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Abstract

The reptiles of Sousslassa National Park (SMNP) hold great ecological aje¢ remain
relatively understudied. This thesis aims to advance our knowledge of reptiles and generate
conservatiorrelated data. The thesis's first study assessed reptile biodiversity in SMNP,
resulting in an inventory of 23 species, including 4 endsraitd 7 species of conservation
concern (vulnerable and nethreatened species). The nRparametric estimators predicted a
maximum of 25 species. The sampling effort and inventory completeness indicated a likely
complete inventory. SMNP is a key biodiviggyshotspot, hosting ~20% of Morocco's reptile
species (16% of endemics). The second study utilised Geographic Information System
techniques, remote sensing and field data to classify and map SMNP habitat types. The study
reveals 11 undisturbed habitatssas (70.91%) and 6 disturbed habitat classes (29.09%) within
SMNP. Fencing proved effective for conservation, with fenced areas dominated by undisturbed
habitats, and unfenced areas containing more disturbed habitats. The third study assessed reptile
respnse to anthropogenic habitat degradation. Reptile community variables were compared
among 4 habitat categories with varying degradation degrees. Species richness, diversity and
abundance differed significantly across habitat categories, with the moastide@reas having

the lowest means. Species composition varied significantly among habitat categories, with
highly degraded areas showing the lowest similarity when compared to other categories.
Reptiles responded differently to degradation, indicatingispspecific impacts. Vegetation

cover reduction, as indicated by the calculated vegetation index means, increased with habitat
degradation. Therefore, responses to degradation may be influenced by factors associated with
natural vegetation (food availdiby, microhabitat preferences, interactions with other
speci eseé). The fourth study used MaxEnt mode
SMNP, analysing the influence of environmental variables on species distribution and
identifying areas wittmigh predicted species richness. Habitat type, which includes undisturbed
and disturbed habitats, is the most influential environmental variable for the majority of species
(75%).Acanthodactylus margaritdeas the widest distribution of suitable areds|&Eumeces
algeriensishas the narrowesfgama bibroniiandSaurodactylus brossdtave highly similar
ecological niches (92% similarity), whileSaurodactylus brossetiand Chalcides
sphenopsiformibave the least similarity (33% maximum). In terms @&fses richness, fenced
reserves have a higher composition of highly diverse areas compared to unfenced areas.
Additionally, disturbed habitats show lower species diversity than undisturbed habitats,
indicating the negative impact of habitat disturbancereptiles. Therefore, conservation
attention is required outside fenced reserves to prioritise less protected areas for enhancing
reptile biodiversity protection.

Keywords: Biodiversity, Reptiles, Conservation, Protected areas, Habitat types, Habitat
degradtion.
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Résumé

Les reptiles du Parc National Soudassa (PNSM) ont une grande valeur écologique, mais
restent relativement peu étudiés. Cette thése vise a faire progresser nos connaissances sur les
reptiles et a générer des données liées a la conservation. La premierele cette these a

évalué la biodiversité des reptiles dans le PNSM, aboutissant a un inventaire de 23 espéces,
dont 4 endémiques et 7 espéeces préoccupantes pour la conservation (especes vulnérables et
guastmenaceées). Les estimateurs fpamameétriquesnt prédit un maximum de 25 especes.
L'effort d'échantillonnage et I'exhaustivité de [linventaire ont indiqué un inventaire
probablement complet. Le PNSM est un "hotspot" de biodiversité clé, abritant ~20% des
espeéces de reptiles du Maroc (16% d'endém)quesdeuxieme étude a utilisé des techniques

de Systeme d'Information Géographique, de télédétection et de données de terrain pour classer
et cartographier les types d'habitats du PNSM. L'étude révéle 11 classes d'habitats non perturbés
(70,91%) et 6 claes d'habitats perturbés (29,09%) dans le PNSM. La cléture s'est avérée
efficace pour la conservation, les zones cléturées étant dominées par des habitats non perturbés,
tandis que les zones non cléturées contiennent davantage d'habitats perturbésieb@etroi

étude a évalué la réponse des reptiles a la dégradation anthropique des habitats. Les variables
de la communauté des reptiles ont été comparées parmi 4 catégories d'habitats présentant
différents degrés de dégradation. La richesse spécifique, Iaitbvet I'abondance des espéces
différaient significativement selon les catégories d'habitats, les zones les plus dégradées ayant
les moyennes les plus faibles. La composition des especes variait de maniére significative parmi
les catégories d'habitatsjex les zones fortement dégradées montrant la plus faible similarité

par rapport aux autres catégories. Les reptiles répondaient differemment a la dégradation,
indiguant des impacts spécifiques aux espéeces. La réduction de la couverture végétale, telle
quindiquée par les moyennes de l'indice de végétation calculé, augmentait avec la dégradation
de I'habitat. Par conséquent, les réponses a la dégradation peuvent étre influencées par des
facteurs associés a la végétation naturelle (disponibilité de la tnoeyrpréférences de
microhabitat, interactions avec d'autres especes...). La quatrieme étude a utilisé la modélisation
Max Ent pour cartographier | 6ad®quation des
analysant l'influence des variables environnemlestsur la distribution des espéces et en
identifiant les zones présentant une forte richesse spécifique prédite. Le type d'habitat, qui
comprend des habitats non perturbés et perturbés, est la variable environnementale la plus
influente pour la majoritéles especes (75%Acanthodactylus margaritaa la plus large
distribution d'aires favorables, tandis dtigmeces algeriensésla plus étroiteAgama bibronii

et Saurodactylus brossatint des niches écologiques trés similaires (92% de similarité), tandis

gue Saurodactylus brossetit Chalcides sphenopsiformit la similarité la plus faible (33%
maximum). En termes de richesse spécifique, les réserves cléturées présentent une plus grande
composition d'aires hautement diversifiées par rapport aux zonesldtarées. De plus, les
habitats perturbés montrent une moindre diversité spécifique que les habitats non perturbés,
indiquant l'impact négatif de la perturbation de I'habitat sur les reptiles. Par conséquent, une
attention particuliere a la conservatiest nécessaire en dehors des réserves cloturées pour
prioriser les zones moins protégées afin d'améliorer la protection de la biodiversité des reptiles.

Mots clés :Biodiversité, Reptiles, Conservation, Aires protégées, Types d'habitat, Dégradation
de I'mabitat.
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1. Introduction
1.1. Reptiles

1.1.1. Introduction to reptiles

Reptiles are a diverssnd ancient group actothermicvertebrateshat have existed on Earth

for over 300 million yearsQGarroll, 1991; Sues, 2019They occupy a wide range of habitats,
from deserts and gsslands to forests and oceans, showcasing remarkable adaptability to
various environmental condition€¢x et al., 2022; Roll et al., 20LAWith approximately
11,940 species and 1,253 gen@iatz et al., 2022yeptiles play aignificant ecologicatole

as predators, prey, and ecosystem engineers, contributing to the stability and functioning of
ecosystems worldwid€CortésGomez et al., 2015; de Miranda, 201As predators, they
regulate prey populations and shape community dynamics, contribatiting tstability and
resilience of ecosystems. As prey, they serve as important energy conduits, transferring
nutrients to higher trophic levels. Some reptiles, through their burrowing antulestg
behaviours(Mainwaring et al., 2017)modify habitats,influencing soil structure and seed

dispersal, and providg shelter for other organisms.

The study of reptiles has garnered significant scientific interest due to their unique biological
characteristics, evolutionary history, and ecological interact{i®ostt, 1982. Reptiles exhibit

a wide array of morphological, physiological, and behavioural adaptations that allow them to
thrive in different environments. These adaptations include their scales or scutes, which provide
protection and reduce water loss well as their ability to regulate their body temperature
through behavioural thermoregulation or physiological adaptations (Seebacher & Franklin,
2005). Unlike endothermic mammals and birds, reptiles rely on the environment to regulate
their bodytempeature (Meek, 1995), utilisg basking, seeking shade, or retreating to burrows

to achieve optimal thermal conditions. This ectothermic nature has profound implications for

their physiology, behaviour, and ecology (Seebacher & Franklin, 2005).

The diversiy of reptiles is remarkable, encompassing four majders:Chelonia(turtles and
tortoises), Squamata(lizards, snakes and amphisbaenjar@drocodylia (crocodilians), and
Rhynchocephalidtuatard. Cheloniaencompass 363 recaged speciegUetz et al.,2022)
distinguished by their distinctive protective shells and adaptations to both aquatic and terrestrial
habitats.Lacertilia, or lizards, display the highest diversity with 7,310 spe(ie=z et al.,

2022) showcasing a wide array of body forms, egadal niches, and behavioural strategies.
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Serpentes, or snakes, comprise 4,038 sp@dmz et al., 2022)which makes them the second

most diverse reptile group. They are characterized by their elongated bodies, limblessness, and
specialized feedinmechanisms. Amphisbaenia, represented by 201 sfegeset al., 2022)

are legless, burrowing reptiles with adaptations for subterranean life. Crocodylia, with 27
specieqUetz et al., 2022)are large seraquatic reptiles known for thespecialized dntition,
armouredbody, sensory adaptations, and complex social behaviooally, Rhynchocephalia

are represented by a single spedidstz et al., 2022)the tuatargSphenodon punctatys
considered a living fossil due to its ancient lineage andndisthorphological features. The
remarkable diversity within each group highlights the evolutionary success and ecological

versatility of reptiles, making them important subjesftgarious studies

Understanding the biology, ecology, and conservatiatus of reptiles is of utmost importance

for the sustainable management and conservation of natural ecos{Bteyn4988) Reptiles

serve as valuable indicators of environmental health and ecosystem integrity, as their presence,
abundance, andliversity are often closely linked to the overall ecological balance and
functioning of their habitatévalenciaAguilar et al., 2013)Furthermore, reptiles can act as
umbrella species, meaning that their conservation can benefit numerous other spesies¢h

the same habita{®8ranton & Richardson, 2011)

Despite their ecological significanceeptiles face numerous challenges that threaten their
survival (Béhm et al., 2013; Gibbons et al., 2000). Habitat loss and fragmentation, driven by
human actiiies such as agriculture, urbanization, and infrastructure development, have
fragmented their populations and reduced their available habitats (Doherty et al., 2020). Climate
change poses additional threats (Huey et al., 2009), altering temperature cpdafios
patterns, disrupting seasonal cues critical for reproduction and migration, and exacerbating the
vulnerability of reptiles to habitat degradation and disease. Furthermore, reptiles are susceptible
to overexploitation through illegal wildlife td®, which pushes many species towards
extinction(IUCN, 2022)

Scientific research plays a vital role in understanding the biology, ecology, and conservation
needs of reptilegFritts et al., 2000) Through field studies, laboratory experiments, and
advaned analytical techniques, researchers can unravel the intricacies of reptile behaviour,
reproductive strategies, population dynamics, and responses to environmental change. This
knowledge serves as the foundation for eviddmased conservation efforts,clading the

establishment of protected areas, habitat restoration, and sppe®@ic management plans

3
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1.1.2. Reptiles and global change

The escalating challenges posed by global change, driven by anthropogenic activities and
compounded by climate shifts, hapeofound implications for reptiles and necessitate a
comprehensive examination in the context of biodiversity conserv@gitons etl., 2000;
Tarjuelo & Aragon, 2023)Reptiles, as ectothermic organisms closely tied to environmental
conditions, demorigate elevated sensitivity to habitat modification and climate change

(Doherty etal., 2020;Gibbons etl., 2000;Huey et al., 2009).

The alarming worldwide status of reptiles, ranking as the third most threatened vertebrate group
(also, second most thitemed terrestrial vertebrate group), with 1,842 species classified as
threatened, underscores the urgency of addressing these issues (IUCN, 2022). The significant
six-fold increase in the number of threatened reptile species from 2000 to 2022, as tgported
the IUCN (2022), highlights a critical shift in reptile biodiversity dynamics. The substantial
declines in their populations are alarming, posing a significant threat of global extinction (Bohm

et al.,2013; Gibbons et al., 2000).

Protected areas, acgnas essential refuges for threatened reptile species, emerge as key
components in mitigating the impacts of global change (Mi et al., 2023). By preserving critical
habitats and supporting ecological processes, protected areas play a pivotal role andiatgegu
reptile populations and enhancing ecosystem resilience in the face of mounting global change
pressures (Herman et al., 1994; Mi et al., 2023). Recognising and understanding this broader
relevance is fundamental for developing effective conservatmities that address the

multifaceted challenges confronting reptiles on a global scale.

1.1.3. The ecological significance of reptiles in arid environments worldwide

Across the vast expanse of dryland ecosystems, which comprises 40% of the Earth's land
surface (Millennium Ecosystem Assessmen005), reptiles play a vital yet often
underestimated role in shaping ecological dynamics. Their contribution to the biodiversity of
arid regions is profound (Tejero Cicu®ndez
diversity of species within #se ecosystems. The findings of a study by Roll et al. (2017)
revealed distinctions in biodiversity hotspots between reptiles andepdiian tetrapods,

4



Chapter I. General htroduction

highlighting lizards as exhibiting the highest species richness in both arid and tropical regions.
Notably, some of the highest reptile density and diversity on Earth are observed in hot drylands
(Pianka & Schall, 1981; Powney et al., 2010). For instance, Australia showcases this pattern,
with the areas of the highest lizard species richness aligninghveéitmost arid regions of the
continent (GrimmSeyfarth, 2017).The behavioural thermoregulation and distinctive
physiological adaptations of reptiles, such as highly efficient water conservation mechanisms
and remarkable tolerance to elevated tempergturake them exceptionally wedlited for

thriving in arid environments (Bradshaw, 2012; Mayhew, 1968).

Reptiles, through their burrowing activities, shape the arid landscapes they inhabit by creating
microhabitats that serve as vital refuges for a devepgectrum of organisms. Several reptile
species such as the desert tortoi@®pherus agasdij, the great desert skink.ippholis
kintorei), the desert monitorMVaranus griseus several species of sphtgiled lizards
(Uromastyxgenus) and fringéingered lizards Acanthodactylugenus), are known for their
ability to construct burrows (Duda & Krzysik, 1998; Ridley & Schlesinger, 2023; Schleich et
al., 1996; Williams et al., 1999). An essential function of burrow structures is to provide refuge
from theextreme ranges of air and seiirface temperatures, along with intense infrared and
ultraviolet sunlight present in arid areas (Duda & Krzysik, 1998). Burrows play a stabilising
role, mitigating both daily and annual temperature extremes for deserftamtat{Duda &
Krzysik, 1998). They create cooler and more humid environments during summer days, while
also offering warmer microclimates during summer nights and throughout the satsyn

(Duda & Krzysik, 1998)These burrows serve as microhabitatd ahelters not only for the
reptiles themselves but also for various organisms, including insects, small mammalspand
other reptile species seeking refuge from extreme temperatures, predators, and for
thermoregulation to maintain homeostasis (Dudar&ykik, 1998). For instance, research on

the desert tortoise has revealed that its burrows function as shelters for a wide variety of
vertebrates and invertebrates (Duda & Krzysik, 1998; Woodbury & Hardy, 1948), and were
particularly important for speciesich as snakes, lizards, burrowing owls, rodents, jackrabbits,
and various speciabsl invertebrates (Duda & Krzysik, 1998). Such shelters provide valuable

microhabitats, contributing significantly to increased biodiversity within the ecosystem.
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Reptiles play a significant role in the trophic webs of arid environments. For example, a study
examining the dietary habits of coyotes in the extreme desert regions of northern Mexico
uncovered interesting insights into the importance of reptiles (Heeméetdal., 1994). In the
Pinacate area of the Sonoran Desert, the study documented one of the highest occurrences of
reptiles ever recorded in coyote scats (Hernandez et al., 1994). The study concluded that reptiles
can play a high role as prey in the ebrate trophic webs in hot desert environments
(Hernandez et al., 1994). Additionally, reptiles were reported as frequent prey for nearly all
canids in the Sahara Desert, in contrast to the challenge of locating reptiles as prey for canids
in more mesic enronments (Hernandez et al., 1994; Le Berre, 19B08.complex behaviours

and adaptations of reptiles in arid regions underscore their crucial anperin maintaining

the balanceof these ecosystems worldwid€heir contributions extend beydnndividual

species, playing an essentiale in supporting the overall functioning of arid environments

across the globe

1.1.4. Reptile biodiversity in Morocco

Morocco, located in the northwest corner of Afrieghibits a unique blend of Mediterranean,
Saharan, and Antic climatic influences andg characterised by a remarkable diversity of
ecosystems, ranging from coastal plains to rugged mountain rahgisAflas, High Atlas,
Middle Atlasand Rif Mountains) anddesert landscapes. This created a complex mosaic of
habitats thathave nurtured a diverse ayraf reptiles, making Morocco an internationally
importanthotspot for reptile biodiversitin the Mediterranean regiaswell as the Western
Palearctic(Bons & Geniez, 1996Geniez et al., 2004Martinez del Marmol et al., 2019;
Bouazza et al., 2021)

Tablel.1 presents a taxonomic list of all reptile species in Morocco, created based on Martinez

del Marmol et al. (2019) and Bouazza et al. (302hen updated following recent
herpetological studieMi r al | es et al . , etal)20D1; Pizhigalh ¢t®ln ez Fr
2021). A total ofL16 terrestrial and marine reptile spe@as be found in Morocg@omprising

two orders Cheloniaand Squamata), 22 faneis and 55 generd.he countryés rept

comprisesan important number of European relict species gngys orbiculariy, which can
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be explained byhe historical connectioletweenEuropeand Moroccaduring the Messinian
Salinity Crisis, approximately 5.6 million years ago (Blain et al., 2013; Mendes et al., 2017).
This connection played a significant role in facilitating faunal exchanges between the two

regions (Mendes et al., 2017).

The country's unique geographic position coupled with its complex climatic gradients, has
facilitated the evolution of numerousndemic reptilespecies, each adapted specific
ecological nichesBons & Geniez, 19965eniez et al., 200Martinez del Marral et al., 2019).
Within Moroccos reptile species, a total of 8pecies are recogeid as endemi(enotedoy
asterisks in Tabld.1), indicating their exclusive presence within the couifliartinez del

M8r mol et al ., 2019; Miralles et al ., 2020;
Pizzigalli et all., 2021)These endemic species account for approximatiéty @& the country's
reptile fauna, showcasing their substantial @spntation. They are distributed among six
distinct families, underscoring the region's remarkable evolutionary history and ecological

importance.

The Sphaerodactylidae and Scincidae families each conteligittendemic species to the
Moroccan reptileduna The Lacertidae family follows closely wifive endemic speciesvhile

the Blanidae Phyllodactylidae, and Agamidae families each cootgliwo, ong andone
endemic speciagspectively, further diversifying the reptile fauna of Morocco. These endemic
reptile species not only contribute to the country's biological heritage but also serve as valuable
indicators of the unique ecological conditions and evolutionary procesddsatle shaped the
reptile communities in MoroccBons & Geniez, 1996; Geniez et al., 2004; Martinez del

Méarmol et al., 2019)
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Table 1.1. List of reptile species in Morocgdased on Martinez del Marmol et ¢019),
Bouazza et al. (2021), Mi r a (202&)sandePizzigallietal. ( 202 0
(2021). The asterisk ] next to scientific names indicates endemic reptile species.

Order Chelonii (turtles, tortoises and terrapins)

Family Testudinidae Batsch, 1788

1. Testudo graecéinnaeus, 1758

Family Geoemydidae Theobald, 1868

2. Mauremys leprosgSchweigger, 1812)

Family Emydidae Rafinesque, 1815

3. Emys orbicularigLinnaeus, 1758)

Family Cheloniidae Oppel, 1811

4. Caretta carettgLinnaeus, 1758)

5. Chelonia mydagLinnaeus, 1758)

6. Eretmochelys imbricaté_innaeus, 1766)

7. Lepidochelys olivacegeschscholtz, 1829)

8. Lepidochelys kemp@Garman, 1880

Family Dermochelyidae Fitzinger, 1843

9. Dermochelys coriace@/andelli, 1761)

Order Squamata (geckos, lizards, skinks and snakes)
Family Sphaerodactylidae Underwood, 1954

10. Saurodactylus mauritanicU®uméril and Bibron, 1836)

11. Saurodactylus brosseBons and Pasteur, 1957

12. Saurodactylus elmoudenriiavanmardi, Vogler and Joger, 2019
13. Saurodactylus harrisilavanmardi, Vogler and Joger, 2019
14. Saurodactylus slimandlavanmardi, Vogler and Joger, 2019
15. Saurodactylus splendiddsivanmardi, Vogler and Joger, 2019
16. Saurodactylus fasciati&/’erner, 193%

17.Quedenfeldtia trachyblepharBoettger, 1874}

18. Quedenfeldtia moerer{f€habanaud, 1918)

Family Gekkonidae Oppel, 1811 or Gray, 1825
19.Hemidactylus turcicuflinnaeus, 1758)

20.Hemidactylus angulatudallowell, 1854

21. Stenodactylus sthenodactyliisechtenstein, 1823)

22. Stenodactylus mauritanic@@uichenot, 1850

23. Stenodactylus petri\nderson, 1896

24. Tropiocolotes algericukoveridge, 1940

25. Tropiocolotes tripolitanu®eters, 1880

Family Phyllodactylidae Gamble, Bauer, Greenbaum and Jackman, 2008
26. Tarentolaannularis(Geoffroy SaimnHilaire, 1827)
27.Tarentolaboehmeioger, 1984

28. Tarentolachazaliae(Mocquard, 1895)

29. TarentoladesertiBoulenger, 1891

30. TarentolahoggarensidVerner, 1937

31. Tarentolamauritanica(Linnaeus, 1758)

32. TarentolaparvicarinataJoger, 1980

33. Ptyodactylus oudriLataste, 1880

Family Scincidae Oppel, 1811 or Gray, 1825
34.Chalcidespseudostriatu€aputo, 1993

35. ChalcidesminutusCaputo, 1993
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Table 1.1. List of reptile species in Morocco (continued).

36. Chalcidesmauritanicus(Duméril and Bibron, 1839)
37.Chalcidesocellatus(Forskal, 1775)
38.ChalcidesebneriWerner, 193%
39.ChalcidescolosiiLanza, 195%

40. Chalcidesparallelus(Doumergue, 1901)
41.ChalcidedanzaiPasteur, 1967
42.Chalcideshoulengeri(Anderson, 1896)

43. ChalcidessphenopsiformigDuméril, 1856)
44.Chalcidesdelislei (Lataste and Rochebrune, 1876)
45. ChalcidesmanueliHediger, 1935

46. ChalcidesmontanudVerner, 193 %
47.ChalcidespolylepisBoulenger, 1890

48. ChalcidesmionectonBoettger, 1874j

49. EumecesilgeriensisPeters, 1864

50. Scincus albifasciatuBoulenger, 1890

51. Scincopus fasciatu®eters, 1864)

Family Blanidae Kearney, 2003

52.Blanus mettetalBons, 1963

53.Blanus tingitanusBusack, 1988

Family Trogonophiidae Gray, 1865

54. TrogonophisviegmanniKaup, 1830

Family Lacertidae Batsch, 1788

55.Timon tangitanugBoulenger, 1891)

56. Scelarcis perspicillatdDuméril and Bibron, 1839)
57.Podarcis vaucher{Boulenger, 1905)

58. Atlantolacerta andreanskyVerner, 1929

59. Ophisops occidentali@oulenger, 1887)

60. Mesalina guttulatgLichtenstein, 1823)

61. Mesalina olivieri(Audouin, 1829)

62. Mesalina simon{Boettger, 1881)

63. Mesalina pasteur{Bons, 1960)

64.Mesalina rubropunctatéLichtenstein, 1823)

65. Mesalina adrarensi®izzigalli, Crochet, Geniez, Martin€zeiria, VeleAnton & Brito 2021
66. Acanthodactylus erythruru$chinz, 1833)

67. Acanthodactylus lacrymadiralles, Geniez, Beddek, Mendez Aranda, Brito, Leblois and Crochet,*20
68. Acanthodactylus montanidiralles, Geniez, Beddek, Mendez Aranda, Brito, Leblois and Crochet,*2C
69. Acanthodactylus maculat(&ray, 1838)

70. Acanthodactylus busackalvador, 1982

71. Acanthodactylus margaritaBamar, Geniez, Brito and Croch217*
72.Acanthodactylus boskiang®audin, 1802)

73. Acanthodactylus dumeril{iMilne Edwards, 1829)
74.Acanthodactylus longipeBoulenger, 1921

75. AcanthodactylusudouiniBoulenger, 1918

76. Acanthodactylus aureuSunther, 1803
77.Acanthodactylus taghitensi@eniez and Foucart, 1995
78.Psammodromus algiruinnaeus, 1758)
79.Psammodromus blan@iataste, 1880)
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Table 1.1. List of reptile species in Morocco (continued).

80. Psammodromus microdactylBeettger, 188%
Family Anguidae Gray, 1825

81. Hyalosaurus koellikerGinther, 1873

Family Varanidae Merrem, 1820

82.Varanus griseu¢Daudin, 1803)

Family Agamidae Spix, 1825 or Fitzinger, 1826

83. Agamabibronii Duméril, 1851

84. AgamabouetiChabanaud, 1917

85. AgamaboulengeriLataste, 1886

86. Trapelus boehmalNagner, Melville, Wilms and Schmitz, 2011
87.Uromastyx dispaHeyden, 1827

88. Uromastyx nigriventri®kothschild and Hartert, 1912
89. Uromastyx occidentalisateo, Geniez, Lopedurado & Bons, 1999
Family Chamaeleonidae Gray, 1825
90.Chamaeleo chamaeleghinnaeus, 1758)

Family Leptotyphlopidae Stejneger, 1892

91. Myriopholis algeriensigJacquet, 1895)

Family Boidae Gray, 1825

92.Eryx jaculus(Linnaeus, 1758)

Family Colubridae Oppel, 1811

93. HemorrhoishippocrepigLinnaeus, 1758)
94.Hemorrhoisalgirus (Jan, 1863)

95. Spalerosophigliadema(Schlegel, 1837)

96. Spalerosophislolichospilus(Werner, 1923)
97.Coronellagirondica (Daudin, 1803)

98. Macroprotodorbrevis(Gunther, 1862)

99. Macroprotodomabubakeriwade, 2001

100. Telescopugripolitanus (Werner, 1909)
101.Lytorhynchugliadema(Duméril, Bibron and Duméril, 1854)
102.Dasypeltissahelensigrape and Mané, 2006
103. Natrix astreptophorgSeoane, 1984)

104.Natrix maura(Linnaeus, 1758)

Family Lamprophiidae Boie, 1827
105.Boaedorfuliginosus(Boie, 1827)

106.Malpolon monspessulangsermann, 1804)
107.Malpoloninsignitus(Geoffroy SaintHilaire, 1827)
108.RhagerhignoilensisReuss, 1834)
109.Psammophis schokaffforskal, 1775)

Family Elapidae Boie, 1827

110.Naja haje(Linnaeus, 1758)

Family Viperidae Oppel, 1811
111.ViperamonticolaSaint Girons, 1953
112.Daboia mauritanicaGray, 1849)
113.CerastegerastegLinnaeus, 1758)
114.Cerastesipera(Linnaeus, 1758)

115.Echis pyramiduniGeoffroy SaintHilaire, 1827)
116.Bitis arietans(Merrem, 1820)

10
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1.1.4.1. Order Chelonii

The order Chelonii, encompassitugtles, terrapins and tortoises, is represented in Morocco by
five families(Tablel1.1). The Cheloniidae family, with its five species, plays a prominent role
in the marine ecosystems of Morocco. These species include the seaQard#a caretta
Chebnia mydas Eretmochelys imbricataLepidochelys olivaceaand Lepidochelys kempii
(Bons & Geniez, 1996). The Testudinidae family contributes to the diversity with a single
species;Testudo graecacommonly known as the spthrighed tortoise or the Gree@rtoise,
found in various terrestrial habitaf®he families Geoemydidae and Emydidae are represented
by the speciesMauremys leprosaand Emys orbicularisrespectively. Additionally, the
leatherback sea turtl@ermochelys coriacedelonging to the familfpermochelyidae, is also

sometimes observed in coastal pelagic habitats (Bons & Geniez, 1996).
1.1.4.2. Order Squamata

Mo r o ¢ quardases comprise 107 species and 17 fan{iliable 1.1), and can be divided

into threegroups(Uetz et al., 2022)amphisbaeniangwvorm lizards) Lacertilia (lizards)and
Serpentegsnakes). Amphisbaenians are represented in Morocco by two families, the Blanidae
family with 2 speciesRlanus mettetalandBlanus tingitanusand the Trogonophiidae family

with a single speciesTfogonophiswiegmanni. These legless creatures are adapted for a
subterranean lifestyle, with elongated cylindrical bodies, reduced or absent limbs, and
specialized head structures (Bons & Geniez, 1996; Schleich et al., 1996). They play important
ecologi@l roles as burrowing insectivores, contributing to soil turnover and controlling

populations of underground invertebrat8shleich et al., 1996)

Lacertilia isconsidered the most reptile speeigh group in Morocco, comprising a total of
78 species fecluding amphisbaenianspmong Lacertilia Lacertidae dominates with 26
recorded species, followed b$cincidae with 18 specieshowcasing the widespread
distribution and adaptive success of these lizards in MoroccmysemsSphaerodactylidae

and Phyllodactylidae contribute withine and eight species, respéeely. Gekkonidae and

Agamidaeare represented lsgverspecies each, showaag their notable presencgnguidae,

Varanidae, and Chamaeleonidae exhibit lower dityevsith only one species each.

11
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Among Serpentessix families can be foundColubridae is particularly prominentith 12
species preseriperidaefollows with sixspecies, followed bizamprophiidaavhich addsto

the diversity with five species Additionally, Leptotyphlopidae, Boidae, and Elapidae each
contribute a single species to tlphidian fauna of Morocco, represengnunique and
specialized formsLeptotyphlopidae is represented Ibyriopholis algeriensis a small,
fossorial species. These snakes hdwegated bodies, reduced eyes, and specialized scales that
facilitate their burrowing lifestyle in sandy or loose soil habitatsdae is represented bigryx
jaculus known as the Javelin sand boharacterised by the presence of small, conical scales
onthe snout, which aid in burrowing through loose d6lidpidaeis represented bMaja haje

widely recognisd as the Egyptian cobra, which holds a prominent position within Morocco's
snake fauna with its distinctive featsr and ecological significanc®laja haje has the
remarkable ability to expand the skin on its neck into a distinctive hood when threatened or
agitated. By spreading its neck hood, the snake appears larger and more intimidating, serving
as a warning signal to potential predators or tktedhe diverse representation of
amphisbaeniandéizards and snakes highlights the importance of Morocco as a unique hotspot

for Squamata biodiversity.

1.2. Protected areas

1.2.1. Introduction to protected areas

Based on the IUCN (International Union for ConservatibriNature), seven protected area
categories can be distinguished: strict nature reserves, wilderness areas, national parks, natural
monuments, habitat/species management areas, protected landscapes/seascapes and protected
areas with sustainable use ofurat resources (Dudley, 2008). All thegetected areas play a

crucial role in conserving biodiversity and maintaining ecolalgictegrity on a global scale.
Protectedareas, encompassing terrestrial, freshwater, and marine ecosystems, are established
with the primary goal of safeguarding natural resources, preserving ecological processes, and
protecting vulnerable species and habitats. The concept of protected areas has evolved over
time (Palomo et al., 2014Figure1.1), reflecting a growing recognitivof the importance of

environmental conservation and sustainable land and resource management.
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Island approach  Network approach Landscape approach Social-ecological approach
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Figure 1.1. Evolution of the protected area concept from the island approach

to thesocialecological approach (Palomo et al., 2014).

The establishment of protected areas is driven by various factors, including the recognition of
the intrinsic value of nature, the need to safeguatidal habitats, and the readiion that intact
ecosytems provide a wide range of essential services for humarbeiely (Dudley, 2008).
Moreover, protected areas can support scientific research, education, and recreation,

contributing to both ecological and so@oonomic benefits (Dudley, 2008).

Protectedareas are typically managed through legal frameworks and institutional arrangements
that define their boundaries, objectives, and management strategies. These strategies often
involve the enforcement of regulations and the implementation of conservaasuras, such

as habitat restoration, species reintroduction, and the control of invasive species and human

activities that may pose threats to the area's ecological integrity.

The effectiveness of protected areas in achieving their conservation goalssiepeseveral

key factors, including adequate funding, stakeholder engagement, community involvement, and
the integration of traditional knowledge and local practices. Collaborative efforts among
governments, negovernmental organizations, local commigsf and international bodies are

often essential for the successful establishment, management, and monitoring of protected areas
(Dudley, 2008)
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1.2.2. Protected areas in Morocco

Morocco has experienced significant anthropogenic disturbama#s, activities such as
pastoral and agricultural practicagban development and industrial production resulting in
ecological consequences including habitat degradation and fragme(iZzditem,2012) Poor

soil management practices have led to extensive soil erosomg avith desertification
processes that are further deteriorating habitats for flora and fauna sjiees, 2012)
Climate change driven by global human activities is worsening this situation through extreme
weather events being more frequent acragelparts of the countBenassi, 2008)ncreasing

the severity of droughts and causiexen further reduction in available vegetation cover for

wildlife within affected aeas (Benassi, 2008).

To mitigate this anthropogenibabitat degradation, Moroccoa$ implemented various
strategies including creation of extensive networlpaitected areaddorocco’'s commitment

to protected areas can be traced back to its early conservation efforts in 1917 witst the fi
decree on the protection and conservatiofoodsts followed by a decree on the creation of
national parks in 1934 (ANEF, 2023etween1996and 2010a master plan for protected
areas in Morocco was developed for the identificatd®ites of Biological and Ecological

Interest(SBEI) followed bythe enactment of the protected areas act (ANEF, 2023).

Currently, the country hostsdiversenetwork of protected aredBigurel1.2) managed by the
"Directorate for the Fight Against Desertification and Nature Protection / Ministry of
Agriculture, Maritime Fisheries, Rural Development, and Water and Forests". This network
includesSites of Biological and Ecological InterdSBEI), Ramsar &es, biosphere reserves
and national parks (CHM, 2023 pproximatelyl60 sites of biological and ecologicatérest

were identified, consisting of continenadcludes both terrestrial and humid zones) and coastal

domains, with a total surface area of 1,080,000 hectares (CHM, 2023).

Four biospheraeserveswere established in vital Moroccan ecosystefigure 1.2) and
include: The Atlas Cedar Biosphere Reserve (home to 75% of the world's Atlas Cedans
atlantica), The Arganeraie Biosphere Reserve (home of the endemic argarirtgamia
spinosg, The Oasis du Sud Marocain Biosphere Reserve and The Irtteesdal Biosphere

Reserve of the Mediterranean (UNESCO, 2020).
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At present, Morocco hosts 38 officially designated Ramsar Sites (Ramsar Convention, 2019),
which are internationally recogmd as Wetlands of International Importané&oroccan
Ramsar Sitegncompass an extensive surface area of 316,086 hectares (Ramsar Convention,
2019). These designated areas underscore the significance and ecological value of Morocco's

wetlands, serving as crucial habitats for a diverseyaof plant and animal species.

Since 1942, ¢én national parksvere createdn Morocco(Figure1.2) (ANEF, 2023).0ut of
these,seven national parkesan be considerethland or interior national parks, hie the
remaining three national parkan be cosidered coastal national park$ie® coastal national
parks include Al Hoceima National Park, Khnifiss National Park, and finally Sdassa

National Park, where the current research took place.
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Figure 1.2. Map showing different types of protected areas in Morocco [blue: wetlands (24),
red: national parks (10), green: biosphere reservesAdapted fromANEF (2023).

15



Chapter I. General htroduction

2. Research bjectives

The currentPhD thesis aims to address research galased to the laclkf comprehensive
research on reptile biodiversity, conservation, ecological sieimel responses to habitat
degradation irBoussMassa National ParlSMNP). Thethesis is structured into fostudies
with eachstudydedicated to addressing specif@search objective3he primary objective of
the firststudy titled "assessment of reptile biodiversity in Sctassa National Park”, is to
conduct a comprehensive assessment of reptile biodiversity within-Blasss. National &k

to provide the firstreptile inventory of this National Park since its éfshment in 1991.
Overall, this research studgims to fill a significant gap in our understanding of reptile
biodiversity inSoussMassa National Parknd contributes to the knowledge base necessary f

effective conservation and management of these species.

The secondtudy named “classification and mapping of SeMssssa National Park habitat
types" focuses on the development of a comprehensive geospatial approach for habitat
identification and clasfication within SMNP. The study aims to classify and map the semi

arid and arid habitat types of the National Park. Moreover, the study seeks to assess the
effectiveness of the fencing strategy employed throughout the National Park in protecting
highly biodiverse areas that are under threat from anthropogenic disturbances and habitat
modification. Finally the study aims to provide recommendations for the conservation and

management afaturalhabitats within the national park.

The thirdstudy, titled "asessment of reptile response to habitat degradation” investigates the
response of terrestrial reptiles to habitat degradation resulting from anthropogenic activities
within SMNP. The study focuses on assessing the potential negative impacts of livestock
overgrazing and vegetation clearance on reptile populations. The study aims to assess and
compare species richness, diversity, and abundance among four habitat categories that
experience varying degrees of habitat degradation. Additionally, the studytseeikstify
potential differences in species composition and evenness of reptile communities henong t

selected habitat categories.
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The laststudyof this thesis, tittedmodelling the ecological niches terrestrial reptile species”
focuses ortonducting species distribution modelling using higkolution layers of potential
environmental predictors and extensive-gef@renced occurrence records obtained through in
situ observations. Thidugy has three main objectivdarstly, it aims to geerate predictive

maps of habitat suitability for 16 neaquatic reptile species that are nativesSMNP. These
predictive maps enhance our understanding of their distribution patterns and aid in conservation
planning efforts. Secondly, tlstudyaims to nvestigate how selected environmental variables
influence the spatial distribution of the studied reptile species. By analysing the models
generated, the study explores the significance of different environmental factors in shaping the
habitat suitabilityfor these reptiles. This analysis helps elucidate the ecological preferences and
requirements of the species and provides insights into the underlying processes influencing their
distribution. Lastly, the study aims to identify ecologically valuable anetlien SMNP that

harbour the highest predicted species richness. By combining the predictive maps of species
distributions, thestudy seeks to determine areas of the national park that are particularly
important for reptile conservation. This identificatiof key areas guides conservation efforts

by focusing resources and interventions on the regions that support the highest diversity of

reptile species.

3. Workflow and relations betweerthe performed research studies

The mainstudies conducted ithis thesisare all linked, forming a coherent sequefiegure

1.3). The firststudyof this thesifocuses on théassessment of reptile biodiversity Souss
Massa National ParkStudy 1), which provides a foundation faubsequent studies. The
secondstudy corresponds tihe "dassification and mapping of SouSkassa National Park
habitat typegStudy 2), followed bythe "a&ssessment of reptile response to habitat degradation
(Study 3). Building upon this, thevork progresses to thenodelling of the ecological niche

of terrestrial reptile specig¢Study 4). Together, these studies form a cohesive framework for

a comprehensive exploration of reptile ecolog$pMNP.
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During Study 1, data on habitat type associated with reptile species recoradolemted and

added to the ground truth field data (training and reference data) used in Stlilg 2
identification and documentation of different reptile species present in the study area performed
during Study 1 provided valuable information to accuyatientify reptile species in Study 3.
Study 1 identified priority areas of high reptile biodiversity and specific reptile species of
conservation concern that are particularly sensitive to habitat degradation. This knowledge
guided the selection of tariggpecies for monitoring in Study 3, with a focus on priority areas.
Moreover, Study 1 provided data on baseline conditions of reptile populations in the study area,
including the time period and seasons when reptiles exhibited high levels of activitye gl

data informed the design and implementation of field surveys and sampling [EatcStudy

3 and helped optimesthe sampling efforts and ensure adequate representation of different
species.The reptile species occurrence data collected in Stucdynfributed to Study 4 by

providing input data for species distributiorodelling

The classification and mapy of habitat types performed in Study 2, enabled the delineation
of natural undegradedreas within Sousslassa N#onal Park, as well as thogkat have
experienced habitat degradatidrhis data was used to identify suitable study sites for the
assessment of reptile response to habitat degradation in Studydigh the process of
mapping habitat types and examining their characteristicsjfisplecations that represent
degraded and undegraded habitats were selected for Stiithis3argeted approach ensures
that the reptile assessments in Study 3 cover a range of habitat conditions, allowing for
comparisons between degraded and-degradedireasThe map of habitat types produced in
Study 2 was used as an input environmental variable in the ecological niche modelling

performed in Study 4.

Finally, Study 3 makes valuable contributions to Study 4 through twe tffatasets. Firstly,

the species occurrence data obtained during field surveys conducted in Study 3 were added to
the input data used for the ecological nichedelling performed in Study 4Secondly, the
vegetation cover map (created in Study 3 to as#les impact of habitat degradation on
vegetation across the differently degraded areas), was incorporated as an environmental

variable in the ecological nicheodelling conducted in Study 4.
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19



Chapter Il. ResearchM ethodology

SousMassa National Park By A. Elbahi
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Chapter II. Research Mthodology

1. Study area

1.1. Location and surface area

The research studies presented in thesis were carried out in Sotigsssa National Park
(Figure 2.1). This National Park is located between a latitude of 29°48'15.4" to 30°22'13.4"
North, and a longitude of 9°30'58.7" to 9°51'40.1" West. Its centre is at 30°05'00" North and 9°
40'00" West, Wich corresponds to the location of the Sidi Rbat village. Situated along the
Atl antic coast -Wdssa Regiorg ¢che d\atisnal Parku falls within the
administrative boundaries of three provin¢égjure2.1): InezganeAit Melloul, Chtouka Ait

Baha, and Tiznit. The terrestrial zone of the National Park spans approximately 5 km in width
(on average) and extends for a length of 65 km, resulting in an estimated total surface area of
33,800 ha (Ribi, 1996).

SoussMassa National Parktretches from # mouth of the Souss river in the north to the
Adoudou river mouth near Sidi Moussa Aglou in the south. It is bounded by the Bassa

plains on the eastern side, while the vast expanse of the Atlantic Ocean lies to the west, forming
its western bordeThe majority of the terrestrial surface area, accounting for over half of the
total surface area (62.15%, 21,010 ha), is situated within the Chtouka Ait Baha province. The
Tiznit and Inezgand\it Melloul provinces make up 24.40% (8250 ha) and 13.43% (#2330

of the National Park's terrestrial surface area, respectively. In contrast, the marine zone of the
National Park is relatively smaller, covering approximately 4.82 km in width (equivalent to
around 16,121.31 ha). It extends from the coastline, forrtiegwestern boundary of the

National Park.

1.2. Terrain

SoussMassa National Park encompasses a distinctive geographical landscape characterized by
a long and narrow strip of plains and hills. Positioned between the High Atlas arédtlasti
Mountains, the Natinal Park's elevation ranges from sea level up to 192 n{€igtse2.2a)

The majority of the National Park’s terrain is comprised of various features, including cliffs,
coastal consolidated and migrating sand dunes, and calcareous rocky steppesgraphgp

of SMNP is primarily characterized by gentle to moderate slopes, although areas with very
steep and extreme slopes are notable near the coastal cliffs, where slogegicangradient

up to63% (Figure2.2b).
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1.3. Climatic conditions

SoussMassa National Park is situated within the Ifftaditerranean bioclimate (Médail,

2008), and is characterised by a dry climate (Mokhtari et al., 2014; Beck et al., 2018; -Climate
Data.org 2019). It experiences significant climatic influences fromm thet Atlantic Ocean and

the Sahara Desert. The western influence from the Atlantic Ocean plays an important role in
moderating temperatures and bringing moisture to the coastal areas. On the other hand, the
eastern and southern influences from the Sdbasart can occasionally result in the occurrence

of chergui, a hot and arid desert wind. These contrasting influences shape the unique climatic
conditions found irSMNP.

Based on data excted from WorldClim databasegeksion 2.1 (Worldclim.org, 2023) @k &
Hijmans, 2017; Hijmans et al., 200 MNP exhibits distinct characteristics in terms of its
temperature and precipitation patterndhe National Parkreceives an annual average
precipitation ranging from 151 to 199 m(figure 2.2c). This indicates aelatively arid
environment where rainfall is limited. The National Park's precipitation levels reflect the semi
arid to arid coniions prevalent in the regioBoussMassa National Park exhibits a wide range

of moisture conditions, as reflected in fwisture index values ranging fror.99 to 0.7
(Figure 2.2d), assessed through the Normalized Difference Moisture Index (NDMI). NDMI
serves as a good indicator of vegetation water content, providing valuable insights into the
ecological conditions of stigll areas. Negative NDMI values, approachihgindicate the
presence of barren soil. These areas experience minimal vegetation cover, reflecting the arid
nature of the environment. In regions where NDMI values range around zero, typically between
-0.2 t0 0.4, water stress becomes evident. Vegetation in these areas faces moderate water
scarcity, triggering physiological adjustments and adaptations to cope with the limited moisture.
On the other hand, high and positive NDMI values, approximately ranging Gtd to 1,
characterize areas with a flourishing and abundant canopy cover. These regions exhibit a

healthy vegetation state.

In terms of temperature, the National Park experiences an annual mean temperature ranging
from 18.2 to 19.7 °QFigure 2.3a), indicating a relatively mild and moderate climate. The
temperature annual range spans from 15.2 to 21(Ei§@re2.3b), highlighting the variability

in temperatures throughout the year. This range signifies the presence of both cooler and
warmer periods witin the National Park's climate regime. During the warmest month, the
maximum temperature ranges from 24.7 to 29.5Fi@ure 2.3c), indicating the peak of the
summer season when temperatures can reach their highest levels. Conversely, in the coldest
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month the minimum temperature ranges from 7.8 to 9.7{FiGure 2.3d), demonstrating the
cooler conditions experienced during the winter months. These temperature and precipitation
characteristics shape the overall climate and ecologySMNP. The moderate mea
temperature, along with the temperature range, and limited precipitation levels contribute to the
unique adaptation strategies of the National Park's flora and fauna, favouring dobeginit

species that have adapted to thrive in arid environments.

1.4. Ecological significance

With its establishment in 1993MNPbecame a cornerstone of Morocco's coastal conservation
efforts, holding immense historical and ecological significance as the country's first coastal
national park. Situated at the core of the Ayaie Biosphere Reser{Eigure2.4), SMNP

holds an essential role as the heart of Morocco's first biosphere rés®NzSCO, 2002).
UNESCO recognixd this remarkable reserve in 1998, which is home to the endemic argan tree
(Argania spinosy acknowledging its importance in preserving the delicate balance between
nature and human activities (UNESCO, 2002). The National Park encompasses a diverse
coastal area that holds global ecological significance and forms a part of the Mediterranean

Basin Bodiversity Hotspo{Figure2.4) (Mittermeier et al., 2004).

SoussMassa National Park derives its name from the Souss and Massa rivers that traverse its
territory. This National Park achieved remarkable recognition in 2005 when thenowths

of both Saiss and Massaere designated as significant sites on the "Ramsar List of Wetlands
of International ImportancgFigure2.4) (Ramsar Convention, 2019). These river mouths serve

as important habitats for several endemic and migratory bird species, irglitaéin
importance in avian conservation. Sctassa National Park emerges as a critical stronghold

for the survival of the northern bald ibiSéronticus eremitg as it is one of only two remaining

areas worldwide where this threatened spea@esigis(Aourir et al., 2017).

The National Park encompasses an exceptional degree of biological diversity and natural
heritage, and stands out as one of the most diverse protected areas in North Africa, hosting a
wide range of plant and animal species (Benabk&nane, 1994; Errabih, 1987; Peltier, 1982;

Ribi, 1996; RSIS, 2022). Its ecological richness stems from the unique combination of coastal,
wetlands, marine and terrestrial habitats within its boundaries. This mosaic of ecosystems
provides essential breed grounds, foraging areas, and refuge for numerous species,

contributing to the overall ecological resilience of the National Park (Ribi, 1996).
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1.5. Vegetation community

SoussMassa National Park is situated within the "Mediterranean Adagania dry
woodlands and succulent thickets" ecoregion, which falls under the broader category of the
"Mediterranean Forests, Woodlands & Scrub” biome (Olson et al., 2001). The vegetation
community within the National Park exhibits a remarkable diversity derived frormreliff
origins, encompassing Mediterranean flora as the dominant component, accounting for the
majority of plant species within the National Park (Benabid & Fennane, 1994; Errabih, 1987;
Peltier, 1982; Ribi, 1996). Additionally, the National Park exhibm®table presence of plant
species with origins from Macaronesia (7%), the Saharan region (2.9%), and tropical regions
(2.3%), with an overall endemism of 6.5% (Benabid & Fennane, 1994; Errabih, 1987; Peltier,
1982; Ribi, 1996).

The vegetation communitiagithin SMNP exhibit a diverse array of formations and species
distribution. The coastal steppes, which occupies sandy soils, is primarily characterized by the
dominance ofRetama monosperm&aunaea arborescengnonis natrix and Asteriscus
imbricatus The rocky areas of the National Park are characterised by the presence of Euphorb
steppes, whereuphorbiaechinus EuphorbiabeaumieranaandEuphorbiaregisjubaethrive

as dominant species. The argan woodland is primarily concentrated in the northeast of the
National Park and is dominated almost entirelyArgania spinosaln the wetland areas
associated with the Souss and Massa rivers, the vegetation is cliweeddigrhalophytes and
hydrophytes that have adapted to the specific ecological conditions. However, certain natural
habitats have undergone modifications, particularly in the pursuit of stabilizing sand dunes. In
these areas, nemative species such dsucalyptus and Acacia trees have been planted,
primarily in the northern section of the National Park. Additionally, there has been clearance of

certain habitats for agricultural activities.
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Figure 2.1. Map showing the location of the Souggssa Rgion, andthe Sousdviassa
National Parkincluding the three provinces covered by its boundéng. map was created by
the authowusing QGIS v.3.16.15
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Figure 2.2. Characteristics of Souddassa National Park [elevation (a), slope (b), annual
precipitation (c), moisture index (d)Jhe maps were created by the authaesed on data
obtained from ESA. (2021b) antlorldClim databaseMersion 2.).
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Figure 2.3. Characteristics of Souddassa National Park [annual mean temperature (a),
temperature annual range (Ifax temperature of warmest mor(it), min temperature of
coldest month(d)]. The maps were created by the authased on data obtained from

WorldClim databaseMersion 2.).
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Ramsar Sites

(wetlands of
international
importance)

Figure 2.4. The location oSoussMassaNational Park within Morocco's Arganerd&desphere
Reserve, Ramsar Wetlands, dhd Mediterranean Basin Biodiversitptspot.

1.6. Past and present lad use in the Sous$/assa region

The SousdMassa region has experienced a notable transformation in land use patterns over the
course of history, presenting a compelling case study for understanding anthropogenic
disturbance ah its environmental impacts (Moussa et al., 2022; Rouchdi e@19).
Traditionally characteresd by a mosaic of agricultural practices and sisedle settlements,

the landscape has undergone significant alterations in recent decades due to fdttass suc
population growth andrbanisation(Rouchdi et al., 2019). The expansion of urban areas and
intensified agricultural activities has resulted in habitat modification and fragmentation, posing
challenges to the region's biodiversity (Rouchdi et al.,920RAgricultural expansion,
specifically, has induced alterations in land cover and land use, exerting direct influences on

the distribution and abundance of native flora and fauna.

Despite the evaluation of climate change in the Souss plain over t66 kgesairs, marked by a
significant decline in rainfall (1:26%) and an increase in temperature (1 to 2 °C) (El Ghazali

et al., 2021), anthropogenic factors have been identified as the primary drivers of vegetation
cover regresion, notablyargan woodlansl (Argania spinospa (EI Ghazali et al., 2021).
Practices such as livestock grazing and vegetation clearance have emerged as significant

contributors to environmental and ecological implications (Dahan, 2012; Rouchdi et al., 2019).
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These practices, widespreiadrural areas and integral to local livelihoods, exhibit concerning
impacts ranging from unregulated loss of vegetation cover and soil fertility to soil erosion, land
degradation, and eventual biodiversity loss (Benarchid et al., 2022; Dahan, 2012zi et Ma
al., 2019; Kirchhoff et al., 2020; Ouhammou et al., 1996).

Livestock overgrazing, particularly extensive across Morocco, manifests througtarigee
movement of animals consuming diverse vegetation and stands as the primary anthropogenic
driver of soil degradation in the country (49%dpahan, 2012). Simultaneously, vegetation
clearance, driven by the imperative to create new land for agriculture and human settlements,
further exacerbates anthropogenic disturbances (Dahan, 2012; RouchdR@1@y., Within

SMNP, encompassing both disturbed and undisturbed areas, the persistent occurrence of these
activities underscores the region's susceptibility to anthropogenic stressors and positions it as
an ideal model for scientific inquiry into the irdaite relationship between human activities and

ecological consequences.

2. Research desigrand methods

This section outlines the research design and @esvian overview of the approach and
strategies employed to gather relevant data, as well as an ovavithe statistical and

analytical proedures used to explore, summayiand interpret the collected défable2.1).
2.1. Assessment of reptile biodiversity
2.1.1. Sampling methods and data collection

A total of 30 sites were carefully selected for this research based on preliminary reconnaissance
surveys, considering factors such as habitat structure and the likelihood of reptile species
presence. The chosen sites offered a diverse range of habitats to ensuebensing coverage

of the reptile community within thstudy area. To ensure standaedisampling efforts, the
research employed the Tir@onstrained Visual Encounter Surveys (TCVES) technique
(Eekhout, 2010, McDiarmid et al., 2012). This approach invoaett/ely conducting visual
searches for reptile species within a designated area for a predetermined duration of time
(Eekhout,2010, McDiarmid et al., 2012).

Both diurnal and nocturnal surveys were conducted to capture the activity patterns of reptiles
during different periods. Diurnal surveys were conducted once per season for most sites. These

surveys were carried out for a consistent duration of three hours, specifically between 09:00
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and 17:00 h. During this timatrained observer (in all casesBlbahi) systematically explose

the selected sites, visually identifying and recording reptile species encountered along with
relevant data. In addition to diurnal surveys, nocturnal surveys were performed at sites located
near villages to account for thecturnal activity of reptiles. Nocturnal surveys were conducted
once at each of these sites and lasted for approximately an hour and a haléadiydusfiween

20:00 and 23:00.h

During the active search, thorough examination of various surfacegegethtion types was
conductedSpecial attention was given to detecting both active reptiles and those hiding beneath
rocks. Water bodies were also explored to identify aquatic andasgmatic reptile species. In
addition to direct observations, reliancaswvplaced on indicators such as faecal droppings,
tracks, carcasses, and shed skin, particularly for snakes and amphisbaenians. During the
surveys, records were made of the GPS coordinates, elevationthardhte for each
encountered reptile speci€Somereptiles were captured to obtain measurements and data,

including snowvent length, weight, sex, and age class (juvenile or adult).

All reptile individuals that were captured for identification or measurements were released
unharmed into their natural habitdthe time required for species identification and data
collection was not included in the total tiroenstrained searches. Thigproach ensured that

the recorded search durations accurately reflected the active searchTefferthancehe
dataset, dditional observationsbtained through random encounters and provided by SMNP
researchers were incorporated. These entries wepoidagd by photevouchers, serving as

reliable evidence of spes presence in the study area.

Terrestrial reptiles were identified by examining their scalation and morphometrics, employing
field guides as references (Bons & Geniez, 1996; Schleich et986, Geniez et al., 2004;
Martinez del Marmol et al., 2019). Sea turtles, on the other hand, were identified based on the
comprehensivevork of Pritchard and Mortimgi1999). Through the implementation of these
comprehensive survey methods, which encongzhssctive search techniques, the use of
supplementary indicators, and specimen capture for data collection, detailed information on
reptile biodiversity within the study area svasought. The incorporation of additional
observationand the utikation ofreliable photevouchers further enhanced the reliability of

the dataset.
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2.1.2. Data analysis

To assess the sampling effort and inventory completeness achieved through the TCVES
technique, sampibased accumulation curves were constructed. Estimation of totaespe
richness was conducted using fmarametric estimators, including Chao 1, Chadazkknife

1, and Jackknife . 2Non-parametric estimators were chosen for their distribtftiea nature,

aiming to avoid assumptions about the specific shape of thelyindedata distribution for a

more flexible and robust analysis. The selection of Chao 1, Chao 2, Jackknife 1, and Jackknife
2 over other noiparametric estimators commonly used in ecological literature was based on
previous studies supported by the workVdalther and Martin (2008) on species richness
estimation. According to their findings, for the specific dataset under consideration, the two
Chao estimators emerged as generally the most precise estimation methods with the least bias,
followed by the twoJackknife estimators (Walther & Martin, 200&)bundancebasedand
incidencebased estimators, along with species accumulation curves, were calculated using
EstimateS versiof.1.0 software (Colwell, 2013)nventory completeness was quantified as

the pecentage representation of observed species richness in relation to the total estimated

species richness.

2.2. Habitat type classification and mapping
2.2.1. Research methods and data collection

This study employed Geographic Information System (GIS), remote sdik®)gand field

surveys to accurately classify and map habitat typdsabitat type can be defined as spatially
definable areas of land or water under homogeneous environmental conditions and biota
(Kontula & Raunio, 2009)Habitat types can include botfatural and mamade (modifiedl

habitats (Weber et al., 2008)abitat mapping can use traditional or advanced techniques.
Traditional methods are timmnsuming (Tahir et al., 2013), limited to local scale, and often
biased towards accessible areas. Imtrast, advanced techniques like GIS and RS offer cost
effective and timeefficient solutions (Rowlinson et al., 1999jhese advanced techniques
facilitate observations across inaccessible
by groundbased observations. GIS can be defined as a computer system that provides tools for
storing, analysing and displaying geographically referenced data, while RS refers to the process
of obtaining information about téedhaed efditedt h O s

radiation at a distance throughtellite sensors (USGS, 2021).
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Advancements in multispectral satellite technology have broadened the use of remote sensing
data for diverse applications, including extracting environmental variables anththab
information Sentinel2, with its advanced technology, includes Sent#i#eland SentinekB,

offering a fiveday temporal resolution (ESA, 2021&oth satellites are equipped with an
optical imaging sensor Mulpectral Instrument (MSI), which meass reflectance in 13
spectral bands, extending from visible and apfrared (NIR) to shortwawnfrared (SWIR)
wavelengths, and includes the Vegetation Red Edge (VRE) bands (ESA, 2021ael2enti
images were chosen for thigrk due to their high spat resolution (SR) (10 m, 20 m, and 60

m) compared to other satellites that offer free data, such as Landsat 8 (15 m, 30 m, and 100 m)
and ASTER (15 m, 30 m, and 90 m) (Congedo, 2023alected for quality and smadtale

feature recognition, a clotfdee SentinelRA scene was used. These data sets, comprising ten
spectral bands downloaded from ESA's Copernicus Open Access Hub website (ESA, 2021b),

covered the necessary spectral range for habitat mapping.
2.2.2. Data processing, classification and accuragssessment

The study employed a supervised classifieatapproach, specifically utilisy the Maximum
Likelihood classifie(Congedo, 2021a; Sun et al., 201S)ipervised classification involves the
manual creation of training areas or polygons that sgmtevisually homogeneous regions
within the satellite imagery. These training areas are carefully selected to cover pixels belonging
to the same habitat class. The Maximum Likelihood classifier was chosen as the classification
algorithm due to its widespad use and its ability to provide high precision and accy&ay

et al., 2013) This pixetbased classifier assigns each pixel in the image to a particular habitat
class based on the highest probability of the unknown pixels belonging to that class. The
classifier evaluates the spectral signature of each pixel and compares it to the training signatures
to determine the best match. To assess the spectral distance between training signatures and
evaluate potential classification errors, the study emplthedeffriesMatusita Distance. This
distance measure quantifies the dissimilarity between different habitat classes with similar
spectral characteristi¢€ongedo, 2021ajt allows researchers to identify potential challenges

in classifying similar hab#ts and refine the claication process accordingl§Congedo,

2021a)

The accuracy assessment of the classification results was conducted using a confusion matrix
(Congalton, 1991, 2001; Story & Congalton, 1988he confusion matrix provides a

comprehasive evaluation of the classification accuracy by comparing the information
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collected in the field (reference data) with the assigned classes in the classified map. From the
confusion matrix, various performance metrics were derived, incltidengsersand producers'
accuraciesthe Kagpa coefficient (8) and the overall accuradfCongalton & Green, 2019;
Congedo, 2021a; Olofsson et al., 20T4)e users' and producers' accuracies serve as measures
for individual class accuracy, taking into account commission errors (incorrectly including an
area in a category where it does not belong) and omission errors (excluding an area from its
appropriatedesignated category(Congalton & Green, 2019)The users' and producers’

accuraies are calculated as follows:
User's Accracy =100%- Commission Error.
Producer's Accuracy = 1009 mission Error.

In the context of image classification, the Kampefficient g), often referred to as Cohen's
Kappa, is a statistical measure used to assess the agreement between the predicted
classifications produced by a model and the actual, ground truth classifications for a set of
images. It provides a metric thetcounts for agreement occurring by chance (Viera & Garrett,
2005). A Kappa coefficier(b) of 1 indicates perfect agreement beyond what would be expected

by chance, while a Kappa coefficig@) of 0 suggests agreement equivalent to chance (Viera

& Garrett, 2005). In other words, a Kappzefficient g) of 1 signifies complete agreement,

and a Kappaoefficient g) of 0 implies that the observed agreement is no better than what
would be achieved by random chance (Viera & Garrett, 2005). Kappaissaéisgt usually
classified into six quality groups based on classification (Landis & Koch, 19f&$e groups
categorise Kappaalues as poor (values less than zero), slight (0 to 0.2), fair (0.21 to 0.4),
moderate (0.41 to 0.6), substantial (0.61 to )).80 almost perfect (above 0.81) agreement.
During the supervised classification, the Sémutomatic Classification Plugin (SACP),
developed by Luca Congedo (Congedo, 2021a), calculates and provides estimated kappa hat
(I/5 values based on the generatemhfasion matrix The overall accuracy is another
performance metric derived from the confusion matrix. It represents the proportion of correctly
classified pixels divided by the total number of pixels in the study area. The overall accuracy
provides an ouall measure of the success of the classification algorithm in accurately

assigning pixels to the correct habitat classes.
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Table 2.1. Research methods, data collection and data analysis used for each research study.

Research studies Methods / data collection Data analysis

P Time-constrained sampling:
- Visual encounter diurnal surveys
- Visual encounter nocturnal surveys

1. Asses;ment of b Samplebased accumulation curves
reptile b Direct & indirect observations . .
biodiversity P Non-parametric estimators

P Additional observations:
- Random encounter
- SMNP data

b Supervised classification

b Maximum likelihood classifier
. P Ground surveys
2. Habitat type

classification and P Remote sensing b Jeffries-Matusita Distance
mapping P Geographic Information System b Confusion matrix:
- Kappa hat

- Overall accuracy

P Normalized Difference Vegetation
P Remote sensing Index

P Shannon diversity index

I P Geographic Information System

reptile response
to habitat
degradation

b Comparison of means
P Linear transects P Rank-abundance curves

P Non-Metric Multi -dimensional

P Visual search .
Scaling

P Individual species count b PERMANOVA

b Multicollinearity reduction
P Replicate run: Bootstrap

P Area Under the Curve (AUC) of the
Receiver Operator Characteristic

P Remote sensing

4. Modelling the
ecological niche

of reptiles P Maximum entropy modelling
(MaxEnt approach) b Jackknife test

Geographic Information System
b Percent contribution

P Response curves

P Minimum training presence
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2.3. Assessment of reptile response to habitat degradation
2.3.1. Study design and samplingnethods

The aim of this study was to assess reptile response to habitat degradation in different areas
within SMNP that experienced varying levels of anthropogenic habitat degradation. The
identification and selection of these areas were conducted through aisigautiistep process.

Initially, satellite images and the habitat types maiBSbhINP, previaisly generated, were
utilised to identify potential candidate areas exhibiting different levels of habitat degradation.
Subsequent field visits were conducted tofotm the suitability of these candidate areas, based

on the vegetation condition and the presence of anthropogenic activities. To ensure the
comparability of environmental conditions, the selected areas were situated within the same
ecoregion, at similaglevations, and characterized by a dry climate. Moreover, all selected areas
shared common features, such as being located on sandy substrates with only a few scattered
rocks. The dominant vegetation in seeareas comprised dwarf shruBased on the exté of
vegetation cover degradatiornet selected areas were categatisnto four distinct habitat
categoriesundegraded areas, slightly degraded areas, moderately degraded areas, and highly
degraded aregseefiChapter V- 3. Material and Methodsfor detailed descriptions of these

categories).

To quantify and compare the vegetation cover among the habitat categories, a vegayatio

map was generated using Gd8dRS techniques. The map provided the basis for extracting
and comparing the means of vegg®n cover indices for each of the four habitat categories.
Statistical analysis was performed to determine whether there were significant differences in
vegetationcover among the selected sitée surveys were conducted using a standardized
methodimplemented across transects. Linear transects, measuring 600 meters in length and 4
meters in width, were established, resulting in a total surveyed area of 2,400 square meters. A
total of 96 transects were surveyed, with each habitat category reprdsgtetransects. To
ensure spatial independence, transects within the same category were separated by at least 100
meters, and their starting points were selected based on accessibility. Additionally, transects of
different habitat categories were pogital at €ast 500 meters apart to minim@ny potential

spatial influence on the results. The surveys were conducted during the active period of reptiles
in the study area, which typically occurs between 10:30 AM and 04:30 PM (UTC+1), ©n non
rainy days. Tk winter season, when reptile activity is reduced for some spees excluded

from the study.
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The visual encounter survey techniquas employed during the transeetechesThroughout

the surveys, the total number of reptile species, the count efdndis for each species, and
observations of dead reptile rems eggs, and snake skins weeeorded.In the field of
ecology, the likelihood of spotting a species in a survey is influenced by two important
processes: firstly, availability bias, whichses when species that exist in the survey area are
not available for detection (Fuentes et al., 2015; Pollock et al., 2006), and secondly, perception
bias, wherein certain species that could be potentially visible to observers go unnoticed (Fuentes
et al, 2015; Pollock et al., 2006). Addressing these sources of bias has the potential to enhance
the accuracy of abundance estimates (Fuentes et al., 2015; Pollock et al., 2006). To minimise
sources of bias, the method employed (additional dedaéiprovided ini Chapt 8r V
Material and Method$ was designed to ensure that survey efforts were uniformly distributed
across the four habitat categories. This approach helps to reduce biases associated with specific
locations, providing a more representativevaerage. Additionally, the standardised
methodology was consistently followed by the same observer (A. Elbahi) throughout the entire
study period.The observer has previously undergone training related to herpetological
fieldwork and the identification afeptile species prior to the initiation of the current thesis

course
2.3.2. Data analysis

Multiple key reptile community variables were assessed within each habitat category.
Abundance was quantified as the total number of recorded reptile individualisapsect.

Species richness was determined by counting the number of reptile species observed per
transect. To evaluate species diversity, the Shannon diversity index was calculated using PAST
4.03 software. Rankbundance curves were employed as graphegaksentations to depict
species composition, evenness, and dominance across habitat categories. These curves illustrate
the proportion of individuals recorded for each species, with the most abundant species assigned
rank 1, followed by subsequent rarflss less common species. By comparing the steepness of

the rankabundance curves, evenness in the distribution afespabundances can be assessed

To statistically compare similarities in species composition among habitat categories, two
analyses wereonducted. Nommetric multtdimensional scalingvith two dimensions was
performed using RStudio (2023.03.0 Build 3864diionally, thePermutational Multivariate
Analysis of Variance (PERMANOVA)test was applied using PAST 4.03 soére.
Permutational Mlivariate Analysis of Variance corresponds to a-panametric multivariate

statistical permutation test used to compare groups of multivariate samples (Anderson, 2001;
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Anderson, 2014). It was chosen for its flexibility and robustness in situations where
assumptions of normality and homogeneity of variance are not met (Anderson, 2001), while
also being recognised for iffowerto detect changes in community structure (Andei&on
Walsh, 2001; Li et al., 2023).he BrayCurtis distance methodas utilised inboth analyses

due to its effectiveness in assessing dissimilaviign working with abundance dqBray &

Curtis, 1957) The dataset used for these tests consisted of an abundance matrix, where each
row represented a transect, the first column indictitechabitat category, and the reniag

columns represented species

The Shapirewilk test was employed to assess the normalitthefcollected data. For nen
normal distribution, differences in reptile community variables and vegetation index among
habita categories were examined using tiaparametric KruskaWallis test (Kruskal &
Wallis, 1952).Post hodesting was conducted using Dunn's multiple comparisons. Statistical
analyses were performed using IBM SPSS Statistics version 26, with signifesinatgo-
valuethreshold of 0.05, indicating statistically significant differences between groups.

2.4. Modelling the ecological niche of reptiles
2.4.1. Research methods and data collection

The study focused on modelling the ecological niches of reptiles using the maximum entropy
modelling (MaxEnt) approachThis approach is widely recogeis for its accuracy and
prediction power, particularly when dealing with limiteztarrence datéBaldwin, 2009;Elith

et al., 2006Elith et al., 2011Hernandez &l., 2006; Merow et al., 2013; Pearson et al., 2007
Rupprecht et al.,, 2011Williams & al., 2009. Species Distribution Modelling (SDM)
encounters various challenges, with primary concerasectto data quality and methodology.

An integral issue revolves around the reliability of spatial data, where incomplete, outdated, or
biased information can compromise the accuracy of SDM. To address this, a meticulous
approach was employed, utilisingesiies occurrence data collected over a-f@mar period

(from November 2018 to November 2022) and implementing rigorous data cleaning
procedures, which included the elimination of unverified occurrence records. The data
collection methods encompassed TCVERhear transects, random encounters, and
observations made by SMNP staff, as described in Elbahi et al. (2022) and Elbahi et al. (2023b).
The data collection covered all habitats and zones found within the study area, including zones
designated for cons@ation of natural resources (fenced reserves), zones for the administration

of natural resources, zones of traditional use, and zones for special use. The identification and
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removal of duplicate occurrence records were crucial for maintaining data tiyytegrihese
duplicates corresponded to multiple instances of the same pixel or grid cell associated with the
presence of a particular species. The elimination of duplicate occurrence records resulted in a
final dataset of 1,241 reptile occurrence reca®ss 16 specieBhe dataset excluded aquatic

and senyaquadic reptiles Reptile species with fewer than five occurrence records were also
excluded from the analysis. The remaining occurrence records were georeferenced by verifying
their coordinges fellwithin the study area.

To characteris the environmental conditions and variables influencing reptile species
distributions, a set of 19 environmental predictor variables was prepared. These variables
included 13 bioclimatic variables obtained from therldGlim database. Bioclimatic variables
represent temperature and precipitation patterns and are known to be crucial for understanding
species' ecological niches. The dataset also included two topographic variables: elevation and
slope. Elevation data wascquired from the Copernicus Global Digital Elevation Model

(DEM), while slope was derived from the same DEM using raster terrain analysis in QGIS.

In addition to bioclimatic and topographic variables, the dataset incorporated other
environmental factorsuch as habitat type, soil type, Normalized Difference Vegetation Index
(NDVI), and proximity to the ocean. The habitat type raster was obtained from the previous
study of habitat type classification and mapping. Soil type raster was created through a
combnation of updating existing soil maps, visual interpretation of satellite imagery (Google
Earth and Sentine?), and field survey data. The NDVI raster, derived fie8data, provides
information about vegetation covdihe proximity to the ocean variableas @lculated using

the "proximity’ tool in QGIS, which measures the distanéeach cell to the coastline.

Another challenge in SDM is the scale mismatch, where varying data scales can impede model
performance. To counteract this, environmental rasters underwent standardisation by
resampling to a common resolution of 10 metres by 10 metres pixels, alignirthewitighest
resolution raster, and ensuring consistent spatial extents through clipping. The resampling,
clipping, and raster conversion processes were performed using QGIS. Additionally, the
potential for model overfitting due to high correlation and troollinearity among
environmental variables was addressed. A correlation matrix was generated for the
environmental raster layers, with a selective retention approach implemented (more details are
provided i n3.A3Ch aEpntvei rr ovhl méarnableslexhibiting high doiretaton ) .
were systematically reduced until no two variables in the dataset remained highly correlated
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with each other. The retained variables were: habitat type, NDVI, soil type, slope, elevation,
proximity to the ocean, annupfecipitation, minimum temperature of the coldest month, and
mean temperature of the coldest quarter. These methodological interventions were carefully
adopted to address specific challenges in SDM, ultimately enhancing the reliability and
precision of reulting habitat suitability models. It is important to note that the limitations of

the empl oyed methodol og-$.&re Ldimgdwasg s ®chsi mnidC

The MaxEnt version 3.4.4, an opsaurce computer program, was used to mtaepotential
geographic distributions of the 16 reptile speciess Tichine learning method utés known

species occurrence records and pseltkence data to estimate habitat suitability based on the
association between environmental variables aadisp occurrences. It is particularly suitable

for species with limited absence information, as it does not require explicit absence data. The
modelling process involved providing presence records of the 16 reptile species and the selected

environmental viaables to the MaxEnt software.
2.4.2. Data processing and analysis

MaxEnt was run under the "adteatures” mode, which automatically adjusts the feature types
based on the number of presemecords. The default regulai®on setting in MaxEnt, which

has showrffectiveness across various species, was used. The study employed the replicate run
technique, specifically bootstrap resampling, to improve the robustness of the models.
Bootstrap resampling involves randomly selecting subsets of the original data, with
replacement, to create multiple replicate datasets. Each replicate dataset was used to generate
an individual model, and the results were later combined and analysed. This approach helps
estimate the uncertainty associated with the modelling processravidgs more reliable
predictions of reptile occurrence patterns. The number of replicates was set to 30. Other
parameters, such as the number of iterations, background points, prevalence, and training and

testing data splitivere set accordingly to optise model performance.

The MaxEnt models generated output in the Cloglog format, providing continuous estimates of
habitat suitability ranging from 0 to 1 for each reptile species across the study area. These
habitat suitability estimates represent thatreé probability of occurrence for each species
within the environmental conditions deéid by the predictor variableShe discriminatory

power and performance of the ecological niche models were evaluated using the Area Under
the Curve (AUC) of the Reoeer Opeator Characteristic (ROC) plothe AUC, ranging from
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0 to 1, quantifies the model's ability to distinguish known species presences from background
points. A higher AUC value indicates better model performance, with 0.5 corresponding to

random performance and 1 indicating perfect discrimination.

To determindhe relative importance of each environmental variable in the generated models,
percent contribution analysis was conducted. The jackknife test was employed to further assess
the importance of each environmental variable in the models. This test invtaresd/ely
excluding each predictor variable and evaluating its impact on the model's performance. By
comparing the models with and without each variable, the study identified the variables that
contributed the most gain when used individually and thiesedaused the most substantial

loss when omitted. This analysis provided insights into the relative weight and significance of
each environmental variable predicting reptile occurrenc®&esponse curves derived from
univariate models were plotted to @stigate the relationship between the predicted relative
probability of reptile occurrence and the values of each environmental variable. These curves
visually demonstrated how changes in environmental conditions influenced the likelihood of
reptile presece. By examining the response curves, the study gained a deeper understanding

of the relationships between reptile occurrencespaetific environmental factors.

To create an overall predictive map representing potential reptile species richness across the
study area, the minimum training presence threshold, also referred to as the "lowest presence
threshold (LPT)" (Pearson et &007; Phillips et al.2006; Radosavljevic & Anderson, 2014),

was chosen. This threshold was selected due to the high acandaliability of the collected
presence data, predominantly gathered during the course of this thesis with meticulous care. In
ecological terms, this approach involves the identification of pixels predicted to be at least as
suitable as those where thaesies has been recorded (Pearson et al., 2007; Radosavljevic &
Anderson, 2014). It is thus considered conservative, indicating the minimum predicted area
while maintaining zero omission error in the training dataset (Pearson et al., 2007). This
methodolog ensures a cautious estimation of potential habu#ability and aligns with the
rigorous data collected during this the®y applying this threshold, the study converted the
continuous probability of presence values into binary maps, indicatiniyeéeence or absence

of reptile species. These binary maps were then combined to create a comprehensive species
richness map, highlighting areas within the study area likely to support higher reptile species

richness based on the model predictions.
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3. Ethical considerations

Several ethical consideratiomgere considered durintpe course of thesesearclstudiesto

ensure the welfare of reptile species in their natural environment. Ethical considerations play a
crucial role in research, particularly when studying living oigias in their natural habitats.

First and foremost, obtaining appropriate permissionganaits from the relevant authorities

was a fundamental ethical requirement. The research project strictly adhered to the guidelines
and regulations set forth by ti MNP authorities and the Directorate for the Fight Against
Desertification and Nature rétection of Mor occoos "Ministry of

Fisheries, Rural Development, and Water and Forests".

The research studies and capture of specimens were carried out in accordance with two
scientific permits (N° 20/2019 HCEFLCD/DLCDPN/DPRN/CFFL22020 and N° 34/2021
DEF/DLCDPN/DPRN/CFF 2022022) issued by the "High Commission for Water and
Forests and the Fight against Desertification / Directorate for the Fight Against Desertification
and Nature Protection”. Additionally, two authorisationgevebtained: N° 17/19 PNSM was
provided by SousMassa National Park and N° 744 HCEFLCD/DPRN/SAPRN (2019) was
provided by the "High Commission for Water and Forests and the Fight against Desertification
| Directorate for the Fight Against DesertificationdaNature Protection”. Finally, two
internship agreements (202820 and 2022022) were provided and signed by the "Regional

Directorate of Water and Forests and the Fight against Desertification”.

Norrinvasive survey methods were used where possible,haindling kept to a minimunto
minimise potential harm and disturbance to the reptiles/as essential to ensure that the
collection of data did not cause undue stress or harm to the target species. Observational
techniques, such as visual encourgerveys, were used to assess reptile diversity and
abundance. This approach allowed for data collection while preserving thestepdiieral
behaviour and minimisg potential negative impacts. Furthermore, throughout the study,
researchers were trainedd educated on proper handling and sampéogrtiques specific to

reptiles.
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In cases where physical handling or sampling was necessary, proper protocols were.followed
These protocols include a comprehensive set of guidelines designed to priorited-theing

of reptiles during handling. One aspect involves minimising the duration of handling to mitigate
stress, recognising the vulnerability of reptiles to prolonged interactions. Reptile individuals
were not held too tightly, allowing them to breattnfortably and preventing unnecessary
distress. Stress reduction technigues, such as minimising exposure to loud noises or sudden
movements during handling, were implemented. To prevent potential harm to the reptile's
health, handling during extreme heats avoided, as it might exacerbate fluid loss (particularly

for Testudo graeca The behaviours of reptiles were monitored during handling, and they were
released immediately if signs of distress or defensive behaviour were exhibited. Hygiene
practices wre maintained by using clean, dry hands or, if needed, disposable gloves to prevent
potential contamination and irritation. Specialised tools, such as snake hooks or soft bags, were
employed to further enhance safe and secure handling procedures. Absreptre
reintroduced to their original locations promptly after data colleckmidwork was conducted

with utmost care to avoid habitat disturbance, dgrand trampling of vegetation.

In addition to minimighg direct harm to the reptiles, the ethicahsiderations of this study

extended to the responsible handling of data and the protection of sensitive information to
prevent any potential misuse that could undermine reptile conservation efforts. Lastly, an
essential ethical consideration was theseimsination of research findings and knowledge

gained from the current research. It was crucial to communicate the results in a manner that
could contribute to reptile conservation efforts and benefit the management of the National
Park. Efforts were madet share the findings with | ocal <co
and scientific researchers. By engaging in open dialogue and sharing the research outcomes,
the current work aimed to raise awareness about reptile biodiversity and encourage evidence

based conservation strategies.
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The content of this chapter has been formally peelewed and is accessible through the
following citationt Elbahi A., Lawton C., Oubrou W., El Bekkay M., Hermas J., Dugon, M.
(2022). Reptile biodiversity in Sousdassa National Park: an internationally important hotspot
in the Mediterranean region.Biodiversity Data Journal vol. 10: e79088.
https://doi.org/10.3897/BDJ.10.e79088.

All authors contributed actively to the study conception and deBigninitial manuscript draft,

data collection, and analysis were carried out by Abderrafea ElBahn Lawton, Jamila
Hermas, and Michel Dugongvided valuable supervisiohrbughout the research process. The
research was further facilitated by the assistance of Widade Oubrou and Mohammed EIl Bekkay,
who granted access to SoiMassa National Park.

1. Abstract

SoussMassa National Park (SMNP) Blor occod6s first coast al na
preserve the high diversity of its continental and marine environments. Reptiles play an
essential role in balancing SMNP ecosystems, yet little work has been done to study this fauna.
The present work ainmegt providing the first reptile inventory of SMNP since its establishment

in 1991. During the period 2019 to 2020, several field surveys were carried out at 30 sites using
time-constrained visual encounter surveys (TCVES), with a total sampling eff@® @ie8son

hours. An inventory of 23 reptile species (including four endemic species) was obtained by
combining TCVES results with additional data recorded during random encounters or provided

by SMNP researchers. Based on TCVES data (22 observed speaiersgampling effort and

inventory completeness were evaluated by constructing sdrapésl accumulation curves and
calculating the noiparametric estimators. The latter predicted a total species richness of 23 +

1.82 (Chaol + SBv), 22.74 + 1.4 (Chao2 [®v), 24.94 + 1.66 (Jackknife 1 + @) and 25

species (Jackknife 2, no &bavailable), which indicates that the current inventory is likely to

be complete. Despite its small surface area, SMNP contains nearly 20% of all known Moroccan
reptile species andconstitutes an important biodiversity hotspot for reptiles in the
Mediterranean region. In terms of reptile conservation concern, five species in SMNP are
classified as fAvulnerabl eo, whil e two speci e

Red List, underscoring the importance of protected areas for those species.

Keywords: Accumulation curves, inventory, ngrarametric estimators, species richness;-time

constrained visual encounter surveys
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2. Introduction

The Mediterranean basin is the world's settargest biodiversity hotspot (Mittermektral.,

2004). Over the last few decades, overexploitation of natural resources, habitat loss, and
pollution due to direct and indirect human activities have caused severe threats to the
Mediterranean species (@elod et al., 2@8). With the continued loss of biodiversity and
habitat destruction occurring in the Mediterranean region, several conservation strategies have
been developed to maintain biodiversity and preserve natural habitats and ecpsys&sSsES.

These strategies rely primarily on protected syrednich are defined as recogeisgeographical
spaces created to support the lkbaign conservation of the environment and wildlife as well as
ecosystem services and cultural values. These spaeemanaged through legal or other
effective means (Dudle®008).

Morocco was ranked as the second richest country in term of biodiversity in the Mediterranean
basin after Turkey (MATEE 2009). This North African country has the richest and the most
varied herpetofauna of the western Mediterranean and the Maghreb region (det Rbus
2010). This diverse fauna is characterized by a high rate of endemism and relict species,
resulting from the high diversity of habitats, various climate types and thenpeestseveral
geographic barriers (such as the Atlas and the Rif mountains), which can lead to allopatric
speciation (Browret al., 202, Fritzet al., 206, Kaneet al., 2A9, Lehret al., 205, Martinez

del Marmolet al., 29, Schleich et al. 1996)0 protect this high diversity of species and their
habitats, the Moroccan Department of Water and Forests contributed to the creation of several
terrestrial and marine protected areas such as national parks, biosphere reserves, natural
reserves an8ites ofBiological and Ecological Intere§8BEI).

National parks were one of the first established protected areas in Morocco. They are spread
through the country and host key habitats for endemic, threatened and emblematic species as
well as their associated @ystems. Historically, Souddassa National Park (SMNP) became
Moroccobs first coast al nati onal park when i
of conserving its diverse continental and marine environments. Alongside the Atlantic coastal
strip of the SousdMassa region, SMNP is qualified as a biodiversity hotspot area within the
Mediterranean basin (Mittermeiet al., 2@4). It is considered the heart of the first biosphere
reserve in Morocco, known as the Arganeraie Biosphere Reserve (UNEBRD which hosts

the endemic argan treérgania spinosga species in need of conservation. SMNP takes its

name from the Souss and Massa rivers that flow through its territory. In 2003h&8ibuss
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and Massa river mo ut hs Listeof Wetlamds dok Idternationalt h e  f
| mportancedo (Ramsar Convention 2019), as the
birds. This national park is one of two r ema

ibis (Geronticus eremifa(Aourir et al., 2A7).

So far, very little work has been done to study SMNP reptiles, and available data remains very
scarce Early literature shows that the first most important reptile records in the-Slasss

region were made by Bons (1959) and StemmlerZL9hese records were then followed by

a herpetological inventory of what was previously called Massa National Park Project (MNPP),
which was supposed to cover 48,000 hectares compared to 33,800 hectares for the actual
national park. This herpetologicaMentory was published by Mellado et al. (1988) (three years
before the creation of SMNP), and it was included in their work on angwhémd reptile
ecology of MNPPThirty years after establishing SMNP, no further herpetological inventories
have been mag] and data on its reptilian fauna were limited to scattered records, mostly in its
vicinity. These records were mainly made by Bons and Geniez (1996) and Martinez del Marmol
et al. (2019).

The current work aims to provide the first reptile inventory NS since its establishment in

1991 and compare this inventory with the previous one made by Mellado et al. (1988), during

the preparatory phase of MNPP. This work reports the findings fromcomstrained sual

encounter surveys (TCVESInd presents répi | e species recordsod re
additional data recorded during random encounters or provided by SMNP researchers. Based

on TCVES technique results, sampling effort and inventory completeness were evaluated by

constructing samplbased accumuti@n curves and calculating nonparametric estimators.

3. Materials and Methods

3.1. Study area

The study was conducted at SMNP, located along the Moroccantitcoast of the Souss

Massa Rgion and administratively part of three provinces: Inezgan®elloul, Chtouka Ait

Baha, and Tiznit. This national park covers 33,800 hectares and includes tvwareasit,350

hectares of forest reserves and 21,450 hectares of private and coleetdseSMNP stretches

over nearly65 km from the Souss river mouth in the north to the Adoudou river mouth near

Sidi Moussa Aglou in the south (FiguBel). Itscentrei s at 3 0A O5Nj 00nj N, 9
corresponds to the lation of the Sidi Rbat llage.
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SMNP consists of a long ledying narrow strip (5 km wide in average) of plains and hills
situated between the High Atlas and the Akitas Mountains, with an altitude ranging between

0 and192m. Most of its areas consist of cliffs, coastal consolidated and migrating sand dunes,
as well as calcareous rocky steppescording to the global map of the Kbpp&eiger climate
classification (Beck et al., 2018), data from climdéta.org (Climatdata.org 2019) and
Mokhtari et al. (2014), SMNP has a dry climate.

SMNP vegetation community b e-Argamigdry woadlandsh e A Mg
and succul ent thicketsod ecoregion and is ¢c.
Woodl ands & Scrubo biome (Ol son etiomidvery 2001
diverse and comprises several formations, mainly: coastal steppe distributed on sandy soils and
dominated mainly byRetama monosperma.aunaea arborescensOnonis natrix and

Asteriscus imbricatusFollowed by Euphorb steppedominated byEuphobia echinus

Euphorbia beaumieranand Euphorbia regisjubae The argan woodland ecosystem is
confined to the northeast of the national park and is dominated almost entirAhgdmyia

spinosa Both Souss and Massa rivers wetlands are characterized byghytal® and
hydrophytes. Some natural habitats have been modified (in order to stabilize sand dunes) by
plantingEucalyptugnonnative) andAcaciatrees, especially in the northern part of the national

park. Other habitatsave been cleared for farming.

3.2. Data collection

Over the period from the 8th January 2019 to the 5th December 2020, several field surveys
were carried out inside SMNP, focusing on determining reptile species richness. Thirty different
sites Figure3.1) were selected and explored basadritial reconnaissance surveys, habitat
structure and the possibility of reptile species availability. The -tamstrained visual
encounter surveys (TCVES) were used to standardize sampling efforts. This technique involves
an active visual search forespies in a given area for a predefined amount of time (Eekhout
2010, McDiarmicet al., 2@.2).Both diurnal and nocturnal surveys were carried out, with a total
sampling effort of 300 persemours. Diurnal surveys were conducted once per season at each
site for a duration of three hours (between 09:00 and 17:00 h), except for wildlife enclosures,

site 26 and site 28, which were only surveyed once during the whole study period due to their
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limited or difficult access. In addition, nocturnal surveys wereoperéd once at sites near
villages for a duration of an hour and a half (between 20:00 and 23:@&0nly)flashlights or
headlights.Several microhabitats commonly occupied by reptiles were covered during the
active search, ranging from sea level to theafoplls. Surfaces and vegetation were searched,
objects such as logs and rocks were turned over, and crevices in rocks were inspected, with all
surface objects being replaced after examining the ground beneath. Active reptiles as well as
those hiding besath rocks were sought, and water bodies were explored for aquatic reptile

species.

Additionally, the presence of certain reptiles was determined based on their faecal droppings,
tracks, carcasses, and shed skin, particularly tbbseakes and amphisbaeniaBsmpling

inside enclosures was mainly restricted to the areas along trails to avoid disturbing protected
antelopes and ostriches. All reptile species were recorded as well as their GPS (Global
Positioning System) coordinatedevation and date. We then combined our survey data with
some Additional Observations (AO) recorded during random encounters or provided by SMNP
researchers. All AO entries were supported by plrotechers as reliable evidenokpresence

in the study aa. The employed phceimuchers were clear and facilitated easy species
identification, featuring species such@aretta carettaloggerhead sea turtlepermochelys
coriacea (leatherback sea turtlelyfhamaeleo chamaeledeommon chameleon) arentola
mauitanica (Moorish gecko),Malpolon monspessulanuy®ontpellier snake)Hemorrhois

hippocrepig(horseshoe whip snake) aRdammophis schokafBchokari sand racer).

Several specimens were captulsdhand or with a snak@ook For each capture, the sneut

vent length (SVL) wasneasured using Vernier callipgr 0.1 mm), as well as weight, sex and

age class (juvenile and adult). Each individual was then released alive in its natural habitat. The
time taken for species identification and data collection wasnetided in the total time
constrained searches. Terrestrial reptile identification was done based on scalation and
morphometrics using field guideBdns & Geniez, 1996Schleich et al. 1996, Martinez del
Marmol et al., 209). Sea turtle identification was made based on the work of Pritchard and
Mortimer (1999). Dead specimens were collected from the wild and stotkd FBaculty of

Science, University Ibn Zohr, Agadir, Morocco.
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Figure 3.1. Map showing the surveyed sites within SeMsssa National Park.

3.3. Data analysis

In order to evaluate sampling effort and inventory completeness using the TCVES technique,
we constructed sampleased accumulation curves. The fparametric estimators Chdlg

Chao 2, Firsbrder Jackknife and Secowdder Jackknife were used to estimate total species
richness. These estimators were chosen based on previous studies supported by the work of
Walther and Martin (2008), which confirms that for their data setivilo Chao estimators were
generally the most precise estimation methods and the least biased, followed by the two
jackknife estimators. EstimateS version 9.1.0 software (Colwell 2013) was used to calculate
abundancéased (Chao 1) and incideAoased estnators (Chao 2, Jackknife 1 and Jackknife

2), in addition to the species accumulation curves. We performed 100 randomization runs

without replacement and used the biasrected form of the Chao richness estimators.
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Inventory completeness was measuredhaspercentage that the observed species richness

represented of the total estimated species richness.
4. Results

We obtained an inventory comprising 23 species spanning across 15 families and 19 genera (as
shown in Table3.1). This includes four specied$ chelonians and 19 species of squamates.
Among delonians, Testudinidae, Geoemydidae, Cheloniidae and Dermochelyidae families
were represdrd by one species each. Am@tgiamatesScincidae was the most diverse with

four species, followed by Lacertidae, which contained three species. Phyllodactylidae,
Colubridae and Lamprophiidae were represenygaib species each, whi&phaerodactylidae,
Trogonophiidae, Agamidae, Chamaeleonjdaapidae and Viperidae were each represented

by a single species. Inventory completeness and species accounts are provided below.
4.1. Inventory completeness

The observed species accumulation curve appeared to be nearing an asymptote at 22 species
(Figure3.2), indicating that the sampling using the TCVES was effective. Thea@metric
estimators predicted a total richness of 23 + 1.82 (Chaolet)SPP.74 + 1.4 (Chao 2 + SV),

24.94 + 1.66 (Jackknife 1 + &) and 25 species (Jackknife 2, noesavaiable), with an
inventory completeness of 95.65%, 96.74%, 88.21% and 88%, respectively. The curves of
singletons and doubletons for the entire inventory did not intersect; three species (13.63%) were
singletons while two species (9.1%) were doubletonsrdlly¢ghe sampling effort using the
TCVES was &effective because both Chao and

seemed to reach their asymptote.
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Table 3.1. List of reptile species within Soussassa NationdPark. TCVES = timeonstrained
visual encounter surveys, AO = additional observations.

No Taxa Survey sites Technique
Order Chelonii
Family Testudinidae

1 Testudo graeca 1,2,3,56,7,8,9, 10, 11, 12, 13, 15, 16, 17, 18, TCVES

22, 23, 24, 2526, 27, 28, 29 and 30

Family Geoemydidae

2 Mauremys leprosa 18 TCVES
Family Cheloniidae

3  Caretta caretta 2,8,13,19 and 22 TCVES, AO
Family Dermochelyidae

4  Dermochelys coriacea 8, 13 and 30 AO

Order Squamata

Family Sphaerodactylidae

5 Saurodactylus brossatbmplex 5, 17, 18, 23, 24, 25, 26, 27 and 30 TCVES
Family Phyllodactylidae
6 Tarentolachazaliae 5,12, 13, 15, 16, 17, 19, 22, 25, 26, 27, 28 and 2¢ TCVES, AO
7  Tarentolamauritanica 1,3,4,56,7, 8, 10, 11, 13, 15, 16, 18, 21, 23, . TCVES, AO
and 30
Family Scincidae
8 Chalcidesmionecton 1,3,5,6,9, 11, 13, 15, 16, 18, 21, 23, 26, 27,29 TCVES, AO
30
9 Chalcidespolylepis 18 TCVES

10 Chalcidessphenopsiformis 2,3,5,7,8,9, 141, 12, 13, 15, 16, 18, 19, 20, 2 TCVES
22, 26, 28, 29 and 30

11 Eumeces algeriensis 18 TCVES
Family Trogonophiidae
12 Trogonophisnviegmanni 24 and 25 TCVES
Family Lacertidae
13 Acanthodactylus aureus 2,7,8,9,10,11, 12, 13, 15, 16, 29, 21, 22, 28, 2¢ TCVES
and 30

14 Acanthodactylus margaritae 1, 3,5,6,7, 8,9, 10, 11, 12,13, 14, 15, 16, 18, 19 TCVES
21, 22, 23, 26, 27, 28, 29 and 30

15 Mesalina simoni 23 TCVES
Family Agamidae

16 Agamabibronii 2,3,5,6,7,17, 224, 25 and 27 TCVES
Family Chamaeleonidae

17 Chamaeleo chamaeleon 2,3,5,6,7,10, 11, 12,13, 15, 16, 18, 26 and 28 TCVES, AO
Family Colubridae

18 Hemorrhoishippocrepis 1,3,5,6,7,9,11, 13, 15, 16, 18, 19 and 30 TCVES, AO

19 Macroprotodonbrevis 5,12, 13, 15, 16, 18, 19, 28 and 29 TCVES, AO

Family Lamprophiidae
20 Malpolon monspessulanus 3,5,7,10,11, 12, 13, 15, 16,17, 18,19and 22 TCVES, AO

21 Psammophis schokari 5,7, 16, 23, 26, 29 and 30 TCVES, AO
Family Elapidae

22 Naja haje 23, 26, 27 and 28 TCVES, AO
Family Viperidae

23 Daboia mauritanica 1 TCVES
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Number of species
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Sampling hours

—Sobs Mean  ——Singletons —=—Doubletons - Chao 1 Chao2 - Jackl —Jack2

Figure 3.2. Species accumulation curves for reptiles inside Sbiessa National Park
(SMNP). Observed richness (Sobs), species represented by a single individual (singletons),
species represented by two individuals (doubletons) and estimated species (Chao 1, Chao 2,
Jackknife 1 and Jackknife 2).

4.2. Species accounts

U Order Chelonia

Family Testudinidae

Testudo graec@-igure3.3a)

Common name:Spurthighed Tortoise
IUCN status: Vulnerable

Comment The only species of tortoise in Morocco, represented by sulespecie$TTWG,

2021) T. g.graeca(endemic) T. g. marokkensiéendemic toMorocco, but it has also been
introduced to Spain (TTWG, 2021)andT. g.whitei, which is distributed between eastern
Morocco, nortlern Algeria and southern Spairhis terregrial tortoise is represented in SMNP

by theT. g. graecasubspecies that was found at 26 sites (which represents 86.66% of all
surveyed sites) with the widest distribution compared to all reptile species in the study area.
Sexual dimorphism has been olv&sl among this species. Generally, females grow larger than

males and are characterized by a flat plastron, while males have a concave plastron.
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Family Geoemydidae

Mauremys leprosérigure3.3b)

Common name Mediterranean pond turtle
IUCN status: Vulnerable

Comment Mauremys lepros# one of the two aquatic terrapin species that can be found in
Morocco. Based on genetic data (Fetzal., 206), two subspecies are present in the country;

M. |. leprosa which occurs north of the Atlas MountajsdM. |. saharica distributed in the
southern (including SMNP) and eastern parts of the country (BertbBusack,2017). These
subspecies are separated by the Atlas Mountains with a large contact zone located in the Rif
and Middle Atlas Mountains (Verissina al., 2A.6). During the study period, this freshwater
terrapin appeared to be confined to site 18, wherestsighted basking or swimming in the
Massa river. They flee instantly and dive into water at the slightest disturbance. All observed
individuals had a blue iris, which can be seen in other populations d¥lthe saharica
subspecies. As was the case wiithgraeca sexual dimorphism iiM. leprosais remarkable,

with females growing larger and having a higher shell with flat plastron, unlike males that have

a concave plastron.

Family Cheloniidae

Caretta carettg Figure3.3c)

Common name Loggerhead Sea Turtle
IUCN status: Vulnerable

Comment A hard shelled sea turtle widely dist.]
waters of the Atlantic, Pacific, and liath Oceans (Dodd,988). Adults and subadults of this

species are charaeized by a carapace covered with large scales with a uniform reafdisn

colour. They can be distinguished by a carapace broadest anteriorly with a narrower posterior,

a Ahumpo at Lshuee arfdia VeryhHarge leedelti(ahdrd &aMortimer,1999). C.
carettacarcasses and carapace fragments were found at five sites (2, 8, 13, 19 and 22) along
the SMNP coast. These are the first documented records of this species in the national park.
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Family Dermochelyidae

Dermochelys coriacegrigure3.3d)
Common name Leatherback Sea Turtle
IUCN status: Vulnerable

Comment This cosmopolitan reptile is considered the largest of all living turtles and the only
living representative of the family Dermochelyidae. It also has the widest distribution range of
al reptiles Bons & Geniez, 1996 Adults and subadults dD. coriaceacan easily be
distinguished from other sea turtles by their soft leathery scuteless carapasbdbed) with

seven prominent longitudinal keelsdges) (Pritchard & Mortimer1999), instead of the hard
bony shell with scales found in hard shell e
hatchlings are characterized by a carapace covered with small, soft, polygonaPsdalesd

& Mortimer, 1999. In SMNP, allD. coriaceaindividuals were recorded as being stranded at
one of three sites; site 8, site 13 and site 30. All these observations took place during the year
2015 and were obtained from the AO database. However, no individuals were found stranded
during the samplig period 2012020

U Order Squamata

Family Sphaerodactylidae

Saurodactylus brossatbmplex (Figure3.4a)
Common name Morocco lizardfingered gecko
IUCN status: Least Concern

Comment Saurodactylus brosseis a species endemic to Morocco; it was previously
considered a subspeciesSdurodactylus mauritanicuend then raised to species level based

on morphology (Bons & Geniez, 1996). Later, genetic analysis supported the recogrion of
brossetias a full species (Rato and Harris 2008). Further studies on the evolutionary and
biogeographical history of th&. brosseticomplex uncovered four highly divergent and
allopatric mitochondrial lineages; North, Aitlas, East and South lineages (Rosado et al.,
2017). Recently, Javanmardi et al. (2019) dividedorossetcomplex into five species based

on morphological and phylogenetic analysis combined with genetic data provided by Rosado
et al. (2017)S. brosset{North lineage)S. elmoudenifAnti-Atlas lineag), S. harrisii(South
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lineage) S. slimanii(East lineage) anf. splendidugSoutheast lineage). It is important to note

that the North lineage occurs from some kilometers south of Agadir to its most northern known
geographic location. The South lineageeurs from Agadir to the coast of the Atlantic Sahara

in the south. This means that the region around Agadir (including SMNP) can be considered as
a contact zone between both northern and southern lineages, which might result in some shared
colour morphgdue to limited genetic exchange (Javanmardi et al., 2019)). However, genetic
analyses are needed to determine which lineage SMNP individuals belong to and confirm
whether this national park is a contact zone between both lineages or if it only hogfie a sin

lineage.

Figure 3.3. Species of keelonians present in Souskssa National Parla Testudo graeca
photo by A. Elbahib Mauremys leprosgpohoto by W. Oubrouw; Caretta carettaphoto by M.
lazza;d Dermochelys coriaceghoto by M. Bargache

55



Chapterl 1. Assessment of reptile biodiversity 8oussMassa National Park

Family Phyllodactylidae
Tarentolachazaliag(Figure3.4b)
Common name Helmethead Gecko
IUCN status: Vulnerable

Comment Its common name,dimethead gecko, is derived from the shape of its head, which
is covered with small granulations and long pointed occipital tubercles that gives it the
appearance of a helmet. This made it very distinct from other speciesTairdrgolagenus.

This speas is a member of the Phyllodactylidae family, endemic to the northwestern Atlantic
coast of Africa, from the region of Agadir in Morocco to Senegal. Morocco alone has around
threequarters of the global. chazaliaedistribution Bons & Geniez, 1996 This species
usually lives close to the littoral zone, where the humidity is high. However, it can be found at
Sidi Ahmed Laaroussi near Smara, 144 km from the ocean (Saviciag& AznarGonzalez

de Rueda2016). In SMNP and during daytim&, chazalbe was observed mostly inactive
under rocks (or under plastic waste). In contrast, it was seen active with round and fully opened
pupils during nocturnal surveys. Individuals showed a terreblaviourmost of the time.

Tarentolamauritanica(Figure3.4c)
Common name Moorish Gecko
IUCN status: Least Concern

Comment Tarentolamauritanicahas a large distribution range, mainly across the coastal
Mediterranean regions (Schleich et, d996). According to Geniez et al. (1999), three
morphologically distinct subspecies are present in Morotca. juliag T. m. mauritanicand

T. m. pallida However, Ratet al., 2A.6 recovered four clades ©f mauritanican Morocco;

the Europe/North Africa clade, the Maghreb/South Iberia clade, the Central Morocco clade and
the Central/Southern Morocco clade. In SMNP, mauritanicais represented by the
Central/Southern Morocco clade and it has the widest distributrgeraf all SMNP geckos

(it was present at 18 sites, which correspond to 60% of all surveyed sites). During nocturnal
surveys, this species was observed predating on nocturnal insects near light sources and street

lamps around villages. Despite being chjafbcturnal or crepuscular, it was also seen active
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during the day on rocks, tree trunks, stone walls and buildings. Males were larger compared to

females with broader heads.
Family Scincidae
ChalcidesmionectonFigure3.4d)
Common name Mionecton Skink
IUCN status: Least Concern

Comment A species endemic to Morocco, represented by two subspecies highly supported by
phylogenetic analysis (Carrangtal., 2@8); C. m. mionectonwhich is distributed from the
Atlantic coast of Tangier to Cap Rhir (it can also be found in some few valleys of the western
High Atlas) andC. m. trifasciatuswhich is distributed from Cap Rhir to Labyar, and it reached

the lower Souss valley (Martinglel Marmolet al., 2A9). Unlike the first subspecies that
generally has only four digits, tli& m. trifasciatusubspecies is characterized by having five
digits (Martinez del Marmoét al., 2@9). The latter occurs in SMNP, mostly in sandy areas
with aloose substrate and it can be found by lifting flat rocks. When they sense a potential
danger or feel disturbed, they disappear instantly deep into the sandy soils. This species was

rarely seen moving above the ground.
Chalcidespolylepis(Figure3.4e)
Common name Many-scaled Skink
IUCN status: Least Concern

Comment Chalcidespolylepiswas first described as a subspecie€ludicides ocellatyghen

raised to species level according to morphological analysis (L498%), which was later
supported ¥ phylogenetic analysis (Carranzd al., 2@8). This relatively large skink is
endemic to the western part of Morocco, and it can be distinguished from other species of the
Chalcidesgenus by the high number of scales around the body (between 34 ands46f ro
dorsal scales at midody) Bons & Geniez, 1996 This species is considered a rare species in

the present work as it was only found once at site 18 in a small rocky area near the Massa river

during the late summer of 2020.
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ChalcidessphenopsiformigFigure 3.4f)

Common name Dumeéril's Wedgesnouted Skink

IUCN status: Least Concern

Comment Previously included within the gen@phenopsnd considered later as a member

of the Chalcidesgenus after morphological and phylogenetic analysis (Caretreala 20@8).

This species is distributed in therthwesterm\frican coast, from Agadir (Morocco) to Senegal

through the Mauritanian coasB@ns & Geniez, 1996 So far, no subspecies have been
described. In SMNP, this skink was the most abundant sp#dies Scincidae family with the

widest distribution range. It is well adapted to living and mgvimder the sand and
characteried by reduced | i mbs that hel p with wundu
species was only observed active a few timegdunocturnal surveys, and once approached,
specimens dived instantly deep into the sandy substrate to hide. However, it was never sighted
moving above the grond during diurnal surveys, amal find it, we followed its tracks which

form long regular undations on the sand.

Eumeces algeriens(&igure3.4g)

Common name Algerian Skink

IUCN status: Least Concern

Comment Eumeces algeriensis a large skink characterized by a massive oval head slightly
distinct from the neck and by a dorsal pattern with oraeddish spots. This species can be
found in both Algeria and Morocco. The species comprises two subsfgeceesalgeriensis
which has the widest distribution range in Morocco compardel # meridionaliswhich can

be found in the eastern part of Morocco and in the neetst of Algeria (Martinez del Marmol

et al.,, 29, Sindaco &Jeremcenko2008). This species is represented in SMNP by the
subspecieg. a. algeriensisand was only encountered twice at a single site (sitbdiB)een

dense bush vegetation.
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Family Trogonophiidae

TrogonophisviegmanniFigure3.4h)

Common name Checkerboard Worm Lizard

IUCN status: Least Concern

Comment This worm lizard is monotypic within the gendisogonophisand is the only
representative of the Trogonophiidae family in North Africa. It is endemic to the Maghreb
region, and is present Morocco, Algeria and Tunisia. Based on colouration, swbspecies
were describedBons & Geniez, 1996and both are present in Morocdo;w. wiegmanniwith

a pale yellow ground colour, afd w. elegansvith light pink or light mauve ground colour
(endemic to the country). Phylogenetic and molecular studies revealed three lineages in the
Maghreb (Salvet al., 2@8);theelegans lineage correspondJtav. eleganswvhilethewestern
wiegmanni lineage (@urs in eastern Morocco) atite eastern wiegmanni lineage (occurs in
Algeria and Tunisia) includ&. w. wiegmanniThe Checkerboard Worm Lizard is represented
in SMNP by the endemic subspeciesv. eleganslt is considered a rare species in the present
work since it was only found twice with very restricted distribution (sites 24 and 25). Both
individuals were found under rockseaphorbsteppe. However, this fossorial species may be
more common than our records indicate because it spends most boreowvs or under rocks

and rarely appears above the ground.

Family Lacertidae

Acanthodactylus aurey&igure3.4i)

Common name Golden Fringdingered Lizard

IUCN status: Least Concern

Comment Acanthodactylus aureusccurs in the African Atlantic coast from Agadir
(Morocco) to Mauritania, with some records in Senegal (Meitn et al., 2A8). So far, no
subspecies have been descrilfedaureusvas the most frequently encountered reptile species
during the study peyd; this species alone represented 41.36% of all TCVES observations and

was present at 17 sites (representing 56.67% of all surveyed sites). It was active during daytime
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throughout the year, even during overcast and cool weather. It was mainly obseskiad ba

not far from its burrows, hunting insects and escaping from predators such as snakes and the
northern bald ibisOnce encountered, it runs instantly and hides inside burrows or bushes.
Males can be easily differentiated by their visible hemipénddges. During the breeding

season, males are characterized by a golden yellow colour, while females are brown with

relatively visible lines of white dots.

Figure 3.4. Species of guamates present in Soudsssa National Parka Saurodactylus
brosseticomplex, photo by A. Elbahp Tarentolachazaliae photo by A. Elbahi¢c Tarentola
mauritanica photo by A. Elbahid Chalcidesmionecton photo by A. Elbahig Chalcides
polylepis photo by A. Elbahif Chalcidessphenopsiformisphoto by A. Elbahig Eumeces
algeriensis photo by A. Elbahi;h Trogonophis wiegmanni photo by A. Elbahi;i
Acanthodactylus aureuphoto by A. Elbahi.
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Acanthodactylus margarita@igure3.5a)
Common name Margarita's Fringdingered Lizard
IUCN status: Not evaluated

Comment A newly described species, first consideredeanthodactylus busacwiithin the
Acanthodactylus pardalispeciesgroup. It was later raised to species rank (Taghat., 2A7)

based on comparative genetic and morphological analyses, which revealed two genetically
divergent lineages withiA. busackithe northern lineage was described as the new sp&cies
margaritae distinguished by its weakly keeled dorsal scales andhisacteristic colour
pattern, while the southern lineage included the nominal spaciessacki Acanthodactylus
margaritaeis endemic to Morocco and can be found between the High Atlas and\t#adi
Mountains; from around Tamri in the north to Tiznit surroundings in the south and the Atlantic

coast in the west to the Souss valley in the east (Tenadr, 2A7).

Acanthodatylus margaritags a widespread and common species in SMNP, and it was present
at 25 sites (83.33% of all surveyed sites). It was observed active during daytime throughout the
year, and it can be seen active during overcast or cool weather, althowduledant compared

to sunny days. It spends most of the time basking, capturing prey and escaping from any
potential danger by running and hiding in burrows or under bushes. This species is characterized
by a yellowish colouration during the breeding seasdnle it weakens or disappears later in
summerA. margaritaewas often observedoexisting withA. aureusat many sites along the

SMNP sandy coast.

Mesalina simon(Figure3.50)
Common name Simon's Small Lizard
IUCN status: Least Concern

Comment In a recent study conducted by Pizzigalli et al. (2021), significant findings have
expanded our knowledge on the distributiotMafsalina simonia species previously believed
to be endemic to specific regions of Morocco west and north of the Atlas MiosiMartinez

del Marmol et al., 2019)'heir study reveals that the rangeMdsalina simonhas extended to
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encompass a much broader area, now occupying the majority of the Saharan climate regions in
Morocco, spanning from the extreme southeast otthmtry to the northwestern border of
Mauritania (Pizzigalli et al., 2021)his expansion of its distribution sheds new light on the
adaptability and resilience desalina simonin thriving across diverse ecological conditions
within the Saharan regioAt present, Morocco is home to two distinct subspeciddesalina

simonj namelyMesalina simonsimoniandMesalina simonsaharae(Pizzigalli et al., 2021).

The subspeciddesalina simonsimoniis present within SMNP, but its occurrence is infrequent

and limited to site 23This species had the lowest observed abundance of all Laeertida
representatives in this NationaR. Only four individuals were observed in rocky open ground

with scarce vegetaticiormed byLaunaea arborescens
Family Agamidae

Agamabibronii (Figure3.5c)

Common name Bibron'sAgama

IUCN status: Least Concern

Comment A species endemic to the Maghrdbund in Morocco, Algeria and northern
Mauritania (Martinez del Marmadt al., 209). Brown et al. (2002) identified two lineages
within A. bibroniiin Morocco based on mitochondrial DNA analyses; the first lineage occurs
north and west of the Atlas Mountains (NW lineage) while the second occurs south and east of
these mountains (SEnkkage). However, the difference between these two lineages turned out
to be less than between lineages of other specidgarhagenus (Gongalvest al., 20.2). In
SMNP, A. bibronii was usually observed in the rockyphorbsteppe, where the substrates
constitute a favourable habitat. Individuals were active during daytime and were seen capturing
insects and basking on the top of rock piles, stone walls near villages, logspdnaibplants.

Adults engage in the territoriglefence of their home range against other members of their
species. When threatened, they run instantly
thick vegetation such @&uphorbiaechinus During winter, individuals demonstrated reduced

activity and were usuly found inactive under rocks.
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Family Chamaeleonidae

Chamaeleo chamaeled@Rigure3.5d)
Common name Common Chameleon
IUCN status: Least Concern

Comment The common chameleon is the only species of the Chamaeleonidae family found in
the Maghreb region, represented by the nominal subsp&cieschamaeleofBassoet al.,

2019). However, individuals from the Maghreb can be genetically differentiated,wand t
Mediterranean haplotypes occur in this region (Dinedlal., 2@8); the western Mediterranean
haplotypes that occur in Morocco, and the eastern Mediterranean haplotypes that can be found
in Tunisia. The common chameleon was mainly observed duringatigunveys in areas with

dense vegetation, while it was only spotted once during nocturnal surveys (observed in
October). Despite being an arboreal reptile, this species was once found taking shelter in rock
piles at site 26 after it walked few meters ba sandy substrate. Males are relatively smaller
than females and can be distinguished by their hemipenal pockets, a relatively longer tail and

the greater height of their helmet.
Family Colubridae
Hemorrhoishippocrepis(Figure3.5e)
Common name Horseshoe Whip Snake
IUCN status: Least Concern

Comment The Horseshoe Whip Snake occurs in the Iberian Peninsula, the Maghreb region
(more precisely, Morocco, Algeria and Tunisia) and the Mediterranean islands of Pantelleria
and Sardinia (Martinez deéMlarmol et al., 2A9). Two subspecies can be fourd; h.
hippocrepiswhich occurs in most of the distribution range of the species thienigrescens

is restricted to the Pantelleria island (Carragizal., 206). This noavenomous snake was the

most encountered species of snakes in SMNP during the period 2019 to 2020 (representing
28.21% of all observed snakes based on TCVES data). It was found at different sites, either in
natural habitats or near human eowiments (hedges, stone walls, ruins and farms). The head

of this snake is well differentiated from the body and bears a characteristic horseshoe pattern.
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Macroprotodonbrevis(Figure3.5)
Common name Western False Smooth Snake
IUCN status: Near Threatened

Comment This species was previously consideredvicroprotodoncucullatus the sole
representative of the monospecific gemacroprotodon It was subsequently elevated
species level based on morphological and genetic analyses (Catrahza®4, Wade2001),

which showed thatl. brevisis distinct fromM. cucullatus M. brevisis distributed across the
Iberian Peninsula, Algeria and Morocco. The latter hostsetlsispecies (Martinez del
Méarmolet al., 2A9); M. b. brevis M. b. ibericusandM. b. textilis This species is the smallest
snake found in SMNP (none of the observed individuals exceeded 50 cm in total length) and
represented by the endemic subspelieb. brevis Ten individuals were observed; nine were
found inactive under rocks (sometimes burrowed in the sand under large rocks) during diurnals
surveys, while a single individual was found on the surface during a nocturnal survey. At site
19, variatim among the same population can be observed, and some individuals had different
patterns and background colour of the head and body. This species is a mildly venomous rear
fanged snake, yet it did not show aggressive behaviour nor attempt to bite hurilareing
handled.

Family Lamprophiidae

Malpolon monspessulanBigure 3.59)
Common name Western Montpellier Snake
IUCN status: Least Concern

Comment: This species can be found in the Iberian Peninsula, France, ltaly (restricted to
Liguria), Moroccoand Algeria (Carranzet al., 206, Mangiacottet al., 204). Two subspecies

occur in Moroccothe nominal subspecidd. m. monspessulanasdM. m. saharatlanticus

The Souss Massa region can be considered as a contact zone between both subspecies.
Intermediate specimens have already been found in the coastal area between Agadir to Tiznit
and in the lower Souss valley (Genatzl., 206). This species was observadring daytime,

mostly in the sandy coastal steppe of SMNP. It has a magktited activity during the coldest
months, and we could not find any individual during the winter of both 2019 and 2020. It has
the most remarkable sexual dimorphism of all SMNBkses; males were bigger and had a
relatively longer head than females, their supralabial scales were characterized by a pale
greenish or greyish colouration, unlike females that had wrbar russeted colouration.
Malpolon monspessulanus a mildly veromous reafanged snake, and cases of human
envenomation by this species are rare.
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Psammophis schoka(frigure3.5h)
Common name Schokari Sand Racer
I[UCN status: Least Concern

Comment This common colubrid has a wide distribution range and it occurs in North Africa,
Middle East, Afghanistan, Pakistan and India (Martinez del Méetal., 209). It is widely
distributed across Morocco and can be found in different types of habitgsnémal, three
phenotypes can be found in the counBwgr{s & Geniez, 1996 a striped morph, a unicoloured
morph and a slightly striped morph (sometimes indistinct) with a series of dark dots along the
dorsolateral area. However, these morphs are closleled and belong to the same Moroccan
clade (Ratoet al., 2@7); therefore, the colour pattern of the three morphs does not reflect
genetic variability. Colour variations might be the result of an ecological adaptation to the
environment (Ratet al., 207). During the study period, four individuals were observed and

all of them were uniformly brown; one adult specimen was found inactive under a rock (during
mid-autumn), while the others were active. Once encountered, they moved fast on the sandy
substrge to take cover in the bushes. Despite being afaeaed snake?. schokaridoes not
attempt to bite humans while being handled, and cases of envenomation by this snake are
exceptional (a case of human envenomation has been documented in the Soflt@made
(Ineichet al., 2@0).

Family Elapidae

Naja haje(Figure3.5)

Common name Egyptian Cobra
IUCN status: Least Concern

Comment Naja hajehas a wide distribution, ranging across North Africa, the Sahel region,
central and eastern Africa (Maréindel Marmokt al., 2@.9). This species is the second longest
snake and the only representative of the Elapidae family in Morocco. During the study period,
all observations were restricted to the southern part of SMNP, from the sandy coastal steppe to
the rocky Euphorb steppeHowever, during a few surveys outside the national park, we
observed this species in the Highllas Mountains only a fevkilometresaway from the
northern limit of SMNP. Despite being mainly a nocturnal species, one adult and one juvenile
were spotted active during overcast days; the first one was observed during late summer while
the other one was seen active during early autumrenileg were uniformly black on the
anterior third of the body (including the ventral area), while the rest of the body had a yellow
colouration covered whtblack and brown spots. Adufidividuals were mostly characterized

by a uniform black colourN. hge is a highly venomous species (neurotoxic venom), and
regularly causes human fatalities.
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Family Viperidae

Daboia mauritanica

Common name Moorish Viper
IUCN status: Near Threatened

Comment Daboia mauritanicas a viper endemic to the Maghreb region and includes seven
different lineages according to recent genetic analysis (MatBredaet al., 2A7); six of

these lineages are endemic to Morocco. This species is the longest viper in Morocco and has
the widkest distribution. It is the only representative of the Viperidae family in SMNP, and it is
considered a rare species in the present work (only observed once). During the early autumn of
the year 2019 and just after an unusually heavy downpour, a singfiéenadadual was found

dead in the northern part of the national park (site 1). It had been killed by locals probably after
it moved from Oued Souss toward agricultural fields.mauritanicais a highly venomous

snake and many cases of envenomation weperted in Morocco. Most envenomation cases

in Northern Morocco are caused by this viper (Argaal., 20.3), probably due to its high

abundance and its wide distribution quemed to other Moroccan vipers.
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Figure 3.5. Species of guamates present in Sotdassa National Parla Acanthodactylus
margaritag photo by A. Elbahip Mesalina simoniphoto by A. Elbahic Agamabibronii,
photo by A. Elbahi;d Chamaeleo chamaeleprphoto by W. Oubroue Hemorrhois
hippocrepis photo by A. Elbahif Macroprotodonbrevis photo by A. Elbahig Malpolon
monspessulanyphoto by A. Elbahih Psammophis schokaphoto by A. Elbahii Naja haje
photo by A. Elbahi.
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5. Discussion

In the past decades, human activities (such as overexploitation of natural resmarcgazing

and clearing land for agriculture or tourism purposes) have become increasingly prevalent,
putting significant pressure on the Moroccan biodiversity. lctimeing decades, it is predicted

that climate change, which is influenced by human activities (Trenl2&iB), will negatively

affect the Moroccan endemic reptile richness, and cause substantial reductions irrgecies
areas (MartineFreiriaet al., D13). Future reductions in suitable areas were predicted for half
of the Moroccan endemic reptile species, among which four species might become highly
vulnerable to extinction (MartineEreiriaet al., 2A.3).

The conservation of individual species ¢t@mainly achieved by protecting their habitats, and
therefore establishing protected areas can be considered a promising strategy to mitigate
biodiversity declines and habitat destruction in Morocco. SMNP has been primarily created to
maintain and protedts terrestrial and marine biodiversity and ecosystems. Reptiles, which
remain insufficiently studied in this national park, benefit from the legal management of the
diverse ecosystems and habitatsisTirotection will be essentitd expand our knowledgof

reptiles and their ecological importance within the confines of the national park. SMNP is,
however divided into different zonesome of which are fully protected (all human activities

are strictly limited or prohibited), such as reserves, whileratbnes receive less or almost no
protection. The efficiency of reptile biodiversity protection in these less protected zones has

been poorly studied and needs to be assessed.

The current reptile inventory brings the total number of reptile species irPSMR3 species,

using two combined techniques. In the present work, new records of one species of sea turtle
(Dermochelys coriacgand two species of medically significant snakéaj@ hajeandDaboia
mauritanicg were documented for the first time iretetudy area. Based on TCVES data, the
accumulation curves showed that the current inventory of SMNP reptile is nearly complete. The
nonparametric estimators predicted a total richness ranging from 22.74 to 25 species, which
means that the 22 species fdunsing the TCVES technique represent between 88% and
96.74% of the total estimated species. These findings suggest that 3.26% to 12% more species
are expected to be recorded in order to achieve the asymptote and completeness of SMNP reptile
inventory. Hovever, the TCVES technique yielded an excellent representation of reptile species

present during the period from the &fhlanuary 2019 to the 5t December 2020.
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The main changes that happened since the previous established reptile checklist by Mellado et
al. (1988) were the description of new species, some of which resulted from the systematic
revision of other species or subspecies, while other species wereedssgyv genera. Mellado

et al. (1988) provided a checklist with a total2@f species, at the time presentedadisws:

Testudo graeca Mauremys leprosa Dermochelys coriacea Trogonophis wiegmannj
Saurodactylus mauritanicusseckonia chazaligeTarentoh mauritanica Agamabibronii,
Chamaeleo chamaelepiChalcides mionecton Chalcides ocellatusEumeces algeriensis
Sphenops  sphenopsiformis Acanthodactylus  erythrurys Acanthodactylus  aureus
Acanthodactylus pardalidMesalina olivierj Malpolonmonspessulanu€oluber hippocrepis
Macroprotodoncucullatus Natrix mauraandPsammophis schokari

However, six species within this previous checklist have either changed their genus or
experienced systematic modifications, which led to the descriptioevo species, while three
species were absent in our new invent@gckonia chazalige&sphenops sphenopsifornaisd
Coluber hippocrepisre now included within the genéFarentolg ChalcidesandHemorrhois
respectively (Carranzet al., 208, Carranzat al., 202, Carranzat al., 206). According to
genetic and morphological analys&gurodactylus mauritanicug\canthodactylus pardaljs
andMacroprotodoncucullatushave been revised to new species descriptions and in the region
including SMNP are rapsented bySaurodactylus brossetcomplex, Acanthodactylus
margaritae and Macroprotodonbrevis respectively (Bong Geniez 1996;Carranzaet al.,

2004; Rato & Harris 2008R0sadcet al., 2Q.7; Tamaret al., 2A7; Wade2001).

Chalcides ocellatusAcanthodactylus erythruruand Natrix maurawere recorded in the
previous checklist. Howevenopne of these were fourmber the course of our study. Mellado
et al. (1988) observed some relatively large individuaBhaficidesalong Oued Massa without
capuring them. They noted that these individuals seemed more simaracellatushanC.
polylepis and therefore they provisionally considered all individualS.ascellatus However,

our observed individual from Oued Massa in SMNP was clea@ly @olyepis, and therefore
we believe that this species was misidentified in the previous work and was tre&led as
ocellatus Acanthodactylus erythrurusas not observed during our study period; neither inside
SMNP nor in its vicinity. This might be explaindxry either a reduction of. erythrurus
distribution range (in the past it was very common north and west of the Atlas Mountains and
in these mountains (Martinez del Marnsthkl., 2A9)) or by species misidentification (females
and juveniles oAA. erythruuslineomaculatugesemble those &. margaritae(Martinez del
Marmolet al., 2@9)).
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Natrix maurawas also absent during our survey. However, we found it near Youssef Ibn
Tachfine dam that was built on Oued Massa just a few kilometres from SMNP. Mellado et al.
(1988) foundN. mauranear freshwater bodies, most likely when they conducted a survey near
Oued Massa bridge (national road Mll); maurawas later observed in the same area by other
researchers. This area was previously included within the limits of MNPP, which was supposed
to cover 48,000 hectares, compared to 33,800 hectares for the actoaalnpéirk. SMNP
includes now reduced freshwater bodies and a lower abundance of amphibians (considered
important prey folN. maurg compared to the former MNPP, and therefore a lower chance of

encounterindN. maura

In a recent study conducted by Pizzigatl al. (2021), new insights have emerged regarding
Mesalina olivieriand Mesalina simonin Morocco. Their study reveals thisliesalina simoni

now encompasses a significant portion of Mesalina olivieri complex, whileMesalina
olivieri itself is now retricted to the eastern asdutheasterrregions of Morocco (Pizzigalli

et al., 2021). Furthermore, their study has expanded the known distribuliesalina simoni
demonstrating its presence in SMNP and its occupation of the majority of the Sahmaeda cl
regions in Morocco (Pizzigalli et al., 2021). This expanded distribution now stretches from the
extreme southeast of Morocco to therthhrwesternborder of Mauritania (Pizzigalli et al.,
2021).

Despite its small surface area, SMNP contains nearly @081 known Moroccan terrestrial
and marine reptiles (116 species (Bouagizal., 2@1)), including four endemic species. Ten
national parks have been created in Morocco, and thréeeof can be defined as coastal:
SoussMassa National Park (SMNP), Al Hoceima National Park (AHNP) and Khnifiss National
Park (KNP). Based on the reptile distribution maps in northern Morocco (Mediakhj 2A5),
approximately 18 to 20 reptile species can be found in the AHNP amCingty, while
approximately 20 reptile specieere recorded in the KNP (Qninki2013). This means that
SMNP has the richest reptilian fauna among all Moroccan coastal national parks. Its reptilian
fauna is also richer than many other coastal nationdgtspan the Maghreb and the
Mediterranean region, such as Circeo National Park in Italy (16 reptile species (\éigalo]i
2017)), PortCros National Park in France (17 reptile species (Marchtal, 20.9)), Gouraya
National Park in Algeria (19 herpétmna species (Boumaoei al., 2A8)) and Banc d'Arguin
National Park in Mauritania (21 reptile species (Sewal., 2@4)). This makes SMNP an
important biodiversity hotspot for reptile species in the Mediterranean region.
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In terms of conservation concerfive species among the SMNP reptiles are classified as
Avul nerabl ed on(lJUCK,021) UGM iRed tlwiostspeci es ar e
threatenedo. Al | -threateeed specieth aree axpesien@nd /a ncenénuous
population size derie in their total distribution range amde under several thregi&)CN,

2021) Habitat loss and fragmentation are common threats to these reptile species. Vulnerable
species such darentolachazaliaeandTestudo graecare being collected for the international

pet trade, while species of ophidians are generally killed when they are encountered or taken
from their natural habitats and used for snekarming performances. Meanwhile, vulnerable
marine reptiles Caretta caetta and Dermochelys coriacgaand their habitats are mainly
threatened by fishery bycatch, pollution, coastal development, pathogens and climate change
(Wallaceet al., 2@0). In the face of the increasing threats, precautionary ca@tgeryeasures

neel to be takemo protect the remaining reptile biodiversity.
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C. (2023). A geospatial approach to assess habitat diversity and infosareation efforts
using a case study from North AfricaAfrican Journal of Ecology 1-29.
https://doi.org/10.1111/aje.13130
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data collection, and analysiseve carried out by Abderrafea Elbahi. Colin Lawton, Jamila
Hermas, and Michel Dugon provided valuable supervision throughout the research process. The
research was further facilitated by the assistance of Widade Oubrou and Mohammed EIl Bekkay,
who granted ecess to Soudslassa National Park.

1. Abstract

Geographic Information System (GIS) combined with remote sensing and field data was used
to identify and map Souddassa National Park (SMNP) habitats, an exceptionally biodiverse
coastal area located in MoracdHabitats in fenced and unfenced areas were compared to assess
the fencing effectiveness for conserving samd/ arid environments. Sentir2A level2A

data acquired on March 25, 2021, were analysed using the/Agamatic Classification

Plugin in Q@GS software. The supervised classification technique and the maximum likelihood
classifier were used. Ground truthing consisted of training data used for the supervised
classification and reference data (850 validation points) used for accuracy assessedion

the confusion matrix method. SMNP composed of 11 natural habitat classes (70.91%) and 6
disturbed habitat classes (29.09%). The overall accuracy (>96%) and kappa coefficient (0.95)
showed a high classification accuracy. Fenced areas were domatedtural habitats
(>88%), whereas unfenced areas contained more disturbed habitats (>51%), indicating that
fencingis an effective conservation tool. Natural habitats in unfenced areas are largely being
modified and degraded, and therefore, monitoring and conservation actions should be further
strengthened. The presented methodology shows a promising application piotérttiee and

related ecological studies conducted in other regions, notably developing countries.

Keywords: Habitat types, Protected areas, Natural diversity, Conservation, Remote sensing,

Geographic Information Systems.
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2. Introduction

Habitat identificabn and mapping are becoming increasingly important for global
conservation efforts, given their essential role in effectively evaluating, managing and
monitoring natural environments (Brown et al., 2011; Matdo$ina et al., 2020). They allow

for the asessment of the impacts on habitat quality and biodiversity directly linked to human
activities. Accurate and updated habitat maps are used by ecologists and conservation biologists
as a reliable source to conduct scientific analysis for improving consenedforts (Cogan et

al., 2009; Fakiris et al., 2019; Micher et al., 2004; Nagendra et al., 2013). They provide basic
information for multiple ecological studies, such as predictive species distribution modelling

and calculation of biodiversity indices.

Several European Mediterranean countries benefit from a standard and detailed habitat
classification (The EUNIS Habitat Classification), covering all types of habitats from natural

to artificial (Davies et al., 2004). Conversely, most African Mediterrarmeamtries lack a
comprehensive and standard habitat classification system. Additionally, the assessment of
conservation efforts and the restoration of natural habitat have received less attention in Africa
compared to other continents (Wortley et al.,20There is, therefore, a fundamental need for

(1) mapping tools adapted to the reality of conservation efforts on the African continent; and
(2) further assessments of the effectiveness of conservation methods commonly used in national
parks throughout fica. In turn, this raises the question of how to effectively produce detailed
habitat maps for understudied regions and how these can contribute to the assessment of habitat

conservation measures.

The SousdMassa National Park (SMNP), located on the wtia coast of Morocco, is an
example of such an understudied, yet ecologically significant region. SMNP is characterised by
high biological diversity and natural heritage, making it one of the most diverse protected areas
in North Africa (Benabid & Fennand994; Elbahi et al., 2022; Errabih, 1987; Peltier, 1982;
Ribi, 1996; RSIS, 2022). However, the national park occurs within a region of landscapes
heavily modified by human activities. Its biodiversity is increasingly threatened by intensive
agricultural practices, the destruction of natural ecosystems and associated socioeconomic
development (Harif et al., 2008; Ribi, 1996). Fencing is a common tool used to segregate areas

of high conservation value from adjacent, disturbed landscapes. In SMNP, thegfencin
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programme aims at preventing humaitdlife conflict, livestock overgrazing, trampling of
vegetation and soil, predation of wildlife by stray dogs, natural habitat encroachment and
degradation. Overall, fencing can lead to significant differences itah&jpes between fenced

and unfenced areas, mainly resulting from differences in vegetation structure and composition
(Briggs et al., 2008; Lorite et al., 2021; Mbatha & Ward, 2010; Mugabe et al., 2017; Nyamukuru
et al., 2019).

Here, we used a combinatioh Geographic Information System (GIS), Remote Sensing (RS)
technologies and field survey data to: (1) develop a comprehensive geospatial approach for
habitat identification and classification of seamid/ arid North African habitats, which remain
tradiionally understudied, using SMNP as a case study, and (2) assess the effectiveness of the
current fencing strategy used throughout SMNP in protecting highly biodiverse areas threatened
by high levels of anthropogenic disturbances. We hypothesise thhe(dgospatial approach

used here successfully produces high habitat classification accuracy when validated using
reference field data; and (2) the fenced areas within the study area remain largely undisturbed

and contain more natural habitats comparedtenced areas.
3. Materials and methods

3.1. Study area

The region of interest for this study includes both the marine arekteal zones of SMNP
(Figure4.1), which is located in the Moroccan region of SeMkssa, between the High Atlas
Mountains to the north and the Atit | as Mountains to the sout!l
9A40N0OONW). The national park terresnds6s al zo
km long, with an estimated total surface area of 33,800 ha (Ribi, 1996), extending from the
Souss river mouth in the north to the Adoudou river mouth at its southern boundary. More than

half of its terrestrial surface area is located within ChtAik8aha province (62.15% (21,010

ha) of the total surface area), while Tiznit and InezgaitéMelloul represent 24.40% (8250

ha) and 13.43% (4540 ha) respectively. On the contrary, the SMNP marine zone is smaller and
measures about 4.82 km wide (appnoaiely 16,121.31 ha), extending outwards from the

coastline and constitutints western boundary.
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3.2. Satellite data

In this work, SentineR images were used as the main data source due to their high spatial
resolution (SR) (10, 20 and 60 m) compared to roflagellites that offer free data, such as
Landsat 8 and 9 (15, 30 and 100 m) and ASTER (15, 30 and 90 m) (Congedo, 2021a; Teodoro
& Amaral, 2019). These data consist of a cléwge SentineRA scene (Figurd.l) acquired

on March 25, 2021, and cover tbeast of the Soudglassa region. The satellite images were
chosen based on their quality (clefndeness) and period, which allowed visual recognition of
smallscale features. The acquisition date corresponds to spring, when annual vegetation grows
and beomes easily distinguishable compared to the dry seasons, therefore facilitating

vegetation classification.

The Sentinel freeaccess data sets were downloaded, as level 2A products, from the ESA's
Copernicus Open Access Hub website (ESA, 2021b). Tetraplkands (Tabld.1), covering

the spectral range required for habitat mapping, were extracted for this study: B2, blue; B3,
green; B4, red; B5, VRE; B6, VRE; B7, VRE; B8, NIR; B8A, VRE; B11, SWIR; and B12,
SWIR. The remaining spectral bands, B1 (coastabsol), B9 (water vapour) and B10 (SWIR
Cirrus), were excluded from the data set due to their low SR (60 m) and unsuitability for habitat

type mapping since these bands are generally used for atmospheric related studies.
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Figure 4.1. Truecolour composite satellite image (RGB band combination, B4 (Red), B3

(Green), B2 (Blue)) of Sentin@A level 2A showing the location of Soustassa National
Parkwith its fenced areas.

3.3. Data pre-processing

In recent years, multiple plugins and tools have been developed for the classification and
processing of mukspectral and mukiemporal remotely sensed data (Becker et al., 2016;
Correia et al., 2018; Duarte & Teodoro, 2016; Jung, 2016). For this staidypreprocessing

was performed using the Seiutomatic Classification Plugin (SCP) (Congedo, 2021b) in the
opensource software QGIS v.3.16.15 (QGIS.org, 2021). Considering that the study area
represents only a small fraction of the downloaded dateiiages, a vector shapefile that

defines the boundary of SMNP was created based on maps available at the SMNP research
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office. It was then used to extract the region of interest from the entire Sehioehe, which
reduced images size, processing tiamel storage space. The dark object subtraction (DOS)
method (Chavez, 1988) and cloud masking were not applied since Sergmel2A products

are already atmospherically corrected and clivad (ESA, 2021a)They are provided in
BottomOf-Atmosphere BOA) reflectance and are geometrically corrected in the Universal
Transverse Mercator (UTM)/WGS84 projection (ESA, 2021a). Conversion to reflectance was
performed based on the metadata file downloaded with the images, which contained the
required informatin for converting the satellite images from digital numbers to reflectance
values. Moreover, the VRE bands (B5, B6, B7 and B8A) and SWIR bands (B11 and B12) were
resampled to 10 m resolution (the original pixel value remained the same) to match the other
bands with 10 m resolution bands (B2, B3, B4 and B8) and te ddiger stacking.

3.4. Data processing and classification

Prior to creating the thematic map presenting the main habitat classes, natural and disturbed
habitats within the study area were visuatlgntified. Descriptions of the identified habitat
classes (illustrated iRigure4.2) are given in Tabld.2. Identification was based on extensive

field observations (ground surveys) and visual interpretation of both Seatir®A imagery

and GoogleEarth's highresolution imagery of the national park. The field observation period
extended from January 2019 to April 2021 and consisted of 95 ground surveys. During this
period, ground truth field data (training and reference data) were collectedhizdotations

shown inFigure 4.3. Their geographic coordinates were recorded using Global Navigation
Satellite System (GNSS) technology.

Table 4.1. The spectral bands selected for the supervised classification.

Sentinel2 Bands Central Wavelength (um) | Resolution (n)
Band 2- Blue 0.49 10
Band 3- Green 0.56 10
Band 4- Red 0.665 10
Band 5- Vegetation Red Edge 0.705 20
Band 6- Vegetation Red Edge 0.74 20
Band 7- Vegetation Red Edge 0.783 20
Band 8- NIR 0.842 10
Band 8A- Vegetation Red Edge 0.865 20
Band 11- SWIR 1.61 20
Band 12- SWIR 2.19 20
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Class 6

" Class 14 ‘ Class 15 Class 16 Class17

Figure 4.2. The habitat classes (CLSs) identified in Selassa National Rk, as described in
Table4.2 (all photographs were taken By Elbahi). CL 1- Marine waters, CL 2 Inland
waters, CL 3 Shores, CL 4 Bare dunes, CL 5 Coastal nabkhas, CL-6Wetlands, CL 7
Argan woodlands, CL 8 Retam shrublands, CL 9Dwarf shrublands, CL 16 Euphorb
steppes, CL 11 Annual steppes, CIL2 - Exotic tree plantations, CL 1:30vergrazed lands,
CL 14 - Agricultural crops, CL 15 Tilled lands, CL 16 Anthropogenic barrens & CL 17
Artificial surfaces.
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Table 4.2. Description of each habitat class used in this study.

Habitat classes

Descriptions

Class 1- Marine waters

Directly connected to the Atlantic Ocean and compose
large continuous bodies of oceanic and continental sheli
waters, extending outwaftbm the coast.

Class 2- Inland waters

Described as terrestrial surface water bodies without
vegetation cover and includes transitional, standing and
running waters.

Class 3 Shores

Incorporates lands bordering large water bodies
comprisingnaturally norvegetated sandy and rocky shores

Class 4 Bare dunes

Described as accumulations of sand deposited by ae
processes, forming naturally neegetated mounds, hills ¢
ridges.

Class 5 Coastahabkhas

Described as mourike accumulations of coastal sand dur
stabilized and formed around shrubby peren
psammophytes.

Class 6- Wetlands

Includes lowlying areas of naturally vegetated lands that
permanently or occasionally flooded or saturated with fr
brackish or s@he water.

Class 7- Argan woodlands

Described as areas mostly covered with the endemic ever
argan trees/rgania spinosa This class is characterized by
open canopy with spaced trees and plenty of sunlight reau
the ground

Class 8 Retamshrublands

Described as lands dominated by perennial shrulBetdfma
monospermacommonly known as retam.

Class 9 Dwarf shrublands

Includes treeless areas dominated by perennialenphorb
dwarf shrubs, generally less than 1.20 meters in height.

Class 10 Euphorbsteppes

Composed of lands largely covered with igrowing
perennial spurges &uphorbiagenus.

Class 11 Annual steppes

Described as large treeless lands dominated bygtowing
herbaceous annual plants.

Class 12 Exaotic treeplantations

Incorporates lands covered with the introduEedalyptusand
Acaciaplantations.

Class 13 Overgrazed lands

Represents all scarcely vegetated areas resulting mainly
intensive grazing by livestock for extended periods. This ¢
is characterized by a greatly dominant ground cover and
areas with very little scattered vegetation.

Class 14 Agricultural crops

Includes vegetated lands covered with permanently
periodically irrigated crops and rainfed annual crops.

Class 15 Tilled lands

Described as newegetated lands recently tilled and incluc
nonvegetated fallows.

Class 16 Anthropogenic barrens

Highlights bare sandy and rocky lands where orig
vegetation is completely destroyed and depleted, rest
from a combmation of several human activities. Unpaved i
dirt roads were also included in this class since the orig
substrate was not covered by artificial surfaces.

Class 17 Artificial surfaces

Incorporates surfaces with artificial cover formed
construction activities (buildings, concrete or asphalt road:
deposited on top of the original surface (landfill sites).
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Figure 4.3. The locations of the ground truth field data (training and reference data) used in the
supervised classification of SouskRssa.

Data collection was based on direct observations of habitat characteristics of all locations. This
included the identification of the dominant vegetation to the genus/species levels (Benabid &
Fennane, 1994; Msan@aal., 2005; Peltier, 1982; Sauvage & Vindt, 1952; Sauvage & Vindt,
1954), and native and exotic species were also noted. Data related to annual vegetation were
collected mainly during the spring season. fyipe of substrate/layers (e.bare, sandy acky,
vegetated and scarcely vegetated) and the presence of water bodies and artificial surfaces (such
as buildings, roads and landfill sites) were recorded. Activities such as grazing, farming, tilling,
land clearing and construction were included. Theeoled habitats were then assigned to the
approprate classes described in Tall2. Regarding Sentel2, the truecolour Figure4.1)

(red, green and blue bands) and fadle®ur composite images were useful in visualising and
identifying habitat featues in the study area. Google Earth's figgolution images of the year
2021 were displayed through the O0historical

Pro(Windows) software version 7.3.
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Data processing and classification proceeded based on the supervised classification approach
using the SCP extension for QGIS. This method consisted of the manual creation of multiple
training areas for each habitat class identified in the Serimehge These training areas were
carefully selected and consisted of polygons drawn over visually homogeneous areas of the
satellite image that cover pixels belonging to the same habitat class. Polygonal training areas
included a total of 116,636 (10 x 10 m)gs as indicated ifable4.3. Training areas obtained

from ground truth field data included 4033 pixels, while the remaining 112,603 pixels were
obtained from the visual interpretation of SentiRdl2A imagery and Google Earth's high
resolution imagery. The software calculated thecsral signatures of all pixels within those
training areas. Once the training polygons were created and saved in the training input, the
software sorted all the pixels in the image into the appropriate habitat classes. This process
consisted of comparinthe spectral signature of each pixel to the training signatures and

choosing the best match.

The recent development of machiearning algorithms used in satellite image classification
has resulted in a greater variety of methods and algorithms wiuelderdifferent accuracies
depending on the nature of the used data (Kumar et al., 2015; Li et al., 2014; Talukdar et al.,
2020; Teodoro, 2015). Based on the methodology followed and the plugin/software used, three
algorithms were available: Minimum Dista@ Maximum Likelihood and Spectral Angle
Mapping. The Maximum Likelihood produced the most accurate results during the supervised
classification based on the reference data, with an overall accuracy of 96.26%, whereas
Minimum Distance and Spectral Angleaidping had an overall accuracy/@.4% and 70.11%
respectively. Therefore, only the data produced using the-passdd Maximum Likelihood
classification method are presented in the current work.

This algorithm is the most used pixssed supervised aisifier and provides high precision

and accuracy (Sun et al., 2013). During the classification, all pixels were classified (unless a
threshold is selected). Each pixel was assigned to a class based on the highest probability of the
unknown pixels belongingp a particular class. For this, a sufficient number of pixEéble

4.3) was selected for each training area. Considering that the Maximum Likelihood
classification was used in this study, the spectral distance between training signatures was
evaluatedising JeffresMatusita Distance (Appendi®.IThis allowed for assessing if different
classes with similar spectral characteristics could cause classification errors (Congedo, 2021a).
Once a satisfactory output was achieved, a raster showing the abssibgat types was
generated.
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Table 4.3. Number of pixels used for training areas.

Classes Habitat types Number of pixels
1 Marine waters 88651
2 Inland waters 131
3 Shores 2060
4 Bare dunes 2209
5 Coastal nabkhas 44
6 Wetlands 446
7 Argan woodlands 204
8 Retam shrublands 836
9 Dwarf shrublands 6325
10 Euphorb steppes 3527
11 Annual steppes 2008
12 Exotic tree plantations 519
13 Overgrazed lands 5245
14 Agricultural crops 587
15 Tilled lands 1618
16 Anthropogenic barrens 2113
17 Artificial surfaces 113

Total 116636

3.5. Reference data and accuracy assessment

Ground truth field dataRigure 4.3) were divided in this work into training (82.6%) and
reference (validation, 17.4%) data. Training data were used for the supervised classification
described previously, whereas reference data were kept independent from training data and used
for the accuaicy assessment. For this, a total of 50 validation points were selected randomly for
each habitat class and then used in the accuracy assessment analysis. Each validation point
corresponded to a 10 x 10 m pixel, with a total of 850 pixels. The reliadnildyquality of the
produced habitat map were verified by performing the classification accuracy assessment. It
shows the classification's degree of agreement with reference data (which reflects ground truth
data). Accuracy assessment was carried out ubmgonfusion matrix method (Congalton,

1991, 2001; Story & Congalton, 1986), which is widely used to quantify the accuracy of
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supervised maps. This method consists of a matrix where the information collected in the field

is compared with the classes assid by the user to the map (Congalton, 1991).

Accuracy assessment was performed through the SCP implemented in QGIS, which produces
a confusion matrix. In addition, the kappa hat coefficient, the overall accuracy and the users'
and producers' accuraciesre@lerived from the confusion matrix (Olofsson et al., 2014). The
kappa coefficient is used to assess the accuracy of image classification, taking into account
chance agreement (Viera & Garrett, 2005). Kappa statistics are normally categorised into six
classification quality groups (Landis & Koch, 1977), and their values can either correspond to
poor (values less than zero), slight (from 0 to 0.2), fair (from 0.21 to 0.4), moderate (from 0.41
to 0.6), substantial (from 0.61 to 0.80) or almost perfect (ab®BE) agreement. The overall
accuracy for a particular classified image was derived from the sum of correctly classified pixels

divided by the total number of pixels (Congalton & Green, 2019).

Once the classified image was produced, a correction wagappliemove any classification

error shown by accuracy assessment analysis. The correction was based exclusively on field
data and Google Earth Pro satellite images. More specifically, areas withmesgassified
pixelswere manually redefined and cected using the edit raster option in the gosicessing

section provided by the SCP. The classified image obtained prior to the correction process was

considered a nenorrected map throughout this work.
4. Results

4.1. Supervised classification and accuracgssessment

The supervised classification method performed in the current work resulted in the
identification and classification of 17 natural and disturbed habitat classes. Thacgccur
assessment resultBigure4.4) of the norcorrected classified map ®led that the achieved

overall accuracy was 96.26%, while the overall kappa coefficient reached 0.95. Additionally,
the user's accuracy ranged between 82.22% and 100%, whereas the producer's accuracy varied
between 70.26% and 100%.
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Figure 4.4. Results of the habitat map accuracy assessment, showing the overall accuracy, the
producer and user accuracies and the kappa hat statistics for each habitat class.

The results show that SMNP had a total surface area of 50,017.25 ha, comprising 33,895.94 ha
of terrestrial zone and 16,121.31 ha of marine zone. This surface area served as the reference
area and basis for thgercentage calculatiorkigure 4.5 illustrates the distribution of the
identified habitat classes within SMNP after correcting the classification error. The classes from

1 to 11 represent natural habitats, while the six remaining classes are considered disturbed

habitats. Comments, disttibon and percentage of each habitat class are provided below.
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Figure 4.5. The supervised classified map of SeMassaNational Park habitat types

Class 1- Marine waters: this class corresponded to the SMNP marine zone, which extended
outward from the coastline and stretched over 65 km from the Souss river mouth in the north

to the Adoudou river mouth near Sidi Moussa Aglou in the south. It was the most dominant
class withan ar ea of 16121. 31 ha, covering appr ox

about 99.17% of its water surface area.

Class 2- Inland waters: the three types of inland waters can be found in SMNP (transitional,
standing and running waters). Over the stpdyiod, transitional waters were represented by
the estuary of Oued Souss and lagoons of Oued Massa and Oued Adoudou. These water bodies

are characterized by frequently changing salinity. Standing waters (ponds) and running waters
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(free-flowing rivers or eEmporary watercourses) usually contain fresh water and can be found
mainly along Oued Souss and Oued Massa. This is the least distributed class with a total area
of 135.44 ha (0.27%) and represents 0.83% of the SMNP water surface area.

Class 3- Shores:bath shore types were primarily distributed along the SMNP coast. Sandy
shores were represented mainly by seodered beaches and river banks with very few or no
pebbles. WHe rocky shores dominated the NationalPk 6 s coast and were ¢c
high rock surfaces with steep sides adjacent to the ocean. Rocky shores were distributed
throughout the coast except around Oued Massa mouth, north of Tifnit and in the areas from
Oued Souss mouth to Sidi Toual, where they were replaced by sandy shoesserd,ghe

formation of both shore types depends primarily on the combined action of tides, waves and
wind. SMNP shores cover an area of 649.6 ha (1.30%).

Class 4- Bare dunes:SMNP generally has sets of bare sand dunes running parallel to the coast,
extending inland for several hundred meters. Dune formation depends on a large sand supply
usually developed in sitan the National &k coast, where winds tend to blow from west to
east, carrying sand inland. The continuous removal of sand grains frormtheasd side and
deposition on the leeward side led to the formation of migrating dunes. Bare dunes extended
over 1522.9 ha (3.04%) and remained mainly close to the coast. They were more present in the
southern part (south of Oued Massa mouth). Howevere shmes located west of the Royal
Reserve were 8 km away from the coast.

Class 5- Coastalnabkhas: the SMNPcoastalnabkhas were composed mainlyTahganum
moquinii nabkhas, followed byTamarix and Atriplex parvifolia nabkhas. This natural
vegetation tends to slow down the wind and leads to the deposition and formation of sand
moundlike accumulations. Subsequently, these accumulations grow in a vertical direction
similarly to the vegetation. These naturally fixed duran be found in areas bordering and
parallel to bare mobile dunes (class 4) and sandy shores (class 3). They are distributed
throughout the SMNP sandy coast and cover an area of 171.09 ha (0.34%) while being absent
in the rocky coast.

Class 6- Wetlands: this class occupied an area of 355.99 ha (0.71%) and its distribution was
limited to the SousMassa Ramsar sites, which corresponded to Souss and Massa river mouths.
The SMNP wetlands consisted of halophytes and species that tolerate moderate tamityak sal
This includedArthrocnemum macrostachyumhragmites australisJuncussp, Tamarixsp,
Sarcocorniasp andSuaedasp. Furthermore, it consisted of hygrophytes sucigshaand
Scirpoides
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Class 7- Argan woodlands: these woodlands were confined tetarea from the Rokein
Reserve entrance to the negastern border of the national park. They constituted the last
remaining native woodlands in SMNP and covered a total surface area of 193.28 ha (0.39%).
Argan trees Argania spinosacan be found scargescattered throughowtuphorbsteppes

(class 10) and in some dwarf shrublands (clgssnSven fewer numbers. However, these

isolated argan trees were not covered by this class since they were not considered as woodlands.

Class 8- Retam shrublands: this class occurred mainly in the northern part of the national
park, notably the Royal and Rokein Reserves. Retam shrublands can also be found in Oued
Massa Reserve and to a lesser extent in Arrouais Reserve. These shrublands were usually
distributed ove sandy soil and covered an area of 2239.87 ha (4.48%). In the national park,
Retama monospermavas often associated withelianthemum confertumwhich was

characteristic of retam shrublands.

Class 9- Dwarf shrublands: the SMNP dwarf shrublands were vedjverse and often
occupied sandy soils with shell fragments, covering an area of 8881.45 ha (17.76%). They
constituted the most distributed terrestrial habitat in the national park, representing about
26.20% of the terrestrial zone. Dwarf shrublands wemaidated bylLaunaea arborescens
Asteriscus imbricatys-rankenia laevisand Ononis natrix They can also include perennial
shrubs ofLycium intricatum, Salsola oppositifolia, Atriplex halimus, Polycarpaea nivea and
Crucianella maritima.Dwarf shrubs areften associated with perennial herbaceous species,
predominantlyHeliotropium bacciferum, Centaurea aspera, Cyperus capitatus, Limonium
mucronatumAndryala pinnatifida, Lotus creticusotus assakensis, Echinops spinosissimus

andFerula communisn addition toEuphorbiaparalias which was covered by this class.

Class 10- Euphorb steppes:thesesteppes covered 2650.16 ha (5.30%) and were mainly
distributed in calcareous rocky soils developed over hard rocks. This included the large areas
around Ouhd Noumer in the southern part of the national park and between Sidi Binzarne and
Sidi Bou Lanwar near Aghbalou. Sorgephorbiaregisjubaeshrublands can be found near
Issouh and north of Sidi Mousgguphorbsteppes were dominated primarily by cactoidrgps

of Euphorbiaofficinarumand norcactoid spurges @&uphorbiaregisjubae In these steppes,
euphorbspecies were usually associated with the perennial end€deirda anteuphorbium

and sometimes withavandula multifideand Asparagus albusyith very few scattered argan
trees.This class did not includéuphorbiaparalias which is a perennial plant characteristic of

coastal sandy areas and rarely grows in euphorb steppes
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Class 11- Annual steppes:this class was one of the most diverses#s and occupied an area
of 2545.78 ha (5.09%) during the study period. It was dominateBifptaxis catholica,
Ismelia carinata, Bromus rigidus, Cakile maritima, Ononis tournefortii, Malcolmia triloba,
Eruca vesicaria, Astragalus solandri, Reichardiagitana, Hedypnois arenaria, Senecio
glaucus Scorzoneroides orariandMedicago littoralis Annual steppes appeared mainly when

rainfall conditions are favourable.

Class 12- Exotic tree plantations: Eucalyptusand Acacia plantations covered an area of
2001.72 ha (4%) and were mostly planted to stabilize sand dunes and reduce wind erosion.
They were later used by the local population to prodiwslyptushoney. The largest part of

this class corresponded to anthropogeniiests (closed canopy) and woodlands (open canopy).
They were primarily located in the northern part of the national park, which included the Royal
and Rokein Reserves and El Mzar forest. Some plantations can be found in Arrouais and Oued
Massa Reserves tolesser extent. Other isolated exotic trees can be found scattered throughout
the national park.

Class 13- Overgrazed lands:this classwas distributed throughout the Nationark and

covered a total area of 5078.37 ha (10.15%). It was the dominambéis class and represented
14.98% of the terrestrial zoneods s uwmudggedc e . I r
areas (mostly plains) with intensive livestock grazing (notably sheep and goats) and without

sufficient recovery periods.

Class 14- Agricultural crops: the two agricultural crop types were distributed over an area of
673.5 ha (1.35%). Irrigated crops consisted of alfalfa and vegetables, and were mostly
distributed around Oued Massa. While rainfed annual crops were mainly composeshisf ce

and vere distributed throughout the Nationa P k 6 s pl ains, especially
south of the Rokein Reserve to Oued Massa (excluding the Arrouais Reserve). Rainfed annual

crops rely exclusively on rainfall and can be totally absentdurought years.

Class 15- Tilled lands: this class covered a total area of 3708.8 ha (7.42%) and can be found
adjacent to agricultural crops (class 14). However, tilled lands were also distributed in the areas
between Boulfdayel and El Feid EI Khnabib villages during the time of the satebitpass,

unlike agricultural crops.

Class 16- Anthropogenic barrens: these barrens were distributed over an area of 2778.99 ha
(5.56%) and represented 8.20% of the terrestrial zone. Anthropogenic barrens were less
distributed near the coastline and we@ated mainly towards inland areas where large surfaces

are undergoing land clearing.
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Class 17- Artificial surfaces: in the National Brk, artificial surfaces were mainly represented

by low-density rural areas characterized by a relatively small numbeousfes. They had a
surface area of 309 ha (0.62%) and covered the villages of Sidi Binzarne, Sidi Boulfdayel, Sidi
Rbat, Sidi Wassay, Douira, El Arjam and the fishing villages of Sidi Toual and Tifnit. In
addition, this class covered some isolated bujslitocated throughout thidational Park
especially in the coastal cliffs where many buildings were constructed and used by fishermen.
The Royal Reserve sewage treatment plant, Douira desalination plant and paved roads were

also covered by this class.
4.2. Habitat types in fenced and unfenced areas

The terrestrial zone was divided in this work into feh€£69.49 ha, 21.45%lrigure4.1) and
unfenced (26,626.45 ha, 78.55%) areas with a totalcideea of 33,895.94 h&gble4.4).

The results show that fenced and unfenced areas exhibit a heterogeneous composition with high
differences in terms of habitat type proportions. Fenced areas comprised 88.69% (6446.64 ha)
of natural habitats, whereas unfenced areas contained more elistbebitats, which
represented 51.55% (13,727.53 ha) of their total surface area. All classes of disturbed habitats
were present in unfenced areas, compared to only four classes in fenced areas with very low
percentages. Agricultural crops and tilled lamdse totally absent in fencedeas during the

current study.

The most remarkable differences in the proportions of disturbed habitats present in fenced and
unfenced areas were observed for two classes, overgrazed lands and anthropogenic barrens.
Unfencedareas were 18.87% overgrazed, compared to just 0.73% of fenced areas. Similarly,
anthropogenic barrens covered 10.31% of unfenced areas, while only 0.45% of fenced areas.
The highest differences in the proportions of natural habitats present in bothpm®avere

also seen in two classes, retam shrublands and annual steppes. These classes represented
29.96% and 21.81% of fenced areas, respectively, whereas both classes almost disappeared

from unfenced areas and collectively represented 3.84% of thaistwface area.
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Table 4.4. Surface area (ha) and percentages (%) of habitat classes obtained from the supervised

classification in fenced and unfenced areas of the Sdassa National Park terrestrial zone.

Fenced areas

Unfenced areas

Natural habitats

Class 2 Inland waters
Class 3 Shores

Class 4 Bare dunes

Class 5 Coastal nabkhas
Class 6- Wetlands

Class 7- Argan woodlands
Class 8 Retam shrublands
Class 9 Dwarf shrublands
Class 10 Euphorb steppes

Class 11- Annual steppes

Disturbed habitats

Class 12 Exotic tree plantations
Class 13 Overgrazed lands
Class 14 Agricultural crops
Class 15 Tilled lands

Class 16 Anthropogenic barrens

Class 17 Artificial surfaces

Total

6446.64 ha (88.69%)
29.45 ha (0.4%)
35.37 ha (0.49%)
102.21 ha (1.41%)
145.68 ha (2%)
132.01 ha (1.82%)
17.16 ha (0.24%)
2177.71 h429.96%)
2221.8 ha (30.56%)
0

1585.25 ha (21.81%)

822.85ha (11.31%)
694.95 ha (9.56%)
53.2 ha (0.73%)

0

0

33.02 ha (0.45%)
41.68 ha (0.57%)

7269.49 ha (100%)

12898.92 ha (48.45%)
105.99 ha (0.4%)
614.23 ha (2.31%)
1420.69 h45.34%)
25.41 ha (0.1%)
223.98 ha (0.84%)
176.12 ha (0.66%)
62.16 ha (0.23%)
6659.65 ha (25.01%)
2650.16 ha (9.95%)
960.53 ha (3.61%)

13727.53 ha (51.55%)
1306.77 ha (4.91%)
5025.17 ha (18.87%)
673.5 ha (2.53%)
3708.8 ha (13.93%)
2745.97 ha (10.31%)
267.32 ha (1%)

26626.45 ha (100%)

5. Discussion

The present study showed that the combination of relativelyregiiution RS data, GiBased
techniques and field data successfully produced ao-ugate thematic habitat map of SMNP.

This demonstrated their importance for the planningrmadagement of protected areas, as
they allow for cost and time effective monitoring of large and diverse areas and spatial
characterisation of habitat types. These techniques were largely used to conduct various
ecological and conservation studies in otharts of Africa (Aynekulu et al., 2008; Betbeder et

al., 2014; Fasona & Omojola, 2009; Multiti et al., 2017; Ngwenya & Marambanyika, 2021;
Orimoloye et al., 2019; Senouci et al., 2021; Symeonakis & Drake, 2004), showing great

potential for future applicain in developing countries. Similarly, RS and Gi&sed
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techniques are being increasingly applied in a wide variety of environmental and biodiversity
conservation studies conducted in other regions outside Africa (Groom et al., 2006; Liu et al.,
2012; Memn & Bawa, 1997; Osborne et al., 2001; PalaGoszalez et al., 2015; Tavares et

al., 2019).

The quality of the classified map output from satellite images is determined by its accuracy.
Some sources of uncertainty could be expected, notably classifioatior. The overall
accuracy of the noenorrected map was 96.26%, which exceeded the overall accuracy's
minimum threshold (85%) required for an acceptable and effective remote sensing
classification (Anderson et al., 1976). Moreover, the overall kappiéictest reached 0.95,

thus indicating an almost perfect agreement and high classification accuracy (Landis & Koch,
1977). The proportion constituted by the classification error can be attributed mainly to
algorithm misclassification of anthropogenic bagdclass 16) as tilled lands (class 15) and
bare dunes (class 4) in addition to shallow marine waters (class 1) as inland waters (class 2).
This misclassification resulted from spectral confusion between classes with similar spectral
signatures, thus redung the overall accuracy. This classification error was corrected manually
based on field data and Google Earth Pro tn@golution images. This process was performed
carefully since it was essential to obtain a more accurate and reliable habitat nrafi, (hee
accuracy assessment analysis showed that the classifiedomented map had a strong

agreement with reference data.

Such high accuracy was also achieved in similar satellite image classification studies performed
in other parts of Morocco. Mofane et al. (2017) achieved an overall accuracy of 99.72% in
their study of mapping Azrou forest species (holm oak and cedar forests) located in the
Moroccan Central Middle Atlas, by using Senti@él data and the Spectral Angle Mapper
classification metha. In the same region, Mohajane et al. (2018) studied the vegetation change
of Azrou forest with three classes (vegetation of-tbemsity, moderatdensity and high
density) using Landsat data and the Maximum Likelihood classification method, which
producel an overall accuracy ranging from 66.8% to 99.9%. Ait El Haj et al. (2022) obtained
an overall accuracy ranging from 80% to 93% in a study of land cover/land use change and
vegetation cover distribution in the Moroccan region of Béni M&llatnifra, basd on Landsat
images and the Maximum Likelihood classification method. This algorithm provided higher
accuracies (100%) in another land cover change study conducted in the Moroccan Western
High Atlas (Omdi et al., 2017) using the same data source (Lanosges).

92



Chapter IV Classification and @apping of Sous#assa National Park habitat types

The SMNP diverse habitats highlighted by this study might be explained by its geographical
position. It borders the Atlantic Ocean and the High and-Atiéis Mountains, and it is crossed

by two of SousdMassa major rivers. This resulted in vargeblogical structures and natural
resources. The national park is under the iMediterranean bioclimate (Médail, 2008) and
undergoes climatic influences from the Atlantic Ocean and the Sahara Desert. The oceanic
influences, coming from the west, moder&&mperatures and carry moisture into the coastal
areas, whereas the Saharan influences, coming from the east and south, can occasionally bring
a hot and dry desert wind known as chergui. All these factors might have largely contributed to

the biodiversy and geodiversity of SMNP.

Most of SMNP habitats are composed of diverse vegetation from different origins, including
Mediterranean (majority of SMNP flora), Macaronesian (7%), Saharan (2.9%) and tropical
(1.3%) biogeographical elements with an endem&n®.5% (Benabid & Fennane, 1994;
Errabih, 1987; Peltier, 1982; Ribi, 1996). In terms of ecological succesRBetama
monospermand Helianthemum confertum community is considered a subclimax vegetation
community (Benabid & Fennane, 1994), whilegania spinosaand Euphorbiaofficinarum
subsp.echinusassociation can be considered the SMNP climax community of vegetation

succession (Benabid & Fennane, 1994).

Conserving such natural diversity was of particular concern for the local authorities, and several
actions were applied for good management and protection. Among these, the creation of four
terrestrial zones within SMNP, each served a different purpose. This includes zones for
conservation of natural resources (fenced reserves), zones for the adtanistranatural
resources (controlled use), zones of traditional use (mainly traditional agriculture) and zones
for special use (dominated by rural villages). Fencing is largely used as a conservation tool in
different countries (Hayward & Kerley, 2009)canonstitutes the primary tool used by SMNP
authorities to protect zones of high conservation value from adjacent disturbed zones. The study
outcomes showed high differences between fenced and unfenced areas in terms of habitat type
proportions. Fenced as were dominated by natural habitats (88.69%), whereas only 11.31%
of their lands were occupied by disturbed habitats. They comprised most of the SMNP last

remaining retam shrublands (97.22%) and coastal nabkhas (85.15%).
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Overgrazed lands occurred mainmtythe Arrouais Reserve due to an overpopulation of the
reintroduced antelopes, while anthropogenic barrens corresponded mostly to unpaved and dirt
roads. Artificial surfaces were represented by the Royal Reserve sewage treatment plant and
some other smaliuildings at the reserve's entrances. Additionally, agricultural crops and tilled
lands were completely absent from fenced areas. In contrast, unfenced areas contained more
disturbed habitats (51.55% of their surface area) which tend to be more praealevitiages.

Overall, the SMNP fencing programme appears to have successfully prevented livestock

overgrazing, destruction of the natural vegetation and advancement of bare dunes.

SMNP conservation and management actions were also successful at pgexthietirtypes of
potential disturbance, such as the construction of agricultural greenhouses. The latter cover a
sizeable amount of land just a few meters outside the SMNP boundary from the city of Ait
Melloul in the north to the Massa village in the cehtart of the national park. They were
sometimes installed directly at the national park border and constituted a long line of dozens of
greenhouses. Even though exotic tree plantations were relatively effective at stabilising the
advancing bare duneBucalyptustrees seemed to inhibit the growth of nearby native plants.
They were usually surrounded by a few meters of bare sand, regardless of their location. This
might be explained by their allelopathic effect, which was widely documented among
Eucalyptusspecies (Chu et al., 2014; Puig et al., 2018). Therefore, it would be beneficial to
replace dead exotic tree plantations (or those cut down) by native xerophytic shrubs and trees
adapted to sandy soils suchRetama monospernadTamarixspecies. Alsahare dunes and
anthropogenic sandy barrens should be revegetated and stabilised using native xerophytic
psammophytes, further protected by fencing. This will also allow for the settling of pioneer
vegetation, whereas anthropogenic rocky barrens can bgetated with the endemic

xerophytic treeg\rgania spinosandVachellia gummifera

Some natural vegetated habitats, such as wetlands and euphorb steppes, were less disturbed
compared to other natural habitats. This might be explained by their unpalatgbtation
(generally avoided by grazing livestock) and their relative unsuitability for cultivation. More
specifically, wetlands are occasionally flooded and sometimes characterised by high salinity,
whereas euphorb steppes occupy calcareous rocky seédoped over hard rocks. Even so,
some less floo@xposed wetlands near Sidi Binzarne and euphorb steppes adjacent to villages
have been largely cleared, mostly for traditional cultivation. Considering that euphorb steppes
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have never been fenced and aneently being exposed to clearing, the creation of fenced areas

in disturbed euphorb zone would be extremely beneficial. Furthermore, coastal dwarf
shrublands were less disturbed compared to inland dwarf shrublands, which were generally
replaced by agrictural lands. Unlike inland dwarf shrublands, which were mostly located in
plains, coastal dwarf shrublands were generally located in uneven lands far from fresh water
sources and human habitations, thus less suitable for cultivation. The isolated aggan tre
scattered throughout SMNP reflect a former degradation of argan woodlands, whereas the
remaining woodlands outside the Rokein Reserve are experiencing overgrazing and clearing.
The continuous degradation and fragmentation of native habitats can ceass satural
diversity losses, and thus, monitoring and conservation measlresid be further

strengthened.

In terms of international conservation and transboundary connectivity, the data produced from
mapping SMNP habitat types can be of high value for other regions besides Morocco, and
particularly within the Natura 2000 Network framework (Campagnaro etCdl9)Xince the

study area is locatedithin the Western Palearctic region. This national park hosts diverse
migratory species (birds, butterflies and vulnerable sea turtles) and a variety of flora and fauna
of Mediterranean and Macaronesian origins thatlmafound in a range of Natura 2000 sites.
Information on this site and its identified natural and modified habitats (which are located
within areas with different intensities of human pressures) might contribute to the guidance of
largescale conservatio efforts. This might also be of important interest for Natura 2000
Network plan (Campagnaro et al., 2019), which aims to scale up conservation efforts globally

to protect threatened species (and associated habitats) across their natural range.
6. Conclusionand study limitations

The adopted geospatial approach successfully produced habitat maps with high classification
accuracy. It also proved to be useful for assessing the effectiveness of conservation strategies
(e.g, fencing), which can guide and enharpretection and management actions of natural
habitats. The generated data can be used for further studies including species distribution
modelling, calculation of biodiversity indices, examination of anthropogenic disturbance
impacts and monitoring habitahange over time. The adopted methodology allows for an

objective overview and can be applied in other habitat identification and mapping studies.
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Moreover, the classification of habitats provided in this work could serve as a template for other
relatedor comparable studies conducted in areas with the same or similar environmental
conditions, such as serarid / arid areas across North Africa and West Asia. The use of a

standardised methodology will facilitate coanigon between similar studies.

The stug's limitations include the unavailability of highgquality free satellite images of the
study area. This work was based solely on SerfiAeimages, and thus lacked the use and
comparison of different remote sensing datasets which might provide adbdi@macteristics

and results for comparative studies. Although most classes were properly classified, an
algorithm misclassification was observed for some classes due to similar spectral and physical

characteristics, and therefore required manual caoresct

SoussMassa National Paris the only existing protected coastal national park in the Souss
Massa region. However, there are additional important sites outside its boundary in need of
protection, such as the neighbouring argan woodlands and wetl@odsequently, future
studies should extend the boundaries of the performed classification until all these sites are

included.
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Chapter V. Assessment of
reptile response to habitat
degradation

Fenced and unfenced ataissdlassdNational Park By A. Elbahi
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