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1. Class Amphibia 

Table 1. Amphibians in Israel. 

Name Systematic name Synonyms 

Southern banded 
newt 

Ommatotriton vittatus 
Ommatotriton vittatus, Triturus vittatus 
(found in Turkey, Syria, and Israel) and 
O. ciliensis (found in Turkey) 

Near Eastern fire 
salamander 

Salamandra infraimmaculata S. i. orientalis, S. i. infraimmaculata 

Green toad Bufotes sitibundus 

The genus Bufo (Bufo viridis) was 
changed to the genus Pseudepidalea. In 
2010, it was shown that Pseudepidalea is 
a junior synonym of Bufotes. Bufoviri-
dis,  
Laurenti, 1768 was changed to  
Bufotes sitibundus 

Eastern spadefoot 
toad 

Pelobates syriacus  

Middle East tree 
frog 

Hyla savignyi H. arborea 

Levant water frog Pelophylax bedriagae Rana ridibunda, Rana bedriagae 

Hula painted frog Latonia nigriventer  

 
The earliest amphibians are thought to have appeared on earth in the Devo-
nian period, almost 359 to 416 million years ago, whereas the true frogs, toads 
and salamanders are estimated to have appeared around 145 to 200 million 
years ago during the Jurassic period. The early amphibians probably evolved 
from freshwater fish Sarcopterygii, which possessed lungs and used gills as 
their primary means of acquiring oxygen. 

Amphibians are cold-blooded vertebrates, the first four-legged animals (te-
trapods) on land. In most cases, amphibians have well-defined limbs and feet, 
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a supportive rib cage, and a neck that enables the skull to rotate. 
The class Amphibia contains over 6,300 known species, 54% of which live in 

the neotropical region. They cannot tolerate the high salt content of sea water and 
are therefore the only vertebrates not to have colonized marine habitats (Capula, 
1989). The class is divided into three orders. The largest, Anura, is divided into 
approximately 30 families and more than 4,500 species, ranging in size from a 
few millimeters to a couple of feet in length, and found in nearly every niche on 
earth. They have four limbs, the hind limbs typically being larger and modified 
for leaping or climbing. Most are external fertilizers. These species are also vocal, 
making sounds that range from squeaks to barks. In lentic environments, anu-
ran breeding occurs in water bodies ranging from ephemeral pools to large per-
manent lakes (Richter-Boix et al., 2006). Most species deposit their eggs or live 
larvae in aquatic environments; these go through a larval phase (tadpoles) cha-
racterized by intensive morphological transformation—metamorphosis—to the 
juvenile stage, with an adult appearance; they then continue growing until the 
reproductive stage. 

The order Urodela (Caudata) comprises about 500 tailed species arranged in 
10 taxonomic families. They are found in all of the world’s temperate zones, 
except Australia, Antarctica and most of Africa. They are known as the “tailed 
amphibians” because all species possess a tail that is approximately equal to the 
length of their body and that confers their ability to swim. Typical caudates have 
four limbs of similar size that are used for terrestrial walking. Many salamanders 
have a biphasic lifecycle consisting of an aquatic larval form with external gills 
and a metamorphosed terrestrial adult form that breathes through lungs and/or 
moist skin. Some species do not metamorphose, retaining a larval appearance 
throughout their lives, whereas other species lack an aquatic larval stage and 
hatch on land as terrestrial forms that resemble miniature adults. 

The order Apoda includes approximately 174 known species. They are cha-
racterized by long, worm-like segmented bodies and are found mostly in parts 
of South America, Africa and South Asia. These amphibians have shortened tails, 
small (nearly functionless) eyes and no legs. They resemble eels or earthworms 
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and live underground and in aquatic habitats. 
Amphibians’ reproductive stage can be described by the site of egg deposi-

tion, egg and clutch characteristics, type and duration of embryonic and larval 
development, and type of parental care, if any (Duellman and Trueb, 1986). Many 
amphibians are tied to aquatic habitats for reproduction. Others reproduce on 
land, underground, or in trees, even in temperate zones. The Near Eastern fire 
salamander, Salamandra infraimmaculata, displays ovoviviparity, whereby em-
bryos developing inside eggs are retained in the mother’s body until they are 
ready to hatch. 

Israel, which is developing very rapidly with respect to both agriculture and 
urban expansion, has seven amphibian species: two members of the Urodela— 
the southern banded newt Triturus vittatus (Litvinchuk et al., 2005), synonym 
Ommatotriton vittatus, which is found in Israel, Lebanon, Jourdan, Syria, Tur-
key and Iraq, and Salamandra infraimmaculata (Degani, 2019b; Steinfartz et al., 
2000), which is distributed in Israel, Lebanon, Jordan, Syria, Turkey and Iran. 
Both of these species belong to the family Salamandrinae; and five anuran spe-
cies—the Middle East tree frog Hyla savignyi (family Hylidae), synonym H. 
arborea (Gvozdik et al., 2010), which is found in Yemen, Jordan, southern Sy-
ria and extreme northeastern Israel; the green toad Bufo viridis (family Bufo-
nidae), synonym Pseudepidalea viridis (Degani, 2019a), which is found through-
out many countries in Europe in different habitats, most of them relatively dry, 
as well as in Israel, including mountainous areas, semi-arid and arid habitats, 
and urban areas; the Levant water frog Pelophylax bedriagae (family Ranidae), 
synonyms Rana ridibunda, Rana bedriagae (Degani and Mendelssohn, 1983; 
Schneider et al., 1992); the eastern spadefoot toad Pelobates syriacus (family 
Pelobatidae) (Degani and Kaplan, 1999; Gomez-Rodrıguez et al., 2009; Men-
delssohn and Steinitz, 1943), with wide distribution in parts of Europe and 
East and West Asia, including northern Syria, Israel, northern Iraq, Iran, Asia 
Minor and the Caucasus; and the Hula painted frog Latonia nigriventer (fami-
ly Alytidae) (Degani, 1982, 1986a, 2019a; Perl et al., 2017), which is endemic to 
the Hula reserve in Israel. 
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2. Amphibians in Israel 

Amphibian populations play a crucial role as indicators of the environmental 
impact of human development and pollution (Blaustein and Johnson, 2003; 
McCallum, 2007). The seven amphibian species found in Israel are at the south-
ern border of their distribution and live under relatively extreme conditions. They 
breed in various aquatic habitats, including temporary and semi-permanent ponds, 
springs, and streams, where water availability varies throughout the year (Fig-
ure 1, Table 2) (Degani, 2019a). The aquatic phase of amphibians is influenced 
by numerous factors (Pearlson, 2012). 

Israel offers predominantly xeric habitats, which are not the usual amphi-
bian niche (Degani, 2019a). Consequently, amphibian larvae occupy a narrow 
and specific ecological niche in the region, facing significant pressures from 
predators and other biotic and abiotic factors (Veith, 1994). Understanding the 
water quality range required for tadpoles of different species to grow and com-
plete metamorphosis is crucial for species conservation and as a bioindicator 
of environmental pollution. Genetic variation has been examined to assess the 
adaptation of amphibians to different habitats and geographical distributions in 
Israel. Genetic markers, including enzyme system loci, random amplified po-
lymorphic DNA polymerase chain reaction (RAPD PCR), mitochondrial (mt) 
DNA analysis, amplified fragment length polymorphism (AFLP) (Arntzen et 
al., 2015), gene-expression microarrays, microsatellites, and RNA extraction, have 
been utilized to study genetic variation in S. infraimmaculata (Blank and Blaus-
tein, 2014). Some of these methods can be applied to other species to study ge-
netic variation among different habitats in Israel, although not all methods are 
suitable. Genetic variation among populations in Israel has been investigated 
for T. vittatus (Degani et al., 2013a). Amphibian species in semi-arid habitats 
at the southern border of their distribution exhibit various adaptations in both 
aquatic and terrestrial environments (Degani, 2019a). Seven species, including 
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H. savignyi, B. viridis, Pelophylax bedriagae, and L. nigriventer, have been stu-
died to understand their genetic variation and adaptation to different areas in 
Israel (Degani, 2019a). It has been hypothesized that the primary mode of adap-
tation for these amphibians in different regions involves the metamorphosis 
phases rather than the aquatic ones (Degani, 2019a). 
 

 
Figure 1. Diverse breeding sites across Israel from which tadpoles of amphibians 
have been collected and identified (Degani, 2019a). 
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Table 2. Comprehensive overview of the specific locations and environments where 
the larvae of amphibians have been discovered in the northern region of Israel 
(Degani and Kaplan, 1999). 

Label Name Type Longitude Latitude 
Height 

(m.a.s.l.)
Amphibian Larvae 

Sp1 Balad Spring 32˚43'13"N 35˚04'17"E 446 Si, Hi 

Sp2 Humema Spring 33˚00'28"N 35˚23'43"E 900 Si 

Sp3 Navoraya Spring 32˚59'47"N 35˚30'39"E 663 Si 

Si1 Tel-Dan Stream 33˚14'53"N 35˚39'10"E 190 Si 

Pi1 Maalot 
Rock 

pool hole
33˚00'06"N 35˚42'48"E 596 Si, Bv 

Pi2 Nimrod 
Rock 
pool 

33˚15'05"N 35˚42'48"E 760 Si, Hs, Rb 

Po1 Manof Pool 33˚50'58"N 35˚13'52"E 340 Si, Bv 

Po2 Kash Pool 33˚01'47"N 35˚25'29"E 809 Tv, Hs, Bv, Ps 

Po3 Dovev Pool 33˚03'05"N 35˚24'54"E 765 Si,T v, Hs, Bv, Ps 

Po4 Matityahu Pool 33˚04'04"N 35˚27'18"E 665 Tv, Hs, Bv, Ps 

Po5 Lehavot Pool 33˚09'13"N 35˚38'28"E 665 Hs, R 

Po6 Sasa Pool 33˚01'58"N 35˚23'30"E 665 Si, Rb, Tv, Hs, Bv, Ps 

Po7 Fara Pool 33˚03'58"N 35˚27'39"E 665 Si, Rb, Tv, Hs, Bv, Ps 

m.a.s.l.—meters above sea level; Sp—springs; St—Streams; Pi—Rock pool holes; Po—Pools; Si— 
Salamandra infraimmculata; Tv—Triturus vittatus; Hs—Hyla savignyi; Bv—Bufo viridis; Ps— 
Pelobates syriacus; Rb—Rana bedriaga. 
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3. Green Toads 

3.1 Classification 

The green toad is classified in the kingdom Animalia, phylum Chordata, class 
Amphibia, order Anura, family Bufonidae, genus and species Bufotes viridis (now 
Bufotes sitbndus). It is important to mention that in 2006 (Haas, 2003), the 
genus name of this species was modified from Bufo to Bufotes due to genetic 
and morphological differences observed among various species previously 
grouped under the genus Bufo. 

3.2 Distribution 

The green toad has widespread distribution, predominantly in the Old World 
(Arntzen and García-París, 1995). The family Bufonidae is known for its high 
species diversity, with over 350 species distributed across various regions (Frost, 
2021). The green toad thrives in diverse habitats (Cummingham and Cherry, 
2004). Its distribution range spans Europe—excluding the British Isles and parts 
of western Europe beyond the Rhine River—Sicily, Crete, Kazakhstan, Tajikis-
tan, and the Kerman Province of Iran (Degani et al., 2013a). Isolated popula-
tions of green toad have also been observed in the Balearic Islands, Sardinia, 
and Corsica. In North Africa, it can be found along the coastal regions of the 
northwestern Sahara, encompassing western Morocco and Algeria to western 
Libya (Degani et al., 2013a). On the Arabian Peninsula, it is present in the south-
ern Hadhramaut region (Duellman, 1993), and in southwestern Asia, it is like-
ly to be found in proximity to Afghanistan and the Altai Mountains in Russia, 
Mongolia, and Western Xinjiang, China. 
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Figure 2. Distribution of the green toad in Israel (Degani, 2016). 

3.3 Adult morphology 

While the green toad is not commonly found in the northern part of its range, 
it does form dense populations in certain areas that have been influenced by 
human activities, with their numbers in anthropogenic habitats often surpass-
ing those in neighboring natural ones. The presence of burrows created by bur-
rowing rodents can further contribute to the higher density of green toad pop-
ulations. In suitable habitats, the abundance of green toads can exceed 100 in-
dividuals per 100 square meters. During the metamorphosis stage, the density 
of toadlets can reach several dozens of individuals per square meter. In arid re-
gions, the distribution of green toads is less uniform, with dense populations 
found in oases that are separated by dry areas where the toads cannot thrive 
(Degani, 2019a). Green toads are known for their remarkable heat tolerance, 
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up to around 40˚C. They are also quite resilient to desiccation, only dying when 
they lose approximately 50% of their body water. To combat dry conditions, the 
toads regularly seek out water bodies during the night to rehydrate. They are 
primarily active at twilight and at night, taking shelter during the daytime. How-
ever, during the reproductive period, they become active during the day. On 
hot days, the toads often find refuge in shallow water. In addition, it is typical 
for the toads to migrate considerable distances—2 to 5 km away from their 
breeding ponds. Green toads hibernate on land, although in some cases they 
may choose to hibernate in water bodies such as streams, ditches, or wells. 
They can hibernate individually or in groups. The timing of hibernation varies 
significantly across their range, depending on altitude and latitude. In the 
southern parts of their distribution, hibernation is often absent, and the toads 
remain active throughout the year. In contrast, aestivation, a period of reduced 
activity under hot and dry conditions, is believed to occur in southern desert 
regions. The reproductive period also exhibits considerable variation, occurring 
between February and July in different parts of their range. The southern areas 
tend to have the longest reproductive period, lasting approximately 170 days, 
whereas the duration of development before metamorphosis is shortest, typi-
cally 21 to 25 days. Spawning takes place in a diverse range of water bodies, in-
cluding ponds, swamps, lakes, streams and river pools, reservoirs, ditches, and 
puddles. The preferred spawning sites are generally not deeper than 50 cm and 
can be either freshwater or saline. The green toad employs two mating strate-
gies: active female choice by competing males and active male choice by females. 
The mating process involves pectoral amplexus, and assortative mating, where 
individuals with similar traits mate preferentially, has been observed. A single 
clutch of eggs can contain anywhere between 2,000 and 30,000 eggs arranged 
in 1 - 2 rows (Figure 3). The spawn is deposited in two strings measuring 2 to 
7 m in length. Metamorphosis occurs from spring through summer, with the 
timing depending on the latitude and altitude of the population. Mass appear-
ance of newly metamorphosed juveniles is common, often resulting in pond 
shores being covered with thousands of toadlets that disperse shortly after me-
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tamorphosis. Sometimes, migrating juveniles form large groups, moving to-
gether as a cohesive band (Degani, 2019a). 
 

 
Figure 3. The green toad in northern Israel. (A) Adult green toad. (B) Green toad 
eggs. (C) Green toad tadpoles. (D-G) Green toad habitats. (D) Winter pond before 
drying up. (E) Winter pond in the Upper Galilee. (F) Fara pond. (G) Kash pond in 
the Hula valley. (H) Key ecological characteristics of the habitats (Degani, 2016). 

3.4 Variations and adaptability 

In Israel, the green toad displays significant variation and adaptability across 
its habitat range. It is considered one of the most versatile amphibians in the 
Palearctic region. It can be found in various ecosystems, including forests, for-
est steppes, steppes, semi-deserts, and deserts. Unlike many other amphibians, 
the green toad exhibits a high tolerance for dry conditions (Degani, 2016). It is 
capable of thriving in both wet and dry environments. In forested areas, this 
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species tends to inhabit open spaces and bushlands, often far from water sources. 
However, in the arid regions of the southern part of its range, the green toad 
primarily occupies moist areas such as oases, shores of irrigation ditches, and 
lakes. It also takes advantage of irrigation ditches and channels as routes for 
dispersal. 

3.5 Life history 

Green toads have a wide distribution in Israel, ranging from the northern re-
gions of the Upper Galilee and the Golan Heights (Degani, 2016) to the south-
ern coastal plain and the desert. Among the 51 identified breeding sites for am-
phibians, ponds are the most commonly used by green toads (Degani, 2016), 
and they breed in most of the examined breeding places in northern Israel 
(Degani, 2016; Degani and Kaplan, 1999; Goldberg et al., 2012). The availabil-
ity of water in these breeding sites varies from 1 month to year-round. The length 
of time taken for tadpoles to grow and metamorphose into toads depends on 
the specific region. The life cycle of green toads is depicted in Figure 4, with 
males being the first to arrive at the pond and initiate mating calls. Females 
subsequently arrive and the mating process, known as amplexus, takes place 
with the couple swimming in the water. The female lays eggs and the male fer-
tilizes them. The breeding season in Israel varies with location, geography, and 
ecological conditions (Degani, 1982; Goldberg et al., 2012). It occurs in March- 
April in the north—Upper Galilee and Golan Heights, and earlier in the lower 
and central regions. In central Israel, breeding takes place during the winter. 
During amplexus, the male grasps the female above her back legs, and they 
swim together while the female lays 2 to 4 clutches of eggs (Figure 4). The num-
ber of eggs ranges from 5,000 to 17,000 per female. Larval growth and complex 
metamorphosis occur in northern Israel toward the end of winter and through-
out spring, specifically from March to June (Table 3), whereas in southern Israel, 
they occur earlier, during the winter. The rate of tadpole growth varies among 
ponds and also fluctuates from year to year depending on ecological conditions 
(Figure 5) (Degani, 2016). In northern Israel, the growth and metamorphosis of 
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Figure 5. Green toad tadpole growth in various ponds (Degani, 2016). Locations 
of habitats where young amphibians were investigated include Kash Pond (Po2), 
Matityahu Pond (Po4), Sasa Pond (Po6), Fara Pool (Po7), and Raihaniya Pool (Po8). 
Five ecological characteristics were examined: oxygen, ammonium, temperature, 
conductivity and pH (Figure 3). 

 
The maximum estimated lifespan for green toads is 7 to 10 years, although it 

may vary among different populations in the Caucasus region. The tadpoles 
consume detritus and algae, moving toward the shore during the daytime and 
to greater depths in the evening. They also consume small amounts of animal 
matter, such as protozoa, rotatoria, and microcrustaceans. Newly metamorphosed 
toadlets prey upon springtails (Collembola), beetles (Coleoptera), mites (Aca-
rina), and flies (Diptera). Adult green toads feed primarily on crawling inver-
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tebrates, including spiders and beetles. Occasionally, small amounts of aquatic 
invertebrates are found in the stomachs of individuals captured in the spring 
along pond shores. However, most toads do not feed during their breeding mi-
grations. Like other toad species, green toads display mirmecophagy, i.e., they 
consume ants as a significant component of their diet as adults, but not as ju-
veniles. This feeding behavior develops after metamorphosis and may be asso-
ciated with age-related changes in their foraging strategy. 

3.6 Adaptation 

The adaptation of green toads to terrestrial life involves several physiological 
and anatomical changes urea accumulation play a significant role in this process. 
Green toads, like many amphibians, metamorphose from aquatic tadpoles to 
terrestrial adults (Degani et al., 1984). During this process, they undergo a series 
of changes that allow them to transition from an aquatic to a terrestrial lifestyle. 
These changes include the development of lungs for breathing air, the growth of 
limbs for locomotion on land, and skin modifications to prevent dehydration. 
Urea accumulation, on the other hand, is primarily associated with the ability 
of some animals to tolerate high levels of urea in their bodies. Urea is a waste 
product of protein metabolism and is typically excreted in the urine. Some ani-
mals, such as certain fish and marine reptiles, have adaptations that allow them 
to accumulate and tolerate high concentrations of urea in their tissues, which 
helps them survive in environments with limited water availability, such as ma-
rine or desert environments (Degani, 2016). 

Instead, these toads have evolved other mechanisms to prevent dehydration 
and maintain water balance on land. Their skin contains specialized glands that 
secrete mucus, which helps retain moisture and reduce water loss. They also have 
behavioral adaptations, such as seeking out damp areas and burrowing into the 
ground during periods of dryness. In an experiment conducted during the sum-
mer (Degani, 2016), green toads were subjected to slow dehydration while be-
ing kept on soil, and the accumulation of urea in the plasma was the main fac-
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Degani (2016) focused on the adaptation of green toads to semi-arid habi-
tats in northern Israel, and discussed their specific needs during their aquatic 
phase, such as the availability of breeding places with water throughout the year 
or for at least 1 month. The study further highlighted the high number of eggs 
produced by each female and the short period of growth and metamorphosis. 
Figure 7 shows a suggested model for the adaptation of green toads to both aq-
uatic and terrestrial life under arid or semi-arid conditions. This model helps 
visualize the ways in which green toads have evolved to thrive in challenging 
environments with limited water resources. 

3.7 Genetic differences between populations in 

different environments 

Green toads’ genetic diversity was studied, focusing on populations from var-
ious breeding locations in Israel, and in Egypt, Turkey, Iran, and Germany 
(considered as outgroups for comparison) (Degani et al., 2013a). DNA se-
quences of the 269-bp D-loop (control region) and 262-bp cytochrome b (Cyt 
b) were compared. A 96.7% similarity index, according to Wilbur and Lipman 
(1983), was found for the D-loop alignment with the consensus fragment 
(GenBank accession no. AF190253) and a 97.3% similarity index was found 
for the Cyt b alignment with the consensus fragment (GenBank accession no. 
L10982). 

Variations in the nucleotide sequences of the control region among different 
populations of green toad in Israel ranged from 0% to 2.7% (Table 4). When 
comparing the Israeli populations with those in Egypt, Turkey, Iran, and Ger-
many, the differences ranged from 1.2% to 8.2%. The most significant dispari-
ties, with percentages ranging from 7.0% to 8.2%, were observed between the 
German and Israeli populations (Table 4). 

The Cyt b nucleotide sequences differed among populations in Israel, rang-
ing from 0% to 3.5% (Table 4). Comparing the Israeli populations to popula-
tions outside of Israel—Egypt, Turkey, Iran, and Germany, average Cyt b nuc-
leotide sequence genetic variability ranged from 0.5% to 5.5%. The most sub-
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stantial differences were observed between the Egyptian and German popula-
tions and the Israeli populations, with a range of 3.0% to 5.5% (Degani et al., 
2013a). 
 
Table 4. Range of nucleotide variations in the D-loop (control region) and Cyt b 
fragments among green toad populations, as determined using DNASTAR soft-
ware (Degani et al., 2013a). There were 24 habitats in Israel, and 1 each for the 
other 4 countries (Figures 2 and 3). 

 Site 

Percept variation among 
population in Israel 

Percept variation among 
population in Israel 

Control region Cyt b 

1 Hermon 0.6 - 2.4 0 - 1.5 

2 Masade 0 - 1.8 0 - 2.5 

3 Orvim 0 - 1.5 0 - 2.5 

4 Nahalit 0 - 1.5 0 - 2.5 

5 Fara 0.3 - 2.1 0 - 2.5 

6 Matityahu 0 - 1.8 0 - 2.5 

7 Raihania 0.3 - 1.5 0 - 2.5 

8 Kash 0 - 1.8 0 - 2.5 

11 Kziv 0.6 - 2.7 0 - 3.5 

12 Manof 0 - 1.8 0 - 2.5 

13 Hedera 0 - 1.8 0 - 3.5 

14 Gaash 0 - 1.8 0 - 3.5 

15 Herzelia 0.6 - 2.1 0 - 2.5 

16 Afeka 1.5 - 2.7 0 - 2.5 

17 Hulon A 0.3 - 2.1 0 - 2.5 

18 Hulon B 0.9 - 2.7 0 - 2.5 

19 Shafdan 0.6 - 2.4 0 - 2.5 



Biological Adaptations of Anuran Species across Diverse Habitats, 
Spanning Mediterranean to Desert Climates

 

 
20 

 

20 Palmahim 0 - 18 0 - 2.5 

21 Ben-Zayit 0 - 1.5 0 - 2.5 

22 Jerusalem 0.6 - 2.4 0 - 2.5 

23 Gidron Mount 0.3 - 1.5 0 - 1.5 

24 Naaran 0.3 - 2.4 0 - 2.5 

25 Ein-Fara 0.3 - 2.5 0 - 2.5 

26 Hezeva 0 - 1.8 0.5 - 3.0 

27 Egypt 1.6 - 2.8 3.0 - 5.5 

28 Turkey 1.7 - 3.2 0.5 - 3.0 

29 Iran 1.2 - 3.0 0.5 - 3.0 

30 Germany 7.0 - 8.2 3.0 - 5.5 

 
D-loop analysis of haplotypes consisted of individuals from at least two dis-

tinct areas (Figure 8). Haplotypes 3, 5, and 8 collectively made up approx-
imately 50% of all samples. Haplotypes 3 and 8 were common across almost all 
regions in Israel, whereas haplotype 5 was more prevalent in the eastern popu-
lations. It is worth noting that the outgroup populations were exclusively cha-
racterized by independent haplotypes. There was no clearly discernible geo-
graphical pattern. 
 
Table 5. Latitude and longitude of 30 green toad breeding sites. 

Site and 
zone   

Longitude Latitude 

Northern 
Israel 

1 Israel_Hermon 33˚17'29"N 35˚45'13"E 

2 Israel_Masade 33˚13'59"N 35˚45'09"E 

3 Israel_Orvin 33˚09'29"N 35˚40'15"E 

4 Israel _Nahalit 33˚04'56"N 35˚27'48"E 

5 Israel_Fara 33˚03'58"N 35˚27'39"E 
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6 Israel_Matityahu 33˚04'04"N 35˚27'18"E 

7 Israel_Raihaniya 33˚03'01"N 35˚29'10"E 

8 Israel_Kash 33˚01'47"N 35˚29'26"E 

9 Israel_Jahudha 32˚56'42"N 35˚36'49"E 

10 Israel_Sasa 33˚01'58"N 35˚23'30"E 

11 Israel_Kaiv 33˚02'40"N 35˚14'38"E 

12 Israel_Manof 33˚50'58"N 35˚13'52"E 

Central 
Israel 

13 Israel_Hedera 32˚26'29"N 34˚54'09"E 

14 Israel_Gaash 32˚13'39"N 34˚49'31"E 

15 Israel_Herzela 32˚11'22"N 34˚48'30"E 

16 Israel_Afeka 32˚07'06"N 34˚49'21"E 

17 Israel_Hulon A 32˚01'08"N 34˚47'40"E 

18 Israel_Hulon B 32˚00'07"N 34˚45'31"E 

19 Israel_Shafdan 31˚56'30"N 34˚44'42"E 

20 Israel_Palmahim 31˚55'52"N 34˚42'26"E 

21 Israel_Bet-Zayit 31˚46'55"N 35˚09'39"E 

22 Israel_Jerusalem-Mammilla 31˚46'34"N 35˚13'25"E 

Southern 
and eastern 

Israel 
23 Israel_Gidron Mount 32˚06'37"N 35˚29'25"E 

24 Israel_Naaran 31˚54'26"N 35˚28'04"E 

25 Israel_Ein Fara (Wadi Kelt) 31˚47'43"N 35˚20'15"E 

26 Israel_Hazeva 30˚46'03"N 35˚16'42"E 

Sites  
outside of 

Israel 
27 Egypt 31˚00'49"N 29˚49'22"E 

28 Turkey 39˚39'41"N 33˚25'01"E 

29 Iran 38˚53'20"N 45˚09'53"E 

30 Germany 50˚21'35"N 07˚35'52"E 
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GenAlEx analysis revealed that the Cyt b samples were comprised of five hap-
lotypes (Figure 9), with a total of 117 individuals. Haplotype 1 was the most 
prevalent (76.9% of individuals), and it was distributed across populations in 
northern, central, and southern Israel. Haplotypes 2 and 3 were fixed, meaning 
that they were present in all 13 and 10 individual sequences, respectively. Hap-
lotypes 4 and 5 were each found in only one sample. The analysis of Cyt b frag-
ments showed relatively limited variation among green toad populations. How-
ever, when comparing the Cyt b sequences of populations 25 and 26, the sou-
thernmost and easternmost populations, respectively, distinct clusters were ob-
served that were not present in other populations. 

Bayesian analysis of genetic population structure revealed that all individu-
als belonged to a single cluster, indicating their high similarity and lack of sig-
nificant differences from other groups. The dendrogram in Figure 10 was con-
structed using a coefficient matrix of genetic distances among all sampled green 
toad individuals. It shows that the genetic relationships among individuals were 
only moderately correlated with their geographical locations. 

Analysis of three molecular markers (D-loop, Cyt b, and RAPD) in different 
populations of green toads in Israel exposed to highly diverse climates revealed 
significant genetic similarity, with the exception of populations located on the 
ecological edges of Mount Hermon and the desert regions. The AFLP analysis 
yielded less conclusive results, likely due to the limited number of individuals 
sampled (Degani et al., 2013a; Medina et al., 2006). Therefore, future studies 
on bufonids in Israel should aim to increase sample size in order to accurately 
identify the true ecological correlates of these species. 
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4. Tree Frogs 

4.1 Classification 

The taxonomy of tree frogs in the Middle East has not been fully agreed upon, 
despite extensive study of cell structure and morphology, and a combination of 
mitochondrial and nuclear genes (Degani, 2016; Grach et al., 2007; Gvozdik et 
al., 2010; Stöck et al., 2008). The high genetic diversity in relatively small areas 
(Degani, 2016) makes it difficult to study phylogeography and taxa using mo-
lecular markers. Gvozdik et al. (2010) carried out extensive mtDNA studies 
and suggested that the tree frog Hyla savignyi is found in Israel in the Golan 
Heights, and that its geographical distribution also includes Jordan, Syria and 
Lebanon. However, other species might also be found in Israel, such as Hyla 
felixarabica sp. nov. Grach et al. (2007) described the endemic population of 
another species in Israel, Hyla heinzsteinitzi, based on morphological charac-
terization, coloration and cell structure. H. heinzsteinitzi is located at three 
sites in a small area (6 × 13 km2) in the Judean Hills at altitudes of 730 - 895 m 
above sea level. The tree frog is one of the most important amphibians in north-
ern Israel. Many nocturnal anuran species are colored (see review by Gomez- 
Rodrıguez et al., 2009) and exhibit a large repertoire of visual displays. The var-
ious colors of tree frogs in Israel are presented in Figure 11. The dominant color 
is green, but with large variation, from dark green to bright green. Variation is 
also found for the other colors (black, brown and white) (Degani, 2013). Most 
studies on the colors of tree frogs have addressed the European species, Hyla 
arborea (Nielsen, 1980), with more information published than for H. savig-
nyi. 
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Uzda-Slutsk) to southern Russia. From there, the margin runs south and south- 
eastward approximately along the line of the Bryansk Province-Kursk Province 
west of the Byelgorod Province (Shebekino District), then southward in the 
Ukraine from Kharkov City to the Dnepropetrovsk Province and the Donetsk 
Province. In Crimea, H. arborea is found along the southern shores and extreme 
northwest of the peninsula. It is active primarily in the evening and at night, 
when it descends from the vegetation to forage and rehydrate on the ground. 
During the autumn, from September-December to February-early May, it mi-
grates to Europe to hibernate. Hibernation takes place on land (in soil burrows, 
heaps of stones and holes in trees). Reproduction occurs at different times from 
April to May, but sometimes in March, June or even late July. As a rule, more 
males are found in breeding pools than females. Females enter the pools after 
the males and leave immediately after breeding. 

4.3 Life cycle 

The life cycle of Hyla savignyi in various habitats in northern Israel—the Up-
per Galilee and Golan Heights (annual rainfall range of 500 - 1,000 mm) and 
the Hula valley, and the surrounding mountains ranging from 212 to 740 m 
above sea level—was studied. Tree frogs were observed around winter rain 
pools, springs and streams. Fifty-one different breeding places were monitored. 
Only ponds and springs with stable non-flowing water are used by tree frogs 
for reproduction and for metamorphosis of the larvae (Figure 12). The male 
call attracts the female to the breeding site, and breeding occurs underwater 
(Degani, 2016). The time of breeding in Israel varies according to location and 
geographical and ecological conditions. It takes place in March-April in north-
ern Israel. The larvae grow between April and June. Tree frog larvae seem to be 
adapted to breeding places with still water, such as ponds or springs, but not 
flowing water such as streams or rivers. 

Information on the number of eggs laid per female varies. A clutch contains 
about 200 - 1,000 eggs, usually deposited in small rounded clumps of 3 to 100 
eggs each over several hours, after which the female leaves the pool (Degani, 
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few rainy months each year, and where all of the grass dries up and the ground 
turns brown or black (Degani and Kaplan, 1999; Goldberg et al., 2009b). De-
gani and Biton (2013) found that tree frogs prefer green plant substrates. How-
ever, what is less known is that tree frog color changes according to substrate 
color (Degani and Biton, 2013; Stöck et al., 2008), suggesting that crypsis (i.e., 
background matching) is not a only function of physiological color change, 
but physiological color change may also be used for hydro- and/or thermore-
gulation. H. savignyi is abundant in northern and central Israel and can be 
found throughout the entire year, including the hot, dry summers. In summer, 
while the tree frog clings to leaves with circulating air, the danger of dehydra-
tion increases (Warburg, 1971, 1992). I suggested that the function of the in-
tricate dorsal pattern of Hyla ornatissima serves to protect the animal from pre-
dation, camouflaging it on the leaves of the trees where the animals live. Dur-
ing the hot, dry summer, the tree frogs seek hiding places on the ground to 
prevent dehydration. H. savignyi survives in xeric habitats by being able to tole-
rate high rates of water loss and to rapidly replenish water. This is due to their 
ability to tolerate a decrease in the volume of plasma and an increase in hema-
tocrit (Degani, 2022). They are also able to tolerate an increase in plasma and 
muscle osmolality with increased levels of NaCl, K+ and Cl− (Degani and War-
burg, 1984). During the summer, many of the ponds where H. savignyi breeds 
dry up (Degani and Kaplan, 1999; Goldberg et al., 2009a, 2012); annual plants 
(therophytes) die and the color of the ground changes from green to brown or 
black (Degani, 2022). Only green perennial plants grow during the summer in 
Israel. Their microclimate is more suitable for H. savignyi with respect to pre-
venting dehydration during dry periods (Degani and Warburg, 1984). A high 
preference is exhibited by H. savignyi for green plants, which can help the frog 
endure dry conditions. Thus, H. savignyi’s ability to change color for camouf-
lage as it moves to different substrates is a very important adaption mechanism 
in xeric habitats where the color of the environment varies between seasons. 

To analyze and characterize tree frog behavior, 30 mature tree frogs were col-
lected in Moshav Haspin, which is located in the southern Golan Heights (lon-
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82% of the black frogs chose the black substrate, and 95% of the green frogs 
chose the green substrate. There were no significant differences between night 
and day in choice of substrate color. 
 

 
Figure 16. The different colors of Hyla and their preference for substrate color 
(Degani and Biton, 2013). 

4.5 Tree frogs in unstable habitats 

The tree frog’s body colors vary with habitats and seasons, to match the colors 
present in their surroundings. Figure 17 provides examples of the color changes 
observed in the tree frog habitat. In winter and early spring, various shades of 
green can be seen in and around water bodies. Over time, the colors transition 
from light green to brown or even black. Throughout the year, the tree frogs ex-
hibit colors that blend harmoniously with their environment (Figure 17) (De-
gani, 2022). 

During the breeding season, when the tree frogs migrate to the ponds, the 
winter pond area is lush with green vegetation, and the tree frog colors match 
those shades of green. As the winter ponds dry up, the tree frog colors change 
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to brown and black to blend in with the new habitat colors (Figure 18) (Dega-
ni, 2022). 
 

 
Figure 17. The winter pond, located at Nahalit Pool (35˚27'48''E 33˚04'56''N, ele-
vation 665 m above sea level), and its surrounding area undergo notable changes 
in color and are inhabited by tree frogs that exhibit matching hues throughout the 
winter and summer seasons. 
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4.6 Adaptation to a semi‐desert habitat: water   

loss and tolerance to changes in   

plasma ion and urea contents 

Tree frogs are abundant in northern and central Israel, and can be found throughout 
the year, including the hot and dry summers. In summer, they are at risk of de-
hydration. The frog is small, and its skin does not prevent water loss. The abil-
ity to adapt to a habitat like that in Israel involves changes in plasma concen-
trations of ions and urea (Degani and Warburg, 1984). Ion (Na+, K+, Cl−) and 
urea concentrations in the plasma and tissues of dehydrated frogs were com-
pared, and the rates of dehydration and limits of water loss as well as rehydra-
tion in both juvenile and adult frogs were studied. An attempt was made to 
establish relationships between the water content of the plasma and tissue ion 
and urea concentrations (Degani, 2016). 

The rate of evaporative water loss in the juvenile tree frog was significantly 
higher than that in adults. Juveniles reached their limit of water loss after 4 days 
(at 10˚C and 0 - 5% relative humidity), whereas adults reached this point after 
about 2 weeks. The maximum limit of water loss was 4.57% for adults and about 
35% for juveniles. In both adults and juveniles, most of the water uptake took 
place after 2 hours. There were no significant differences between the two groups 
after that period. 

Plasma concentration increased following dehydration as shown by the li-
near correlation between body water loss and increased plasma concentration 
(Figure 19). Maximum plasma concentration was 510 mOsm/kg in dehydrated 
frogs (which lost 4.5% of their body weight due to muscle dehydration). Dur-
ing the increase in plasma concentration the hematocrit rose to 65% (Figure 
19). 
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4.7 Molecular genetic diversity across breeding   

sites in northern Israel 

The genus Hyla includes 31 distinct species found in the Holarctic regions, which 
include North America, Asia, Europe, and the northern part of Africa. These 
species are further classified into five species groups: H. arborea, H. cinerea, H. 
versicolor, H. savignyi and H. eximia (Degani et al., 2012). 

In a comprehensive study conducted by Stöck et al. (2008), mitochondrial 
and nuclear markers were employed to analyze the various Hyla species and 
subspecies across circum-Mediterranean areas. Their investigation in the Mid-
dle East revealed the presence of H. savignyi in Cyprus, where it thrives in 
well-illuminated habitats characterized by broad-leafed and mixed forests, bush 
and shrub lands, meadows, gardens, vineyards, orchards, parks, lakeshores, and 
low riparian vegetation. These frogs predominantly inhabit arboreal environments, 
residing on bushes, shrubs, and trees. In Israel, the taxonomy of three frog spe-
cies, ranging from H. arborea to H. savignyi, was distinguished through the anal-
ysis of mtDNA and nuclear DNA fragments (Stöck et al., 2008). Andersen et al. 
(2004) investigated the population structure of the European tree frog, H. ar-
borea, in Denmark, considering suitable habitats and population sizes. Their 
study utilized the genetic variation of 12 polymorphic DNA microsatellites. 

To investigate the molecular DNA variation in H. savignyi, we collected sam-
ples from multiple breeding sites in northern Israel. We employed various ge-
netic techniques, including DNA extraction, amplification of specific genetic 
markers, and sequencing. Cyt b and 12S were amplified for sequencing and used 
for the assessment of genetic variation by RAPD PCR (Degani et al., 2012). 
The DNA fragments’ nucleotide sequences were deciphered from a 255-bp clone 
of Cyt b and a 320-bp clone of 12S (Figure 20). Within the Cyt b fragment, 
there were variations at nucleotide positions 64, 124, 143, 145, and 175 among 
populations residing in different breeding sites. A detailed breakdown of these 
variations can be found in Degani et al. (2012). The investigation of Cyt b var-
iation among populations of H. savignyi from distinct breeding sites revealed a 
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5. Eastern Spadefoot Toad 

5.1 Classification and description 

Pelobates syriacus, commonly known as the eastern spadefoot toad, can be clas-
sified based on its unique characteristics. Unlike other toads, it lacks a tympanic 
membrane, and has smooth skin and an ossified sternum. Its eyes have vertical 
pupils, and it has well-developed webbing between its toes. One distinctive fea-
ture is the presence of large and spade-shaped inner metatarsal tubercles in its 
hind feet. Spadefoot toad species tend to be larger in size than other toads. In 
addition, their vomerine teeth series is longer and more divided, with a narrow-
er gap. The inner metatarsal tubercle is quite large and yellowish in color. The 
webbing between the toes exhibits prominent incisions. The frontal area between 
the eyes is not particularly pronounced. The dorsal coloration of these toads 
typically ranges from yellowish to gray, adorned with large dark-greenish spots. 
The ventral surface is whitish-gray and lacks any discernible pattern (Degani, 
2015). 

5.2 Distribution 

Taxonomy and distribution of Pelobates species is presented in Figure 22. The 
evolutionary relationships and geographical spread of different Pelobates spe-
cies were studied by Dufresnes et al. (2020) using phylogenomic analysis. The 
distribution information was derived from updated records combined with ge-
netic data, and a map was created based on these findings. According to this re-
search, Pelobates vespertinus has a wide distribution range, extending to Ka-
zakhstan and Siberia in the eastern regions. The area study by Degani (2015) 
described the Pelobates species in Israel (Figure 22). Spadefoot toads are found 
in various regions, including Azerbaijan, Iran, Iraq, Israel, Lebanon, Russia, 
Syria and Turkey (P. syriacus), and Bulgaria, Greece and Romania (P. balcani-
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cus), demonstrating their wide distribution across different countries (Degani, 
2013) (Figure 22). 
 

 

 
Figure 22. Distribution of Pelobates species in Europe (Dufresnes et al., 2020) and 
Pelobates syriacus distribution in Israel (Degani, 2015). A—Elrom Pond, B—Fara 
Pond, C—Kash Pond, D—Raihaniya Pond, E—Sasa Pond. 
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eastern spadefoot toads. However, considering the distribution of rain pools and 
the limited dispersal range of juvenile adults, estimated to be around 2 to 4 km, 
it appears that the population is predominantly isolated. 

5.4 Terrestrial activity 

A brief overview of the adult terrestrial activity of the spadefoot toad reveals 
interesting patterns. One study indicated a noteworthy negative correlation be-
tween the percentage of toads engaged in burrowing behavior and soil moisture 
levels (Degani and Carmali, 1988). In soil with low moisture content (40%), a 
relatively high percentage of toads (73%) were observed to be buried, whereas 
a significantly lower percentage (9%) was found in soil with a high moisture 
level (100%) (Figures 25 and 26). 

Soil moisture can have a significant effect on the burrowing behavior of P. 
syriacus. These toads are semi-fossorial, meaning that they spend a significant 
portion of their lives underground, especially during periods of adverse envi-
ronmental conditions or aestivation (Figures 25 and 26). Soil moisture can in-
fluence the burrowing behavior of spadefoot toads by: (i) facilitating burrow-
ing: adequate soil moisture provides the necessary conditions for toads to exca-
vate burrows effectively. Moist soil is easier to manipulate and dig through than 
dry or compacted soil. Spadefoot toads have specialized adaptations on their 
hind feet, including a spade-like structure, which allows them to efficiently dig 
burrows. Moist soil enables them to use this adaptation more effectively; (ii) 
maintaining burrow integrity: burrows dug by spadefoot toads serve as a shel-
ter from extreme temperatures, predators, and desiccation. Moist soil helps main-
tain the structural integrity of the burrow walls, preventing collapse or erosion 
due to weather conditions or disturbances. If the soil is too dry, the burrow walls 
may become unstable, potentially endangering the toads. Spadefoot toads of-
ten burrow during periods of aestivation—a dormant state during hot and dry 
periods. Aestivation helps them conserve water and energy. Adequate soil mois-
ture is crucial for toads to dig deep enough burrows to find a suitable micro-
environment with higher humidity and lower temperatures. Moist soil condi-
tions are essential for their successful aestivation. 
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5.5 Reproduction 

Spadefoot toads typically breed in temporary pools or ponds formed by rain-
water. Soil moisture plays a critical role in determining the availability of breed-
ing habitats. Sufficient soil moisture allows for the formation and maintenance 
of these temporary water bodies, which are crucial for successful reproduction 
and the development of the tadpoles. It is important to note that the specific 
preferences and behaviors of spadefoot toads can vary based on regional and 
local conditions. Factors such as temperature, rainfall patterns, and soil compo-
sition can also influence their burrowing behavior in conjunction with soil mois-
ture levels. Research studies focusing on local populations of spadefoot toads 
can provide more precise insights into their specific responses to soil moisture 
variations in a particular habitat. 

5.6 Dehydration in air 

When spadefoot toads are exposed to dry air for an extended period, they ex-
perience dehydration. Their skin, which is typically moist and permeable to wa-
ter, starts to lose moisture rapidly. This can lead to several physiological changes 
in the toad’s body. For instance, the toad’s skin may become dry, making it less 
efficient at gas exchange and potentially impairing its ability to breathe. Dehy-
dration can also affect the toad’s metabolic processes, leading to a decrease in 
overall activity and potentially causing physiological stress. In extreme cases, 
severe dehydration can be fatal to spadefoot toads (Figure 27). 

5.7 Burrowing in soil 

Spadefoot toads have the ability to burrow into the soil, especially during pe-
riods of dryness or drought. Burrowing helps them find moister environments 
and escape the dehydrating effects of the air. When buried in the soil, the toads 
reduce water loss through their skin due to the higher humidity and moisture 
content in the ground. The soil provides insulation and a more stable micro-
climate, reducing the rate of water loss and preventing excessive dehydration. 
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The populations of Elrom Pond, located at the highest altitude, and Fara Pond, 
situated at the lowest altitude, exhibited the lowest levels of genetic similarity 
compared to other populations (Figure 28). This was determined by analyzing 
the DNA variation among P. syriacus populations from different breeding sites 
using the OPA-4 primer. The level of band sharing ranged from 0.92 to 1.00. 
Specifically, the similarity between the Elrom Pond population and the popu-
lations of Kash Pond, Raihaniya Pond, and Sasa Pond was relatively low (0.92). 
Similarly, the Fara Pond population, at the lowest altitude, showed low similar-
ity with the populations of Kash Pond, Raihaniya Pond, and Sasa Pond (0.92). 
Similar results were obtained with the OPA-3 primer. The lowest level of simi-
larity (0.93) was observed between the populations of Elrom Pond and Fara 
Pond, in comparison to the other ponds (Kash Pond, Raihaniya Pond, and Sa-
sa Pond) (Degani, 2013) (Figure 28). 

Munwes et al. (2010) used the eastern spadefoot toad in Israel as a model 
organism to investigate certain hypotheses concerning population genetics and 
network theory. Their findings contradicted most of the predictions made by 
the “abundant center” model, which suggests that peripheral populations should 
exhibit lower population density and genetic diversity than core populations. 
Moreover, they suggested that dispersal between core and peripheral popula-
tions should be asymmetrical, primarily directed outward from the core pop-
ulation; however, they did not observe such a trend in their study. Their data 
did not support the hypothesis of no or non-linear change in genetic diversity 
toward the range edge. On the contrary, their results aligned with Fisher’s hy-
pothesis (presented in The Genetical Theory of Natural Selection in 1930), which 
proposes an increase in genetic variability from the core to the edge of a species’ 
distribution. Munwes et al. (2010) attributed this finding to the significantly 
harsher climatic and abiotic conditions experienced by both tadpoles and post- 
metamorphic individuals at the distribution edge over multiple generations. 
Importantly, Munwes et al.’s (2010) results have substantial implications for the 
conservation of this critically endangered species in Israel. 

We identified two distinct communities that are genetically connected through 
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two specific rain pools in the Upper Galilee. A detailed understanding of the 
spatial subdivision of this species is crucial for future management and resto-
ration efforts concerning temporary wetlands in Israel. Cohen et al. (2021) stu-
died the genetic diversity and composition of the eastern spadefoot toad (P. sy-
riacus) population influenced by temporal variations occurring over short and 
long periods of time. They put forth the hypothesis that the allelic makeup within 
populations would undergo changes from year to year, aligning with short-term 
fluctuations in environmental conditions. Interestingly, the impact of short-term 
climate variations on genetic composition has scarcely been explored in the lite-
rature, and the significance of annual climatic fluctuations remains largely un-
explored. Cohen et al.’s (2021) study revealed that climatic variations between 
successive years, particularly in terms of rainfall amounts and number of rainy 
days, can significantly modify both the allelic composition and diversity observed 
in microsatellites. They proposed that environmental selection, which is sub-
ject to fluctuations, varies across different regions globally, with its strongest 
effects expected in areas characterized by unstable short-term climatic condi-
tions. 
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6. Water Frogs 

6.1 Classification and description 

The Levant water frog Pelophylax bedriagae, formerly known as Rana ridi-
bunda, is a common water frog of medium size. The length from the tip of its 
snout to its vent varies between 42.5 and 89.5 mm in males, and between 
43.0 and 95.2 mm in females. However, the range of snout-vent lengths can 
differ depending on the geographical location. When viewed from the side, 
the snout is pointed, whereas from the top it appears sub-elliptical to trian-
gular. The length of the head is slightly greater than its width. The nostrils 
are directed toward the back and are located approximately halfway between 
the snout and the eyes. The distance between the nostril and the eye is slightly 
longer than the distance between the two nostrils. The eyes, positioned on the 
upper part of the body, are relatively large and have horizontally elongated pu-
pils. The space between the eyes is narrower than the diameter of each eye. The 
eardrum is prominent and about 10% smaller in diameter than the eye; it has a 
slightly pear-like shape. A noticeable fold extends above the eardrum and merges 
with two folds on the upper sides of the body. Male frogs possess paired vocal 
sacs (Bam-E-Zar et al., 2019; Disi and Amr, 2010). 

The taxonomic reassessment of Middle Eastern water frogs includes an Israeli 
study (Sinsch and Schneider, 1999), in which eight morphometric features of 
water frogs from 14 localities in Turkey, Syria, Jordan and Israel were com-
pared with those of R. ridibunda in Kazakhstan, Armenia and Greece (Thrace). 
The study sites included the typical localities of R. ridibunda, Rana r. caralita-
na, Rana esculenta var. bedriagae and Rana levantina. Multivariate compari-
sons (principal component analysis, discriminant analysis) based on the log10- 
transformed variables demonstrated that only two taxa differed significantly in 
size and shape. By applying a morphospecies criterion, R. ridibunda was found 
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to be represented exclusively by the three reference populations, whereas all 
other populations (in Turkey, Syria, Jordan and Israel) were of the same spe-
cies—Pelophylax (Rana) bedriagae. Data collected on the Levant water frog in 
northern Israel and on other species of amphibians have been published in var-
ious papers (Degani, 1982; Degani and Kaplan, 1999). Its structure and mating 
call variations in Israel were studied by Nevo and Beiles (1988), and the genet-
ic differences between Israeli and Greek populations were documented by Nevo 
and Filippucci (1988). 

6.2 Distribution 

Pelophylax bedriagae is a species of true frog native to the Balkan Peninsula in 
southeastern Europe. Its distribution in Israel is shown in Figure 29 (Schneid-
er et al., 1992). Because of the great difference between the details and the dis-
persion in Europe, its names changed until molecular tools entered into sys-
tematics (Bam-E-Zar et al., 2019; Disi and Amr, 2010). 

Kyriakopoulou-Sklavounou et al. (2008) conducted a study on the physical 
and genetic differences among three populations of Levant water frogs in north-
ern Greece. They used specific physical measurements and electrophoresis of 
enzymes with varying forms. The overall findings suggested that these differenc-
es were a result of distinct selection pressures on the physical characteristics, 
which included the presence of a closely related species in the same habitat. This 
phenomenon was not observed in the genetic analysis of the enzymes. 

Plötner et al. (2008) indicated that Anatolian marsh frogs cannot be classi-
fied as Pelophylax bedriagae based on mtDNA techniques. Furthermore, they 
described the relationship between R. ridibunda and Rana lessonae frogs in 
Europe. It was found that natural hybridizations occur between the DNA of R. 
ridibunda and R. lessonae, as observed by Berger (1970) and Degani et al. 
(2013b). 
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Figure 29. Distribution of Pelophylax bedriagae (Degani et al., 2013b). 

6.3 Life cycle 

Limited information is available regarding the ecology and life cycle of the Le-
vant water frog in Israel, as discussed in previous studies (Degani, 1982; Dega-
ni and Kaplan, 1999). Research has focused on investigating the ecological and 
biological factors in breeding sites inhabited by amphibian larvae in northern 
Israel, which include winter ponds, rock pools, springs, and streams (Degani, 
1982). The breeding season typically occurs in May and June, although some lar-
vae may persist in the water throughout the summer and undergo metamorpho-
sis toward either the end of summer or the beginning of winter. However, pub-
lished information is scarce on the ecological characteristics of the water bo-
dies where Pelophylax bedriagae live and reproduce. 
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The growth patterns of larvae differ across breeding sites, ranging from win-
ter to summer. The growth rate equation for Navoraya Spring during the win-
ter was calculated as Y = 0.9X + 3.1, with an R2 value of 0.9854. In the summer, 
the growth rate equation was Y = 0.5889e0.2488x, with an R2 value of 0.9827. 
For Fara Pond during the summer, the growth rate equation was Y = 0.1244X 
1.6984, with an R2 value of 0.9827. Lastly, in the Lehavot Pond during the 
summer, the growth rate equation was Y = −X2 + 11.9X − 31, with an R2 value 
of 1 (Figure 31) (Degani et al., 2013b). Figure 32 illustrates the water quality 
parameters in the three different ponds where Pelophylax bedriagae larvae 
were present. In Lehavot and Fara Ponds, water was available from winter until 
the end of summer, at which point the ponds dried up. However, in Navoraya 
Spring, water was available year-round (Figures 31 and 32) (Degani et al., 
2013b). 

The ponds underwent a change in size, decreasing from 1000 m3 of water to 
0 m3, whereas the spring maintained a constant water volume of 3 to 5 m3. As 
the seasons progressed from winter to spring and into summer, there was a nota-
ble increase in temperatures across the different water bodies, with a range of 5 
to 30˚C (Figure 32). The rate at which the water temperature changed was higher 
in the ponds than in the spring. However, no significant differences in tem-
perature were observed among the water bodies during the 4 years of the study 
(Degani et al., 2013b). The concentrations of dissolved oxygen varied between 
0% and 120% saturation, being significantly highest during the winter and de-
creasing throughout the summer. 

6.5 Comparison of green toads’ and water frogs’ 

adaptations to habitat conditions 

6.5.1 Differential urea tolerance and osmoregulation 

Many land-dwelling amphibians demonstrate the ability to adapt to different 
osmotic environments. The accumulation of urea as a solute in both intra- and 
extracellular fluids appears to be crucial for their adaptation to high salinity or 
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terrestrial life. Several studies, including Degani (1985), have highlighted the 
significance of urea accumulation in regulating osmotic concentrations. Urea 
serves as a major solute for adjusting the overall osmotic balance. During de-
hydration, when urine production decreases, there is an increase in urea accu-
mulation in the body fluids (Degani, 1985). Moreover, net urea synthesis may 
contribute to this enhanced accumulation of urea (Degani, 1985). 

When urea is present in low concentrations (0 - 50 mM) in the plasma, it is 
evenly distributed throughout the body fluids due to its hydrophilic nature and 
lack of charge. However, there is limited knowledge regarding the distribution 
of urea, both extracellular and intracellular, when it accumulates to high con-
centrations (300 - 900 mM). This phenomenon has been observed in certain 
terrestrial amphibians such as Scaphiopus couchi, Ambystoma tigrinum, Sa-
lamandra salamandra (Degani, 1981b), and green toads (Degani et al., 1984). 
Further research is needed to understand the specific mechanisms and pat-
terns of urea distribution under these conditions. 

When body fluids reach high concentrations, muscle excitability decreases 
rapidly, and the muscles undergo significant swelling. In addition, urea can de-
nature cell proteins and when present, it prevents the coagulation of isolated 
native proteins. Bufo viridis is a green toad species that primarily inhabits ter-
restrial environments, whereas Rana ridibunda is a semi-aquatic species found 
in Europe and North Africa, occupying different habitats (Warburg, 1971). Var-
iations in these two species’ adaptation to high concentrations of urea solution 
were examined. In the case of the green toad, which undergoes saline adapta-
tion and prolonged dehydration in soil, urea accumulation in the plasma was 
observed. On the other hand, no urea accumulation was found during saline 
adaptation in the semi-aquatic frog (Degani et al., 1984). The green toads ex-
hibited tolerance to urea solutions of up to 800 mM. However, when exposed 
to a concentration of 900 mM, the toads became severely emaciated, and the 
experiment had to be terminated. Interestingly, when subjected to a 600 mM 
urea solution, three out of five frogs died. Both species maintained hyperos-
motic blood levels during the experiment. It should be noted that the concen-
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6.5.2 Comparison of oxygen utilization   

by the land‐dwelling green toads and   

the semi‐aquatic water frogs 

In arid environments with high summer temperatures and low humidity, the 
terrestrial green toad species faces the risk of dehydration, and they are there-
fore less active during the summer than they are in temperate climates. To cope 
with these harsh conditions, they take refuge underground and remain inac-
tive for several months (Degani et al., 1984). During this period, low oxygen 
consumption is an advantage. However, in all amphibians, high temperatures 
generally lead to an increase in metabolic rate (Degani, 1983). On the other hand, 
the semi-aquatic frog species faces a less severe problem in its habitat. It remains 
active and breeds during the spring and summer (Degani, 1982). 

To gain a deeper understanding of how green toads endure extended periods 
of inactivity in the scorching and arid summer season, a comparative analysis 
was conducted on oxygen consumption and CO2 production in both green 
toads and the water frogs before and after dehydration. The purpose was to in-
vestigate the survival mechanisms employed by green toads under these chal-
lenging conditions (Degani, 1983). Both species, when hydrated or dehydrated, 
exhibit metabolic patterns that could be represented by two distinct lines. At 
temperatures below approximately 24˚C, there was a linear phase with a slope 
close to zero (Figures 35-36) (Degani, 1983). 

The subsequent phase is characterized by a curvilinear pattern, with each 
species achieving its respective asymptote differently, depending on hydration 
status. When hydrated, both species display the same rate of oxygen consump-
tion to a temperature of around 27˚C (Figure 35). However, at higher temper-
atures, the metabolic rate of the green toad is lower than that of the water frog. 
The asymptote for the toad is approximately 38˚C, whereas the frog’s asymp-
tote is around 36˚C (Degani, 1983). At higher temperatures, the frog consis-
tently exhibits a higher level of CO2 production compared to the toad (Figure 
36) (Degani, 1983). When dehydrated, both species exhibit similar metabolic 
patterns (Figures 37 and 38). 
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7. Hula Painted Frog 

7.1 Classification and description 

The painted frogs of the genus Discoglossus, which are part of the family Aly-
tidae, are among the most ancient group of frogs. Their origins can be traced 
back to the Jurassic period. The Hula painted frog, initially categorized within 
this genus, was recognized as such until 2013. However, recent studies involving 
genetic and skeletal analyses have revealed that this species is actually closely 
related to a group consisting of all of the other Discoglossus species. Conse-
quently, it was reclassified and assigned to the genus Latonia. Latonia is a genus 
of giant frogs that existed during the Miocene through Pleistocene epochs, but 
was then presumed to have become extinct (Bina Perl et al., 2017). The unique 
position of Latonia nigriventer as the sole surviving species of an ancient clade 
highlights the need for special efforts to safeguard its existence, as it represents 
a significant portion of alytid phylogenetic diversity. However, very little is cur-
rently known about the natural history of this remarkable frog, which was only 
recently rediscovered and remains one of the rarest amphibians in the world (Bi-
na Perl et al., 2017). Aside from some brief descriptions of its tadpole and adult 
forms (Mendelssohn and Steinitz, 1943), the available information about its sis-
ter group, Discoglossus, has been the sole reference for speculations on L. ni-
griventer’s natural history. 

7.2 Life cycle 

The Hula painted frog is a critically endangered species of frog endemic to the 
Hula valley in northern Israel, thought to be extinct until its rediscovery in 2011 
(Figure 41). Although not much is known about its specific life cycle, we can make 
some general assumptions based on what is known about other frog species 
(Bina Perl et al., 2017). 
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adult coloration and markings over time. As adults, Hula painted frogs are typi-
cally small to medium-sized, measuring around 4 - 6 cm in length (Figure 41). 

It is important to note that the information available on the specific life cycle 
of the Hula painted frog is limited due to its rarity and critically endangered 
status. Researchers and conservationists continue to study and monitor the spe-
cies to gather more information and develop conservation strategies to protect 
it. 

7.3 Population genetics analysis of the recently 

rediscovered Hula painted frog reveals   

high genetic diversity and low inbreeding 

The Hula painted frog is considered extremely rare and is poorly understood. 
Given its limited ability to disperse, the significant disruption of its habitat, and 
its low population size, conservation efforts are urgently needed. A genetic analy-
sis of this species was conducted, using 18 newly developed microsatellite mark-
ers and four different models. The effective population size (Ne) was calculated 
using a sample of 125 Hula painted frog individuals collected from a single loca-
tion. The estimates of potentially reproducing adults in this population (Nad) 
were determined through a capture-recapture study involving 118 adult Hula 
painted frogs captured at the same site. Surprisingly, the data indicated that de-
spite Nad estimates ranging from approximately 234 to 244 and Ne estimates 
ranging from about 16.6 to 35.8, the species displays remarkably high genetic 
diversity (observed heterozygosity = 0.771) and a low inbreeding coefficient 
(FIS = −0.018). This perplexing result could potentially be explained by two 
hypotheses: genetic rescue from unknown Hula painted frog populations in 
close proximity, or recent interbreeding of genetically distinct subpopulations. 
Regardless of which scenario is correct, the original locations of these popula-
tions still need to be determined (Bina Perl et al., 2018). 
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8. Diversity of Biological, Ecological and 

Genetic Characteristics, and Adaptation 

among Amphibian Species in Israel 

8.1 Amphibian larval growth in various habitats 

The larvae of amphibians inhabit diverse aquatic environments throughout the 
year, corresponding to their respective breeding seasons (Degani, 1982; Degani 
and Kaplan, 1999; Goldberg et al., 2009a). The larvae of the Near Eastern fire 
salamander (S. infraimmaculata) have been observed in various breeding sites 
located at higher elevations in northern Israel. These larvae are present in streams, 
springs, and pits from October to August, and in ponds from November to April. 
While the Middle East tree frog H. savignyi primarily occupies winter ponds, 
it is also observed in some springs. The Levant water frog Pelophylax bedria-
gae is found in winter ponds and springs, while larvae of the green toad P. sy-
riacus and the southern banded newt T. vittatus have been discovered exclu-
sively in winter ponds. 

Based on the given information, the tadpoles have specific niches. For instance, 
the tadpoles of T. vittatus and S. infraimmaculata, which have similar diets, were 
observed at different times in the ponds, and the water temperatures varied dur-
ing their growth periods. S. infraimmaculata tadpoles were found during the 
winter, whereas T. vittatus tadpoles appeared in spring and early summer. The 
tadpoles of S. infraimmaculata, T. vittatus, and the Levant water frog were pre-
dominantly found at the bottom of the pond, whereas H. savignyi tadpoles were 
distributed throughout the pond and usually displayed little movement com-
pared to P. syriacus, which constantly moved up and down. 
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soil digging, as observed with P. syriacus (Figure 45) (Degani, 2015; Degani and 
Carmali, 1988). Environmental behavior has been studied in multiple amphi-
bian species at the southern edge of their distribution, including S. infraimma-
culata, T. vittatus and P. syriacus (Degani, 2015; Degani and Carmali, 1988) (Fig-
ure 45). For all of these species, the primary criterion for selecting hiding places 
is a preference for high soil humidity and darkness (Degani, 2019b). 

8.3 Phylogenetic tree of amphibian species in Israel 

based on Cyt b 

Figure 46 illustrates the evolutionary relationships of amphibian species based 
on their genetic makeup, specifically the Cyt b gene sequence. The tree was con-
structed using a method developed by Goldberg and colleagues in 2009, which 
calculates the maximum probability of the relationships. The tree reveals dis-
tinct differences among the species, particularly in the Anura group where each 
species belongs to a different family. On the other hand, the two Urodela spe-
cies are grouped together in the family Salamandrinae. This phylogenetic tree, 
as presented in Figure 46 and discussed by Degani in 2019 (Degani, 2019a; 
Goldberg et al., 2009b), provides support for the notion that these species are 
closely related. Notably, there is significant variation within individual species, 
with the highest levels found in green toads and T. vittatus compared to the oth-
er species found in Israel. These particular species exhibit a remarkable adap-
tation to life on land, showcasing extreme variations across different habitats. 
This information is based on research conducted by Goldberg et al. (2009b). 

The research conducted by Degani (2019a) focused on the adaptation of sev-
en amphibian species in different areas of Israel, transitioning from Mediterra-
nean to desert climates. Based on the findings, a hypothesis was proposed sug-
gesting that various characteristics play a role in amphibian adaptation to semi- 
arid environments. The data indicated that the green toad B. variabilis (B. siti-
bundus) demonstrates the highest level of adaptation to terrestrial habitats and 
extreme conditions, followed by the southern banded newt T. vittatus, the tree 
frog H. savignyi, the spadefoot toad P. syriacus, the fire salamander S. infraim-
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maculata, the water frog R. ridibunda (Pelophylax bedriagae), and the Hula painted 
frog L. nigriventer. However, further studies are necessary to support this hy-
pothesis since multiple parameters are involved in amphibian adaptation to 
arid and semi-arid habitats. Degani’s review in 2019a explored various aspects 
of adaptations observed in different anuran species. In summarizing the adap-
tation of amphibians to arid and semi-arid habitats based on the mentioned 
species, it becomes evident that adaptation needs to occur in both the terrestrial 
and aquatic phases. Two species, B. variabilis and T. vittatus, exhibit notable 
adaptation to arid environments. These species tend to breed in winter pools 
and other unpredictable habitats, and their growth and metamorphosis periods 
are relatively short compared to other amphibian species. Further studies are 
required to better understand the physiological adaptation of the green toad to 
arid environments, particularly in relation to urea accumulation in the blood. 
Limited research has been conducted on the physiological adaptation of H. sa-
vignyi, P. syriacus, S. infraimmaculata, the water frog, and L. nigriventer to ex-
treme conditions, making it challenging to draw comparisons between them 
(Degani, 2019a). 

In the case of S. infraimmaculata, researchers have discovered distinct phy-
siological adaptations in populations inhabiting semi-arid habitats vs. moist ha-
bitats where water is available throughout the year. Previous studies (Degani, 
2019a) have shed light on this differentiation. It is possible that other anuran 
species employ different strategies to adapt to terrestrial life, aiding their sur-
vival in semi-arid habitats. Environmental behavior plays a crucial role in this 
regard. For instance, P. syriacus demonstrates the ability to burrow into the soil 
to prevent dehydration (Degani, 2019a). On the other hand, H. savignyi may 
seek hiding places among plants or in the ground and alter its coloration to 
match the surrounding substrate (Degani, 2019a). 

Furthermore, when comparing the phylogenetic tree constructed based on 
Cyt b sequences, it becomes apparent that the green toad B. variabilis and newt 
T. vittatus exhibit high genetic variation (Figure 46). This genetic diversity po-
tentially contributes to their superior adaptation to extreme conditions compared 
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