MORPHOLOGICAL AND ANATOMICAL STUDIES OF
CERTAIN SYSTEMS IN THE MONTPELLIER SNAKE,
Malpolon monspessulanus insignitus, FAMILY COLUBRIDAE

(Geoffroy, 1827)

........

SHIFA'A ABDUL-HAMEED AWWAD

SUPERVISOR
PROFESSOR AHMAD M. DISI

Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Science in

Biological Sciences

Faculty of Graduate Studies

University of Jordan

(=
/Q' August 16 1999

@)
)
»

8
<
l_
S

g

G
@)

S
<
=
©
D

o)
2

=
)
©

@
S
4
B

;
o

%
=

Sit



THIS THESIS WAS SUCCESSFULLY DEFENDED AND

APPROVED ON 16™ AUGUST, 1999

Examination Committee Signature
L_,,;f//. /'/
Prof. Ahmad M. Disi, Chairman (oot .‘"E:,.‘,iz'ff’%’;%’./zg./&’; . ﬁc’ 2

Prof. Of Vertebrate Comparative Anatormy

Prof. Hameed Al-Hajj, Member "// ﬂ//“’ﬁ"/ﬁ//?/j |

Prof. OfEmbryolOgy

Dr. Mohammed Al-Muhtaseb, Member O~ LK My asehs -

Asso. Prof. Of Human Anatomy

Dr. Wa'el Khamas, Member ... 1108 IR
Prof. Of Vet. Anatomy And Histollogy

Jordan University Of Science And Technology

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



DEDICATION
1
M4 WONDERFUL PARENTS, BRETHERS
AND SISRERS,
RO MY CLOSESR FRIENDS

AND FOR 400; ASNMARN

%
@)
O
»
8
=
I_
©
g
©
@)
S
<
=
©
2
o)
>
=
)
©
<
ol
J
B
;
@
%
=

- AllRig



ACKNOWLEDGEMENT

I am so greatful to my supervisor, Professor Ahmad Disi who was
always taking care of my work, supplying me with the needed help and
references, making continuous fruitful discussion and directing me to the
proper way. My deep thanks feelings to Professor Hameed Al-Hajj for
being one of my teachers during undergraduate and postgraduate study
periods, from whom I learnt so much. The special thank for him is offered
to be a member of the committee and for spending his time to read this
thesis and commenting fcr better results. Other member of the committee I
would like to thank is Dr. Mohammad Al- Muhtaseb. My greetings for him
are not only to be a member of the committee but also for his valuable
advice he offered during the research period. Also, Professor Wa'el
Khamas for his agreement to be a member of the committee and giving his

time to comment on this thesis.

My great thanks are for Dr. Zuhair Amr, who was so generous to
offer me a great help from the beginning of this research and was always
ready to do. Also, I would like to thank Dr. Ahmad Katbeh for al}owing me
to use his computer and scanner with great welcoming. A special thank is
for Dr. Mohammad Al-Khatib for using the genetic laboratory
microgram/Faculty of Medicine. I owe Dr. Faisal Kamal a special thank for
supplying me with the references I requested from him and to allow me to
work in the laboratory of the Department of the Pathology. Also, great
thanks is for the technicians in the genetic laboratory: Mr. Zaid,
Mr.Mohammad, Mrs. Nehad and Miss Aisha. I'm so greatful to the
technicians in the Department of Pathology/Faculty of Medicine: Amal
Majdalawi, Haifa'a Hattab and Reem Duwaik for their valuable assistance

and teaching me the needed work. My deep thanks is offered to Mr. Ahmad

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Abu Agela and Mrs. Ea'tedal, the Department of Histopathology/University
of Jordan Hospital to teach me how to use the cryostat.

Special thank I would like to express to Prof. Garth Underwood for
giving me the guidelines in studying the anatomy of skull and head
muscles. Also, for Dr. De Haan, who rapidly answered my request to
supply me with some references. I owe also, both Dr. Hala Al-Horani and
Dr. Salwa Al-Bdour for their continuos asking about me and my work. I
want to thank Mr. Mustafa Al-Doumi to facilitate my work in the museum.

My greetings are also presented to my partner in the laborarory;
Zulaikha Abu-Neel, who was always with me, sharing beautiful moments
as well as suffering ones. Also, to my friends: Shazha Nazzal, Areej Abu-
Bakr, Wafa'a Liswi, Lina Al-Kuri, Nisreen Al-Disi, Fatima Dawoud,
Majeda Shawabka, Muyvassar Abu-Zaid, Wesam Harzallah, Jumana
Amawi, Manal Abbas, Wafa'a Hannini, Maha Abu Seido, Marium Abu-
Albasal, Ameera Taci Addin, Suzan Matar, Rasha Al-Taieh, Esra'a
Abdussalam, Shereen Musleh, Tala Al-Areed, Lubna Tahtamouni, Fatin
Al-Khayat, Saba Shbailat, Sundus Harfeel, Lubna Abdulaziz, Hedaya,

[ would like to thank my colleagues; Suha Shwayat for her assistance
in the morphological study, Nedal Abu Laban to teach me how to prepare
the boﬁy elements and Sa'ed Akkawi for his valuable help in the
histological study.

My great thanks feelings that are presented to my parents would not
be measurable, because of being so patient during the study period and all
time. Without the encouragement they are offering to me I could never pass
any work. My deep thanks are offered to my brothers and their families, my
sisters and their families and my little sister Neda'a for being always around
giving a hand whenever needed . I would like finally to record my great

thanks to my fiance Ayman and his family for their continuos support they

offered.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



[List of contents

Page

HhkhAhAhdhdhd kb hhhhbdbdhrhddhhddhhddhdhbrbdbrhhdddrordhs

COMMITTEE DECISION. ..., 11
DEDICATEIONN .. . 200505 riesia o inisiorsninisinison o siniinn siehsaiais siasmiaiss siscemininlaoiares i
ACKNOWLEDGEMEBEINT. . i ciiicnanimscmmns s nasinsimmsmsatie smssm: v
LAST QF CONTENES.: <o s vanmnns cus s samsne s sdamms coesns $oismmi vi
LISTOF TABLES . . oc oo vaoms sawmsnanssmin < ssnp dssumsis ampsmmsges e X
LISTOF FIGURES oo oxiionshiunioss ssuisns oo s sesmms s sisiomies desss X1
ABSTRACT (IN ENGLISH ). cuci. coonve s cnsnes sosinene ssmnins « sueiate s XVvil
[.INTRODUCTION. ... e 1
2. LTTERATURE REMIEW: .. - < 5o cas : ssmnps sovens snenpns sssimesmes s 55 7

2.1 The Taxonomical Status of Malpolon monspessulanus

Y £ 11 7 8
2.2 The External Morphology...........coovviiiiiiiiiiiinn..n. 9
2.3 The Anatomy ofthe Skulll....:cccvovivommiinccens anenns o 10
2.4 The Anatomy of the Head Muscles........................ 12
2.5 The Anatomy Of the VErtebrac . .vu covusns sriens siomwins sos 14

2.6 The Anatomy of the Reproductive System............... 15

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



2.6.1 The Female Reproductive System................ 15
2:6.2 The Male Reproductive SYSEM. ;... » o vopses seaes 16
27 The DIgestive TTaCL. . . comms s suvmas semsnms mosions § deosng moeim 17
2.7.1 The Anatomy of the Digestive Tract..............17

2.7.2 The Histology and Histochemistry

of the Digestive Tract ............cviviviiiiiiiiiiinnn 18

2.8 The Duvernoy's Gland.............ooveviiiiiieiiiiiinnn.ns 21

3. Materials: and MEthod. ... . civee ssmess inisasmiosss » bassasimrsns i 23
3.1 The External Morphology..........cccooiiiiiiiiiiit, 24

3.2 The Anatomy of the SKull. ..o« : comes s samens s samess ssmsns 28

3.3 The Anatomy of the Head Muscles........................ 28

3.4 The Anatomy of the Vertebrae.................cccoeni, 28

3.5 The Anatomy of the Reproductive System............... 29

3.6 The D1oeshiVe TTACK. . ssieons sussis i wisin » esmrie sam s v 29

3.6.1 The Anatomy of the Digestive Tract............. 29

3.6.2 The Histology and Histochemistry

of the Digestive Tract .......cccoevvvviiiiiiiiiiinn. 29
3.7 The Duvernoy's Gland..............cooiiiiiiiiiiian 30
4. The Results..............cccooeeeieii.., [ UORURUPRI 40

hts Reserved - Library of University of Jordan - Center of Thesis Deposit



4.1 The External MotpholOgy . ; v s s swswagess s sanoss s 41

4.2 The Aniatoiny: of the SKilL. . cveeo s sevsios csmmnsnin soosion s 49
4.3 The Anatomy of the Head Muscles........................ 62
4.4 The Anatomy of the Vertebrae................c.coeeiin 73
4.5 The Anatomy of the Reproductive System.............. 79
4.5.1 The Female Reproductive System............... 79
4.5.2 The Male Reproductive System................. 82

4.6 The Digestive Tract.............. e 86
4.6.1 The Anatomy of the Digestive Tract.......... 86
4.6.1.1 The Esophagus............................ 86

4.6.1.2 The Stomach. . . e < sasmes semmosanunnng s 89

4.6.1.3 The Intestine..........c.ovvvvveiinnenn.n, 91

4.6.2 The Histology and Histochemistry

of the DRgestive TIact ..oos s crovs v aesmioss sesiss » sosiss ey 92
4.6.2.1 The Esophagus............cccovvvinnen. 92
4,6.2.2 The Stomach.................coeeeiien.. 99
4.6.2.3 The Small Intestine..................... 109
4.6.2.4 The Large Intestine...................... 115

4.6.2.5 The Cloaca.......ovvvnvveeererennnnannns 118

ights Reserved - Library of University of Jordan - Center of Thesis Deposit



4.7 The Duvernoy's Gland.............coooiiiiiiiiin.n. 120

5. Discussion and Conclusion............oevveiiiiiiiniinen.n. 122
5.1 The External Morphology....... B PRPPY 123

5.2 The Anatomy of The SKull.........c.ccovvviiiiiiiiinnnnn, 123

5.3 The Anatomy Of The Head Muscles................... 128

5.4 The Anatomy Of The Vertebrae........................ 131

5.5 The Anatomy of the Reproductive System............ 132

5.5.1 The Female Reproductive System.............. 132

5.5.2 The Male Reproductive System............... 133

5.6 The DIZestive TIatl. «oves vesvans sisvacs sosans s s s sabiosi 134

5.6.1 The Esophagus. . - cceus: vsems s vosmes sspunswsnissms 134

5.6.2 The Stomach............cocovviiiiiiiiiinen. 142

5.6.3 The Small Intestine. ... - vcosss o wrmni s sepesss soss 145

5.6.4 The Large Intestihe .............................. 148
5.6.5The Cloaca.........cooovvvviiiniiiiiiiiiiininnnnn, 148

5.7 The Duvernoy's Gland............ccooooviiiiiiiiiiinnnns 149

6. REFOIBICES. .« ovesies v ovwsnevannnasonsons vmsssessnnnssamsonssmnryoss 151
T APPETIUIR - ooilies commar o isimmeei o wikor s s siere o pisies & o laieios Aetms ¥ 170

8, ABSTRACT (IN ARABIC): . cns cossinn canusn s snmsicte s e 4 s 176

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



LIST OF TABLES

Page

s sk 3k sk e 3k sk st st sk s s s e ke o o ok sk sk sk sk s ke ok ok ok ok ok sk ok sk e sk o ok ok ok sk sk sk sk ok sk ok ok ok sk sk sk sk ok

|. Pholidosis of Malpolon monspessulanus insignitus .......... 45
2. Length of the testes and distance from the snout............... 83
3. Proportions of the digestive tract organs......................... 87

4. Number of teeth carried on each dentiferous bones

in the montpellier snake and other species

belonging toidifferent TAMINES .- oeussammes s somsie s sopuns vooms 127
5.The digestive organs mucosal structure and reaction
with PASand AB ... 137
LIST OF MAPS
I. distribution of the montpellier snake in Jordan.................... 3

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Xi

LIST OF FIGUERES

Page

ek Rk kb kb ke k ke ke ke kb bk hhhdkddhRw

1. Counting of the middorsal scales...........cocovveieieieininnns 25
2. Measurements of SV, TL.and TBL: . .ccc:ocaos s ssomms savios o ao 25
3. Types of anal and subcaudal scales......................ooeene. 25
4. Lateral view of the:snake head. ... ; ssice svvsnss semann o vammai o vons 27
§. Dorsal view:ofithe Snake Neal. . v sssms suncams suneves swmesio s sns 27
6. Ventral view of the snake head. ..: « cecues sssmon e monwoncnsones sus 27
7. Ventral view of the montpellier snake. R ERTTRRRRRRRLES 42
8. Dorsal view of the montpellier snake..............ccoovvinnenen. 43
9. Dorsal view of the montpellier snake head...................... 43
10. Lateral view of the montpellier snake head.................. 44
1. Ventral view of the montpellier snake head.................. 44
12. Dorsal view of the montpellier snake skull................... 50
13. Ventral view of the montpellier snake skull.................. 52
14. Lateral view of the montpellier snake skull.................. 53

15. Ventral view of the lower jaw of the montpellier snake....60

ights Reserved - Library of University of Jordan - Center of Thesis Deposit



Xii

16. The outermost layer of the head muscles of the
montpellier snake..........ocovviiiiiiiiiii 63

17. The intermediate layer of the head muscles of the
montpellier snake................o..ooiil e 66

18. The deep layer of the head muscles of the

MONIPRILIOT SNAKE <.« cr v vaninns vamesms s massins imsisive s sacin's 68&69
19. Intermandibular layer of head muscles, ventral view....... 72
20. The first vertebra of the montpellier snake, Atlas........... 74
21. The second vertebra of the montpellier snake, Axis....... 74
22. The third vertebra of the montpellier snake.......... Y 76
23. The trunk vertebra......ovvvvriiiiirerierniiiesiereeimenseesone 78
24, Thecloacal VeITEDER. .. .vox s« oarmmn rvanbms sisiasa samsssisaiod 55860 78
25. The female reproductive SYStem.:....ccovemrscorssvnissanoons 80
26. The male 1eproductive SYSIeIM. couwvissvmesnsvassmme xoos svsven 81
27. The hemipenes of the montpellier snake...................... g4
28. The anatomy of the cloaca.........cvvemmeseorisssiisons ssvesnns 85
29. The digestive tract of the montpellier snake.................. 90

30. The gastrointestinal junction of the.montpellier snake...... 90

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



xiii

31. The layers of the middle part of the esophagus, H&E,

32. The skeletal muscles of the muscularis externa of the .

first part of the esophagus, H&E, X175 .....................

33. The mucosa and submucosa of the anterior part

of the esophagus, H&E, X350.... ......rsiiwes s sowsss s sonmns s

34. General view of the last third of the esophagus,

H&E, X140

35. The mucosa and submucosa of the last third

of the esophagus, H&E, X350 . .............................

36. Reaction of the esophageal first part with PAS

and AB, X700

37. The second part of the esophagus with FG, X280.........

38. The layers of the third part of the esophagus

with VG, X140

39. The mucosal layer of the cardiac portion

of the stomach, H&E, X350 .......ccovviiiiiiiiiiiiiiainnnn,

40. The muscularis externa and serosa of the stomach,

HEE,; X175 :ooinnsnuvsons surisie sxcssssnss sesapne susva v s sy

--------------------------------------------------------

--------------------------------------------------

--------------------------------------------------

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



41. The epithelium of the cardiac region of the

Stomach react positively with PAS, X350 ... 103

42. The  gastric mucosa in the fundus,
HE&E K23 io0e i minn i 5mier somnies s isininin sleniniamm o eismels md s vl o 103
43. The surface epithelium of the fundic region,

£ 14 ZE O 104

44. The mucous glands of the fundic region,

H&E, X875 ..o 104
45. The serous glands of the fundic region,
HEE, X875 ... .o vvmsn s vnn vmmeimas sesssas siaisse s saumes s s 105
46. General view of the pyloric region,
H&E, X175 o 105
47. The  mucosal layer  of the  pylous, ;
HI&EE, XBI0. wocuncine: cinnmms s somans wsiaminss naitasn slpmstoin silaisisils e 106
48. The fundic  region of the  stomach,
FG, X600 oo 106

49. Reaction of the fundic region mucosa of the stomach

with PAS, X462 ... . . T T 107

ights Reserved - Library of University of Jordan - Center of Thesis Deposit



XV

50. Reaction of the fundic region mucosa of the

stomach with PAS/AB2.5, X350 ..ccovviiiiiiiiiiiiiinnens 107
51. Reaction of the pyloric region mucosa with

PAS/ABL, X300 ...t 108
52. The muscularis externa of the pyloric region

of the stomach, FG, X115.5.... ..ot 108

53. General view of the small intestine layers,

54. The muscularis externa of the small intestine,

H&E, X231 \iviniieiiiieie et 111

55. The serosal layer of the small intestine,

HEE, XABD ... conmnnenmio vmmomen shsasisies sue5is s 5w s g & 112
56. The villus of  the small intestine,
Yl B T 1 B T T 112

57. Different layers of the small intestine,
FIG, KL IB.8 ' iiiiones somines inens saaams sases s somsss SHasngs sevsss 113
58. Submucosa and muscularis externa of the

small intestine, VG, X87.5 ...... e, 113

of Jordan - Center of Thesis Deposit

ts Reserved - Library of Universit

All Righ



Xvi

59. The positive reaction of the intestinal epithelial

cells with AB2.5, A:X70,B:X350 .......ccooiviniiiininnnnn.

60. The mucosal layer of the large intestine,

H&E, X175 e

61. The reaction of the intestinal epithelial cells with

AB2.5, X174

62. The different layers of the large intestine,

NETS, XU T5.5 1 covvns nivmme sobnunnmsnns nesessns awaua s 5o b5

62. General view of the cloaca,
H&E, X560 e

63. The layers of the cloaca with
2L . 4 S P

65. The location of the Duvernoy's gland of .................

66. The percentages of the digestive organs to the

snout- vent length in the montpellier snake

----------------------------------------------------

.............

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Abstract

MORPHOLOGICAL AND ANATOMICAL STUDY OF

CERTAIN SYSTEMS IN THE MONTPELLIER SNAKE

’

Malpolon monspessulanus insignitus, (Geoffroy, 1827).
Family Colubridae
By
Shifa'a Abdul-Hameed Awwad
Supervisor

Professor Ahmad M. Disi

The present investigation deals with the montpellier snake,
Malpolon monspessulanus insignitus (Colubridae, Geoffroy, 1827). M.
m. insignifus has a long cylindrical body with a length reaching 179cm.
The dorsal side of this taxon has dark gray-olive color which lightens
caudally with keeled 19 scales. The ventral side is yellow but interrupted
by pink region at the middle site with wide 156-179 wide scales. The head
is long triangle-shaped structure and distinct from the neck with large eyes.

The other subject discussed through this study is the anatomy of the
skull, head muscles and vertebrae. The skull is triangular in shape and
attains the classical colubrid skull pattern by being constructed of solid
bones. The most distinct feature of M.muinsignitus skull is the narrow
width of the frontal sutured bones, which is resulted from having large
fossae orbitalis for the well distinguished eyes. The head muscles of the
montpellier snake are well attached to its skull bones for better duty
performance. The exist muscles of the adductor externus complex are well
developed. The two muscles belonging to this complex which are absent in
the montpellier snake are the muscle compressor glandulae and the muscle
anguli oris. The vertebral column of M.m.insignitus shows variation in
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vertebral shape and size among the different studied regions ( the first
three, the trunk and the cloaca).

The anatomy and histology of the alimentary tract of the montpellier
snake have got considerable attention and careful examination throughout
this project. The elongated cylindrical body form of the snake has resulted
in having elongated-packaging system of the internal viscera. The
esophagus occupies the majority of the snout-vent length among the other
digestive organs. This investigation reveals that the lining of the different
digestive organs is not constant along the digestive tract. Simple layer of
epithelial tissue is found in the esophagus and intestinal mucosa, while
simple columnar epithelium is illustrated in the stomach. The distribution
of the mucopolysaccharides is carried out by using PAS and AB
procedures. The acidic mucopolysaccharides are found along the digestive
tract but with higher density in the esophageal goblet cells. The submucosal
layer is present in the studied digestive organs. The gastric muscularis
externa has the highest level of development. in comparison to the other

parts. The layer of serosa starts to appear not before the last part of the
esophagus.

The anatomical study of the female and male reproductive systems is
achieved. The anteriorly situated and larger size of the right side organs is
noticed in both sexes. Furthermore, a description of the hemipenis is done
and compared with the other species of the same genus. The comparison
indicates that the morphology of the hemipenis is not enough in the
taxonomy of this genus at the species level.

This research deals also with the anatomy of the main venom gland,
the Duvernoy's gland, of the montpellier snake. The gland is exposed
immediately after skin removal and is not covered by the head muscles.

This study is the first anatomical and histological document that
deals with Malpolon monspessulanus insignitus. That does not mean that
further investigations are recommended for better understanding for this
taxon and for the family Colubridae.
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Malpolon monspessulanus insignitus (Geoffroy, 1827),
the montpellier, snake is a member of the family Colubridae. This
genus has a wide distribution in the Mediterranean biotope. It inhabits
the region and extends between Yogoslavia eastward to the Caspian
sea, the Middle East and North Africa (Gasperetti, 1988). It is the
eastern  montpellier  snake, while the western one is
M.m.monspessulanus  (Woerkom, 1982). The occurance of
M.m.insignitus was also reported in the northern part of the Golan,
Mountain Hermon (Sivan and Werner, 1992) and in Lebanon up to an
altitude of 1700 m. (Hraoui Bloquet, 1982). The distribution of
M.m.insignitus in Jordan was surveyed by many authors. It was
reported in Ma'an governerate (Amr et al., 1994), in Karak, Tafila,

Ash-Shawbak and Mutah (El-Oran et al., 1994).( Map 1)

Limited number of studies had dealt with the anatomy of
srake skulls, head muscles and vertebrae. Number of studies were
done on the anatomy of viprid head( Dullemeijer, 1956, 1958), of
Bitis  arientans(  Boltt and Ewer, 1964), of Erpx
JjayakariMohammad, 1991) and® members of the family

Atractaspidae (Underwood and Kochva, 1993). Other anatomists

- Center of Thesis Deposit
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studied the skull of some species of the family Colubridae

(Haines1957, Cundall 1981 and Cundall and Rossman 1984). Further

literatures have dealt with the head muscles of snakes from the
family Viperidae (Haas, 1952; Kochva, 1962), Boltt and Ewer
(1964) studied the functional anatomy of head muscles of Bitis
arientans. Cundall (1983 and 1986) concentrated his study on the

head muscles of snakes belonging to the family Colubridae.

Little attention has been paid to the anatomy of the snake
reproductive system, the anatomy of the female genitalia of the
Atractaspidae (Underwood and Kochva, 1993). Detailed study was
performed on the histology of both male reproductive system (Fox,
1965) and female reproductive system for snakes belong to the

family Typhlopidae and family Leptotyphlopidae (Fox, 1956).

The elongated body form of the snakes had attracted the
attention of many anatomists to study the arrangement and the
physiology of their internal organs. Bergman (1965) dealt with the
internal anatomy of the snake Calamaria multipunctata and
carefully measured the dimensions and the relative position of each
organ for the whole snake body. Several authors had studied the

anatomy and the internal relief, the gross anatomy, of the digestive
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5

tract of reptiles: the gecko (CHou,1977), the lizards (Bishai,1959)
and snakes (Frenkel and Kochva,1970 and Parson and Cameron,
1977).  Further investigations dealt with the histology and
histochemistry of the alimentary canal: the gecko (Chou 1977;
Dehlawy et al., 1987 and Amer et al 1988), lizards (Bishai 1959,
Zaher et al 1987 and Dehlawy ef al 1988) and snakes (Frenkel and

Kochva 1970 and Amer et al 1987).

The cephalic glands of the snakes were previously studied. The
concentration was focused on the venomous snakes and their venom
glands: Vipera palaestinae (Nakar er al., 1986, Kochva, 1978 and
Kochva and Gans, 1965), AtracmSpis (Kochva, 1967). The
biochemical composition of the venomous gland secretion was well
examined (Kochva, 1978). Also, the secretion of the Duvernoy's
gland was studied biochemically (Rosenberg et al, 1986 and 1992).
However, none of the previous studies had dealt specifically with
M.m.insignitus in details. There were limited studies on the
anatomy, histology and histochemistry of the subject of this study,
Malpolon monspessulanus insignitus. Only Jacobshagen (1920)
studied the internal relief of the digestive tract of M.

monspessulanus but there were no detailed studies about the
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anatomy and the histology of this subspecies. Therefore, this study
aims to deal with the following aspects of Malpolon
monspessulanus insignitus:

a The external morphology

o The anatomy of the skull.

o The anatomy of the head muscles.

o The anatomy of the vertebrae.

o The anatomy of male and female reproductive systems.
o The anatomy and histoldgy of the digestive tract.

o The anatomy of the Duvernoy's gland.
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2.1 The Taxonomical Status of Malpolon monspessulanus insignitus
( Romer, 1976)
Kingdom Animalia
Phylum Chordata
Subphylum Vertebrata
Class Reptilia
Subclass Lepidosauria
Order Squamata
Suborder Ophidia
Superfamily Colubroidae
Family Colubridae
Subfamily Colubrinae
Genus Malpolon
Species monspessulanus
Subspecies insignitus ( Geoffroy, 1827)

Common name: The montpellier snake
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2.2 The External Morphology

Reed and Marx (1959) described four specimens of Malpolon
monspessulanus  insignitus from Iraq. They reported 17 scales in the
middorsal body, 8-9 supralabials, 10-11 infralabials, lpreoccular, 2-3
postoculars and 2-3 temporals. The anal plate was found to be divided. One
male specimen had 174 ventrals and 90 subcaudals with total length =796
mm  and the tail resembles 0.24 of the total body length. On the other hand,
the three females had 172-174 ventrals and 89 subcaudals, the total length

was 883 mm and the tail equals to 0.25 of the total length.

Amr et al. (1994) described a specimen of M.m.insignitus from
Ma'an, south of Jordan. The studied sample had 86 subcaudalsand 16
scales in the middorsal part of the body. The snout-vent length was 1110

mm, while the tail was 360 mm in length.

El-Oran et al. (1994) studied the snakes of the southern part of
Jordan. The nine examined specimens of M.m.insignitus had 2 loreal, 159-
195 ventral, 89-97 subcaudal and 19 middorsal scales. Also, the adult
individuals were brown to gray, while the juveniles had lighter color with

dark brown spots on beige background dorsally.
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2.3 The Anatomy Of The Skull

Limited studies dealt with the anatomy of snake skull, although
anatomy as a science had started in the 19" century. In 1956, Dullemeijer
described the anatomy of the head of the common viper, Vipera berus. In
his further investigation (1958), he added the anatomy of various species of
the family Viperidae for the purpose of comparison. He found that the
viprid skull is characterized by having a small triangular shape and short

maxillae holding two large hollow fangs anteriorly.

Boltt and Ewer (1964) argued about the theory of fang erection
which was created by Marshall (1962) and also supported by Young
(1962). This theory suggested that the movement of the lower end of the
quadrate bone which then is transmitted to the pterygoid bone and thence to
the other bones of the upper jaw, is the source of maxilla rotation and fangs
erection. After they have examined the Puff adder Bitis arientans, Boltt
and Ewer (1964) rejected Marshall's theory and claimed that the fang

erection is caused by the movement of pterygoid bone by its own muscle.

Haines (1967) studied the skulls of number of colubrid snakes, trying
to find out whether if there are differences among genera and species. He

suggested that there is a great uniformity in the skulls of colubrid snakes:

having 43 bones with the same position and relation one to another.
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Variation also exists: the shape and the size of the skull reflect the size of

ingested prey as suggested by Haines.

Cundall (1981) utilized the genera Opheodrys and Entechinus
(Colubridae) as study models. He found that the two skulls displayed the

generalized colubrid pattern.

In 1984, Cundall and Rossman considered 97 different
measurements of the skull of two genera of the family Colubridae:
Farancia and Pseudoeryx for taxonomical purposes. The two genera have
very solidly constructed skulls that retain the basic colubrid pattern.
However, major differences in the shape of few bones were found between
the two genera: dorsal lamina of the nasal bone, premaxilla, ventral tip of

the postorbital, supratemporal and lateral surface of the posterior half of the

pterygoid.

The skeletal elements of the boid snake Eryx jayakari were studied
by Mohammad (1991). He described the external morphology of this
species and made description for each bone in the skull. He tried to find out
the similarities exist among this species andnother boid snakes which have

been studied before (E.j.jaculus, Boulenger 1893, E.colubrinus, Marx
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1968; E.j.jaculus, Haas and Werner 1969, E.jayakari Leviton and Alderich

1984; and Disi 1985).

Underwood(1992) examined the skulls of 31 different species of
boid snakes. The results obtained were used to construct a dendogram that

clarified the relationship among the genera of that group.

Underwood and Kochva(1993) studied the anatomical aspects of the
skulls in the family Atractaspidae:Homoroselaps and Atractaspis. They
considered the skull to be an important tool to study the correct

taxonomical status of any genus.

2.4 The Anatomy Of The Head Muscles

The feeding mechanism of the snakes always draws a big question
mark, since the snake is capable to swallow a large prey that exceeds 2-
3folds of the snake's diameter. The study of the anatomy of the head
muscles may participate in better understanding the snake feeding

mechanism.

Haas (1952) described the head muscles of Causus species. He

concentrated on the muscle adductor externus complex. His purpose was to
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understand the envenomation process which is thought to be achieved by
the muscle adductor mandibulae externus superficialis. In addition, he

compared the head muscles of Causus sp. with other solenoglypha.

Kochva(195€) utilized the viper Vipera palaestinae to study its head
muscles. His study included the morphology, origin and insertion of each
muscle. In addition, he discussed the role of each muscle in fang erection
and venom ejection. In 1962, he continued his study to include a group of
solenoglypha. He described the head muscles of 42 species and compared

among them.

Kochva(1963) proposed a study-on the embryos of the viper, Vipera
palaestinae. He carefully measured the developmental events in the
embryos in order to examine the differentiation of the head muscles, venom
gland and fangs of this species. He focused on the muscle compressor

glandulae which had been suggested to work in venom ejection.

Boltt and Ewer (1964) suggested an explanation of the feeding in the
puff adder Bitis arientans. They corrolated the structure of the skull with
its muscles and how could the muscle contraction creat a movement in a

bone, consequently causing mouth opening and prey swallowing. The role
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of muscles in erection and retraction of fangs during biting were also

investigated.

Cundall (1983) studied the swallowing process in four different
colubrid genera. Moreover, Cundall (1986) listed the differences that may
occur in the head muscles of three different genera of colubrids
(Entechinus, Opheodrrys and Symphimus). Interspecific variations in the
muscle adductor mandibulae externus superficialis and the muscle
pseudotemporalis were found. On the other hand, the muscle pterigoideus
has interspecific as well as intraspecific variation. Furthermore, the
muscles: protractor quadrati, protractor pterygoidei, retractor pterygoidei

and retractor vomeris had variations among genera.

2.5 The Anatomy Of The Vertebrae

Mohammad(1991) studied the vertebral column of the boid snake
Eryx jayakari. He described and illustrated the vertebrae of different

regions. Different shapes and characters of vertebrae from different regions

along the vertebral column were found.

eposit

dan - Center of ThesisD

All Rights Reserved - Library of University of Jor



Underwood (1992) used the trunk vertebra as a model to classify
31different species of the family Boidae. Moreover, Underwood and
Kochva (1993) studied the trunk vertebrae of different species belonging to

the family Atractaspidae to draw a dendogram for this family

2.6 The Anatomy Of The Reproductive System
2.6.1 The Female Reproductive System

Underwood and Kochva (1993) studied the anatomy of the female
reproductive system in a group of snake burrowers. They found individual
variation in the sinus of Aparallactus which suggested that the sinus
morphology was related to the reproduction condition of the animal. Also,
when they studied the female genetilia of Psamophis and Psammophylax,
which are highly derived snakes with small hemipenes, they suggested that

the condition of the female tract may well be secondary.

Fox (1956) utilized two species of the genus Thamnophis to study
their female reproductive tract anatomically and histologically. The
majority of the tract was lined by ciliated epithelial cells. The seminal
receptacles which were thought to be the site of sperm storage, were lined
by simple layer of nonciliated epithelium. The lining of the receptacles had

vaculated cytoplasm which was found to be invaded by the sperms when

the receptacles were filled with the sperms. The seminal receptacles were
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abundant at the corners of the oviduct folds at the base of the infundibulum.
The value of such receptacles was suggested not only to be as a physical
refuge but also to provide the sperms with nutrition or chemical arrest

activity.

2.6.2 The Male Reproductive System

Fox (1965) examined the male genetilia and ducts of species
belonging to the family Typhlopidae and Leptotyphlopidae. The testes of
the studied genera were illustrated as lobed ones, with lobes separated by

means of connective tissue.

Schatti (1987 and 1988) proposed two investigations to find out the
phylogenetic characters of the genus Coluber. He included the morphology
of the hemipenis and the insertion of the muscle retractor penis magnus in

the two studies beside the external morphlogical features.

Shwayat (1998) tried to utilize the hemipeneal morphology in her
study to classify four species of the genus Eirenis in Jordan. Her results
revealed that the studied hemipenes attained high level of similarity. She
concluded that the morphology of hemipenis is not a proper tool in Eirenis

classification. In contrast, Branch (1986) found enough interspecific
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variations among the hemipenes of the African Ptython species, which may

enable the herpetologists to use as taxonomical tool in this genus.

7 The Digestive Tract
2.7.1 Anatomy Of The Digestive Tract

Bishai (1959) studied the anatomy of the alimentary tract of the
lizard Varanus grieseus. The esophagus was described as a funnel- shaped
tube in the most anterior part of the body. The stomach was found to have a
wider diameter than the esophagus. The intestine began as wide coiled
tube, then narrow posteriorly. The caecum was found to be absent in

Varanus, while the cloaca was short.

Frenkel and Kochva (1970) focused on the visceral anatomy and
histology of the viper, Vipera palaestinae. They only included illustrations
for the results they obtained. Chou (1977) had studied the anatomy of the
digestive tract of the gecko Gehyra mutilata. He described the packaging
and the orientation of each organ in the alimentary canal. The most ventral
organs were found to be the liver and the gall bladder. The stomach was
found to be situated on the left side just under the liver, while the small

intestine bent toward the right side and ended at the middle side of the body

where the wide large intestine began. -
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Zaher and his co-workers (1987) studied the anatomy of the
alimentary tract of the lizard Acanthodactylus ophedreus. They indicated

that it confirmed the reptilian pattern of the alimentary tract.

2.7.2 Histology And Histochemistry Of The Digestive Tract

Frenkel and Kochva(1970) had studied Bthe histology of the digestive
tract of Vipera palaestinae in illustrations, but without giving any
description or discussion about it. Dehlawy and Zaher (1985a) studied the
histology of the mucosal epithelium of the alimentary canal in the lizard
Acanthodactylus  boskianus. They found out that the esophageal
epithelium had mixed two types of epithelial cells; simple columnar ciliated
epithelium and goblet cells with the absence of the esophageal glands. The
gastric mucosa was formed of simple columnar epithelial cells. Also, the
stomach contained both fundic and pyloric glands. The intestinal mucosa
was composed of three types of cells: absorptive, endocrine and Paneth
cells. The caecum and the colon had mixed cell types, simple columnar and
goblet cells, while the rectum lacked any type of cells other than the simple
columnar. The previous two authors (1985b) had also performed a similar
study on the alimentary tract of the gecko Pristurus rupestris. High

similarities were found between the two studied organisms, eventhough

they belong to different families.




Amer et al. (1987) focused on the distribution of the
mucopolysaccharides in the alimentary canal of the viper Echis carinatus.
They pointed out that the acid mucopolysaccharides were well distributed
in the esophageal mucosa. However, the neutral mucopolysaccharides were
dominated in the gastric mucosa. In addition, the presence of both types of

mucopolysaccharides was noticed in the intestinal mucosa.

The histology of the alimentary canal of the lizard Acanthodactylus
ophedreus was studied by Zaher and his co-workers in 1987. They figured
out that the esophageal mucosa has simple columnar epithelium beside the
goblet cells but devoided of the esophageal glands. On the other hand, the
stomach was found to have two types of glands , the fundic and the pyloric.
The intestinal mucosa contained the columnar, goblet, endocrine and
paneth cells. The mucosa of the large intestine was composed of columnar

and goblet cells.

The distribution of the mucopolysaccharides in the lizard
Acanthodactylus boskianus was exanﬁined by Dehlawy et al. (1988a). The
acid mucopolysaccharides were mainly distributed in the esophagus and
intestine, while the stomach was restricted to contain the neutral

mucopolysaccharides.
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Amer et al (1987) examined the localization pattern of the
mucopolysaccharides in the alimentary tract of the gecko Tarentola
annularis . Few neutral mucopolysaccharides were found, while the acidic
mucopolysaccharides were seen in the goblet cells, and highly concentrated

toward the gut lumen.

A histochemical localization of mucopolysaccharides was carried out
by Dehlawy and his associates (1988b) in the alimentary canal of the lizard
Uromastyx philbyi . The esophageal goblet cells were rich in acid
mucopolysaccharides. The intestinal mucosa contained less amount of
acidic mucopolysaccharides. The neutral mucopolysaccharides were
located in the gastric mucosa. Dehlawy et al. (1987) studied the
mucopolysacchaides distribution along the alimentary tract of the gecko
Pristurus purestri . The goblet cells of the esophagus were rich in acidic
mucopolysaccharides,while the neutral ones were found in the gastric

mucosa. The glycogen was well distributed among the intestinal mucosa.
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2.8 Duvernoy's Gland

Kochva(1965) conducted a stu;:ly that dealt with the developmental
events of the venom gland in the opisthoglypha Telescopus fallax and the
aglypha Thamnophis sirtalis (Colubridae). He suggested that the origin of

the venom gland was the common primordium.

Kochva and Gans(1970) studied the main venom gland of various
species belonging to the following families: Viperidae, Elapidae and
Colubridae. They focused on the phylogeny of Duvernoy's gland, venom
gland in Viperidae and Elapidae and their apparatuses. Venom synthesis
and secretion were also included in their study. The Duvernoy's gland of
the colubrids; Natrix, Spalerosophis and M;zlpolon monspessulanus had

been illustrated in their investigation.

Kochva and Wollberg(1970) proposed a study to examine the
taxonomic status of the genus Elaps. This genus was previously removed
from the family Elapidae and included in the family Colubridae. However,
the comparative study of the venom gland of this taxon with those of the

colubrids, suggested that it must be retained in the family Elapidae.

Rosenberg et al.(1986) reviewed the literatures that dealt with the

colubrid's Duvernoy's gland concerning the structural, functional and
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phylogenetic points of view. They described the gland and its connection
with the rear maxillary teeth. The mild sequences caused by the bite of the
colubrids may have resulted from the morphology of the delivery system or
lack of potent toxins as they suggested. These mild sequences included the
severe impair in the motor activity, respiratory and locomotory which were
caused by the sub-lethal dose of the secretion injected in mice. The analysis

of the secretion revealed the presence of proteases and esterases, one of the

latter: phospholipase A2 which was detected in the secretion of Malpolon.

Taka'cs(1986) described the structure of Duvernoy's gland of
Mapolon monspessulanus. He also discussed the venom apparatus as a
whole and the discharge mechanism. Also, the venom apparatus of Vipera

ammodytes was studied for comparison purposes between the two genera

phylogenetically.

Rosenberg ef al.(1992) studied the effect of one protein isolated from
the secretion of Malpolon monspessulanus Duvernoy's gland. The toxic

protein (CM-b) was found to induce haemorrage in the lung of mice after

profuse bleeding from the nostrils was noticed.
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This study is basically dependent on the available fresh and
preserved specimens of Malpolon monspessulanus insignitus kept in the
museum of Jordan University (JUM) Department of Biological Sciences,
Amman/Jordan and Jordan Natural History Museum at Yarmouk
University (YUM),. Two males were used for the histological study. Forty
one preserved specimens were surveyed for the morphological and

anatomical studies (3 females, 32 males and 6 juvenile).

3.1 The External Morphology
The following characteristics were taken into consideration in the
external morphological examination:
e The middorsal scales are counted at the middle of the body (MDS)
(Fig. 1).
e The ventral scales are counted from the first ventral scale down to the
one before the anal plate (VS) (Fig. 6).
e The subcaudal scales are counted from the first scale posterior to the
claoca on the ventral side to the tail tip (SCS) (Fig. 3).

e Snout-vent length is measured from the snout to the tip of the vent

(SV) (Fig. 2).
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Fig. (1): Counting of the middorsal scales
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Fig. (2): Measurements of SV, 'I"L‘and TBL.
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Fig. (3): Types of anal and subcaudal scales
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\ o The tail length is the distance between the vent and the tip of the tail
(TL) (Fig. 2).

¢ The total body length is the sum of SV and TL. (Fig. 2).

e The length of the head is measured from the snout back to the angle
of the head, while the width of the head is the distance between the two
angles of the head. The height of the head is measured as the distance
between the dorsal surface of the head to the ventral one of it. (Figs.
4&5)

e The upper labial and the lower labial scales are the ones that surround
the mouth from the upper side and the ventral side respectively. (Fig. 4).

* The scales between the nasal scale and the preoccular are known as
the loreals. (Fig. 4)

e The scale which is anterior to the eye is the preoccular, while the one
above the eye is the supraoccular and the ones behind the eye are the
postocculars. (Figs. 4&5).

* The scales beyond the postoccular are called the anterior temporal

and the oblique raw after them are the posterior temporal. (Fig. 4).
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3.2 The Anatomy Of The Skull

Three heads from one fresh specimen and two preserved specimens
were cut and the fleshy materials were removed gently by forceps. The
skulls with the remnants of muscles were then boiled in borax solution
(Abu Laban, 1999) for 1-3 hours. To whiten the cleaned skull, it was
then soaked in 1% H20z2 solution for 5-10 minutes. Also, drawings for

the studied bones were made.

3.3 The Anatomy Of The Head Muscles

The skin of the studied heads was peeled out and the underneath
head muscles were examined. The superficial layer of the muscles was
studied and drawn first, then the intermediate one and the deep layer was
also examined and all were illustrated. Finally a study for the

intermandibular layer of the head muscles was also done.

3.4 The Anatomy Of The Vertebrae

Vertebrae from different regions of the snake vertebral column were
selected to be studied; the first three vertebrae, the middle trunk region
vertebrae and the cloacal vertebrae. The picked vertebrae were first
cleaned from the skin and muscle surrounding it. The vertebral elements

were boiled in borax solution for 1-3 hours then soaked in 1% H202

solution for whitening (Abu Laban, 1999).
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3.5 The Anatomy Of The Reproductive System
The male reproductive system and the female reproductive system

were studied from the preserved specimens of the montpelleir snake. The

eposit

length of the right and the left testes was measured from the anterior tip
of the testis to the posterior tip of each. The two systems were
photographed using colored film ASA 100. The hemipenes were found

readily everted.

3.6 The Digestive Tract

3.6.1 The Anatomy Of The Digestive Tract

The ventral side of the available preserved specimens of
M.m.insignitus was opened. The digestive organs were recognized and
the length of each was measured from the anterior tip of the organ to the
posterior one. A median incision was made along the alimentary canal to

examine and describe the internal relief of the organs.
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3.6.2 The Histology And Histochemistry Of The Digestive Tract

Two male specimens of M.m.insignitus were utilized for the
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histological section of this study. Each digestive organ was divided to three

regions; the anterior, the middle and the posterior, from each region of the

organ, small piece (5x5mm) was taken and fixed in 10% formalin and
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Zenker solutions. Then the tissues were processed by automated processor

in the Department of Pathology/ Faculty of Medicine in The University of

Jordan.

3.7 Duvernoy's Gland
The preserved specimens of the montpellier snake were used to study
Duvernoy's gland anatomically. They were prepared by skinning the head

and exposing out the gland. The location, morphology, texture and

connection with the rear grooved fangs were examined.
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The automated processor is programmed according to the following

procedure:

A. Fixation

Formalin [ 1 Hour
Formalin II 1.5 Hour

B. Dehydration

70% Ethanol 1 Hour
95% Ethanol 1 1 Hour
95% Ethnol II 1 Hour
100% Ethanol I 1 Hour
100% Ethanol II 1 Hour
C. Clearing

Xylene I 2 Hours
Xylene II 2 Hours

D. Infiltration
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Paraffin wax II 1.5 Hour
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When the processing is over the following steps were applied: |
. Embedding and Sectioning

The small pieces of the examined tissues were embedded, each one

in a metal block using paraffin wax. The wax blocks then were trimmed at
and sectioned at 5um thickness. The sections were mounted on microscopic

slides using egg albumin.
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F. Staining
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The slides were applied to the following staining procedures:

o HAEMATOXYLIN AND EOSIN (H&E)

A. Clearing Xylene II 10 B. Rehydration
Xylene I 10— min. 100% Ethanol
min. 20 Dips

Distilled 70% Ethanol 95% Ethanol
water ] 20 Dips 20 Dips

15 sec.

C. Staining

Mayer's Tap Water Eosin-Y
Hematoxylin 12 ——»  Washing 4 min.
min.

100 % 95% D.Dehydration
Ethanol <+——  Ethanol 70% Ethanol
10 Dips 10 Dips 10 Dips

E. Clearing Xylene II

Xylene I —— 15 sec
15 sec.

Min. = minute, Sec. = seconds
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ALCIAN BLUE - PERIODIC ACID SCHIFF ( AB/PAS )

A. Clearing Xylene 11 B. Rehydration
Xylenel ——» 10min. —» 100% Ethanol
10 min. 20 Dips -
l &
5}
Distilled 70%Ethanol 95% Ethanol 2
water 15sec. [ —— 20 Dips |[¢—— 20 Dips T
=
©
Tap water 0
— If pH 2.5 ‘S'
C. Staining {5 min. - > )
Alcian blue .
PH=1.0 or 2.5 ; Periodic Acid g
30 min. Dry with 10 min. <
— filter paper ——» <
If pH 1.0 S
I 5
o5
Tap water >
5 min. S
l IS
Na Na g
meta- meta- Schiff's 7
bisulfate ¢ bisulfate [<— reagent 20 '
2 min. 2 min. min. S
i :
. o
Tap D. Dehydration 100% 0
water ——» 90% Ethanol » Ethanol =
10 Dips 10 Dips '
E. Clearing
: — Xylene I 15sec.
Min.= minute, Sec.= seconds Xylene II 15sec.
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e PERIODIC ACID SCIFF'S METHOD ( PAS )

A. Clearing Xylene B. Rehydration
Xylenel [—» 11 —— 100% Ethanol
5 min. 5 min. 20Dips
30% 50% 70% 95%
Ethanol [¢—— Ethanol [¢—— Ethanol [¢—— Ethanol
20 Dips 20 Dips 20 Dips 20 Dips
Distilled C. Staining Tap
water ——» Periodic acid 1% [——» water
1 5sec. 10 min. washing
Na meta - Schiff's Distilled
bisulfate (0.5%) [¢———— reagent |&—— water 10
3 Dips 20-30 min. Dips
l Harris
Tap water hematoxylin Tap water
5 min. —» 10 min. ——» 5 min.
80% 70% D.Dehydration
Ethanol |« Ethanol [« 50% Ethanol
10 Dips 10 Dips 10 Dips
100% E. Clearing
Ethanol ———» Xylene I 15 sec.
10 Dips
Xylene II 15 sec

Min.= minute, Sec.= seconds
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 FAST GREEN METHOD (FG)

A. Clearing Xylene II B. Rehydration
Xylenel (——» 10min. [—» 100% Ethanol
10 min. 20 Dips
Distilled 70 % Ethanol 95% Ethanol
water 15sec. [4—— 20 Dips —— 20 Dips
C. Staining . Fast Green
Iron Tap water solution
hematoxylin [———® washing |—— 4 min.
10 min.
Acetic acid 1% Acid fuchsin Acetic acid 1%
washing 2 min. [«— solution 10-15 min. [¢—— washing
D. Dehydration 95% 100%
70% Ethanol |——» Ethanol |———»] Ethanol
10 Dips 10 Dips 10 Dips
Xylene II E. Clearing
15min. < Xylene I 15 min.
Min.= minutes, Sec.= seconds
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e MALLORY'S TRIPLE STAIN (MT)

A. Clearing Xylene II B. Rehydration
Xylenel (——» 10min. |—» 100 Ethanol
10 min. 20 Dips
C. Staining l
Iron distilled 70% 95%
hemat()xy[in <4— wate «¢—— FEthanol [«—— Ethanol
10 min. 15 sec 20 Dips 20 Dips
Acid : Phosphomo-
Tap fuchsin distilled lybdic acid
water ——» solution —» water [——» 1% agq.
washing 3-20 washing 1 min.
min. red
Aniline
blue
D. distilled solution distilled
Dehydration95 <«—— water <«—— 45.p0 [+ Wwater
% Ethanol 10 washing min.blue washing
100% 7
Ethanol — & E. Clearing Xylene II
: Xylene I 15 .
10 Dips i 15 min.

Aq.= aqueous, Min.= minutes,
Sec.= seconds
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e VAN GIESON METHOD (VG)

l

C. Staining
Iron
hematoxylin
10 min.

95% Lithanol
10 Dips

] 10 Dips

100% Ethanol
10 Dips

SR — Tap water L p|

washing

D. Dehydration
70% Ethanol

E. Clearing

min.

A. Clearing Xylene I1 B. Rehydration
XyleneI —>» 10min. ——>» 100% Ethanol
10 min. 20 Dips
Distilled 70% Ethanol 95% Ethanol
water 15sec. [* 20 Dips ' 20 Dips

Van Gieson's
solution
3-5 min.

Min.= minutes, Sec.= seconds

Tap wster

<+— washing

Xylene 11

—»| Xylene 115 ——% 15 min.
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G. Mounting
After the staining steps were completed, the slides were covered

by cover slips. The mounting medium used was the D.P.X.. The slides

8
then were kept at room temperature to dry. Examination under light o
=
microscope was applied and light micrographs were taken by %
<
Olympus Vanox-T AH2, using colored films (ASA=100) [in the q':
>
Genetic Laboratory of the Faculty of Medicine/The University of E‘
5
Jordan]. o)
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4.1 The External Morphology

The body of Malpolon monspessulanus insigtus is
cylindrical and elongated. The dorsal side of which has dark gray,
olive color, while the majority of the ventral side is yellowish, but
its middle site is pink (Fig. 7). On the ventral side, a dark band
extends from the first ventral scale to the 13" one. The dark color
ol the dorsal side starts to lighten from the middle of the body to
the tail tip (Fig. 8). No bands are observed on the dorsal body

side.

The dorsal scales are elongated and keeled and counts 19 at
its middle. The ventral scales are wide and ranges between 156-
182 in the adulthood. The anal plate is divided as well as the
subcaudal scales which are 75-94. The total body length of the

studied specimens reaches 179 cm at its maximum limit (Table 1).
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The head of the montpellier snake is an elongated triangle,
slightly distict from the neck (Fig. 9). The eyes are very large
with rounded pupils (Fig. 10). The snout is enlarged and rounded.
The upper labial scales are 8/8, the 4™ and 5™ enter the eye, while
the lower labial scales are 11/11, the first four or five enter the
anterior chin shield (Fig. 11). It has 2 loreal scales, 1preoccular

scale, lsupraoccular scale, 2 postoccular scales, 2 anterior and 3

posterior temporal scales (Fig. 10).

Fig. (7): Ventral view of the montpellier snake.
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IFig (9): Dorsal view of the montpellier snake head.
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Fig. (10): Lateral view of the montpellier snake head.

Fig. (11): Ventral side of the montpellier snake head.
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4.2 The Anatomy Of The Skull

The skull of Malpolon monspessulanus insignitus
consists of solid bones. It has a triangular shape with length
exceeding its width by nearly two folds. It is divided into the
following regions : nasal region , orbital region , braincase , upper

and lower jaws.

The Nasal Region: the most anterior single bone is the
premaxilla. It appears as a small triangle-shaped structure in
anterodorsal view. It has four extensions: two at the lateral sides,
one extends posteriorly the last one is directing upward and
articulating with the ventral side of the nasal bone. The two lateral
processes are thickened and terminate before they reach the
maxilla bones. The posterior extension is forked and is articulated

with the vomer bone (Fig. 12).

The vomer bone is a triangular element located at the
ventral side of the skull. Anteroventrally the vomer articulates
with the premaxilla and posterodorsally with the nasal bones (Fig.

13).
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Premaxilla

L g\\ Nasal
: \\»\. \ \ Vomer
,‘ .- \\ Prefrontal

Palatine

__ Maxilla

Frontal

Ectopterygoid

Postorbital

Parietal

Squamosal

Supraoccipital

Exoccipital

Quadrate

Pterygoid

Fig. (12): Dorsal view of the montpellier snake skull (X5).

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



51

The nasal bone is a hexagonal-shaped element.
Anteroventrally, the nasal articulates with the premaxilla and

ventrally with the vomer (Fig. 13).

The Orbital Region: it lies posterior to the nasal region and
consists of pair of the following bones: prefrontals , frontals and
postorbitals. The prefrotal bone has a short suture with the
maxilla by its descending process along the anterior border of the
fossa orbitalis. The dorsal process of the prefrontal is sutured
with the frontal element posteriorly. Another dorsal process of
the prefrontal directs anteromedially and ends before it reaches

the nasal bone (Figs. 12&14).

The median roof of the skull is formed by the medially
sutured two frontal bones, the single frontal bone has a small
waist because the large eyes occupy the majority of orbit region.
The frontal bone resembles the dorsal limit of the fossa orbitalis.
Ventrally, the frontal bone has a sagittal ridge, that meets the
crest ascending from the parasphenoid bone keeping a large
triangular space in between them, which divides the orbital

region into two halves. Anteromedially, the frontal bone

articulates with the nasal one, while anterolaterally it is sutured
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nasal one, while anterolaterally it is sutured with the prefrontal.

The frontal is sutured with the parietal posteromedially (Fig. 12).

Premaxilla

Nasal

Vomer

Palatine
Maxilla

Parasphenoid

Frontal

Ectopterygoid

Pterygoid

Basisphenoid

Basioccipital

Fig. (13): Ventral view of the montpellier snake skull (X5).
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Ventrally, and posteromedially the orbit is open, but
posterolaterally it is limited by the postorbital bone. The latter
bone is a small rod-shaped element, that bends ventrally. It is
sutured with the parietal bone dorsally but it is free ventrally
which results in opening the ventral side of the orbital region (Fig.

14).

The braincase consists of well sutured group of bones in
order to provide the needed protection for the sensitive cranial
tissue. The most anterior bone of the braincase is the parietal,
which is consisted of plated V-shaped bone; a dorsal horizontal
plate and a vertical one. The dorsal plate articulates with the
supraoccipital bone posteriorly, the frontal anteriorly, the
postorbital anterolaterally and the squamosal dorsolaterally. The
vertical plate is a ventrally directed parasagittal bone, sutured

with the prootic bone posteriorly (Fig. 12).

The supraoccipital bone is in an extensive suturing with the
posteromedial margin of the parietal bone, where the parietal is
extending over the supraoccipital bone  posteriorly.

Anteroventrally, there is a suture on either sides with each

prootic. The posteroventral end of the supraoccipital is sutured
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with the exoccipital, resulted in elevating the former bone. The

suture between prootic-supraoccipital-exoccipital is Y-shaped

(Fig. 12).

The exoccipital bone is the most caudal bone, it is bent
ventrolaterally. Dorsolaterally, the exocéipital is fused with the
supraoccipital and dorsomedially the two halves of the exoccipital

are fused (Fig. 12).

The most posterior bone of the floor of braincase is the
basioccipital which by its smooth posteroventral end resembles
the site of occipital condyle attachment. The anterior end of the
basioccipital  sutures with the basisphenoid bone and
dorsolaterally with the exoccipital bone. The basisphenoid bone
has two lateral depressions and a small crest medially. It is
posteriorly sutured with basioccipital, with prootic dorsolaterally

and with parasphenoid bone anteriorly (Fig. 13).

Anterior to the basisphenoid, the parasphenoid bone lies. It
is a triangle bone with a very narrow and tall stalk, holding a crest

directing anterodorsally until suturing with the ventral crest of the

frontal bone. The parasphenoid has a free lateral side, but has an

rary of University of Jordan - Center of Thesis Deposit
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articulated posterior end with the basisphenoid bone making a
transverse ridge and sutures anteriorly with the frontal bone (Fig.

13).

Laterally, the prootic bone lies between the basisphenoid
and the parietal bones. This bone has a suture with the parietal
anterodorsally, with the basisphenoid ventrally, with the
supraoccipital dorsomedially and with the exoccipital posteriorly.

Opisthotic is the posteroventral side of the exoccipital bone.

The upper jaw consists of the following bones: the maxilla,
the squamosal and the quadrate. The maxilla bone lies at the outer
most lateral side of the skull. It is bent anteriorly, has a number of
processes: the one at the bending point is directed medially,
curved downward reaching another process from the palatine to
make the articulation site between the two bones (Fig. 13).
Another process on the dorsolaterl side of the maxilla directs
upward, looks like a knob. On the most posterior point of the
maxilla and before it ends, there are two small opposite processes.
Medium-sized teeth (16-18) are found on the ventral side of the

maxilla bone beside the two large grooved fangs which are found

on the most posterior point of the maxilla (Fig. 13). The
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articulation of the maxilla is achieved with three bones: the
prefrontal dorsally, the palatine laterally and the ectopterygoid

posteriorly (Fig. 14).

The lateral roof of the braincase is covered by the
squamosal bone. This bone is a flat element, has one pointed
caudal end and blunt rounded anterior end. It lies on the
dorsolateral surface of the braincase and adheres strongly to it,
starting at the posterolateral side of the parietal and extending
caudally. The ventral side of the last third of the squamosal bone
is free from attachment with any bony element (Fig. 14). The
dorsocaudal surface of the squamosal bone articulates with the

quadrate bone in a broad oblique line (Fig. 12).

The quadrate bone is the most posterolateral bone of the
skull, it has a straight long axis. The lateral surface of the lower
part is twisted by nearly 45°angle. The upper part of this bone is
broad, extending anterolaterally to have a wide surface of
articulation with the squamosal anteriorly (Fig. 12). The quadrate
bone has two small blunt extentions with medial cavity,

articulates with the lower jaw behind the braincase. The two
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elements of quadrate bone seem to be as standing ones in

posterior view.

The roof of the oral cavity is composed of the following
group of bones: the ectopterygoid bone, the pterygoid bone and
the palatine bone. The ectopterygoid is a flat bone with uneven
width, broadened rostrally, but much pointed caudally. The
anterior part has two extensions and a cavity for the articulation
with the maxilla (Fig. 14). The posterior one is in articulation with
the pterygoidbone side by side, to have a wide broad articulation

surface (Fig. 13).

The pterygoid bone is the most posterior and largest bone
in this group. It is long, broad and divided into two parts: anterior
and posterior. The posterior part of the pterygoid is toothless,
formed of two perpendicular surfaces: lateral and ventral which is
specialized for muscle attachment. The posterior part points
posteriorly and ends posteromedially. The anterior part of the
pterygoid bone holds 17-19 small teeth on its narrow ventral side
(Fig. 13). The pterygoid bone articulates laterally at its mid point

with the ectopterygoid bone and anteriorly with the palatine one

(Fig. 14).

hts Reserved - Library of University of Jordan - Center of Thesis Deposit

All Ri




59

The palatine is a short rod-shaped bone with two transverse
processes, and two caudals. The small trasverse process extends
laterally to reach the maxillary process making the
palatomaxillary articulation point. Free coma-like transverse
process extends mediolaterally. The two small caudal extensions
with the cavity in between make the articulation with the

pterygoid (Fig. 13). It bears 14-15small-sized teeth.

The lower jaw consists of several bones . The compound
bone is the largest among them, it is composed of four fused
bones: surangular, prearticular, articular and angular. The lingual
surface of the compound bone has a crest posteriorly, with a deep
cavity between the lingual surface crest and the labial surface
(fossa mandibularis) (Fig. 14). The splenial bone is small, very
thin flat triangle element lies between the compound and the
dentary bones at the lingual surface, it is devoid of teeth. The
most anterior lower jaw bone is the dentary where 21-24 teeth are
held, the largest is anteriorly situated, while the smaller are
posteriorly located (Fig. 14). The dentary bone is pointed
anteriorly and is connected with the dentary bone of the other side
by a ligamentous connective tissue keeping a distance between

them (Fig. 15). The dentary bone has a triangulatr shape, the
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is with two pointed extensions: upper taller and lower shorter,

both articulate with the anterior pointed extension of the hollow

Dentary

Compound

Fig. (15): Ventral view of the lower jaw of the

montpellier snake skull (X5).
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posterior end is with two pointed extensions: upper taller and
lower shorter, both articulate with the anterior pointed
extension of the hollow compound bone keeping a cavity in

between for the smaller splenial bone at the lingual surface of the

lower jaw.

The lower jaw as a whole has an arch shape; two elevated
anterior and posterior ends with a depression medially. The
posterior end of the lower jaw articulates with the posterior end of
the quadrate bone making the quadratomandibular articulation .
Behind this articulation there is a process where the muscle

quadrati inserts.
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4.3 The Anatomy Of The Head Muscles
e The superficial layer of head musculature (exposed immediately

after skin removal) (Fig. 16).

I. Muscle Adductor Mandibulae Externus Superficialis
(MAMES)

It is a large distinct muscle originates from the dorsal side

of postorbital bone and from the angle formed between this bone
and the parietal. Then the muscle descends obliquely downward
and outward, curves around mouth angle, passes beneath the
Duvernoy's gland and reappears again on the ventrolateral side of
the lower jaw forming U-shaped loop inserting at the lateral side

of the compound bone.

2-Muscle Adductor Mandiulae Externus Profundus (MAMEP)

It arises from the anterolateral face of the quadrate bone,
lies behind the muscle adductor mandibulae externus medialis,
adheres to and linked with it by a connective tissue. It begins
dorsally and infront of quadrate bone and inserts on the mandible
anterovenrtally behind MAMES. The ligament of venom gland

passes over the profundus muscle to reach the articulation
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quadratomandibular but not through it leaving it as one piece.

3-Muscle Adductor Mandibulae Externus Medialis (MAMEM)
This muscle originates from the squamosal bone. It
descends straightly and passes over the mouth corner to insert in

the lingual side of the mandible.

4-Muscle Depressor Mandibulae (MDM)

It is closely attached along the posterior surface of the
quadrate bone and inserts on the retroarticular process of the
compound bone. This muscle is the only superficial muscle which

has a rectangular-shaped fibers structure.

5-Muscle Retractor Quadrati (MRQ)

It originates as a broad sheet-shaped structure from the
neck region at the level of the 6" vertebra. It crosses the MDM
obliquely then narrows to reach its insertion at the
quadratomandibular joint. Near its attachment on the neck, it
overlaps with the muscle sphinctor colli, which covers the lateral

and the ventral surfaces of the neck.
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e The intermediate layer of head muscles(after the removal of the

superficial layer) (Fig, 17).

I1-Muscle Pseudotemporalis (MP)

A small, thin and very narrow muscle, originates from the
anterolateral surface of the parietal bone. It runs nearly parallel
with MAMES but much deeper. It crosses MAMEM and the
muscle pterygoideus. Ventrally, this muscle inserts on the lingual

surface of the mandible, behind the insertion of MAMEM.

2-Muscle Pterygoideus (MP)

It is a strong muscle, originates on the ventral side of the
angle of the mandible, then it runs downward and inward
disappearing from the surface, continuing on the upper lip
beneath the Duvernoy's gland. Finally, it inserts on the ventral

surface of the pterygoid bone.

3-Muscle Adductor Mandibulae Posterior (MAMP)
A straight narrow sheet of muscle fibers. It lies beneath the
MAMEP, originates dorsally from the quadrate bone and inserts

on the fossa mandibularis.
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e The deep layer of head muscles (Fig. 18).

[-Muscle Levator Pterygoidie (MLP)
This muscle originates postorbitally. Its posterior fibers
insert on the pterygoid bone, while the anterior ones insert on the

ectopterygoid bone.

2-Muscle Protractor Pterygoidie (MPP)

The origin of this muscle lies on the anterior end of the

basisphenoid bone, posterior to the transverse ridge, while the

insertion is located on the dorsal surface of the pterygoid bone.

The muscle has an everted narrow V-shaped structure.

3-Muscle Retractor Pterygoidie (MRP)
Originates at the most posterior part of parasphenoid bone,
just anterior to the transverse ridge. Its two arms extend

anterolaterally to insert in the dorsal surface of palatine bone.

hts Reserved - Library of University of Jordan - Center of Thesis Deposit
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MRV

MRP

MPP

MPQ

Fig. (18): The deep layer of head muscles of the montpellier snake,

ventral view. MPP: muscle protractor pterygoidie; MPQ:muscle protractor

quadrati;

vomeris.

MRP: muscle retractor pterygoidie;, MRV: muscle retractor
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4-Muscle Protractor Quadrati (MPQ)

It is a thin sheet of muscle fibers that originate at the
ventral surface of the basioccipital bone. The muscle fibers are
divided into two halves, each half extends posterolaterally until it

reaches the ventral side of the quadrate bone where it inserts.

5-Muscle Retractor Vomiris (MRV)

This is a very thin muscle which originates from the
sphenoid bone, passes anteromedially with narrowing. It reaches
its insertion point on the posterodorsal edge of the vomer as a

thread like element.

e The intermandibular muscles(the muscles of the lower jaw)

(Fig. 19)

|-Muscle Intermandibularis Anterior (MIMA)

This muscle originates at the most anterolateral surface of
the dentary bone. The two halves of this muscle extend from each
side posteromedially for a short distance to form V-shaped
structure. They reach the midventral raphe, where the insertion of

this muscle lies.
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2-Muscle Intermandibularis Posterior (MIMP)
A larger muscle than MIMA, originates posteriorly from
the middle of the lateral surface of the compound bone. It extends

anteromedially to insert at the midventral raphe.

3-Muscle Neuro-Casto-Mandibularis (MNCM)

This muscle is composed of two parts: the dorsal part
originates from the vertebral column, while the other one from the
ribs. The two parts unite ventrally, then this muscle is forked in a
way that each division reaches the ventral surface of the

compound bone.
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Fig. (19): Intermandibular layer of head muscles, ventral view.

MIMA: muscle intermandibularis anterior, MIMP: muscle

Intermandibularis posterior, MNCM: muscle neuro-costo-mandibularis.
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4.4 The Anatomy Of The Vertebrae

The vertebrae of Malpolon monspessulanus insignitus
have different shapes and sizes among different regions (neck,
trunk and cloaca) of the wvertebral column. The first three
vertebrae have different shapes. The first is the atlas which
consists of three fused parts (Fig. 20). The two halves of the
neural arch and the intercentrum (il). No prezygapophysis or
postzygapophysis is found in atlas. Atlas looks like a ring , it has
only a small neural spine located dorsally. Two tiny processes
are found at the base of the two halves of the neural arch
internally, they are connected by a ligament called the transverse
ligament. The articulation between the atlas and the skull is
carried out by one occipital condyle which is situated at the

ventral side of the basioccipital bone.

The axis, the second vertebra, is larger than the atlas and
has a dorsal neural arch and ventral centrum (Fig. 21).
Anteriorly, at the inferior side of the axis a large process lies
which is called the odontoid process. The odontoid process slides
under the transverse ligament of the atlas. The latter divides the
neural canal of the atlas into a large dorsal one for the spinal

cord, and a smaller ventral one for the odontoid process.
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Fig. (20): The first vertebra of the montpellier snake,

Atlas, anterior view.

S
/\\/ hp

Fig. (21): The second vertebra of the montpellier snake,

Axis, lateral view.

¢: centrum, hp: hypapophysis,ic: intercentrum (1,2&3),

ns: neural spine, op: odontoid process, tl: transverse ligament
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The dorsal surface of axis holds a spine that extends posteriorly
which is called the neural spine. The axis bears two intercentra

ventrally (12 and 13).

The third vertebra has nearly the same general appearance
of the trunk vertebrae (Fig. 22). Keeping in mind that the third
vertebra is smaller in size than the trunk ones and it has got upper
neural spine and lower spine called the hypapophysis. The neural
spine of this vertebra extends posteriorly as much as the
hypapophysis does at the ventral side. The third vertebra bears
the two types of zygapophysial facets: the prezygapophysis
which is in articulation with the postzygapophysis of the axis.
The other type is the postzygapophysis which articulates with the
prezygapophysis of the fourth vertebra. Further articulation is
achieved by the zygaposphene and the zygantrum. The former is
located at the anterior end of the neural arch, while the latter is at
the posterior end. The articulation of the vertebrae with the ribs
is carried out by means of two facets positioned ventral to the
prezygapophysis. The two facets are the diapophysis which is

located dorsally. The parapophysis is the ventral facet (Fig. 22).
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Fig. (22): The third vertebra of the montpellier snake,
A: anterior view; L: lateral view; P: posterior view.
¢: centrum, co: cotyle, en: condyle, hp: hypapophsis, ns: neural

spine, pr: prezygapophysis, po: postzygapophysis, z: zygantrum,

zs: zygaposphene
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The trunk vertebra has the largest size among the vertebral
column (Fig. 23). It has a neural spine with a crest appearance
along the dorsal surface of the vertebra without extending
posteriorly. The hypapophysis is highly reduced. It has the two
types of the zygapophysial facets in addition to the other surfaces

of articulation facets.

The cloacal vertebra is characterized by having a pair of
haemapophyses located ventrally instead of the hypapophysis
found in the former vertebrae. It has got the two types of

zygapophyses and also the ventral centrum (Fig. 24).

The centrum of the montpellier snake vertebra is slender
procoelous and fused with the neural arch which consists of a
roof of two walls (the two descending parts). The centrum bears
large anterior cotyle and posterior condyle with a precondyle
constriction. The joint between the two successive centra is a

synovial joint, ball and socket type.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit




78

ns

Fig. (23): The trunk vertebrae.

A: anterior view; P: posterioir view

co: cotyle, en: condyle, dp: diapophysis, ns: neural spine, pa: parapophysis, pr:

prezygapophysis, po: postzygapophysis, z: zygantrum, zs: zygaposphene

ns ns ns

@ : A .cn c

) 8] hp hp

Fig. (24): The cloacal vertebrae.
A: anterior view, L: lateral view; P: posterior view

¢: centrum, co: cotyle, cn: condyle, hp: haemapophyses, ns: neural spine,

pr: prezygapophysis, po: pestzygapophysis, z: zygantrum, zs: zygaposphene
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4.5 The Anatomy Of The Reproductive System

4.5.1 The Female Reproductive System

The female reproductive system is composed of two
creamy multi-foleculated ovaries (Fig. 25). The right ovary is
situated anterior to the left one. The two ovaries are connected to
the dorsal body wall by the mesovarium. Posterior to each ovary
long straight tube extends caudally which is the oviduct. The
anterior opening of the oviduct is obliquely facing the ovary,
called the ostium of the infundibulum. This part of the oviduct
carries out the duty of receiving the egg after ovulation process is
over. Next, the rest of the Fallopian tube lies, which passes the
eggs to the uterus posteriorly. The last enlarged part connected to
the oviduct is the uterus. The oviduct opens in the cloaca into the
middle chamber, the vaginal opening which in turn opens into the

proctodeum.
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Fig. (25): The female reproductive system.

AD: adrenal gland; C: cloaca; LO: left ovary; MV:mesovarium;

0: ostium; OD: oviduct; RO: right ovary.
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Fig. (26): The male reproductive system.
AD: adrenal gland; C: cloaca; CO: colon; E: epididymis;
H: hemipenes; LT: left testis; MA: mesorchium; RT: right testis;

*: vas deferens.
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4.5.2 The Male Reproductive System

The male genital tract consists of two yellowish bodies,
the testes. The right testis is larger (Table 2) than and lies
anteriorly to the left testis. The two testes are anchored to the
dorsal body wall by the mesorchium (Fig 26). At the dorsomedial
side of each testis a well convuluted tubule is noticed which is
called the epididymis, which is used for the sperm storage and
nourishment, is noticed. From the posterior tip of the each testis
the vas deferens extends caudally, it is also highly convoluted. It
runs along the lateral side of the kidney to carry the sperm down
to the cloaca. Before reaching the cloaca, the ureter unites with
the ductus deferense to inter the cloaca in a common opening; the
urodeum (Fig. 28). At the base of the cloaca, two openings are
found, through which the two hemipenes are everted. The
hemipenes lie in the anterior region of the tail where they are
found to be in invergion status, one of them only is everted during

copulation.

The hemipenis of M.m.insignitus is elongated narrow

pointed element (Fig. 27). The surface of the hemipenis is

smooth, devoids from macro- or micro-ornamintations with single
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sulcus. It is sharply pointed at its anterior tip. The two hemipenes

are located at the two marginal sides of the cloacal opening.

SPECIMEN # LENGTH OF TESTIS DISTANCE BETWEEEN
mm SNOUT AND
ANTERIOR TIP OF
TESTIS, cm
- RIGHT LEFT RIGHT LEFT

1700 JUM 30.7 22.6 67 12
675 JUM 29 25.4 66 215

1876 JUM 45 51 88 95

826 JUM N.A. 23.2 N.A. 52.5

290 JUM 35.2 N.A. 90 N.A. |

916 JUM 43.2 525 70.5 75

N.A. 24.5 32.4 87 90

1702 JUM 38.1 35.4 103 107

1292 JUM 32 34.4 ) 56

N.A. 442 40.3 84 89

N.A. 40.1 38.8 105 110

1141 YUM N.A. N.A. 75 79

Table (2): length of the testes and distance from the snout
N.A.: not available datz. '
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Fig. (27): The hemipenes of the montpellier snake

Ap: anal plate; h: hemipenis; scs: subcaudal scales
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(A): female (B): male

All Ri

Fig. (28): The anatomy or the cloaca (X4)
cd: coprodaeum; h: inverted hemipenes; ho: hemipenial opening; p: papillae;

u: urodaeum; vo: vaginal opening.
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4.6 The Digestive Tract

4.6.1 The Anatomy Of The Digestive Tract

4.6.1.1 The Esophagus

The esophagus starts as a very wide tube at the most
anterior region of the body cavity. It is the longest part among the
alimentary canal, it reaches 50% of the snout-vent length (Table
3). The esophagus keeps its course as a straight structure without

any convolution pattern.

The esophagus has a thin wall along the most anterior
region, in which the folds are quite tall, widely spaced,
unbranched and rough surfaced. The spaces between the folds are
filled with smaller longitudinal ridges. As directing posteriorly,
the wall becomes thicker and the folds which still quite tall and
unbranched become closer and more rough surfaced, but no
spaces are found between the folds. The thickest esophageal wall
is found near the stomach, and the folds here have more thickness
and width. There is no sphincter existing between the esophagus

and the stomach (Fig. 29).
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4.6.1.2 The Stomach

[t is the middle part of the digestive tract, that begins
nearly at the level of the 80" ventral scale. It is shorter than the
esophagus and appears as a sac like structure, doesn't exceed 28%
of the Snout-Vent length. The stomach attains a very thick and

strong wall.

The gastric folds run along the whole length of the
stomach. The folds are broader, thicker, deeper, more distinct and
more widely spaced than those of the esophagus. The wall
between the folds has rough spongy appearance. Posteriorly, the
spaces between the folds are reduced. At the region between the
stomach and the small intestine a finger like projection exists,
after which the gastrointestinal junction lies. The curveture of the
pyloric region is only made by the bending of the muscular layer

of the stomach but not the internal mucosa (Fig. 30).
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Fig. (29): The digestive tract of the montpellier

snake. E: esophagus; S: stomach; SI: small intestine; LI:

large intestine
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Fig. (30): The gastrointestinal junction of the

montpellier snake. GI: gastrointestinal junction;

S:stomach; SI: small intestine
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4.6.1.3 The Intestine

The small intestine is a highly convoluted narrow tube,
surrounded by large number of fat bodies (small creamy organs
having a size ranges from 1-30 mm , and present around the small
intestine). The large intestine is a straight wide thin tube, (Fig.29).
Both the small and the large inte.stine are longer than the stomach
but still shorter than the esophagus, both may reach 26-38% of

Snout-Vent length.

The internal relief of the small intestine is characterized by
having longitudinal, wavy and unbranched ribbon shaped folds.
Posteriorly, the diameter of the small intestine decreases and the
folds become higher and consist of zigzag pattern. Also, the wavy
texture of the folds is decreased. At the most caudal region of the
small intestine, the folds become broader, straighter and closer to

each other.

The large intestine has a thin wall with few transverse
small folds. The middle region has few longitudinal folds beside
the transverse ones with the overlapping exists between the two
types. Anteriorly, the folds tend to be deep and quite numerous,

while they are finer and broader posteriorly. Generally, the large
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intestine is lined by a series of short, low, straight, discontinous,

thin and randomly placed ridges.

4.6.2 The Histology And Histochemistry Of The Digestive
Tract
4.6.2.1 The Esophagus

The esophagus is a thin-walled tube. It is lined by a single
layer of epithelial tissue. The nature o7 this layer is mixed, so that
it contains goblet cells and ciliated simple columnar epithelial
cells, having an oval shaped-structure in the first and second third
of the esophagus, (fig.31). The last part of the esophagus devoids
of goblet cells and its mucoéa is composed only of simple

columnar epithelial cells (Figs. 34&35).

The epithelial cells are characterized by having either
lateral or basal elongated nuclei in the anterior two thirds of its
length (Fig. 33), while the cells in posterior one have basal
rounded nuclei (Fig. 35). The esophageal epithelium is positively

stained with PAS/AB (Fig. 36).

Another component of the mucosal layer is the muscularis

mucosa (Figs. 31&37) which is located beneath the epithelial

Library of University of Jordan - Center of Thesis Deposit
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tissue. The muscularis mucosa in the first and second parts of the
esophagus is composed of 4-5 layers of circular smooth muscle
fibers. The muscularis mucosa of the last part of the esophagus is
well developed, built up from two layers of smooth muscles, inner
thin circular and outer thicker longitudinal (Fig. -38). In between
the epithelial layer and the muscularis mucosa of the esophageal
posterior part a loose connective tissue layer lies and contains
number of blood vessels, which is the lamina propria. The

epithelium contains group of diffused lymphatic tissues.

The second layer, is the submucosa that is responsible for
supporting. It consists of loose connective tissue which gives

enough space for the blood vessels (Figs. 31, 33&38).

The muscularis externa of the esophagus has different
structure in different regions. The most anterior part of the
esophagus has a muscularis externa that is composed of two
layers of skeletal muscles: inner circular and outer longitudinal
(Fig. 32). The middle part of the esophagus has a single circular
smooth muscle layer (Fig. 31), while the last part of the
esophagus has two layers of smooth rl_)uscles: inner circular and

outer longitudinal (Figs. 34&38).
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Fig. (31): The layers of the middle part of the esophagus, H&E, X462.
M: mucosa; MM: muscularis mucosa; SM: submucosa; ME: muscularis

cxterna.
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Fig. (32): The skeletal muscles of the muscularis externa in the first

part of the esophagus, c.s., H&E, X175. SKM: skeletal muscles

IFig. (33): The mucosa and the submucosa of the anterior parts of the
esophagus, H&E, X350. ce: ciliated cell ; ge: goblet cell; MM: muscularis

mucosa; SM: submucosa

All Rights Resarved - Library of University of Jordan - Center of Thesis Deposit



96

I'ig. (34): General view of the last third of the esophagus, H&E, X140.

M: mucosa; MM: muscularis mucosa; SM: submucosa

Iig. (35): The mucosa and submucosa of the last third of the esophagus,
H&E, X350. BV: blood vessels; E: epithelium; LP: lamina propria; M:

mucosa; MM: muscularis mucosa; SM: submucosa
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Fig. (36): Reaction of the mucosa of the esophageal first part with

PAS/AB, X700. ce: ciliated cell; ge: goblet cell

Fig. (37): The second part of the esophagus with FG, X280

I£: epithelium; MM: muscularis mucosa; SM: submucosa.
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I'ig. (38): The layers of the third part in the esophagus with VG, X140 :

ME: muscularis externa ; MM: muscularis mucosa SM: submucosa.
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4.6.2.2 The Stomach

The stomach, from a histological point of view, is divided
into three regions: the cardiac, the fundus and the pylorus. It is the
most dilated and strongest part among the digestive organs, where
the gastric juice is secreted by the gastric glands. The stomach
epithelium is folded deeply forming rugae on the surface and

furrows called the gastric pits.

The cardiac portion of the stomach is lined by simple
columnar epithelium (Fig. 39), that reacts positively with PAS,
Fig. (47). The following portion is the fundic one, which is well
distinguished by the high intensity of the gastric glands, which are
surrounded by fibers of connective tissue (Fig. 48). The cells
lining the free surface of the fundic region are of simple columnar
type. The fundic glands, which pour their secretions in the gastric
pits, are of two types: the mucous clear glands and the serous dark
glands (Fig. 42). When the PAS and PAS/ABI are applied to the
fundic region, the simple columnar surface epithelium and the
mucous gland cells, the neck cells, react with PAS positively,
while the serous gland cells do not react with PAS (Figs.

(49&50).
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In addition, only the surface simple columnar epitheliunm and
the neck cells react positively with AB stains, while the serous

glandular cells don't.

The distal part of the stomach is the pylorus, which is lined
by simple columnar epithelial cells (Figs. 46&47). The tubular
glands of the pylorus are shorter and less branched than those of
the fundus. The pyloric glands are composed of the clear mucous
secreting cells (Fig. 47). The pyloric glands consist
morphologically of similar cuboidal cells contain rounded basaly
positioned granular dark nuclei. The reaction is positive with PAS
and AB stains for the surface lining epithelium and the internal

clear glandular cells (Fig. 51).

The muscularis mucosa of the stomach is well developed
and consists of inner circular and outer longitudinal layers of
smooth muscle fibers. In the cardiac portion it is thin (Fig. 39),
while it is thick and highly developed in the fundus and the

pylorus (Fig. 42).
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The submucosa of the stomach is formed of highly
vascularized loose connective tissue. It is of medium thickness

among the three portions of the stomach (Fig. 41).

The muscularis externa is very thick in the stomach. It is
consisted of two layers of smooth muscle fibers: inner circular
and outer longitudinal with a very thin layer of connective tissue
is present between the two muscle layers (Fig. 40). This
arrangement of the fibers (smooth muscle and connective tissue)

was assured by using the FG staining procedures (Fig. 52).

The most outer layer in the stomach is the serosa, which is
composed of simple squamous epithelial cells (Fig. 40). This
layer resembles the outer border of a gastric section as it is
composed of connective tissue lined with single layer of

squamous eithelial cells.

eposit
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Fig. (39): The mucosal layer of the cardiac portion of the

stomach, H&E, X350. E: epithelium; MM: muscularis mucosa.

Fig. (40): The muscularis externa and the serosa of the stomach,

H&E, X175. Two layers of the muscularis externa: ME; simple layer

of serosa: S.
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Fig. (41): The epithelium of the cardiac region of the stomach

reacts positively with PAS, X350. E: epithelium: SM: submucosa.

Fig. (42): The gastric mucosa in the fundus consists of: epithelial

layer: E; muscularis mucosa: MM; mucous glands: MG; serous glands:

SG, H&E, X231.
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Fig. (43): The surface epithelium of the fundic region in the

stomach, H&E, X875. SE: surface epithelium; MG: mucous glands.

Fig. (44): The mucous glands of the fundic region of the stomach,

H&E, X875.
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Fig. (45): The serous glands of the fundic region of the stomach,

H&E, X875.

Fig. (46): General view of the pyloric region in the stomach
showing the three layers: M; mucosa; ME: muscularis externa; SM:

submucosa, H&E, X175.
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Fig. (47): The mucosal layer of the pylorus in the stomach, H&E,

X350. E: epithelium; LP: lamina propria; PG: pyloric glands.

Fig. (48): The fundic region of the stomach, FG, X600,

FCT:connective tissue fibers; GG: gastric glands.
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Fig. (49): Reaction of the fundic region mucosa of the stomach with

PAS. X462. E: epithelium; GG: gastric glands.

Fig. (50): Reaction of the fundic region mucosa of the stomach

with PAS/AB2.5, X350.
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Fig. (51): Reaction of the pyloric region mucosa with PAS/ABI,

40x2.5. E: epithelium; PG: pyloric gland.

Fig. (52): The muscularis externa of the pyloric region of the

stomach, FG, X115.5. M: mucosa; ME: muscularis externa;

SM: submucosa.
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4.6.2.3 The Small Intestine ' .‘
The intestinal epithelium is highly folded, each fold is

called a villus (Fig. 53). The mucosa of the small intestine is

composed of a simple columnar epithelial cells having mainly
absorptive function (Fig. 53). Those are known as enterocytes, or
marginal cells. Other cell type is also found in the small intestine,

which is the goblet cell (Fig. 57), which randomly placed between

the enterocytes. The enterocytes neither react with PAS nor with
PAS/AB (Fig. 59) stains. However, the goblet cells do react
positively with both stains. The positive reaction of the goblet
cells with AB indicates the acidic nature of the
mucopolysaccharides contained in the intestinal goblet cells.
Paneth cells are not found among the intestinal epithelium. This
study reveals the absence of any sort of glands in the small
intestine. Each villus contains large number of blood vessels and
lacteal vessels which are responsible for fatty acids transportation
(Fig. 56). The frequency of the lacteal vessels is the highest in the

middle part of the small intestine in comparison to the other two

hts Reserved - Library of University of Jordan - Center of Thesis Deposit
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The muscularis mucosa is poorly developed (Fig. 58). The
epithelium is followed by the submucosa, which is here composed
of loose connective and contains the continuation of the blood

vessels exist in the villi (Fig. 56).

The muscula-is externa is well developed, it consists of
two smooth muscle layers: the inner circular and the outer
longitudinal (Fig 54). The two layers of muscles are separated by

a thin layer of connective tissue fibers (Fig. 55).

The serosa of the small intestine adheres to the outer
longitudinal layer of muscularis externa, composed of a single
layer of squamous epithelium (Fig. 55). It is followed by

connective tissue wkich is part of the mesentry.
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Fig. (53): General view of the small intestine layers, H&E, X35.

ME: muscularis externa; S: serosa; SM: submucosa; V: villus

Fig. (54): The muscularis externa of the small intestine, notice the
inner circular and the outer longitudinal layers of the smooth

muscles, H&E, X231. ME: muscularis externa.
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Fig. (55): The serosal layer of the small intestine, H&E, X462.

S: serosa.

Fig. (56): The villus of the small intestine contains: BV: blood

vessels; E: epithelial layer; L: lacteal vessel., MTS, X115.5.
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Fig. (57): Different layers of the small intestine, FG, X115.5
BV: blood vessel; E: epithelium; L: lacteal; LP: lamina propria; ME:

muscularis externa; SM: submucosa.

I'ig. (58): Submucosa and muscularis externa of the small intestine,

VG, X87.5 ME: muscularis externa; SM: submucosa.
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(A): X70 (B): X350
Fig. (59): The positive reaction of the intestinal epithelial cells with

AB2.5. e: enterocytes; ge: goblet cells
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4.6.2.4 The Large Intestine

The lining of the large intestine is composed of simple
columnar epithelial cells and goblet cells (Fig. 60). This
composition is preserved along its whole length. The goblet cells
are found to react positively with both PAS and AB (Fig. 61),
while the columnar cells do not. This suggests the absorptive
function of them which is also supported by the lamina propria
containing large quantity of blood vessels (Fig. 62). The intestinal

mucosa is invaded by a lymphatic tissue.

The submucosa is a network of loose connective tissue
(Fig. 62). The muscularis externa is composed of inner circular
and outer longitudinal layers of smooth muscle. It is followed by
a simple squamous epithelium which represents the intestinal

serosa.
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Fig. (60): The mucosal layer of the large intestine, H&E, X175.

Ii: epithelium; LP: lamina propria.

Fig. (61): The reaction of the intestinal epithelial cells with

AB2.5 X175. ce: columnar epithelial cell; ge: goblet cells.
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Fig. (62): The different layers of the large intestine, MTS,
X115.5. LP: lamina propria; ME: muscularis externa; SM:

submucosa.
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4.6.2.5 The Cloaca

A stratified squamous epithelium is the lining of the cloaca
(Fig. 63). The submucosa of the cloaca is well developed formed
of loose connective tissue invaded by large number of veins,
arteries and lymphatic aggregations. (Fig. 63). The muscularis

externa is composed of longitudinal and circular skeletal muscles

(Fig. 64).

Fig. (63): General view of the cloaca, H&E, X56

BV: blood vessels; ME: muscularis externa; SE: squamous

epithelium; SM: submucosa; SKM: skeletal muscle fibers of the

muscularis externa.
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Fig. (64): The layers of the cloaca, FG, X13.5.

BV: blood vessels; ME: muscularis externa; SE: squamous epithelium; SKM:

_skeletal muscle fibers of the muscularis externa; SM: submucosa.
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4.7 Duvernoy's Gland

The main venom gland of M.m.insignitus lies directly
under the skin to which it is connected by loose connective tissue.
It extends from the 4" supralabial scale to the end of the mouth
corner (the 8" supralabial ). (Fig. 65). The gland is enveloped by a
capsule of connective tissue. It is yellowish oval-shaped structure
with toughed texture. The anterior part of the gland lies under the
eye, while the rest of it extends posteriorly. The gland is

composed of highly branched tubules.

Duvernoy's gland is fixed in its place by two ligaments.
The ligamentum quadrato-maxillare (LQM) that connects the
capsule of the gland with the quadrato-mandibular articulation.
The ligament passes over the muscles MAMEM and MAMEP.
The same ligament connects the gland capsule with the postorbital

bone and finally with the lateral median part of the maxilla.

Further fixation of the gland is achieved by the
ligamentum internum quadrato-glandular (LIQG). It arises from
the inner side of the posterior half of the gland, extends upward to

reach the insertion of MAMES. From the inner ventral side of the

- Center of Thesis Deposit
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gland, the duct arises and it extends ventrally to reach the grooved

fangs which are positioned at the posterior end of the maxilla.

'MDM MAMEP MAMEM  MAMES

A sy i
o AL
(s o

My P i
S SHaS L]

LQM DV

Fig. (65): The location of the Duvernoy's gland.

D.V: Duvernoy's gland; LQM: ligament quadrato-maxillare; MAMEM:
muscle adductor mandiblae externus medialis; MAMEP: muscle adductor

mandibulae externus profundus; MAMES: muscle adductor mandibulae
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externus superficialis; MDM: muscle depressor mandibulae.
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5.1 The External Morphology

The present study reveals that the adult montpellier snake has
brown-gray coloration, while the juvenile individuals have lighter
color with dark spots at the neck region. Similar findings were

obtained by El-Oran et al. (1994) and Schleich et al.(1996) for

M.monspessulanus.

The obtained results of this study demonstrate that the
middorsal scale count of M.m.insignitus is 19 and the tail occupies
about 25% of the whole body length (Table 1). Previous study which
was proposed by Woerkom (1982) found that the middorsal scale
count of M.m.monspessulanus was 19, while it was 17 for

M.m.insignitus. He also found that the percentage of the tail was

15%, while Reed and Marx (1959) found it to be 25%.

5.2 The Anatomy Of The Skull

The skull of Malpolon monspessulanus insignitus has a
triangular shape, constructed from group of solid bones (Fig. 12). It
attains the generalized c;)lub['id skull pattern with long postorbital
braincase. These findings coincide with that was found by Cundall

(1981) and Cundall and Rossman (1984). Retaining the classical
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colubrid skull doesn’t mean that the montpellier snake has not got its
own special characteristics features. The size of the fossa orbitalis in
M.m.insignitus skull is very large which causes the narrowing of the

frontals width and leaving enough space for the large eyes (Fig. 12).

The large eyes of M.m.insignitus may be considered as
distinguished feature for this species. However, Cundall (1981) and
Cundall and Rossman (1984) found smaller eyes located in smaller
fossae orbitalis in a group of colubrids they have studied. The size of
the optic fenestrae (as named by Cundall, 1981) displayed
interspecific variation. The large eyes of the montpellier snake may
suggest a diurnal activity of this species allowing for better hunting
of its prey. Because majority of them is located between the bushes

and in the vegetated lands.

The fossa orbitalis of M.m.insignitus is very large and is
surrounded by prefrontal, frontal and postorbital bones with opened
lateral side (Fig. 14). The fossae orbitalis of the studied burrowing
snakes by Underwood and Kochva (1993) were found to be very
small and surrounded by maxilla, prefrontal, frontal and postorbital
bones, it may be explained that the burrowing snakes don't need

large eyes because of their living in dark habitat (sand). The

- Library of University of Jordan - Center of Thesis Deposit
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arrangement of bones around the fossa orbitalis of the montpellier
snake gives further evidence for the need of large eyes which may
assist better diurnal activity. This study suggests that the size of the

fossa orbitalis may be a valid tool in taxonomy.

The results of this investigation indicate that the premaxilla
bone of M.m.insignitus has two processes which don't reach the
maxilla (Fig. 12). The same situation was found in most

henophidians (Underwood and Kochva, 1993).

This study reveals that the articulation of the nasal bone with
the frontal is very narrow in the montpellier snake (Fig. 12).
Underwood and Kochva (1993) drew the skull of the burrower,
Atractaspis with a broad suture between the nasal and the frontal,
which is thought to be the source of support for the nasal bone during
the burrowing process. Also, the nasal bone of the burrowing boid
E.jayakari was found to be well articulated with the frontal bone
(Mohammad,1991). The nasal bone of M.m.insignitus is not in need
to be supported that much, because it doesn’t possess the burrowing
activity reported in the burrower. This thought was earlier suggested

by Haines (1967), when he found that many skull features are
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adaptive ones for the burrowing habit and the fusion of the nasal

bone was one of those features.

The dentiferous bones of M.m.insignitus hold large number of
teeth. The maxilla, pterygoid, palatine and dentary bones, each bears
16-18, 17-19, 14-15 and 21-24 respectively (Fig. 14). Other colubrid
snakes were found to possess also large number of teeth as reported
by Cundall (1981)and Cundall and Rossman (1984). This finding is
in contrary with Haines ﬂndings (1967), when he wondered about
the reason that causes the colubrid snakes to have small number of
teeth. On the other hand, the viprid snakes were found to have
reduced number of teeth (maxilla=0, pterygoid=5-8, palatine=1-2
and dentary=3-6) (Dullemeijer, 1958) (Table 4). Moreover, the boid
snakes were found to have small number of teeth (maxilla=8,
pterygoi=8, palatine=4 and dentary=13) (Mohammed, 1991). Also,
the atractaspids possessed teeth only on the dentary bone (=2), in
addition to the fangs on the maxilla which are carried anteriorly

(Underwood and Kochva, 1993).

The results obtained from this study suggest that the number of teeth
may be related to the mechanism of predation. The viprids and

atractaspids are poisonous snakes with anteriorly located fangs.
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Whenever they bite, the prey will die very soon and it would be easy

for the snake to ingest the prey and swallow it. However,

M.m.insignitus has rear grooved fangs like some colubrids, which
also may lack fangs and need to hold the prey during swallowing.

The teeth may help the snake to fix the prey during predation and

swallowing.

Table (4): number of teeth carried on each dentiferous bone in the

montpellier snake and other species belonging to different families.
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*Sépecies or Position | Reference
family Number of teeth on: of
' fangs
maxilla | pterygoid | palatine | dentary
M.m. 16-18 17-19 14-15 21-24 | posterior | The present |
Insignitus Study, 1999
Viprids 0 5-8 1-2 3-6 anterior | Dullemeijer,
1958
Eryx 8 8 4 13 absent Mohammed,
jayakari 1991
: : x
Atractspis 0 0 0 2 anterior | Underwood —
<
& Kochva,
1993




The author finds out that the montpellier snake has relatively

large crest of fossa mandibularis of the lower jaw (Fig. 14).
Underwood and Kochva (1993) noticed that the crest of fossa
mandibularis was highly reduced in Atractaspis. On the other hand,
viprids were found to possess that crest as reported by Dullemeijer
(1958). The presence of this crest in the lower jaw of the montpellier
snake may help to strengthen the muscle adductor mandibulae
posterior and muscle pseudotemporalis which also inserts there and
the muscle pterygoideus which originates from there that may give it
more support during mouth opening (Fig. 17). The latter muscle was
suggested to have a chief role in mouth opening (Boltt and Ewer,

1964).

5.3 The Anatomy Of The Head Muscles

The present investigation finds Vthat the montpellier snake
lacks of the muscle compressor glandulae. This was reported in the
members of the solenoglypha (Haas, 1952) and the family Viperidae
(Dullemeijer, 1958 and Kochva, 1958 and 1962). This muscle was
found to be located over the venom gland and suggested to
participate  with the muscle adductor mandibulae externus

superficialis in squeezing the venom out of the venom gland during
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envenomation. In order to compensate for the absence of the muscle
compressor glandulae, M.m.insignitus has got a well developed
muscle adductor mandibulae externus superficialis (Fig. 16) in
comparison to the thinner one fbund in the viprids as stated by both
Dullemeijer(1958) and Kochva(1958 and 1962). This study doesn't
show that much difference amongst the head muscles of the
montpellier snake and other colubrid snakes as suggested by

Cundall(1986).

M.m.insignitus lacks the muscle levator anguli oris which
supports what had been mentioned by (Haas, 1973). He generalized
the absence of this muscle in the members of the family Colubridae.
The loss of this muscle was considered to attain simpler pattern of
the muscle adductor mandibulae externus superficialis in the colubrid

snakes by the same author.

The muscle pterygoideus of the montpellier snake inserts on
the pterygoid (Fig. 17), while it was found to be formed of four parts
as reported by Dullemeijer (1958) in the viprids. He stated that the
muscle pterygoideus reached the pterygoid bone after passing the
lower jaw with its two parts, other part reached the venom gland. The

fourth part which was called the muscle pterygoideus accessorious
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inserted on the maxilla bone. Kochva (1962) divided this muscle's
insertion into two parts: one at the pterygoid bone and the other at
the maxilla bone also called the muscle pterygoideus accessorious
presented in the viprids. Moreover, Kochva (1958) found that this
muscle reached the maxilla, the capsule of the venom gland and the
sheath of the fang in V.palaestinae. The fangs of the family
Viperidae are situated in the most anterior part of the maxillae, so the
muscle pterygoideus branches may be needed for more force to
compress the gland and to create enough pressure for the passage of
the venom anteriorly to the fangs. On the other hand, M.m.insignitus
has the fangs on the most posterior sites of the maxillae, directly
beneath Duvernoy's gland (Fig. 65). So it doesn't need that much
force to pass the secretion to the fangs, since the distance is very

short.

This study shows that the montpellier snake's MIMP inserts on
the midventral raphe. However, it was found to insert on the
ligamentous connective tissue (symphasis) that connects the two

halves of the lower jaw in Na#rix (Luboch, 1933).
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5.4 The Anatomy Of The Vertebrae

The obtained results show that the centrum of the atlas had
fused to the axis forming a pivot point with the atlas and skull of the
montpellier snake. Such fusion gives the head more freedom in its
rotation movement around the body axis (Weichert, 1970). This
adaptation enables the montpellier snake to scan wider area and find

out its prey with the help of the large eyes.

The present investigation indicates that the hypapophysis is
highly reduced in the trunk vertebra of the montpellier snake.
However, Hoffstetter (1939) found the hypapophsis to be present in
the trunk vertebrae of Natrix. Underwood and Kochva(1993) found
that Atractaspis trunk vertebrae had ventral haemal keel, while
Underwood (1992) found a posterior hypapophysis in the trunk
vertebra in some boid snakes. This may suggest the contribution of
the anatomy of the wvertebral column in snake taxonomy. The
obtained results show the different vertebral shape and size in
different vertebral column regions. Moreover, Mohammad (1991)
found the same situation to be present in the vertebral column of the

boid snake E.jayakari.
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The presence of a well developed neural spine is noticed in
the vertebrae of M.m.insignitus throughout this study. When the
vertebrae of burrower snakes (Anilidae, Xenopeltidae, Uropeltidae,
Typhlopidae and Leptophlopidae) and certain aquatic forms are
examined, the neural spine was found to be highly reduced
(Hoffstetter and Gayrard, 1964). The developed neural spine may

suggest more advanced status of the snake.

The presence of haemapophysis in the cloacal vertebra of the
montpellier snake coincides with the long tail it has got. However, in
Scolecophidia the tail is much shortened, the haemapophsis does not

develop (Hoffstetter and Gase, 1969).

5.5 The Anatomy Of The Reproductive System

5.5.1 The Female Reproductive System

Through the present study, the right ovary of the montpellier
snake is found to be situated anterior to the left one, which results in
having longer right oviduct. Furthermore, the right ovary is larger
than the left ovary, Fig. (25). The anteriorly situated and larger right
ovary was also recorded by many authors for many snakes:
Thamnophis (Cielak, 1945), Xenochrophis (Bergman, 1951), Natrix

sp.(Bragdon, 1953 and Betz, 1963) and Ptyas (Das, 1960).
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The montpellier snake has got two oviducts, one on each side.
On the contrary, Gadow (1912) stated that the ovaries and oviducts
of the reptiles are not always developed equally at the two sides. For
example, the loss of the left oviduct in the Australian Typhlops
(Robb, 1960 and Robb and Smith, 1966), Leptotyphlopidae
(Underwood, 1967) and some Colubridae (Underwood, 1967). This
finding led Clark (1970) to suggest that the feature is an adaptive one
in the burrowing snakes. Furthermore, the two oviducts of the
montpellier snake are separated along the tract and don't fuse at any
level of their length. The oviducts of some snakes were observed to

join and form a median uterus with a thicker wall (Saint Ange, 1856,

Leydig, 1857 and Cope, 1898).

5.5.2 The Male Reproductive System

The present investigation of M.m.insignitus male genitalia
reveals the presence of non lobulated testes (Fig. 26). However, the
testes of the Blind snake were recorded to be lobed and the lobes
were located distal from each other at various intervals of length
(Fox, 1965). This snake belongs to primitive group of snakes
(Typhlopidae), while the montpellier snake belongs to more
advanced group (Colubridae). This may suggest that the lobed testes

is a primitive characteristic. The lobed testes were obviously taller
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than the unlobed ones, so they were connected to taller epididymis.
Since the male montpellier snake has unlobed testes, it has shorter

epididymis at the mediodorsal side of each testis.

The obtained results indicate the presence of smooth surface of
M.m.insignitus hemipenes (Fig. 27). Moreover, Schleich et al.
(1996) illustrated the hemipenes of M.moilensis which have high
level of similarity with those of M.m.insignitus. This finding
suggests that the hemipenis of the genus Malpolon is not proposed as
taxonomical tool at species level. This conclusion was also found in

the hemipenis of four species of the genus Eirenis (Shwayat, 1998).

5.6 The Digestive Tract

5.6.1 The Esophagus

The esophagus of M.m.insignitus resembles 50% of the snout-
vent length as indicated by this study. The passage function of the
esophagus may need the long distance. The proportions of the
esophagus in juvenile and adult individuals are close to each other
(Fig. 66). This is also may be referred to the passing function of the
esophagus which doesn't need to be developed or increased in

relative length through the adulthood.
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The lining of the esophageal lumen of the montpellier snake is
found to be one cell thick and mixed layer, composed of two cell
types: the goblet cells and the ciliated columnar cell (Table 5A). The
presence of large number of goblet cells may help to smoothen the
esophagus (the route of the prey). The presence of simple epithelial
layer in the lining of the esophagus and the cilia is not expected in
such organ, esophagus. Further investigations are needed to clarify
the presence of such lining tissue. Also, an electron microscopic
study is needed to ensure the structures of the cilia. The presence of
simple columnar epithelial tissue and the cilia in the lining of the
esophagus was also reported by Dehlawy and Zaher in the esophagus
of the lizard Acanthodactyllus (1985a) and the gecko Pristurus
(1985b). Chou (1977) mentioned that the mucous membrane of the
gecko Gehyra was found to be lined by a single layer of columnar
epithelial cells, while Bishai (1959) found that the mucosa of the
lizard Varanus esophagus was formed of calcifirous, ciliated
epithelium and goblet cells. Luppa (1977) stated that the epithelium
was mainly two cells thick and contained variably distributed goblet
cells and ciliated cell.

The nuclei of the mucosal cells are found to be laterally
positioned in the montpellier snake. This finding supports the

secretion function suggested for these cells (Fig. 33).
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and AB
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e A: EPITHELIUM

‘The organ Cell type d reaction with
PAS AB
mltsophagus
1" and 2" parts | Simple
3", part (goblet & columnar) (H&++) | (HH&+)
Simple columnar =+ L
 Stomach
Cardiac Simple columnar -+ +
Fundic Surface simple columnar | ++ +
Mucous glands Tk L
Serous glands o o
Pyloric Surface simple columnar |+ s
Mucous glands + +
Intestine Simple
(small and | (goblet & enterocytes) (H& ) |[++& )
large)

++: highly +ve reactive; +: slightly +ve reactive

___:not reactive.

eposit
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e B: LAMINA PROPRIA

| The organ Description of the layer

_Es'(r}phagus Very poor

'Stomach Well developed, contains the gastric glands
Intestine Well developed, contains lacteal and blood

(small and large)

vessels

e C. MUSCULARIS MUCOSA

‘The organ“ Description of the layer
_Eéophagus
[*"and 2" Parts 3 layers thick of circular smooth muscles.
B part 4 layers of smooth muscles and 4 layers of
longitudinal smooth muscles.
Stomach
Cardiac Thin layer of circular smooth muscles.
Fundic Very thick, two layers of smooth muscles (inner
circular and outer longitudinal)
Pyloric Well developed two layers of smooth muscles
( circular and longitudinal)
Intestine Poorly developed
(small and large)
L -
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This investigation shows that the last part of the esophageal
lumen of M. m. insignitus is lined only by columnar cells (Fig. 35),
the same results were illustrated in the viper Vipera palaestinae
(Frenkel and Kochva 1970), while it was found to be lined with
goblet cells mainly in snakes as reported by Gianelli and Giacomini
(1896). Moreover the esophagus of Cheloniidae was found to be
lined by keratinized stratified squamous epithelium (Luppa, 1977). A
stratified esophageal epithelium was present in the family
Testudininae (Jeksajewa and Koloss, 1964 and Dilmuhamedov,
1975). The present study shows that the posterior part of the

esophageal epithelium is made up of simple columnar cells.

This study has shown that the montpellier snake lacks any
kind of esophageal glands. This may be referred to the passing
function of the esophagus and not the digestion. The passage
function requires the presence of goblet cells for the lubrication. The
same results were documented by Frenkel and Kochva (1970) in the
Vipera palaestinae, by Bishai (1959) in the lizard Varanus, by
Dehlawy and Zaher (1985a&b) in the gecko Pristurus and the lizard
Acanthodactylus. On the other hand, the esophageal glands were
recorded in turtles by Gabe (1971). Oppel (1900) pointed out the

presence of the esophageal glands in number of species, emphasizing

Center of Thesis Deposit
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that there was no relation between the presence of the esophageal
glands and the systematic position of the organism. Also the same
author reported them in Alligator, while they were absent in

Crocodylus.

The reaction of the esophageal epithelium with both PAS and
AB is positive. Such results indicate the storage and thence the
secretion of the neutral and acid mucopolysaccharides (PAS and AB
respectively) from montpellier snake esophagus (Table 5A). The
acidic mucopolysaccharides are localized in the goblet cells giving
blue color with AB stain (Fig. 36). Both types of mucine are

important for lubrication of the esophagus for easier passage of the

prey.

The muscularis mucosa of M.m.insignitus esophagus is
present and developed (Table 5C), which suggests a valid role of this
layer to squeeze out the mucus contained in the epithelial secretory

cells (Figs. 31&35).

The esophageal submucosa of the montpellier snake consists

of loose connective tissue and contains blood vessels. This is assured

by the reaction of VG (red) and FG (blue) (Figs. 37&38). The
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submucosa of the lizard Varanus was found to be well developed
(Bishai, 1959 ). Moreover, Chou (1977) found the submucosa of the
gecko Gehyra consists of connective tissue and rich in blood vessels.
The presence of the elastic fibers was also recorded in turtles by
Beguin (1904) in addition to the collagen fibers. Luppa (1977)
reported capillaries as well as large blood vessels in the submucosa of
reptiles. The esophageal submucosa of the montpellier snake is found
along the esophagus, while it was found to be present in the posterior
part of other reptilian esophagus but was absent in the turtles (Gianelli

and Giacomini, 1906).

This study has revealed that the muscularis externa of
M.m.insignitus has different structures in different regions, that the
most anterior part of the esophagus is composed of two layers of
skeletal muscles (Fig. 32), which is expected for the voluntary
swallowing process. The presence of smooth muscles in the other
parts of the esophagus (Fig. 38), is needed for the peristaltic
movement. Gegenbaur (1901) reported that the tunica muscularis
consisted of two layers of smooth mﬁscle fibers: inner circular and
outer longitudinal. Bishai (1959) found t_hat the muscularis externa of
the lizard Varanus started as a single continuos circular muscle, but

the outer longitudinal layer started as weak patches posteriorly. The
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esophageal muscularis externa of the gecko Gehyra was found to be
consisted of inner circular and outer longitudinal smooth muscles

(Chou, 1977).
5.6.2 The Stomach

The present investigation clarifies that the stomach doesn't
exceed 18% of the snout-vent length. On the other hand, the stomach
is observed to have the stn'éngest and thickest wall among the
digestive organs (Fig. 30). The strong muscular wall is needed for
mechanical digestion and breaking down the large preys. When
comparing between the proportions of the stomach in the juveniles
and the adults (Fig. 66), the latter is found to have higher value. This
may result from the larger preys that adults eat, which means larger

amount of acid and digestive enzymes are needed for digestion.

The obtained results suggest that the stomach of the
montpellier snake can be distinguished into three regions: cardiac,
fundic and pyloric. Similar situation was found in the stomach of the
lizard Varanus (Bishai, 1959). The snake Xenodon merremii had a
stomach with two regions (Ferri ef al; 1974). However, two regions

were defined in the stomach of the lizard Acanthdactylus and the
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gecko Pristurus, the fundus and the pylorus (Dehlawy and Zaher,
1985a&b). In addition, Luppa(1977) stated that the reptilian stomach

always contains two delimited regions: the corpus and the pylorus.

The gastric glands of the montpellier snake are totally absent
in the cardiac region (Fig. 39), mostly abundant in the fundus and also
found in the pylorus. The pyloric glands have a lesser degree of
branching level than the funduic ones (Figs. 42, 46&47). A
comparison made between the two types of gastric glands in the snake
Xenodon, revealed the same results (Ferri, 1974). Similar
observations were also made in the gecko Pristurus and the lizard
Acanthodactylus (Dehlawy and Zaher, 1985a&b). The gastric glands
of the studied species are surrounded by fibrous connective tissue
which is highly vascularized, which may be important to supply the
gland cells with the needed raw materials to sythesize the gastric juice
(Fig. 48). Moreover, Oppel (1 396) found the same connective tissue
between the gastric glands in the turtle Careffa. Also, Dehlawy and
Zaher (1985b) found the gastric glands of the gecko Pristurus to be

separated by areolar connective tissue.

The gastric glands of M.m.insignitus are found to be two

types: the mucous clear glands and the serous dark glands (Fig. 42).
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The clear glands are positively reacted with PAS, while the dark do
not (Fig. 49) and (Table 5A). The dark cells were previously termed
as cells of chief by Luppa (1961). Bishai (1959) found the two types
of glands in the cardiac and the fundic regions, while the pyloric
region contained only the clear type of gland cells. However,
Dehlawy and Zaher (1985) found that the gastric glands in the fundus
were of granular dark type, while the pyloric glands were of the clear
type. Also, Gabe and Saint Gerons (1972) reported the presence of
only the dark serous glands. They classified the fundic glands into
three types, the colubrid snakes had got the second one in which there
were specialized neck cells and only the dark serous cells were found

in the fundic region.

The muscularis mucosa is thick and well developed
M.m.insignitus as documented by this study (Fig. 42) and (Table 5B).
The presence of such characterized layer beneath the gastric glands

may explain the valid role of such layer in the gastric gland secretion.

This study has revealed that the muscularis externa of the
montpellier snake stomach is the thickest among other digestive
organs. The thick muscularis externa may resulted to adapt the

prolonged period of time that the food persists there. Another function
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may be achieved by the thick gastric muscularis externa: its role in
the mechanical digestion and proper mixing. The variation in the
thickness of muscularis externa is not well noticed between the
different gastric regions. Luppa (1977) also found that the tunica
muscularis of the stomach consisted of two smooth muscle layers, but
he reported less thickness in the pars pylorica than in the corpus.
Bishai (1959) pointed out that the muscularis externa of the lizard
Varanus stomach was mainly composed of circular smooth muscle
layer, while the longitudinal layer developed at the level of the
pylorus. The muscularis externa of the stomach in the gecko Gehyra
was found to consist of thick inner circular and thin outer longitudinal

smooth muscle layers (Chou, 1977).

5.6.3 The Small Intestin

The intestine of the montpellier snake is found to occupy
32.1% of the snout-vent length (Fig. 66), which is larger than the
stomach value but still smaller than the esophageal one. This value is
slightly higher in the adult individuals than in the juveniles. The
relatively long intestine with convoluted pattern is needed to offer
larger surface area of absorption. The need for the absorption surface
area is increased in the adult specimens because of the larger preys

they ingest.
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The simple columnar epithelial cells lining the small intestine
of M.m.insignitus are shown through this investigation (Table SA).
Other studies concerning Natrix, Lacerta and Agama also revealed
the simple epithelium, while the stratified epithelium was found in

turtles and crocodiles as stated by Luppa (1977).

The epithelial layer of the small intestine of the montpellier
snake consists of two types of cells, the dominant type is the simple
columnar and the other is the goblet cells which are placed randomly
between the columnar ones (Figs. 53). Paneth cells are not found in
the montpellier snake. On the other hand, previous investigations
reported the presence of different types of cells in the intestinal
mucosa: marginal, goblet, Paneth and enterochromaffin cells (Luppa,
1977), absorptive, goblet and paneth cells (Dehlawy and Zaher,
1985), stratified columnar epithelium and goblet cells (Bishai, 1959)

and short columnar epithelium (Chou, 1977).

The intestinal mucosa of the montpellier snake is positively
reactive with AB and PAS stains (Table 5A), which indicates the

presence of only acid mucopolysaccharides contained in the goblet

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



147

cells. The intestinal columnar epithelium doesn’t contain any type of
mucin which emphasized the absorptive function of this tissue (Fig.

59).

The present study reports the reduction in the muscularis
mucosa especially in the middle part of the small intestine (Table 5B),
which is also characterized by being rich in blood supply and in
lacteal (Figs. 56&57). The previoﬁs mentioned features emphasize the
probable suggestec absorptive function of this region. The poor
developed intestinal muscularis mucosa was also reported in the
duodenum of the common garter snake Thamnophis sirtalis (Reis
and Lyons, 1943). The absence of the intestinal muscularis mucosa

was reported in the lizard Varanus (Bishai, 1959).

The small intestine of the montpellier snake is devoid of any
kinds of glands (Fig. 53). Moreover, the absence of the intestinal
glands was noticed also in other snakes as reported by Vialli (1929),
the gecko(Chou, 1977). The lack of the intestinal glands may be
referred to the absorptive function of the small intestine rather than

the digestive one.
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The two layers of the intestinal smooth muscles of the
montpllier snake are well developed. However, Bishai (1959)
mentioned that the intestinal muscularis externa was weakly
developed in the lizard Varanus, while Chou (1977) noticed a thick

internal muscularis externa of the gecko Gehyra

5.6.4 The Large Intestine

The present study shows that the montpellier snake is
composed of simple low columnar cells and goblet cells which are
scattered randomly. The columnar epithelium may be present for
water absorption but not for mucin secretion since it doesn’t react
positively with neither PAS nor AB. The goblet cells contribute to
lubricate the route of the faeces which is supported by its reaction
with PAS and AB stains (Fig. 62). Bisﬁai (1959) reported the same
kind of the mucosa with absorptive function in the large intestine of
the lizard Varanus. The absorptive columnar epithelium with few
goblet cells were recorded in the gecko Pristurus (Dehlawy and
Zaher, 1985), while the two authors recorded tall columnar epithelium
in the lizard Acanthodactylus.
5.6.5 The Cloaca

The cloacal mucosa of M.m.insignitus is composed of

stratified squamous epithelium (Fig. 63). The stratified structure is
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needed for the rapid replacement of the mucosal layer after friction
with the stools. The muscularis externa is composed of skeletal
muscle (Fig. 64), which is a must for the voluntary contraction needed
to regulate the passage of stools, urine and eggs in female. The
skeletal muscles, which are stained green with FG, follow well
developed layers of fibers that may help in stretching the wall of the

cloaca to push out the excreted materials.

5.7 The Duvernoy's Gland

Duvernoy's gland of M.m.insignitus is found to start from the
region under the eye corner (Fig. 65). It extends posteriorly with
enlargement and then retains its narrow end above the mouth corner.
Similar finding was illustrated by Kochva and Gans (1970) in

M.monspessulanus.

This investigation has shown that the main venom gland ; the
Duvernoy's gland of the montpellier snake is not covered by any
muscular tissue. On other hand, the viprid venom gland was reported
to be covered with the muscle compressor glandulae (Dullemeijer,
1958 and Kochva, 1958 and 1962). Furthermore, this study reveals
that the muscle adductor mandibulae externus superficialis is

responsible for Duvernoy's gland squeezing in M.m.insignitus. On
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the contrary, the venom secretion of the viprid snakes was found to be
carried out by the muscle compressor glandulae with the participation
of the muscle adductor mandibulae externus superficialis

(Dullemeijer, 1958 and Kochva, 1958 and 1962).
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A.PREPARATION OF FIXATIVES

< 1. Formalin (10%)

Formalin 40% 100ml
Sodium monophosphate 4g
Sodium diphosphate 6.5g
Distilled water 900ml

< 2. Zenker's Solution

Mercuric chloride 50g
Potassium dicromate 25g
Sodium sulfate ' 10g
Glacial acetic acid 50ml
Distilled water 950ml
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B.PREPARATION OF STAINING SOLUTIONS

< 1. Acid Fuchsin Solution

Acid fuchsin 0.2g
Saturated aqueous picric acid 100ml
(about 1.22%)
< 2. Alcian Blue (pH=1.0)
Alcian blue lg
Hydrochloric acid 0.1M 100ml
< 3. Alcian Blue (pH=2.5)
Alcian blue lg
Glacial acetic acid (3%) 100ml
< 4. Ainline Blue
Aniline blue 0.5g
Oranange G 2g
Oxalic acid 2g

Distilled water

100ml
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< 5. Eosin-Y
Eosin
Phloxin B
95% Ethanol
Glacial acetic acid

Distilled water

< 6. Fast Green
Fast green

Acetic acid 1%

< 7. Harris Hematoxylin
Hematoxylin 10%
(in absolute ethanol)
Mercuric oxide
Potash alum (10%)

Glacial acetic acid

171

Ig
10ml
780ml
4ml

100ml

0.1g

100ml
10ml
0.5g

200ml

4ml
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< 8. Iron Hematoxylin
Solution (A)
Hematoxylin 10% 100ml

in absolute ethanol

Solution (B)
Ferric chloride 30% 4ml
Hydrochloric acid 1M Iml
Distilled water 95%

< 9. Mayer's Hematoxylin

Hematoxylin lg
Aluminium potassium sulfate © 50g
Chloral hydrate 50g
Sodium iodate 0.2g
Citric acid lg
Distilled water 1000ml

< 10. Schiff's Reagent
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Basic fuchsin lg
Sodium meta-bisulfate 1.9¢
Hydrochloric acid 15ml

Distilled water 85ml
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< |l. Van Gieson’s Solution

Acid fuchsin 0.1g

Saturated aqueous picric acid 100ml

(about 1.22%)

Library of University of Jordan - Center of Thesis Deposit

hts Reserved -

All Ri



174

Malpolon monspessulanus ¢ yla-) OLad) 3 5 4=\ jand 4.8 85 ¢ i ghas Ay
(Colubridae) ¥ ol ke winsignitus
LIRYY
3 g8 deod-l Lo cldd
B ay
JPRNE RN N

Olaell elaeWly 856 Y1 jand 121285 Jonadd! o 5 oty g iU il yldt J gl
0,1 d s) pad U 3 b pule Sy ey o)y cilonn 81 et At oA & ylad|
Loy 4SMaaly (6 lad) Ol ooy haiadbl 8Ll dnanad domnd Bl )3 J) BLHYL Lia
e Jl s g Ol Wi OBy s g yulll Slaall e w179 A1 s Ny gb Uil ghaal
19 a—biaza 3 Josty Jolll 018l gy Cit ol (s pghalt Gl e B a1 o yLall
bl Ao ) dahaidl 8 (639 O o) sy O 4l Al ygh hJl CoU bl iy ) dds
QL) oly O Sy ) oy 2 jins B > 179-156 Il Lha Jaky ¢ sl
o) g 5 Gsgb Bl a8 U (53 (BLI (6 gl bt IS8 sy (5 yLia|
I S (e DLl ot e By o Lyl ndo g oy Y g ciedy o0 DLt
.ul) Gil:,-

s damad a S N oS A1 g Wgaa s o dal ) oda el
Ol dooe® O o 9 (AL il AU i) B yle Wie 6 A1 3 ganll SN Eb g il
pldae e lin U S Cor 0 AoV (et A dasead dalell Slondy Bizd (o yLad
$13Y Loy & Sllose 5 (58 STty aallany Blag o b ol I oNias Wl L ASCulaze ko
L yot O od ol 0 0 (0 5 3 84l g 1 o 5191 pllal Ly s gt
At gyl 1 lanll oSSO0 or g (S g 685k g nine 83 g g1 A U1y k) 5l
A Ll g )liadl Ol 3 OU side &6 gas) 0dd Oz Oell) g daliall 4ual dliaal) §
A e o IS O el W Ja ) B ey g pglal) O 11 o
A Bt (18 S g1 ) eyl ol

O L Cmnd L § el g Lalazal Lo 9 L 00 doavadl 8L Al ys gw;.w
A doadl slae 1 OF dor p U8 ¢ JoH ) Wiliorl (ol i ST Lyt Ot ez Alazal

ved - Library of University of Jordan - Center of Thesis Deposit



175

i BL) Jgb 3 SV Al s 11 ot A8 00 1 e 0 Sk 5 Ul
Al dab 3 i ol yl) 0 iy B g e s Las ) Ay i yle Byl g L)
L 0 o 9 O et 1 e I ) Bligd Baadt BLEN J g e dda)
et pliszly g Bl Bl 6 SV o) (63Meal) gl Hlid 5 cslaalilg ss M1
Jolad) Ol Sl e il o B OLIY By g By gl e i
O D 0 L re U R (g R Y PR P Ne SRR ) [ P
Ol § Bal) bz jof il Lavad) slias il ) o W (A blod) o il
QL oS0 g slastl o ot J1Jadly Sy &b o o Rins 2o 4 oy o5

8 M o g AN B WS g g o Wb el ikl § GlUS

38 ,S W ile— 3 gl Lyl Al ydll o e WD (0 S5 Gow b J1 BBLLYY
L g ool dga) (o Llalad) sliae¥) S damSha ¢ By st 2l AWl 0 (6 g
75" ) Ay itV g &y SN liae 1 OF dor g WS it NS (6 ! (I Ly Lalal
M.m.insignitus ¢ 3\ CE 3 Coadll 4 by yghas Ll ) Dyl 3y .6 ! o Loz
ot ¢l Gy N 3 g g e o o WBM. moilensis g3 oF Wl 3)9) Lo a4yl
M ¢l 6 s (o Todrar 21 21 3 il s JSC0 0 83U pks g U
(S gy Bud (g lad) DLl L ) dond) 8RN Loy Lyl Coed) Vi ol ), i)
gl s 81 0l OF o0 s g (8 Ja o) Lo s sl pull 0 SOy Lo 381 5 B
s b Blhas o gb Al

Malpolon sy —ad) 0wl aes clalas 31 s J31 ) o0 sl ylll 0k o

A )1 Ay pgal) AW 0 51 s ¢ i) o0 5 20 mOnSpessulanus insignitus

g s a J o Lol bl p3 J1 A1 gdy 3 IS oS0y Aot 0l o) 48 21
A Llin U g pamy 03381 O g Logws

of University of Jordan - Center of Thesis Deposit

<[



	

