THE ANTHROPOGEOMORPHIC IMPACTS OF CAMPING ACTIVITIES AND
LIVESTOCK ENCLOSURES ON ZOOGEOMORPHOLOGICAL

PROCESSES AND ACTIVITY IN THE KUWAITI DESERT

by
Faisal AnzahB.A., M.S.
A dissertation submitted to the Graduate Council of
TexasState University in pdial fulfillment
of the requirements for the degree of
Doctor of Philosophy with

aMajorin Geography
May 2019

CommitteeMembers
David R. Butler Chair
Richardw. Dixon
JasorP. Julian

Clayton Whitesides



COPYRIGHT
by
Faisal Anzah

2019



FAIRUSEAND AUTHOROGS IONESRATENESIT

Fair Use

This work is protected by the Copyright Laws of the United States (Public L&&34

section 107). Consistent with fair use as defined irCiygyright Laws, brief quotations

from this material are allowed wiiforoper acknowledgnent. Use of this material for
financi al gain without the authords expres

Duplication Permission

As the copyright holder of thiwork |, Faisal Anzahrefuse permission to copy in excess
ofthen Fair Useodo exemption without my written



DEDICATION

| would like to dedicate this dissertation to my parents, who have taught me how
to be seHreliant and whdostered a sense of persistence and ambition in me. This
dissertation is also degdited to my wife and my two sons, who have supported me by
travelling with me and being with me for every second of my journey through my PhD

degree.



ACKNOWLEDGEMENTS

First of all, I would like to thank God for giving me help and assistance in all the
challenges that | have faced. Second, | would like to thank my advisor, Dr. Butler, who
has supported me with his academic skitll &nowledge. Without his guidance, this
dissertation would not have been accomplished. In addition, | would like to thank Dr.
Dixon, Dr. Julian and Dr. Clayton for their important advice. Lastly, | would also like to

thank Allison for her frequent and gaous help.



TABLE OF CONTENTS

ACKNOWLEDGEMENTS ... .cuttiiiiiiiiiiiiiiiii s ieeeiiie et e e e e e e e smmr e e e e e e e e e e e e e s s s V.
LIST OF FIGURES..... ..ttt ieeeiiierbtb it e e e e e e e s ssete et et e eaaaaaaaeaeeeaeassammmnaeaeeas X
ABSTRACT . .ttt mnne e e e n e Xiii
CHAPTER
[, INTRODUCTION....cittiiiiiiiiieee et rnee e 1
HYPOINESES ... e 2
[I. LITERATURE REVIEW. . ...ttt 4
Biogeomorphic Disturbance Mechanisms............ccccoeeeiiiieeeiiieeeeeenn. 4
Soil CoMPACHON..........ccciiiiiiieeeeee e
SOil BiotUrbation.............eeeviiiiiiiiiiiceeieee e 5
Anthropogeomorphology: Humans as Geomorphic Agents.............. 7
Direct and Indirect Anthropogeomorphic Influences............... 8
Anthropogeomorphic Disturbaac............cccooeevviiiiiiccc e, 9
Bombturbation, Mining, and Landfilling....................... 9
Agricultural PractiCes...........ccccuvvvviiiiiieeeiiiiiviieeeee 10
CampiNQACHVILIES ......ccovviiieeeieeee e ceeeee e 11
Domesticated Animals and Grazing..............ccccvvveeen. 14
Zoogeomorphology: Animals as a Geomorphic Agent.................... 14
Zoogeomorphicallyactive Animals as Brivers of Geomorphic
Disturbance in Terrestrial Ecosystem........................ 15
Zoogeomorphicallactive Animals as a Driver of Ecological
Enrichment in Erestrial Ecosystem..................c........ 18
AnthropogeomorphicZoogeomorphic Interaction.................coeeeeee 19
. METHODOLOGY ....ciiiiiiiiiiiiieiiii e ees sttt e e e e eeessseeeeeeeeaaaeeeens 22
SHUAY ATC@ .. ittt 22
MEENOUS. ...ttt e e e e e e e e e e e e e 30
Building Camps INVENTOLY.........ccovvuiiiiiiiiiimeeeeieiieae e 30
DataColleCtion ........coooeiiiiiiieieeee e 35

Vi



Soil compaction measurement and zoogeomorphic counting8

Statistical ANAIYSIS........iiiiieiiie e 49
V. RESULTS. ...ttt mmne e aneeanes 53
Field SampPling........ccooooiiiiiieeee e 53
Test of Homogeneity of VarianCe..............eeeeevvviiieeeiiiiiiiiieieiieeeeeee 57
Hypothesis T Soil Compaction..........ccoooeeeeeeeiiiiieeeii e 58
Soil Compaction Recovery Rate...........ccccuvviviiirieeeiiiiniineeee 59
Hypothesis 2 Small Mammal Zoogeomorphic Features................ 62
Average Counts of Small Mammal Zoogeomorphic Features per
ULIILY TYPE i eee 63
Hypothesis 3 Small Reptile Zoogeomorphic Features................... 66
Average Counts of Small Reptile Zoogeomorphic Features per
UIHEY TYPE et 67
Hypothesis 4 Invertebrate Zoogeomorphic Features...................... 71
Average Counts of Invertebrafmogeomorphic Features per
ULIIEY TYPE oo eeeeee 72
Hypothesis 5 Total Zoogeomorphic Features............cccceeeeeiiiieeenes 75
Average Counts of Total Zoogeomorphic Features per Utility
LIS/ LR 76
V. DISCUSSION AND CONCLUSIONS.........cooiiiiiiiiiiieeeveveveeeeeee 80
Summary and DiSCUSSIQN...........cccoiiiiiiiiiieeee e 80
Hypothesis I Soil Compaction.............c.uevveveieeeieesiiiiiiineneee. 82
Hypothesis 2 Small Mammal Zoogeomorphic Features......83
Hypothesis 3 Reptile Zoogeomorphic Features.................. 85
Hypothesis 4 Invertebrate Zoogeomorphic Features........... 87
Hypothesis 5 Total Zoogeomorpic Features........................ 89
Spatial and Temporal Properties of the Disturbance....................... 91
(@] o Tod 1113 ] o USRS 95
Recommendations and Future Research............ccccooiiieeciiccennnn. 97
APPENDIX SECTION. ... .ttt ceessis e e e e e e e e e e e emmreeeeeeaeaaaaaeaaaaaesessnmmnas 98
REFERENGCES..... ..ot eees st enens bttt e e e e e e e e e e e e e s emmraeaeeeeeas 176

vii



LIST OF TABLES

Table Page

1. Shows the date, source, and resolutions of satellite images used in this resed@4h

2. Shows the number of the chosen sites with theiicagsd confidence in each

4. Shows the variables andtscal tests that are used to testdbeve hypotheses. 50
5. Summary of field sampling StEA.........oovviiiiiiie e 55
6. Shows the homogeneity of variancesath variable...................cccoiiciiiiiinns 58
7. Shows thelescriptive statistics for soil compaction within each utility type....... 60
8. Summary r esul forsoifcompaction.h.0.s....AN.QV.A....61
9. Summary result of Tamhaneb6s T2 .m@l tiple

10. Shows the descriptive stéits for small mammal zoogeomorphic features within
€ACH ULIHILY TYPE. .o ererr e e e e e e e 64

11. Summary result of Welchds ANOVAGS or sm

12. Summary result of Tamhanebés T2 mul tipl
Z00geOMOIPhIC FEALUIES........ceiie e e 65

13. Shows the descriptive statistics for small reptile zoogeomorphic feattineseach
ULHITY Y ettt e e e e e e e e e e nnne e 68

14. Summary result of Welch's ANOVA for small reptile zoogeomorphic feature$9

15. Summary result of Tamhan&2 multiple comparisons test for small reptile
Z00geomMOrpPhIC fEALUIES.........cvuii e 69

16. Shows the descriptive statistics for invertebrate zoogeomorphic features within each
U101 Y 1= ORI 73

17. Summary result of Welch's ANOVA for invertebrate zoogeomorphic featureg4

viii



18. Summary result afamhane's T2 multiple comparisons test for invertebrate
Z200geoMOrpPhIC fRALUIES.........cccviiiiiieiiiiiiee e A

19. Shows the descriptive statistics for total zoogapimc features within each utility
[0 TP UPPPPTTPPPTRROY & 4

20. Summaryesult of Welch's ANOVA for total zoogeomorphic featutes............. 78

21. Summary result of Tamhane's T2 multiple comparisons test for total zoogeomorphic
L= LU | = 78

22. A summary table of StatiStiCal tEStS........ovvviieiiiiiii e 96



LIST OF FIGURES

Figure Page

1. An aerial photo shows the barrier/border of the camps...........ccccccimeeriiiineens 13

2. On site photo that shows the barrier/border of a representative camping site; car key in
lower center part of photograph was ca. 7.5 cmlong...........ccccceeeiviemeennnns 13

3. Fox burrow in huma®excavated Pif...........ccccuviiiiiiiiimeeiii e 21

4. Map Of the StUAY Ar€a..........cooiiiiiiiiieee e e 26

5. Sand encroachment susceptibIlity.............ooooiiimmn e 27

6. Surface deposits of the State of KUwall.............ccoovvviiieeeiiiii e 28

7. Shows how indirect berm is formed; soft drink can in center part of photograph ca. 13

8.

9.

(o]0 010 = || PP P PP PPPP 29
A prototype of the AppSheet field data collection interface...............ccccveeeeennee 32
Mark Of the Start POINT.............oiiiiiiiiii e 37

10. Diagram explains the steps that were followed to divide each camp into qua8ats

11. Sampling one of the nahisturbed Sites..............oeiiiiiiiiic e, 42

12. Lesser jerboa burrow; pocket penetrometer in center part of photograph ca. 15 cm

1o T RS RPPPPTRSRPTPR 43

13. Smal/l mammal col ony (Sundevall 6s

phobgraph ca. 20 CM IONG.......coouuiii e 44

14. Large mammal burrow (red fox); smartphone left side of the burrow ca. 15 cm

o] o PRSP 45

Ji

15. Small reptildurrow; silver pocket penetrometer in center part of photograph ca. 15

(o3 00 1 [0 o [P RUUPPRTPR 46

r d



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

100 0 o 18] o PRSP a7
Termite mound; scals in centiméers (upper) and inches (lower)..................... 48

Size of Cyperus conglomerates seedlings in the disturbed areas; minerhbttigter
in upper right part of photograph was ca. 20 cm long.........coeeevvviiicceeenn. 56

The dungrusted surface in Livestock enclosures 2017; car keywer center part
of photograph was ca. 7.5 CM l0NG ..........c.uuviiiiiiiiieeei e 56

The darkcolored subsoiin Livestock Enclosures 2010; ballpoint pen in uppest of
photograph ca. 12 CmM I0NQ........ccuuiiiiiiiiiiiieeeiiii e 57

Comparison of average soil compaction betweerdisiarbed sites and disturbed
5] L= 61

Comparison of average counts of small mammal zoogeomorphic features between
non-disturbed sites and disturbed SitesS............evvviiiiiiiceciiiiiiiiiiieeeeeee 65

Comparison of averageunts of small mammal zoogeomorphic features between
nondisturbed sites and disturbed SitesS............evvviviiiiiceciiiiiiiiiiieeeeeee 66

Comparison of average counts of small reptile zoogeomorphic features between non
disturbed siés and disturbed SiteS.........cccoeeeeiiiiiiiieeei e 70

Comparison of average counts of small reptile zoogeomorphic features between non
disturbed sites and disturbed SIteS............coviiiiiiiicrii e 70

Comparison of average counts of invertebrate zoogeomorphic features between non
disturbed sites and disturbed SIteS............coveiiiiiiicii e 74

Comparison of average counts of invertebrate zoogebimdgatures between non
disturbed sites and disturbed SIteS..........ccooviiiii i iceer e 75

Comparison of average counts of total zoogeomorphic features between non
disturbed sites and disturbed SIteS........ccooeeriiiiiiiicce e 78

Comparison of average counts of total zoogeomorphic features between non
disturbed sites and disturbed SItes...........ooeiiiiiiiiiiiccreee s 79

Xi



30. Primary factors that are aki| the discussion the resultS..............cccceeevvvieeeenn. 81

31. Shows the relationship between soil compaction and the counts of small mammal
Z00gEOMOIPNIC FRALUIES.......coi ittt e e 85

32. Shows the relationship between soil compaction and the counts of small reptile
Z00gEOMOIPNIC FRALUIES.......oii ittt e e e ceer e e e 87

33. Shows the relationship between soil compaction and the counts of irstertebr
Z00gEOMOIPNIC FRALUIES.......cii ittt e ee bbb eeer e e e e 89

34. Shows the relationship between soil compaction and the counts of total

Z00QgEOMOIPNIC FEAIUIES.......eviiiiiieee e eeer e e e e e e 91
35. Shows camping activities outside of the permitted camping.areas................. 94
36. Shows the location of the twelve permitted camping areas..............cccccceeen. 94

Xii



ABSTRACT

The pupose of this study was &valuate the impact of anthropogeomorphic
disturbances on zoogeomorphic processes and patterns in the Kuwaiti desert. Specific
objectives were focused on evaluating pdisturbance zoogeomorphic conditions
between notdisturbed ges and human camps 20himan camps 2017, livestock
enclosures 2010, and livestock enclosures 2017. Site variables are soil compaction and
zoogeomorphic conditions. Zoogeomorphic conditions are classified into small mammal,
small reptile, invertebratend total zoogeomorphicdtures. Fieldwork and remote
sensing data collection techniques were followed as an approach to adequately evaluate
the impact of anthropogeomorphic disturbances on zoogeomorphic processes and
patterns. Results revealed that 1) sompaction differed sigificantly between non
disturbed sites and all other disturbed sites; 2) with an exceptiondistanbed sites vs.
human camps 2017, small mammal zoogeomorphic features were not significantly
different between the nedisturbedsites vs the other distued sites; 3) small reptile,
invertebrate, and total zoogeomorphic features were only significantly different between
nondisturbed sites and human camps 2010, anedmgiarbed sites vs livestock
enclosures 2017he functional esponse approach was usedinderstand how human
activities impact zoogeomorphic processes and patterns. Soil compaatdhe primary
proxy used to understand the interrelationship between human activities and
zoogeomorphic processes and patterns.ceailpaction is a significd factor that plays
an important role in the abundance of zoogeomorphic features. However, according to the

Xiii



functional response model of this dissertation, other factors surlyasic matter

availability and topographic protéah seemed to limit the ipact of soil compaction on
zoogeomorphic processes and play an important role in the abundance of zoogeomorphic
features. These results contribute to advancing knowledge of anthropogeomorphic
disturbance and zoogeomorphic procesa®l provide applied infmation for desert

ecosystem management.
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[. INTRODUCTION

Throughout the last century, and more recently, studyiagumaninfluence on
the geomorphic system has been a strong tradition in geomorphology. The impact of
deforestatin on sediments fluxes (Grant and Wolff 1991) and the influence of
agricultural practices on erosion and deposition (e.g., Hipgenhouseand Dolson
1940) are two examples of the geomorphic impact of humans. The geomorphic impact of
humans is called émopogeomorphologyl he anthropogeomorphidisturbance is
ongoing because the human population is continuously incredsirsgin turn,is
negatiely impacting the physical environment and its biotic resources such as animals.
For instance, human actiMs such as mining, military practices, and camping that
happen on the surface of the Earth are affecting animal habitat. In the natural
environmentzoogeomorphicalkactive animals can live because of their geomorphic
activities. These include diggingrffood, burrowing for habitat construction, trampling
on the soil for foraging purposes, and other activities (Butler 1995). The geomorphic role
ofani mals is called fizoogeomorphology. 06 Bec
however, most of the naturahvironments that animals use as habitats are disturbed. To
survive, these animals are forced to inhabit these modified environmbistsesearch
aimedto construct a bridge that links two sdisciplines of biogeomorphology, namely,
anthropogeomorphotfy and zoogeomorphology. The camping activities in the Kuwait
desert provide an excellent opportunity in which the link between these two sub
disciplines of biogeomorphology cdre constructedlhus, this researgdoughtto utilize
fieldwork-based and rent® sensing data collection to reveal the impact of camping

activitiesandlivestock enclosuregn thespatial pattern of zoogeomorphic processes



Hypotheses

In the Kuwaiti desert, human activities can be divided twtmcategories, namely
human camps arltvestock enclosures. Human camps are built and used for camping
while livestock enclosures are built by livestock holdeitgman camp 2010 is a human
camp utilized in 2010, as revealed on satellite imagery, and subsigcalsandoned and
not reoccupieduntil the datg1/7/2017 to 25/8/201%f the data collection of this
dissertation took place whereas human camp 2@kautilized in 2017 and subsequently
abandoned and not-cecupied until the same date. Livestock esares 2010 is a
livestock enclosug utilized in 2010, as revealed on satellite imagery, and subsequently
abandoned and not-cecupied until the date of data collection whereas livestock
enclosure 201Wasutilized in 2017 and subsequently abandoned anderoccupied
until the same date.

The following hypotheses atestedto explain the spatiotemporal impact of
humancampingand livestockenclosure®n soil compactiomndthe spatial pattern of
zoogeomorphic processes
Hol: There is ndalifference insoil compactiorbetween nostisturbel sites andhuman
cams 2010, humaramgs 2017, livestoclenclosure 2010,andlivestockenclosurs
2017
Ho2: There is no difference ithe counts oémall mammal zoogeomorphic features
between nofdisturbed sites andumancamps 2010, humarcamys 2017, lvestock

enclosure 2010,andlivestockenclosure 2017,



Ho3: There is no difference ithe countof small reptile zoogeomorphic features
between nofdisturbed sites andumancamps 2010 humancamys 2017, livestock
enclosure 2010,andlivestockenclosues 2017,
Ho4: There is no difference ithe counts oinvertebratezoogeomorphic featurdmetween
nondisturbed sites andumancams 2010, humartams 2017, livestoclenclosurs
2010,andlivestockenclosure 2017,
Ho5: There is no difference ithe couns oftotal zoogeomorphic featuregtween non
disturbed sites andumancams 2010, humartams 2017, livestoclenclosure 2010,
andlivestockenclosure 2017

The year represents the l&ste that the utility was occupie&incethenon
disturbed siteare considered as constant in all above comparisons, then, compafison
nond disturbed vs human canmg sites and livestock enclosu®indirectly referring
to comparison within the disturbed sites gro(gg., human camps 2010 vs human

camps 2017)Therefore, to avoid redundancy, comparison within disturbed sites was not
done.Also, the produced figures in the result and discussion chapters are believed to

deliver the reader with the necessary information regarding this type of comparisons.



Il. LITERATURE REVIEW
Biogeomorphic Disturbance Mechanisms
Understanding the anthropogeomorphic and zoogeomorphic impacts on the
environment requiean understanding of the geomorphic mechanisms through which
humans intentionally and unintentionally alter tie®gporphic system and an
understanding of the geomorphic mechanism through which terrestrial burrowing animals
alter the geomorphic system. Thasechanisms are soil compaction (indirect) and soil
pedoturbation (direct). We understand that there are gtbes bf biogeomorphic
mechanisms, such as eroding sediments from mountains to construct roads and tunnels;
however, these are outside of these of this literature review for two reasons: (1) soil
compaction and bioturbation are the only-sbdturbancenechanisms that correspond to
anthropogeomorphology and zoogeomorphology; and (2) these two mechanisms are the
most widespread disturbance ranisms.
Soil Compaction
Soil compaction is one of the biggest environmental issues resulting from
recreationahctivities such as camping, hiking, mountain biking, and horse r{damges
et al. 1979; Stohlgren and Parsons 1986; Pickering et al..28b0)becomes compacted
when its particles are compressed together, which in turn reduces the pore space between
the s oi | 6An avpragaundistaribeeasal has a 50 percent porosity, whereas
compacted soil has about 30 percent porosity, which atteetsapacity of water and air
containment{Williams and Brevik 2010)Compaction reduces pore space, which resluc
the capacity othesoil to contain water and air, leading to a decrease of water infiltration,

which in turn increases runoff asdil eroson. Moreover, reducing the capacitytbé



soil to contain water and air may result in oxygen shor(&geable ad Siemer 1968nd
a shortage of dissolved nutrients in the §éémper, Stewart, and Porter 1971)
Consequentlymineralization of organic atter will be reducedWhisler, Engle, and
Baughmarl965). Soil compaction also affects timuindancef soil animals. In
compacted soil, the population density of soil animals, espeai@bpfaunal organisms
that have a body diameter between 0.1 and 2.0 mm (e.g., Collerspoigfaily, Acari
(miteg, Enchytraeidaepotwormg), is reduced because of thedluction in pore spaces
which serve as a habitat for these mesofaunal orgarieytich et al. 2010)Also,
compacted soi l restricts earthwormsd burro
detrimentafunctional changes in the s¢BrussaardandVan Faassn1994) Beside its
negative effects on soil animals, soil compaction is also responsible for the limitation of
the plant popul ati on. Pl a n tedsoil, whevemaghesy can ea
penetrate compacted soil only with difficulty becausthe small pore spacékipiec
and Hatano 2003)
Soil Bioturbation
The most common definition of bioturbation/biopedoturbation is the mixing of
soils by biotic factors (human, animal, and plamt)e mixing of soil by humans is called
Aant hr otbuyr baantiinoanl,s0 Aif aunal pedoturbation, 0 &
(Butler and Cavin 2014). Other common definitions of bioturbation include the
biologically driven mixing of materials in theislayer between the subsurface
geological formations andh¢ overlaying atmosphere (Smallwood, Morrison, Bagea
1998), and Athe churning and stirring of s

1984 p. 5. Some authors (Whitford and Kay 1999; Hiide 20@; Eldridge andRath



20@2) also refer to bioturbatioas the disturbance of soil by animals. Therefore,
bioturbation carbe definedas the vertical and horizontal (oblique direction) disturbance
of the soil, by animals, plants, and humans, whichtimyslve the integration of three
processes: soil erosiosnil transportation, and soil depositionislibelievedhat this
definition encompasses the previous definitions of bioturbation and encompasses all
mechanisms that are involved in bioturbation.

Regardinghe outcome of bioturbation, bioturbatimdvided into proisotropic
and proanisotropic bioturbatiofiProisotropic pedoturbation encompasses processes that
tend toward soil randomness and disorder, disrupting, blending, or destroying soil
horizons and causing morphologically simplified soil prafile form from moreordered
ones. Proanisotropic pedoturbation by plants and animals includes processes that aid or
lead to the formation and maintenance of soil horizons or layers and causgalh ov
increase in soil profile orderButler and Cavin 2014. 2)

As was intimated, the scope of thesearchs to create a linkage between
anthropogeomorphology and zoogeomorphology. Therefore, | only concdmnate
anthroturbation and faunalpedoturbation. It hasnshownthat anthroturbation and
faunalp dot ur bati on have a substanti al i mpact
attributed to anthroturbatioifhisis becausef the variations in the degland nature of
anthroboturbation compared with faunalpedoturbation, which represents andiffere
phenomenon (Zalasiewicz, Waters, and Williams 2014). Faunalpedoturbation in
subterrestrial settings typically affects tens of centimeters to a few methessabstrate
the deepest cited burrows being those of Nile crocodilescOdylus niloticul which

can reach 12 m, and of foxes and wolves, which can reach up to four meters (Voorhies



1975). In contrast, anthroturbation ranges from simple individuaitates, such as
guarries, to several kilometers, such as borehole and deep mining (Zalasiéatews,
and Williams 2014). The impact of bioturbatisrdiscussedn later sections of this
research
Anthropogeomorphology: Humans as Geomorphic Agents
Anthropogeomorphology is the study of the human rokaéncreation of
landforms and the alteratioof the operation of geomorphological processes (Golomb
and Eder 1964) . D e s p ithe 9608, beceentistsehavei@egnizesl c e n t
the impact ohuman on the geomorphologic system for a long time (Goudie 2013). The
observationsofde Sausse ( 1796) on the Al pintte | akesd w
recent period because of deforestatiogady historical evidence of anthropogeomorphic
work. Moreo\er, in 1800 von Humboldt and his partner Bonpland concluded that the
gradual drying and lowergof the water level of the Venezuelan lake basin (Lake
Valencia) was a result of deforestation, the clearing of plains, irrigation, and the
cultivation of indig (Boussingault 1845; Cushman 2011). In the early nineteenth
century, Surell (184lnesearchetbrrents in the European Alps that powerfully
documented an understanding of humankindos
(1864) also pointed to the influence of humans on the acceleration of erosion, flooding,
and the movement of coastal dungsverthelessthe 1930s and 1940@grewhen a
major stage of work on human influence on the geomorphic system, suchreesntme
posed by soil erosion, took pladéis canbe illustratedoy the work of Bennett (1938)
and Lowdermilk (1934, 1935) and thedvacacy of the importance of soil erosion. Their

research motivated ot her scientists to do



(1955)Topsoil and Civilzation discussed global soil erosion over the last 6,000 years.
The above examples reveal theddmistory of studying the impact of humans on
geomorphology, which is categorized by geomorphologists as direct and indirect
anthropogeomorphic influence.
Direct and Indirect Anthropogeomorphic Influences

As was intimated above, geomorphological landfecanbe producedby direct
and indirect processes. According to Goudie and Viles (2016), direct processes involve
relatively obvious landform formations thaere producedhtentionally. Direct
anthropogeomorphic processes can result in constructiombiters (from depositional
processes), such as spoil tips, or destructional landforms (from removal processes), such
as quarries. On the other hand, indirect processes téedpiducedinintentionally.
Therefore, landforms produced by indirect influenaeshard to recognize because they
result from the acceleration of natural processes rather than producing new landforms in a
short period. The indirect influences are more important to anthropogeomorphology
because they are widespread and hard to resmdBkamples of indirect processes are
modification(increasing) of rates of erosion because of removal of plants that cover the
soil or because of soil compaction produced by human trampling and camping activities.
There are many examples of indiredluence such as modifying weathering processes
due to accelerated salinization in irrigatgites andlandslides and debrffows
triggered by the modification of landcover (Goudie and Viles 2016). Goudie and Viles

(2016) shoulde consultedor an indeph discussion of these issues.



Anthropogeomorphic Disturbance
Every type of anthropogeomorphic disturbaneg( mining, bombturbation, and
landfilling) that involves excavation of Earth surfanaterialsresults in depositing.
Excavationand depositig most often occur at the same time (whenexeavatesoill
from site A and deposits it in site B, or site A and B share the makonor site Ais
locatedwithin a short distance of site B). Here we review the anthropogeomorphic
activiesthatcause he most di sturbance, resulting in
material, possibly allowing it tbe occupiedy geomorphologically active animals.

Bombturbation, Mining, and Landfilling

Bombturbation is the disturbance of soil by tlebnation of bombs (Butler and
Cavin 2014)Thisincludes soil surfaceratering and soil mixing by bombs, which
usually occur during wars and military practices (Hupy @oldaetzl 2006
Bombturbation can erode large quantities of soil and havetengimplicatios that
result in changing the micrand mesotopography of ldscapes (Hupy and Koehler
2012). Therefore, bombturbation results in destroyed soil horizons and dramatic soil
mixing (Hupy andSchaetzl 2006 Hupy and Koehler 2012 suggested that in the
twertieth century, billions of cubic meters of swiére displacethy bombturbation. The
indirect impact of bombturbation cée seenn the breaking of the impermeable bedrock
and soil layers by cratering, preventing the vegetation from accessing its previous
shallow water sources, which results in reducing reforestétiopy andSchaetzl 2006

Waste landfills and mining have a similar leteggm impact on the soil and
topography to bombturbation, but with a greater magnitlidis.is because the impact of

mining is vertically deeper and horizontally larg€he only pupose of a landfill is for



the dumping of wastebut miningis practicedor many reasons, including coal

extraction, diamond extraction, mineral extraction, and many others. Conceptudiig, all

above three anthropogeomorphic practices have similaragbin impacts with

different magnitudes; they start with excavating (eroding) and fragmentation of the soil

and bedrock and removing vegetation (if it exists), which results in accelerating so

erosion by wind and water. Another shared impactisdestgyi t he soi | 6s hor i
which limits vegetation regrowth.

Agricultural Practices

Agricultural practices, among other anthropogeomorphic activities, can
substantially modify the geomorphicstgm of large regions over a period of thousands
of yearsfrom the use of different tillage techniques (Gottschalk 1945; Costa 1975). For
land uses, erosion rates resulting from agricultural practices are among the highest rates
(GarciaRuiz and Lan&Renalt 2011) and can surpass most natural erosion processes
(Massa et al. 2012). Recent changes in agricultural techniques (e.qg., using large
equipment) have made soil compaction widespread. Heavy equipment that exceeds 10
tons inloads, such as loaded combsand manure tankers that exceed320tons,
produce soitompaction to a greater depth wherpasesthe bearing strength of the
soil. Soil compaction can reduce cna@ductionby up to 50% and limit the existence of
plant nutrientg§Wolkowski and Lowey 2008) Soil translocation by tillage is also
responsiké for causing soproblemsbut through a different mechanism. Tillage directly
causes soil erosion and the soil loss thaissociatedith it. Moreover, tillage produces
maximum erosion at suddeonvex slope positions, resulting in decreasing slopkang

and infilling of hollows, which, over time, results in changing the topography and

10



producing new topographic features. Therefore, tillage may indirectly accelerate water
and wind erosionGruver2013)

Camping Activities

Camping activities asecreationalise of the wilderness have an inevitable
negative impact on the ecosystem. Camping activities mainly affect the soil through a
disturbance mechanism called soil compaction (pitching tents anarhinampling),
which in tun triggers many other problems, such as loss of soil moisture and organic
matter andlecreasedvater infiltration(Grable and Siemer 1968; Kemper, Stewart, and
Porter 1971; Williams and Brevik 2010)hese causes contribute tadadegradation. In
the U.S, it is fortunate that campsites are localiggitEwen and Cole 1997Thus,
camping has limited spatial impact. It also hdisnited temporal impact because
campers only camp for few days during the whole year. However, iniKBedrain,
Qatar, and dter Middle Eastern countries, where there are no mountains, rivers, and
forests, the desert is the only place that can accommodate the deep desire to go camping.
To illustrate, in Kuwait, campsites are considered as winter homvesich
people spend theinter season. People construct their campsites at the beginning of
November and remove them at the end of March. During these months, people visit and
spend their nightattheir campsite every weekendoreover some people, dpge their
jobs, spend alwst the entire winter season in their campsites. They do this by traveling
every day from their campsites to their work. Two reasons contribute to this camping
behavior. The first reason is the small spatial extent of the coastone can cross the
courtry by car from the northernmost end to the southernmost end or from the

easternmost end to the westernmost end in approximately one and a half hours at a
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normal speed (120 km/h). The other reason is the luxury life that pengléotéve when
camping, a they construct living rooms, restrooms, shower rooms, kitchens, and
bedrooms in the shape of tents in their campsites. Moreover, to create borders to a camp,
campers tend to fence their camps with barieesms)from the top eil (Figure1 and

2). Thus the soil is bioturbated. Moreover, eieascampsites are localized in the U.S.,

they are not in the State of Kuwait. Thus, their spatial impact may be much worse. For
instance, a single family could construct its campsite iiffereint location every yar,

which produces soil degradation issues in a larger spatial extent. Their temporal impact
also may be much worse because Kuwaiti campers spend much more time in their
campsites than do American campers. Therefore, in Kuwaibtiied Middle Eastern
courtries, camping activities have a substantial impact on the environment because they
result in soil compaction and bioturbation with a higher magnitude and a larger spatial

extent than in Western countries.
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Google Earth

Figure 1. An aerial photo shows the barrier/border of the campslmage credit to
Google Earth.

Figure 2. On site photo that shows the barrier/borderof a representative camping
site; car key in lower center pat of photograph was ca. 7.5 cm long_ocations of
burrows are highlighted by red arrows.
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Domesticated Animals and Grazing

The impact of domesticated animals falls into a set that overlaps between
anthropogeomorphology and zoogeomorpholddysis because they anetroduced into
the environment by humans for economic purposes, such as livestock, and their
geomorphic impacsizoogeomorphic. Domesticated animals such as camels, sheep,
goats, and cows, have a substantial direct and indirect impact on the geomystamc s
A direct impact cafbe seerwhen camels trample @and duneandnabkhasmounds
and cause erosion of tleegeomorphic features. Indirect effects include compaction of
the soil, which results in the acceleration of soil erosion by water and wirtdeFuore,
in the desert of Kuwait, AHurban (2014) found that overgrazing by camels, sheep, and
goats in unpratcted areas of the Kuwaiti desert, which uproots plants and restrains plant
growth, is responsible for substantial plant cover losses andughhto behe main
cause of the deterioration and passing of rugged vegetated sandMbesiaformation
onthe impact of grazing can be fouhdlowi n t he s e Zbogeomorpkicaltyi t | e d
activeAnimalsas a Driver of Geomorphic Disturbanc

Zoogeomorphology: Animals as a Geomorphic Agent

Animals and their geomorphic abilities haween long ignoretly scentists such
as geomorphologists and geologists, who are responsible for identifying such
interactions. It was not until the late 1980s thaatHer Viles, as a geomorphologist,
defined biogeomorphol ogy as fian apsgplersach t
the role of organismso ( VBibgeomorghSidButlerp . 1)
and Sawyer 20)2However thatwasbasedn ecdogical ratherthangeomorphological

literature(ButlerandSawyer2012) Vi | es 0 research concentrat ec
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phytogeomorphology, rather than on anihgaglomorphic interactio(Butler and Sawyer
2012) For such interactions, it was not until 1992 that &uinnounced the term
Afzoogeomor phol ogy 0The gnizzitbeas as pneep&Eonal agentin t | ed N
mountainous terrain. But | er def i ned ftzloeo getoumby pdfo |l tolge
geomor phi c ef Bulertostinued to supportrhia tersm. 0
Azgeomor phol ogy o by \viZooggomonpbologyhnsnalda® ok ent i t |
GeomorphicAgentsDe s pi t e Butl erds contribution, ani
been noticed almost 1lbfyehestieemoneoBygtkloen
by CharlsDa wi n in his observations on the work
Darwinds research concentrated on the role
bioturbation of soil (soil mixingjDarwin 1881) According to Butler (1992),
zoogemorphologys aterm that emphasizes the geomorphic role of animals. The
geomorphic role of animals can result in disturbing and enriching the soil.
Geomorphologicallyactive animalsre categorizeohto vertebrate and invertebrate,
marine and terrestrial. Heregnly consideedthe role ofgeomorphologicallyactive
animalsin terrestrialsystem
Zoogeomorphically-active Animals as a Drivers of Geomorphic Disturbance in
Terrestrial Ecosystem

Geomor phology is the study oftehe | andf
processes that produce these landforms. These processes are abiotic and biotic processes.
Abiotic processes are those that do not involve living organisms, such as uplifting
tectonics and erosion and deposition by wind, and water. In contrast, boméespesare

those that involve living organisms, suchhasnansanimals, and plants, that have a
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geomorphic roleAlthoughthe geomorphic role of humans Heeen discusseabove, the
role of plants as geomorphic agefaks outside the scope of this ezsch.

Animals become geomorphologically active when they search for food and
establish their habitats ( Bneaskoeiatedith®d®hs ) .
direct geomorphic alteration, suchkasturbationand indirect geomorphic alteration,
suchas changing vegetation properties and soil compaction, especially with large
herbivore animalsyhereasestablishing a habitat is usually associated with bioturbation.
For instance, while establishing habitats (bws), rabbits were found to be responsibl
for excavating between 475 and 71308 kg of soil per hectare on forested hillslopes in
Belgium (Voslamber and Veen 1985). In the Netherlands, particularlgoastalsand
duneenvironment, it was documented thalbbits were responsible for extensiveaa
that resulted in both direct geomorphic impacts, such as causindalopeand indirect
ones, such as the increased possibility for fluvialaudiantransport (Rutin 1992).
Gophers also have direct amdlirect geomorphic influences. As a diradtuence, in the
Front Range of Colorado, northern pocket gophers were documented to be responsible
for lowering the average surface elevation of the area by 0.0037'(Bumns 1979).
Ellison (1946) recordedhait northern pocket gophers were respdadir bringing 11.0
15.5 t hat yr of soil to the surfacéeMany reptiles are also zoogeomorphicalltive.
Sandburrower reptiles create patent tunreatsl do not need morphological and
physiologicalmodificatiors for undersandbreathing(Bauer and Rssel 1991)
FurthermoreDhub lizards or Spinyailed lizards, create burrows up to 10 m in length,
and 1.8 m in depth and live in them for many years (Nemtzov 2B@gprding the

zoogeomaphic work of insectsants and termites are considered as leadinderators
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of soil and geomorphic processes. While creating their nests and excavating
interconnecting tunnels, they disrupt surface and subsurface soil and thistsmbation
hasanessential impact on soil infiltration of water, clay mineralogy, ssidchemical
properties (Whitford and Eldridge 2013).

Regardingndirect influence, many studies have proven that gophers alter the
chemical soil and vegetation perties surrounding their habif{@rant French, and
Folse1980; Reichman and Smith 198B5arlson and Crist 1999; RogekHartnett and
Elder2001; Sherrod and Seastedt 2001). Thus, indirect geomorphic effects such as
increased erosion may take place (Buét al. 2013)Regardingga ni mal s & sear che
food, in Glacier National Park, MontgndSA, sediment produced by 1§8ar storm
avalanches was found to be less than the annual erosion sediment that appears to be
caused by grizzly bears (Butler 1992).

Zoogeomorphicallyactivemammals and reptilesancausendirect inducing of
erosion by banging chemical soil and vegetation properties, other animals, especially
large mammaland domisticated animalsan directly erode sediment and indirectly
initiate or induce erosion by causing soil compaction through their trampling on the
surface (Buer, Whitesidesand Tsikalas 2013Boelhouwers and Scheepers (200n a
hyperarid environment, documented that antelope trampling was responsible for cutback
initiation, and continued trampling on the tracks deepened the cutback, which finally and
indirectly resulted in gully creation because the runoff from the upper slope t@asce
channeledoward the antelope tracks. Lock (1972) documented the soil compaction
produced by hippopotamuses and moose which led to the reduction of the rapid

infiltration of rainwater, aiding water erosion.
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Zoogeomorphically-active Animals as a Driver of Ecological Enrichment in
Terrestrial Ecosystem

Ecological enrichment bgyoogeomaphically-active animalfias been of interest
to zoogeomorphologic research (Eldrige 2@a&itlin and Hayashi 2012), mainly
regardingooking to uncover the potential beneficial impact that zoogeomorphic
activities such as bioturbation can have on theasullvegetation properties within a
specific ecological site. Ecosystem characteristias processes are influenced by small
mammals through their burrowing, foraging for food, and digging seed caches, which
disturb the integrity of the surface crustiaddish spaces and depressions that can store
seeds and organic materials, and geneiatarbated soil with intact surficial soill
(Whitford and Kay, 1999). Moreover, the foraging pits of burrowing mammals serve as a
resource for trapping soil, litter,des, seeds, and nutrients (Boeken et al. 1995; Eldridge
2004; Garkaklis, Bradley, and Witer 2004; James and Eldridge 2007). In Mongolia,
particularly in abandoned croplanghere the soil crust restrained vegetation regrowth
the burrowing activities ahe Mongolian gerbilNleriones unguiculatysand probably
Brandt voles flicrotus brandt) and hamsterdPhodopus spp hasassistedn vegetation
regrowth (Yoshihara et al. 2009). Similarly, in Australia, the formation of soil crust,
erosion, and loss of vegetation has been profound because of the loss of burrowing
animals (Martin 2003). Davabn and Lightfoot (2008) found that thendoined effect of
Gunni son6s Cynonays gunnisonaha bgirmetdiled kangaroo rats
(Dipodomys spectabilisncreased the landscape heterogeneity and the richness of
vegetation by establishing a mosaialoferse patches on the landscapee Dhub, or

Spinytailed lizardis an important physical ecosystem engineer in desert ecosy#tem
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large burrow providea shelter for many organisthat cannot dig in hard substrata
(Nemtzov 2005

Anthropogeomorphici Zoogeomorphic Interaction
Animals,including terrestrial burrowing mammals, exist in natural environments.
However, with the increase in the human populationaartkdropogeomorphic practices,
ani mal s natur al habi t at s rcedrtoadeat witlr tieisatreatn e d |,
throudh inhabiting anthropogeomorphic landforms to survive. In natural environments,
the survival of these animals depends on their geomorphic abilities to create habitat and
search for food. Similarly, to survive in humarodfied environments, the same rules
apply. Unfortunately, in the scientific community, very little attention has been given to
the interaction between zoogeomorphic and anthropogeomorphic patterns. In the
geomorphology literature, this type of interactisrcompletely absent. In South Afrjca
particularly, in heavy diamond mining environmemtigas colonized by Brant's
whistling rat Parotomys brantsjihad lower electrical conductivity and higher microbial
respiration than the nearby uncolonized areagebler, the colonized areas were the
only sites that had vegetation (Desmet and Cowling 1999). In a landfill located in central
New Jersey, Lore and Flannelly (1978) found that most of the burrows of Norway rats
(Rattus noruegicusyere foundn loose sang soil that had been recently altdray
earthhmoving tools or in recently dredged soil that was organically rich. Moreover, they
found that Norway rats selected burrow locations that reduced the travel distance to the
main food source and permanent wataurce. Also, Norway rats frequentiose to
construct their burrows on sloping terrain and in loose soil because it is easy to dig in

(Lore and Flannellyt978).In the Hanford Nuclear Reservation in sea#ntral
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Washington, where radioactive wastes fribra production of nuclear weaponsne
injected into the surface of the ground and within engineered burial structures,
Smallwood and Morrison (1997) recorded a number of different burrowing animals such
as northern pocket gophehpmomys talpoidgscoyotes Canis latran$, badgers
(Taxidea taxuy Great Basin pocket mic@¢rognathus parvysand other species.
Because of the vertical and lateral transpbthese animals, radionuclides remain
vulnerable More recently, ecologists showed that roadsielgies often shelter a high
biodiversity of grassland species sucHhiaard-orchids Himantoglossunspp.) Fekete et
al. 2017).In eastern France, researchers concluded that badgers and foxes widely use
abandoned WWII military bunkers that wdoeatedin crops, forests, or groves (Jumeau
et al. 2018)In the Hortobagy National Park, Great Hungarian Plain, East Hungary,
researchershowed thakurgans, whictareprehistoric marmade burial mounds that are
characterized by hilike structureJoosesoil and undisturbedcondition, providesuitable
habitatsfor ecosystem engineers such as foXesdo et. al 2018)
Anthropogeomorphiczoogeomorphic interaction is not limited to mining and
waste sites. In the southeastern part of the Kuwaiti desed,dersnally observed
manyLesser Jerbolurrows in humaitreated soil mounds thakere constructetb
fence campsites (Figu®. Moreover, | observed some burrows in camping pits that
were excavated toe useds latrines for human wastanfiar observabnswere made
within livestocksites(camels and sheamclosures Moreover, in the southeastern part
of the Kuwaiti desert, some feral dogs doxl burrows (Figure8) were observed in

illegal soil dumping (humagreatednounds) and excavation sites (hammexcavated

pits).

20



Figure 3. Fox burrow in human-excavated pit.
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. METHODOLOGY
Study Area

The study(29.14°, 29.19° N and7.85°,47.91°E) is conductedn the Bar Al-
Juwaihel aretocatedapproximately\25 km to tke southwest of Kuwait Cit{Figure4).
Il n Arabi c, fBar euwakehinasKuwhié fmreily. tTheggmowhd A |
elevation ranges between 45 to 65 m abovdese. It covers about 3316m2. Kuwait is
anextremelysmall coutry with an area of aboui7,818 km3 and 0 to 300 m of ground
elevation rang€Kusky and Cullen 2010)herefore, climatic variation does not exist
across the country. The climate in Kuwaitclassic hot desert (BWh$,characterizely
two seasons: a long, hot, and dry summed,short cold winter.In summer air
temperature can reach up to 50#Dereasn winter,the air temperaturialls to about
0°C (Al-Yamaniet al.2004). The mean July temperature is 38.2°C, while mean
maximum temperature during the same month is 45.&i@inter, the mean temperature
in January is 12.7°C with mean minimum temperature in Jamumamnd 7.5°C. The
mean of annual precipitation is 119 nemdanaverageof annual potential
evapotranspiration eeeds 2270 mm. Annual precipitation ranges f8rand 250 mm,
the majority falls in winter and spring (Halwadyloustafa and Kamell982; AlFSayegh
2017). Inthewinter seasonlimited rainfall happens suddenly and occasion@lysky
and Cullen 2010)Relative humidity ranges from 20% in summer an% &0 winter,
whereagheevaporatiorrate reaches 4.6 mm/d in January and 22.9 mm/d in June. In
Kuwait, winds mostly blow fronthe northwestwith theannualmean speed of 13.6 km/h
which cause prevailindust and sand storms. Between May anlg, 50% of dust storms

occur (EtBazandAl Sarawi 2000; Almedeij 2014; Abayegh 2017). During November,
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Kuwait is exposedo the southwestern wind.

The surface of the Kuwaiti deséstmostly coveredby a thin blaket of recent
aeolian deposits. Anthropogenic adias resulted in the baring of the vegetation cover
and the exposure of dry, loose sediments to aeolian activities. Kewaénsively
exposed to aeolian activities evidenced byrdwirrerce of sandand dust storms.
Southern Iraq (northwest of Kuwjis where the dust stornase usually initiatedvhich
results in thick cloudsf dustthatare finally settledn the northern part dhe Arabian
Gulf where Kuwaits located Saltation isanother aeolian transport mechanism that
occurs during summer s&mn whenever wind speed attains 5.4 m/s. In Kuwait, the main
annual sand drift is approximately 2G yn' with the preponderance taking place
between MayAugust, to the southeagand dunenigrationis also recognizeih
Kuwait. Sand duneare predominantly existing as small barchans of approximately 3 m
height which usually migrate about 20 m in nine rheifdr a barchan with average
height. Sand encroachment is another ae@li@nomeann thatoccuss due to the high
rate of sand transport thiattriggered by extensive anthropogenic activities in desert
areaslt is significantly affecting almost all roagfarms, and urban structurdéh@laf
and AFAjmi 1993). The desert of Kuwait supporésvariety of zoogeomorphicatigctive
animals including small burrowing mammélLesser Jer boa, Sundeval
Hare, and Ethiopian Hedgehog), large burrowing maite such as Red Fox and Honey
Badger, small burrowing reptiles such as Arabian Worm LjzZaiohe Geckdrringe
toed Sand Lizard and Blue Throat Aga@daman and Méans 1998), large burrowing
reptiles such as Dhub (ABayegh 2017), False Cobra, and CaispWhip Snake (Jaman

and Meakins 1998), and insects such as termitesghaman and AHouty 198§, ants
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anddifferent types of beetleRomesticate@nimals such asamels, sheeps, and goats
areubiquitousin the Kuwait desert.

The study aress locatedn a moderate sand encroachment aFegu(e5).
Moreover, the northern border of the study asdancedwith trees that help in
mitigating sand encroachment bgpping sand particles that are transported by saltation
mechanism because of the northweistd. The surface geology of the study area consists
of smooth sand sheetadure6) that have relatively flat surfaces, sometimes covered
with a very thin veneerfaesidual granules (AHurban 2014). The study area is mainly
bare desert land. Howev&yperusconglomeratesa perenniatleseriplant,are sparsely
distributed through the study area. The study Erdaminatedy extensive
anthropogenic disturbance suchhasnanactivities which includes human camping for
leisure purpose and livestoekdosures This makes it an excellent choice to study the
impact of camping on soil compaction and $ipatial pattern of zoogenorphic
processes

Campers and livestock breeders usually build berms or bordesitiesly a
fence to create privacy. Thiesults ina variation in the microtopography in all camping
and grazing areas in the Kuwait desert. This anthropogeomonmaloess can be
classified into direeberm and indireebermbuilding. Direct-bermbuilding occurs when
campers intentionally builthe berm by eroding the adjacent surface to create a border
for privacy purpose@~igure2). The height of thderm ranges from 0.5 to 2.1@n the
otherhand,indirectbermbuilding occurs when the campers border their camps or
livestock enclosures by aldac or nylon fence connected by woody or metal poles

(Figure7). Whenhumancamps or livestock enclosuraseabandoned at the end of the
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season, the fence is collapsed due to wind attack and then sand sediments are trapped by
the fence, creating a loosamall, and low berm. Within the camp border, the camp floor
area, is whereampers construct their tents or livestock breeders keep theirilerds

which leads tahe compaction of the soil surface
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Figure 4. Map of the study area.
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Figure 5. Sandencroachment susceptibility (modified after AlHelal and Al-Awadhi
2006).

27


































































































































































































































































































































































































































































