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Abstract 
In the present mini-review, published and unpublished data that have been collected 
for more than 40 years on the adaption of Salamandra infraimmaculata to semi-arid 
environments on the southern border of its distribution are presented. The contribu-
tion of the present paper is in building a model based on comparing moist habitats 
with predictable and relatively constant conditions to semi-arid habitats with rela-
tively dry conditions. Based on these parameters, the model suggests adaptation to 
semi-arid habitats. More specifically, this model is based on the morphology, biolo-
gy, behavior, life cycle and physiology of S. infraimmaculata adaptation. By consi-
dering these many parameters, one hypothesis was raised and was supported. The 
adaptation to and selection of semi-arid habitats depend mainly on the terrestrial 
phase and very little on the aquatic phases. In all of the semi-arid habitats, there are 
various breeding places where the larvae can grow and complete metamorphosis. 
The molecular genetic variation among the various areas supports our hypothesis, 
and the difference in the moist habitats is greater than in the semi-arid environ-
ments. 
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1. Introduction 

One aspect of ecology defines, among the other things, a branch of biology that deals 
with the relationships and interactions between organisms and their environment. In 
order to explain the adaption of organisms to a habitat, as many as possible biological 
parameters that are important to these characteristics must be studied. The Salaman-
dridae family, comprising 16 genera and 66 recognized species, represents one of the 
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most diverse groups of extant salamanders. Salamandrids have the largest geographic 
distribution of any salamander family, extending across the Holarctic continents of 
Asia, Europe and North America, with a small and recent expansion into North Africa 
[1]. Many aspects of S. infraimmaculata have been studied over the past 40 years on the 
southern border of its distribution [2]. Its adaption to various habitats and areas, in-
cluding at extreme conditions on the southern border of its distribution, was examined. 
The present paper tries to suggest a model of adaptation to xeric habitats of S. infraim-
maculata based on published (mini-review) and unpublished data by comparing charac-
teristics from the biology, ecology, behavior and physiology of salamanders from different 
areas and environmental conditions. The objective of the present paper is to discuss vari-
ous parameters affecting the adaptation of S. infraimmaculata to relatively dry conditions 
by comparing different habitats and suggesting a model to describe this adaptation. 

2. Distributions 

Salamandra infraimmaculata is present in the southeastern and eastern parts of Anato-
lia, Turkey, northwestern Iran, northern Iraq, Lebanon and northern Israel. Many as-
pects of S. infraimmaculata, some of which have been described in detail, have been 
studied over the past 40 years at the southern border of its distribution [2]. Based on 
the sequence analysis of the mitochondrial D-loop region and geological dates, Stein-
fartz [3] suggested that five major monophyletic groups exist in Europe (S. salamandra, 
S. infraimmaculata, S. corsica, S. atraand S. lanzai), one S. algira is located in Africa [4], 
and the salamanders in Israel belong to S. infraimmaculata. The distribution of S. 
infraimmaculata in the Middle East is presented in Figure 1. In Iran, it is found in an 
arid sparse cork forest area. In Turkey and Lebanon, it has been found to inhabit damp 
forests and groves in mountainous or hilly regions, and shelter under leaves, roots or 
stones not far from water [2] [5] [6] [7] [8]. The populations of S. infraimmaculata 
found in Israel are located in breeding sites in different and isolated sub-regions within 
relatively short geographical distances: 1) Mount Hermon; 2) Tel Dan; 3) Naftali Moun-
tains; 4) Upper Galilee; 5) Western Galilee [2] [5] [9]-[19]; 6) Lower Galilee [20]; and 7) 
Mount Carmel [7] [21] [22] (Figure 1). 

3. Different Habitats  

On the southern border of S. infraimmaculata distribution, as for many other amphi-
bians, the habitats include two main components—terrestrial habitats and aquatics ha-
bitats, where the salamanders can complete their life cycle. During extensive studies 
carried out on S. infraimmaculata at the extreme conditions, various terrestrial habitats 
in the areas of the breeding places (Table 1) were described [2] [5] [21] [22]. Figure 2 
presents various terrestrial habitats of S. infraimmaculata. S. infraimmaculata live in a 
number of different areas in Israel on the southern border of its distribution in diverse 
habitats (Figure 1 and Figure 2). They are found mainly at 340 - 760 m above sea level 
(ASL) (Table 1). Only the Tel Dan population is significantly lower at 190 m, where the 
environmental conditions of this habitat differ from the others. The Upper Carmel is a 
complex habitat, formed by two vaulted ridges, with notable karst features. The upper 
ridge consists of Kanoman chalk, with a general height of 500 m, reaching its maximum  
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Figure 1. Map of various regions in Israel colonized by Salamandra infraimmaculata. Some breeding places: St1—Tel Dan Springs: 
Sp1—Balad, Sp2—Humema and Sp3—Navoraya. Pools: Po1—Manof, Po2—Kash, Po3—Dovev, Po4—Matityahu, Po5—Lehavot, 
Po6—Sasa, Po7—Fara and Po8—Raihaniya. Rock pool holes (pits): Pi1—Maalot and Pi2—Nimrod. 
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Figure 2. Various habitat sites of Salamandra infraimmaculata: (a). Mount Hermon; (b). Tel Dan 
Spring area; (c). Mount Meron, Upper Galilee; (d). Lower Galilee; (e). Western Galilee; (f). 
Mount Carmel. 
 
Table 1. Characteristics of habitats in which Salamandra infraimmaculat larvae were found. 

Label Name Type Location Height (m.a.s.l.) 

Sp1 Balad Spring Carmel 446 

St2 Beit Oren Stream Carmel 400 

Po2 Damun Pond Carmel 900 

Sp2 Humema Spring Upper Galilee 900 

Sp3 Navoraya Spring Hula Valley 663 

St1 Tel Dan Stream Hula Valley 190 

Pi1 Maalot Rock pool hole Western Galilee 596 

Pi2 Nimrod Rock pool hole Mount Hermon 760 

Po1 Manof Pool Lower Galilee 340 

Po3 Dovev Pool Upper Galilee 765 

Po6 Sasa Pool Upper Galilee 810 

Po7 Fara Pool Naftali Mountains 676 

 
of 548 m near Ussefiya; the second, running parallel to the first, consists of chalk and 
marl of the Lower Kanoman. This ridge runs from Tirat Hacarmel via Beit Oren to Da-
liat el Carmel, and is crossed by brooks, which carry rainfall down from the watershed; 
it is 450 m high, with a 497-m peak at Mount Shekef. As a result of its proximity to the 
sea and the steepness of its seaward slope, the area receives rainfall comparable with 
that of the Upper Galilee: upward of 800 mm annually. The natural flora, which have 
been preserved over large parts of the range, consist of typical Mediterranean scrub. 
Communities of Quercus calliprinos and Pistacia palaestina mingle with communities 
of Genista fasselata and Pinus halepensis, the former predominating at Kfar Damun 
and the latter at Beit Oren. 
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The salamander population in this area is concentrated around pools and springs, as 
in the Galilee region. Plentiful rainfall acting on the local chalk has given rise to a pro-
fusion of caves, holes and other settings for standing and running water. These are the 
water sources in which salamander larvae are found: winter pools, ponds, springs and 
streams. Some of the winter pools dry up in summer, and many of the other sources are 
exploited by man, including reservoirs cut into the rock, which are in use mainly in the 
summer. As a result of human activity, many of the springs and streams that once ran 
all year round are now dry in summer or polluted. The dense scrub and rocky terrain 
form a habitat that provides the salamander with numerous hiding places. The Tel Dan 
Nature Reserve is in the north—eastern part of the country; it lies among hills and is 
bounded by mountains to the north, but is itself only 180 m above sea level. The area as 
a whole is characterized by numerous spring-fed streams and running water, and is the 
only such area in Israel. The Nature Reserve is full of such brooks, which are spring-fed 
and run all year round, giving rise to the development of rich flora. Most of these 
brooks are shallow (usually 5 - 10 cm) (Figure 2(b)). This constant presence of water 
and dense growth has created an optimal and stable environment for wildlife; flora in-
clude northern species such as Farxinus syriaca, and Paliurus spina-christi, as well as 
species more typical of the Mediterranean region such as Laurus nobilis, Rhamnus 
alaternus, Quercus ithaburensis and Styrax officinalis. This habitat remains constant 
throughout the year and is totally different from those in Mount Hermon, Upper Gali-
lee (Figure 2(c)), Mount Meron, Lower Galilee (Figure 2(d)), Western Galilee (Figure 
2(e)) and Mount Carmel (Figure 2(f)).  

4. Morphological Variations of Terrestrial Salamanders  
from Variation in Various Habitats 

The morphological parameters of salamanders have been studied in detail in Europe [2] 
[23]. A comparison between morphological parameters of Salamandra infraimmaculata 
in Israel at the southern border of its distribution was made between several popula-
tions in different areas: Tel Dan, Upper Galilee (Mount Meron), Western Galilee, and 
Mount Carmel [24] (Figure 1 and Figure 2). The body size of the salamanders from 
the Tel Dan population was significantly smaller than that of salamanders from the 
other areas. No difference was found in mean body measurements, and standard devia-
tion calculated as described in [24] covered the mean between the three areas (Upper 
Galilee, Western Galilee and Mount Carmel) where the habitats are similar (Figure 3). 
More than 400 S. infraimmaculata were measured in four different areas, and the color 
pattern of the bag spots were one line, two line and scattered at all localities (Figure 4). 
In Mount Carmel and Upper Galilee, the scattered pattern was higher, 63% and 59% 
respectively, compared to Tel Dan and Western Galilee, which was 38% and 18%, re-
spectively (Figure 4). However, no differences were found in spots in the various areas. 
In all of the populations, most of the salamanders had four spots on the head (Figure 
5), which was the highest of the other patterns in all of the areas (1, 2, 3 or 5); the lowest 
pattern was 59% in Tel Dan salamanders, and the highest was 86% in Mount Carmel 
salamanders (Figure 5). Most salamanders from all of the localities are on the ventral 
black side (Figure 6), about 90%. In a small number of salamanders, a spot was found  
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Figure 3. The measurements of salamanders from various areas. 

 
on the jaw and the ventral side (Figure 6). 

5. Molecular Genetic Variations in Various Areas of  
S. infraimmaculata in Israel 

The genetic consequences of habitat fragmentation are an important component of 
population extinction risk assessment for threatened and endangered species. Intensive 
studies have been made seeking genetic diversity among various isolated populations of 
S. infraimmaculata in northern Israel at the southernmost edge of their distribution [2]  
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Figure 4. Spots arrangements on dorsal sides of Salamandra infraimmaculata 
from various areas. 

 
[5] [14] [15] [24] [25]. Different methods have been used to compare the genetic varia-
tions in various areas and in isolated populations. Samples were taken mainly during 
the larvae stages at the breeding places (Figure 1). No variation was found among the 
three different areas comparing blood plasma proteins [24], or in the 10 enzyme sys-
tems with 14 loci [20]. However, using different molecular methods, there is strong 
support of our hypothesis that a variation exists on a genetic level among the methods 
used (Figure 7). An analysis using various primers with RAPD amplification methods 
found differences between the different populations in various areas, however, it is very 
difficult to separate between areas and habitats due to the fact that these methods are 
not consistent and depend on the primers [26]. On the other hand, using mitochondrial  
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Figure 5. Spots arrangements on heads of Salamandra infraimmaculata from 
various areas. 

 

 
Figure 6. Ventral side of Salamandra infraimmaculata from various areas. 
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Figure 7. Salamandra infraimmaculata species-RAPD-PCR, nucleotide similarity and divergence of Cyt b and D-loop 
fragment sequences from different areas in Israel. 
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cytochrome b fragment and D-loop regions DNA (GenBank accession nos. EU 852723‑
EU 852738) [14] [15], differences were found between populations in various localities 
in northern Israel (Mount Hermon, Tel Dan, Naftali Mountains, Upper Galilee, Hula 
Valley, Western Galilee, Lower Galilee and Mount Carmel) (Figure 1 and Figure 7). 
According to these results, the genetic variations change from north to south: a high 
genetic variation was found between the northern populations (Mount Hermon, Tel 
Dan) and the southern populations (Lower Galilee and Mount Carmel) (Figure 7). 
Different breeding places (springs, rain pools and rock pits) are found in all of the var-
ious areas. The genetic differences are not sharp according to breeding place, especially 
using mitochondrial DNA, rather according to area. 

Degani et al. studied the genetic divergence and variation of S. infraimmaculata pop-
ulations using Amplified Fragment Length Polymorphism (AFLP) data. AFLP is a pop-
ular technique that uses linkers to combine elements from restriction fragment-length 
polymorphism (RFLP) and random amplified polymorphic DNA (RAPD) methods to 
PCR amplify restriction-based molecular markers from random locations in the ge-
nome (Figure 8). Using difference analysis methods of AFLP summaries [25], Analyses 
of Molecular Variance (AMOVA) tests in GenALEx 6.4 were used to examine the dis-
tribution of genetic variation at three hierarchical levels: within groups, defined either 
as subspecies or as the genetic clusters identified in BAPS; among populations; and 
among regions. A mantel test was used to examine the relationships between popula-
tions by distance and genetic diversity, pairwise genetic distances among populations to 
produce matrices of genetic distances, and the tree of construction as estimated by Nei 
and Li’s distance matrix using Tools for Population Genetic Analyses (TFPGA). The 
evolutionary history was inferred using the neighbor-joining method. The tree con-
struction of the level of genetic distance was estimated by Nei and Li’s distance matrix 
with phylogenetic analyses using MEGA5 software. All of the literature sources on AFLP 
analysis are mentioned in [25]. 

The results of AFLP methods using S. infraimmaculata larvae from different areas 
collected at breeding sites, a total of 479 polymorphic amplicons (bands), were gener-
ated from four combinations of AFLP selective primers from 93 individuals. Individual 
clustering analysis by BAPS divided individuals into genetic clusters. The fractional 
membership of each individual to genetic cluster is illustrated in Figure 8. Cluster 5, 
which represented only the St1 population, is located on a separate branch of the den-
drogram and differs from all the other clusters [25]. Clusters 1, 2 and 4 included 10 in-
dividuals (9.3%) from four populations and was represented at the southern area of S. 
infraimmaculata distribution (Mount Carmel and Lower Galilee Western Galilee) 
(Figure 8). Cluster 2 included 12 individuals (12.9%) from seven populations and was 
represented in all the sub-regions and at all types of breeding sites. Cluster 3 represented 
most of the populations from Western Galilee to Mount Hermon in northern Israel. 
Cluster 3, the most common of almost all of the populations, included 44 individuals 
from seven populations (47.3%) and was found in all different breeding types of sala-
mander larvae, but was absent in the two southern populations. Cluster 4 included 26 
individuals (28.0%) from six populations from all of the areas studied in all types of 
breeding sites except for rock pool holes. Using DNA extract and microsatellite analysis,  
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Figure 8. Cluster frequencies of S. infraimmaculata across Israel defined by AFLP data analysis (BAPS, Coranr, J., et al., 2006). 
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Blank [7] found two major sub-population variations between Mount Carmel and Ga-
lilee (Lower Galilee). These methods seem to be more sensitive than AFLP. In sum-
mary, the results of AFLP were again similar to what was found in mitochondrial DNA, 
whereby the genetic variations change from north to south. High genetic variation was 
found in the northern (Mount Hermon, Tel Dan) and southern (Lower Galilee and 
Mount Carmel) populations, and not according to breeding type, spring or ponds that 
were found in most of the areas. 

6. The Life Cycle of S. infraimmaculata 

Different stages of S. infraimmaculata have been described in many papers and are 
shown in Figure 9. The terrestrial life of S. infraimmaculata is described less than the 
larvae stages at the southern border of its distribution. Salamanders at the southern 
limit of their distribution are active mainly in the winter (Figure 10). Activity is mostly 
local, and such activity can also be found in summer. This local activity was studied 
mainly in the Galilee [9]. On hot days, the salamanders are found in hiding places, 
holes and caves in the ground [2]. Migration to breeding places is limited to the hill 
populations, since the specific environmental conditions at Tel Dan greatly reduce the 
need for this [10]. Activity takes place under conditions of 0˚C - 20˚C and 60% - 100% 
RH. Most of the salamanders from Upper Galilee are active at temperatures between 
5˚C and 9˚C, and in Tel Dan between 9˚C and 11˚C (Figure 11). However, no difference  
 

 
Figure 9. Life cycle of Salamandra infraimmaculata along the southern border of its distribution: 
1—salamanders in terrestrial habitats; 2 and 3—salamanders migrating to breeding places; 4—winter 
ponds in breeding places; 5—female salamanders reaching the breeding place; 6 and 7—salamander 
oviposition; 8—sexual behavior and mating of salamanders; 9, 10 and 11—larvae of salamanders; 
12—salamanders undergoing metamorphosis; 13—juvenile salamanders moving from breeding places 
to terrestrial life; 14—adult salamanders in a hole in the ground that serves as a hiding place. 
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Figure 10. Comparison between activities of Salamandra infraimma-
culata in various areas, 1978-1979. 

 

 
Figure 11. The activity of salamanders as a function of temperature in 
two different areas, Upper Galilee and Tel Dan. 

 
was found between populations for activity under various levels of relative air humidity 
(Figure 12): most activities during day occur at 90% and 100% high humidity levels, 
which help prevent dehydration of the salamanders during migration to the breeding 
places. The high activity is found during breeding periods from October to December 
(Figure 10), and males are more activity than females. Population size was related di-
rectly to habitat type [9] [10]. The density in Tel Dan adult’s population is higher than 
in the Galilee and changes according to conditions in the habitats [10]. The S. infraim-
maculata is ovoviviparity (Figure 9), and the larvae are born alive in single and small  
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Figure 12. The activity of salamanders as a function of relative humidity in 
two different areas, Upper Galilee and Tel Dan. 

 
batches, generally wrapped in their embryonic membrane. Sexual behavior occurs 
mostly after the oviposition of the larvae at the breeding places and is described for the 
Upper Galilee population [2]. The description of sexual behavior of S. infraimmaculata 
is presented in Figure 13. The salamanders after mating are solitary and find hiding 
places to prevent dehydration [18]. At the time that the larvae were born, the weights 
are 0.2 - 0.4 g, but they vary in different areas and habitats [18]. There are no significant 
differences between larvae size in the three different areas: Tel Dan, Upper Galilee and 
Mount Carmel (Figure 14). There is also no difference in growth in the different areas, 
but there are differences in larvae growth between the various breeding places accord-
ing to ecological conditions (Figure 15). In streams, as in Tel Dan, or in springs where 
water temperatures were lower compared to winter pools, the growth rate was lower, 
and the periods of larvae growth and complete metamorphosis were longer (Figure 15) 
[2] [14] [15] [16] [24] [27]. 

7. Physiological Adaption to Terrestrial Life in Various Habitats 

The survival of the terrestrial phase of Amphibia, which is not the ability to prevent 
dehydration throughout the skin, is through the ability to retain extended dehydration 
by accumulating water in the body, a high plasma fluid concentration and low meta-
bolism during activity in hiding places in the hot, dry season [20] [21]. Most studies on 
physiological adaption to terrestrial life have been published for Aura, which adapted to 
more arid environments compared to Urodela [20]. The physiological adaption to ter-
restrial life of S. infraimmaculata was examined by comparing salamanders from two 
semi-arid environments at the southern border of this species’ distribution (Upper Ga-
lilee and Mount Carmel) to a moist habitat (Tel Dan) (see Section 2, Different Habitats, 
in this paper) [18] [24] [27] [28] [29] [30] [31] [32]. The rate of dehydration of mature 
salamanders from Upper Galilee and Mount Carmel was much lower under the same  
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Figure 13. The sexual behavior of Salamandra infraimmaculata (Degani 1978, 1986). Stage 1: The 
male moves to the breeding place and raises his body on his front limbs while accelerating his 
breathing rate. He moves and from time to time changes his standing position. Stage 2: The male 
chases the females that pass next to him. During the activity period, the male and female are ob-
served moving together. Stage 3: The female is ready for mating, she stops moving, stands and 
allows the male to penetrate under her body. Stage 4: The male pushes his body below the female 
and reaches the top of the female while she is straddling him. Stage 5: The amplexus. The female 
grasps the male with her front limbs, and he raises his front limbs to the sides. Stage 6: The male 
is under the female and moves his head and tail from side to side, rubbing the ventral epidermis 
of the female’s jaw. The female also moves her head reciprocally in the opposite direction of the 
male with her head and tail. Stage 7: The male stops his movements and secretes the spermato-
phore to the ground. The base of the spermatophore is elliptical, measuring some 8 × 6 mm in 
diameter, with a height of 8 mm. It is transparent, with white pots on the upper part. The move-
ments of the female continue, especially as regards the tail and cloacal region. Stage 8: The male 
turns his body at 60˚ - 90˚ to that of the female. Stage 9: The female continues the movement of 
the lower part of the body and tail, makes contact with the upper part of the spermatophore, and 
continues hermovement until penetrating the entrance to the cloaca. Her movement then ceases 
and the spermatophore is drawn into the body. Stage 10: Amplexus ceases and the couple parts. 
This process may be repeated more than once. 
 
conditions [30] than salamanders from Tel Dan (Figure 16(A)), and the water loss limit 
survival of salamanders from Tel Dan was eight days compared to salamanders from 
Upper Galilee and Mount Carmel, which was 15 days [30]. This adaption to terrestrial 
life might help salamanders to survive longer in semi-arid habitats compared to moist 
habitats under extreme conditions where S. infraimmaculata are found. During dehy-
dration, the plasma concentration of salamanders increases mainly by urea, Na+ and CL 
(Figure 16(B)). S. infraimmaculata from semi-arid habitats (Upper Galilee and Mount 
Carmel) survive at a high plasma concentration compared to salamanders from moist 
habitats (Tel Dan) [29] [30]. S. infraimmaculata are active under very specific conditions 
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Figure 14. Weight as a function of length in newborn larvae at various lo-
calities, Tel Dan, Upper Galilee and Mount Carmel. 

 
(see Section 5). These conditions are found in moist habitats compared to semi-arid 
habitats in particular at summer time during the hot, dry season. Low metabolism [31], 
as was found in salamanders from semi-arid habitats compared to moist habitats 
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Figure 15. Stream: St1-Tel Dan Springs: Sp1—Balad, Sp2—Humema and Sp3—Navoraya. Pools: Po1—Manof, Po3—Dovev, Po5— 
Lehavot, Po6—Sasa, Po7—Fara. Rock pool holes (pits): Pi1—Maalot and Pi2—Nimrod. 

 
(Figure 17), gives the advantage of surviving longer periods in hiding places without 
feeding and activity. The temperatures of S. infraimmaculata from three different areas 
were studied by comparing the critical thermal maxima (CTM) [27] from different 
areas. It was found that the CTM was significantly higher in the larvae and metamor-
phosis of salamanders from both Upper Galilee and Mount Carmel (semi-arid habitats) 
compared to those from the Tel Dan area (moist habitat) (Figure 18).    

8. Discussion 

The ecological adaption of species in natural habitats refers to the study of natural  
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Figure 16. (A) Water loss at 5% relative humidity (RH) and 25˚C (mean + SE). (B) Plasma 
concentration and composition of salamanders maintained on soil at room temperatures 
(25˚C ± 5˚C) (mean + SE). 
 
systems, emphasizing interdependence in ecological systems on other elements and 
characterizing the animal. In the present paper, we will consider the relatively many 
different characteristics from different fields of biology of S. infraimmaculata regarding 
adaptation to semi-arid environments in relatively extreme conditions by comparing 
these characteristics to moist habitats. The suggested model (Figure 19) is based on 
more than 40 papers (cited above) and unpublished data showing that different fields of 
biology are involved in the ecological adaption ability of this species in extreme condi-
tions. There not only connections between the ecological and biological adaption of the 
different parameters, but various biological parameters also interact with one another. 
The largest body size [24] of salamanders from semi-arid areas is affected by all the 
other biological parameters and ecological adaption to semi-arid environments. For 
example, the ecological adaption helped salamanders reduce their rate of dehydration 
[30], long movement distances [10] [22], a large number of larvae per batch [18],  
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Figure 17. Metabolism (oxygen consumption per gram body weight) 
of salamanders from different areas. 

 
low metabolism and less energy lost during dry periods [31]. On the other hand, the 
physiological adaption to xeric habitats helped salamanders survive in these habitats 
and complete the life cycle in the various areas (Figure 9). Other very important con-
clusions that were found by examining the interaction between all the various eco-
logical and biological parameters are that the adaption is more strongly affected by 
semi-arid environments in the terrestrial phase and not in the aquatic phase. In all the 
various areas where S. infraimmaculata habitats are found, there are different breeding 
places, streams, springs, rock pools and winter pools where larvae of this species are lo-
cated (Figure 1, Figure 2) [14] [15] [16]. However, the ecological conditions in these 
aquatic places differ. Therefore, the growth rate and complete metamorphosis of sala-
mander larvae are not according to area but to type of breeding place, which is affected 
by the ecological conditions at each specific breeding place (Figure 15). On the other 
hand, the physiological adaptation of terrestrial life differs among S. infraimmaculata 
from various areas (Figure 16) [29] [30] [32]. In semi-arid areas, the terrestrial phase  
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Figure 18. Critical thermal maxima (CTM) of adult S. infraimmaculata from 
Upper Galilee and Mount Carmel (semi-arid habitats) and the Tel Dan area 
(moist habitat). 

 

 
Figure 19. Model of different curatrixes showing the adaption of S. infraimmaculata to semi-arid 
conditions compared to moist conditions. 
 
is under significantly greater danger of dry conditions compared to moist habitats fol-
lowing metamorphosis in the terrestrial phase. In many important parameters that 
were studied, as summarized in the model (Figure 19), there are variations among the 
different populations and metapopulations. The study on genetic variation among pop-
ulations supports the hypothesis that the terrestrial phase might be affected by envi-
ronment selections. The genetic variation among moist habitats (Tel Dan) is greater 
than other populations in semi-arid habitats (Upper Galilee and Mount Carmel) [5] [6] 
[14] [15] [25] [26]. 
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9. Conclusion 

In summary, the proposed model in this paper (Figure 19) showed that in order to un-
derstand the heterogeneity adaption among S. infraimmaculata populations in northern 
Israel’s southern border of its distribution, different parameters of different biological 
and ecological aspects must be examined. This model’s adaptation to semi-arid envi-
ronments was based on the results of morphology, behavior, life cycle and physiology, 
which might be explained by genetic differences between various habitats, specifically 
between moist and xeric. 
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