550 o

i, i and it ods o vt s o a
Seven of 16 morphometric characie

idardized canonical
discriminant coeffcients
Characters

Function | Funciion 2

Sust (Fig. 15B) grayish-greenish or grayish-brownish on
with irregularly formed dark green spots, mostly

distinct irregular spots are mostly limited to extremities;

donal colousion of toads rom Gl more dverse n
both sexes, females (Fig, 15E) with dark g s
stripes and spots on slightly gnlyv\hrvdl(m W sround
forming pary a continuo and along the spinal
column. The last character was also sometimes present in
males (Fig. 15D) whose brownish or greenish-brownish
colouration was pale in the middle of the dorsum. In
sust, Pasu, and Gilgit populations, both sexes showed
whitish bellies whose lateral parts and those between
forelegs often exhibited a cloudy grayish colour. No larg-
er dark spots on the bellies

Morphometric comparisons
“The morphometric variabiliy of the nerw subspecies is
esented in Table V.
Univariate statistics - The individuals from Pasu were
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smaller than those from Gilgit. Mann-Whis
vl differences etween these popultions fo sl
characters (P = 0.05) with the exception of LT (P =
0.198), HDT (P = 0.197), and IND (P = 0.311). Toads
from B. p. baturae populations were con
diploid (n = 36) and tetraploid (n = 106) spe
from various populations of Middle Asia anal
previous study (stock, 1997). Either Mann-
tess D, IOV, IF, IND, HDT, VDT: o homogenciy
of vai  te) or @ mul
maining characiersy were performed. The group of the
75 specimens of B . bt oxbibed diferences (7
0.001) as compared with both diploid and tetraploid
toads n 1l characins ith the excepion of HOT and
D (not significant as compared with diploids: P <
o101 ana P2 029
Multivariat statis. A dsceioane soalysis it
all 16 ¢ d 92.5% of all toads correctly
ot e s groups of diploid, et d B
bt specimens

aploid,

discriminant
ing the 5 specimens
Seecied seven of 16 morphomeiric aks CTable
VI which had the highest values of standardized
canonical discsiminant coetficiens. In addion, he
means of the projection areas of 30 erythrocytes per
toad (um?) were included in the analysis, as Stock
(1997) suggested. In this way the classificarion of 100%
of all toads was possible (Fig. 16), but numbers (1)
were lower since blood smears were not available from
all animls,

A comprehensive morphometric analysis including 15
body measurements (without mass) was conducted.
Four groups of toads were formed. The first two con-
tined B. p. baturae from Gilgit (1) and from Pasu +
Sust (2). The third group (B. latastii consisted of 12
specimens of Boulenger (1982), Eiselt & Schmidiler
(leg) and Gruber (1981). The fourth group was formed
with two animals from Kulalai and the type series of 5.
(uiridis) preudoraddei (Meriens, 1971). Furthermore, the
holotype of 5. siachinensis (Khan, 1997) was included
in the discriminant analysis which was aimed 10 dis-
ciminate al four groups mualy and o sy this
ungrouped case among them. Figure 17 reports the re-
S B . bt Trom Gl and Pasu »
grouped very close 10 one another. A reclassification
showed that some animals were reclassifed from Gilg
into the Pasu/Sust populition and vice versa, indicating
that B. p. baturae specimens represent a group of simi
Lo anitls. In contra. the it froup (1. Lt s
arranged as a separate sample. The 4. siachinensis type
was classified close w0 B, latastii, supporting the deci

¢ above) (0 be armanged in the same taxon, The
fourth group (B. p. mwrdumdm'l was also
from the two groupe of B baturae. Thus, B b
rae from Kaakoram range (Sus, Pas
Gilgin) represent rate taxon which c s
guished morphomencally from 5. p. peeudoraddel
(Swan) and B. latastii (= B. siachinensis).
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6
N
.
N
4.
2] B
o~
c
8
g 0- . Group Means
5
- . Karakoram
-2- s - (B. p. baturae)
-
ML B 4 Tetraploid
4. . Stock (1997)
* Diploid Fig. 16 - Discrimination result of an analy-
6. : : : : ) : Stock (1997)  sis with 16 morphometric characters and
-6 -4 2 0 2 4 6 8 the mean projection area of 30 erythro-
cytes per toad. Data on diploid and
5 tetraploid specimens from a previous
Function 1 study (Stock, 1997).
8 .
-
7. 81
-
6-
5.
.
4 .
.
o~
.
5 ¥ .
T
5 2 ..
w a o P ]
1- o -~ o. ®e ys
0w a Y P ® . 4 Fig 17 - Discrimination result of an analy-
an . sis with four groups of toads and one un-
1. N - - w 3 grouped case. Groups: 1 - Bufo p. baturae,
at e . Gilgit; 2 - B. p. baturae, Pasu and Sust; 3 -
2. 8 2 B.p. pseudoraddei, including the type
ries, holotype (SMF 65628) = No. 81, Swat,
-3, . s , o 1 and Kulalai; 4 - B. latastii from different
9 8 7 46 5 4 3 2 4 12 3 4 localities (see also: Material examined), in-
3 0 2 3 4 cluding lectotype (BMNH 1947.2.21.28) =
No. 86; 5 - holotype of B. siachinensis, ju-
Function 1 nior synonym of B. latastii; * group means.
Distribution — Although adapted to high mountain ~ DISCUSSION

habitats, B. p. baturae is, as far as we know, distributed
in the Karakoram range along the main valleys of the
rivers Hunza and Gilgit (and Indus?) but could not pen-
etrate into more remote valleys with steep rocky slopes.
So, the corresponding author did not find any toad un-
der optimal breeding conditions in the Shimshal valley
where rock climbing reptiles were frequently observed.
In Taxkurgon (China, E- Pamirs, 3350 m a.s.l.) tetraploid
toads were detected (Stock, 1998b).

Triploidy in vertebrates

Mosaicism as well as triploidy of bisexual vertebrates
are extremely rare phenomena. Mostly, triploidy is cou-
pled with unisexuality (Dawley & Bogart, 1989), and
there occur population systems in which diploid bisex-
ual parental species coexist with all-female triploid (or
even higher ploidy) hybrids (e.g., Vasil'ev et al., 1989;
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Bogar & Kiemens, 1997 orand specimers exhibiing
moscam (e, Daviy & Goddad,

methods uction are known: v
i nognein whih bot ot oaping coman

ing only maternal and hybridogenesis in which
he sperm is incorporated in the oocyte, but upon ma.
ity of the offspring, one parental genome i eliminat
din ic or pre-meiotic event while the rest of
the hybrid genome is passed on to futu jons,
usually in an unaktered sate (Bogart & Klemens, 1997)
In very scarce cases, triploids comprise males and fe-

males and are associated with individuls of other
eyl ..mm e populatons The ndviuss
ther s Platomys plaiycephala (Bick-
o ot ar 1953 which sppea t eproduce sexally
i balanced laploid spe Gkt of aly 1993, or
ybrid, 2 he wipoks n the Mybridogencic an
i compe. In s cu, ipod ks

and/or with one of the diploid parental species (GUn-

Let s examine whether B p. batura is the first so-
i o bt o venchae Unil
ow, final comments on the mode of reproduction in 5.
2. baturae remain peculaon. However,al hromer
ome congurationscbserved n he s s can be

explined if we memme wriplid ybrd spemaiogonia
containing two plus one womosomes (22 + 1)
descending from two ,u.mm :m...‘ T
cuentay, A hybrdogenei enesis may in-
G premeione. endomioe duplcaion o the tw
iireisized prenal porions o e Iy

1d 2 synchronous division resultiny

Gaughier el conuining 14 G2
hromosomes. T Cpscudo-) bivalents’ (Uzzell
1570 i 1 1 22 i of il chronames ot
ing dakioess

matogenesis, wou

totic multiplication, as usul in sper-
uia chocdne e Fding of o
id metaphases. Meioses If would

oy i and it Ty o b proced
Cormaion of vible diplods may b fserupted by
e e f Notl in boh combciont reing
from o NOR-carrying chromo-
o o el (o o
phemena obenain . b i -
‘m.(,.. 1 analyses: the investig par.
e of the g 1 o il e i )
i el whethr the eprochton o & <l o o
ynogeneic e he former seems more probible
ince many mles occur and invet 3 ot i
i and reproducion. Fare sdics of pupumm..
e shold revel whethr the 5., b pop.
ions are composed purel of tiploids or whether
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specimens of other ploidy levels coeit with 3 oy
o

e finding of dploid 1) bales in the s ap
- report

found ey

e o Corsen & Seons, 19D i

as e resulis

Schid (1978) but could
have been a rare spontaneous case.

Karyoppes
he consentonally saned chomosemes n he

wplid karvoe o represetives of the
s compien Geviens by Roth & Rib, 198 A
comparison of G.ban nded chromosomes wilin e 5.

viridis complex from i regions of Eurasia (in
e xmiied s dseivoton or G bunding posiive
segments in diploid forms.

0 that of triploid and tetzapioid forms.

DNA-content

“The best method for field prescrvation of blood is

zen samples (M
e of stotas, the incing of dsinct pesks (1o be
modal curves interpreted 1 diferences n the
suinabiliy of leucoeyies and eryihr

n, 1990) were 4 demonsiration of the cor

e varation ringes Gl popua-
u population: 15.2%) may show slight
i sorage of the bood

les o epreseing  ypicl by cuusd by poby:

A enhance the fluores-
1 and qunacrine (el
e the mumbers o banding ot

o i
cence intensiy sith D
Schmid, 1980). i

tive chromosom:
ot proportional (in prep.),this might account for the
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fact that DAPI stained triploid nuclei exhibit more than
DNA content of the etraploid reference.

on the absolute DNA content in chicken nu-

e the value 234
in e sdes (5. Ak
, 1976 Ulih of al, 1989 and which

) and w
iy gradien messre-
en ces inchromatin -
ot ptogencucaly v amimals coud
nonproportonl coucain of the DA conienn, 28

posed, and might be a reason
et Nenps T mcle or messunemens
rphibians.

Erytbrocytes
The ES measuremens confirmed the experience Gref.
in Sk 8 Grosse, 1997 ha the cel stsce i ety
comelted with DNA content. This results in significant
diflencs beween the verage vatoes of enhrocyte
areas in gren toad popultions with diferent ploly
lexels. I((m:»rr. the v range within a popul:
s large, ar casuement of the =rymmrv\r
docrmix allow the unesuivocl ation of lhe

o combination wih
e s e chsacer
roves et nformasion for 3 prognoss of e -
sificaion of green toads.

Mating calls
s of sl wpod forms rom Karsboru and

ive call system within the

e g of gl areen 10200 hehmelder &
e 195, St 9paay s sopplmeted I
dicaionsofan evoluionar sy of matng il n
pelyplld oads (e The similar

als
of polyploids c.mﬂ oy

Under the con

i
“the reverse is not true’

nciness, but

2
s of arng st n dhe s i vy
allopic bu diferent v mey v sl cls b

o sgp o sy
Distribution

Our map (Fig. 2) shows the localtes in the Karako-
o

Prague: 26) found toads fror
Coment 29% lower than tetaploids
may et 0 the oo

Mezhzherin & Pisanets, 1
from the Hunaa valley. Ahough igh mouisin nges

Ioions from those of our
and Gilgi valley)

I
pases separng e e lh()ul

(Fig. 2). The
500 m a1, Therfore,the pre
ry

ange during evaluionary perods might be fuliled
since polyploid toads are viable in such elevations.
Taxonomy

The sppicton of e amst 0 Iy o ur-

sent tsiploid toads comprise ml
pear o e bisenal eprodcing mascs. Our ionomie

Deeeiodo 2 5. hurae sem el
g, o o s i St

ide arguments for considering these toads raher
fore e e hem prelmnarly m m

same speies but o dierent sobapecies. I
o g ci b iamgoted mepRClogcy
from B. et which ippﬂl\ 0 occur alloparrically. A
revision of green W in Tndia and Pakistan is
Yen mporiat. hshoud inclde e .nmn.,m.ammc
ploidy level(s) of B. latasttand B. v e, of addi-




tonal 5 peen
and should clariy the relationships of different taxa in
various high mountain valleys. The occurrence of a com-
plex of wiploid t0ad taxa (or more complicated populi-
on sy i ety evel) compeg -
arate species seems possib

MATERIAL EXAMINED.

Institutional abbreviations are as listed in Leviton ef
2 (1965 o lovaln see g
urae n. ssp.: Gilgit, Karako-
1, prescat papes o viiooe. oo e e
description in the tex0).
ufo pseudoraddel pseudoraddei (Merte
Western Himalayas, present paper.

71
zsm

06/1998.

3. Bufo (viridis) pseudoradder pseudoraddei Meriens,
1971 Holotype SMF 65628; paratypes SMF 65629, SMF
65630, SMF 65631, SMF 65632; Pakistan, Swat (the type
locality is “Mingorah, Swat” but Mertens (1971) consid-
e he subspeces i be o “Monianfor” and th real
Tocality in an elevation higher s stock
ol non i any gcen o bt only 5 omarics
the sumoundings of Mingorah)

ridis zugmayert Eiselt & Schmidtler, 197
Hclc!)pe 211/11-2, paratypes: ZSM 212/1911 (1 speci.
men), ZSM 211/1911/1 (1 specimen), Z5M 211/1911/3

pe series: BMNH
1947.2.21.28 (formerly 724.17. 29 - lecoue (e
text). Four paralecioypes of the ty

5072503 formery J13.17 22, TR 1917321301
B 1907221311 BUH 194722131 B s Ldaih
197, Holowye (colour
mecic daa by ad-

ls collecion mumber “BMNH 199094 cited by an
99 (Clarke B., BMNH, pe
o e ho\u(ym Wmamul n the privae collcuion
of Khan 0 Pakistan, Shinu village.

ol tta oot Gouoes o> 250 46376

near Drs, Ladaki, 3200 m a1

2 javeniles, N: 600 m a1

8 Bufo latastit :m.m.. Cunpulbl . ZPAK 36063, 71K
19272, India, Ladakl

5 By st Bl and Schmidi . Gunpub
MTKD D 13522, 14592 10 14595: 5 specimens, Tang-
mary near Srinagar, 2100-2600 m a...

APPENDIX

The iachinensis is a junior synonym of B.
Iunmn otenger, 1555, Khan (1907 40 Thouh
latastei |= latasti, lapsus calamil has a arsal gland, lon-
ot paroid ard mosroner intcrorbal apace e
siachinensis but differs from it due 10 its wortier [=
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wartier] dorsum, presence of a distinet tarsal fold, frst

finger longer than second and presence of double sub-

articular whercles under fingers and toes and dorsal

nall spots”. This, the single comparison of

the newly desribed B.stacbinensis wilh 5. laast,

The ectonype of 5 latastt (aeral examined) ex-
hibits fewer warts than the 5. siachinensis holoty,

fold like B latasti. It seems probable that B, siachinen-
sis has also a very unobtrusive tarsal fold.
3. Boulenger (1§82: 295) about B. latastit
s xtending beyond second
e examination of the type series of B, latasti re-
vetled has s specimens eve double bereuter
tubercles under first and second fingers and
st b v e it s s, 1 3
Dubois & Martens (1977) pois
S oulenger (1863 29 s ‘o sbove, poted
or marbed with lackis a lght vencbrl ipe;be-
neath more or less ebled with blackish."
i figure (plate XIK0 of the ectonype exhibis 4
strped dark dorsal pattern which i very similar to that
of B. siachinensi
The sl of Geoher 09610 fom s, very s

First finger

harac-

© the lectotype of B. latasti, was collected only about
120 kan from Shinw village, he Iocus ypicus of 5
siachinensis. Duboi anens (1977 collcted 5.

latasti in Kargil, only about 90 km u. The
e ocales are conneced by the ks bvaierof

e Indus river system which provides preconditions for
an casy distribution (Fig. 2)
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