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SumMARY. — Mauremys rivulata (Family Geoemydidae) is a medium-sized freshwater turtle
(carapace length to ca.240 mm in females, ca. 185 mm in males) inhabiting various natural and man-
made habitats, including rivers, seasonal ponds, lakes, brackish coastal lagoons, irrigation canals,
and reservoirs. It is adapted to a warm Mediterranean climate and is common and widespread and
can be found in high densities; it is not considered particularly threatened. Habitat destruction
and degradation has lead to some population declines, however, and in some cases, extirpation of
marginal and island populations. Preservation of its habitats and control of the introduced species
Trachemys scripta are recommended for the conservation of the species.

DisTrRIBUTION. — Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, Greece, Israel,
Jordan, Lebanon, Macedonia, Montenegro, Palestine, Serbia, Syria, Turkey. Occurs in the Balkan
region of southeastern Europe and the eastern Mediterranean, including southern coastal Turkey
and the western Middle East.

SynoNyMY.—Emys rivulata Valenciennes in Bory de Saint-Vincent 1833,Clemmys caspicarivulata,
Mauremys caspica rivulata, Mauremys rivulata, Mauremys rivulata rivulata, Emmenia rivulata, Emys
tristrami Gray 1869, Mauremys rivulata tristrami, Emys caspica arabica Gray 1870, Emys pannonica
Gray 1870, Clemmys caspica orientalis Bedriaga 1881, Clemmys caspica obsoleta Schreiber 1912,
Clemmys caspica cretica Mertens 1946, Mauremys caspica cretica, Mauremys rivulata cretica.

SuBsPECIES. — None.

Status. — IUCN 2014 Red List: Not Evaluated (NE); TFTSG Draft Red List: Least Concern
(LC, assessed 2011); CITES: Not Listed; EU Council: Annex II, I'V; Bern Convention: Appendix II.

Taxonomy. — Mauremys rivulata Valenciennes in Palestine, classified the species encountered there as Emys
Bory de Saint-Vincent 1833 was first described from  caspica. Bottger (1880) classified this widespread species
Morea, in Greece, under the name Emys rivulata. Glinther ranging from Dalmatia through the whole of Southeastern
(1864), and also Tristram (1884), in his survey of western Europe, Transcaucasia, Persia, the edges of the Euphrates,

Figure 1. Adult Mauremys rivulata from Crete, Greece. Photo by Apostolis Trichas, Natural History Museum of Crete (NHMC).
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Figure 2. Adult female Mauremys rivulata from Almyros River, Irakleio, Crete, Greece. Photos by Georgia Mantziou.

Asia Minor, Syria and Palestine, as Clemmys caspica, but
he differentiated the western populations from the eastern
ones and considered them to be the subspecies Clemmys
caspica rivulata. Siebenrock (1913) revised the status of
the three Mediterranean taxa of the genus Clemmys (C.
caspica caspica, C. caspica rivulata, and C. leprosa) and
emphasized the differences between caspica and rivulata.
He noted one of the main distinguishing characteristics of
these two subspecies was the coloration of the bridge, which
was yellow in caspica, but black or brown in rivulata.

In subsequent literature the taxon was referred to as
either C. caspica or C. c. rivulata (Wettstein 1928, Werner
1939, Mertens 1946, Wettstein 1951, Anderson 1963, Eiselt
and Spitzenberger 1967, Zinner 1967). Mertens (1946) in his
study of the Mediterranean turtles described the subspecies
C. c. cretica from Crete, but Mertens and Wermuth (1960)
later synonymized this taxon with rivulata.

McDowell (1964) revised the taxonomy of Clemmys,
based mainly on skull characteristics, and divided the

Testudinid subfamily of the Emydinae into two subfamilies:
Emydinae and Batagurinae. He considered the Emydinae to
include almost entirely New World turtles with one single
Old World genus, Emys, while the Batagurinae consisted
mostly of Old World turtles and one New World genus,
Rhinoclemmys. He placed the Old World species that had
previously been included in the genus Clemmys in the genus
Mauremys.

Eiseltand Spitzenberger (1967) clarifed the systematics,
morphology and distribution of Clemmys caspica and its two
subspecies, caspica and rivulata,in Turkey. They gave clear
ranges for each subspecies, with C. c. caspica occurring in
the east and southeast of the country, with C. c. rivulata in
the west. They corrected several misidentifications made
earlier in the literature and emphasized that there were no
sympatric occurrences of those two subspecies. They noted
that the nominotypic form has vertical, parallel and intensely
yellow cross-stripes on the posterior sides of the legs, while
these markings were absent in rivulata.

Figure 3. Male Mauremys rivulata from Birket Arayes, Jordan.
Photo by Lina Rifai.

Figure 4. Head view of Mauremys rivulata from Crete, Greece.
Photo by Apostolis Trichas, NHMC.
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Figure 5. Distribution of Mauremys rivulata in the Balkans of southeastern Europe and the eastern Mediterranean. Purple lines =
boundaries delimiting major watersheds (level 3 hydrologic unit compartments — HUCs); red dots = museum and literature occurrence
records of native populations based on Iverson (1992) plus more recent and authors’ data; green shading = projected native distribution
based on GIS-defined HUCs constructed around verified localities and then adding HUCs that connect known point localities in the
same watershed or physiographic region, and similar habitats and elevations as verified HUCs (Buhlmann et al. 2009; TTWG 2014), and

adjusted based on authors’ subsequent data.

Busack and Ernst (1980) studied the taxonomy of the
three subspecies of Mauremys caspica (caspica, leprosa,
and rivulata). Based on morphological, distributional, and
biochemical data, they concluded that M. c. leprosa should
be considered a separate species, M. leprosa.

In their taxonomic study of the genus Mauremys,
Fritz and Wischuf (1997) recognized that there is a clear
geographical partition between M. caspica caspica and M.
caspica rivulata and only two local populations near the
Turkish-Syrian border were found to have hybrids of both

Figure 6. Hatchling Mauremys rivulata from Crete, Greece. Photo
by Anders G.J. Rhodin.

species. These hybrids were considered to be accidental
exceptions (Fritz and Wischuf 1997) and the populations are
now extirpated (Fritz et al. 2008). Morphometric features
could not separate the two subspecies, but they suggested
species status on the basis of the geographic separation and
the color pattern of the carapace and plastron.

The elevation of M. rivulata to species level was later
confirmed by molecular data, using both mitochondrial
DNA and nuclear markers (Mantziou et al. 2004; Barth et
al, 2004; Mantziou 2006; Fritz et al. 2008). Another small
hybrid population was recently discovered in northwestern
Turkey,buthybridization between M. rivulataand M. caspica
is considered extremely rare and, apart from the three hybrid
populations (Fritz and Wischuf 1997; Fritz et al.2008), there

Figure 7.Hatchling Mauremys rivulata from Birket Arayes,Jordan.
Photos by Lina Rifai.
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Figure 8. Shallow marshy natural Mauremys rivulata habitat
on Crete, Greece, with a very dense turtle population. Photo by
Anders G.J. Rhodin.
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Figure 9. Polluted artificial irrigation canal on Crete, Greece, with
several Mauremys rivulata basking. Photo by Anders G.J. Rhodin.

Figure 10. Mauremys rivulata habitat in Jordan: Yarmuk River.
Photo by Lina Rifai.

is no evidence of gene flow between the species (Fritz et al.
2008).

Description. — Shell size in M. rivulata reaches a
straight carapace length (CL) of up to 244 mm in females,
and up to 187 mm in the slightly smaller males (Rifai and
Amr 2004; Mantziou 2006). Males usually have a longer
post-anal tail length, and the base of the tail is wider than
that of females. Males have a generally flatter appearance
than females and their plastron is slightly concave (Wischuf
and Busack 2001; Rifai and Amr 2004).

The dorso-ventrally flattened and slightly bulged
carapace of M. rivulata usually consists of 11 marginals and
one supracaudal on each side. One nuchal, four costal and five
vertebral scutes are present on the carapace. A strong median
keel passes through the vertebrals. This keel is often more
pronounced in younger individuals, where a less developed
keel also passes through the costals on each side. Those two
keels are often absent or very weakly developed in adults.
The anals are notched in both sexes. The forelimbs have
five claws, while the hindlimbs have only four (Wischuf
and Busack 2001).

The carapace of adults is usually uniformly brown,
or olive green to green, with faint or no pattern. Younger

Figure 11. Mauremys rivulata habitat in Jordan: Zarqa River
before the King Talal Dam (south of Jerash). Photo by Lina Rifai.

specimens exhibit obvious, reddish-brown or sometimes
yellowish light and irregular reticulate patterns, that extend
beyond the scutes to the adjacent scutes on a green to dark
background. The plastron of younger animals is generally
dark to black medially, while on the outer edges of the scutes
yellowish shapes can be present. Adults rarely have light
shapes; however, with age the plastron lightens up and appears
more yellowish overall. The bridge is generally uniformly
dark to black, sometimes light yellow spots can be seen on
its margins (Wischuf and Busack 2001). The snout of M.
rivulata has thin stripes that can sometimes be completely
absent or often only two are present.

Hatchlings measure 30-40 mm CL; their carapace has
a strong medial keel and they generally have yellowish to
orange reticulate patterns on the carapace and pronounced
color patterns on the plastron (Wischuf and Busack 2001).

Genetic markers and the fossil record suggest a western
Asian origin for the species (Mantziou 2006; Fritz et al.
2008). The phylogeographic pattern of M. rivulata is
shaped by dispersal events, which took place during the
Pliocene, Pleistocene, and Holocene (Mantziou 2006).
A recent study (Vamberger et al. 2014) suggests that the
general genetic pattern of M. rivulata has been shaped
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by massive transoceanic gene flow, which is completely
exceptional in the eastern Mediterranean (Lymberakis and
Poulakakis 2010; Poulakakis et al. 2014). The capability
of transoceanic gene flow over large distances is directly
related to the great seawater tolerance of these turtles
(Vamberger et al. 2014).

Distribution. — This species ranges from coastal
Croatia, Serbia, Montenegro and Albania, through most
of Greece (including Crete and many Aegean and Ionian
islands), southeastern Macedonia and southern Bulgaria
to the Marmara Sea region, Cyprus, and widely through
the Mediterranean regions and river basins of western and
southern Turkey to western Syria, Lebanon, northwestern
Jordan, northern and central Israel, and the West Bank of
Palestine.

In Jordan the species can be found throughout most of
the Jordan Valley within and along the Jordan River, the
ZarqaRiver,and inisolated habitats along the Yarmuk River,
as well as in artificial temporary water bodies (e.g., dams,
irrigation canals, etc.). Along those rivers the species can
also be found in many man-made water bodies, such as the
King Talal, Wadi Al Arab, and the Ziglab dams (Disi et al.
2001). None of the localities with the largest populations
of M. rivulata in Jordan are found within any of the Nature
Reserves in Jordan.

The presence of the species is not confirmed but is
possible in Bosnia and Herzegovina (Wischuf and Busack
2001; van Dijk et al. 2006; Fritz and Havas§ 2007). The
main factor influencing the distribution of M. rivulata is
its adaptation to a warm Mediterranean climate (Fritz and
Wischuf 1997).

Habitat and Ecology. — Mauremys rivulata occurs in
a variety of natural and man-made habitats from streams to
seasonal ponds, lakes, brackish coastal lagoons and drainage
ditches, irrigation canals, dams and reservoirs. However, it
is usually not found in fast running water (Gasith and Sidis
1983; Sidis and Gasith 1985).Individuals are usually found in
the water or within close proximity of a water body; only on
rare occasions are they encountered further away from water
bodies. Within its southern distribution limit, M. rivulata
is absent in water bodies in mountainous and arid regions,
which seem to be major limiting factors for its distribution
there (Gasith and Sidis 1983).

The Western Caspian Turtle is highly tolerant of a wide
range of water conditions; it is found in acid, alkaline,
and several polluted and brackish water bodies (Gasith
and Sidis 1983; Sidis and Gasith 1985). Due to its great
tolerance to seawater, wide sea straits, sea bays, and the
open sea do not seem to constitute significant dispersal
barriers to M. rivulata (Vamberger et al. 2014). When
seasonal ponds dry up in the summer, the species responds
by estivating, escaping the extreme heat experienced
during this period. Sometimes individuals can also be

found migrating to other water bodies during such dry
seasons (Rifai and Amr 2004). In the northern areas of
distribution, turtles hibernate during the winter (Arnold
and Burton 1985; Engelmann 1993).

The species basks on banks or floating objects but dives
quickly into the water when disturbed, disappearing within
the aquatic vegetation or the muddy bottom. Juveniles and
adults can usually be found in different parts of the same
water body (Mantziou 2000; Rifai and Amr 2004). The
smaller and more vulnerable juveniles are usually found in
the shallower and muddier parts of ponds as opposed to the
adults, which are often found in the deeper and clearer water.
These developmental habitats provide better protection from
predators for the soft-shelled juveniles.

Mauremys rivulata does not usually feed in water
temperatures below 13°C or above 30.5°C (Sidis and Gasith
1985).Intemperatures of >36°C, itis quite likely these turtles
overheat; when air temperatures rise above 36°C, they can
be observed floating just below the water surface to avoid
overheating,only occasionally sticking out their heads (Rifai
and Amr 2004).

Several authors have discussed the diet of the Western
Caspian Turtle, based on fecal analysis, dissection, and
observations (Sidis and Gasith 1985; Disi 1998; Tok 1999;
Wischuf and Busack 2001). Food items reported for M.
rivulata include vegetable material, such as vascular aquatic
plants, algae, saprobiontic material, and terrestrial plants
and seeds (Sidis and Gasith 1985). Animal material reported
in the diet has included insects and their larvae, such as
coleopterans, hemipterans, chironomids, other dipterans,
diplopods, arthropods and unidentified insects, as well as
crustaceans, worms (Tubicifidae), aquatic snails, tadpoles,
fish, and bird remains and carrion (Sidis and Gasith 1985;
Disi 1998; Wischuf and Busack 2001).

It seems that the diet composition depends strongly on
the available food within the habitat. Mauremys rivulata is a
generalistand opportunist and can adapt to a certain degree to
stressed and disturbed habitats. Stomach flushing studies on
this species in Jordan yielded plant material consisting of seed,
grasses,and the bearded stonewort (Chara canescens) (Rifai
and Amr 2006). The same study also yielded animal material
consisting mainly of anisopteran larvae and Rana bedriagae
tadpoles. However, other animal remains also included
adult and larval hemiptera, larval and pupal dipterans, adult
hymenoptera and zygoptera,and amphibian larvae and eggs.
Juvenile diet was mainly carnivorous, consisting of a wide
variety of the invertebrates and vertebrates mentioned above.
A dietary shift towards herbivory was observed in adults
(Rifai and Amr 2006).

Male to female ratio in this species has been recorded
as close to 1:1 (Wischuf and Busack 2001; Rifai and Amr
2004). In temperate zones, sexual activity was reported to
be continuous from fall to spring, throughout the months
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of November to April, with a peak between January and
February (Gasith and Sidis 1985). In colder regions of
the species’ range, mating probably takes place after the
months of January and February. Nesting occurs between
May and the end of July (Gasperetti et al. 1993; Mantziou
2000) with an incubation time period of about 7-11 weeks
(49-77 days). Usual clutch size consists of 4-10 eggs (egg
size ca. 22 x 36 mm) with approximately 2-3 clutches
per season, depending on the climate at the breeding site
(Mantziou 2000; Rifai and Mantziou 2005; Baier et al.
2009). More research is needed on reproduction and its
geographic variation in this species.

Population Status. — Due to the fact that M.
rivulata is considered widespread and not particularly
threatened, there have not been any range-wide studies
on the population status for this species. According to
Wischuf and Busack (2001), M. rivulata occurs in very
high densities, with 19 to 217 animals per hectare in
unpolluted habitats, and 500 to over 2000 animals per
hectare in eutrophic wetlands.

A marginal Bulgarian population is small with about
600-1000 animals, and appears to have remained stable
(Beskov 1987; Beskov and Nanev 2006). One long-term
trapping study on a population inhabiting ahuman-impacted
area along the Strymon River upstream from Kerkini Lake
in northern Greece (near the Bulgarian border) showed that
the population had declined dramatically from about 600
individuals in 1999 to about 150 in 2003 (Chelazzi et al.
2007).

In Cyprus, M. rivulata populations have declined
severely due to habitat destruction. There remain only a few,
very small, restricted populations (Petros Lymberakis, pers.
comm.).

Populations on small Mediterranean islands, where
wetlands are subject to heavy human impact and extreme
weather conditions (summer drought), are very vulnerable.
Extirpation of some populations has been documented in
Greece due to habitat alteration or destruction and probable
extinction of local populations due to organic waste pollution
(Mantziou2000).One marginal population thatis atrisk is the
one on the small island of Gavdos, the southernmost Greek
island, located 48 km south of Crete. The island has a very
small population of about 50 animals, which is genetically
distinct and morphologically differentiated from the Cretan
populations (Mantziou 2006). Marginal populations and
those on small islands are considered to be the ones at most
risk (van Dijk et al. 2006).

Threats to Survival. — Several populations of this
species have experienced severe declines during the last
decades due to anthropogenic pressure throughout its range.
Mauremys rivulata has dense populations in some areas, but
natural wetlands are gravely endangered in the Mediterranean
area, as well as in the Middle East.

Conservation Biology of Freshwater Turtles and Tortoises ® Chelonian Research Monographs, No. 5

Habitat loss is the main threat to survival of the species.
Many aquatic habitats are either drained or canalized, because
of the ever-growing demand for water, especially in island
habitats in the Mediterranean region. Water demands have
risen in recent decades, due to growing tourist activity and
agricultural practices. Many turtle populations facing such
threats are either already locally extinct or restricted to areas
in which they cannot reproduce (Rifai and Mantziou 2005).
Fragmentation and destruction of habitat is a growing
threat for many aquatic animals, which cannot move easily
to another suitable habitat. The destruction of habitat has
increased in recent decades due to urban development.
Habitats are often destroyed to construct roads, settlements,
and hotels. The Western Caspian Turtle is a species which,
although semi-aquatic, cannot move for extremely long
distances in order to find new habitat. If a small pond remains
near their former habitat, turtles remain there instead of
searching for new habitat. Often those remaining pools have
no suitable nesting sites around them; thus, in the long-term
these populations could become extirpated (Mantziou 2000;
Rifai and Mantziou 2005).

Another serious threat is pollution from pesticides,
insecticides, fertilizers,and organic remains, which have seen
an increase in use in agriculture in recent decades. All these
chemicals are washed out by rain and end up in wetlands.
Furthermore, many industries (e.g., oil and paper) dump
their waste in streams and rivers, without having it properly
treated. Although M. rivulata is a very tolerant species,
it is not invulnerable. Probable extinctions of some local
populations due to the pollution of habitats have been noted
(Mantziou 2000, 2006). Additionally, recent observations
made in polluted wetlands revealed that many animals exhibit
morphological deformities of the shell (Mantziou 2000; Rifai
and Mantziou 2005). Developmental abnormalities of this
kind have previously been reported for other turtle species
(Bishop et al. 1998).

The introduction and establishment of the American
Slider, Trachemys scripta, is a growing threat in the long
term, as this species competes for food and other resources
with M. rivulata (Rifai and Amr 2004; Rifai and Mantziou
2005). This is also suggested by studies focusing on the
other native Mediterranean freshwater turtle species,
Mauremys leprosa and Emys orbicularis (Cadi and Joly
2004; Pérez-Santigosaetal.2008,2011). Trachemys scripta
grows larger, has similar ecological needs, and is more
aggressive than M. rivulata. Populations that are already
stressed are more vulnerable if they also need to compete
with a highly competitive and more aggressive species.
The invasive T. scripta has already been introduced in
parts of South America, South Africa, the Mediterranean
region, as well as Jordan, Palestine, and Bahrain (Gasith
and Sidis 1983; Gasperetti et al. 1993). Sightings of 7.
scripta in streams and ponds throughout Greece, Cyprus,
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Jordan, Syria, Palestine, and Israel seem to suggest the
establishment of feral populations, which could seriously
threaten the persistence of M. rivulata in these regions
(Rifai and Mantziou 2005, pers. obs.).

Live animals and remains are sold in the pet markets
in Syria and Jordan (Rifai, pers. obs.), but it is not known
to what extent this is a serious threat to the survival of the
species.

Conservation Measures Taken. — Mauremys rivulata
is listed on Appendix II of the Convention of European
Wildlife and Natural Habitats of 1979 (Bern Convention).
According to the Bern Convention, species listed in Appendix
II should be strictly protected.

Mauremys rivulata is listed in Annex II and IV of the
European Union Council Directive 92/43/EEC. Annex 1I
includes species of community interest whose presence
requires the designation of special areas of conservation,
Annex IV includes species of community interest in need
of strict protection.

InGreece, M. rivulatais present in many wetlands which
are included in the European Network of protected areas
“Natura 2000,” such as Preveli, Gavdos Island, Kournas and
Agialakes in Crete, Lake Kerkini National Park in northern
Greece, and Marathonas National Park in central Greece.

The species is not yet listed on the global [IUCN Red
List,butan [IUCN Regional evaluation for Europe and a draft
global assessment by the IUCN/SSC Tortoise and Freshwater
Turtle Specialist Group have both categorized the species as
Least Concern. It is also listed as Least Concern in the Red
Data Book of Threatened Animals of Greece.

Conservation Measures Proposed. — Most of the
recent threats to the Western Caspian Turtle are primarily due
to habitat destruction and degradation. To be able to protect
this species in the future, such habitat destruction should
be minimized. Nesting success and survival of hatchlings
and, especially, adult females, are of crucial importance for
the persistence of natural populations of freshwater turtles
(Klemens 2000); therefore, more care needs to be taken
when development threatens turtle habitats. Nesting grounds
should be protected to ensure future survival of the species.
Habitat alteration often causes loss of the natural wetlands
complexity, which is essential for the long term well-being
of the species, since M. rivulatarequires a variety of habitats
throughout its life and annual activity cycle (Chelazzi et al.
2007).

Wild populations (or individuals) of the introduced
species Trachemys scripta should be collected and removed
from Mauremys habitats. Awareness of the destructiveness
of this species to local turtles needs to be raised to try to
minimize future introductions of this species by pet owners.

Laws concerning industrial and agricultural waste must
be enforced to minimize the heavy pollution of turtle habitats.
Even though it has been shown in previous studies that these

turtles can withstand some degree of pollution, evidence has
also surfaced reporting morphological deformities of turtles
living in heavily polluted areas (Bishop et al. 1998; pers.
obs.).

Conservation-oriented studies should be carried out
targeting turtles on small islands and in marginal populations.
Distinct conservation and management units should be
identified and protected whenever at risk, even if the species
as a whole is considered non-threatened, in order avoid loss
of genetic variability.

Current Research. — To the best of our knowledge,
there is no active research on the biology and conservation
of M. rivulata. The mostrecent research has included studies
on the biology and diet of the species (Rifai and Amr 2004,
2006), population genetics and phylogeography (Mantziou
et al. 2004; Mantziou 2006; Fritz et al. 2008; Vamberger et
al.2014),and habitat use and behavior (Chelazziet al.2007).

More research needs to be done on the behavior,
reproductive biology,and conservation biology of M. rivulata.
Population genetics studies could help identify stressed
populations and distinct conservation units.
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