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A BSTRACT 

The annua l  cycle of a populat ion of Smooth newts ( Tri111rus 1•11/garis 111eridio11alis) was s tudied at a tem porary 
pond in Centra l  I t a ly .  T iming of migrat ion d iffers from th; 1 t  descri bed in northern count ries. I mmigrat ion and 
reproduct ion take place as soon as weather cond i t ions  a re favou rable (December) . ma les arr iving ear l ier than 
females .  Emigrat ion lasts a short period (Apri l-May) and ends before pond des iccat ion (.J u ne) .  Summer drought is 
therefore not a l im it i ng fact or for adult act iv i ty as i t  is for l arval s urv iva l .  The aquat ic  period is short compared to 
that  of  northern populat ions and during the summer terrestr ia l  phase probably l i t t l e  act iv i tv occurs .  Ma les exceed 
females in  the breed ing popula t ion .  In part i cu l a rly d ry condi t ions not all the female popu l at ion reaches t he  pond .  
The average growth rate dur ing the aquat i c  phase is appro .x imate lv  I mm.  An hypot hesis on the  i nn uence of  
enviro nmental  condit ions on adu l t  body s i ze  i s  suggest ed. 

I NTRODUCTION 

Many stud ies have been carried out  i n  the  pas t  few 
years on the ecology of Tri111ru.1 \'11/garis L. main ly  i n  
N orth a n d  Centra l  Europe .  This research was o n  
populat ion dynam ics ( Be l l .  1 977 .  B l a b  and  Rlab.  1 98 1 .  
Gr i ffiths .  1 984. Verrel l  and H a l l iday. 1 985 ) .  on several 
aspects of  reproduct ion ( Be l l  and L awton.  1 975.  
H al l i day. 1 977. Verrel l Cl al . .  1 986) .  on the n iche 
(Do lmen.  1 983 .  Dolmen and Koksv ik .  1 983 .  Gr iffith s .  
1 987 ) ,  on the age determ ina t ion  and growth rates 
( Hagstrom, 1 977.  1 980. Verrel l  and Fra nci l l on .  1 986.  
Verrel l .  1 987 ) .  The ecology of  the I ta l i an  subspecies 
Triturus vulgaris meridiona!is (Bou lenger) has not  yet 
been s tudied .  The present distr ibut ion of  newts in I ta ly  
m ight have been i nnuenced by historical factors 
however c l imat ic  cond i t ions. such as temperature and 
ra in fa l l ,  probably also have a strong effect (Giacoma.  
1 98 8) .  

The  pond  wh i ch  we i n vest igated l ies on the  
Pres ident 's  Estate of Caste lporziano,  a few k i lometers 
sou t h  of Rome .  The Estate is one of the  l ast areas on 
the Tyrrhen ian Coast s t i l l  covered by noodp la in  forest .  
I t  i s  a l so close t o  the  southern l imi t  of the dis tr ibut ion 
area ofTriturus 1'11/garis meridiona!is. At Castelporziano 
the c l imate is part i cu lar ly dry, the long summer 
drought causes ponds to dry up completely. th i s  i s  the 
most  dramat ic  even t  in  the  newts '  annua l  cyc le  but i t  is 
a lso affected by other variable facto rs such as 
temperatu re, ra infa l l  and the succession of  the aquat ic  
i nvertebrate communi ty .  Average pond water level 
varies from year to  year s ince water comes exclus ively 
from rainfal l .  

A t  Castelporz iano Triturus vulgaris meridionalis 
spends l ess t ime  i n  water than  northern popu lat ions 
and i t  has l i t t le  terrestr ia l  act iv i ty  in  the s ummer, thus 
research on growth was undertaken dur ing its aquat ic  
phase in  a temporary pond.  
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M ET H O D S  

The Pre:; ident 's Estate of C aste l porz iano . str ict ly 
closed to t he pu bl ic . extends from the  sea coast 
towards Rome for about l 8km .  The cl ima te in th i s  area 
is very dry espec ia l ly dur ing t h e  long summer period 
when also the  temperature is h igh  ( Fig. I and Fig . 2) .  

The pond which we chose for our  s tudy s ite ,  has a 
su rface a rea of about 400m2 a n d  a max imum depth of  
80cm. I t  i s  a temporary pond wh ich l i es a t  sea level i n  
typical M edi t erranean  maquis .  The aquatic vegeta t ion 
cons i s t s  of fi l a mentous  a l gae (Sp rrngira and 
C/adnphora) an d h erbaceous p lan ts  such as Ra111111rn/11s 
and Me111/Ja. The pond is a breeding s i t e  for Tri111ms 
1•11/gari.1· 111eridin11a/is. Tri111r11s rnrnifex. Rana da/111a1i11a. 
Rana esc11/e111a 'complex' a n d  /-fr/a arhnrea. 
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Fig.  I M e a n  of the  m i n i m u m  a i r  t e m pe rat u r e  recorded each 
mon t h .  d u r i n g  the t w o  vears of observa t ions .  
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Fig .  2 M e a n  rai n fa l l  recorded each m o n t h .  d u r i ng t h e  t w o  
years o f  observa t ions .  

Data reported in t h is paper refer to the per iod from 
November 1 988 to June  1 989 (data recorded t h e  
previous year have been used for compar ison) . We  
at tempted t o  i nsta l l a drift fence w i t h  p i t fa l l  traps but 
these were cont i nuously damaged by the nu merous 
wild boars which l ive on t h e  Estate. N ewt s  were caught  
week ly  by dipnet t i ng. Due to the  tu rbid wa t er the pond 
cou ld only be i nvest igated randomly .  D i pnett ing was 
performed for a total of one hour  and a half by at least 
two people s imu l taneously al l over the pond.  

An 0 .3 :  1 000 solut ion of phenoxyethanol was used to 
anesthet ize the newt s .  The sex of each an imal  caught 
and its secondarv s e x u a l  charact ers were recorded. 
t ogether vv i t h  its snout-vent lengt h ( to the nearest 
I mm). I ndividuals were t hen marked by c l ipp ing  toes 
to show date  of capture :  each com bi na t ion  of toes 
c l ipped was un ique  for a week l y  s amp l i ng . Furt h er­
more t h e  bel ly-pa t t e rn  of everv newt was recorded 
(photographica l ly )  for ind ividual recogn i t ion .  Anv 
charac ter i s t i cs such as t a i l  i ndenta t ion a n d  l imb 
deform it ies were a l so  recorded to a i d  in  iden t i ficat ion .  
Toe-cl i pped recapt u red newts  were measured aga i n  in  
order t o  ver i fv whe ther  t h e  an ima l s  had  gro ll' n .  The  
e x peri men ter who took t h e  m easurements was 
u naware of t he prev ious  s ize measured. 

The weekly s ize oft he  popu la t ion  (N i )  was est i mated 
us ing Cha pman 's mod i ficat ion o f  t he Petersen I ndex .  
The a bso l u t e  s ize of t he popu lat ion was obtai ned 
ca l cu l a t i n g N = :L N i/s- 1 ( w h ere s = sa m p l i ngs) .  and 
var iance (V)  was  ca lcu la ted as V( N )  = :L Vi/ (s- 1 ) 2 •  
( where Vi  = var i a n ce obta i ned each wee k ) .  ( Seber. 
1 973 ) .  T h e  mean t ime  spent  i n  water  by each i nd iv idua l  
was ca lcu la t ed cons ider ing the  mean recapture 
i n tervals between fi rst and last capt ures (Griffi ths. 
1 984 ). A n i mals  reca p t u red after  one  week on ly were 
excl uded from t h e  mean . 

R ES U LTS 

T 1 1 1  T1 � 1 1 :" c ;  O F  M 1 c ; R .\ T I O �  

Week l v  sa m p l e  data  show the seasonal m igra t ion 
pa t t erns ( F ig.  3 ) . The fi rst capt ure i n  1 988 was on 1 3t h  
Decem ber. T h e  n u m ber of  a n i m a l s  caught i ncreased 
u n t i l  M a rch 1 989. The est imated s i ze  of  t h e  popu lat ion 
(± standard devia t i o n )  which had visited the pond at 
t hat point  was 229 ±33 .  In 1 987-88 n ewts had fi rst been 
caught on 3rd N o vem ber a n d  t h e  in crease was 
o bserved u n t i l  M arch.  

Em igra t ion  s tart ed  in  th e same period in  bot h years 
( begi n n i ng of Apr i l )  b u t  it pro ceeded fas ter  in t he first 
year. I n  1 988 t h e  l a s t  newts were caugh t i n  wa ter on 
2nd M ay whereas i n  1 989 an imals  were s t i l l  present on 
l st June .  

S F \  R xrr n .·\ � l l  P n N n  R rs rn F NCY 

In 1 988-89 the overal l  male : female rat io was 1 . 72: I 
( 93 m a les and 54 fema les ) .  Males m igrated to the pond 
a few davs earl i er  than fema les .  and t h e i r  n u mber 
a lways e x ceeded t ha t  of females ( F i g . 4a) . The sex rat io 
in  Febru ary was 1 . 70: 1 and i n  M ay it was 1 . 25 : 1 .  I n  
M arch the  s ize o f  t h e  popula t ion was est imated as 
1 4 1  ±2 1 and 78± 1 7  for males and females respect ive ly .  
In  1 987-88 males i n it i a l l v  exceeded fema les. dur ing  the 
breed ing  per iod (December-March) the  rat io 
approached I :  I or was s l igh t l y  female-biased. and 
males em igrated fas ter ( Fig. 4b ) .  

The average t ime  s pent in  the water i n  1 988-89 is  
shown i n  Ta blc I .  In 1 987-88 t h e  recapt ure i n terval was 
never longer t han 84 days in e i ther ma les or females .  

Borw S r 7F ,\ N D  G Rn w11 1 R i\TF 

The m ean snout-vent lengths ( S V L  ± s .d . )  were 
34 .7  ± 2 .4mm (n = 93 )  and 35 .3  ± 2 . 7mm (n = 54) i n  
males and females respect ively .  Table 2 shows the 
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rig.  4 Sn r a t i o  n p rcssed i n  perce n t a ge or rn a ks ; 1 n d  
k 1 n ; i l cs c;1 ug l i t  e a c h  \\'eek i n  1 9X8/89 ( a l  : 1 n d  1 98 7/RR ( h ) .  

m e a n  s n o u t -\ -en t  l c n !! t h s  measu red e a c h  m o n t h .  
( M o n t h l y  s a m p l i ngs <: l O  i n d i v i d u a l s  l ;ave been 
0 111 i t t ed. ) 

O f  t h e  27 reca p t u red newts ( 2 0  111 ; 1 lcs a n d  7 fem a l es )  
8 m a l es ( 40 per ce n t ) a n d  3 fc 111 a l es ( 4 3  per cent ) had 
i n cre a s ed by I 111 111 in  s i ze.  o n l v  o n e  i n d i v i d u a l  3 I mrn 
long was reca p t u red 3 wee k s  l a t er me: ts u r i ng 34m rn .  
N e w t s  were never fo u n d  d ecreased i n  s i ze. o 
corre l a t ion was noted between reca p t u re t i m e  i n t er v a l  
o r  l e n g t h  at  fi rst ca p t u re a n d  i n crease i n  s i z e .  T h ree 
ma Jes were reca pt ured t w i c e  a ft er q u i t e  a l o n g  t i m e .  A t  
t h e i r  fi rst  reca p t u re ( a ft e r  2 1 .  2 8  a n d  42 da�1s 
respect ive l y )  t h e i r  lengths had i n creased by I 111 111 . t h e  

seco n d  t i me t h ey were reca p t ur ed ( a ft e r  1 4. 2 8 .  3 5  d a y s )  
t h ev h a d  n o t  g ro w n  a n y  more.  

111111. 11111 \'. /11( '1//I ± 1 . d  

M a ks 1 2  I 0(1 3 7 ± 2(> 
( n  = 1 4 )  

re111 a ks 1 4  42 2 '.' i± 9 

( n  � (, ) 

TA R L f' I :  R eca p t u re i n t c· n ; 1 1 ' .  i n  d a i s .  nf n e \\· t s  c a u g h t  i n  
1 98 8/R9. ( 11 = s;1 m p k  s i/c' .  , . d . = s t and; 1 rd  de1· i a t i n n ) 

/-'chru111T . \ forch 

3 3 . R  ± 2 . 9 34.4 ± 2 . 0  
M ales 2 8  .;- 40 3 1  .;- JR 

(n  = JO)  ( n  = J5)  

.\4. 7 ± 4.4 J5.0 ± 2.0 

F c·ma les 28 .;- 42 J I  .;- 40 

( n  = 1 0 )  ( 11 = 24)  

April 

3 5 . 4  ± 1 . 9 

J I  .;- :19 

( n  = 29)  

35 .8  ± 2 . 2  

J.\  .;- 4 1  
( n  = 1 4 ) 

. \ fa r  

.\.'i . 4  ± 2 . 0  
J2 .;- J 9  

( n  = 1 5 ) 

J 6 . 0  ± 2. 1 

J .\ -7  J9 

( n  = 1 0) 

TA B L E  2: M e a n  of t h e  b<ith· s i 1es. i n  m m .  ( ± s . d . ) .  range a n d  s a m ple  s i ze n f t h c  newts c a u g h t  1 1 1011 t h l v  in 1 988/89.  
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D ISCUSS ION 

T1 1 r  T I M l '.\IG o r  M I G R ATIO N  

Our newt populat ion was present i n  the water  from 
Novem ber to May.  much earl ier in the year compared 
to populat ions of northern coun t ries. For instance in 
England immigrat ion starts in February-March and 
emigrat ion lasts from Ju ly to  December (Harrison cl al.. 
1 983 ,  Verre l l  and Ha l l iday. 1 985) . D ifferent water 
seasons  have also been observed i n  I ta ly accord ing to 
lat i tude and a l t i tude  of the breed ing s i tes ( Lanza.  
1 983) .  Temperatu re certa in ly  has an i n fluence on the 
annual  reproduct ive cycle (Ga lgano. 1 944. Mazzi . 
1 982) .  I n  our  s tudy area ra infa l l  is also i m portant :  i n  
autu m n  1 988 rain was very scant l im i t i ng  pond  refi l l  
( F ig. 2 ) .  t hus immigrat ion st arted later than the 
p rev ious year. Early pond drought due to lack of 
spr ing rai nfa l l  is widely known to be a l im i t ing factor 
for l a rval surviva l .  and may prevent metamorphosis 
occu rr ing at a l l .  In very dry areas one must a lso 
consider t hat scarce au tumn ra i n fa l l  may dangero usly 
delay reproduct ion .  

Be l l  ( 1 977) and B l ab and B lab ( 1 98 1 )  refer to autumn 
m igrat ions of newts which spend winter in the water 
and breed in  advance .  Lanza ( 1 983)  s tates that a 
breed ing period has occas iona l ly  been observed in late 
au tumn in I ta ly .  In sea level ponds in  centra l  l ta lv  
Smooth newts s tart breed ing usua l ly  in  late . lanuary­
beginn i ng of Febru ary. I n  our study area reproduct ion 
may also occur earl ier  ( I n  I 987 Smooth newt eggs were 
first observed on 1 6th  December. in  1 989 egg lay ing 
started at the end of February) . 

The i ncrease in the number of newts caught 
con t i n ued un t i l  March.  Imm igra t ion lasted at  l east one 
month longer than that observed by Verrell and 
Ha l l iday ( 1 985) .  When weat her condit ions were 
u nfavourable. i.e. scarce ra i n fa l l  affect ing pond refi l l  
(water level < I 5cm) .  few newts reached the  pond and 
the i r  number did not i ncrease cont inuously. As soon as 
water level stead i l y  exceeded 25cm mass migrat ion 
occurred (our case in  1 988-89). 

E m igrat ion l asted for a short period ( Apri l -May) .  
probably because environmenta l  condi t ions became 
unfavourable for newts .  We be l i eve water temperature 
t o  be a very important factor i n  the determ inat ion of 
emigrat ion t ime: an imals started to leave the pond 
when max imum water temperat ure approached I 5°C. 
I t  is re levant to note t hat adul ts l eave water long before 
desiccat ion ,  when the  water level is h igher ( 50cm) than 
that observed when immigrat ion starts .  Des i ccat ion i s  
therefore a l im i t ing factor for l a rval survival but  not 
for adu l t  act iv i ty .  

POND R rs 1 DrNCY 1\ N D  Srx R .l\TIO 

At  Castelporz iano est ivat ion  lasts fro m  June to 
September. On  both years newts were caught in  the 
water over a period o f  s ix  months ,  but each indiv idual  
was n ever recaptured for a period of over three 
months .  I n  England each ind iv idua l  spends a ;1 average 
of five months in the  water ( Verre l l  and Ha l l iday. 
1 985) ,  and h ibernat ion is  only two months long.  The 
average t ime spent i n  water. ca lcu lated using the  mean 
recap ture i ntervals (Gr i ffiths .  1 984), i s  not  as rel iable a 
method as the use o f  a fence. Our  data (underes t imated 

due to  the method used) show that newts spend a 
shorter period in the  water at the southern border of 
the ir  distr ibut ion area. 

Ma les and females migrate at d i fferent t imes. Ma les 
were caught ear l ier and in greater numbers than 
females. th i s  is i n  agreement wi th Harrison c l  al. 
( 1 983 ) .  Gr iffi ths ( 1 984). Giacoma ( 1 985) .  The sex rat io 
varies during pond residency. i n  1 987/88 i n i t ia l ly  
males exceeded females. later the t rend was inverted. 
whereas in  1 988/89, even though the number of both 
males and females grew. ma les always exceeded 
females. 

In I i t  era tu re data on  the sex rat io of Tri lill"llS 1•11lgaris 
are con t radictory. G landt ( 1 978) and  Hagstrom ( 1 979) 
fi nd a I :  I ratio in water. Harrison cl al. ( 1 983)  and 
Verrel l and Ha l l iday ( 1 985) fi nd an excess of females 
that is less marked as the  aquat ic  period progresses. 
Griffi ths ( 1 984) catches an excess of males in the water 
but the opposi te happens on land .  Two hypotheses are 
suggested (Gr iffi ths .  1 984. G i l l .  1 978. 1 979 for 
No1hopl1 1almus viridescens) to exp la in  the excess of 
males i n  the aquat ic populat ion :  I )  morta l i ty  is h igher 
among females than among males. 2) females do not 
breed every year. A shorter period of pond res idency 
by females might also expla in why t he sex rat io  appears 
to be ma le  biased. Our  observat ions suggest that the 
sex rat io of t  he popu la t ion is not a ffected by morta l i ty .  
The females' rate of i ncrease was lower than that of  
males in  1 988-89. whereas dur ing the  previous year  the 
number of  females exceeded that  of  males dur ing most 
of the aquat ic period. A s imi lar  pattern was observed 
over the  two years in a sympatr ic populat ion of 
Trin11·11s camifcx. A poss ible exp lanat ion of th is  
phenomenon ( not breeding of females) might be the 
except iona l ly  dry weather of the year 1 988/89. 
B iennia l  sexual cycles have been observed in  female 
populat io ns of Plethodont idae by Maiorana ( 1 976). 
They were related to energet ic reasons due to l im ited 
act ivi ty in unfavourable dry weat her condit ions .  

GROWTH R i\ Tr AND BooY S 1 zr 
Triwrus vulgaris is k nown to have indeterm i nate 

growth (see Verrel l .  1 987) .  Adu l t s  spend part of the 
aquat ic  season to  feed and grow. Throughout th i s  
season not  every s i ng le  i ndiv idual  grows. nevertheless 
at the l evel of the populat ion average body s ize 
i ncreases. An  increase i n  mean snout-vent length of 
+ 1 . 6  i n  ma les and + 1 . 3 i n  fema les was observed in  the 
newts caught .  At  i nd iv idua l  l evel t he  growth rate was 
appro x i m ate ly I mm .  These data are in agreement w i th  
t hose reported by Verre l l  ( I 987) .  a l though 40 per cent 
oft he newts recaptured had i ncreased in size. whi le this 
author found  an i n crease in 77  per cent of  them. 
D i fferences between t h ese resu l ts  may be due to  the 
shorter recapture int erval i n  our  case. or to  d ifferent 
approx imat ion in  the measurements (0 .5mm vs I mm).  
The short recaptu re i nterval probably also expla ins the 
l ack of  relat ionsh ip between size at  first captu re and . . mcrease 111 size. 

Adu l t  growth rate varies among populat ions and 
years ( Hagstrom, 1 977) .  N o  data on t h is rate  wi th in  a 
year are avai lab le except Verre l l ' s  ( 1 987) .  A I m m  
i ncrease i n  Trillirus vulgari.� mcridionalis 35mm long is 
greater in percen tage than the same i ncrease i n  Triturus 



E C O L O G Y o r  TR!Tl R { IS f "l lf. ( ; . 1 1us 5 I:\ 

rnlgaris rnlgaris 4 5 m m  l o ng. ( 2 . 8 5  per ccn t \·s 2 . 2 2  per 
cen t ) . H owever growt h ra t e  s lows a ft er a t t a i 11 11 1c 1 1 t  of 
sexual  m a t ur i t v  ( H a gst rii111 . 1 977.  1 980) .  sca rce!\' 
a ffect i n g  a d u l i  hod\� s i ze.  T i l lev ( 1 9 7:1)  1-c p o rt

.
s 

a l t i t u d i n a l  s i z e  cl i nes 1 11 a d u l t  /)cs111ng11a1/z11s 
nchrnphaeus as a conseq u e n ce o f: · 1 )  c o n s t a n t  age at 
m a t u r i t v  and variable  j u v e n i l e  growt h rates.  2 ) const a n t  
j u v e n i l e  gro w t h rates a n d  v a r i a b l e  age a t  m a t u r i t v .  or 
3) bot h . '  In  Trinirus rnlgaris sexual  m a t u r i t y  is  
d et e r m i ned bv age. n o t  s ize ( Ve rrel l and F r a n c i l l o n .  
1 986) .  t h u s  bodv s i z e  renccts m a i n l v  j u v e n i l e  growt h  
r a t e .  

The m e a n  bodv s ize  regist ered i n  Cast e l porzi a n o  is  
the s m a l lest among other popu l a t i o n s  of cent ral  and 
n o rt h e rn  l t a l v .  U n favourable  weat h e r  a n cl h a b i t a t  
con d i t i o n s .  i . e . coas t a l  a n d  x e r i c  h a b i t a t s .  111 a k c  food 
con s u m p t i o n  i rreg u l a r  d u r i n g  t h e  t erres t r i a l  _ juven i l e  
p h ase.  I n  coo l e r  a n d  h i gher breed i n g  s i t e s .  su r ro u n ded 
by m o i s t  l i t t er .  faster  gro w t h probablv occurs.  T h i s  
a ss u m p t i o n  i s  based o n l v  o n  ecological  s u rveys. we a rc 
n o t  aware of t h e  degree to w h i c h  t h is  p h e n o m e n o n  h a s  
a genet ic basis .  

Fecu n d i t y  in  Tri111ms \'11/garis is  s i ze-s pecific :  l a rger 
fe m al es lay m o re and l a rger eggs w h i c h  h a t c h  earl ier  
( see Bel l .  1 977  and V e rr e l l  et al . . 1 986) .  A s m a l le r  hodv 
s i ze m ay a lso a ffect several  fea t u res o f  the populat i o n :  
s i z e .  a ge d is t r i b u t i o n .  egg a n d  l a rval  s u r v i v a l .  F u r t h e r  
research o n  t h is  t o p i c  w o u l d  be o f  i n t eres t .  
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