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ABSTRACT 

The biology of a Spe/eo1111111res 0111bro.1ii population inhabiting interstitial habitats was studied during two consecutive years in 
nonh-western Italy. Surface activity was highest in late spring and early foll and was positively conelated with monthly rainfall. The 

population structure was analysed on the basis of polymodal size frequency distributions. S. w11hrosii demographic structure was 
composed of two juvenile size classes and a mixed component in which subadult and reproductive salamanders were present. Males 

bernme sexually mature when >50 mm and females when >58 mm SVL. Estimated age at first reproduction was 3.5 years for males 

and 5 years for females. Juvenile growth rates. during the first two years of life, ranged from I 0 to 13 mm/yr. 

INTRODUCTION 

European plethodontid salamanders belong to the genus 
S1;e/eo111011tes (Dubois, 1984) and are found from south

eastern France to central Italy and on the island of Sardinia 

(Thorn. 1969). To date, six species of Speleom a111es, two 
continental and four insular, have been recognized on the 

basis of morphological and biochemical data (Lanza, 
Nascetti & Bullini. 1986). All European plethodontids are 

fully terrestrial; they lay egg clutches in humid rock crev

ices or in soil, and they have direct development (Stefani & 
Serra, 1966; Durand, 19670,b). 

The Northern Appennine species Spe/eomantes 

ambrosii (Lanza, 1955) ranges from the French Maritime 

Alps to eastern Liguria (NW Italy). This species is found in 

natural and artificial caves and in moist habitats along 

streams. Some aspects of the biology of this species are al

ready known: thermoregulation (Cherchi, 1952), 

oviposition. embryogenesis (Durand, 1967a; 1967h) and 
diet (Morisi, 1981: Salvidio, 1992). On the other hand, 

many aspects of life history and population ecology are 

poorly documented. 

The aim of this study was to elucidate the population 

structure, reproduction and growth rates of a S. ambrosii 

population inhabiting interstitial habitats along a NW 
Appennine stream. 

MATERIALS AND METHODS 

THE STUDY AREA 

The study site was located in the Bisagno Valley near the 
village of Davagna, about 15 km NE of Genoa (central 
Liguria), north-western Italy, at an elevation of 380 m. 5. 
umbro.1·ii samples were collected on calcareous rock-faces, in 
the talus and beneath leaf litter along a I 00 m section of a 
small tributary of the Bisagna river. 

The dominant vegetation of the valley is sweet-chestnut 
woodland (Castanea sati1•a), and a hygrophilous vegetation 

(Ah1lis glu1i11osa. Ostrra cwpinifolia, Fraxinus 1Jr11u.1·) bor
ders the streams. The vegetation cover is thick and the forest 
soil is moist and rich in organic materials (Montanari. 1988). 

The climate of the region is submediterranean with relatively 
high rainfall both in spring and autumn (total rainfall averages 

and often exceeds 1500 mm per year). The rainfall data uti

lised in this study were obtained from the pluviometrical 

station of Scoffera, 5 km north of the sampling area. 

SAMPLING 

Speleo111a11tes a111brosii seasonal activity was studied 

from May 1988 to April 1989, except for November and 

February. A total of 41.5 hours were spent searching for 

salamanders in the study area, and a standardized index 

(number of salamanders/hour of search) was used to com

pare monthly activity patterns. 

Monthly samples were collected (in May, October, De

cember 1988 and in May and in October 1989) within 12 

days, and were largely non-destructive (Bruce, 1988; 

1989). Salamanders were held ventral side up against a 

transparent plastic ruler and body-size was measured, from 

the edge of the snout to the posterior end of the cloaca 

(SVL), to the nearest millimetre. A sample of 36 salaman

ders was dissected in the laboratory to determine 

reproductive status. Jn males the left testis and in females 

oocytes were counted and measured under a dissecting mi

croscope. Mature males were recognized in the field as 

they possess a well-developed mental (=chin) gland, the 

site of production of courtship pheromones. In addition 

some gravid females were identified without dissection in 

October and December collections. 

Because no egg clutches were found during the study, 

the time of hatching and body size of new born individuals 

were inferred from Durand's works ( 1967a: 1967/J: 1973) 

on oviposition and embryogenesis of S. ambrosii in semi

natural conditions. Correspondence between age and 

body-size classes was estimated only for immatures. be

cause in sexually mature plethodontids there is high 

overlap in body size between age classes (Houck & 
Francillon-Vieillot, 1988). 

DATA ANALYSIS 

Polymodal body-size distributions of corresponding pe

riods were compared by means of Kolmogorov-Smirnov 

test for large samples (Sokal & Rohlf. 1981 J. to determine 

if the observed differences were statistically significant: 

then they were pooled and analysed using the maximum 

likelihood computer program MIX (lchthus Data System ). 

This method resolves mixed distributions providing esti

mates of proportions, means and standard errors of the 
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different components present in  t h e  samp l e .  I t  a l so evalu
ates the fi t between the observed and theoret ical  
di stribut ions by a chi -square goodness of f i t  test  
( Macdonald & Pritcher, 1 979: Bruce. 1 988). 

R ESU LTS 

SEASONAL ACTI VITY 

M onthly above-ground act iv ity of the study popu lation 
varied greatly over the year. Salamanders were most abundant 
during late spring and early autumn when temperatures were 
moderate and rainfall was abundant ( Fig.  I ) . Activity de
creased in winter when temperatures were low, and during 
summer when night temperature were > I 9"C and atmospheric 
humidity was <75%. Seasonal act ivity was positively corre
lated with monthly rainfal l :  Spearman ' s  rank correlation 
coefficient r,=0.66, 11= I 0, P<0.05. 

POPU LATION STRUCTUR E  

The S V L  distributions o f  4 1 5  salamanders measured from 
May 1 988 to October 1 989 are shown in  Fig .  2 .  The smallest 
individuals, ranging from 19 to 23 mm SVL, were observed in 
December. Since hatching begins i n  September ( Durand, 
1 967b), this size class was undoubtedly composed of new
born indi viduals. about three months old. 

M ay and October samples from successive years did not 
differ significantly ( Kolmogorov-Smirnov D=0. 1 90, P>0.05: 

and D=0.165, P>0.05 respectively). Thus, co1responding col
lections were pooled to obtain samples large enough to be 
analysed. Both spring and autumn SVL distribut ions were 
polymodal and were satisfactorily resolved into three normal 
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FIG. 2. SnouJ-vent length (SVL) distribution of 415 Speleo111a111e.1 

ambmsii sampled in May, October and December 1988 and May and 

October 1989. 
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FIG.  I Relat ionship between seasonal act i v i t y  and rai nfal l  in Sf'l'i1·0111u11/<'1· u111i>rosii popul"t ion.  I " )  nu tllbcr of sala lll;111Jcrs per hour of search. i h l  
lllnnth ly  rai n fa l l  i n  mill. 
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COMPONENTS 

J G o od n e s s  o f  f i t  

Sample I I  '!r .r SE 'it .r SE '!c .r SE x' d f  p 

May 1 59 50.-1 25 . 1  0 .2  26.6 36.3 I . I  23.0 58.0 1 .0 26.8 40 0.94 

October 1 86 23.4 28.7 0.3 34.6 3 7 . 9  () 9 42. 1 5 7 . 2  0 . 7  28 .4  3 8  0 . 8 7  

TABLE I .  Composition of May a n d  October SJ'<'ll!o111m1tes ombrosii poo led samples provided by the maximum l i ke l ihood routine program M I X  

( lchthus Data System). 

Life-history stage 

hatchlings 

I yr juveni les 

2 yr juveniles 

SVL 

25 

3 6  

May 

growth 

increment 

+I I 

SYL 

1 6  

29 

38 

October 

growth 

i ncrement 

+ 1 3  

+ 9  

TABLE 2. Mean snout-vent length (SVL) and body growth increments ( in  mm) of juvenile Speleomanres ambrosii l i fe-history stages. S V L  of 
hatchl ings was obtained from Durand ( 1 973) . 
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FIG.  3. Snout-vent length (SVL)  distribution of M ay and October Speleo111011tes 0111/Jrosii c u m u lative samp les . Open squares represe n t  unsexable 

individuals . closed circles mature males . open circles i m mature males. closed triang les mmure fe males. and open triang les i n1 111ature females. The 
dol led curves represent theoretical distributions obtained by M I X  computer routine program. 
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components by  M I X  computer program (Table I ) . The analy
sis of dissected salamanders ( see below) indicates that the two 
smallest body-size classes were composed of immature speci
mens. An addit ional subgroup of immature salamanders was 
included in the larger size c lass. together with breeding indi
viduals (Fig. 3 ) .  In May, when mating occurs. this subsample 
was composed of subadults of both sexes while. in October. it 
was made up of subadult individuals in  addition to some small 
mature males. 

In autumn, when hatchl ings are s ti l l  underground. the 
smallest SVL class is  about I year old, the intermediate juve
n i le class 2 yr, subadults 3 yr, and the larger mature 
individuals 4 yr or older. 

BODY S IZE AT MATURITY 

A l l  dissected specimens smaller than 45 m m  ( 1 1= I 0) had 
small undifferentiated gonads. The smallest male with a swol
len mental gland (SVL = SO m m )  and the smallest dissected 
mature male ( S V L  = 52 mm) were measured in October. I n  
dissected males (n= I 0), testes begin to enlarge as the mental 
gland becomes clearly evident, and the testicular volume was 
positively correlated with SVL (r=0.79, n= I 0, P<O.O I ) . 

A l l  dissected females 46<SV L<57 mm (n= 1 1 ) had small 
translucent fol l icles (0 .2-0.6 m m  i n  diameter) and therefore 
were not yet mature. I n  October, a gravid female of 58 mm 
SVL was measured i n  the field, and a reproductive female 
(SVL=59 mm) possessing maturing oocytes was dissected. 
The mean c lutch size, estimated from the number of yolk
fi l led oocytes observed in mature females, was I 3 .80±2.05 
(11=5, range 1 2- 1 7 ).  

I n  May, there were no gravid females, whereas they repre
sented 48% of reproductive females in October ( I  0 of 2 1 )  and 
58% (7 of 1 2) in December. 

SEXUAL DI M ORPHISM 

All individuals larger than 58 mm SVL and not  possessing 
the mental gland were considered adult  females. The average 
body length of reproductive females was 64 mm (range 5 8-
72) ,  while mature males average only 58 mm (range 50-67) .  
Only females exceeded a body-length o f  6 8  m m ,  and the larg
est individual ever caught was a gravid female (SVL=72 mm, 
total length in vivo = I 16 mm). Student ' s  I-test i ndicates that 
the observed differences in S V L  between sexes were statisti
cally significant i n  a l l  sampled months ( P<O.O I in  all  cases). 

J UVENILE GROWTH RATES 

Juvenile growth rates of S. umbrosii were esti mated indi
rectly from the mean SVL of different size classes defined by 
M I X  computer routine (see Table I ) . Body size of new-born 
salamanders was obtained comparing their total length ( 24 
mm) reported by Durand ( 1 97 3 )  with the smallest indi vidual 
measured in December collection (SVL= 19 mm, total length = 
29 mm). Annual growth rates of juvenile SVL classes were esti
mated to vary from 13 to I 0 mm during the first two years of life 
(Table 2). 

D I SC U S S I O N  

Two peaks in seasonal activity were observed for the Euro
pean plethodontid S. 0111/Jrosii. The first peak occurred during 
spring ( May ) when mat ing takes place. the second during au-

tumn (October). The overall paltern in surfoce activity was re
lated to monthly rain fal l .  During the study period. rainfall 
distribution was consistent with the general trend observed i n  
the region over a 3 0  y r  period (data from the Regional Mete
orological Service. 1 95 1 - 1 98 1  ). 

In the study popu lat ion,  body s ize frequency distr ibu
t ions were constant  over two success ive years .  Thus,  the 
population structure appeared stable and was suitable for a 
demographic and ecological study. 

In plethodont id  salamanders, es t i mates of age from 
size-freq uency data for j u ve n i l e  l i fe-stages are accurate i f  
there is  no large overlap between s i ze-c lasses ( Houck, 
1 98 2 :  B ruce, 1 990).  S. ambrosii populat ion structure was 
composed of two dis t inct j u ven i le age c lasses and a m i xed 
component in which l arge j uveni les  and adult salamanders 
were present .  In th i s  l atter group, an addi t ional  age class 
( subadults) ,  not wel l  defi ned by s i ze, could be recogn ized 
on the bas is  of sexual i mmaturity.  In autumn, the two small  
i mmature c lasses were made up by i nd iv iduals aged about 
I and 2 yr respecti vely, and subadul ts  were 3 yr old. S i nce 
breeding occurs during spri ng,  males could be able to re
produce for the first t ime at an est imated age of 3.5 yr. On 
the other hand, females were about 8 mm larger than males 
at sexual maturity, and probably w i l l  be  able to mate only a 
year later; thus t hey w i l l  l ike ly deposi t  their  first egg 
clutches, in w i n ter at an age of 5. That females reproduce 
for the first t ime at a larger body-length and at an older age 
than males is a q u i te common pattern in p lethodont ids  
( Houck, 1 98 2 ;  Herrington & Larsen,  1 98 7 ;  B ruce, 1 98 8 ,  
1 989;  Ovaska & Gregory, 1 989) .  T h i s  seems t o  b e  t h e  case 
in the study S. ambrosii popul at ion,  even if growth differ
ences between males and females could  contri bute to some 
of the d ifference.  

Breedi ng ind iv iduals were in their fourth year or older. 
B ecause of the wide overlap in S V L  of successive age 
groups, it was i mpossible  to detect di screte classes wi th in  
the reproductive component .  This  superposit ion was prob
ably due to lower adult  growth rates and to h igher variance 
in individual growth. In any case, it was impossible to est i
mate. even roughly,  the  average age and the oldest age 
reached by adult  S. ambrosii. 

Juveni le  growth rates were est imated to vary from 1 0  to 
1 3  mm/yr during the first two years of l i fe after hatch ing.  
These values fal l  wi th in  the reported range ( 1 0-2 1 mm/yr) 
for temperate p le t hodontid salamanders. according to 
many authors ( Houck 1 9 8 2 :  Hairston . 1 98 3 :  S e m l i tsch & 
West. 1 983 :  Bruce. 1 988 ,  1 990).  

This study showed that. apart from a relatively long period 
of embryonic development ( Durand. 1 967/JJ ,  the S. amhrosii 
Ii fe-history pattern is  comparable to those observed for 
Nearctic plethodontid salamanders that have direct develop
ment. I ndeed. the population structure. size and age at sexual 
maturity and juven i le  growth rates appear to be consistent 
with those characteri sing many new world temperate species. 
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