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Abstract

At a time when the decline of biodiversity is serious, many organisms currently live in different biotopes, even the most
unexpected. For this, organisms have adapted to all environments, often developing very specialized anatomical and
physiological characteristics. Looking at nature when traveling around the world, it is obvious that the adaptations to the
environment are specific. In this short review, we propose a trip around the world to meet small vertebrates having
acquired anatomical, physiological or reproductive specializations, in order to live at best in environments that are a
priori incompatible with life. Some species encountered during this excursion have been studied for a long time by our
group, others, with very specialized adaptations; have been studied by other teams. The wealth of these adaptations is
currently threatened by climate change. Thus, specializations can sometimes become a handicap for the life of the species.

New adaptations will certainly develop in the future, but will species have time to adapt to quickly evolving biotopes?
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Introduction Africa, Sahara, and Europa. A part of these examples will
be made to the work carried out for a long time by our
Biodiversity decline is a serious current issue. laboratory and our collaborations, the others were chosen
Nevertheless, life is everywhere, even in the most from literature.
unexpected places. This permanence is directly linked to
the immense plasticity of organisms capable of adapting In South and Central America
to all environments. In this short overview, I propose to
meet, during a trip around the world, some small The Reproduction of Typhlonectes
vertebrates having acquired anatomical, physiological or Compressicauda, a Caecilian Amphibian

reproductive specializations sometimes strange, to live at
best in environments sometimes a priori incompatible
with life. For that we will start from South America, to
reach, Central America, Canada, Siberia, Sub Saharan

In South America, and more particularly in French
Guiana, Typhlonectes compressicauda, a gymnophionan
(caecilian) amphibian, otherwise totally harmless, is
adapted to life in the marshes. It is subject to a seasonal
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alternation characterized by a period of rain between
January and June followed by a relatively dry period
between July and December. The breeding cycle begins in
October. In the males, during the rainy season, the
amount of germ cells decreases in the testes. At the end of
breeding, in June, spermatogenesis will fill the gonads
with a new germ cell stock ready for use next season. The
cycle of males is annual. Females are viviparous with a
biennial cycle. From breeding, gestation lasts 6 to 7
months and the young are born in September-October, at
a time when the rain has stopped and the water has
withdrawn, leaving the savannahs out. Typhlonectes are
now buried in the mud waiting for the next rainy season.
At the time of reproduction, female genital tract is
prepared to a new reproduction but it quickly returns to a
resting state throughout the second year of cycle [1-3].
Internal fertilization leads to the formation of several
intrauterine embryos which develop placental-like
structures. At the end of gestation, females give birth to 6
to 8 youngsters perfectly similar to their parents [2].

The burial period in the mud is an essential factor in
starting the breeding cycles in both males and females.
Indeed, animals raised in the laboratory, under conditions
where the drought period was not represented, never
managed to reproduce because the female reproductive
cycle was strongly disturbed [4]. Examination of diuretic
and antidiuretic hormones (mesotocin and vasotocin)
show significant differences between dry and wet
seasons. In kidneys, Bowman spaces and blood capillaries
are wider at rainy season than dry one [5-7] and
receptors of both mesotocin and vasotocin also vary in
kidneys accordingly to the season. In many vertebrates,
these hormones of the hydromineral regulation also have
an effect on reproductive functions allowing one to
perceive the importance of this period of drought during
which the animals live in the mud for the triggering of the
reproduction phenomenon [8].

This example of adapting a Gymnophionan amphibian to a
zone with a marked seasonal alternation is a special case.
Other Gymnophiona exist on the whole intertropical belt,
in South and Central America, as well as in Asia and Africa
and their modes of reproduction can be very different [1].
In several other viviparous species living in South and
Meso America, reproductive modalities are different from
T. compressicauda [3,9-12].

Shimmering and Deadly Frogs

Adaptations to a hostile and complex environment led
some South and Meso American anuran amphibians to
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develop extremely powerful poisons secreted by the skin
glands. These frogs, the Phyllobates and the Dendrobates
genera, carry very bright colors that make them spotted
by predators. But predators "know" the danger they run if
they accidentally consume that choice. Their color so
visible is a means of protection of these amphibians.
Phyllobates are found in Nicaragua, Costa Rica, Panama
and Colombia. Some of them carry violent batrachotoxins,
secreted by the glands of their skin. These batrachotoxins
prevent the transmission of nerve impulses leaving the
muscles relaxed, especially the heart muscle [13].
Dendrobates live from southern Nicaragua to northern
Brazil. Among them, Ranitomeya imitator is weakly
poisonous, and it exists in several forms whose color
makes them similar to other species of the same genus
[13]. Some species with little or no toxicity can be
strangely similar to highly toxic species and thus benefit
from their bad reputation for protection.

Fish Living Out of Water

The strategy of bonefish dipnoans, living in areas with
dry and rainy seasons in South America, but also Africa,
and Australia, has been to acquire lungs, such as
terrestrial vertebrates [14-16]. The dipnoans also carry
gills. In addition, the structure of their ventral fins,
although reduced, is close to that of the members of the
tetrapod. These fish are thus able to breathe freely in the
open air and to descend deep into the water. They can
also crawl in the mud. When the season becomes dry,
some dipnoans dig a burrow and lock themselves in a
cocoon of mucus they secrete themselves. They breathe
through a hole, the siphon, which communicates the
cocoon with the open air [17].

A Neotenic Species

Between 1799 and 1804, a German naturalist
established in France, Alexander Von Humboldt travelled
to South and Central America. During this trip, he
discovered the axolotl and brought it back to the National
Museum of Natural History of Paris (France). This animal
was already described by Cuvier in 1811 [18], first
classified among reptiles as all amphibians have been, and
alternately considered such as a proteus, a weird animal
with cavernous life, or a triton larva. The reading of
Duméril and Bibron's treatise [19] clearly shows the
confusion that reigned at that time concerning these
species. In Museum, these animal laid eggs, from which
were born embryos which became young axolotls. Some
of these new axolotls metamorphosed to give animals
looking like the American Ambystoma salamanders. This
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phenomenon characterized by an adult with larval
characters, received the name of "neoteny"” [20-23].

The phenomenon of neoteny is also found in other
anuran amphibians, such as the Siren and Amphiuma, live
urodelan amphibians in the southern United States or the
Proteus, a cave species of Slovenia, or still Necturus of
North America. Neoteny characterizes an extended larval
state temporarily or perpetually. Neotenic forms were
however been described for a long time. Linné, in 1766,
described Siren lacertina, found in the swamps of the
southern states of the United States and Proteus, a cave-
dwelling species found in Slovenia. Linnaeus considers
this animal as the larva of an amphibian but he does not
know which one. Some newts can also become neotenic
according to the external conditions [24,25].

North America

Canadian Frozen Frogs

Subject to the icy climate of Alaska (less than -20°C in
winter and still less than 0°C the rest of the time), some
frogs like Lithobates sylvaticus can remain completely
frozen for two months under conditions where most
other amphibians could not survive. These animals wake
up in the spring, reproduce in puddles of water and lay a
thousand eggs that evolve into tadpoles metamorphosing
at the end of the summer. In winter, Lithobates sylvaticus
is able to freeze completely and then wake up when
outside conditions become favorable. All the organs of the
frog will freeze and the animal becomes hard and can also
be broken like an ice cube. But that's not all, he goes into
cardiac arrest, the blood is no longer circulating. To be
protected against the effects of freezing, glucose is
accumulated and enters into the constitution of antifreeze
that allows the internal liquid of the body to freeze
between and in the cells without destroying them. In fact,
when a liquid or a biological tissue freezes without
antifreeze, crystals form and destroy the cells by tearing
them. The antifreeze prevents the formation of crystals
and the freezing is done smoothly, forming an amorphous
ice. Lithobates sylvaticus behaves like devices that freeze
cells in the laboratory [26-29].

Russia

In Siberia, Frequent Salamanders but with
Unknown Biology

The Siberian salamander, Salamandrella keyserlingii, is
a little-known species although it is common in these
areas. The sex cycles of males have only been known since
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the early 1990s. More recent work showed that males had
an annual reproductive cycle. In April, male testes contain
bundles of spermatozoa, Breeding accurs in April, and the
formation of new reproductive cells starts and continues
in May and early June. Spermiogenesis, the last phase
before sperm formation, takes place in July and
spermatozoa occupy the testes in August. Salamanders
can hibernate: males are ready for breeding the following
spring. In a closely related species, Salamandrella
tridactyla, living on the seaside, the male cycle is also
annual but with different modalities. In females, the cycles
are not known. A recent study, published in 2015,
examined the composition of ovaries in germ cells. This
work shows that the beginning of the reproduction period
of females, oviparous, is in the spring. However, there
may be annual or biennial cycles depending on the region
where the populations of this species live [30-33].

The reproduction study of Salamandrella tridactyla
shows that when this species lives in altitude, the start of
breeding is later, with offsets of two to five weeks
compared to the lowland species [34].

In Sub-Saharan Africa

More Gymnophiones!

In Kenya, Boulengerula taitanus is another
Gymnophionan. Unlike its South American cousin, this
animal is oviparous with direct development and the
females have an annual cycle [35,36]. During the
reproductive cycle of males, the testes permanently
contain all the cells of the germ line (spermatogonia,
spermatocytes 1 and II, spermatids and spermatozoa).
This is a continuous reproduction cycle. When
spermatozoa are evacuated during the relatively long
reproductive period (November to February, rainy
period), they are immediately renewed by active
spermatogenesis [37,38]. The cycle of females can be
described into three well-defined periods: reproduction
from November to February, sexual rest from March to
August and preparation from September to October.
Ovulation is observed between November and February
inclusive. Throughout the year, large atretic follicles with
vitellogenic follicles that have not ovulated are observed
[39].

The embryonic development is direct, that is to say
that the fertilized females lay eggs containing embryos
with already advanced development After hatching, the
young feed for a few weeks epidermal secretions of their
mother [3,40].
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A Hairy Frog that Breathes Through the Skin

Amphibians typically have a larval phase in the water
and breathe through gills followed by a terrestrial phase
during which animals breathe through the lungs. When
resting, amphibians also breathe through the skin or
mucous membrane of the mouth. In several African
countries, one species Trichobatrachus robustus has
developed a particularly original mode of breathing
through the skin [13]. The first descriptions of this animal
made by George Albert Boulenger in 1900, speak of a
“hairy frog”. In reality, the "hairs" are those thin
expansions of the skin that correspond to highly
vascularized areas that allow the increase of the exchange
surface between the blood capillaries and the ambient air.
These excrescences appear in the male at the back of the
thighs and on the sides during the period of mating and
maturing eggs and they are not permanent. In this
species, it is indeed the male who takes care of the eggs. In
the early 2000s, a system of retractile claws was
discovered in this same animal. These claws are made of
bone tissue which pierces the skin of the animal [41].

Amphibians always Ready to Breed and
Viviparous Frogs

In African amphibians, anuran and gymnophionan,
males and females, with a few exceptions, frequently have
continuous reproduction cycles. In males, the testes are
thus permanently filled with spermatozoa and in females,
oocyte formation is continuous, the ovarian follicles
develop gradually and when they are maturing, either the
external conditions allow reproduction (in general, rain is
the triggering factor) and females emit oocyte strings, or
the conditions are not favorable and the early follicles of
maturity degenerate, becoming atretic, the oocytes are
then degraded and the vitelline stores recycled in the
mother's body. This phenomenon has been observed in
Sclerophrys regularis (Bufo regularis) of Lomé, Togo, in a
region where the period of rainfall is fluctuating during
the year [42,43]. The males and females are thus ready to
breed and the end of the preparation phase for
reproduction is triggered by the arrival of the rains.
Curiously, other species, such as Sclerophrys mauritanica
from northern Maghreb show such a cycle even if they are
subject to regular seasonal alternations In Gymnophionan
Boulengerula taitanus, we signaled above continuous
sexual cycles [44-46].

Cases of viviparity also exist in some African
amphibians. The toad Nimbaphrynoides (formerly
Nectophrynoides) has several species whose development
ranges from oviparity to complete viviparity. In
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Nimbaphrynoides occidentalis, a completely viviparous
species, the uterus undergoes a series of modifications
making it suitable for retaining the tadpoles during their
development which is carried out thanks to maternal
nutritional contributions. However, there is no
placentation, the embryos are immersed in a uterine fluid
that they absorb orally. All eggs produced give rise to an
embryo, so there is no oophagia or adelphophagia [47-
49]. In amphibians, some species adopted marsupialism
with different structures already described [3].

Fish Living Out of Water

Fish living out of water have been already met with
dipnoans, but other fish families adopted present forms
able to live out of water. Periophthalmus is a teleost genus
belonging to Gobiidae family that can get out of the water
and settle on the roots [50-52]. Several species belonging
to these genera are found in Africa, Asia and Australia.
Like all other fishes, they possess gills-, but they also use
cutaneous and oral-pharyngeal breathing. They have
special physiological characteristics because they store
air and water in the mouth to extract oxygen during the
long periods when they live out of the water. Some come
out of the mangrove water and climb into the mangroves
[53,54]. In addition, the eyes of these animals are
protruding, rotate in all directions independently and
they can see both below and above the water. Their
anterior fins are turned into crutches that allow them to
move on land [55].

In Sahara Desert

Psammomys Obesus, A Rodent Well Adapted to
the Life in Arid Areas.

The sand rat Psammomys obesus, is an animal perfectly
adapted to the arid environment [56-62]. Not only is this
rodent herbivorous, but it feeds exclusively on
Chenopodiaceae under which it digs its burrow. Its
breeding cycle begins in autumn and ends in early spring.
Sexual rest occurs in summer [63]. In order to better
understand its biology, Psammomys obesus has been
caught, farmed and fed with the usual food given to the
mice or to laboratory rats feeds. This diet being totally
different from its usual one, Psammomys obesus became
obese, with pathologies usually associated with obesity
such as type II diabetes or atherosclerosis Finally,
Psammomys obesus has become an animal model that is
increasingly used to study obesity and related pathologies
[64-66].
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Uromastyx Acanthinura, A Reptile Well Adapted
to the Life in Arid Areas

In Sahara lives Uromastix acanthinura a lizard has
adapted to life in arid zones by adopting a herbivorous
diet. Its reproductive cycle has been the subject of several
investigations [67-73]. Uromastyx acanthinura digs a
burrow deep enough to keep the temperature below 30°C.
When he is outside, he straightens his head, which keeps
the latter off the ground at times when it is the hottest.
Uromastyx does not drink and is able to conserve water
from the plants it eats. His urine is very concentrated. And
he is even able to fast for a year! The water regulation of
this animal is under the effect of neuro-hormones already
seen above. Studies have shown that the latter are
particularly abundant and undergo variations according
to the seasons [74].

North of Algeria

Fish that Change Sex!

Barbus callensis has an economic interest, since it
concerns a consumable species. Its reproductive cycle has
been specified [75,76]. The breeding season is in the
spring and the period of sexual activity is in June, early in
the summer. In addition to this aspect directly related to
the adaptation of these animals to their environment,
studies have shown that Barbus callensis could be
considered as a biomarker of pollution. Indeed, some
individuals that have been collected in polluted areas
compared to other areas where the same species lives,
present gonad malformations such as the coexistence on
the microscopic scale of male gametes and females within
the same gonad. There are even macroscopic gonadal
complexes composed of both spermatozoa and ovaries.
These intersexed animals could be the result of the
presence of endocrine disruptors in their environment
[77].

Europa

A Lizard Becoming Vegetarian

This amazing example of adaptation is represented by
lizards that have radically changed their mode of
nutrition. This is a strange case of recent evolution that
was found in Podarcis sicula, met in southern Europe, as
far as Turkey in the East and where he lives in very
diverse biotopes ranging from temperate forests to rocky
areas. Like most lizards, his diet is insectivore. In 1971,
five pairs of this species were deposited on a small island
in the Adriatic. About 35 years later, most individuals
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became vegetarians. Moreover, at the end of these years,
these animals had developed expansions of their digestive
tract allowing them to feed on plants. These lizards have
adapted so well to their new biotope that they are even
considered responsible for the disappearance of the initial
population of lizards belonging to the species Podarcis
mellisellensis. Mitochondrial DNA analyzes of the insular
population of Podarcis sicula have proven beyond any
doubt that lizards were the offspring of the imported
species [78]. Was there a simple adaptation or speciation,
or the formation of a new species? The intervention of an
epigenetic phenomenon is certainly involved. In any case,
in the present context, this lizard is a good example of
adaptation to a new biotope that has led to profound
anatomo-physiological changes.

Adaptations to Altitude: The Pyrenees
Salamander and the Alpine Salamander

Salamandra salamandra, the Pyrenean salamander
and its subspecies, can practice oviparous or viviparous
reproduction depending on the altitude [3]. In the plain,
salamanders are oviparous but they become
ovoviviparous at altitude, that is to say they retain the
embryos for a longer or shorter time in their oviducts.
Most of these ovoviviparous forms have an annual
reproductive cycle, characterized by ovulation between
May and July followed by gestation. Parturition occurs at
the end of September to November in western regions
and in spring in areas with a continental climate. In
Salamandra fastuosa, a very close species, at 1000 m
altitude, the cycle is biennial, that is to say that ovulation
occurs every two years. It takes place in June and the
gestation lasts about a year. During this period, the
oocytes no longer grow. In the second year, the oocytes
complete their growth and vitellogenesis [79-82].

In Salamandra atra, the situation is different. Vivipary
is obligatory. Gestation starts in the spring, although the
spermatophore has been admitted before, and sperm kept
in a seminal receptacle for a few weeks or even several
months if mating takes place in summer. The duration of
gestation varies according to altitude: 2 years at 650 m, 4
to 5 years between 1700 and 1850 m. A similar cycle is
found in Salamandra lanzai [83-85].

In Fish: The Black Bass Modulates its
Reproductive Cycle According to the Altitude
and Density of the Population

The black bass Micropterus salmoides, is fish
originating from North America, whose import in France
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dates from the early twentieth century. This fish is a
consumable species with obvious economic interest.
Studies on its breeding have shown that it is able to
modulate its reproduction both in terms of altitude and
density of the population. Three samples of the same
black-bass population were transported for two years
under three different conditions: a first batch in a
temperate climate (in the lowlands) but with a low
density of animals. The animals then reproduced in May-
June and the remaining oocytes all degenerated at the
time of summer and a second breeding was initiated the
following year. A second group was also raised in the
lowlands but with a high population density. This time,
the animals did not reproduce and the oocytes contained
in the ovaries degenerated. Finally, animals raised at
higher altitudes, at colder temperatures, did not
reproduce immediately, and oocyte degeneration did not
begin until autumn, at the same time as the maturation of
younger oocytes. This evolution lasted until the spring
and ended only in autumn. In this case, the breeding cycle
has become biennial [86].

Conclusion

After this virtual journey around the world, what can
be concluded? To begin with, through these few
arbitrarily chosen examples, it is obvious that living forms
are able to cope with all external conditions, even the
most difficult ones, by developing adaptations of various
aspects of their physiology, behavior, of the diet, of the
modes of reproduction. Of course, this is only a tiny
glimpse of what life can do to persist. We could as well
have talked about the adaptation of the penguins to the
cold, polychaeta worms of the abyssal thermal springs
which developed huge sizes to live in extreme conditions.
And there are also parasitic forms, such as the so-called
flukes, tapeworms, ascaris and other pinworms, which
adapt to an anaerobic life in the intestine, liver or other
organ of a host animal , the latter being a human being, of
course.

What lesson to remember? Life is wonderful, full of
surprises. Observation of the living world can bring many
lessons. Knowledge of the biology of living beings makes
it possible to better understand their position in the
whole of the living, of the biosphere. This knowledge
makes it possible to better choose the action to be taken
when a species must be protected, or on the contrary,
limited.

Many of the living creatures have not yet delivered all
their secrets and some will never deliver them before
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disappearing or being modified. The external conditions
are constantly changing and if this change can be
maintained in a reasonable way, perhaps many species
will be able to adapt like these salamanders which
modulate their reproduction modes according to the
climatic conditions or, even better, this Italian lizard
which became herbivorous in such a short time.

In other hands, studies can now take into account the
rich collections of animals preserved in the cellars of
museums, faculties around the world, adapting the
powerful modern means of investigation (microscopy,
molecular biology) to fixed material [87]. The comparison
between samples taken at different dates according to
what is known about changes in biotopes makes it
possible to understand the adaptations that living beings
have acquired in order to live better in a changing world.

References

1. Exbrayat JM (2006) Endocrinology of reproduction.
In: Exbrayat JM (Ed.), Reproductive Biology and
Phylogeny of Gymnophiona Caecilians. Science
Publishers Inc, Enfield, Jersey, Plymouth pp: 183-229.

2. Exbrayat JM, Haoui Bloquet S (2006) Viviparity in
Typhlonectes compressicauda. In: Exbrayat ]M (Ed.),
Reproductive Biology and Phylogeny of
Gymnophiona. Science Publishers Inc, Enfield, Jersey,
Plymouth pp: 325-357.

3. Exbrayat JM (2018) From oviparity to marsupialism:
strange modes of reproduction in amphibians.
International Journal of Zoology and Animal Biology
1(2): 000108.

4. Exbrayat JM, Laurent MT (1986) Quelques
observations sur la reproduction en élevage de
Typhlonectes compressicaudus Amphibien Apode
vivipare. Possibilité de rythmes endogénes. Bulletin
de la Société Herpétologique de France 40: 52-62.

5. Yousef M, Moudilou EN, Exbrayat JM (2015) Etudes
des effets de l'alternance saisonniére sur le rein de
Typhlonectes compressicauda. Revue Francaise
d’'Histotechnologie 27(1): 99-109.

6. Yousef M, Moudilou EN, Djoudad Kadji H, Exbrayat JM
(2018) Study of the hydromineral regulation of
Typhlonectes compressicauda according to the
seasonal  variation. Folia  Histochemica et
Cytobiologica 56(3): 172-183.

Copyright© Exbrayat JM.


https://www.crcpress.com/Reproductive-Biology-and-Phylogeny-of-Gymnophiona-Caecilians/Jamieson-Exbrayat/p/book/9781578083121
https://www.crcpress.com/Reproductive-Biology-and-Phylogeny-of-Gymnophiona-Caecilians/Jamieson-Exbrayat/p/book/9781578083121
https://www.crcpress.com/Reproductive-Biology-and-Phylogeny-of-Gymnophiona-Caecilians/Jamieson-Exbrayat/p/book/9781578083121
https://www.crcpress.com/Reproductive-Biology-and-Phylogeny-of-Gymnophiona-Caecilians/Jamieson-Exbrayat/p/book/9781578083121
https://medwinpublishers.com/IZAB/IZAB16000108.pdf
https://medwinpublishers.com/IZAB/IZAB16000108.pdf
https://medwinpublishers.com/IZAB/IZAB16000108.pdf
https://medwinpublishers.com/IZAB/IZAB16000108.pdf
https://www.academia.edu/13101337/YOUSEF_M._MOUDILOU_E.N._EXBRAYAT_J.-M._2015._Etudes_des_effets_de_lalternance_saisonni%C3%A8re_sur_le_rein_de_Typhlonectes_compressicauda
https://www.academia.edu/13101337/YOUSEF_M._MOUDILOU_E.N._EXBRAYAT_J.-M._2015._Etudes_des_effets_de_lalternance_saisonni%C3%A8re_sur_le_rein_de_Typhlonectes_compressicauda
https://www.academia.edu/13101337/YOUSEF_M._MOUDILOU_E.N._EXBRAYAT_J.-M._2015._Etudes_des_effets_de_lalternance_saisonni%C3%A8re_sur_le_rein_de_Typhlonectes_compressicauda
https://www.academia.edu/13101337/YOUSEF_M._MOUDILOU_E.N._EXBRAYAT_J.-M._2015._Etudes_des_effets_de_lalternance_saisonni%C3%A8re_sur_le_rein_de_Typhlonectes_compressicauda
https://www.ncbi.nlm.nih.gov/pubmed/30070682
https://www.ncbi.nlm.nih.gov/pubmed/30070682
https://www.ncbi.nlm.nih.gov/pubmed/30070682
https://www.ncbi.nlm.nih.gov/pubmed/30070682
https://www.ncbi.nlm.nih.gov/pubmed/30070682

10.

11.

12.

13.

14.

15.

16.

17.

18.

International Journal of Zoology and Animal Biology

Moudilou NE, Yousef M, Exbrayat JM (2016) Study of
the relationships between the hydromineral
regulation and the reproduction cycle in Typhlonectes
compressicauda, 1841 (Amphibia, Gymnophiona).
Principles of the Ecology 5(19): 102.

Yousef M (2016) Mise en évidence de quelques
relations entre la régulation de la balance
hydrominérale et les cycles de reproduction chez les
amphibiens. PhD Univ Lyon 1, France.

Taylor EH (1968) The Caecilians of the world: A
taxonomic review. University of Kansas Press,
Lawrence, Kansas, USA pp: 1-848.

Wake MH (1977) Fetal maintenance and its
evolutionary  significance in the Amphibia:
Gymnophiona. Journal of Herpetology 11(4): 379-
386.

Wake MH (1977b) The reproductive biology of
Caecilians. An evolutionary perspective. In: Taylor
DH, Guttman SI (Eds.), The reproductive biology of
Amphibians. Miami University Oxforf Ohio pp: 73-
100.

Exbrayat JM (2006) Modes of parity. In: Exbrayat ]M
(Ed.), Reproductive Biology and Phylogeny of
Gymnophiona. Science Publishers Inc, Enfield, Jersey,
Plymouth pp: 303-323.

Duellman W, Trueb L (1994) Biology of Amphibians.
Johns Hopkins University Press, Maryland, USA pp: 1-
670.

Brien P (1959) Ethologie du Protopterus dolloi
(Boulenger) et de ses larves. Signification des sacs
pulmonaires des Dipneustes. Annales de la Société
Royale de Zoologie de Belgique 89: 9-48.

Nelson JS, Grande TC, Wilson MVH (2016) Fishes of
the World, John Wiley and Sons, Hoboken, USA pp: 1-
752.

animals: an
Animals.

Piper R (2007) Extraordinary
encyclopedia of curious and wunusual
Greenwood Press, Westport, UK pp: 1-320.

Greenwood PH (1986) Biology of living species of
lungfishes: The natural history of African lungfishes.
Journal of Morphology 190(S1): 163-179.

Cuvier G (1829-1830) Le Regne animal distribué
d’apres son organisation, pour servir de base a

Exbrayat JM. The Plasticity of Organisms: Some Examples of the
Adaptations of Small Vertebrates to Various Environments All Around
the World. Int ] Zoo Animal Biol 2019, 2(4): 000166.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

I'histoire naturelle des animaux et d’introduction a
I'anatomie comparée. Paris, Fortin, Masson et Cie,
Libraires.

Duméril AMC, Bibron G (1841) Erpétologie générale
ou histoire naturelle des reptiles. Paris, Librairie
encyclopédique de Roret.

Malacinski GM (1978) The Mexican axolotl,
Ambystoma mexicanum: its biology and
developmental genetics, and its autonomous cell-
lethal genes. American Zoologist 18(2): 195-206.

Gresens ] (2004) An introduction to the Mexican
axolotl Ambystoma mexicanum. Laboratory Animal
33(9): 41-47.

Delsol M (1952) Action du thiouracile sur les larves
de Batraciens - néotenie expérimentale, role de
I'hypophyse dans ce phénomeéne. Archives
biologiques 63: 279-392.

Exbrayat JM (2008) Des expériences de néoténie
expérimentale a I’évolution biologique (1945-1954):
les travaux de Michel Delsol. In : Morange M, Perru O
(Eds.), Embryologie et évolution (1880-1950),
histoire générale et figures lyonnaises. Vrin, Paris et
IIEE, Lyon pp: 151-179.

Gabrion ], Sentein P, Gabrion C (1977) Les
populations néoténiques de Triturus helveticus des
Causses et du Bas-Languedoc: répartition et
caractéristiques. La Terre et la Vie 31: 489-506.

Denoél M, Joly P, Whiteman HH (2005) Evolutionary
ecology of facultative paedomorphosis in newts and
salamanders. Biol Rev Camb Philos Soc 80 (4): 663-
671.

Storey KB, Storey JM (1984) Biochemical adaption for
freezing tolerance in the wood frog, Rana sylvatica.
Journal of Comparative Physiology B 155: 29-36.

Wilbur HM (1997) Experimental ecology of food
webs: complex systems in temporary ponds. Ecology
78(8): 2279-2302.

Costanzo JP, Lee RE, DeVries AL, Wang T, Layne R
(1995) Survival mechanisms of vertebrate
ectotherms at subfreezing temperatures: applications
in cryomedicine. FASEB ] 9(5): 351-358.

Dode L, Van Baelen K, Wuytack F, Dean WL (2001)
Low temperature molecular adaptation of the skeletal

Copyright© Exbrayat JM.


https://biogen.ucly.fr/theses-et-diplomes/theses-de-doctorat/2016-m-yousef-mise-en-evidence-de-quelques-relations-entre-la-regulation-de-la-balance-hydrominerale-et-les-cycles-de-reproduction-chez-les-amphibiens-199728.kjsp
https://biogen.ucly.fr/theses-et-diplomes/theses-de-doctorat/2016-m-yousef-mise-en-evidence-de-quelques-relations-entre-la-regulation-de-la-balance-hydrominerale-et-les-cycles-de-reproduction-chez-les-amphibiens-199728.kjsp
https://biogen.ucly.fr/theses-et-diplomes/theses-de-doctorat/2016-m-yousef-mise-en-evidence-de-quelques-relations-entre-la-regulation-de-la-balance-hydrominerale-et-les-cycles-de-reproduction-chez-les-amphibiens-199728.kjsp
https://biogen.ucly.fr/theses-et-diplomes/theses-de-doctorat/2016-m-yousef-mise-en-evidence-de-quelques-relations-entre-la-regulation-de-la-balance-hydrominerale-et-les-cycles-de-reproduction-chez-les-amphibiens-199728.kjsp
https://www.worldcat.org/title/caecilians-of-the-world-a-taxonomic-review/oclc/160224
https://www.worldcat.org/title/caecilians-of-the-world-a-taxonomic-review/oclc/160224
https://www.worldcat.org/title/caecilians-of-the-world-a-taxonomic-review/oclc/160224
https://www.jstor.org/stable/1562719?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/1562719?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/1562719?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/1562719?seq=1#page_scan_tab_contents
https://link.springer.com/chapter/10.1007/978-1-4757-6781-0_3
https://link.springer.com/chapter/10.1007/978-1-4757-6781-0_3
https://link.springer.com/chapter/10.1007/978-1-4757-6781-0_3
https://link.springer.com/chapter/10.1007/978-1-4757-6781-0_3
https://link.springer.com/chapter/10.1007/978-1-4757-6781-0_3
http://vmcloffa-dev.mpl.ird.fr/table/biblio/view?idbiblio:int=3645%5d
http://vmcloffa-dev.mpl.ird.fr/table/biblio/view?idbiblio:int=3645%5d
http://vmcloffa-dev.mpl.ird.fr/table/biblio/view?idbiblio:int=3645%5d
http://vmcloffa-dev.mpl.ird.fr/table/biblio/view?idbiblio:int=3645%5d
https://www.wiley.com/en-us/Fishes+of+the+World%2C+5th+Edition-p-9781118342336
https://www.wiley.com/en-us/Fishes+of+the+World%2C+5th+Edition-p-9781118342336
https://www.wiley.com/en-us/Fishes+of+the+World%2C+5th+Edition-p-9781118342336
https://m.marefa.org/images/e/ea/Piper_Extraordinary_Animals-An_Encyclopedia_.pdf
https://m.marefa.org/images/e/ea/Piper_Extraordinary_Animals-An_Encyclopedia_.pdf
https://m.marefa.org/images/e/ea/Piper_Extraordinary_Animals-An_Encyclopedia_.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/jmor.1051900412
https://onlinelibrary.wiley.com/doi/abs/10.1002/jmor.1051900412
https://onlinelibrary.wiley.com/doi/abs/10.1002/jmor.1051900412
https://www.biodiversitylibrary.org/bibliography/39612#/summary
https://www.biodiversitylibrary.org/bibliography/39612#/summary
https://www.biodiversitylibrary.org/bibliography/39612#/summary
https://www.biodiversitylibrary.org/bibliography/39612#/summary
https://www.biodiversitylibrary.org/bibliography/39612#/summary
https://www.biodiversitylibrary.org/bibliography/45973#/summary
https://www.biodiversitylibrary.org/bibliography/45973#/summary
https://www.biodiversitylibrary.org/bibliography/45973#/summary
https://academic.oup.com/icb/article/18/2/195/205366
https://academic.oup.com/icb/article/18/2/195/205366
https://academic.oup.com/icb/article/18/2/195/205366
https://academic.oup.com/icb/article/18/2/195/205366
https://www.nature.com/articles/laban1004-41
https://www.nature.com/articles/laban1004-41
https://www.nature.com/articles/laban1004-41
http://documents.irevues.inist.fr/bitstream/handle/2042/58306/LATERREETLAVIE_1977_3_489.pdf?sequence=1
http://documents.irevues.inist.fr/bitstream/handle/2042/58306/LATERREETLAVIE_1977_3_489.pdf?sequence=1
http://documents.irevues.inist.fr/bitstream/handle/2042/58306/LATERREETLAVIE_1977_3_489.pdf?sequence=1
http://documents.irevues.inist.fr/bitstream/handle/2042/58306/LATERREETLAVIE_1977_3_489.pdf?sequence=1
https://www.ncbi.nlm.nih.gov/pubmed/16221333
https://www.ncbi.nlm.nih.gov/pubmed/16221333
https://www.ncbi.nlm.nih.gov/pubmed/16221333
https://www.ncbi.nlm.nih.gov/pubmed/16221333
https://link.springer.com/article/10.1007/BF00688788
https://link.springer.com/article/10.1007/BF00688788
https://link.springer.com/article/10.1007/BF00688788
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/0012-9658%281997%29078%5B2279%3AEEOFWC%5D2.0.CO%3B2
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/0012-9658%281997%29078%5B2279%3AEEOFWC%5D2.0.CO%3B2
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/0012-9658%281997%29078%5B2279%3AEEOFWC%5D2.0.CO%3B2
https://www.ncbi.nlm.nih.gov/pubmed/7896003
https://www.ncbi.nlm.nih.gov/pubmed/7896003
https://www.ncbi.nlm.nih.gov/pubmed/7896003
https://www.ncbi.nlm.nih.gov/pubmed/7896003
http://www.jbc.org/content/276/6/3911.abstract
http://www.jbc.org/content/276/6/3911.abstract

30.

31

32.

33.

34.

35.

36.

37.

38.

International Journal of Zoology and Animal Biology

muscle sarco(endo)plasmic reticulum Ca2*-ATPase 1
(SERCA 1) in the wood frog (Rana sylvatica). Journal
of Biological Chemistry 276(6): 3911-39109.

Yartsev VV, Kuranova VN (2015) Seasonal dynamics
of male and female reproductive systems in the
Siberian salamander, Salamandrella keyserlingii
(Caudata, Hynobiidae). Asian Herpetological Research
6: 169-183.

Yartsev VV, Exbrayat JM, Kuranova VN (2017)
Spermatogenesis in the Siberian salamander
Salamandrella keyserlingii (Caudata, Hynobiidae).
Salamandra 53(1): 66-76.

Yartsev VV, Exbrayat JM, Kuranova VN (2015) (In
Russian) Oogenesis in the Siberian salamander,
Salamandrella  keyserlingii  (Amphibia: Caudata,
Hynobiidae). Tomsk State University Journal of
Biology 4(32): 127-144.

Yartsev VV, Exbrayat JM, Kuranova VN (2019)
Oviduct, egg, and egg sac structures in the Siberian
salamander, Salamandrella keyserlingii (Caudata,
Hynobiidae): a histological and histochemical study.
Russian Journal of Herpetology 26(2): 98-106.

Yartsev VV, Kuranova VN (2013) On the possibility of
hybridization between the Salamandrella tridactyla
and the S. keyserlingii (Amphibia Caudata,
Hynobiidae). Tomsk State University Journal of
Biology 3(23): 83-90.

Raquet M, Measey ], Exbrayat JM (2011) Premieres
observations histologiques de l'oviducte de
Boulengerula taitanus, Loveridge, 1935, Amphibien
Gymnophione. Revue Frangaise d’Histotechnologie
24(1): 29-38.

Brun C, Raquet M, Measey GJ, Exbrayat JM (2017)
Cyclic variation of the oviduct structure of
Boulengerula taitana, an oviparous species of
Gymnophiona: morphological changes, proliferation
and apoptosis. African Journal of Herpetology 66(2):
93-105.

Malonza PK, Measey G] (2005) Life history of an
African caecilian Boulengerula taitana, Loveridge
1935 (Amphibia Gymnophiona Caeciilidae). Tropical
Zoology 18: 49-66.

Measey GJ], Smita M, Beyo RS, Oommen OV (2008)
Year-round spermatogenic activity in an oviparous
subterranean caecilian, Boulengerula taitanus

Exbrayat JM. The Plasticity of Organisms: Some Examples of the
Adaptations of Small Vertebrates to Various Environments All Around
the World. Int ] Zoo Animal Biol 2019, 2(4): 000166.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Loveridge 1935 (Amphibia Gymnophiona
Caeciliidae). Tropical Zoology 21: 109-122.

Raquet M, Measey GJ, Exbrayat JM (2015) Annual
variations of ovarian structures of Boulengerula
taitanus (Loveridge, 1935), a Kenyan caecilian.
African Journal of Herpetology 64(2): 116-134.

Kupfer A, Miiller H, Antoniazzi MM, Jared C, Greven H,
et al. (2006) Parental investment by skin feeding in a
caecilian amphibian. Nature 440(7086): 926-929.

Blackburn DC, Hanken ], Jenkins FA (2008) Concealed
weapons: erectile claws in African frogs. Biology
Letters 4(4): 355-357.

Exbrayat JM, Pujol P, Leclercq B (1998) Quelques
aspects des cycles sexuels et nycthéméraux chez les
Amphibiens. Bulletin de la Société Zoologique de
France 123(2): 113-124.

Pujol P, Exbrayat JM (2002) Quelques aspects de la
biologie de la reproduction et des cycles sexuels chez
Bufo regularis Reuss (1834), Amphibien Anoure.
Bulletin mensuel de la Société linnéenne de Lyon
71(1): 12-52.

Kisserli M, Exbrayat JM (2006) First data on the
reproductive cycle of males of Bufo mauritanicus
(Schlegel) in the Beni-Belaid wetland (Jijel, Algeria).
Bulletin de la Société Herpétologique de France 120:
5-13.

Kisserli O, Doumandji S, Exbrayat JM (2011)
Reproductive cycles in Bufo mauritanicus (Schlegel,
1841) of wet area of Beni-Belaid (Jijel, Algeria), Basic
and Applied Herpetology 25: 65-71.

Kisserli O, Moudilou M, Exbrayat JM (2017) Sexual
cycle and seasonal expression of testosterone (T) in
the testes of Sclerophrys mauritanica (Schlegel, 1841).
African Journal of Herpetology 66(2): 106-121.

Xavier F (1977) An exceptional reproductive strategy
in Anura, Nectophrynoides occidentalis Angel
(Bufonidae), an adaptation to terrestrial life by
viviparity. In: Hecht MK, et al. (Eds.), Major patterns
of vertebrate evolution. Plenum Press, New York 14:
545-552.

Xavier F (1986) La reproduction de Nectophrynoides.
In: Grassé PP, Delsol M, (Eds.), Traité de Zoologie, XIV,
fasc. IB. Masson, Paris pp: 497-513.

Copyright© Exbrayat JM.


http://www.jbc.org/content/276/6/3911.abstract
http://www.jbc.org/content/276/6/3911.abstract
http://www.jbc.org/content/276/6/3911.abstract
https://www.semanticscholar.org/paper/Seasonal-Dynamics-of-Male-and-Female-Reproductive-Vadim-V.Yartsev/88d37647291143924f1cb41f906c5dba47708f22
https://www.semanticscholar.org/paper/Seasonal-Dynamics-of-Male-and-Female-Reproductive-Vadim-V.Yartsev/88d37647291143924f1cb41f906c5dba47708f22
https://www.semanticscholar.org/paper/Seasonal-Dynamics-of-Male-and-Female-Reproductive-Vadim-V.Yartsev/88d37647291143924f1cb41f906c5dba47708f22
https://www.semanticscholar.org/paper/Seasonal-Dynamics-of-Male-and-Female-Reproductive-Vadim-V.Yartsev/88d37647291143924f1cb41f906c5dba47708f22
https://www.semanticscholar.org/paper/Seasonal-Dynamics-of-Male-and-Female-Reproductive-Vadim-V.Yartsev/88d37647291143924f1cb41f906c5dba47708f22
https://www.academia.edu/31846922/Spermatogenesis_in_the_Siberian_salamander_Salamandrella_keyserlingii_Caudata_Hynobiidae
https://www.academia.edu/31846922/Spermatogenesis_in_the_Siberian_salamander_Salamandrella_keyserlingii_Caudata_Hynobiidae
https://www.academia.edu/31846922/Spermatogenesis_in_the_Siberian_salamander_Salamandrella_keyserlingii_Caudata_Hynobiidae
https://www.academia.edu/31846922/Spermatogenesis_in_the_Siberian_salamander_Salamandrella_keyserlingii_Caudata_Hynobiidae
http://journals.tsu.ru/biology/en/&journal_page=archive&id=1346&article_id=24875
http://journals.tsu.ru/biology/en/&journal_page=archive&id=1346&article_id=24875
http://journals.tsu.ru/biology/en/&journal_page=archive&id=1346&article_id=24875
http://journals.tsu.ru/biology/en/&journal_page=archive&id=1346&article_id=24875
http://journals.tsu.ru/biology/en/&journal_page=archive&id=1346&article_id=24875
http://rjh.folium.ru/index.php/rjh/article/view/1325%5d
http://rjh.folium.ru/index.php/rjh/article/view/1325%5d
http://rjh.folium.ru/index.php/rjh/article/view/1325%5d
http://rjh.folium.ru/index.php/rjh/article/view/1325%5d
http://rjh.folium.ru/index.php/rjh/article/view/1325%5d
https://cyberleninka.ru/article/n/o-vozmozhnosti-gibridizatsii-primorskogo-salamandrella-tridactyla-i-sibirskogo-s-keyserlingii-uglozubov-amphibia-caudata-hynobiidae
https://cyberleninka.ru/article/n/o-vozmozhnosti-gibridizatsii-primorskogo-salamandrella-tridactyla-i-sibirskogo-s-keyserlingii-uglozubov-amphibia-caudata-hynobiidae
https://cyberleninka.ru/article/n/o-vozmozhnosti-gibridizatsii-primorskogo-salamandrella-tridactyla-i-sibirskogo-s-keyserlingii-uglozubov-amphibia-caudata-hynobiidae
https://cyberleninka.ru/article/n/o-vozmozhnosti-gibridizatsii-primorskogo-salamandrella-tridactyla-i-sibirskogo-s-keyserlingii-uglozubov-amphibia-caudata-hynobiidae
https://cyberleninka.ru/article/n/o-vozmozhnosti-gibridizatsii-primorskogo-salamandrella-tridactyla-i-sibirskogo-s-keyserlingii-uglozubov-amphibia-caudata-hynobiidae
https://www.tandfonline.com/doi/abs/10.1080/21564574.2017.1365098?journalCode=ther20
https://www.tandfonline.com/doi/abs/10.1080/21564574.2017.1365098?journalCode=ther20
https://www.tandfonline.com/doi/abs/10.1080/21564574.2017.1365098?journalCode=ther20
https://www.tandfonline.com/doi/abs/10.1080/21564574.2017.1365098?journalCode=ther20
https://www.tandfonline.com/doi/abs/10.1080/21564574.2017.1365098?journalCode=ther20
https://www.tandfonline.com/doi/abs/10.1080/21564574.2017.1365098?journalCode=ther20
https://www.tandfonline.com/doi/abs/10.1080/03946975.2005.10531214
https://www.tandfonline.com/doi/abs/10.1080/03946975.2005.10531214
https://www.tandfonline.com/doi/abs/10.1080/03946975.2005.10531214
https://www.tandfonline.com/doi/abs/10.1080/03946975.2005.10531214
http://www.fupress.net/index.php/tropicalzoology/article/view/2567
http://www.fupress.net/index.php/tropicalzoology/article/view/2567
http://www.fupress.net/index.php/tropicalzoology/article/view/2567
http://www.fupress.net/index.php/tropicalzoology/article/view/2567
http://www.fupress.net/index.php/tropicalzoology/article/view/2567
https://www.tandfonline.com/doi/abs/10.1080/21564574.2015.1103787
https://www.tandfonline.com/doi/abs/10.1080/21564574.2015.1103787
https://www.tandfonline.com/doi/abs/10.1080/21564574.2015.1103787
https://www.tandfonline.com/doi/abs/10.1080/21564574.2015.1103787
https://www.nature.com/articles/nature04403
https://www.nature.com/articles/nature04403
https://www.nature.com/articles/nature04403
https://royalsocietypublishing.org/doi/10.1098/rsbl.2008.0219
https://royalsocietypublishing.org/doi/10.1098/rsbl.2008.0219
https://royalsocietypublishing.org/doi/10.1098/rsbl.2008.0219
https://www.persee.fr/doc/linly_0366-1326_2002_num_71_1_13366
https://www.persee.fr/doc/linly_0366-1326_2002_num_71_1_13366
https://www.persee.fr/doc/linly_0366-1326_2002_num_71_1_13366
https://www.persee.fr/doc/linly_0366-1326_2002_num_71_1_13366
https://www.persee.fr/doc/linly_0366-1326_2002_num_71_1_13366
https://ojs.herpetologica.org/index.php/bah/article/view/6
https://ojs.herpetologica.org/index.php/bah/article/view/6
https://ojs.herpetologica.org/index.php/bah/article/view/6
https://ojs.herpetologica.org/index.php/bah/article/view/6
https://www.tandfonline.com/doi/abs/10.1080/21564574.2017.1369170
https://www.tandfonline.com/doi/abs/10.1080/21564574.2017.1369170
https://www.tandfonline.com/doi/abs/10.1080/21564574.2017.1369170
https://www.tandfonline.com/doi/abs/10.1080/21564574.2017.1369170
https://link.springer.com/chapter/10.1007/978-1-4684-8851-7_19
https://link.springer.com/chapter/10.1007/978-1-4684-8851-7_19
https://link.springer.com/chapter/10.1007/978-1-4684-8851-7_19
https://link.springer.com/chapter/10.1007/978-1-4684-8851-7_19
https://link.springer.com/chapter/10.1007/978-1-4684-8851-7_19
https://link.springer.com/chapter/10.1007/978-1-4684-8851-7_19

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

International Journal of Zoology and Animal Biology

Wake MH (1980) The reproductive biology of
Nectophrynoides malcolmi (Amphibia: Bufonidae),
with comments on the evolution of reproductive
modes in the genus Nectophrynoides. Copeia 1980(2):
193-2009.

Graham ]JB (1997) Air-breathing Fishes. Evolution,
diversity and adaptation. Academic Press, New York,
USA pp: 1-324.

Patzner RA, Van Tassell JL, Kovaci¢ M, Kapoor BG
(2011) The biology of gobies. Science Publishers,
Enfield, NH pp: 1-685.

Aronson LR (1971) Further studies on orientation
and jumping behaviour in the Gobiid fish, Bathygobius
soporator. Ann N 'Y Acad Sci 188(1): 378-392.

Harris VA (1960) On the locomotion of the
mudskipper Periophthalmus koelreuteri (Pallas):
Gobiidae. Proceedings of the Zoological Society of
London 134(1): 107-135.

Ishimatsu A, Hishida Y, Takita T, Kanda T, Oikawa S,
et al. (1998) Mudskipper store air in their burrows.
Nature 391: 237-238.

Brillet C (1969) Etude du comportement constructeur
des poissons amphibies Periophthalmidae. La Terre
et la Vie 23(4): 496-520.

Fichet Calvet E, Jomaa I, Ismail RB, Ashford RW
(1999) Reproduction and abundance of the fat sand
rat (Psammomys obesus) in relation to weather
conditions in Tunisia. Journal of Zoology 248(1): 15-
26.

Boubekri A, Gernigon Spychalowicz T, Khammar F,
Exbrayat M (2007) Histological and
immunohistological aspects of the ovarian cycle of the
Algerian wild sand rat, Psammomys obesus. Folia
histochemica et cytobiologica 45(S1): 41-49.

Boubekri A, Gernigon Spychalowicz T, Khammar F,

Exbrayat M (2009) Morphometry and
immunohistochemistry of follicles growth and
steroidogenesis in Saharian wild sand rat,

Psammomys obesus ovary. Folia histochemica et
cytobiologica 47(5): S59-S66.

Boubekri A, Gernigon Spychalowicz T, Khammar F,
Exbrayat JM (2013) Variations saisonniéres histo-
physiologiques de l'oviducte du rat des sables

Exbrayat JM. The Plasticity of Organisms: Some Examples of the
Adaptations of Small Vertebrates to Various Environments All Around
the World. Int ] Zoo Animal Biol 2019, 2(4): 000166.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Psammomys obesus, gerbillidé diurne. Bulletin de la
Société Zoologique de France 138(1-4): 27-35.

Benmouloud A, Amirat Z, Khammar F, Patchev AV,
Exbrayat M, et al. (2014) Androgen receptor-
mediated regulation of adrenocortical activity in the
sand rat, Psammomys obesus. Journal of Comparative
Physiology B 184(8): 1055-1063.

Menad R, Smai-Hamdidouche S, Gernigon T, Exbrayat
JM (2015) Les récepteurs des oestrogénes dans les
canaux déférents du rat des sables Psammomys
obesus. Annales d’Endocrinologie 76 (4): 498-499.

Menad R, Smai S, Bonnet X, Gernigon Spychalowicz T,
Moudilou E, et al. (2017) Seasonal variations of
aromatase and estrogen receptors expression in the
testis of free-ranging sand rats. Acta Histochemica
119(4): 382-391.

Daly M, Daly S (1973) On the feeding ecology of
Psamommys obesus (Rodentia, Gerbillidae) in the
Wadi Saoura, Algeria. Mammalia 37: 545-561.

Kaiser N, Cerasi E, Leibowitz G (2012) Diet-induced
diabetes in the fat sand rat (Psammomys obesus).
Methods Mol Biol 933: 89-102.

Ghoul A, Kaci Ouchfoun N, Zerrouk F, Chaouad B,
Exbrayat JM, et al. (2018) Hyperhomocystéiménie et
récepters des oestrogénes au niveau de la vésicule
séminale du rat des sables, Psammomys obesus.
Annales d'endocrinologie 79: 256.

Ghoul A, Exbrayat JM, Benazzoug Y (2019)
Hyperhomocystéinémie-systeme reproducteur male.
Editions Universitaires Européennes, Beau Bassin,
Mautitius, pp: 1-187.

Hammouche S, Gernigon Spychalowicz T, Khammar F,
Exbrayat JM (2002) Immuno histochemical study of
gonadotropic cells in the female lizard Uromastix
acanthinurus during the reproductive cycle. Bulletin
de la Société Zoologique de France 127(1): 49-55.

Bahiani M, Gernigon Spychalowicz T, Exbrayat ]JM
(2005) Etude immunohistochimique des cellules
gonadotropes chez le Lézard femelle Uromastix
acanthinurus au cours du cycle reproducteur. Bulletin
de la Société Zoologique de France 127(1): 49-55.

Hammouche S, Gernigon T, Exbrayat JM (2006) (-
endorphine et activité ovarienne chez un lézard

Copyright© Exbrayat JM.


https://www.jstor.org/stable/1443998?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/1443998?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/1443998?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/1443998?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/1443998?seq=1#page_scan_tab_contents
https://www.sciencedirect.com/book/9780122948602/air-breathing-fishes
https://www.sciencedirect.com/book/9780122948602/air-breathing-fishes
https://www.sciencedirect.com/book/9780122948602/air-breathing-fishes
https://www.crcpress.com/The-Biology-of-Gobies/Patzner-Van-Tassell-Kovacic-Kapoor/p/book/9781578084364
https://www.crcpress.com/The-Biology-of-Gobies/Patzner-Van-Tassell-Kovacic-Kapoor/p/book/9781578084364
https://www.crcpress.com/The-Biology-of-Gobies/Patzner-Van-Tassell-Kovacic-Kapoor/p/book/9781578084364
https://www.ncbi.nlm.nih.gov/pubmed/5288865
https://www.ncbi.nlm.nih.gov/pubmed/5288865
https://www.ncbi.nlm.nih.gov/pubmed/5288865
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-7998.1960.tb05921.x
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-7998.1960.tb05921.x
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-7998.1960.tb05921.x
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-7998.1960.tb05921.x
https://www.nature.com/articles/34560
https://www.nature.com/articles/34560
https://www.nature.com/articles/34560
https://www.cambridge.org/core/journals/journal-of-zoology/article/reproduction-and-abundance-of-the-fat-sand-rat-psammomys-obesus-in-relation-to-weather-conditions-in-tunisia/737410E11A2AD90BF3D6D13B1E926A7A
https://www.cambridge.org/core/journals/journal-of-zoology/article/reproduction-and-abundance-of-the-fat-sand-rat-psammomys-obesus-in-relation-to-weather-conditions-in-tunisia/737410E11A2AD90BF3D6D13B1E926A7A
https://www.cambridge.org/core/journals/journal-of-zoology/article/reproduction-and-abundance-of-the-fat-sand-rat-psammomys-obesus-in-relation-to-weather-conditions-in-tunisia/737410E11A2AD90BF3D6D13B1E926A7A
https://www.cambridge.org/core/journals/journal-of-zoology/article/reproduction-and-abundance-of-the-fat-sand-rat-psammomys-obesus-in-relation-to-weather-conditions-in-tunisia/737410E11A2AD90BF3D6D13B1E926A7A
https://www.cambridge.org/core/journals/journal-of-zoology/article/reproduction-and-abundance-of-the-fat-sand-rat-psammomys-obesus-in-relation-to-weather-conditions-in-tunisia/737410E11A2AD90BF3D6D13B1E926A7A
https://www.semanticscholar.org/paper/Histological-and-immunohistological-aspects-of-the-Boubekri-Gernigon-Spychalowicz/46e50c68cd24c4a045c8fd7deed0d9cf31709ff8
https://www.semanticscholar.org/paper/Histological-and-immunohistological-aspects-of-the-Boubekri-Gernigon-Spychalowicz/46e50c68cd24c4a045c8fd7deed0d9cf31709ff8
https://www.semanticscholar.org/paper/Histological-and-immunohistological-aspects-of-the-Boubekri-Gernigon-Spychalowicz/46e50c68cd24c4a045c8fd7deed0d9cf31709ff8
https://www.semanticscholar.org/paper/Histological-and-immunohistological-aspects-of-the-Boubekri-Gernigon-Spychalowicz/46e50c68cd24c4a045c8fd7deed0d9cf31709ff8
https://www.semanticscholar.org/paper/Histological-and-immunohistological-aspects-of-the-Boubekri-Gernigon-Spychalowicz/46e50c68cd24c4a045c8fd7deed0d9cf31709ff8
https://www.ncbi.nlm.nih.gov/pubmed/20067896
https://www.ncbi.nlm.nih.gov/pubmed/20067896
https://www.ncbi.nlm.nih.gov/pubmed/20067896
https://www.ncbi.nlm.nih.gov/pubmed/20067896
https://www.ncbi.nlm.nih.gov/pubmed/20067896
https://www.ncbi.nlm.nih.gov/pubmed/20067896
https://www.academia.edu/6601565/VARIATIONS_SAISONNI%C3%88RES_HISTO-PHYSIOLOGIQUES_DE_L_OVIDUCTE_DU_RAT_DES_SABLES_PSAMMOMYS_OBESUS_GERBILLIDE_DIURNE
https://www.academia.edu/6601565/VARIATIONS_SAISONNI%C3%88RES_HISTO-PHYSIOLOGIQUES_DE_L_OVIDUCTE_DU_RAT_DES_SABLES_PSAMMOMYS_OBESUS_GERBILLIDE_DIURNE
https://www.academia.edu/6601565/VARIATIONS_SAISONNI%C3%88RES_HISTO-PHYSIOLOGIQUES_DE_L_OVIDUCTE_DU_RAT_DES_SABLES_PSAMMOMYS_OBESUS_GERBILLIDE_DIURNE
https://www.academia.edu/6601565/VARIATIONS_SAISONNI%C3%88RES_HISTO-PHYSIOLOGIQUES_DE_L_OVIDUCTE_DU_RAT_DES_SABLES_PSAMMOMYS_OBESUS_GERBILLIDE_DIURNE
https://www.academia.edu/6601565/VARIATIONS_SAISONNI%C3%88RES_HISTO-PHYSIOLOGIQUES_DE_L_OVIDUCTE_DU_RAT_DES_SABLES_PSAMMOMYS_OBESUS_GERBILLIDE_DIURNE
https://www.ncbi.nlm.nih.gov/pubmed/25179180
https://www.ncbi.nlm.nih.gov/pubmed/25179180
https://www.ncbi.nlm.nih.gov/pubmed/25179180
https://www.ncbi.nlm.nih.gov/pubmed/25179180
https://www.ncbi.nlm.nih.gov/pubmed/25179180
https://www.ncbi.nlm.nih.gov/pubmed/28427772
https://www.ncbi.nlm.nih.gov/pubmed/28427772
https://www.ncbi.nlm.nih.gov/pubmed/28427772
https://www.ncbi.nlm.nih.gov/pubmed/28427772
https://www.ncbi.nlm.nih.gov/pubmed/28427772
https://www.martindaly.ca/uploads/2/3/7/0/23707972/d_d_1973_p_obesus_feeding_ecology.pdf
https://www.martindaly.ca/uploads/2/3/7/0/23707972/d_d_1973_p_obesus_feeding_ecology.pdf
https://www.martindaly.ca/uploads/2/3/7/0/23707972/d_d_1973_p_obesus_feeding_ecology.pdf
https://www.ncbi.nlm.nih.gov/pubmed/22893403
https://www.ncbi.nlm.nih.gov/pubmed/22893403
https://www.ncbi.nlm.nih.gov/pubmed/22893403
http://rjh.folium.ru/index.php/rjh/article/view/754
http://rjh.folium.ru/index.php/rjh/article/view/754
http://rjh.folium.ru/index.php/rjh/article/view/754
http://rjh.folium.ru/index.php/rjh/article/view/754
http://rjh.folium.ru/index.php/rjh/article/view/754

70.

71.

72.

73.

74.

75.

76.

77.

International Journal of Zoology and Animal Biology

déserticole, Uromastyx acanthinura. Bulletin de la
Société Zoologique de France 131(1): 5-10.

Hammouche S, Gernigon T, Exbrayat JM (2007)
Immunocytochemical localization and ultrastructural
study of gonadotroph cells in the female desert lizard
Uromastyx acanthinura. Tissue and Cell 39(1): 13-25.

Hammouche S, Gernigon Spychalowicz T, Exbrayat JM
(2007) Immunolocalization of estrogens and
progesterone receptors within the ovary of lizard
Uromastyx acanthinura from vitellogenesis to rest
season. Folia histochemica et cytobiologica 45(S1):
23-27.

Hammouche S, Gernigon T, Exbrayat JM (2009)
Correlation between ovarian steroidogenesis and (-
endorphin in the Lizard Uromastyx acanthinura:
immunohistochemical approach. Folia histochemica
et cytobiologica 47(5): S95-S100.

Benmansour Hammouche S, Remana S, Exbrayat |M
(2012) Immunolocalization of hepatic estrogen and
progesterone receptors in the female lizard
Uromastyx acanthinura femelle. Compte-Rendus
Biologies 335(7): 445-453.

Dahane Barka Z, Bensalem M, Exbrayat JM (2001)
Localisation par immunohistochimie des noyaux
hypothalamiques impliqués dans la synthese de I'AVT
chez Uromastix acanthinurus (Sauria, Agamidae)
BELL, 1825, lézard déserticole et herbivore Bulletin
de la Société Zoologique de France 126(1-2): 99-107.

Djoudad Kadji H, Kadji B, Benslimane S, Exbrayat JM,
Iguer Ouada M, et al. (2012) Description histologique
des différents stades de développement ovocytaire de
Barbus callensis (Valenciennes, 1842) dans 1'oued
Soummam (Algérie). Revue Francaise
d’Histotechnologie 25(1): 11-19.

Djoudad Kadji H, Benslimane S, Chevalier C, Kadji B,
Exbrayat M, et al. (2013) Etude de la dynamique
testiculaire de 'espece Barbus  callensis
(Valenciennes, 1842) en fonction des parametres
macroscopiques et microscopiques. Revue Francgaise
d’Histotechnologie 26(1): 43-57.

Djoudad Kadji H, Benslimane S, Chevalier C, Kadji B,
Exbrayat JM, et al. (2012) First observation of
intersex in barbel Barbus callensis (Valenciennes,
1842) collected in Soummam River (Algeria). Cybium
36(4): 531-538.

Exbrayat JM. The Plasticity of Organisms: Some Examples of the
Adaptations of Small Vertebrates to Various Environments All Around
the World. Int ] Zoo Animal Biol 2019, 2(4): 000166.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Herrel A, Huyghe K, Van Hooydonck B, Backeljau T,
Breugelmans K, et al. (2008) Rapid large-scale
evolutionary divergence in morphology and
performance associated with exploitation of a
different dietary resource. Proceedings of National
Academy of Sciences USA 105(12): 4792-4795.

Joly ] (1986) La reproduction de la salamandre
terrestre. In: Grasse PP, Delsol M, et al. (Eds.), Traité
de Zoologie, X1V, fasc. I B. Masson, Paris pp: 471-486.

Greven H (1980) Ultra structural investigations of the
epidermis and the gill epithelium in the intrauterine
larvae of Salamandra salamandra (L.) (Amphibia,
Urodela). Z Mikrosk Anat Forsch 94(2): 196-208.

Greven H (2003) Larviparity and puerparity.
Reproductive Biology and Phylogeny of Urodela.
Science Publishers Inc, Enfield, Jersey pp: 447-475.

Greven H, Guex GD (1994) Structural and
physiological aspects of viviparity in Salamandra
salamandra. Mertensiella 4: 139-160.

Vilter V (1986) La reproduction de la salamandre
noire. In: Grassé PP, Delsol M, et al. (Eds.), Traité de
Zoologie, X1V, fasc. IB. Masson, Paris. pp: 487-495.

Miaud C, Andreone F, Ribéron A, De Michelis S, Clima
V, et al. (2001) Variations in age, size at maturity and
gestation duration among two neighbouring
populations of the alpine salamander (Salamandra
lanzai). Journal of Zoology London 254: 251-260.

Riberon A, Sotiriou E, Miaud, Andreone F, Taberlet P
(2002) Lack of genetic diversity in Salamandra lanzai
revealed by cytochrome b gene sequences. Copeia
2002(1): 229-232.

Martin M, Goubier V, Hardy I, Exbrayat JM (2004)
Comparison of inhibiting effects of low water
temperature and high stocking density on
reproduction in female Micropterus salmoides (L.),
Ecohydrology and Hydrobiology 4(1): 51-57.

Exbrayat JM (2017) The interest of light microscopy
for the study of collections: the example of the study
of the reproductive biology of a little-known caecilian
amphibian. Journal of Histology and Histopathology
Research 1(1): 23-24.

Copyright© Exbrayat JM.


https://www.ncbi.nlm.nih.gov/pubmed/17098269
https://www.ncbi.nlm.nih.gov/pubmed/17098269
https://www.ncbi.nlm.nih.gov/pubmed/17098269
https://www.ncbi.nlm.nih.gov/pubmed/17098269
https://www.ncbi.nlm.nih.gov/pubmed/18292832
https://www.ncbi.nlm.nih.gov/pubmed/18292832
https://www.ncbi.nlm.nih.gov/pubmed/18292832
https://www.ncbi.nlm.nih.gov/pubmed/18292832
https://www.ncbi.nlm.nih.gov/pubmed/18292832
https://www.ncbi.nlm.nih.gov/pubmed/18292832
https://www.ncbi.nlm.nih.gov/pubmed/20067902
https://www.ncbi.nlm.nih.gov/pubmed/20067902
https://www.ncbi.nlm.nih.gov/pubmed/20067902
https://www.ncbi.nlm.nih.gov/pubmed/20067902
https://www.ncbi.nlm.nih.gov/pubmed/20067902
https://www.ncbi.nlm.nih.gov/pubmed/22847011
https://www.ncbi.nlm.nih.gov/pubmed/22847011
https://www.ncbi.nlm.nih.gov/pubmed/22847011
https://www.ncbi.nlm.nih.gov/pubmed/22847011
https://www.ncbi.nlm.nih.gov/pubmed/22847011
http://go.galegroup.com/ps/anonymous?p=AONE&sw=w&issn=03990974&v=2.1&it=r&id=GALE%7CA340575474&sid=googleScholar&linkaccess=fulltext
http://go.galegroup.com/ps/anonymous?p=AONE&sw=w&issn=03990974&v=2.1&it=r&id=GALE%7CA340575474&sid=googleScholar&linkaccess=fulltext
http://go.galegroup.com/ps/anonymous?p=AONE&sw=w&issn=03990974&v=2.1&it=r&id=GALE%7CA340575474&sid=googleScholar&linkaccess=fulltext
http://go.galegroup.com/ps/anonymous?p=AONE&sw=w&issn=03990974&v=2.1&it=r&id=GALE%7CA340575474&sid=googleScholar&linkaccess=fulltext
http://go.galegroup.com/ps/anonymous?p=AONE&sw=w&issn=03990974&v=2.1&it=r&id=GALE%7CA340575474&sid=googleScholar&linkaccess=fulltext
https://www.ncbi.nlm.nih.gov/pubmed/18344323
https://www.ncbi.nlm.nih.gov/pubmed/18344323
https://www.ncbi.nlm.nih.gov/pubmed/18344323
https://www.ncbi.nlm.nih.gov/pubmed/18344323
https://www.ncbi.nlm.nih.gov/pubmed/18344323
https://www.ncbi.nlm.nih.gov/pubmed/18344323
https://www.ncbi.nlm.nih.gov/pubmed/7415391
https://www.ncbi.nlm.nih.gov/pubmed/7415391
https://www.ncbi.nlm.nih.gov/pubmed/7415391
https://www.ncbi.nlm.nih.gov/pubmed/7415391
https://www.cambridge.org/core/journals/journal-of-zoology/article/variations-in-age-size-at-maturity-and-gestation-duration-among-two-neighbouring-populations-of-the-alpine-salamander-salamandra-lanzai/EDD9D37F5E2BA6B52543CB0B7E557BA4
https://www.cambridge.org/core/journals/journal-of-zoology/article/variations-in-age-size-at-maturity-and-gestation-duration-among-two-neighbouring-populations-of-the-alpine-salamander-salamandra-lanzai/EDD9D37F5E2BA6B52543CB0B7E557BA4
https://www.cambridge.org/core/journals/journal-of-zoology/article/variations-in-age-size-at-maturity-and-gestation-duration-among-two-neighbouring-populations-of-the-alpine-salamander-salamandra-lanzai/EDD9D37F5E2BA6B52543CB0B7E557BA4
https://www.cambridge.org/core/journals/journal-of-zoology/article/variations-in-age-size-at-maturity-and-gestation-duration-among-two-neighbouring-populations-of-the-alpine-salamander-salamandra-lanzai/EDD9D37F5E2BA6B52543CB0B7E557BA4
https://www.cambridge.org/core/journals/journal-of-zoology/article/variations-in-age-size-at-maturity-and-gestation-duration-among-two-neighbouring-populations-of-the-alpine-salamander-salamandra-lanzai/EDD9D37F5E2BA6B52543CB0B7E557BA4
https://www.jstor.org/stable/1447948?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/1447948?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/1447948?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/1447948?seq=1#page_scan_tab_contents
https://www.pulsus.com/scholarly-articles/the-interest-of-light-microscopy-for-the-study-of-collections-the-example-of-the-study-of-the-reproductive-biology-of-a-littleknow-4049.html
https://www.pulsus.com/scholarly-articles/the-interest-of-light-microscopy-for-the-study-of-collections-the-example-of-the-study-of-the-reproductive-biology-of-a-littleknow-4049.html
https://www.pulsus.com/scholarly-articles/the-interest-of-light-microscopy-for-the-study-of-collections-the-example-of-the-study-of-the-reproductive-biology-of-a-littleknow-4049.html
https://www.pulsus.com/scholarly-articles/the-interest-of-light-microscopy-for-the-study-of-collections-the-example-of-the-study-of-the-reproductive-biology-of-a-littleknow-4049.html
https://www.pulsus.com/scholarly-articles/the-interest-of-light-microscopy-for-the-study-of-collections-the-example-of-the-study-of-the-reproductive-biology-of-a-littleknow-4049.html
https://creativecommons.org/licenses/by/4.0/

	Abstract
	Introduction
	In South and Central America
	North America
	Russia
	In Sub-Saharan Africa
	In Sahara Desert
	North of Algeria
	Europa
	Conclusion
	References

