HERPETOZOA 17 (1/2): 75 - 82 75
Wien, 30. Juni 2004

Age structure and size of the syntopic populations of
Triturus carnifex (LAURENTI, 1768), Triturus vulgaris
(LINNAEUS, 1758) and Triturus alpestris (LAURENTI,
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KURZFASSUNG

Der im Salzburger Tennengau liegende Ameisensee (1282 m Seehohe) stellt durch seinen hohen Individuen-
reichtum ein wichtiges Reproduktionsgewisser fiir sechs lokal gefahrdete Amphibienarten (7riturus carnifex, T.
vulgaris, T. alpestris, Rana temporaria, Bufo bufo und Bombina variegata) dar.

Die mit Hilfe der Fang-Wiederfang-Methode geschitzten Populationsgréfien betrugen 805 (2000) und 327
(2001) fur 7. carnifex, 2362 (2000) und 1637 (2001) fuir 7. vulgaris, sowie 1090 (2000) und 7027 (2001) fir 7.
alpestris. Dies sind die groBten fiir Osterreich dokumentierten Alpenkammolch- und Teichmolchpopulationen in
einer Seehdhe von tiber 1100 m.

Das Alter von 21 T. carnifex, 18 T. vulgaris und 19 T. alpestris wurde anhand skelettochronologischer
Befunde ermittelt. Das durchschnittliche Alter betrug 8 Jahre (Median) fur T. carnifex und 7. alpestris, sowie 7,5
Jahre (Median) fiir 7. vulgaris. Das Hochstalter lag bei 16 Jahren (7. carnifex), 11 Jahren (T vulgaris) und 10
Jahren (T. alpestris). Es wurden keine signifikanten Unterschiede in der Altersstruktur der Populationen der drei
Molcharten festgestellt.

ABSTRACT

The lake “Ameisensee” (1,282 m a.s.l.) is situated in the Northern Calcareous Alps of Austria, and repre-
sents an important breeding site for six species of locally endangered amphibians (7riturus carnifex, T. vulgaris, T.
alpestris, Rana temporaria, Bufo bufo and Bombina variegata).

Estimated population sizes by means of the capture-mark-recapture method were 805 (2000) and 327 (2001)
in T. carnifex, 2362 (2000) and 1637 (2001) in T. vulgaris, 1090 (2000) and 7027) in T. alpestris, respectively.
These are the largest known populations of T. carnifex and T. vulgaris from above 1100 m altitude in Austria.

The age of 21 T. carnifex, 18 T. vulgaris and 19 T. alpestris was assessed using skeletochronological tech-
niques. The median age was 8 years in T carnifex and T. alpestris, and 7.5 years in T. vulgaris. Maximum longevi-
ties were 16 years (T. carnifex), 11 years (T. vulgaris) and 10 years (7. alpestris). Concerning the age structure
there were no significant differences observed between the populations of the three newt species studied.
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INTRODUCTION

Large syntopic high altitude popula- 1758), T. alpestris (LAURENTI, 1768) - are
tions of Italian Crested Newts, Smooth rarely found in Austria where all three
Newts and Alpine Newts - Triturus carnifex  species show a wide vertical distribution
(LAURENTI, 1768), T vulgaris (LINNAEUS, with maxima higher than 1,400 m a.s.l.
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Triturus carnifex and T. vulgaris are most
abundant between 200 m and 600 m a.s.l.,
while T. alpestris is dominant above 800 m
(CABELA et al. 2001).

Lower temperatures and shorter activ-
ity seasons in mountain areas lead to slow
metabolism producing decreased growth
and delayed age of maturation (JORGENSEN
1992). Age at first reproduction and longe-
vity increase with altitude and latitude of the
breeding site (e.g., DOLMEN 1983; CAETANO
& CASTANET 1993; SMIRINA 1994). Larger
bodied newts achieve higher individual ages
than smaller bodied newts (GRIFFITHS
1996). While there are several studies on
the age structure of 7. alpestris from differ-
ent altitudes (MiauD et al. 2000; PERRET et
al. 2003), little is known about the two other

newt species (but see COGALNICEANU &
Miaup 2003), particularly at higher eleva-
tion.

This study is part of a research project
on the conservation of high altitude newt
populations. SCHABETSBERGER et al. (2004)
studied post-breeding migrations of Italian
Crested Newts, focussing on terrestrial
habitats and their protection. A potential
threat to the aquatic habitat may arise from
a change in the dynamics of the water level,
for example due to climate change which
could lead to an increasing number of sea-
sons with reproductive failures. Population
size and age structure represent two main
parameters to monitor the abovementioned
adverse effects.

STUDY SITE AND METHODS

Study site

The lake “Ameisensee” (0.5 ha maxi-
mum extension, 4.1 m maximum depth) is
situated south-east of the city of Salzburg
(Austria) in the foothills of the Gosaukamm
limestone massif, at 1,282 m a.s.l. It is sur-
rounded by an old growth spruce forest and
alpine pastures used for extensive cattle
grazing during summer. Slopes of the Dach-
stein-West ski-resort border the area 0.5 km
further east.

In spring (April-May), the lake basin
fills with melting water which enters
through creeks in the South and South-west
and numerous small inflows from an adja-
cent mossy meadow, flooding parts of the
latter. During summer the water level drops,
however rises again after extended periods
of rainfall. The lake dried out completely in
early November 2000 and early August
2001, respectively.

Six amphibian species (Triturus car-
nifex, T. vulgaris, T. alpestris, Rana tempo-
raria, Bufo bufo and Bombina variegata)
use the lake for reproduction. The closest
breeding sites of 7. carnifex and T. vulgaris
are known from a distance of more than 20
km from the lake, whereas T. alpestris is
present in the surrounding area (CABELA et
al. 2001). In absence of submersed macro-

phytes and algae, the flooded meadow and
fallen timber provide egg deposition sites
for newts.

Methods

Population size of each newt species
was estimated in two consecutive years
(2000, 2001), using the Petersen capture-
mark-recapture method (in KrREBS 1989).
Newts were caught with dip nets, anaes-
thetised with MS 222® (Sigma-Aldrich®,
Vienna) and marked ventrally by tattoo-
ing with Alcian-blue (JoLy & MiauD
1990).

Skeletochronology is the most reliable
method for age determination in newts (CA-
STANET & SMIRINA 1990). We assessed the
age of 21 [talian Crested Newts (10 females,
11 males), 18 Smooth Newts (9 females, 9
males), and 19 Alpine Newts (9 females, 10
males) caught in 2001. Snout-vent-length
(to the nearest 1 mm) was measured with
vernier callipers. The fourth toe of the right
hindlimb was clipped with scissors during
anaesthesia and fixed in 10% formaldehyde.
Individual ages were assessed by counting
the Lines of Arrested Growth (LAGs) in his-
tological cross-sections of the diaphyseal
regions of phalanges (see SCHABETSBERGER
et al. 2000 for details).
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Table 1: Number of newts caught at Captures 1 and 2, number of marked Recaptures at Capture 2, and esti-
mated Number of individuals (95% confidence intervals in parentheses) in the study seasons 2000 and 2001.

Tab. 1: Anzahl der in den Untersuchungsjahren 2000 und 2001 am ersten (Capture 1) und zweiten (Capture 2)
Untersuchungstag gefangenen, sowie der am zweiten Untersuchungstag wiedergefangenen markierten (Recaptures)
Molche, Schitzwerte der Individuenzahlen (Number of individuals) und die 95%-Konfidenzgrenzen (in Klammern).

2000 2001
Capture | Capture 2 Recaptures Capture 1 Capture 2 Recaptures
11.07. 12.07. 12.07. 19.06. 21.06. 21.06.

T. carnifex Number of individuals = 805 (353-1772) Number of individuals = 327 (165-634)
Females/Weibchen 37 - 34 21 3
Males/Minnchen 24 - 21 19 3

Total 61 51 55 40 6

T vulgaris Number of individuals = 2362 (1037-5197)  Number of individuals = 1637 (772-3461)
Females/Weibchen 58 70 63 42 2
Males/Minnchen 31 34 53 27 2

Total 89 104 116 69 4

T. alpestris Number of individuals = 1090 (552-2112)  Number of individuals = 7027 (4206-13340)
Females/Weibchen 23 33 173 189 9
Males/Minnchen 68 49 99 119 2

Total 91 82 272 308 11

RESULTS

In T. carnifex the estimated population
size was 805 individuals in 2000, and 327
individuals in 2001. Triturus vulgaris (2362
individuals) was more abundant than T
alpestris (1090 individuals) in 2000, where-
as the opposite was found in 2001 (1637 T.
vulgaris vs. 7027 T. alpestris) (table 1).

The age of T. carnifex (figs. 1 and 2a)
was 6-14 (median = 9, mode = 9, arithmetic
mean = 9.3) years in females and 6-16
(med. = 8, mode = 8, arithmetic mean =
8.7) in males. Triturus vulgaris (fig. 2b) fe-
males were 5-9 (med. = 7, mode = 6, arith-

metic mean = 6.9) years old, males 4-11
(med. = 8 mode = 9/10, arithmetic mean =
8.2). The age of T_ alpestris (fig. 2¢) ranged
from 7-10 years (med. = 8, mode = §, arith-
metic mean = 8.2) in females, and from 6-
10 (med. = 8, mode = 10, arithmetic mean
= 8.3) in males. We did not detect signifi-
cant differences in age frequency distribu-
tions between males and females within
any species (Kolmogorov-Smirnov Test,
p > 0.638), or between the three species
(sexes pooled, Kolmogorov-Smirnov Test,
p > 0.537).

Table 2: Snout-vent-lengths of Triturus carnifex, T. vulgaris, and T. alpestris at the high altitude study site

Ameisensee (Salzburg, Austria).

Tab. 2: Kopf-Rumpf-Langen von Triturus carnifex, T. vulgaris und T. alpestris vom hochgelegenen
Untersuchungsgewisser Ameisensee (Salzburg, Osterreich).

n Minimum Maximum Mean + Standard deviation (mm)
(mm) (mm) Mittelwert + Standardabweichung (mm)
T. carnifex
Females/Weibchen 9 76 88 83+3.9
Males/Minnchen 12 70 82 75+ 3.6
T vulgaris
Females/Weibchen 9 41 52 47 +3.8
Males/Minnchen 9 43 49 46+ 1.8
T alpestris
Females/Weibchen 9 48 57 53+3.0
Males/Minnchen 10 38 46 43+£22
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Fig. 1: Diaphyseal cross-section of the proximal phalanx of the fourth toe in a 9-year-old male 7riturus carnifex.
Black arrows indicate Lines of Arrested Growth.

Abb. 1: Querschnitt durch die Diaphysenregion eines proximalen Zehengliedes bei einem 9 Jahre alten
mannlichen Triturus carnifex. Schwarze Pfeile bezeichnen Wachstumspausen.

Females were significantly larger
than males in 7. carnifex (t-test: p < 0.001,
t=4.55,df=19) and T. alpestris (t-test: p
<0.001,t=8.37,df=17), but not in 7. vul-
garis (t-test: p < 0.486, t = 0.71, df = 16,
table 2). The expected positive correlation
between size and age was significant only
in male 7. alpestris (linear regression: 12 =

0.549, p =0.014). This correlation was not
significant in the males of 7. carnifex (r? =
0.037, p = 0.574) and T. vulgaris (r’ =
0.162, p = 0.283) as well as in the females
of all three species, (7. carnifex: r? =
0.004, p = 0.875; T vulgaris: r*=0.361, p
= 0.087; T. alpestris: r* = 0.007, p =
0.831).

DISCUSSION

Population size

The population at Ameisensee is the
largest one of T. carnifex recorded from
above 1,000 m altitude in Austria (A. CABE-
LA, pers. comm.). While populations com-
prising several hundred adults are common
in the southern part of the distribution range
(e.g., Glacoma et al. 1988; KLETECKI 1995),
they appear to be rare in the Alps, especial-
ly at high altitudes (K. GROSSENBACHER,
pers. comm.). From southern Bavaria (Ger-
many) an allochthonous 7. carnifex popula-
tion with several hundred individuals was

described recently (FRANZEN et al. 2002).
For the closely related species 7. cristatus
(LAURENTI, 1768), population size estimates
from capture-mark-recapture studies ranged
from 20 to 1,400 newts (average approxi-
mately 300 individuals; 20 surveyed popu-
lations THIESMEIER & KUPFER 2000). Only
1% of 496 populations surveyed in West-
phalia and Rhineland-Palatinate (Germany)
comprised more than 100 individuals
(THIESMEIER & KUPFER 2000).

We detected differences in our esti-
mates of population sizes between years.
Since long-term-studies of population dy-
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namics in Crested Newts (e.g., I cristatus:
GLANDT 1982; ARNTZEN & TEUNIS 1993 - T.
dobrogicus: ELLINGER & JEHLE 1997)
showed considerable fluctuations in popula-
tion size, further investigations are needed
to discriminate between short term fluctua-
tions and long term trends in population
dynamics. Due to the low number of recap-
tures the variation between estimates in this
case may be viewed as a methodical issue
and not as evidence for fluctuations in pop-
ulation size. A possible explanation for the
little number of recaptures could be “trap
shyness”, meaning the animals captured
once behaving shyer and less active and are
therefore hard to recapture when there is
only little time between two sampling ses-
sions.

The Ameisensee population of 7. vul-
garis is outstandingly large when compared
to what is known from mountainous regions
in Central Europe (K. GROSSENBACHER pers.
comm.). In Austria, only one more site
above 1,000 m is on record (WeiBpriach,
Lungau, province of Salzburg, 1,100 m
a.s.l.) which holds comparable numbers.
Here, between 1995 and 2003, an annual
average of 2,198 migrating Smooth Newts
breeding in several ponds has been counted
at a drift fence 1.5 km long (M. KYEK, pers.
comm.). Triturus vulgaris populations can
reach sizes of more than 1,000 individuals
elsewhere in Europe (e.g., BELL 1977; JAHN
1995; STENSIO 1998). However, due to
destruction of aquatic and terrestrial habi-
tats, such sites have become increasingly
rare (NOLLERT & NOLLERT 1992). In a study
on two Croatian newt communities in which
Triturus vulgaris meridionalis (BOULENGER,
1882) co-occurs with T carnifex and T.
alpestris, the Smooth Newt was the rarest
species in the ponds surveyed, with propor-
tions of 5.4% and 13.3%, respectively (KLE-
TECKI 1995).

At high altitudes, T. alpestris is usual-
ly the dominant newt species and can reach
population sizes of over 20,000 individuals
in a lake of 0.75 ha (DENOEL & SCHABETS-
BERGER 2003). At Ameisensee it is by far
the most abundant species. In the first study
season (2000) the population size was prob-
ably underestimated due to the late survey
date, when a large part of the Alpine Newts
had presumably already left the lake.

Age structure

In disagreement with the common
concept of larger newt species attaining
higher ages (GRIFFITHS 1996), we did not
observe significant differences between the
three species in this respect. Individuals of
the large bodied species 7. carnifex reached
the highest maximum (14-16 years) and
median (9 years) ages and were the oldest (6
years) to arrive at sexual maturity though.
The majority of newts had attained ages
between 7 and 9 years in all three species,
while sexual maturity (= age of the youngest
adults present in the water) was generally
reached at 4-6 years. However, the consid-
erable intraspecific variation, calls for the
analysis of a larger sample in order to obtain
significant results.

The Italian Crested Newts at Ameisen-
see attained slightly higher ages than speci-
mens from a lowland population (400 m
a.s.l.) of T carnifex macedonicus (KARA-
MAN, 1922) in Montenegro, where males
were found to be 5-14 years old (mode = 8
years) and females 5-13 (mode = 6 years)
(CvETKOVIC et al. 1996). Longevities in the
Ameisensee population were similar to
those in populations of Crested Newts (7.
cristatus) in Scandinavia (HAGSTROM 1977,
DoLMEN 1982). In lowland areas, Crested
Newts reach a maximum age of up to 17
years as well, but generally mature already
at an age of 1-2 years. Moreover, the medi-
an age (3-5 years) is lower than in our study
(FRANCILLON-VIEILLOT et al. 1990; Miaup
et al. 1993; COGALNICEANU & MiauD 2003).

There is only little comparable infor-
mation on high altitude populations of T.
vulgaris. Smooth Newts from Serbia and
Montenegro (990 m a.s.l.) showed an age
distribution similar to that found in our
study (range: 4-9 years, arithmetic mean: 7
years, KALEzIC et al. 1996). The aforemen-
tioned study also showed a significantly
shorter longevity in the Smooth Newt com-
pared to the Alpine Newt. Lowland popula-
tions of T. vulgaris in Scandinavia (range: 3-
10 years, arithmetic mean: 5.07 years, HAG-
STROM 1977; range 2-6 years, arithmetic
mean; 4.38 years, DOLMEN 1982) and Ire-
land (range: 3-7 years, arithmetic mean: 4.38
years, MARNELL 1998) are generally more
short-lived.
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Fig. 2: Distribution of age classes in the newts of the lake Ameisensee.
a - Triturus carnifex, b - T. vulgaris, ¢ - T. alpestris.

Abb. 2: Verteilung der Altersklassen bei den Molchen im Ameisensee.
a - Triturus carnifex, b - T. vulgaris, ¢ - T. alpestris.
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Among the European newt species T.
alpestris inhabits the widest altitudinal
range. In Austria, this species occurs be-
tween 200 m and 2,400 m a.s.l. (CABELA et
al. 2001). Individuals of high altitude pop-
ulations attain maturity at the age of 10-11
years and maximum ages exceeding 20
years (MiAuD et al. 2000; SCHABETSBERGER

et al. 2001), whereas individuals of low-
land populations can reach sexual maturity
at the age of 1-2 years and live up to only
6 years (JoLy & GROLET 1996). Our data
(maturity reached at the age of 4-5 years,
longevity about 10 years) obtained from a
site at 1,282 m altitude fit well into these
findings.

CONSERVATION

The water body proper of the lake
Ameisensee is already protected from any
kind of modifications by regional regula-
tions. Based on amphibian radio tracking
data SCHABETSBERGER et al. (2004) recently
suggested the establishment of a terrestrial
reserve, and the launch of a monitoring pro-
gramme at the lake as a further measure
assuring long term conservation. The fact
that the lake Ameisensee dries out each year
is one of the main reasons for its richness in
amphibians, rendering the introduction of
fishes impossible. In the last years howev-

er, we observed that, possibly due to dry and
hot summers, the lake can dry out too early
for the larvae to complete their develop-
ment. This led to a complete reproduction
failure in two of the past four years. The
large population sizes and the observed
longevities suggest no immediate threat.
However, future climate change could lead
to extended periods without juvenile recruit-
ment and a decline or extinction of the newt
populations. We therefore strongly recom-
mend to launch a monitoring programme to
ensure their long-term conservation.
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