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Abstract

The response to hiding places of metamorphosed newts (Triturus vittatus vittatus) affected by
light and moisture was studied under experimental conditions. No significant differences (X2-test;
P > 0.05) were found in the choice of hiding places covered with black or transparent paper as the
control of the experimental methods. The selection of hiding places by the newts is significant
regarding soil moisture and negative phototoxicity. Significant differences (X?-test; P < 0.05) were
found in the choice of hiding places between those covered by black paper and those covered by
the different colors of light paper: colorless, yellow, red, blue and green. The negative phototoxic-
ity differs according to wavelength and differs from dark to other colors, and to transparent
changes according to wavelength. The response to moisture was stronger than to light. Juvenile T.
v. vittatus chose moist soil in hiding places covered by black or transparent paper in all the vari-
ous combinations, and the difference was significant (X2-test; P < 0.001).
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1. Introduction

The urodele species, Triturus vittatus (Gray, 1835; see Litvinchuk et al. (2005) [1]), is distributed throughout
western Caucasus, Turkey, Lebanon, Syria, Israel, Iraq and possibly Jordan. Borkin et al. (2003) [2] have pro-
vided a list of all known records of T. vittatus. Litvinchuk et al. (2005) [1] have suggested that the banded newt,
T. vittatus, consists of two species, T. ophryticus and T. vittatus, based on trunk vertebrae count, genome size
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and allozyme data. The northern taxon, 7. ophryticus, is subdivided into two geographic fragments: “western
group” populations from western Anatolian Turkey, and “eastern group” populations distributed in the remain-
ing area of Pontic Turkey and Western Caucasus. According to the above criteria, the T vittatus species is found
in Israel.

The biology and life cycle of T. vittatus in Europe and in the Mediterranean region have been described by
Olgun et al. (1997) [3]. As indicated by their data, there are two known subspecies in the genus Triturus: 7. v.
vittatus along the eastern edge of the Mediterranean Sea from Turkey to Israel, where it reaches its southern limit,
and T. v. ophryticus in the Caucasus, east and south of the Black Sea. The banded newt, 7. v. vittatus, is an en-
dangered species in Israel (Geffen et al., 1987) [4]. Moreover, other species and subspecies of this genus are
endangered in other regions of the world. At the southern limit of the 7. v. vittatus distribution (in Israel), envi-
ronmental conditions are the most extreme. Limiting factors are likely to be breeding sites and dryness of the
terrestrial habitat. The biology and life cycle of T. v. vittatus in northern Israel and the upper Galilee have been
described by Degani and Mendelssohn (1983) [5] and Pearlson and Degani (2008) [6], while a population in
central Israel has been reported by Geffen et al. (1987) [4]. T. v. vittatus inhabits mainly winter pools that con-
tain water only until the beginning of the summer, although occasionally these pools have water throughout the
year (Degani and Kaplan, 1999) [7]. Like other newts, 7. v. vittatus requires water bodies surrounded by an
adequate terrestrial habitat to support both life phases. If either habitat is damaged, a population may be unable
to survive. The adaptation of 7. v. vittatus to semi-arid conditions at the southern border of its distribution was
found to be achieved by the modification of its gonadal cycle and growth rate. The ovaries of T. v. vittatus are of
the synchronic type. Aquatic females have a defined batch of mature oocytes, as well as oocytes at different stages
of development: oogonia, chromatin nucleolus, and perinuclear and vitellogenic oocyte maturation. Some aqua-
tic females were more developed than others, harboring not only oocytes at different stages of vitellogenesis, but
also mature oocytes with nuclear migration. In contrast, ovaries of terrestrial forms had only pre-vitellogenic and
atretic oocytes [8]. The male gonads, which consisted of seminiferous tubules, contained cysts of cells at differ-
ent developmental stages. In aquatic forms, spermatogonia, spermacytes, spermatides and spermatozoa were
observed in the gonads [8]. The ecological and biological conditions of breeding sites inhabited by 7. v. vittatus
in northern Israel were studied for four years. These results support the hypothesis that changes in the rate of
larval growth and metamorphosis completion are the manner by which 7. v. vittatus adapts to unstable breeding
sites. Based on the results of the investigation, the major factors affecting the habitat selected by 7. v. vittatus for
breeding are the ecological conditions that allow for survival, growth and metamorphosis completion of the
amphibian larvae [9].

The adaption to terrestrial metamorphosed newts has been studied less compared to aquatic phase and larvae
growth. The adaption depends on physiology suitability [10] to terrestrial life, environmental behavior [11], and
the ability to find hiding places to prevent dehydration. The food of the species T. v. vittatus was studied mainly
in the aquatic phase or in larvae [12]; much less information was available about metamorphosed newts. Adult 7.
v. vittatus feeds on a wide range of terrestrial and aquatic invertebrates but may exhibit some degree of food
selection [4]. Metamorphosed newts are active at night and during the day in selected hiding places in holes and
under shelters such as stones to prevent dehydration. However, the parameters affecting the selection of hiding
places, which are very important for adaption to terrestrial life particularly at the southern border of its distribu-
tion where the newts are found in relatively extreme conditions, are very important. The hypothesis examined in
the current study is that the selection of hiding places by newts is significantly affected by soil moisture and
negative light (negative photo taxis).

2. Materials and Methods
2.1. Animals

Larvae of T. v. vittatus were collected by nets from the Sasa pond in April, as previously described by Degani
(1982) [13], and maintained in aquariums (20 x 10 x 10 cm), half with water and the other half with stones so
that the larvae that had completed metamorphosis could climb on the stones. The juvenile newts were main-
tained in five containers (20 x 10 x 10 cm), 20 newts per container.

2.2. Experiment Description

The study was carried out in a large aquarium whose sides were covered with black cloth. The top of the aqua-



G. Degani

rium was covered with different colored transparent paper. The aquarium measured 60 x 35 X 40 cm and was
fitted with soil, with two of the sides containing holes 10 cm deep. The experiment was conducted at room tem-
perature (20°C - 25°C). Half of the aquarium was covered with colored transparent paper and the other half with
a different colored transparent paper. The combinations of different colored paper are presented in Figures 1-4.
Each combination was repeated four times and the aquarium was turned 450° after each repetition; 50 newts
were used in each group.

The experiment started at 8:00, and the number of juvenile newts was examined after 1, 2, 4, 8 and 24 hours.
To study the effect of soil moisture on the different light colors of newts, the aquarium was divided in the mid-
dle by glass panes into two equal parts. Half of each aquarium was moistened with 11 water and the other half
was kept dry. The first set of experiments and each color combination was performed twice, each time the
moisture was on a different side of the transparent colored paper.

3. Results

No significantly differences (X*-test; P > 0.05) were found in choosing hiding places covered by black or trans-
parent paper in the control of the current study (Figure 1). No significant differences were found by the newts in
choosing hiding places covered by green and blue or red and blue paper (Figure 1). A clear response of juvenile
T. v. vittatus to hiding places covered with black paper compared to the other different light colors was found:
colorless, yellow, red, blue and green (Figure 2).

The negative phototoxic change differs according to wavelength, and the differences between dark to other
colors and to transparent colors vary according to wavelength. The responses to the black cover were signifi-
cantly higher than to all the other colors (X3-test; P < 0.001) (Figure 2). The response to moisture was stronger
than to light. Juvenile 7. v. vittatus chose moist soil in black or transparent covered hiding places for all the var-
ious combinations (Figure 3); the difference was significant (X*-test; P < 0.001).

4. Discussion

The life history of Triturus v. vittatus (Urodela) is relatively detailed and is described in the southern border of
its distribution [4]-[6] [8] [9]. However, most of the studies described the larvae growth or aquatic phase of the
life cycle. Less emphasis was placed on the adaption to terrestrial life. In the current study, two parameters af-
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Figure 1. Comparison of the behavior of metamorphosed juvenile newts (7riturus vittatus vittatus) in seeking hiding places
covered with different colors of transparent paper (no. of animals used in the experiment was 50 newts; each experiment was
run five times). No significant differences were found between the various colors represented in this figure (X’-test; P >

0.05).
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Figure 2. Comparison of the behavior of metamorphosed juvenile newts (7riturus vittatus vittatus) in seeking hiding places
covered with black transparent paper to hiding places covered with different colored paper (no. of animals used in the expe-
riment was 50 newts; each experiment was run five times). Significant differences were found between the black paper and
the different colored papers (X*-test; P < 0.01).
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Figure 3. Comparison of the behavior of metamorphosed juvenile newts (7riturus vittatus vittatus) in seeking hiding places
covered with transparent paper to hiding places covered with different colored paper (no. of animals used in the experiment
was 50 newts; each experiment was run five times). Significant differences were found between the transparent paper and the
different colored paper (X*-test; P < 0.01).
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Figure 4. Comparison of the behavior of metamorphosed juvenile newts (7riturus vittatus vittatus) in seeking hiding places
with different covered paper and moisture levels (no. of animals used in the experiment was 50 newts; each experiment was
run five times). Significant differences were found between moisture levels with different colored paper covering the se-
lected hiding places (X*-test; P < 0.01).

fecting the behavior of terrestrial phases in seeking hiding places by Triturus v. vittatus were examined: light
and soil moisture, and the interaction between them. Both parameters significantly affected the newts’ behavior.
The results of the current study were in agreement with Degani (1982), who discovered that the hiding places of
Triturus v. vittatus in upper Galilee were only in moist soil, under stones and in holes [11]. The current study
showed that although moisture in the hiding places was very important, wavelength was also affected. However,
the current study showed that soil moisture was more important than negative phototoxic in selected hiding
places by Triturus v. vittatus. A comparative survey of 127 species of adult anuran (tailless) amphibians drawn
from all six sub-orders and all but one of the 17 families revealed three basic phototactic responses to spectrally
dominant stimuli, which were studied by Hailman and Jaeger (1977) [14]. Regarding anuran preference for light,
some species (photopositive) are attracted to light while others (photonegative) are not [15]. In terrestrial Uro-
dela, as in the current study, negative phototactic responses were observed, as was found in Triturus v. vittatus
[16] [17]. In the current study, the negative phototactic response differed according to wavelength, and the dif-
ference between dark and other colors changed according to wavelength (Figure 5).
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Figure 5. Suggested model for the response by Triturus vittatus vittatus to various hiding places affected by wavelength
(WL). S = significant differences (X>-test; P < 0.01) among WL, NS = not significant (X’-test; P > 0.05) differences among
WL.

The results of the current study support the hypothesis that in Urodela, this negative phototoxic affects adap-
tion to terrestrial life in find hiding places. In Ambystoma opacum, the negative phototoxic developed during
metamorphosis [16] [17].

In Israel, two Urodela were found, Triturus v. vittatus and Salamandra infraimmaculata, at the southern bor-
der of its distribution in the extreme condition of these species [ 18]-[20].

Triturus v. vittatus is found in more southern and extreme conditions than S. infraimmaculata in Israel [21]-
[25]. There is no better physiological adaption of newts to terrestrial life than salamanders [10]. One of the pos-
sibilities explaining the survival of newts in more extreme conditions than salamanders in Israel is the small
body size of Triturus v. vittatus [5] compared to S. infraimmaculata [18]-[20], and the different behavior by newts
in seeking hiding places, whereby negative phototoxic and moisture preference and their small body size help
prevent dehydration.
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