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KurzfassuNG

an erwachsenen, in Gefangenschaft gehaltenen Donaukammolchen, Triturus dobrogicus (KiriTzesCu, 1903),
wurden die innerhalb eines zeitraumes von fünf Jahren aufgetretenen Veränderungen in Körpergröße und fär bung
untersucht.  Dabei stellten die autoren anzeichen eines allometrischen Körperwachstums und eine abnahme des
Wolterstorff-indexwertes mit zunehmendem alter fest.  Die registrierte farbmusterveränderung der Bauchseite war
deutlich und drückte sich in einer erweiterung und zusammenlegung der schwarzen flecken aus.  Diese
Beobachtung läßt zweifel an der Verläßlichkeit von langzeitstudien an T. dobrogicus aufkommen, welche indi-
viduelle identifikationsverfahren auf Basis der ventralen Mustererkennung verwenden.  Mögliche unterschiedliche
einflüsse von freiland- und laborbedingungen auf Wachstum und farbmuster der Molche werden diskutiert.

aBsTraCT

adult Danube Crested Newts, Triturus dobrogicus (KiriTzesCu, 1903), were analyzed for changes in body
size and coloration that had developed within a period of five years living in captivity.  indications of an allomet-
ric body growth and a decrease of the Wolterstorff index value with age were found.  The registered change in ven-
tral colorpattern was conspicuous and became manifest in the expansion or merger of the black spots.  This casts
doubt on the effectiveness of long-term studies of T. dobrogicus based on ventral pattern recognition for individ-
ual identification.  The potential effects of certain differences in natural and laboratory conditions on newt growth
and colorpattern are discussed. 
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The Danube Crested Newt Triturus
do brogicus (KiriTzesCu, 1903), is distrib-
uted across Central and eastern europe
from the floodplains in the Danube river
basin to the delta of the Dnieper (Dnipro)
river (WielsTra et al. 2014).  The annual
life cycle of the species although not stud-
ied in detail, is generally similar to those of
other members of the genus Triturus ra -
fiNesque, 1815 (for an overview see
arNTzeN 2003).  Triturus dobrogicus is bet-
ter adapted to the aquatic life than its con-
geners (arNTzeN & Wallis 1999), among
which, as a rule, T. dobrogicus exhibits the

longest aquatic phase of adults.  according
to Jehle et al. (1997) in Vienna, austria, it
enters the water in early March and exits in
late July (registered during two years of the
study) or in mid-October (registered during
five years of the study) with the authors
providing an average duration of the aquat-
ic phase of “4 to over 6 months”.  accord -
ing to liTViNChuK & BOrKiN (2002) in the
zakarpatie, ukraine, adult specimens enter
the water by the end of february, beginning
of March, and exit in July; in Bulgaria,
which is the southernmost part of its range,
a mass exit from water ponds was observed
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in October and November in the place Kali -
mok, District of ruse (sTOJaNOV et al. 2011).  

according to studies in ukraine, sexu-
al maturity is reached by the age of two
years in natural conditions and by the first
year in captivity (liTViNChuK & BOrKiN
2002); COGălNiCeaNu & MiauD (2003)
established the minimum age at maturity to
be two years in males and three in females
from the lower Danube floodplain in
(romania).  Data on T. dobrogicus longevi-
ty is scarce.  The maximum registered age
was nine years in Vienna (austria) (elliN -
Ger & Jehle 1997), while it was five in the
lower Danube floodplain of romania (CO -
GălNiCeaNu & MiauD 2002). 

studies on the relation between size
and age in T. dobrogicus are few and based
mainly on either one-time measurements of
body length and age assessment by skeleto -
chrono logy (COGălNiCeaNu & MiauD
2002, 2003) or on the recapture of marked
specimens and their classification in age
categories (elliNGer & Jehle 1997).  These
studies aim to clarify the dynamic of the age

structure on population level, and so the
individual growth rates remain virtually
unknown.  láC (1957) and liTViNChuK &
BOrKiN (2009) presented observed changes
in some morphometric traits and indices in
relation to body size in Triturus species,
including T. dobrogicus. 

regarding colorpattern changes after
attaining sexual maturity, Triturus newts
are rarely studied, and for T. dobrogicus
these are only mentioned by liTViNChuK &
BOrKiN (2009).  On the other hand, the
ventral pattern in Triturus species (as well
as in other amphibian species) is often used
for individual recognition in capture-mark-
re capture (CMr) studies (for review see
ferNer 2007 and Jehle et al. 2011) which
determines the need for better understand-
ing of the changes that might occur with
aging.

The aim of the current paper is to
describe and analyze the changes in body
size and ventral colorpattern that occurred
during a five year period of captive rearing
sexually mature Danube Crested Newts.
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MaTerials  aND  MeThODs

The studied materials included five
adult specimens (two males and three fe -
males) captured in May 2011 near the vil-
lage of Batin, Bulgaria (locality published
in NauMOV & BiserKOV 2013).  The habitat
is a canal, not permanently flown through,
overgrown with abundant water and coastal
vegetation throughout most of the year; the
water surface is densely covered with duck-
weed and other plants, strongly reducing the
light intensity in the central parts of the
water body, where newts are usually found.
although detailed observations on the sea-
sonal activity of the newts are lacking, the
authors suggest that adult T. dobrogicus
from this site spend the whole active period
in the water and leave it only for hibernation
since this locality is in the same geographic
region as Kalimok (see introduction) and the
habitats in both localities are the same.  

During five years, the newts were kept
on the ground floor (indirect sunlight entered
the laboratory through a north-facing win-
dow at ground level), in an aquarium of the
size 60 cm x 30 cm x 35 cm and water tem-

perature of 15-20 °C; they were fed two to
three times per week with either live tubifi-
cid or lumbricid worms, or frozen mosquito
larvae.  The exact age of the specimens was
not established, but considering that at the
moment of capture all were sexually mature,
it could be surmised that they were at least
two years old when captured. 

The following morphometric traits
were studied: body length from the tip of the
snout to the posterior end of the cloacal
opening (l.corp.); tail length from the pos-
terior end of the cloacal opening to the tip of
the tail (l.cd.); distance between proximal
bases of front and hind legs (D.i.p.); length
of front and hind legs from the base (the
axillar and inguinal region, respectively) to
the tip of the longest toe (P.a. and P.p., respec-
tively); head length from the tip of the snout
to the posterior end of the lower jaw
(l.cap.); and head width between the poste-
rior ends of the lower jaw (lt.cap.).  Based
on these measurements the following ratios
were calculated: Wolterstorff index (Wi =
P.a./D.i.p.), as well as six more indices that
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represent ratios of the aforementioned traits
to the body length.  The measurements were
taken with a calliper (accuracy of 0.05 mm)
and the ventral side of the body was pho-
tographed with a digital camera (Canon
Powershot sX230 hs) from a distance of
approximately 10 cm.  The procedures were
carried out two times: in 2011 (soon after
the capture of the specimens) and in 2016.
all measurements and photos were taken
after the newts were sedated with a hydrous
solution of benzocaine (concentration 0.3
g/l).  The morphometric data are given in
Table 1.

The change in body size and propor-
tions (percent growth rate, abbreviated fur-
ther in the text as PGr) which occurred dur-
ing the five year period is presented as per-
centage towards the first measurements and
was calculated separately for each trait
using the formula PGr = [(V2016 – V2011)/
V2011]*100, where V2016 = present (2016)
value; V2011 = past (2011) value.

The possible dependency of growth
(V2016 – V2011) on the initial size (V2011) was
tested with a Kendall τ test.  for calcula-
tions and graphs, Microsoft excel 2010 ver.
14.0 was used, the statistical tests were com -
puted with statistica 10 ver. 10.0 (statsoft.
inc. 1984-2011). Because of the small num-
ber of the studied specimens, the genders
were not treated separately.

The authors tested two popular image
pattern recognition programs – hotspotter
ver 1.0 (Crall et al. 2013) and Wild-iD ver.
1.0 (BOlGer et al. 2011) for their ability to
correctly identify matching pairs of individ-
uals from photos taken in 2011 and 2016.
for this purpose, the computer programs
were to scan two sets of photos, one with a
general ventral view of the specimens and
another set containing only the throat pat-
tern.  for each set, once the photos had been
loaded into the database of the respective
program, a one-by-one comparison was con -
ducted, with the software providing a match
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Table 1:  Metric features (in mm) and indices of five Triturus dobrogicus (KiriTzesCu, 1903), assessed in 2011
and 2016.  a unique number (#1 to #5) was given each specimen, derived by sorting them in ascending order accord-
ing to l.corp. values from 2011.  l.corp. − body length from the tip of the snout to the posterior end of the cloacal
opening; l.cd. − tail length from the posterior end of the cloacal opening to the tip of the tail; D.i.p. − distance between
proximal bases of front and hind legs; P.a. and P.p., respectively − length of front and hind legs from the base (the axil-
lar and inguinal region, respectively) to the tip of the longest toe; l.cap. − head length from the tip of the snout to the
posterior end of the lower jaw; lt.cap. − head width between the posterior ends of the lower jaw; Wi − Wolterstorff
index; 2011 and 2016 – values and indices in 2011 and 2016, respectively; n/a − data not available.

Tab. 1:  Die 2011 und 2016 erhobenen metrischen Merkmale (in mm) und indizes von fünf Triturus dobrog-
icus (KiriTzesCu, 1903).  Die Nummern #1 bis #5 wurden den individuen nach aufsteigenden l.corp.-Werten des
Jahres 2011 zugeordnet.  l.corp. – Körperlänge von der schnauzenspitze zum hinterrand der Kloakalöffnung;
l.cd. – schwanzlänge vom hinterrand der Kloakalöffnung zur schwanzspitze; D.i.p. – entfernung zwischen den
proximalen Vorder- und hinterbeinbasen; P.a. und P.p. – länge des Vorder- bzw. hinterbeins (von der achsel- bzw.
leistengegend) bis zur spitze der längsten Phalange; l.cap. – Kopflänge von der schnauzenspitze zum hinterrand
des unterkiefers; lt.cap. – Kopfbreite zwischen den hinterrändern der unterkieferäste; Wi – Wolterstorff-index;
2011 und 2016 – Meßwerte und indizes in den Jahren 2011 und 2016; n/a − Daten nicht verfügbar.  

s pec imens  -  exempla r e
features, indices #1 #2 #3 #4 #5
Merkmale, indizes 2011 2016 2011 2016 2011 2016 2011 2016 2011 2016 

l.corp. 59.00 73.00 60.00 71.00 62.00 72.00 69.00 77.00 78.00 82.00 
l.cd. 41.00 48.00 40.00 47.00 44.00 50.00 49.00 60.00 61.00 63.50 
D.i.p. 32.80 42.05 33.15 41.60 34.90 43.20 40.30 49.80 48.10 51.25 
P.a. 16.00 18.50 16.00 19.25 16.50 18.75 17.00 19.00 19.00 n/a 
P.p. 17.50 21.00 17.75 21.00 18.25 20.75 18.50 20.25 20.50 21.75 
l.cap. 9.80 11.20 10.20 11.00 10.00 11.00 10.50 12.00 11.80 13.00 
lt.cap. 7.50 9.00 8.00 9.50 8.00 9.00 8.20 9.20 9.30 10.00 
Wi (P.a./D.i.p.) 0.49 0.44 0.48 0.46 0.47 0.43 0.42 0.38 0.40 n/a 
l.cd./l.corp. 0.69 0.66 0.67 0.66 0.71 0.69 0.71 0.78 0.78 0.77 
D.i.p./l.corp. 0.56 0.58 0.55 0.59 0.56 0.60 0.58 0.65 0.62 0.63 
P.a./l.corp. 0.27 0.25 0.27 0.27 0.27 0.26 0.25 0.25 0.24 n/a 
P.p./l.corp. 0.30 0.29 0.30 0.30 0.29 0.29 0.27 0.26 0.26 0.27 
l.cap./l.corp. 0.17 0.15 0.17 0.15 0.16 0.15 0.15 0.16 0.15 0.16 
lt.cap./l.corp. 0.13 0.12 0.13 0.13 0.13 0.13 0.12 0.12 0.12 0.12 
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Body size and proportions

The established changes (in percent
growth rate; PGr) in the morphometric traits
and indices of each specimen during the
period of five years are presented in fig. 1.
among all studied traits, the greatest PGr
summary value over all five specimens was
registered in D.i.p. (107.60 %) and the
smallest in l.cap. (56.58 %); the greatest
individual value of PGr was 28.20 % (for
specimen #1 regarding D.i.p.), and the
smallest was 4.10 % (for specimen #5
regarding l.cd.).  regarding body length
(l.corp.) the registered growth was between
14 mm (for the specimen that was the small-
est initially) and 4 mm (for the specimen
that was the largest initially); it has to be
noted that the smallest specimen in 2011
(#1) was larger than specimens 2 and 3 in
the 2016 measurement (see Table 1).  The
authors observed a clear negative correla-
tion between the registered growth and the
initial body size (Kendall τ = -1, p < 0.05).
in other words, the body growth rates grad-
ually slowed down from the smallest to the
largest newt during the five year study peri-
od.  hind legs growth and head width
growth changed in a similar way (Kendall τ
= -1, p < 0.05 and -0.82, p < 0.05, respec-
tively).  in the other traits, Kendall τ varied
from 0 (in l.cap.) to -0.91 (in P.a.) without
being statistically significant (p > 0.05).

To the authors’ knowledge there are
virtually no literature data on the individual
body growth rates of T. dobrogicus.  apply -
ing the von Bertalanffy model, COGălNiCe -
aNu & MiauD (2002) provided a growth
curve for the species based on data from

southeastern romania.  as the disturbances
caused by the periodic floods of the Danube
determine a short life cycle of these newts
(COGălNiCeaNu & MiauD 2002), the growth
curve spanned across the short range of five
years in total, only three of which referred to
sexually mature animals (from the second to
the fourth year for males and from the third
to the fifth for females).  This short time peri-
od probably explains the curve demonstrat-
ing an almost constant body growth with
advancing age during this time period, while
the expected slowing of the growth in adults
cannot be detected.  a more pronounced rela-
tion to the classical hypothesis that growth
de creases with age was established in a num-
ber of other newt species by applying the von
Bertalanffy model, e.g., Triturus cristatus
(laureNTi, 1768) in france (arNTzeN 2000),
Triturus karelinii (sTrauCh, 1870) in Turkey
(OlGuN et al. 2005) and Ichthyosaura al -
pestris (laureNTi, 1768) in france (MiauD
et al. 2000).  The character of the present data
on T. dobrogicus does not allow the use of the
von Bertalanffy model, nevertheless, the
PGr and the established statistically signifi-
cant correlation, clearly demonstrate that the
smaller (i.e., younger) specimens grew faster
than the larger (i.e., older) specimens.

regarding the studied body propor-
tions, the total absolute PGr value over all
five specimens was largest (excluding Wi and
P.a./l.corp.) for l.cap./l.corp. (28.98 %),
and smallest for P.p./l.corp. (7.96 %); the
largest individual absolute PGr value was
10.73 % (for specimen #4 regarding D.i.p./
l.corp.), and the smallest was 0.02 % (for
specimen #2 regarding P.p./l.corp.).  There
was a general trend towards decrease of Wi
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resulTs  aND  DisCussiON

score based on its pattern recognition algo-
rithms.  The final decision for accepting or
rejecting the proposed match was made by
the researchers through visual comparison of
the matched photographs.  Wild-iD employs
the sifT operator (scale invariant feature
Transform), which was specifically designed
to extract distinctive image features invari-
ant to image scale and rotation (lOWe 2004);
the computed score ranges from 0.0 (for low
similarity) to 1.0 (for high similarity).  in

order to identify an animal, hotspotter needs
to be presented with a region of interest from
the photo (rOi, in the present case, the ven-
tral or throat pattern of the newt), from
which the program proceeds to extract a sub-
image and to compute a similarity score; the
scores tend to vary according to species and
size of the image set, with small image sets
producing higher scores.  in this manner, the
authors compared all photos and recorded
their respective scores.
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values and increase of D.i.p./l.corp. values,
although in both cases the change did not
correlate directly to body growth.  in the
other indices, the change varied between the
different specimens, a common trend was
not registered.

The Wolterstorff index (Wi = P.a./
D.i.p.) is of significant value in species deter-
mination in the genus Triturus and especially
the so-called “cristatus-group” and is men-
tioned in most modern identification keys
(e.g., KuzMiN 1999; arNTzeN 2003; sTOJa -
NOV et al. 2011).  according to láC (1957)
for T. dobrogicus from slovakia, the Wi val-
ues decrease with increasing size in
females, but not in males.  analyzing litera-
ture data on some allometric variations in
body proportions of species from the crista-
tus-group, arNTzeN & Wallis (1994) con-
cluded that Wi decreases with increase of
body size.  liTViNChuK & BOrKiN (2009)
studied a large number of specimens from
the cristatus-group and also established a
gradual decrease of Wi values with in -
creased body size.  The presented data (fig.
1) confirms the existence of a similar trend
in T. dobrogicus.  after five years, four spec-
imens showed Wi values 4 % to 10 % lower
than the initial ones (in the fifth specimen
the index could not be calculated because of
injuries to the longest digits of the front
legs).  The lower Wi values result from the
fact that, during growth, the distance be -
tween front and hind legs increases at a
faster rate than the length of the front legs.

Ventral and throat pattern

Photos of the studied specimens from
2011 and 2016 are presented in fig. 2.
regarding the ventral pattern there was a
clearly visible general trend: expansion and
merger of dark spots with increase in body
size (age, respectively).  liTViNChuK &
BOrKiN (2009) pointed out that in T. dobrog-
icus, with increase in body size, it is com-
mon for the dark spots to merge with each
other, forming irregular black stripes, and in
extreme cases the ventral side could become
entirely black with no (or few) orange spots.
The present observations support this claim
but only after studying a larger sample from
different parts of the species range can the
question be answered whether this is charac-

teristic for the species as a whole or develops
only under certain conditions.  some studies
on other euro pean newts demonstrate that
the ventral pattern in sexually mature speci-
mens does not change with age.  for exam-
ple, haGsTröM (1973) who kept Triturus
cristatus and Lissotriton vulgaris (liNNae -
us, 1758) in an aquaterrarium for up to six
years did not detect changes in the ventral
pattern and provided photos of six individu-
als from both species captured in nature and
photographed again after a two-year inter-
val, and there are no visible changes in the
ventral pattern.

regarding the throat pattern there was
a decrease of the number or size of the white
specks observed in the present study.  The
yellow-orange pigmentation of the back-
ground was still present in specimen #2 (in
the central throat region) and in specimen
#1, where the traces of such pigmentation
(hard to notice in 2011) had vanished; in the
other specimens the background color
remained invariably black.

The similarity in the ventral pattern
between the specimens in 2011 and 2016
can be summarized as follows: 

(1) Topography of the black spots:
Corresponding elements characterized by
their similarity were registered in specimens
#5 (at the end of the first third of the belly,
as well as near the region anterior to the
cloaca), #4 (in the region anterior to the
cloaca, as well as in the region between the
front legs) and #3 (in the region between the
front legs), while specimens #1 and #2 did
not show detectable similarities in the pat-
terns from 2011 and 2016. 

(2) Topography of the white spots on
the throat: similarities were observed in
specimens #2 (in the upper right and in both
the lower left and right; right and left refers
to the specimen’s not the pictures right and
left side), #3 (in the lower right) and #4 (in
the upper left and lower center), while speci-
mens #1 and #5 did not show detectable sim -
ilarities in the patterns from 2011 and 2016.

The results from the image recogni-
tion programs were inconsistent (Table 2).
When comparing the ventral patterns, Wild-
iD managed to successfully identify two out
of five image matches, while in hotspotter
it was one out of five.  This low success rate,
combined with the overall low scores of the
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matches, suggest that the three cases, when
auto-matching was correct, were more like-
ly produced by chance rather than actual
correct recognition by the respective algo-
rithm.  Comparison of only the throat pat-
terns, however, revealed somewhat different
results.  While Wild-iD again managed to
successfully identify two out of five image
matches, hotspotter correctly assigned four
out of five.  Maybe the multiple point-by-
point system of comparison, used by hot -
spotter, provides better results when compar-
ing the less variable throat patterns, even
though the scores are lower because of the
smaller region of interest.

While data on the accuracy and relia-
bility of photo-identification of amphibians
and reptiles is still insufficient, there are
studies that produced promising results with
Wild-iD.  according to BeNDiK et al. (2013)
pattern recognition by Wild-iD outper-
formed the more invasive method of visible
implant of elastomers in identifying individ-
uals of the salamander Eurycea tonkawae
ChiPPiNDale, PriCe, WieNs & hillis, 2000.
The study lasted from 2007 to 2010 and
suggested that natural marks of the pattern

could increase misidentification rates in
longer-term capture-recapture studies.  a
16-month study on the conspicuously pat-
terned toad Melanophryniscus monteviden-
sis (PhiliPPi, 1902) claims 90 % successful
recognition using this software (elGue et al.
2014).  recently Wild-iD was successfully
used in a three-year study on the newts Lis -
sotriton vulgaris and Ichtyosaura alpestris
from northern Greece (MeT TOuris et al.
2016).  These authors pointed out that the
software ranked all the recaptures of the
first year well within the top-ten position
(most within top-five); they also stated that
“the visual inspection of all within-year and
between-years recaptures re vealed that the
spot patterns of individual newts of both
species do not change over time”.  in their
study, the lateral side of the alpine Newts
and the ventral side of the smooth Newts
were photographed.  however, the accuracy
of software-assisted pattern recognition can
differ between species. KeNYON et al.
(2009) reported low efficiency of photo-
identification for the treefrog Litoria geni-
maculata (hOrsT, 1883), probably due to
the similarities in coloration of conspecific
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Table 2:  results received from the image recognition software products hotspotter and Wild-iD employed
in the comparison of ventral and throat patterns of five specimens (iD # 1 to #5) of Triturus dobrogicus
(KiriTzesCu, 1903), photographed in 2011 and again in 2016.  Match rank – rank of the actual match (verified by
the authors) in the list of matches suggested by the program; score – score of the match according to internal pro-
gram algorithms.  n/a – not in the list of matches; * – correct automatic identification.

Tab. 2:  ergebnisse der Bilderkennungssoftware-Produkte hotspotter und Wild-iD beim Vergleich von
Bauch- und Kehlmustern von fünf exemplaren (iD #1 bis #5) von Triturus dobrogicus (KiriTzesCu, 1903), die
zunächst 2011 und dann wieder 2016 photographiert worden waren.  reihung der Übereinstimmung − reihung der
tatsächlichen Übereinstimmung (von den autoren überprüft) in der liste der durch das Programm vorgeschlage-
nen Übereinstimmungen.  score –Punktezahl der Übereinstimmung nach dem programminternen algorithmus;  
n/a − nicht in der liste der programmseitig vorgeschlagenen Übereinstimmungen; * − korrekte automatische
identifikation.

h o t s po t t e r Wi ld - i D  
iD Match rank / reihung score Match rank / reihung score 

der Übereinstimmung Punktezahl der Übereinstimmung Punktezahl 

Ventral pattern
Bauchmuster

#1 n/a n/a 1* 0.000003* 
#2 n/a n/a 3 0 
#3 4 10644 5 0 
#4 5 10543 1* 0.028574* 
#5 1* 42219* 4 0.000004 

Throat pattern 
Kehlmuster

#1 5 6892 1* 0.000566* 
#2 1* 8671* 1* 0.003002* 
#3 1* 15038* 3 0.002500 
#4 1* 15871* 6 0.000504 
#5 1* 10557* 3 0.001503 
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individuals or the blurred nature of their col-
orpattern elements.  The part of the animal
being photographed could also be impor-
tant, since some patterns seem to be more
characteristic than others.  in the present
study, the throat pattern produced better
results than the ventral pattern.  al though to
the authors’ knowledge hotspot ter has not
been used for pattern identification in any
amphibian or reptile species, the program
might prove useful in capture-release-recap-
ture studies across several years.  however,
a representative sample, i.e., a greater num-
ber of study specimens, is needed to test its
ability to successfully recognize throat pat-
terns after prolonged periods.

The observed considerable change in
the ventral pattern during a five-years period
suggests that in long-term studies of T.
dobrogicus the method of individual recogni-
tion by ventral pattern comparison alone is
not sufficiently effective.  similar observa-
tions were made for other salamanders, e.g.,
by BalOGOVá (2016) for Salamandra sala-
mandra (liNNaeus, 1758) and WaYe (2013)
for Ambystoma tigrinum (GreeN, 1825).

in conclusion, it has to be noted that
due to the lack of similar published studies
on individual ontogenetic changes in T.
dobrogicus, there is no basis for specific
comparisons.  it is difficult to estimate the
extent to which prolonged captivity under
laboratory conditions has influenced the
results.  regarding the fact that the studied

specimens were constantly kept in an aquat-
ic environment one can point out that the
only difference to natural conditions was the
absence of hibernation periods (as mentioned
above, under natural conditions these newts
seem to leave the water only to hibernate).  a
number of publications demonstrate that,
during hibernation, newts do not grow, which
is the basis for age determination by skele-
tochronology.  in the present case it can be
hypothesized that the growth process was
constant during the five years, but there are
no reasons to suggest that the lack of hiber-
nation periods would have influenced the
growth rate of body parts relative to each
other or the colorpattern.  light is another
important factor that could have influenced
growth and especially colorpattern develop-
ment.  Daylight penetrated the laboratory that
housed the newts’aquarium, which, however,
was located in a semi-dark installation site;
on the other hand, the natural environment
of the newts was most probably also ill-lit
for most of the time (see Materials and
Methods).  in this regard, it can be assumed
that the difference in ambient light between
natural and laboratory conditions was not
important.  since many factors such as tem-
perature amplitude, food diversity, level of
dissolved oxygen vary to a greater extent
under natural, compared to laboratory con-
ditions, the results presented here cannot
provide final conclusions but should en -
courage further studies on this topic.

age-related changes in captive Triturus dobrogicus 167
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