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Biology aspects in a population of
Pelobates fuscus insubricus CORNALIA, 1873

(Anura: Pelobatidae)

Zur Biologie einer Population
von Pelobates fuscus insubricus CORNALIA, 1873

(Anura: Pelobatidae)
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KURZFASSUNG

Pelobates fuscus insubricus CORNALIA, 1873 ist ein endemisches Taxon Norditaliens und der Südschweiz.
Die Fortpflanzungsökologie ist recht gut untersucht, während die post-reproduktive Phase bisher kaum studiert
wurde. Das Geschlechterverhältnis der untersuchten Population wich nicht signifikant von einem hypothetischen
1:1-Verhältnis ab. Die Art erwies sich als "explosive breeder", wobei die Fortpflanzungsperiode bei speziellen kli-
matischen Bedingungen (z.B. abwechselnd regnerische und trockene Phasen) verlängert sein konnte oder sogar bei
besonders rauhem Klima ganz ausfiel. Frühlingsregen war wichtig zur Beendigung der Überwinterungsphase,
bestimmte jedoch das anschließende Aktivitätsmuster nicht. Die Präsenz der Knoblauchkröten an der Oberfläche
war nicht mit der Umgebungstemperatur korreliert. Weibchen waren in der Zeit nach der Fortpflanzung aktiver als
Männchen, eventuell bedingt durch die Ernährungsbedürfnisse. Fünf Feuchtgebiete mit unterschiedlichen mor-
phologischen Merkmalen sind im Untersuchungsgebiet vorhanden; sie alle wurden von P. fuscus insubricus als
Laichgewässer genutzt. Diese Population zeigte also keine speziellen Habitatpräferenzen bezüglich Fortpflanzung.
Im Gegensatz hierzu waren die Tiere während der Nachlaichzeit nur in Habitaten mit sandigen Böden aktiv.

ABSTRACT

Pelobates fuscus insubricus CORNALIA, 1873 is an endemic taxon of northern Italy and southern
Switzerland. Its breeding ecology is quite well known, while that of the post-reproductive period was not studied
so much. Sex-ratio of the studied population was not significantly different from the hypothetical 1:1. This species
turned out an explosive breeder, but the reproductive period could be prolonged when particular climatic condi-
tions (i.e., short rainy phases alternate to dry ones) occur or it could not occur at all if climatic conditions are par-
ticularly harsh. Spring rain was important to end the wintering period, but it did not determine the following activ-
ity pattern. The surface presence of the Spadefoot Toads was not correlated to the environmental temperatures.
Females were more active than males during the post-breeding period, maybe due to trophic needs. Five damp
zones are present in the study area; they have different morphological characteristics, but they are all used by P.
fuscus insubricus as breeding sites. So this population did not show any particular habitat preference for reproduc-
tion. On the contrary, only sites characterised by sandy soils were used during the post-breeding activity.
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INTRODUCTION

The maintenance of biodiversity is the environmental changes and the global
main object of the global conservation amphibian decline has been often underlined
strategies. Endemic taxa are particularly by many scientists (BLAUSTEIN & WAKE
important, because they often are very sen- 1990; BEEBEE 1996; GRIFFITHS 1996).
sitive to habitat modifications (ANDREONE Pelobates fuscus insubricus CORNALIA,
1991). Scientific research about life history 1873 is an endemic taxon of northern Italy
is the starting point for correct management and the province of Tessin in Switzerland,
projects for fauna and habitats (BEEBEE where it became extinct many years ago
1996). Amphibians can be used as an indi- (HONEGGER 1981; GROSSENBACHER 1988;
cator group, because they are susceptible to ANDREONE et al. 1993). The nominate sub-
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species P. fuscus fuscus LAURENTI, 1768, is
present in Central and Eastern Europe,
where it is quite rare and protected by law in
many countries (NÖLLERT 1997; NYSTRÖM et
al. 2002). The subspecies P. f. insubricus is
now extremely rare in Italy and it is consid-
ered endangered by CORBETT (1989), PIN-
CHERA et al. (1997) and ANDREONE & Lui-

SELLi (2000, 2001). Available biological
information mainly deals with the breeding
period (ANDREONE & FERRI 1987; ANDRE-
ONE & PAVIGNANO 1988; CHIMINELLO &
GENERANI 1992a, 1992b; ANDREONE et al.
1993), but knowledge on habitat selection
and activity patterns after reproduction is
still scarce.

MATERIALS AND METHODS

The study area is located in Arsago
Seprio and Somma Lombardo (Province of
Varese, Lombardy, NW Italy), within the
"Parco Lombardo della Valle del Ticino",
and represents a typical morainal country. It
is 95 ha in size, and its altitude ranges from
280 m to 330 m above sea level. Human dis-
turbance is not important, because neither
main roads nor cultivated areas are present.
Deciduous woods and grass characterise the
main portion of the landscape; some canals,
a large pond and a swamp are present. Many
parts of the area have sandy soil and are cov-
ered with a deep litter (fig. 1). Sandy areas
amount to 8 ha (8.4% of the study area). A
short description of wet areas follows:

A) a large pond (80 m diameter) with
abundant aquatic vegetation on banks and a
free central area; the following fish species
are present: lctalurus melas, Carassius
carassius, Carassius auratus and Scardinius
erythrophthalmus;

B) some drainage canals 250 m long
with still water, located in a grass field.
Maximum depth is one meter. Sometimes
the canals dry up completely.

C) two ponds with abundant aquatic
vegetation and shallow water, 12 m in diam-
eter each;

D) a marshland of elliptic shape cov-
ered with willows and Phragmites australis,
500 m x 100 m wide and 50 cm deep;

E) some drainage canals 50 m long
with still water, deep litter and without
aquatic vegetation. All sites but B are locat-
ed in woodlands.

The research was conducted from 23
February until 27 October, 1995. Additional
inspections were made each year during the
breeding period, starting from 1994 and the
monitoring is still under way. In 1995 we
made one field inspection per week resulting

in a total of 34 nocturnal and three diurnal
surveys. Out of these, 24 nocturnal in-
spections were made after the emergence of
wintering P. fuscus insubricus under differ-
ent weather conditions (dry, cloud cover
0%: n = 12; dry, cloud cover 50%: n = 1 ; dry,
cloud cover 100%: n = 3; rainy: n = 8). The
standard paths included forest trails and bor-
ders of wet areas. Trails chosen for standard
paths crossed all habitat types present in the
study area. The study area was subdivided
into 26 zones, each one characterised by a
homogeneous habitat (e.g., swamp, or
deciduous wood with sandy soil, etc.); the
extension of each portion could be different.
Animals were caught by hand, by net or by
an electro stunner (BERNINI et al. 2000). The
following data were collected for each spec-
imen: sex, environmental temperatures
immediately after capture (air and ground),
weather conditions (dry, cloud cover 0%;
dry, cloud cover 50%; dry, cloud cover
100%; rainy), solar time, location, orienta-
tion of slopes (N, NW, W, SW, S, SE, E, NE,
if present), soil type (sandy, loose, stony),
type and percentage of arboreal, shrubby,
and herbaceous cover (0%, 50%, 100%). We
used a digital thermometer with 0.1 °C pre-
cision. Daily data of rainfall and air tem-
perature were recorded at the weather sta-
tion of the Malpensa International Airport,
located five kilometres south-west of the
study area.

The specimens were marked with an
incision of a hind leg inter-digital mem-
brane; they were also photographed for dor-
sal patterns identification (JEHLE 1997; WIE-
NER 1997a). The statistic data elaboration
was conducted with SPSS® rei. 6.1.2 for
Windows® . Data were tested for normality
with the one-sample Kolmogorov-Smirnov
test and for equality of variance with
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sandy soils / Sandböden
other parts of the study area
übriges Untersuchungsgebiet
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Fig. 1: Distribution of sandy soils (horizontally hatched) in the study area (hatched).

Abb. 1 : Verteilung sandiger Böden (waagrecht schraffiert) im Untersuchungsgebiet (schraffiert).

Levene's test. As parametric conditions were
not fulfilled, we used non-parametric meth-
ods (binomial test, Mann-Whitney U test for
two independent samples; Kolmogorov-
Smirnov test for two independent samples,
X2 test). Discriminant analysis was used to
analyse habitat choices, considering the fol-
lowing variables (number of character states

in parentheses): arboreal cover (3), shrubby
cover (3), herbaceous cover (3), soil type (3),
and orientation of slopes (9); the direct
method was used to test the significance of
the canonical discriminant function and the
stepwise method was used to highlight
which variables determine the presence of
Spadefoot Toads (MARNELL 1998).

RESULTS

Sex-ratio

44 adult specimens of P. f. insubricus
were captured: 18 males (40.9%) and 26
females (59.1%). One female was recap-
tured and four other specimens were addi-
tionally observed. Sex-ratio was 0.69 (ââ:
? ?); the sex ratio of 29 specimens captured
during the reproductive phase (20/4/1995 -
28/4/1995) was 1.07 (15:14 d <?:??)
(males: n = 15; females: n = 14); in both
cases the binomial test result is not signifi-
cantly different from the hypothetical 1:1
ratio. Hence, sex-specific differences in
counts are interpreted as sex-specific differ-
ences in activity. The only observed juvenile
specimen was found in 1999.

Activity patterns

The first specimens were observed on
20 April and the last (two individuals) were
found on 4 October. The breeding period
ended at 28 April, when we found the last
specimen in the water. Environmental tem-
peratures on 20 April were close to 11°C
(air = 10.8 °C; ground = 10.9 °C), but lower
temperatures were recorded in the first
activity night in 1994 (air = 4.3°C; ground =
6.5°C) (GENTILLI et al. 1996). The analysis
of these data by means of the Mann-Whit-
ney U test did not reveal significant differ-
ences between the temperatures recorded for
males and females. The descriptive statistics
of thermal data (their low number of 35 was
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Table 1 : Thermal data measured immediately after each capture when sampling male and female Spadefoot
Toads Pelobates fuscus insubricus CORNALIA, 1873, in "Parco Lombardo della Valle del Ticino" (northern Italy) in
1995.

Tab. I : Temperaturdaten des Jahres 1995 gemessen beim Fang männlicher und weiblicher Knoblauchkröten,
Pelobates fuscus insubricus CORNALIA, 1873 im "Parco Lombardo della Valle del Ticino" (Norditalien).

Parameter / Males / Männchen Females / Weibchen

Number of specimens /
Anzahl Tiere

Air temperature (x ± S. D.) (°C) /
Lufttemperatur (x ± Standardabweichung) (°C)

Ground temperature (x ± S. D.) (°C) /
Bodentemperatur (x ± Standardabweichung) (°C)

Air temperature (Range) (°C) /
Lufttemperatur (Bereich) (°C)

Ground temperature (Range) (°C) /
Bodentemperatur (Bereich) (°C)

10

11.27 ± 1.80

11.82 ±2.20

8.1 - 14.7

9.1 - 15.9

25

11.82 ±2.94

12.44 ±3.20

8.1 - 19.8

8.2 - 19.2

caused by malfunction of a thermometer) for
males and females are reported in table 1.

The number of specimens counted
over a ten day period, in relation to the mean
minimum and maximum temperature and
rain is shown in figures 2 and 3. The annual
activity patterns of the two sexes are repre-
sented by the numbers of males and females
counted in periods often days each (fig. 4).
The distribution patterns were significantly
different (Kolmogorov-Smirnov test: males
n = 18, females n = 27; Z = 0.7368; p <
0.001), with females resulting more active
than males after the breeding period. Annual
activity of males and females started simul-
taneously: on 20 April 1995 (first day of
activity) we captured five males and eight
females, migrating to breeding sites.
Activity started earlier in 1994 (1 April: one
male and one female) and in 1996 (11 April:
two females). Some annual surveys suggest-
ed that the beginning of the activity period is
quite variable: the first observation, in fact

ranged from 26 March (2000) to 14 May
(2001). Juvenile and adult specimens started
annual activity simultaneously. The maxi-
mum distance from the breeding sites cov-
ered by a marked female during the post-
reproductive dispersion was about 400 m.

X2 test was used to analyse possible
preferences related to the weather conditions
(table 2) The expected frequencies were cal-
culated under the null hypothesis that, in
absence of precise weather preferences by
Spadefoot Toads, the number of specimens
observed under the various weather conditions
should have been proportional to the number
of inspections made under these above weath-
er conditions. As for the whole sample,
Spadefoot Toads chose rainy evenings for
their breeding activities (n = 45; X2 = 14.1671;
df= 3; p < 0.01). In particular, males did not
show any preference (n = 18; X2 = 3.6193;
df = 3; p > 0.05) while females preferred
rainy nights and avoided fair conditions (n =
27; X2 = 13.8509; df=3;p< 0.01) (table 3).

Table 2: Weather conditions during the observation, of Spadefoot Toads Pelobates fuscus insubricus
CORNALIA, 1873, in "Parco Lombardo della Valle del Ticino" (northern Italy) in 1995.

Tab. 2: Wetterbedingungen im Jahr 1995 während der Beobachtung von Pelobates fuscus insubricus COR-
NALIA, 1873 im "Parco Lombardo della Valle del Ticino" (Norditalien). Bewölkung meint Wolkenbedeckungsgrad.

Weather conditions
dry / trocken dry / trocken

clear cloud cover 50%
wolkenlos Bewölkung 50%

/ Wetterbedingungen
dry / trocken rainy

cloud cover 100% regnerisch
Bewölkung 100% B

No. of inspections / Anzahl Begehungen 12
% of inspections / % Begehungen 50 %
No. of specimens / Anzahl Exemplare 18
(males/ females)/(Männchen / Weibchen) (11 11)
% of specimens / % Exemplare 40.0 %

1
4.2 %

0
(0/0)
0%

3
12.5%

2
(0/2)
4.4 %

8
33.3 %

25
(7/18)
55.6 %
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Habitat preferences

The environmental preferences of the
Spadefoot Toads in this area were analysed
with a discriminant analysis; the presence or
absence of the species in 26 areas was used
as a discriminating factor (table 3). We ob-
tained a significant canonical discriminant
function with the direct method (Eigenvalue

= 0.8752, Wilks' Lambda = 0.5333, # =
13.517, df= 5,p< 0.02). The total percent-
age of correct classification was 84.62%
(83.3% for presence and 85.7% for ab-
sence). The stepwise method underlined the
importance of sandy soils the presence of
which is positively correlated with the pres-
ence of P. fuscus insubricus. No other vari-
able was extracted by the model.

Table 3: Environmental data related to 36 records of male (M) and female (F) individuals of Pelobates
fuscus insubricus CORNALIA, 1873, in "Parco Lombardo della Valle del Ticino"(northern Italy). Weather: percenta-
ges of cloud cover in dry conditions are reported. See Materials and Methods for details.

Tab. 3: Angaben zum Lebensraum bei 36 Nachweisen männlicher (M) und weiblicher (F) Individuen von
Pelobates fuscus insubricus CORNALIA, 1873, im "Parco Lombardo della Valle del Ticino"(Norditalien). Wetter:
Wolkenbedeckungsgrad in Prozent an Tagen ohne Niederschlag.

Sex Weather
Geschlecht Wetter

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

rainy/regnerisch
rainy/regnerisch
rainy/regnerisch

100%
100%
100%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

rainy/regnerisch
0%

rainy/regnerisch
100%
100%
100%
100%
100%
100%

rainy/regnerisch
50%
50%
50%

rainy/regnerisch
0%
0%
0%
0%
0%
0%

rainy/regnerisch
rainy/regnerisch
rainy/regnerisch

100%
100%
0%

rainy/regnerisch
rainy/regnerisch

Orientation
Ausrichtung

SW
SW
SW
N
W
W

NE
NW
NW
NW
NW
NW
NW
NW
NW
SW
N
E

SW
N
N
W
W

w
s

piain/eben
NE
NE
NE
NE
NW
NW
NE
N

NE
NE
NW

plain/eben
S
E

plain/eben
NE
N

plain/eben

Soil
Boden

stony/steinig
stony/steinig
stony/steinig
stony/steinig
loose/locker
loose/locker
sandy/sandig
sandy/sandig
sandy/sandig
sandy/sandig
sandy/sandig
sandy/sandig
sandy/sandig
sandy/sandig
sandy/sandig
stony/steinig
stony/steinig
stony/steinig
stony/steinig
stony/steinig
stony/steinig
loose/locker
loose/locker
loose/locker
sandy/sandig
loose/locker
sandy/sandig
sandy/sandig
sandy/sandig
sandy/sandig
sandy/sandig
sandy/sandig
loose/locker
loose/locker
sandy/sandig
sandy/sandig
loose/locker
loose/locker
loose/locker
stony/steinig
loose/locker
loose/locker
loose/locker
loose/locker

Degree of plant coverage (%) / Pflanzenbedeckungsgrad (%)
Trees /Bäume

0
0
0
0
0
0
0
50
50
50
50
50
50
50
50
0
0
0
0
0
0
0
0
0
0

100
0
0
0
0
50
50
0
0
50
50
0
0
0

100
0
0
0

100

Shrubs /Sträucher

50
50
50
50
50
50
50
100
100
100
100
100
100
100
100
50
50
0
50
50
50
50
50
50
0

100
50
50
50
50
100
100
50
50
0
0
0
0
0

100
0
50
50
100

Herbs / Kräuter

100
100
100
100
50
50
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
50
50
50
100
0

100
100
100
100
100
100
100
100
0
0

100
100
100
0

100
100
100
0
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Fig. 2: Pelobates fuscus insubricus CORNALIA, 1873, in "Parco Lombardo della Valle del Ticino"(northern Italy).
Number of observed specimens (outline bars) every ten days from April through October 1995

in relation to the mean minimum ( ) and maximum ( ) air temperatures (°C).
Abb. 2: Pelobates fuscus insubricus CORNALIA, 1873, im "Parco Lombardo della Valle del Ticino" (Norditalien).

Anzahl der von April bis Oktober 1995 in 10-Tages-Abständen beobachteten Tiere (leere Balken)
in Relation zu den gemittelten Minimum- ( ) und Maximumtemperaturen ( ) (°C).
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Fig. 3: Pelobates fuscus insubricus CORNALIA, 1873, in "Parco Lombardo della Valle del Ticino" (northern Italy).
Number of observed specimens (outline bars) every ten days from April through October 1995

in relation to the amount of rainfall ( • ) (mm).
Abb. 3: Pelobates fuscus insubricus CORNALIA, 1873, im "Parco Lombardo della Valle del Ticino" (Norditalien).

Anzahl der von April bis Oktober 1995 in 10-Tages-Abständen beobachteten Tiere (leere Balken)
in Relation zu den Niederschlagsmengen ( • ) (mm).
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Fig. 4: Pelobates fuscus insubricus CORNALIA, 1873, in "Parco Lombardo della Valle del Ticino"(northern Italy).
Number of males and females observed every ten days from April through October 1995.

Abb. 4: Pelobates fuscus insubricus CORNALIA, 1873, im "Parco Lombardo della Valle del Ticino" (Norditalien).
Anzahl der von April bis Oktober 1995 in 10-Tages-Abständen beobachteten Tiere.

DISCUSSION

The observed sex-ratio of 0.69
? ?) contrasted with the value of 2.0 calcu-
lated by ANDREONE & PAVIGNANO (1988),
but agreed with data in ANDRZEJEWSKI et al.
(1977) and with MUNK et al. (1995) for the
nominal subspecies. Sex-ratio is rather
variable in P. f. fuscus, as demonstrated by
many researches in Central and Northern
Europe (NÖLLERT 1990; WIENER 1997b;
HELS 2002). Values range from 1.11 (1:0.9)
to 0.43 (1:2.3) in relation to different envi-
ronmental conditions and among different
years (WIENER 1997b), even if explosive
breeders usually show a skewed sex-ratio
in favour of males (DUELLMAN & TRUEB
1994). Calculating the sex-ratio observed in
the breeding period (1.07), prevented us
from overestimating the number of females
due to their increased activity during the
post-breeding period.

Pelobates fuscus is considered an ex-
plosive breeder by WELLS (1977), ANDREONE

(1993), and HELS (2002). Our data seemed
to confirm this reproductive strategy, since
the breeding period (understood as the time
range between the start of breeding migra-
tion and the recording of the last specimen
in the aquatic sites) lasted only nine days,
but observations made during the following
years showed a wider mating period (2-3
weeks) with further reproductive peaks
(SCALI & GENTILLI unpublished), in accor-
dance with what was stated by KOWALEW-
SKJ (1974) for P. fuscus fuscus and by LIZA-
NA et al. (1994) for P. cultripes (CUVIER,
1829).

Males and females migrate to the
breeding areas in the same period in accor-
dance to what was stated by ANDREONE &
PAVIGNANO (1988) and WIENER (1997a). A
different pattern of migration was observed
for P. cultripes in Spain, where males arrive
earlier at the breeding ponds than the fe-
males (SALVADOR et al. 1986).
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The surface activity of the Spadefoot
Toads which is strictly nocturnal, set in dur-
ing the first spring rains (fig. 3), as was al-
ready observed in Poland and in Italy (Pied-
mont region) (KOWALEWSKI 1974; ANDRE-
ONE & FERRI 1987; ANDREONE & PAVIGNANO
1988); this factor being important in general
for the start of the breeding period of Pelo-
batinae (LIZANA et al. 1994). Rain was not
important to Spadefoot Toads' activity after
the reproductive phase. Environmental tem-
peratures, on the contrary, seemed to have
little influence on the beginning of the
breeding period (fig. 2), as demonstrated by
the great variability comparing different
years. The minimum air temperature record-
ed in Arsago Seprio (> 4 °C) was lower than
that recorded in Poland (>7°C) (KOWALEW-
SKI 1974) and higher than that recorded in
Austria (-3°C) (WIENER 1997a) for the nom-
inal subspecies. HELS (2002) found that P.
fuscus fuscus can delay its breeding period
owing to extraordinary long winters.
Anyway, environmental temperatures below
zero prevent the beginning of the breeding
activities in P. fuscus insubricus as demon-
strated by the observations in 2001 and, in
some cases, in P. fuscus fuscus (WIENER
1997a). In fact a sudden frost at mid-April in
this year did not allow for surface activity
and, consequently, breeding of Spadefoot
Toads did not occur in 2001. These data
were confirmed by observations in other
sites (F. ANDREONE pers. comm.; SCALI &
GENTILLI unpublished). This fact highlights
the low adaptability rate of this subspecies
and its sensitivity to environmental stress,
that could be one of the causes of its numer-
ic reduction in many areas. It is important to
underline that all other amphibian taxa

[Triturus carnifex LAURENTI, 1768, T. vul-
garis (LINNAEUS, 1758), Bufo bufo (LIN-
NAEUS, 1758), Hyla intermedia BOULENGER,
1881, Rana dalmatina BONAPARTE, 1840,
and R. synklepton esculenta LINNAEUS,
1758] regularly bred in the study area in
2001.

The number of males found on the sur-
face of the ground sharply decreased during
the post-reproductive phase, while the fe-
males decreased continuously in number and
were observed for a longer period, perhaps
for their need to increase body reserves.
Some females were still active after the
summer, maybe for the same reason, but the
low number of specimens observed does not
allow the drawing of firm conclusions.

Spadefoot Toads show little selection
in choosing breeding sites, as they use dif-
ferent types of water bodies for egg laying;
in fact they breed in every wet area present
in the Arsago Seprio woods. They also use
temporary ponds and wetlands containing
predatory fish, contrary to what was stated
by NYSTRÖM et al. (2002) for the nominate
subspecies.

Pelobates fuscus insubricus migrates
quite far from breeding sites after reproduc-
tion and uses many different habitats; the
maximum distance of 400 m observed in our
studies is in accordance with data recorded
in the northern parts of the species' range
(NOLLERT 1990; MUNK et al. 1995; CHEVAL-
LIER et al. 1997; HELS 2002). Sandy soils
seem to be the only important environmen-
tal characteristic for the species presence, as
underlined by discriminant analysis and in
accordance with its fossorial habits (LANZA
1983; ANDREONE et al. 1993; EGGERT &
GUYETANT 2002).

ACKNOWLEDGEMENTS

We would like to thank the staff of the Parco
Lombardo of the Ticino Valley, and in particular
Adriano BELLANI (Magenta) for the logistic support. A
felt thank you also to Francesco BARBIERI (Pavia), and
Franco BERNINI (Pavia) as well as Marco ZUFFI (Pisa),
Kurt GROSSENBACHER (Bern) and Franco ANDREONE
(Torino) for their help and precious advice. We thank

Kurt GROSSENBACHER also for translating the abstract
into German. We received support from our many
friends and colleagues, particularly Laura BONINI
(Milano) and Edoardo RAZZETTI (Pavia). We are also
grateful to the Ufficio Meteorologico (Weather Station)
of the Malpensa airport in Milan for 1995 environmen-
tal data.

REFERENCES

ANDRZEJEWSKI, H. & PRZYSTALSKI, A. & WIL-
CZYNSKA, B. (1977): The biometrie structure of a popu-
lation of the common spade-foot (Pelobates fuscus

LAUR., Salientia, Amphibia) of the environs of Aleksan-
drów Kujawski.- Acta Biol. Cracoviensia, Cracow;
(Ser. Zool.) 20: 65-73.

©Österreichische Gesellschaft für Herpetologie e.V., Wien, Austria, download unter www.biologiezentrum.at



Biology aspects in Pelobates fuscus insubricus 59

ANDREONE, F. (1991): Conservation aspects of
the herpetofauna of Malagasy rain forests.- Zool. Soc.
"La Torbiera", Sci. Rep., Torino; 1: 1-45.

ANDREONE, F. (1993): Valutazione e categorizza-
zione dello status della batracofauna (Amphibia) in
Piemonte e Valle d'Aosta; In: FERRI, V. (Ed.): Atti i con-
vegno Italiano sulla salvaguardia degli anfibi (1).-
Quad. Civ. Staz. Idrobiol., Milano; 19 (1992): 27-40.

ANDREONE, F. & FERRI, V. (1987): Reproductive
biology and distribution of the common spade foot toad
{Pelobates fuscus insubricus CORNALIA).- Monitore
Zool. Ital., Firenze; (N.S.) 21: 171-172.

ANDREONE, F. & FORTINA, R. & CHIMINELLO, A.
(1993): Natural history, ecology and conservation of
the Italian spade foot toad, Pelobates fuscus insubricus
(Storia naturale, ecologia e conservazione del pelobate
insubrico, Pelobates fuscus insubricus).- Zool. Soc.
"La Torbiera", Sci. Rep., Torino; 2: 1-93.

ANDREONE, F. & LUISELLI, L. (2000): The Italian
batrachofauna and its conservation status: a statistical
assessment.- Biol. Conserv., Oxford; 96: 197-208.

ANDREONE, F. & LUISELLI, L. (2001): Corrigen-
dum to: "The Italian batrachofauna and its conservation
status: a statistical assessment" [Biological Cons-
ervation 96 (2000) 197-208].- Biol. Conserv., Oxford;
97: 269.

ANDREONE, F. & PAVIGNANO, I. (1988): Observ-
ations on the breeding migration of Pelobates fuscus
insubricus CORNALIA, 1873 at a ditch in north western
Italy (Amphibia, Anura, Pelobatidae).- Boll. Mus. reg.
Sci. nat., Torino; 6(1): 241-250.

BEEBEE, T. J. C. (1996): Ecology and conserva-
tion of amphibians; London (Chapman & Hall), pp.
VIII+ 214.

BERNINI, F. & BARBIERI, F. & VERCESI, A. (2000):
Nuove metodologie di cattura e di marcatura negli
anuri: prima esperienza su Rana latastei e Rana dalma-
tina; pp. 269-276. In: GIACOMA, C. (Ed.): Atti 1st Congr.
Naz. Soc. Herpetol. Italiana (S.H.I.), Torino 1996. Mus.
reg. Sci. nat. Torino.

BLAUSTEIN, A. R. & WAKE, D. B. (1990): De-
clining amphibians populations: a global phenome-
non?- Trends Ecol. Evol., London; 5 (7): 203-204.

CHEVALLIER, H. & FREVILLE, H. & GUYETANT, R.
& EGGERT, C. & LE BIHAN, C. (1997): Étude d'une po-
pulation de Pelobates fuscus (Anoura [sic!], Pelobati-
dae) dans le nord-est de la France. Résultats préliminai-
res.- Bull. Soc. Herpetol. France, Paris; 82-83: 21-27.

CHIMINELLO, A. & GENERANI, M. (1992a): Les
habitudes alimentaires de Hyla arborea, Pelobates fus-
cus insubricus et du "complexe" Rana esculenta durant
leur période de reproduction dans plusieurs rizières de
la plaine du Po (Piedmont, nord de l'Italie).- Le
Batrachologiste, Lille; 2: 13-19.

CHIMINELLO, A. & GENERANI, M. (1992b): Hyla
arborea L., Pelobates fuscus insubricus C. and Rana
esculenta "complex" feeding habits during the breeding
period in some rice fields of the Po Plane (Piedmont,
North Italy); pp.115-120. In: KORSOS, Z. & Kiss I.
(eds.): Proc. 6th ordinary general meeting of the Socie-
tas Europaea Herpetologica [S.E.H.], Budapest.

CORBETT, K. (1989): The conservation of Euro-
pean reptiles and amphibians; London (Christopher
Helm), pp. 271.

DUELLMAN, W. E. & TRUEB, L. (1994): Biology
of amphibians. London (Johns Hopkins Univ. Press),
pp. 670.

EGGERT, C. & GUYETANT, R. (2002): Safeguard
of a spadefoot toad {Pelobates fuscus) population: a
French experience; pp. 47-52. In: FERRI, V. (Ed.): Atti
del terzo convegno salvaguardia Anfibi. Progetto Rospi
& Mus. cant. Stor. Nat., Lugano. Cogecstre Ediz., Penne.

GENTILLI, A. & SCALI, S. & ZUFFI, M. (1996):
Conferma della presenza di Pelobates fuscus insubricus
CORNALIA, 1873 in provincia di Varese (Amphibia,
Anura, Pelobatidae).- Natura Bresciana, Brescia; 30
(1994): 259-262.

GIBBONS, W. J. & BENNETT, D. H. (1974).
Determination of anuran terrestrial activity patterns by
a drift fence method.- Copeia, Lawrence; 1974 (1):
236-243.

GRIFFITHS, R. A. (1996): Newts and Salaman-
ders of Europe; London (Poyser Ltd.), pp. 188.

GROSSENBACHER, K. (1988): Atlas de distribu-
tion des amphibiens de Suisse.- Documenta Faunistica
Helvetiae 8, Neuchâtel (Centre Suisse de cartographie
de la faune), pp. 208.

HELS, T. (2002): Population dynamics in a
Danish metapopulation of spadefoot toads Pelobates
fuscus.- Ecography, Copenhagen; 25: 303-313.

HONEGGER, R. E. (1981): Threatened amphibi-
ans and reptiles in Europe. Edited by the European
Committee for the Conservation of Nature and Natural
Resources; Council of Europe, Suppl. vol. of: BÖHME,
W. (Ed.): Handbuch der Amphibien und Reptilien Eu-
ropas; Wiesbaden (Akademische Verlagsgesellschaft),
pp. 158.

JEHLE, R. (1997): Markierung und Individualer-
kennung metamorphosierter Amphibien, unter beson-
derer Berücksichtigung der im Rahmen des "Amphi-
bienprojekts Donauinsel (Wien)" verwendeten Metho-
dik, pp. 103-118. In: HÖDL, W. & JEHLE, R. & GOLL-
MANN G. (Eds.): Populationsbiologie von Amphibien.-
Stapfia, Linz; 51.

KOWALEWSKI, L. (1974): Observations on the
phenology and ecology of amphibia in the region of
Czestochowa.- Acta Zool. Cracoviensia, Cracow; 19
(18): 391-458.

LANZA, B. (1983): Anfibi e rettili. Guide per il
riconoscimento delle specie animali delle acque interne
italiane. 27. Anfibi, Rettili (Amphibia, Reptilia);
[Collana del progetto finalizzato "Promozione della
qualità dell'ambiente". AQ/1/205;. Roma (Consiglio
Nazionale delle Ricerche), pp. 196.

LIZANA, M. & MARQUEZ, R. & MARTÌN-SÀN-
CHEZ, R. (1994): Reproductive biology of Pelobates
cultripes (Anura: Pelobatidae) in Central Spain.- J.
Herpetol., St Louis; 28 (1): 19-27.

MARNELL, F. (1998): Discriminant analysis of
the terrestrial and aquatic habitat determinants of the
smooth newt (Jriturus vulgaris) and the common frog
{Rana temporaria).- J. Zool., London; 244: 1-6.

MUNK NIELSEN, S. & DIGE, T. (1995): A one sea-
son study of the Common Spadefoot, Pelobates fuscus .-
Memoranda Soc. Fauna Flora Fennica; Helsinki; 71:
106-108.

NÖLLERT, A. (1990): Die Knoblauchkröte. Wit-
tenberg (A. Ziemsen Verlag), 144 pp. [Die Neue Brehm-
Bücherei vol. 561]

NÖLLERT, A. (1997): Pelobates fuscus (LAUREN-
TI, 1768); pp. 146-147. In: GASC, J. P. & CABELA, A. &
CRNOBRNJA-ISAILOVIC, J. & HAFFNER, P. & LE SCURE, J.
& MARTENS, H. & MARTÌNEZ RICA, J. P. & MAURIN, H.
& OLIVEIRA, T. & SOFIANIDOU, T. S. & VEITH, M. &

©Österreichische Gesellschaft für Herpetologie e.V., Wien, Austria, download unter www.biologiezentrum.at



60 S. SCALI & A. GENTILLI

ZUIDERWIJK, A. (Eds.): Atlas of amphibians and reptiles
in Europe; Paris (Societas Europaea Herpetologica and
Muséum National d'Histoire Naturelle [IEGP/SPN]).

NYSTRÖM, P. & BlRKEDAL, L. & DAHLBERG, C. &
BRÖNMARK, C. (2002): The declining spadefoot toad
Pelobates fuscus: calling sites choice and conserva-
tion.- Ecography, Copenhagen; 25: 488-498.

PINCHERA, F. & BOITANI, L. & CORSI, F. (1997):
Application to the terrestrial vertebrates of Italy of a
system proposed by IUCN for a new classification of
national Red List categories.- Biodiv. Conserv.,
Dordrecht; 6: 959-978.

SALVADOR, A. & ALVAREZ, J. & GARCIA, C.
(1986): Reproductive biology of a northern population
of the Western spadefoot, Pelobates cultripes (Anura:
Pelobatidae); pp. 403-408. In: ROCEK, Z. (Ed.): Studies
in Herpetology, Prague.

WELLS, K. D. (1977): The social behaviour of
anuran amphibians.- Animal Behaviour, London; 25:
666-693.

WIENER, A. K. (1997a): Phänologie und Wan-
derverhalten einer Knoblauchkröten-Population {Pelo-
bates fuscus fuscus, LAURENTI, 1768) auf der Wiener
Donauinsel: ein Vergleich der Untersuchungsjahre
1986, 1987 und 1989-1995.; pp. 151-164. In: HÖDL,W.
& JEHLE, R. & GOLLMANN, G. (Eds.): Populationsbio-
logie von Amphibien.- Stapfia, Linz; 51.

WIENER, A. K. (1997b): Struktur und Dynamik
einer Knoblauchkröten-Population {Pelobates fuscus
fuscus, LAURENT], 1768) auf der Wiener Donauinsel:
ein Vergleich der Untersuchungsjahre 1986, 1987 und
1989 bis 1995; pp. 165-181. In: HÖDL, W. & JEHLE, R.
& GOLLMANN, G.. (Eds.): Populationsbiologie von
Amphibien.- Stapfia, Linz; 51.

DATE OF SUBMISSION: December 20th, 2002 Corresponding editor: Heinz Grillitsch

AUTHORS: Dr Stefano SCALI, Museo Civico di Storia Naturale di Milano, Corso Venezia 55, 1-20121
Milano, Italy < scaliste@iol.it >; Dr Augusto GENTILLI, Dipartimento di Biologia Animale, Università di Pavia,
Piazza Botta 9,1-27100 Pavia, Italy < augusto.gentilli@unipv.it >.

©Österreichische Gesellschaft für Herpetologie e.V., Wien, Austria, download unter www.biologiezentrum.at



ZOBODAT - www.zobodat.at
Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Herpetozoa

Jahr/Year: 2003

Band/Volume: 16_1_2

Autor(en)/Author(s): Scali Stefano, Gentilli Augusto

Artikel/Article: Biology aspects in a population of Pelobates fuscus
insubricus CORNALIA, 1873 51-60

https://www.zobodat.at/publikation_series.php?id=7269
https://www.zobodat.at/publikation_volumes.php?id=27092
https://www.zobodat.at/publikation_articles.php?id=83258

