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Foreword

Freshwater habitats and biodiversity in the Arabian Peninsula are unique and highly valued for the essential role they
play in people’s survival, as well as that of its native flora and fauna. Some of the various goods and services provided
by the region’s freshwater species that benefit people in a direct or indirect way are fisheries, flood prevention and
water purification. Also as a consequence of this close relationship between man and freshwater systems, the majority
of impacts affecting freshwater taxa have also consequent effects on the economy and people’s livelihood.

The Environment Agency - Abu Dhabi (EAD) and the International Union for Conservation of Nature (IUCN)
worked together for this project that aims to provide an accurate picture of the present conservation status and
distribution of Arabian freshwater species, as well as to identify the main threats that affect them and action
requirements for their successful long term conservation.

The Environment Agency - Abu Dhabi expects this document to guide conservation planning, and represent an
important step in building capacity for Red Listing and the identification of priority areas for conservation action in
the region.

H.E. Razan Khalifa Al Mubarak, Secretary General of the Environment Agency Abu Dhabi (EAD).



Acknowledgements

All of IUCN’s global Red Listing processes rely on the
willingness of scientists to contribute and pool their
collective knowledge to make the most reliable estimates
of species conservation status. Without their enthusiastic
commitment to species conservation, this kind of
regional overview would not be possible.

We would like to thank the following people who gave
their time and valuable expertise to evaluate all of the
assessments at the workshop held at the Senckenberg
Research Institute and Museum of Nature in Frankfure,
Germany, asking forgiveness from anyone whose name is
inadvertently omitted or misspelled.

The authors of the various chapters, assessors and
participants to the workshop: Annette Patzelt (aquatic
plants), Boudjéma Samraoui (Odonata), Eike Neubert
(freshwater molluscs), Fareed A. Krupp Gary R. Feulner
and Jorg Freyhof (freshwater fishes), Wolfgang Schneider
and Khaldoun Al Omari (Odonata), Nashat A. Hamidan
(freshwater fishes), Neil Cumberlidge (freshwater crabs),
Richard Lansdown (aquatic plants), Sabina G. Knees
(aquatic plants), and Zuhair Amr (freshwater molluscs).
Jean-Pierre Boudot compiled the preliminary assessments
for dragonflies and damselflies.

The assessment of the Arabian Peninsula biodiversity was
coordinated by Nieves Garcia, lan Harrison and Neil
Cox from the [IUCN-CI Biodiversity Assessment Unit, a
shared between IUCN  Global
Programme and Conservation International. We received

initiative Species
extensive expert advice and assistance from the following
IUCN Species Survival Commission (SSC) Specialist
Groups: IUCN/SSC Mollusc Specialist Group, IUCN/
SSC Dragonfly Specialist Group, IUCN/SSC-Wetlands
International Freshwater Fish Specialist Group, IUCN/
SSC Freshwater Crab and Crayfish Specialist Group and
TUCN/SSC Freshwater Plant Specialist Group. We also
thank the IUCN Regional Office for West Asia, and in
particular Khaldoun Al Omari for his dedicated support
at the workshop.

All analysis was carried out by Marcelo Tognelli from the
IUCN-CI Biodiversity Assessment Unit. The species
distribution maps were digitalized through the combined
efforts of the IUCN-CI Biodiversity Assessment Unit
with the technical support of Celia Navarro. Lindsay I.
B. Williams and Sophie Neale from the Royal Botanic

Xi

R ,S_w:'

Joll 2l dsld) dble) slyomd] LEWI Ollas graz Lois
padyme maz § pgtedlusy clolsdl dy o dsddall Ggal
09 ddlas 35T elgll habs dlo e Olpuid! Jsod dislosd!
e Bl ode 0l glgll s Blasl) ggulozy gl 09

ladided el 0S5 b a8yl gk

0483 lgmo ol eadlowl LW polsedll S5 ol o
Gade U Jasll ddyg § Ologddll meaz ot disdll 0gins
LW/ CysiSal3 ¢ dmpall it goiSiw Gigou Mgme @
s o dowl s3iol ol Isgw dowl Sy b pazed &l o0 5dasis

el

iy § oSHlikly orenibls dilisl) Jgadll GAl5e SIL (asds
(Ologus) $9lyaw louzd939 (AW OBLAN S35 ol s Jasll
Hod 5 $rl8s 09,5 1 a8 (Ll oLl Olhissy) Onss s
Osalsg sl @ladlgsy (Disll olkl Jlwl) Bomld &)509
Jois (Ll old) Jlwl) Glases Olady (Oloswsy) @ el
OBLN) OshawsY Hlanys (Ddsdl oldl Gblbw) galmwlS
oldl Sliszy) 9y0s y)9 (AWl SBLAY) 50 . Ll (45U
Olo szl dJ5Y1 Olopdd] maz 9353 s Ole B U85 (4]

Aous VI GlRdeg

o I8 o0 d =l y52d) § 2 olondl € g e BawS 03
godl puli Suoy e S5 Jsy Oswle Obly Ll
hasdl delaieg dmuhall Osal Jsall sl gl Goslel
Gl eyl gu dSide §dle ;29 (IUCN-CI) dlsl
Jaiodl delaieg (TUCN) dspall gsal J9ull slosi gl glgstU
s oo dwmaly ducluwy Bygiw Lal LS .(CI) dJswl
Al glgl el L) dmldl AW daasabl Olegeasd!
degazll ((SSC) dismudall ylsbly dspall (gal Joull slosd
Olosusdl § daasall degazmbly OlssJl § daasl
degazbly Lisll oLl Jhwl § ooy daasill degazlls
daasal) dssazdly sl olll yodl sly2g Ol § daasal)
2! Ll 0y a8y oSl S LS sl bkl OBl &
Srosdl ol paall dzy oy drudall gl Joul Sl

ol diyg § Glax) dasu)

Buzs oo Hitss shunle JB oo Jdloal] mwe Szl W89
debatag druhll Osa) Joull SN @l 2 slsull & sl o



Garden Edinburgh provided key distributional data and
generated maps for the aquatic plants assessment. Mark
Mulligan (King’s College London) kindly provided data
on dams from the DAMS database.

We would like to thank the staff at the Senckenberg
Research Institute and Museum of Nature in Frankfurt,
particularly Wolfgang Schneider, Eike Neubert, and
Horst Zetzsche for providing logistical and administrative
support and making sure the communications and
evaluation workshop ran smoothly. Workshop facilitators

in Frankfurt were Nieves Garcia, lan Harrison, Khaldoun
AlOmari.

We also would like to thank Simon Stuart, Chair of
IUCN Species Survival Commission, for his good advice
and guidance. Experienced support and advice was also
provided by Will Darwall, Kevin Smith and David Allen,
from IUCN Freshwater Biodiversity Unit, and Johannes
Els from the Breeding Center for Endangered Arabian
Wildlife. Meryl Cohen and Marion Salaun Fairbanks
and Carly Silverman (Conservation International)
provided helpful administrative assistance in planning
the budget for the project.

lan Harrison is grateful to the Department of
Ichthyology, American Museum of Natural History, New
York for granting Research Associate status, and to the
staff of the Museum library (in particular Tom Baione
[Harold Boeschenstein Director] and Mai Qaraman
Reitmeyer [Librarian]), for assisting in locating published
materials. lan Harrison is also grateful to Columbia
University, New York for granting Adjunct Research
Scientist Status (for Center for Environmental Research
Afhiliate

(Department of Ecology, Evolution, and Environmental

and Conservation) and External Status

Biology) and allowing access the library facilities.

Ian Harrison, Nieves Garcia and Neil Cox reviewed and
text edited this report. Chadi Abi Faraj produced the
present project publication, Nashat A. Hamidan helped
in editing the Acknowledgments and Executive Summary
sections.

The contribution of each expert is fully acknowledged in
each of the detailed individual species assessments.
Globally completed assessments are available on the
IUCN Red List of Threatened Species website (http://

www.iucnredlist.org).

This project has been carried out thanks to the generous
grant to IUCN by the Environment Agency of Abu

Xii

dl gl mss hlye Juges o3 (IUCN-CI) dgul] Jadod)
oz 39ed! ol el Bumg Sopz H8LAS IS (e diady il
gl hadsdl dahiiey druhll Osal Jowl slsi gl
ok Coad W89 9)BL Ll e a8l esuly (TUCN-CI)
255! Oy (0y00]) dSUAN d3L) diyasdl (e o Go09 3ol
Blo pad LS ASU Bl eudd) balls Caly dewgd)l

D9dd] 5o SULo () gadsS 32uS oe Olxdse

Al Cioxtey Ergonl) g iSiw dgme § (ndboobl i O 3935
Couygng Opgd hly yuld wilxdlsy Logasg 0)9aS3l8 &
dos diiys e 0 STy 3IoYls ruzslUl pe ) péo) (it}
Ll s 5825 O 399 LS b 925 e euitlly YL
G Jesdl diyy e el Oodlsy Oswnsla Ol

033850158

sl glei¥l sliy Lnd Gy Olssior O9gle ;a5 OF 53 LS
o3 W8y bl dilge sy doslay dsuhll Osal sl sl
Cunwr 3855 Jsosls s JB e Lal Sypikly pewll ouuds
W dsll Ll sball Geslsadl g sl Basg e T dudds
35 e o] peilesyy dezahall 3lstly dzuhall Osal Joull
008 03 LS . BLEYL dougkl doysll Ll Blod] Juls
U3 e poidl e dolyd Jadasall 3uall &ylaYl ducludl
dobhris) Oloyilew B9 uSSliyd 0oVl Oooley op2sS daye

(ol Jadod)

$oxY Gasally bl ole Byl35 Gswnsle 0Ll Sy LS
GAbsby dilive Lol ddpe doud digss § reddll o)kl
[Gabicssy Woole pue] Oals pgd b Vo) loukl duse
& Busluall ([Sramdl Sloasd LaShl diel] plony Oloyd sleg
(D)9255) LsoglsS dmale Ll Sty LS Oilygiikl Ol ayuss
Wdlorkly Azl Sgomdl 35,0) ale Col aslus 45,0 docid
ol yshilly &l 0ud) Lzl e ddyey (Ll e

A4Skl 3310 d] Jposll Lal 4 plawdls (il sl Yl

osaddg Gguayle bl B G 8l e o) 5,589 deolye o
@oled Jledl 50,801 125 g9 e glSl d9m39 . 0uSsS g Lwls
3 ol mds § sl Olages Olas z58 gl

42,801 Glogdd] oo US § JoUL jus JS deslus S5 3 ud)
Bso e Lhle daSiad) Ologdd! 855 LS .gledl dladll
102,00 33ag bl £lg3 ¢l pasdl 44LJ)

. (http://www.iucnredlist.org)




Dhabi, including its report and workshop in Frankfurt.
We are grateful to HE Razan Khalifa Al Mubarak and
Frédéric Launay for the Agency’s hugely generous
support to IUCN’S Species Survival Commision. Co-
funding for data compilation, workshop facilitation and
data editing was provided through The Betty and
Gordon Moore Center for Ecosystem Science and
Economics of Conservation International. Any opinion,
findings, denominations and conclusions expressed in
this report are those of the authors and do not necessarily
reflect the views of the Environmental Agency of Abu
Dhabi, the International Union for Conservation of
Nature, Conservation International or the project
partners.

Xiii

Jd (o dosil) dsud) docl) Lady g9 il e 1A o3 W8y
A3 § e drubll ggal Joull sloa¥l (] Guboil § didl die
09dS318 § Jesdl diygs Ly 543

de) hpn gy Ll dads o)y Soleud Osites Wy LS
;;9,0! oM Ayl gl sldy dizd ] Sy i) pgns)
el D9s 90929 i 3Sye I Layl Osiiany dzuhall Ol
dgais) Aol Badodl dalail bl slaidVly oglsSoYI plla
2289 Jesll diyy Juguds OULY) messt) Jiik) Josed]

REE

sl e @ Boyly Olebuul ol Olaws of gl ol @y §f o)
oo IS B Olazy 8y9pall uSa3 Vs LS b)Y dil o
dolaie ol druhall Osal Jol slos¥l ol Lol § dil die

g9kl & =5l ol ddgl Jadodl



Executive Summary

The Arabian Peninsula  Freshwater  Biodiversity
Assessment addresses the limited information currently
available on the status and distribution of freshwater

The present IUCN Red List

publication compiles the results of the project,

species in the region.

identifying those species at risk of regional extinction
and providing the first overview of their conservation
status in accordance with the IUCN regional Red List
guidelines. By compiling this existing information and
updating it where possible the report provides an
important resource for current and future decision-
making on the management and conservation of inland
waters.

The project evaluates the conservation status of 292
species belonging to five taxonomic groups — 18 fish
taxa, 30 molluscs taxa, 59 dragonflies and damselflies
taxa (odonates), 3 freshwater crabs taxa and 182 wetland-
dependent plants taxa. Freshwater crabs and fish show a
high degree of endemism, with 100% and 83% of the
species respectively in these groups not being found
anywhere else outside of the region. Overall, 17% of the
Arabian freshwater taxa assessed are threatened with
extinction at the regional scale, with a further 3%
assessed as Near Threatened and 20% as Data Deficient.

The limited number and area of wetland systems within
the region, and the restricted size of many of them,
constrains the distribution of species and the abundance
of species in many basins. The greatest numbers of
freshwater species and threatened species are found in
the mountains of Yemen, the Socotra archipelago, south-

Xiv

west Saudi Arabia and Oman in Dhofar. These areas,
identified as centres of freshwater biodiversity and threat,
can help focus development and conservation actions in
ways that aim to minimise impacts to freshwater species
throughout the region.

Habitat loss and degradation due to modification of the
natural systems (e.g. unsustainable water abstraction)
and agriculture intensification are together with pollution
and the current trend of atmospheric temperature
increase and rainfall decline, the major causes of species
decline in the Arabian Peninsula. The proposed
conservation measures to reduce the probability of future
declines in freshwater biodiversity in the Arabian
Peninsula will be through better, basin-scale programs of
landscape management that integrate conservation
programs across terrestrial and aquatic systems. This
should include increased representation of freshwater
in networks and

ecosystems of protected areas

implementation of Integrated River Basin Management

Additional should

include the use of sustainable agricultural techniques and

programs. conservation actions
waste management, law enforcement, habitat protection,

action plans for species and environmental education.

Also, the success of conservation planning in order to
guarantee the future sustainability of livelihoods, as well
as the resources and services provided by functioning
wetland ecosystems depends critically on the adequate
involvement of communities in the long-term future of
freshwater species and habitats across the region.
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Chapter 1. Background

Harrison, I.", Garcia, N.2, Freyhof, J.%, Neubert, E.*, Amr, Z.5, Van Damme, D.6, and Cumberlidge, N.”

1.1 Biophysical characteristics

Cox et al. (2012) give a good overview of the geography
of the Arabian Peninsula, and much of their information
is summarized here. The Arabian Peninsula is defined on
political grounds, comprising Bahrain, Kuwait, Oman,
Qatar, Saudi Arabia, the United Arab Emirates and

Yemen (including the Socotran archipelago). The area
covers more than 3 million km? (see Figure 1.1).
Mountains rise steeply from the sea along the western,
much of the southern, and the south-eastern coasts, and
they shelve more gradually towards the desert interior.
The highest part of the Arabian Peninsula is in the
western mountains at Jebel An Nabi Shu’ayb (3,666 m)

Figure 1.1 Map showing the Arabian Peninsula region covered in this project and the freshwater ecoregions included

within this region (source: Abell ez /. 2008)
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in Yemen. The southern part of the western mountains,
located in south-west Saudi Arabia and Yemen, receives
summer monsoon rainfall, from June to September, and
the western escarpment is cut by many steep wadis. The
mountains of the Dhofar governorate of southern Oman,
extending into the Mahra region of eastern Yemen, attain
elevations of 1,400-1,800 m and also receive the summer
monsoon. The southwest monsoon that affects southern
Oman and adjacent Yemen creates tropical fog that
permits the development of a deciduous cloud forest.
The forest is also noted as supporting high plant diversity
(see chapter 7).

An extensive limestone plateau, the jol, lies between
Dhofar and the south-west mountains, and this is deeply
incised by the large Wadi Hadhramaut-Wadi Masilah
system. The Hajar Mountains stretch for about 700 km
between the Musandam Peninsula and Ras al Hadd in
the south-east of the Arabian Peninsula, reaching 3,009
m at their highest point at Jebel Al Akhdar. The interior
of the Arabian Peninsula comprise sand and gravel
deserts, intersected by numerous shallow wadis. Sand
dunes occupy about 27% of the Arabian Peninsula, with
the extensive Rub al Khali (Empty Quarter) in the
southeast itself covering about 640,000 km?. Black basalt
lava flows (harrat) cover about 30,000 km? in northern
Saudi Arabia and extend into Syria and Jordan.

While arid habitats cover most of the Arabian Peninsula,
the region has several freshwater systems that are crucial
for the survival of people as well as for many animals and
plants. The coastal mountainous regions have seaward
flowing drainages, otherwise drainages are typically
internal and endorheic. Many of the natural streams,
wadis and shallow pools are ephemeral, occurring after
sporadic rainfall, and the flows frequently do not reach
their terminal basins. Permanently flowing freshwater
systems also exist, though they tend to be restricted to a
few mountain wadis (such as in south west Saudi Arabia
and Yemen), and they may show high variation in flow
rates that include periodic floods. The deciduous forests
of the monsoon regions of southwestern Saudi Arabia ,
Yeman and Oman support permanent springs and other
freshwater bodies. The springs are usually situated in the
foothills of the coastal mountains, and offer high quality
habitats for all kinds of freshwater organisms Thermal
springs are found in some mountainous regions, such as
the Jebel Al Akhdar mountains; some of these springs
may release brine water. Some of the more notable
freshwater systems (with high species numbers) are
present in various parts of southern Arabia (e.g. the Wadi
Hadhramaut system). Subterranean water systems are

widespread in the Peninsula’s karstic area, and large caves
are known at least in Oman (for example the al-Houta
cave near Nizwa).

There are also brackish salt flats (sabkha) along the coasts
and in some inland areas, such as the Umm as Samim in
Oman. Fresh groundwater mixes with saltwater in the
delta areas of larger drainage systems producing more or
less brackish water bodies that are inhabited by some
species marking the transition to marine systems.

In parts of the Arabian Peninsula, such as Oman,
artificial irrigation channel systems, called aflaj or qanats,
provide important freshwater habitat for plants and
animals, especially where there are no natural wetland
areas. In addition to the aflaj, artificial dams form lakes
(some of which are large) in the Arabian Peninsula, and
these provide freshwater habitats for some species (but
the dams and modified geomorphology and hydrology
of the river basins represent significant threats to many

Irrigation ditch at Al Ahsa in Saudi Arabia. Photo © Boudjéma Samraoui



species). The FAO (2013) Aquastat database lists 216
dams in the region (29 in Oman, 46 in Yemen, 68 in the
United Arab Emirates, and 73 in Saudi Arabia). Several
of these do not have geographic coordinates, but the
others are shown in figure 1.2, along with data from
Mulligan ez al. (2009). This total number of dams is
likely to be an underestimate because even by the end of
2006 the number of dams in Saudi Arabia alone was
estimated to be as high as 230. Sixty-one of the dams
listed in Aquastat (FAO 2013) qualify as large dams
(over 15 m); the highest being the 103 m King Fahad
dam in the southwest of Saudi Arabia near Bishah-
Khamis Mushayt, with a reservoir size of 325 million
m’. In terms of water impoundment, the 40 m high
Mzaareb dam near Ma’areb city in Yemen is the largest,
impounding 400 million m’. Other large reservoirs in
the Arabian Peninsula include that behind the Wadi
Abhar dam (213 million m?), the reservoir behind the
Wadi Najran dam (86 million m®), and the reservoir
behind the Wadi Jazan dam (51 million m?); all of which
are in Saudi Arabia. Other large artificial water bodies
include Al Asfar Lake located east of Al-Hassa, which
extends for several kilometers. This artificial lake receives
excess drainage water from the surrounding farmland.

The islands of the Socotran archipelago have a
continental geological origin but became separated
during the Miocene. They are now separated from one
another and from Africa by relatively shallow seas and
from the Arabian Peninsula to the north by a deep
trench of about 2,500 m (Birse et al. 1997). Socotra is
the largest of these islands (with an area of 3,625 km?),
and lies 240 km east of the Horn of Africa and 480 km
south of the Arabian Coast. The second largest island is
Abd al Kuri (216 km?, 850 m above sea level), has low
hills rather than mountains, and very little surface water.
The other two islands of the archipelago, Samha (45
km?, 779 m asl) and Darsa (10 km?, 57 m asl), are both
small, arid, and barren. Samha has only a few areas with
freshwater, while Darsa has no available freshwater and
is uninhabited. The Socotran islands have a summer
annual monsoon like other parts of Yemen and Oman
(discussed above).

The Arabian Peninsula lies at the junction of three
biogeographic realms (using the zoogeographic regions
adopted by the Freshwater Animal Diversity Assessment;
Balian ez al. 2008): the western part of the Palearctic, the
Afrotropical, and the Oriental. Hence the region has a
mixed flora and fauna that includes representatives of
both Asian and African groups. The Arabian Peninsula

includes all or part of four freshwater ecoregions, as

defined by Abell ez al. (2008): the Southwestern Arabian
coast, Oman Mountains, Arabian Interior, and the
Lower Tigris and Euphrates ecoregions (Fig. 1.1). The
Southwestern Arabian coast freshwater ecoregion,
which shows affinities with Africa and the Tigris-
Euphrates basin, is characterized by high endemism of
its fish fauna. Most of the Oman Mountains freshwater
ecoregion is extremely hot and dry, with few freshwater
habitats. The artificial irrigation channels (aflaj or ganats)
are important additional habitats for various species (see
above). The large Arabian Interior freshwater ecoregion
has very few freshwater habitats, and the drainages are all
internal and endorheic. The ecoregion extends beyond
the political boundary of the Arabian Peninsula, north
into Jordan and Syria, including the important and
highly threatened ecosystems of the Azraq Oasis (not
covered in this analysis). The species of the northern part
of the
(specifically with the Tigris-Euphrates regions) whereas

Arabian Interior have Palearctic affinities
some of those in the southern part of the ecoregion show

Afrotropical affiliations.

The Arabian Peninsula (as defined here) includes only a
very small portion of the Lower Tigris and Euphrates
ecoregion in Kuwait, covering the marine coastal areas of
the northeastern part of Al Jahrah district adjacent to
Bubiyan Island. Thus, the fish fauna that is typical of the
lower Tigris and Euphrates catchments is represented by
one species only in the Arabian Peninsula. The Arabian
Peninsula as defined here also includes Socotra, however
this is not recognized as part of an ecoregion because
there were no freshwater fish documented or data
available at the time that the ecoregions were delineated
(Thieme ez al. pers. comm.). Nevertheless, the islands are
well known for their endemic flora and fauna and were

declared a World Heritage site in 2008.

1.2 Aquatic Biodiversity

The overall diversity of freshwater species through the
region is relatively low, due to the small volume of
permanent water bodies. However, this may be partly an
underestimate, due to incomplete surveying. The richness
of species tends to be greatest in the mountains that are
less arid than the flatter sand dunes and gravel deserts,
especially in the interior.

Among the aquatic plants there is a high diversity of
species in permanent freshwater systems, with 182
species represented on the Arabian Peninsula (including
a small number of endemics). Many of these are



concentrated in southern Arabia, although species
diversity is likely underestimated in some areas as it
remains quite poorly known. Apart from the freshwater
crabs (100% endemic), the aquatic invertebrates studied
as part of this report (molluscs, dragonflies and
damselflies) also appear to be quite species poor in the
region, with only a few endemic species. However
further studies are needed for all groups to establish a
complete record of the region’s freshwater fauna. Perhaps
the freshwater fishes are the better known group for the
Arabian Peninsula, and of the 19 recognized species
many are endemic to the region.

1.3 Regional Threats

Freshwater habitats in the generally dry Arabian
Peninsula are notably sensitive to several threats that are
often associated with overuse or mismanagement of these
resources. Perhaps the overriding threat to freshwater
species of the Arabian Peninsula comes from habitat loss
and degradation. This is often linked to the drainage of

wetlands for conversion to agricultural land or for
regional development activities (including increased
recreational use). Very much related to habitat loss is the
physical modification of water sources and changes to
flow regimes, frequently through (but not limited to)
either channelization of streams and rivers, or dam
construction for either electricity generation or the
creation of water storage reservoirs (see Figure 1.2). In
addition to the water body itself, associated habitats such
as riparian vegetation (essential for many freshwater
species) will also be impacted.

Unsustainable abstraction of water, generally to support
agricultural or domestic needs, is having a considerable
impact on the freshwater species that rely on the region’s
freshwaters. Both surface and groundwater resources are
exploited and perhaps most clearly threaten those species,
such as freshwater fishes, that rely on the availability of
permanent water-bodies to complete their life-cycles.

The quality of water available to many freshwater
organisms is also being compromised. Water pollution is

Fig. 1.2. Dams and water withdrawal in the Arabian Peninsula. Based on data from Alcamo (2002), Mulligan ez al.

(2009), FAO (2013).



a serious issue in many basins, ranging from large waste
(plastic bottles etc.) to chemical pollution (for example,
anti-malarial biocides (Van Damme and Banfield 2011)
and agrochemicals). The eutrophication and reduction
in dissolved oxygen for many wadis, springs, rivers and
other water-bodies on the Arabian Peninsula can be
largely attributed to run-off of fertilizers from irrigated
farmed land.

While the impacts of ongoing climate change for the
Arabian Peninsula as a whole are difficult to predict, it is
clear that the limited freshwater habitats and associated
species of the Peninsula will be vulnerable to any
lengthening of drought. This may particularly be the case
where water-bodies are already heavily affected by over-
abstraction of water. While some species may be able to
tolerate small increases in dry periods, there will be those
(often highly aquatic species such as freshwater fishes)
that cannot adapt to these changes.

Invasive species have been recorded in many of the
region’s freshwaters. It appears that the best documented
invasive species are often non-native fishes, and the
impact of these aliens on native fish populations is
outlined in Chapter 3. Invasive species can be expected
to result in habitat loss and degradation, or predation
and competition with a variety of freshwater taxa.

1.4 Precautionary Principle

Darwall et al (2009) stated that, even when the
economic value of a wetland and its associated
biodiversity has been determined as high, it may still
remain a difficult task to justify the need to conserve all
species in those wetlands. For example, in some
circumstances fishery managers may argue that it is easier
to focus their management on a few species, or on alien
species that are commercially valuable than to try to
manage native or all species. However, Darwall ez al.
(2009) showed that this approach may be misguided,
especially when we do not know enough about the
species-ecosystem interactions to fully understand the
effect of loss of a single species, or a group of species,
from the system. This is likely to be the case in the wadi
systems of the Arabian Peninsula. In those ecosystems, it
is important to take a precautionary approach and
assume that all species may play a critical role in the
ecosystem foodwebs and function.

Hence, the basis of the Precautionary Principle is that,
where potential threats could lead to serious or

irreversible damage, lack of full scientific certainty shall
not be used as a reason for postponing cost-effective
measures to prevent environmental degradation. This
principle is a critical part of species conservation and
should be applied in circumstances where there are
reasonable grounds for concern that an activity may
cause harm to the environment but where there is
uncertainty about the probability of the risk and the
degree of harm.

1.5 Objectives

Dryland and desert environments have frequently been
overlooked during conservation priority setting exercises;
however they contain a wealth of biodiversity adapted to
the harsh conditions.

This is particularly the case for the Arabian Peninsula,
where assessments of the global conservation status of
charismatic species groups such as mammals and birds
exist, but are lacking for important species of freshwater

taxa. The lack

distributions and threatened status in these systems has

of basic information on species
been a key obstacle facing freshwater ecosystem managers

in the region.

The project reported here aimed to address these issues
by collating information for assessments of conservation
status and distributions of biodiversity throughout the
inland waters of the Arabian Peninsula. This report
provides a synthesis of the data, with recommendations
for conservation priorities. The collated data are stored
and made publicly available through the IUCN Species
Survival Commission (SSC) data management system,
the Species Information Service (SIS) at www.iucnredlist.

org.
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Chapter 2. Assessment methodology

Harrison, I. J.,!, Garcia, N.?, Darwall, W.R.T.%, and Smith, K.2

2.1 Selection of priority taxa

When making an assessment of the condition of
biodiversity in freshwater ecosystems, it is important to
consider species that are essential to the maintenance of
healthy ecological functions as well as those species that
are used by human communities to provide food and
other ecosystem goods. It is, however, impractical to
assess all freshwater species due to financial and
knowledge constraints. Therefore, a number of priority
taxonomic groups were selected. These groups are:

fishes,

(dragonflies and damselflies) and freshwater plants.

freshwater freshwater molluscs, odonates
Assessments have focused on these groups for several
reasons. The groups cover a wide range of trophic levels
within the foodwebs that underlie and support wetland
ecosystems. Given this range of trophic levels and
ecological roles encompassed within the four focal
taxonomic groups, information on their distributions
and conservation status, when combined, will provide a
useful indication of the overall status of the associated

wetland ecosystems.

The groups were also selected because they include taxa
for which there is sufficient existing information and
scientific expertise to ensure that comprehensive and
accurate assessments can be completed. The selected
groups have been assessed for other parts of the world,
beyond the Arabian Peninsula, by IUCN’s Freshwater
Biodiversity Unit (FBU). This has been achieved
through several regionally focused assessment projects
since 2004 (for example see Darwall ez 2/. 2005, 2009,
2011; Allen et al 2010, 2012; Molur ez 2/ 2011).
Other groups  (for crabs;
Cumberlidge ez al. 2009), and freshwater shrimps
(IUCN in progress) are being assessed comprehensively

freshwater example,

at the global scale.

Because the focal groups are relatively well-studied and
easily surveyed it will be possible to make repeated

assessment of their status, either within any one selected
region or globally. These repeated assessments then have
the potential to serve as an indicator of the effects of
environmental change within the region, where pressures
such as rapid development and high population growth
can significantly alter wetland systems. Indeed, many of
the selected species are particularly good indicators of
environmental health in freshwater systems and the
adjacent riparian habitat (see information on taxonomic
groups in sections 2.1.1-4).

The species in the selected taxonomic groups also

provide important services in support of the
surrounding ecosystems and human livelihoods (Juffe-
Bignoli and Darwall 2012) For example, fishes provide
an important benefit to the livelihoods of many people
throughout the world, as a source of income or as a
valuable source of nutrition. Benefits provided by the
other taxa may be indirect and are often poorly
appreciated but, nonetheless, are equally important.
(eg., water filtration and removal of metals, provision
of medicinal materials; Maine ez /. 2004, Khan et al.

2009).

This report focuses on assessment of the four selected
groups (fishes, odonates, molluscs, and plants from
freshwaters) through the Arabian Peninsula. In
addition to those taxonomic groups, freshwater crabs
are included here because they have been globally
assessed by Cumberlidge ez 4/ (2009) as part of an
earlier stage of IUCN’s freshwater-specific biodiversity

assessments.
2.1.1 Fishes

Fishes are probably the most important wetland product
on a global scale; providing the primary source of protein
for nearly one billion people worldwide (FAO 2002) and
food security for many more (FAO 2002, UNEP 2010).
However, freshwater fisheries in the Arabian Peninsula

1 Center for Environment and Peace, Conservation International, 2011 Crystal Drive, Suite 500, Arlington, VA 22202, USA
2 TUCN/Conservation International Biodiversity Assessment Unit, Betty & Gordon Moore Center for Ecosystem Science & Economics, Conservation

International, 2011 Crystal Drive, Suite 500, Arlington, VA 22202, USA

3 Freshwater Biodiversity Unit, IUCN Global Species Programme, Cambridge, UK CB3 0DL.



are relatively small and are mainly dependent on the
introduced Nile Tilapia Oreochromis niloticus (FAO
2012).

For the purposes of this assessment freshwater fishes are
defined as those that spend all or a critical part of their
lifecycle in fresh waters, or are confined to brackish
waterbodies. A total of 21 taxa were selected for this
assessment. Fifteen of the species are restricted to the
area under consideration (see section 2.2). The remaining
taxa are more widespread. The IUCN Red List (IUCN
2012) and FishBase (Froese and Pauly 2012) include
some additional brackish water species for the countries
of the Arabian Peninsula; however, these are not covered
in the current analysis because there is insufficient
information to confirm that they are found in the rivers
or lakes of the Arabian Peninsula. Only three of the
species assessed here had been previously assessed using
the IUCN Red List Categories and Criteria at the global
scale TUCN 2012).

2.1.2 Molluscs

The value of molluscs to wetland ecosystems is poorly

appreciated. Nevertheless, freshwater molluscs are
essential to the maintenance of wetland ecosystems,
primarily due to their control of water quality and
nutrient balance through filter-feeding and algal-grazing
and, to a lesser degree, as a food source for predators

including a number of fish species.

Globally, molluscs are one of the most threatened groups
of freshwater taxa (Kay 1995, Darwall ez /. 2011). The
impact of developments such as dams, and siltation
caused by agricultural practices has not been adequately
rescarched. Many species are also restricted to
microhabitats, such as the rapids and riffles (areas of fast
current velocity, shallow depth, and broken water
surface) between pools and runs (areas of rapid non-
turbulent flow) which can be lost through habitat

modification.

Thirty species were selected for this assessment (see
Chapter 4), following two distinctive biogeographic
regions based on the composition of the communities at
the beginning of the Holocene (Van Damme 1984); the
Palearctic portion in the north of the Arabian Peninsula,
and the small Afrotropical portion in the south.
However, there is great taxonomic uncertainty
surrounding many of the taxa known to be present and
some of the more problematic species had to be omitted

from this study. Nevertheless, the assessment provides a

good representation of the freshwater molluscan diversity
across the region.

2.1.3 Odonates

Larvae of almost all of the 5,680 species of the insect
Odonata

dependent on freshwater habitats, with only a few not

order (dragonflies and damselflies) are
utilising freshwater. Larvae that develop in water play a
critical role with regards to water quality, nutrient
cycling, and aquatic habitat structure, whilst also being
voracious predators, often considered important in the
control of insect pest species. Odonata are unique
amongst the groups assessed in not being restricted to
the aquatic environment for their entire lifecycle, and
this gives them some mobility between habitat types,
however they are susceptible to changes in wetland
conditions (water flow, turbidity, or loss of aquatic
vegetation; Trueman and Rowe 2009) and loss of
terrestrial habitat and prey species.

Odonata are relatively easily surveyed (though some
expertise is required for correct identification), and a full
array of ecological requirements are represented within
the group, which has led to their use as a bio-indicator
for wetland quality. Fifty-nine species are included in
this assessment (see Chapter 5)

2.1.4 Aquatic plants

Aquatic plants are the building blocks of wetland
ecosystems, providing food, oxygen and habitats for
many other species. They are also a hugely important
natural resource, providing direct benefits to human
communities across the world. Numerous aquatic and
wetland plants are highly valued for their nutritional,
medicinal, cultural, structural or biological properties.
They are also key species in the provision of wetland
ecosystem services, such as water filtration and nutrient
recycling.

In this study the definition of an aquatic plant is based
on that of Cook (1996), and includes plants “whose
photosynthetically active parts are permanently or, at
least, for several months each year, submerged in water
or float on the surface of water .” However, the definition
is adapted also to include species that are restricted to
the edges of shallow semi-permanent and permanent
water courses (see Chapter 7). According to Cook (1996)
aquatic plants represent between one and two percent of
the approximately 300,000 species of vascular plants,
equivalent to between 2,900 and 5,800 species



(Chambers ez al. 2008, Vié ez al. 2008). For this project,
the conservation status of 182 aquatic plant species was

assessed (see Chapter 7).

2.2 Delineation of the Arabian Peninsula
assessment region

The Arabian Peninsula, as defined for this project,
includes the political borders according to the United
Nations of the countries: Saudi Arabia, Kuwait, Bahrain,
Qatar, United Arab Emirates, Oman and Yemen
(including the islands of the Socotra archipelago in the
northwestern Indian Ocean) (Fig. 1.1). The boundaries
and designations used in this study do not imply any
official endorsement, acceptance or opinion by IUCN.
The northern part of the Arabian Peninsula is situated
within the Palaearctic zoogeographical region, whereas
the southern part, including the islands of the Socotra
archipelago is in the Afrotropical region. This region
includes the Asir Mountains of Saudi Arabia and the
highlands of Yemen that are part of the Eastern
Afromontane biodiversity hotspot (Mittermeier er al.
2004). Among the most important ecosystem services
the hotspot provides is fresh water via the major

watersheds it houses, and there is a particular need to
advance the identification and prioritization of key
biodiversity areas in the Arabian part of this hotspot
(Birdlife International 2012).

2.3 Data collation and quality control

The biodiversity assessments required sourcing and
collating the best information on all known species
within the priority taxa (see Section 2.1). Data for the
molluscs were compiled by N. Garcia (IUCN-
Conservation International Biodiversity ~Assessment
Unit) in consultation with members of the [IUCN SSC
Mollusc Specialist Group; data for fishes were compiled
by I. Harrison (IUCN-Conservation International
Biodiversity Assessment Unit and IUCN SSC/Wetlands
International Freshwater Fish Specialist Group) in
consultation with members of the Freshwater Fish
Specialist Group and other international experts; data
for odonates were compiled by J.-P. Boudot (IUCN SSC
Odonate Specialist Group); data for plants were
compiled by R.V. Lansdown (IUCN SSC Freshwater
Plant Specialist Group) in consultation with other
international experts. All data compilers had experience

Regional and international expert participants at the species assessment review workshop, Senckenberg Research Institute and Museum of Nature,

Frankfurt, Germany: Photo © Nieves Garcia.



in use of IUCN’s Species Information Service (SIS),
application of the IUCN Red List Categories and
Criteria (IUCN 2001) to assess a species risk of
extinction in the wild, and in mapping freshwater species
distributions using a Geographic Information System
(GIS). Initially, lists were compiled of all species of
odonates, freshwater fishes, freshwater molluscs, and
freshwater plants (according to the criteria discussed in
2.1.4) known to be present within the Arabian Peninsula.
These taxon lists were then screened against those species
already assessed against the [TUCN Red List Criteria and
published on the IUCN Red List. The data compilers
then collated all available information on each of the
selected species, input this to the SIS database, and
assessed each species’ Red List status. The data compilers
also gathered spatial data (species locality data, in
decimal degrees latitude/longitude) for the production
of species distribution maps (see Section 2.4). The
assessments for molluscs, odonates, and plants were then
reviewed by a separate group of at least two experts for
each taxonomic group at a workshop held from April
30" to May 4", 2012 at the Senckenberg Research
Institute and Museum of Nature in Frankfurt. The

information for fishes (which included a small number
of species) was reviewed through email consultation with
three experts. The purpose of the reviews was to ensure
that i) the information presented was both complete and
correct; and ii) the Red List criteria had been applied
correctly.

Following this review, the data were edited and
consistency in the use of the IUCN Red List Categories
and Ciriteria was checked by the IUCN Global Species
Programme team. After data gathering, collation and
corrections, JUCN experts from the Red List Unit
integrated the various data sets in order to draft this
regional report.

2.4 Species mapping and analysis

Species global distributions were mapped to river sub-
the HydroSHEDS
(Hydrological data and maps based on SHuttle Elevation
Derivatives at multiple Scales) (Lehner ez a4/ 20006)
(Figure 2.1) using ArcMap GIS software. River sub-

catchments as delineated by

Fig. 2.1 River subcatchments as delineated by HydroSHEDS used to map and analyse species distributions.
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catchments were selected as the spatial unit for mapping
and analysing species distributions because it is widely
accepted that the river/lake catchment is the most
appropriate management unit for inland waters. It is
recognised that species ranges may not always extend
throughout a river sub-catchment, but presence within
the river sub-catchment is either ‘*known’ or ‘inferred’
(either Extant: presence is known from field survey or
recent literature, or Probably Extant: presence inferred
based on expert opinion).

Where possible, point localities (the latitude and
longitude where the species has been recorded), were
used to identify which sub-catchments are known to
contain the species (‘known’ sub-catchments). When
point localities were not available for some taxa, maps
were drawn based on expert knowledge and the literature.
Connected sub-catchments, where a species is expected
to occur, although presence is not yet confirmed, are

labeled These

distributions were determined through a combination of

as ‘inferred catchments.’ inferred
expert knowledge, course scale distribution records, and
unpublished information. The preliminary species
distribution maps were digitized and then further edited
at the review workshop or during online consultation,
and errors or dubious records were deleted from the

maps.

Figure 2.2 TUCN Red List Categories at the global level.

For many of the globally widespread plant species there
was insufficient information to accurately map the
distribution. In these cases, species were mapped coarsely,
at the country level (rather than catchment level) for
countries that are known to fall inside the species total
range.

2.5 Assessment of species threatened
status

The risk of extinction was assessed for each species at the
global scale, according to the JUCN Red List Categories
and Criteria: Version 3.1 (IUCN 2001; see Figure 2.2),
and this information included in the JUCN Red List of
Threatened Species.
underestimation of the regional risk of extinction, the
Guidelines for Application of the Red List Criteria at
Regional Level (IUCN 2003) were also applied, and the

data for each species was used to make an assessment of

In order to avoid an over- or

the regional risk of their extinction, within the
boundaries of the Arabian Peninsula. Therefore, this
report presents both results, global and regional, of the
species risk of extinction.

The categories of threat reflect the risk that a species will
go extinct within a specified time period. A species
assessed as “Critically Endangered” is considered to be
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Table 2.1 Summary of the five criteria (A—E) used to determine the category of threat for a species.

A. Population size reduction. Population reduction (measured over the longer of 10 years or 3 generations) based on any of A1 to A4

_ Endangered Vulnerable

A1l >90% >70% =50%

A2, A3 & A4 > 80% > 50% > 30%

A1 Population reduction observed, estimated, inferred, or suspected in (a) direct observation [except A3]
the past where the causes of the reduction are clearly reversible AND (b) an index of abundance
understood AND have ceased. appropriate to the taxon

A2 Population reduction observed, estimated, inferred, or suspected in the (c) a decline in area of occupancy
past where the causes of reduction may not have ceased OR may not be based (AOO), extent of occurrence
understood OR may not be reversible. ar?sf)fgﬁe (EOO) and/or habitat quality

A3 Population reduction projected, inferred or suspected to be met in the foI%)wing: (d) actual or potential levels of
future (up to a maximum of 100 years) [(a) cannot be used for A3]. exploitation

A4 An observed, estimated, inferred, projected or suspected population (e) effects of introduced taxa,
reduction where the time period must include both the past and the future hybridization, pathogens,
(up to a max. of 100 years in future), and where the causes of reduction may pollutants, competitors or
not have ceased OR may not be understood OR may not be reversible. parasites.

B. Geographic range in the form of either B1 (extent of occurrence) AND/OR B2 (area of occupancy)

_ Endangered Vulnerable

B1. Extent of occurrence (EOO) <100 km? < 5,000 km? < 20,000 km?
B2. Area of occupancy (AOO) <10 km? < 500 km? < 2,000 km?

AND at least 2 of the following 3 conditions:
(a) Severely fragmented OR Number of locations =1 <5 <10

(b) Continuing decline observed, estimated, inferred or projected in any of: (i) extent of occurrence; (ii) area of occupancy; (iii) area,
extent and/or quality of habitat; (iv) number of locations or subpopulations; (v) number of mature individuals

(c) Extreme fluctuations in any of: (i) extent of occurrence; (ii) area of occupancy; (iii) number of locations or subpopulations; (iv) number
of mature individuals

C. Small population size and decline

_ Endangered Vulnerable

Number of mature individuals <250 < 2,500 < 10,000
AND at least one of C1 or C2

Oh i 04 | 0/ i
C1. An observed, estimated or projected continuing decline 25%in 3 years or 20%in 5 years or 10%1in 10 years or
. 1 generation 2 generations 3 generations
of at least (up to a max. of 100 years in future): . . - . 3 .
(whichever is longer) (whichever is longer) (whichever is longer)

C2. An observed, estimated, projected or inferred continuing

decline AND at least 1 of the following 3 conditions:
(@) (i) Number of mature individuals in each subpopulation <50 <250 < 1,000

(ii) % of mature individuals in one subpopulation = 90-100% 95-100% 100%

(b) Extreme fluctuations in the number of mature individuals

D. Very small or restricted population

_ Endangered Vulnerable

D. Number of mature individuals <50 <250 D1. < 1,000

D2. Only applies to the VU category
Restricted area of occupancy or number of locations with
a plausible future threat that could drive the taxon to CR
or EXin a very short time.

D2. typically:
- AOO < 20 km? or
number of locations < 5

E. Quantitative Analysis

_ Endangered Vulnerable

=>50%in 10yearsor3  =>20% in 20 years or 5
generations, whichever generations, whichever
is longer (100 years is longer (100 years
max.) max.)

Indicating the probability of extinction in the wild to be: > 10% in 100 years

1 Use of this summary sheet requires full understanding of the [UCN Red List Categories and Criteria and Guidelines for Using the IUCN Red List Categories and Criteria.
Please refer to both documents for explanations of terms and concepts used here.



facing an extremely high risk of extinction in the wild. A
species assessed as “Endangered” is considered to be
facing a very high risk of extinction in the wild. A species
assessed as “Vulnerable” is considered to be facing a high
risk of extinction in the wild. All taxa listed as Critically
Endangered (CR), Endangered (EN) or Vulnerable (VU)
are described as “threatened”. To distinguish between the
three threatened categories there are five criteria with
quantitative thresholds (Table 2.1).

A species is assessed as «Near Threatened» (NT) when it
is close to meeting the thresholds for a threatened
category either now or in the near future. A species is
assessed as «Least Concern» (LC) if it fails to meet, or be
close to meeting any of the criteria for the threatened
categories. A species is «Data Deficient» (DD) when
there is inadequate information to make a direct or
indirect assessment of its risk of extinction based on the
current knowledge of the species. Species assessed as DD
are highlighted as priorities for additional research and
are acknowledged as being potentially threatened.

For an explanation of the full range of categories and the
criteria that must be met for a species to qualify under
each category, please refer to the following
documentation: The [UCN Red List Categories and
Criteria: Version 3.1, Version 3.0, which can be
downloaded www.iucnredlist.org/technical-

documents/categories-and-criteria.

from

The following criteria for the inclusion of a species in the
assessment were and were applied in the completion of
this Red List assessment:

1. Any species having less than 5% of its range within
the project area should not be assessed through this
project.

Species present in the project area prior to 1500 were
treated as being “naturalised” and subject to a Red
List assessment. Those species arriving in the region
post 1500 were not assessed.

2.6 Overlap with other Red List
assessment projects

Some species that are present within the Arabian
Peninsula region, and therefore of interest to this project,
have already been assessed through other ongoing
assessments in adjacent regions of Africa (Darwell ez al.
2011), the Eastern Himalaya and Western Ghats
Biodiversity Hotspots (Allen ez al. 2010, Molur ez al.
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2011), the HighARCS project (ongoing; www.higharcs.
org), and the Sampled Red List Index (SRLI) project
(ongoing). In these cases, information that was compiled
for the species in the Arabian Peninsula was added to the
existing assessment information from elsewhere and, if
necessary, any adjustment of the global threat status of
the species was made. As noted above, the information
that was specific to the Arabian Peninsula was used to
make an assessment of the regional risk of extinction
within the Peninsula.

2.7 Nomenclature

The taxonomic placement of species and their higher
taxonomy often changes as a result of new information
from ongoing studies of the species, especially with the
introduction of molecular techniques. In addition, the
taxonomy of many species is complicated, and different
researchers may have different opinions on taxonomic

of

individuals should be recognized as the same or different

boundaries those species; i.e., whether some
species, or should be placed in different genera.
Therefore, it can sometimes be difficult to find universally
agreed taxonomic hypotheses and nomenclatural
hierarchy. In the case of this project, the taxonomic
nomenclature follows the protocols of the IUCN Red
List which, where possible, employs existing published
taxonomic authorities as the source of information. Fish
classification generally follows the online Catalog of
Fishes (Eschmeyer 2012). Odonate
generally follows the World Odonata List (Schorr and

Paulson 2012). There is currently no widely accepted

classification

single taxonomy for molluscs, and we therefore follow
the standards recommended by the IUCN SSC Mollusc
Specialist Group. For plants, where appropriate, we
follow the World Checklist of Selected Plant Families
hosted by the Royal Botanic Gardens, Kew (WCSP
2010). For more information on the taxonomic standards
of the IUCN Red List, visit: http://www.iucnredlist.org/

technical-documents/information-sources-and-
quality#standards.
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Chapter 3. The Status and Distribution
of Freshwater Fishes of the Arabian

Peninsula

Freyhof, J.", Hamidan, N.A.2, Feulner, G.R.® and Harrison, 1.4

3.1 Overview of the regional fish fauna
3.1.1 Freshwater Fish Diversity

The Arabian Peninsula includes three freshwater
ecoregions, as defined by Abell ez 4l. (2008): the Southwest
Arabian coast, the Oman Mountains and the Arabian
Interior ecoregions (see Chapter 1 and Fig. 1). The region
includes Socotra, although this is not recognized as part
of an ecoregion (see Chapter 1). All fishes found in the
freshwaters of Socotra are estuarine or marine species
entering the streams and estuaries for foraging, and are
not assessed here.

The huge surface of the Arabian Peninsula is almost
devoid of freshwater habitats. Saudi Arabia, with a surface
cover of more than two million km?, is inhabited by only
eight species of primary freshwater fishes, fewer than in
a small catchment in adjacent Iran or Syria. According
to this study, 21 species of freshwater fish are present
in the Arabian Peninsula. Fifteen species are endemic
to the Arabian Peninsula, and six species have a wider
distribution.

There are also some marine species which occasionally

enter freshwater bodies in the countries of the
Arabian Peninsula (e.g, Acanthopagrus spp., Ambassis
gynmocephakus, Megalops cyprinoides, Pellona ditchela,
Sillago sihama, Strongylura strongylura), but freshwater
habitats are not an essential element of the life cycle of
these species, and they are excluded from the current
analysis. The 21 recognized freshwater species are restricted
to five families. There is one species of catadromous
goby (Gobiidae) and one species of estuarine mullet

(Mugilidae), which are found in freshwaters near the
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coast. There is also one species of euryhyaline killifish
(Cyprinodontidae), which occurs all along the coast
in marine environments but also ventures relatively far
inland. Two species of catadromous eels (Anguillidae)
are found locally in freshwaters of the Arabian Peninsula.
But by far the majority of species (16 species, or 76% of
the total number) are barbs (Cyprinidae). The cyprinid
genus Garra is the most species rich genus in the region,
including 9 of the 21 freshwater species present.

The greatest number of species are found in the Southwest
Arabian Coast ecoregion, with 15 taxa (Table 3.1). Eleven
of the species present in the Southwest Arabian Coast
ecoregion (73%) are endemic to the ecoregion. Despite the
fact that the Arabian Interior ecoregion has relatively few
freshwater habitats, and the drainages are endorheic and
usually intermittent, this ecoregion contains 10 species.
Eight species (80% of the taxa present) are endemic to
the Arabian Interior ecoregion. The Oman Mountains
ecoregion has five species. Two species (40% of the taxa
present) are endemic to the Oman Mountains ecoregion.
The cyprinid species in this ecoregion show closer affinity
to Iranian fauna across the Straits of Hormuz than to the
rest of the Arabian Peninsula.

Table 3.1. Species numbers in the three ecoregions (please
note that some species may be present in more than one

ecoregion)
. Species  Threatened Endemic
Ecoregion . .
number species species
Arabian Interior 10 4 8
Oman Mountains 5 0 2
SW Arabian Coast 15 6 11
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The impounded water of Qusaiba’a Dam, an ancient dam in Saudi Arabia in Khaibar. One of the few habitats of Acanthobrama hadiyahensis (CR) Photo

© N. A. Hamidan

3.1.2 Geographical factors affecting the
distribution of freshwater fishes

Two taxa are especially widespread in their distribution,
mainly along the coastal basins of the Arabian Peninsula.
The Arabian Killifish Aphanius dispar (LC) is found along
the entire coastal part of the Arabian Peninsula; usually it
is abundant in numbers. It has been regularly introduced
(and re-introduced) into artificial and natural freshwater
bodies for mosquito control in the United Arab Emirates
and northwestern Oman. Some observers consider that
all current populations of A. dispar in the mountains of
the United Arab Emirates, and along the interior flank of
the Oman mountains, are introduced (Feulner 2005).

Some species are regionally relatively widespread across
different drainages. For example, Garra barriemiae (LC)
is found throughout most of the mountains of the United
Arab Emirates and Oman. Garra tibanica (LC) and
Cyprinion acinaces (LC) are widespread in western Saudi-
Arabia and Yemen. Each of these widespread species is
represented by numerous, small populations that are
isolated from each other. That isolation means that
individual populations can be severely impacted by threats
that operate even at a local scale (see section 3.4). The
isolation of populations is also likely to promote genetic
diversification between them. The extent of isolation and
resulting genetic differentiation is still poorly studied. In
several instances subspecies have previously been named
and several “cryptic” species might yet be discovered (see
Section 3.1.3).

Some species seem to be specially adapted to the often
extreme conditions in their habitats, but this is only
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studied well in G. barreimiae. This species is typically
found in small rock or gravel pools, shallow sections of
larger pools with slow-moving water, springs, and fast
running perennial rivers. Garra barriemiae can survive
almost complete disappearance of surface water from
its habitat (Feulner 1998) and can travel short distances
out of water, even ascending steep, damp rock surfaces
(e.g., near waterfalls or during rain). It can tolerate water
temperatures up to ca. 40°C and salinity up to one-third
that of sea water (Haas 1982). Such physiological and
behavior adaptations might be also found in other Arabian
freshwater fishes but have not yet been reported.

Some species are restricted to a single river drainage only,
like the several endemic species of Wadi Hadramaut
(Yemen). For example, Garra lautior (EN) is distributed
throughout much of the Wadi Hadramaut drainage, but
it is restricted to relatively few sites within that range.
Such species are very vulnerable to threats like invasive
alien species, water extraction and upriver pollution.

There are also a few species that are represented by a
single population at a single location where there is
almost no opportunity for dispersal. For example, Garra
dunsirei (EN) is known only from one sinkhole at Tawi
Atair, in the Jebel Qara mountains, Dhofar, Oman.
This sinkhole is extremely isolated (Banister 1987,
Romero and Paulson 2001) and the fish is found in a
side passage 200 m down the sinkhole. According to
the EPAA (2002) report the population of G. dunsirei
includes fewer than 250 mature individuals, although
this may be an underestimate based on the difficulty of
thoroughly exploring the sinkhole.



Wadi Al Ghassah in Saudi Arabia. Photo © N. A. Hamidan

3.1.3 Taxonomic issues

Although there has been a reasonable amount of
taxonomic research on the fishes of the Arabian Peninsula,
the taxonomy of some species is still not completely
resolved. For example, three Arabian cyprinids are often
placed in the genus Barbus. However, Barbus apoensis and
B. exulatus have been placed in Carasobarbus by Ekmekei
and Binirescu (1998). As to the third species, B. arabicus,
it has been recognized for decades that it does not belong
to Barbus. This species has been included in the new
genus Arabibarbus by Borkenhagen (2014).

Some species (e.g., Garra barreimiae, G. tibanica, G.
sabilia and Cyprinion mbalensis) have widely separated
populations that are totally isolated from each other
today. Although during intermittent pluvial intervals, the
river network of the Arabian Peninsula was much denser
and several species might have been more widespread
and individual populations more continuous, it cannot
be excluded that there may currently be several “cryptic”
species to be discovered, especially in morphologically
conservative genera such as Garra, as indicated for G.
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barreimiae on opposite flanks of the Oman Mountains
by Kruckenhauser ez a/. (2011).

A cave dwelling ‘blind’ population of G. barreimiae,
recorded from a single location of less than 10 km?* by
Banister (1984) is often referred to as the ‘Omani blind
cave fish,” and there has been discussion of its taxonomic
status. Kruckenhauser et /. (2011) found that it is not
genetically removed from adjacent surface dwelling
populations of G. barreimiae. Because the Omani blind
cave fish is not accepted as an independent species, but
included in G. barreimiae, it is categorized as LC. It has
previously been categorized as threatened, but there is no
specific threat to the population or indication of decline
to justify categorizing it as threatened.

Garra tibanica (LC), is treated as an independent species,
distinct from G. gquadrimaculata from the adjacent
African mainland. This judgment is based upon recent
morphological and molecular studies (Krupp and
Wicker, pers. comm.) despite the earlier suggestion
that both might be conspecific (Stiassny and Getahun
2007).



Acanthobrama hadiyabensis, endemic to the Arabian Peninsula and Critically Endangered. Photo © N. A. Hamidan

At the type locality of Garra longipinnis in Oman (Jabal
al Akhdar) and in areas adjacent to the type locality, only
fishes identified as G. barreimiae have subsequently been
found, all since 2001; fishes agreeing with the long-finned
types of G. longipinnis were absent. It remains unclear
whether G. longipinnis has become extinct or whether
the original species description (otherwise consistent
with G. barreimiae) was based on atypical specimens. The
species is therefore assessed as Data Deficient due to its
unresolved taxonomy.

An additional open taxonomic case comprises the species
of the Gyprinion watsoni species group. Cyprinion watsoni
(LC) was described from the Indus drainage in Pakistan
and C. microphthalmum is a species of neighbouring Iran,
Pakistan and Afghanistan. CGyprinion microphthalmum
is treated as a valid species by Eschmeyer (2013). The
Arabian populations have sometimes been treated as a
separate species (C. muscatensis), as a subspecies of C.
microphtalmum or sometimes as a synonym of C. watsoni.
Eschmeyer (2013) lists C. muscatensis as a synonym of
C. watsoni. The authors disagree with this conclusion,
since they find that C. muscatensis is clearly distinguished
by morphology from C. watsoni and by (unpublished)
molecular data from C. microphthalmum. However, there
has been no comprehensive review of the genus Cyprinion,
so we are constrained by IUCN rules to follow the
nomenclature set out in Eschmeyer (2013), and therefore
to treat C. muscatensis as a synonym of C. watsoni.

3.1.4 Limitations of data availability and reliability
For most of Arabia, published information is scarce and

dates from a decade or more ago, e.g., Krupp (1983)
and EPAA (2002). This presents problems in terms
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of availability and current reliability. Most current
information comes from personal communications
and recent, but very limited, fieldwork by the authors
and Fareed Krupp (Doha). Contemporary fieldwork is
strongly recommended to gain up-to-date data on the
conservation status of Arabian freshwater fishes. This is
also true for threats in the region which seem to be little
known in their distribution and severity, especially the
extent of water extraction.

Data limitations also were a major problem in attempting
to assess the widespread catadromous eels (Anguilla
bicolor, A. bengalensis). The number of records of these
eels entering the few streams of the Arabian Peninsula is
negligible, although both species have very large global
ranges reaching from the East African coast to Southeast
Asia. For this reason we leave the regional assessment of
these two species as Not Evaluated (NE).

3.2 Conservation status

This assessment considered the global and regional risk
of extinction for 21 species of freshwater fishes that are
present in the Arabian Peninsula. It is important to note
that although several of the species are categorized as
Least Concern across the region, many of the isolated
populations that are distributed within their range might
be facing some serious threats. Data clearly demonstrating
this are lacking for Yemen and Saudi Arabia, but from
Oman and the United Arab Emirates it is reported that
several of the populations of Cyprinion watsoni (Oman:
Wadi Sharm and Wadi Al-Ramthah; UAE: upper
Wadi Hatta watershed) have been impacted by water
extraction, habitat modification and the use of pesticides,



to the point of extirpation in some areas (Feulner, own

unpublished data).

In Oman, there has been great attention to the ‘blind’
population of G. barreimiae, known as the ‘Omani
blind cave fish’. This population has been demonstrated
genetically to be closely related to adjacent surface
dwelling populations of G. barreimiae (Kruckenhauser ez
al. 2011). As it does not represent a distinct species, it was
assessed against the [TUCN Red List criteria together with
all other populations of G. barreimiae. It has previously
been categorized as threatened, but there is no specific
threat to the population or indication of decline to justify

Figure 3.1. The proportions (%) of freshwater fish
species in each regional Red List category in the Arabian
Peninsula.

categorizing it as threatened. Nevertheless, consistent
with earlier proposals (EPAA 2002) it is recommended
that for conservation purposes, ‘Omani blind cave fish’
should be protected and managed separately in order to
conserve this unique population.

Of the 21 species evaluated here, 38% (8 species) are
considered threatened (assessed as Critically Endangered,
Endangered, or Vulnerable), and 4.8% (1 species) are
considered Near Threatened (Table 3.2, Figure 3.1).
All eight threatened species are endemic to the Arabian
Peninsula. Only one species is assessed as Critically
Endangered. That is Acanthobrama hadiyahensis, being
endemic to Wadi Hadiya in Saudi Arabia (Table 3.2).
The species has a very small range and was rediscovered in
2013 after having not been found for 30 years (Hamidan
and Aloufi 2014). Within its inferred permanently
inhabited range of less than 10 km?, it faces serious
threats due to water extraction and dams, which leave no
water downstream.

The most important locality for threatened freshwater
fishes in the Arabian Peninsula is Wadi Hadramaut in
Yemen.

33.3% (7 species) are assessed as Least Concern, being
relatively widespread and often inhabiting many
independent streams. 9.5% (2 species) are considered
Data Deficient (because there was insufficient information
available to make an assessment due to unresolved
taxonomic problems).

Table 3.2. The number of freshwater fish species in each Red List Category in the Arabian Peninsula region.

Regional Red List Category

Global

Assessment

Regional Number of Regional

Assessment Endemics

Threatened categories | Endangered (EN) 5 5 5
Vulnerable (VU) 2 2 2
Near Threatened (NT) 1 2 0

Data Deficient (DD) 2 1 1
Not Evaluated 3 0 0
Total number of taxa assessed* 21 21 15




3.3 Patterns of species richness in the
Arabian Peninsula

3.3.1 Allfish species

From a global perspective, the freshwater fish fauna of
the Arabian Peninsula is extremely depauperate. At
most freshwater sites in Arabia, usually only one or two
primary freshwater species are found if the ubiquitous,
euryhyaline or catadromous species are not considered.
Wadi Hadramaut in Yemen, having six species of primary
freshwater fishes, is the most species rich drainage basin
of the Peninsula. Several wadis in Yemen and South-west
Saudi Arabia host up to five species, but most have a
much lower species total (Figure 3.2).

3.3.2 Threatened species

The most important hotspot for threatened freshwater
fishes in the Arabian Peninsula is Wadi Hadramaut in
Yemen (Figure 3.3). All three species endemic to that
Wadi (Carasobarbus exulatus, Garra mamshuqa, G.
lautior) have been assessed as Endangered. While Wadi

Hadramaut is large and has a lot of water seasonally, it is
a single wadi (hence its fishes are assessed to exist in only
one independent site when it comes to the threats active
in the area). Furthermore, during dry seasons, almost all
freshwater bodies dry out, so that the area of occupancy
permanently occupied by the species is estimated as
being more than 10 km* but less than 500 km?* Krupp
(pers. comm. 2012) found a single pool of about 10 km
length inhabited by native fishes in Wadi Hadramaut.
Although the fish stocks there were reported as being
still healthy in 2011-2012 (Krupp, pers. comm.), there
is strong evidence that the habitat is threatened by water
extraction (EPAA 2002) and pollution by pesticides from
the intensive agriculture in the wadi.

3.3.3 Restricted range and endemic species

Besides the species endemic to Wadi Hadramaut
mentioned above, there are three more species with
very limited distribution (Figure 3.4). Acanthobrama
hadiyahensis (CR) is endemic to Wadi Hadiya in Saudi
Arabia where it faces severe threats. There are two range
restricted species endemic to the Dhofar region of Oman.

Figure 3.2. The distribution of freshwater fish species across the Arabian Peninsula region.
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The tiny global population of the subterranean Garra
dunsirei (EN) is known from only a single sinkhole at
Tawi Atair, in the Jebel Qara (Jebel Samhan) mountains,
and the dwarf Garra smarti (VU) is restricted seasonally
to few permanent pools in Wadi Hasik. Both local
endemic species of Omani Garra seem to inhabit pristine
or only little impacted waters and seem not to be of major
conservation concern. They are mostly vulnerable due to
the very tiny area inhabited and could be the victim of
unexpected accidents. However, the development of water
use and evolution of climate change in the Dhofar Region
of Oman is poorly understood and the populations of
both species should be carefully monitored.

3.3.4 Data Deficient species

Garra longipinnis and Awaous aeneofuscus have been
assessed as DD in the region due to unresolved taxonomic
problems.

3.3.5 Extirpated /Extinct species

None known.

3.4 Major threats to freshwater fishes

There are a number of threats to the freshwater fishes of
the Arabian Peninsula (see below), most of them coming
from human development (Figure 3.5). The threats
include increased water extraction, the development of
dams, habitat loss, and increased pollution of freshwater
systems from domestic effluent (washing etc.) and from
local agricultural runoff. Although the threats are not
particularly intense in many parts of the region, they are
acting upon populations that are frequently small, and
isolated from each other. Even relatively low environmental
stress on these small populations can significantly impact
their overall condition and likelihood of survival.

Water extraction and dams

Water extraction is a significant threat for many of the
freshwater fishes in arid and semiarid landscapes, mainly
because many of the wadis are ephemeral or have periods
of low flow, and any additional extraction can result in
significant loss of habitat. Water extraction results not
only in lowering the amount of surface water in the wadis,
in some areas pumping can lower the water table to the

Figure 3.3. The distribution of threatened freshwater fish species across the Arabian Peninsula
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Dam construction in Wadi Turabah, Saudi Arabia. Photo © N. A. Hamidan

Figure 3.4. The distribution of endemic freshwater fish species across the Arabian Peninsula.
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extent that springs don’t flow anymore. For example,
Yemen is facing a severe water crisis, with some estimates
suggesting the capital, Sanaa, could run dry in 10 years.
With little being done to harness rainfall in the country,
farmers are drilling deeper than ever for water without
any government regulation. Agriculture uses around 90%
of the country’s water resources and fast growing human
population will soon take all available water resources.
There are no current assessments dealing with water and
biodiversity. In the past, water extraction for domestic use
may have caused a reduction of up to 50% in available
habitat for Carasobarbus apoensis (EPAA 2002). The
available habitat is estimated to have decreased in area
by 21-50% in the five years prior to 2002, due to water
extraction for domestic use (EPAA 2002).

If dams are constructed to capture runoff that would
otherwise be unavailable for human use, rivers often run
dry below the dams leaving no water behind for freshwater
biodiversity. Such dams reduce the area of occurrence of
freshwater fishes even in ecosystems which are adapted to
seasonal droughts and survival of fishes in small refuge
pools. Less and less water leads to the desiccation of those
refuge pools and finally to the extirpation of the fishes.
Locally, dams are thought to be hindering the recruitment
into rivers of species that have a marine dispersal phase,
such as Anguilla bengalensis (Scott 1995) and Awaous
aeneofuscus (Feulner 2006). For example, Wadi Hajr, the
only site where Anguilla bengalensis is known in Arabia,
is dammed 3-4 km from its mouth, creating a small lake
with marsh vegetation (Scott 1995). The dam might
prevent immigration of the eels further upstream.

All Arabian freshwater fish species are adapted to periods
of droughts and floods, but the impacts of floods and
droughts become most severe when the local populations
have already been compromised by other threats (such
as water extraction). Under these circumstances the
populations might be too small, or the individuals too
stressed, for them to recover normally from a period of

flood and drought.

Habitat loss and degradation.

Unsurprisingly, habitat loss is a particular problem
adjacent to areas of human development. For example,
the main habitat of Cyprinion watsoni is deep wadi pools,
and these are usually found in the lower courses of wadis
where human settlement is not only well established but
is also increasing. Consequently, these pools are becoming
extensively modified and degraded (G. Feulner, own
unpublished data). Extensive clearance of native trees
for firewood and agriculture is reported from Wadi Hajr
(Scott 1995) and may be a widespread problem.

Pollution

There seem to be no comprehensive data available about
chemical and biological water quality. Furthermore, there
is no continuous monitoring system about the quality
and quantity of open surface waters. Therefore, little
is known about the extent and intensity of industrial
and rural pollution across the Arabian Peninsula. Local
observations confirm that pollution from agriculture and
human settlements is a problem, which is locally serious,
especially in relatively densely inhabited wadis such as
Wadi Hadramaut and others. As water is a scare resource,

Figure 3.5. Percentage of freshwater fish in the Arabian Peninsula affected by major categories of threat
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water in the wadis is extensively used for all kinds of
purposes. Some wadis in Oman, and perhaps elsewhere,
are sprayed or powdered with pesticide to control
mosquito larvae. Local residents themselves attribute
short-term declines in the fish populations to the effects
of pesticides (G. Feulner, own unpublished data).

Climate impacts

Global climate change seems not to have been a major
problem on the Arabian Peninsula generally until the
new millennium, but recent studies show temperature
increases and less rainfall in some areas. AlSarmi and
Washington (2011) have examined trends in temperature
and precipitation parameters for the Arabian Peninsula
during the last 2 to 3 decades at 21 stations. The mean
annual temperature trend is one of warming, with 14
of 21 stations showing statistically significant warming,.
The highest statistically significant mean annual warming
trends are found in Oman and the UAE. Trends in mean
annual precipitation are significant at only two stations,
which show a decrease in precipitation.

Almazroui ez al. (2012) analysed the rainfall and
temperature climatology over Saudi Arabia from its
27 stations from 1978-2009. Over Saudi Arabia, the
observed annual rainfall showed a significant decreasing

Wadi Turabah stream. Photo © N. A. Hamidan
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trend (47.8 mm per decade) since the mid-1990s, although
with a relatively large inter-annual variability. The effects
of climate change to the unique and highly endemic
freshwater biodiversity of the Arabian Peninsula should
be carefully monitored to be able to react to changes in
rainfall before tiny fish populations go extinct.

Introductions

At least 11 species of alien freshwater fishes are reported
to be introduced and naturalized to the Arabian
Peninsula. These are mostly common “global invaders”
such as the cyprinids Carassius auratus, Cyprinus carpio
and Pseudorasbora parva, the cichlids Coptodon zillii,
Oreochromis mossambicus, O. spilurus and O. niloticus,
and the poecilids Gambusia holbrooki, Poecilia latipinna,
P reticulata and Xiphophorus maculatus. Although there
are no specific reports of impacts of these species on the
native fauna, it must be expected that they will compete
with them, at least in certain circumstances. Research on
the effects and distribution of alien species is strongly
recommended to better understand their impacts, their
behavior and how to limit their dispersal. Aphanius
dispar, a native to the Arabian Peninsula, might represent
a threat to other fishes where it has been introduced
to ecosystems within the region for mosquito control.
While it usually feeds near the surface and is an efficient



Garra buettikeri (VU) an endemic species to Saudi Arabia. Photo © N. A. Hamidan

predator on mosquito larvae (Haas 1982), it will readily
shift to become a mid-water or bottom feeder if suitable
near-surface food resources are not available. Under those
circumstances it might compete strongly with other
freshwater species (EPAA 2002).

Harvesting

Relatively few native freshwater fish species are harvested
in the Arabian Peninsula; and this does not generally
represent a significant risk to biodiversity. Two species
which reach larger body sizes than many of the other
species present are Arabibarbus arabicus (reaching 34.5
cm standard length; Banister and Clarke 1977) and
Carasobarbus apoensis (reaching 21.3 cm standard length).
Both used to be popular game fishes (EPAA 2002) but
are now very rare, hard to find, and no longer targeted.
At least one species may have been impacted by the
habitat modification and/or indiscriminate harvesting
that is associated with artisanal fisheries. Improved
vehicular access to some of the sites in Oman where
the goby Awaous aeneofuscus had been found resulted in
increased fishing activity (although not targeted at the
goby), with damming and channeling of the streams, and
construction of fish weirs occurring contemporaneously
with the disappearance of the goby population (Feulner
2006).

3.5 Uses and Livelihood values

Freshwater fishes are seldom directly used by humans in
the countries of the Arabian Peninsula. The larger species,
such as Arabibarbus arabicus and Carasobarbus apoensis
used to be taken as game and food fishes by local human
populations and this might threaten those species, but the
situation has been little explored. In areas of northernmost

26

Oman and the UAE, local mountain residents catch wadi
fish using channels and weirs, but only Garra barreimiae
is eaten, being part of the traditional local diet (Feulner
1998, 2006; EPAA 2003). However, there is no evidence
that this small scale fisheries is a real threat to the local
fish populations. In most areas of the Arabian Peninsula,
local human populations appreciate having fish in their
waters not as a source of food but for the enjoyment of
seeing living creatures, which are sometimes interpreted
as a sign of good water quality and ecosystem health. In
other areas, fish are just ignored and seem to have no
value for local people.

3.6 Conservation actions and
recommendations Conservation
actions

In-situ conservation actions for most of the threatened
species had earlier been suggested by EPAA (2002,
2003, 2004), but to date there seem to be few specific
conservation actions in place for the species listed as
threatened by this Red List assessment. Legal protection
for the fishes themselves is in place in most areas, but this
helps little to protect freshwater habitats from the threats
described above. At the Breeding Centre for Endangered
Arabian  Wildlife  (Sharjah, UAE),

breeding programs are in place for four species assessed

conservation

as threatened (Garra buettikeri, G. dunseri, G. smarti,
Carasobarbus apoensis). All these species have bred
continuously since 2009, without the need to supplant
new specimens into the captive stock from the wild
or from other institutions. No captive broodstocks of
threatened Arabian species seem to exist outside of the
Breeding Centre for Endangered Arabian Wildlife and
it is strongly recommended to establish such stocks to



reduce the risk of species extinction should the existing
captive populations fail, especially for Garra dunseri and
G. smarti, where only single, small wild populations seem
to exist. Great care must be given to maintain genetic
diversity in the captive broodstocks and to avoid genetic
bottlenecks.

Recommendations

Recommendations for in-situ conservation actions for
most of the threatened species, including management of
habitat, and monitoring and management of populations,
have been detailed by EPAA (2002). This IUCN Red
List assessment reveals how many gaps remain in the
exploration and understanding of the freshwater fish
fauna of the Arabian Peninsula. Although there are so few
native species in the area, they are still very poorly known.
Among the resources generally lacking are accessible
identification literature and accessible, comprehensive
data on species distribution and environmental threats.

Exploration and taxonomic studies

Field surveying is essential in order to provide up-
to-date knowledge on the overall distribution of
species and threats, and the abundance of populations
and connectivity between them. That a species like
Acanthobrama hadiyahensis (CR) had not been recorded
for 30 years best demonstrates that freshwater fishes are
a forgotten part of biodiversity in the Arabian Peninsula.
The taxonomy of the few freshwater fish species should
be resolved by applying an integrated molecular and
morphological approach by well-trained taxonomists.

Public data availability

It is strongly recommended to bring together all site
scale records of all Arabian freshwater fish species in a
public database like the Global Biodiversity Information
Facility (GBIF) to make them available for analysis
and all conservation activities. To do so, an active data
mobilization strategy should be worked out. Data and
metadata should also be published in open access data
journals.

Documentation

The freshwater fish biodiversity of the Arabian Peninsula
is poorly documented and much information is no
longer valid. As a complement to further exploration and
taxonomic study, we strongly recommend publication of
an online field guide of the freshwater fishes of the Arabian
Peninsula. In such an online field guide, photographs of
fishes and sites, and information about the distribution,
ecology, identification characters and threats are made
publicly available. The online guide should be directly
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linked to GBIFE to have up-to-date distribution data.
Furthermore, a citizen scientists recording system for
freshwater fishes based on smart-phone technologies
could be implemented, to allow local scientists and
citizens to add their own data. The [IUCN-SSC/Wetlands
International Freshwater Fish Specialist Group is already
coordinating an online portal (via iNaturalist) for the
public to upload photographs and locality information
on freshwater fishes in the wild. These data will be added

to GBIE For more information see the Global Freshwater
BioBlitz (www.iucnffsg.org).

Key Biodiversity Areas

Ideally a network of Freshwater Key Biodiversity Areas
(KBAs) should be developed in the Arabian Peninsula
following IUCN methodology and reviewed by regional
stakeholders and experts. These efforts to identify sites
of critical biodiversity will be a collaborative activity
with national protected area authorities and should be
integrated with landscape management. From these
data, conservation management should be implemented
comprehensively, and following standardized methods,
at the whole ecosystem scale that includes management
of the habitats around the wadis. Here, analysis and
maintenance of natural flow regimes are essential,
because even small anthropogenic disruptions of the
often sporadic flows can have devastating effects on the
populations present.

Monitoring

Critical sites for freshwater fish biodiversity and
threatened species such as Wadi Hadiya in Saudi Arabia,
Wadi Hadramaut in Yemen, Wadi Hasik in Oman as well
as the sinkhole at Tawi Atair in Oman, must be visited
regularly and fish populations have to be monitored
following standardized protocols. Sites assessed as KBAs
should also be included in the monitoring. Such sites
should be regularly visited to assess the population status
of freshwater fishes and to collect long term population
trend data.

Impact studies

Regular monitoring will lead to concrete questions about
limiting factors for fish populations such as the spread
of alien species, pollution, water extraction or habitat
modification. These questions are fertile ground for
research.

Training and Dissemination

Primary research should be facilitated, and studies of
direct interest to the local people should be translated
into local languages and distributed freely. Too frequently,



the results of studies are not made widely available, and
are therefore never used to benefit conservation. In the
context of biodiversity conservation there is an urgent
need to train specialists in ‘secondary’ taxonomy. That is,
we need scientists to train others in identification, and
write local identification tools (including translation into
local languages), thereby making identification of species
possible for researchers in a variety of disciplines. At key
sites (as Wadi Hadiya, Wadi Hadramaut, Wadi Hasik as
well as the sinkhole at Tawi Atair), local awareness raising
is strongly recommended and local conservation projects
can focus on raising awareness of the endemic fishes of
these sites.
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Chapter 4. The status and distribution
of freshwater molluscs in the Arabian

Peninsula

Neubert, E.", Amr, Z.2 and Van Damme, D.3

4.1 Overview of the regional fauna

Molluscs are found in many of the permanent freshwater
bodies such as wadis, oases, highland creeks and thermal
springs that are distributed through the Arabian
Peninsula region, but mainly in the southwestern part of
the peninsula (see Chapter 1 for further discussion of the
distribution of these freshwater systems).

The subterranean water systems that are widespread in
the Peninsula’s karstic areas (for example the al-Houta
cave near Nizwa in Oman) represent one of the potential
habitats particularly for hydrobiid snails, also known as
mud snails. However, additional fieldwork is required to
document more precisely the freshwater mollusc fauna
that might be present in these systems. The Socotran
Archipelago (Yemen), known for its endemic flora and
fauna, harbors a few endemic freshwater molluscan
species. The ancient al-Aflaj irrigating system in Oman
forms a man-made habitat for freshwater molluscs, and
many species survive even periods of drought in small
water pockets (Neubert pers. obs. 2012). Additionally,
this system transports and displaces molluscs over larger
distances in the mountains down to the oases in the

foothills.

The lakes formed behind artificial dams (see Chapter 1)
are also suitable habitats for freshwater molluscs. For
example, three dams were constructed in the Ha'il area
(Saudi Arabia) and attracted several species of freshwater
snails including Bulinus truncatus.

The populations of the brackish water molluscs of the
Arabian Peninsula are known to be in decline due to the
rapid disappearance of the mangal (a saline woody tree
and shrub environment) biotopes and swamps along the

Ancient al-Aflaj irrigation channels in Misfah al Abriyyin, Jebel Akhdar,
Oman. Photo © R. Bonifer

The oasis of Nizwa, Oman. Photo © R. Bonifer

coastline of the Emirates. At the same time, the ever
increasing abstraction of freshwater in wadi systems
means that the volume of freshwater reaching the coast
has declined and salinity is increasing and moving
inland. This, in turn, threatens the freshwater species in
the downstream parts of drainages.

On one hand, scarcity of suitable freshwater habitats
explains the small number of freshwater molluscan
species being recorded from the Peninsula. From its area

1 Naturhistorisches Museum der Burgergemeinde Bern, Bernastr 15, CH-3005 Bern, Switzerland.
2 Jordan University of Science and Technology, PO. Box 3030, Irbid. 22110, Jordan.

3 University of Ghent, Sint-Pietersnieuwstraat 25, B 9000 Ghent, Belgium.
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of 3,237,500 km? only 30 species are known so far, and
only nine of them are considered to be endemic. On the
other hand, many probably suitable areas remain under-
explored, and even in easily accessible (and clearly
promising) regions like the mountain systems in Oman,
there have been no systematic research activities focusing
on freshwater molluscs so far. This is quite astonishing,
because some gastropod species in particular are well
like

schistosomiasis (= bilharziosis). The known value of

known vector species for serious diseases
molluscs as helpful indicator species for sustainable water
management has not being reviewed anywhere on the

Peninsula.

4.2 The taxonomic and ecological
impediments

Although there are relatively few freshwater species living
on the Arabian Peninsula, almost all are seriously
underexplored (Brown and Wright 1980, Brown and
Gallagher 1985, Neubert 1998). The
impediment is well exemplified by the putative species
Hydrobia lactea. Although described by Mousson in

taxonomic

1874, this species has not being subject to any serious,
subsequent taxonomic research, and remains afhliated to
the genus Hydrobia only due to a lack of research.
Though this species undoubtedly belongs to another
hydrobiid genus, there have been no efforts to collect
living specimens from its type locality in Mossul, Iraq to
address this problem, nor was there ever any investigation

whether specimens collected from the Arabian Peninsula
and assigned to this species are correctly identified. Thus,
the taxonomic status remains unchanged since 1874 and
is probably incorrect.

By ‘ecological impediment’ we mean that there has been
no focused investigation on the autecology and biology
of the Arabian populations of freshwater molluscs so far.
No data are available on population sizes and trends, and
long term monitoring projects yielding data for a trend
analysis are missing as well.

4.3 Conservation status (IUCN Red List
Criteria: Regional scale)

Data for 30 species are presented in this summary. Large
areas of the Peninsula are still hard to access, barrages as
artificial systems are usually not checked for molluscs,
and even for the highlands of Jebel Akhdar in Oman or
in Yemen and southwestern Saudi Arabia, no systematic
research for freshwater molluscs has been conducted. For
this reason, we consider the assessments presented here
to be preliminary baseline ones that should be updated
on a regular basis.

Only a small proportion (16.7 %) of the freshwater
molluscs fall into one of the IUCN threatened categories
(Table 4.1 and Fig. 4.1). Almost half of the species are
considered to be LC (Least Concern). This could be
considered a positive result, but might also be biased by

Table 4.1. The number of freshwater mollusc species in each Red List Category in the Arabian Peninsula region.

IUCN Red List Categories

Threatened Categories

Vulnerable

Assessment

Regional Number of Regional
cglon Global Assessment umber of Fegion

Endemics

Near Threatened

Data Deficient 9 4 4
Not Applicable 9 0 0
Total* 30 30 9

* The total figure does not include NA (Not Applicable) species. The following species were assessed as NA because they are not native to the region (Helisoma
duryi, Cerithidea decollata and Pseudosuccinea columella) or belong to marine habitats (Cerithidea cingulata, Iravadia quadrasi, Pirenella conica, Potamides

conicus, Telescopium telescopium and Terebralia palustris).

All species assessed as regionally threatened that are endemic to the region are also globally threatened
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Figure 4.1. The proportions (%) of freshwater mollusc
species in each regional Red List category in the Arabian
Peninsula.

personal estimation rather than the result of targeted
scientific research. This may explain the differences with
the much more dramatic situation of freshwater systems
in other regions, where Europe with 43.7 % of
threatened species is a quite contrasting example. The
value of ~30 % DD species (Data Deficient) is consistent
with results from other parts of the world (Cuttelod ez
al. 2011, Kohler et al. 2012).

4.4 Patterns of species richness

The distribution of freshwater molluscs is shown in Fig.
4.2. As can be expected from the geomorphological
structure of the Peninsula, the highest species richness is
found in mountainous regions which capture enough
moisture during the year. The regions with the highest
diversity are the highlands of Yemen and the Jebel
Akhdar area in Oman. Two other regions are of particular
interest: in eastern Saudi Arabia, the large Oasis of al-

Figure 4.2. The distribution of freshwater mollusc species across the Arabian Peninsula region, mapped to river sub-

catchments.
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Galba truncatula is a common snail in the mountainous areas of the
Arabian Peninsula. This amphibious snail can frequently be found in
mud along irrigation canals. It is listed as Least Concern. Photo © Z.
Amr and E. Neubert

Melanoides tuberculatus lives usually in freshwater,
but can also inhabit brackish waters. It is a common
species all over the Arabian Peninsula, listed as Least
Concern. Photo © Z. Amr and E. Neubert

Hufuf collects the groundwater of the Central Arabian
Plate and thus supports a large freshwater system; and
the summer monsoon area of Dhofar, Oman.

4.4.1 All species

With 30 species recorded, the region is poor in the
number of freshwater molluscs reflecting the fact that
drylands form the most extensive environments on the
Peninsula, and thus cannot compete with tropical

The snail Haitia acuta is associated with slow running water and can often
be found along with Bulinus truncatus. It is listed as Least Concern. Photo
© Z. Amr and E. Neubert

Plotia scabra can often be found associated with M.
tuberculatus, but it is less common. It is listed as

Least Concern. Photo © Z. Amr and E. Neubert

freshwater systems. Species richness is highest in the
catchment of the central mountains of Yemen and the
al-Hufuf Oasis, where nine to 12 species have been
recorded. The Jebel Akhdar area is less rich with a
maximum of four or five species, while in Dhofar six to
eight species are recorded. It must be stressed that in the
last case, catchment areas are extremely restricted with
some permanent springs feeding small and usually short
creeks, which are heavily used for agricultural and other
purposes.

Table 4.2. Threatened freshwater mollusc species in the Arabian Peninsula region.

Family Species

Regional Red

Red List Criteri
L oy ed List Criteria

Endemic?

LYMNAEIDAE

Stagnicola palustris

D2 No

PLANORBIDAE

Gyraulus convexiusculus

A0
VU B2abiii) No




4.4.2 Threatened species

The threatened freshwater molluscs from the Arabian
Peninsula are listed in Table 4.2. The only endemic taxon
qualifying as Endangered (EN) is the Socotran species
Gyraulus cockburni.

The Endangered species Gyraulus cockburni from Socotra Island, Yemen.
Photo © NHMUK

This species was found in two small creeks on Socotra
Island that are highly threatened due to unsustainable
water management practices and the uncontrolled use of
insecticides (Van Damme and Banfield 2011). Two
species with the category Endangered (EN) live in the
oasis of Qasis of al-Hufuf in Saudi Arabia, which is also

Melanopsis costata is known from many places in the Middle East. The
shell exhibits different colour patterns that range from light brown to
deep dark. It is listed Endangered in the Arabian Peninsula. Photo © Z.
Amr and E. Neubert

Figure 4.3. The distribution of threatened freshwater mollusc species across the Arabian Peninsula, mapped to river sub-

catchments.



Assiminea  nitida collected in a
freshwater course of the Al-Qatif
oasis, Eastern Province, Saudia
Arabia. Threatened by changes in
irrigation schemes and eutrophication
as a consequence of the use of
fertilizers in the Arabian region, this
species is assessed Endangered. Photo
© E. Neubert

under pressure due to water extraction and use of
pesticides. The areas with the highest water withdrawal
clearly coincide with the areas where threatened species
of molluscs are living.

4.4.3 Endemic freshwater molluscs

Endemic species are concentrated in areas with the
highest species richness (compare Figs 4.2 and 4.4). In
continental Yemen, three endemic planorbid freshwater
species can be found, namely Bulinus arabicus, Bulinus

Wadi Kilisan in the southeast of Socotra Island, habitat of the Endangered
(EN) species Gyraulus cockburni; Socotra, February 1999. Photo © E.
Neubert

On the

Archipelago, only a few permanent running water bodies

beccarii, and Bulinus wrighti. Socotran
are present (exclusively on the main island of Socotra),
which harbour two planorbid species, Gyraulus cockburni

and ? Ceratophallus socotrensis. A third species, “Hydrobia”

Figure 4.4. The distribution of endemic freshwater mollusc species across the Arabian Peninsula, mapped to river sub-

catchments.
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balfouri, has not been observed or collected since its
description by Godwin-Austen in 1881, and there are
doubts whether this might be a freshwater, brackish or
even marine species. In Oman, “Hydrobia” glaucovirens
from the Dhofar region can be considered a local
endemic freshwater species.

The Arabian Peninsula endemic species ?Ceratophallus socotrensis from
Socotra Island (Yemen), where only the figured type specimen is known.
Photo © NHMUK

2 Ceratophallus socotrensis has only been found once in the
19th Century and has not been collected since, though
surface and underground waters on Socotra were
systematically sampled during the last decades. It is,
therefore, considered to probably be extinct.

Clouds from the Red Sea and the Tihama plain transporting moisture to
the highlands of the south-western Arabian Peninsula; view to the
escarpment West of Abha, Saudi Arabia. Photo © E. Neubert

Figure 4.5. The distribution of Data Deficient freshwater mollusc species across the Arabian Peninsula, mapped to river

sub-catchments.
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4.4.4 Data Deficient species

Nine species match this category, which is almost a third
of the total number of species recorded from the area.
The main reasons for such a classification are serious
doubts on the correct identification of the species (see
also chapter 4.2), or the lack of any additional records
since their description.

4.5 Major threats to freshwater molluscs

Natural freshwater habitats in arid areas are a pivotal
subject to human use since ancient times, and their value
can be estimated from the fact that many of these localities
have had a religious status. However, in times of human
population increase combined with significant changes in
water use and technical capabilities for extraction, these

Figure 4.6. Percentage of freshwater mollusc species known to be affected by each threat. Note that many species may have

more than one threat listed.

Small pond in the Oasis of al-Hufuf in Saudi Arabia. Photo © E. Neubert
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resources are often overexploited. Unsustainable use of all
types of water bodies including ground water, landscape
modifications and damage by increasing livestock and
agriculture drives many freshwater species towards
extinction (Strong ez al. 2008). Taking this evolution into
account it is no wonder that the recently published
European Red List of non-marine molluscs lists freshwater
molluscs as one of the most endangered organism groups
with a proportion of 43.7 % species having a threatened
status (Cuttelod ez 2/. 2011).

The major threat to freshwater molluscs on the Arabian
Peninsula is the overexploitation of surface and ground
waters, e.g. for irrigation and for the ever increasing water
demand of the fast growing cities. Next to the complete
extraction of water from wells and water courses, the
countless artificial alterations such as drains, culverts,
channels and dams reduce the habitat suitability for the
species. Large amounts of freshwater are withdrawn from
the mountains in the southwestern region of Saudi Arabia,
the southern Hijaz and Jizan area, and the al-Hufuf oasis
in the Eastern province (Saudi Arabia), where several of
the threatened species like Assiminea nitida and Melanopsis
costata are living.

Pest control activities may destroy complete freshwater
ecosystems, as has been exemplified quite recently on
Socotra, where an uncontrolled malaria prevention
program has contaminated highly sensitive creeks on the
island, eradicating several endemic freshwater organisms

(Van Damme and Banfield 2011).

Other threats concern accumulation of agricultural
fertilizers that change the water chemistry, resulting in
algal blooms and subsequent de-oxygenation during
decomposition of the algal masses. Occasionally, raw
sewage may be discharged into freshwater systems, or wells
and karstic sinkholes are used as garbage dumps for all
kinds of household and industrial waste.

4.6 Conclusions and conservation
recommendations

For the future it is strongly recommended to develop
management plans for the sustainable use of the
remaining natural water resources on the Arabian
Peninsula. Their exploitation should not only be
economically driven but the welfare of all freshwater
organisms should also be take into consideration as these
are the best indicators for good water quality.
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More research is needed to explore the freshwater
diversity on the Peninsula. It is highly recommended to
put in place a monitoring system that is able to follow
the changes in the aquatic biotopes and to develop
strategies towards sustainable water management in the

area.
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Chapter 5. The status and distribution of
dragonflies and damselflies (Odonata) in
the Arabian Peninsula

Schneider, W.' and Samraoui, B.?

5.1 Introduction

Dragonflies and damselflies (Odonata) are a fascinating
order of insects with a complex lifecycle (Corbet 1999).
Their displays of contrasting colours and aerial acrobatics
have endeared them to scientists and laymen alike. The
close dependence of Odonata on wetlands has made
them worthy ambassadors of freshwater conservation
(Riservato et al. 2009, Clausnitzer et al 2012). As
guardians of the watershed (Clausnitzer and Jodicke
2004), dragonflies help us monitor global changes
sweeping past our planet (Hooftman ez a/. 2003, Crick
2004). This is particularly true in an excessively arid
region undergoing strong anthropogenic pressure that is
a cause of much concern (Krupp ez /. 1990).

The odonatofauna of the Arabian Peninsula and the
Socotra Archipelago was not well known until the
twentieth century (McLachlan 1903, Longfield 1931,
1932) and systematic studies were initiated much later
by Waterston (1980, 1981, 1984, 1985) and extended
by Schneider (1987, 1988). Recent decades have
witnessed a steady progress of our knowledge of the
Odonata of Yemen (Waterston 1984, 1985, Al-Safadi
1990, Dumont and Al-Safadi 1991, 1993, Carfi et al.
1995, Schneider and Parr 1998, Krupp ez /. 2006) and
Socotra (Kimmins 1961, Schneider and Dumont 1998,
Schneider and Nasher 2013), Oman (Waterston 1981,
Schneider 1988, Schneider and Dumont 1995, 1997,
Waterston and Pittaway 1991, van der Weide and
Kalkman 2008), United Arab Emirates (Feulner 1999,
2001, Feulner et 4l 2007, Giles 1998, Reimer 2008,
2009, Reimer et 2/ 2009, Wilson 2008), Saudi Arabia
(Waterston 1980, 1985; Pittaway, 1983; Schneider and
Krupp 1993; Lambret and Boudot 2009) and Kuwait
(Al-Houty 1985). The status of the Odonata of the

region was previously assessed by Jodicke er al. (2004)
who provided an initial list of critical species and
conservation priorities.

5.1.1 Number of Odonata taxa within the area of
the Arabian Peninsula

The number of dragonflies and damselflies of the
Arabian Peninsula and the Socotra Archipelago amounts
to 59 taxa with 5 additional species, Pseudagrion
niloticum, Anax tristis, Sympetrum sinaiticum, Trithemis
pallidinervis, and Tramea basilaris not evaluated.
Pseudagrion niloticum has not been assessed because it
was only recently discovered in Wadi Hadhramout
(Schneider and Nasher 2013). For Sympetrum sinaiticum
there is only a single record in northern Saudi Arabia at
the southernmost border of the species’ distribution.
Although a female was collected during oviposition, its

Anax parthenope (LC) is often on patrol across the numerous canals and
wadi of the region. Photo © Boudjéma Samraoui

1 Senckenberg Research Institute, Entomology II, Senckenberganlage 25, 60325 Frankfurt (Germany).
2 Laboratoire de Recherche et de Conservation des Zones Humides, University of Guelma, Guelma, Algeria/Center of Excellence for Research in Biodiversity,

King Saud University, Riyadh, Saudi Arabia



An artificial canal that crosses the arid eastern part near Al Ahsa in Saudi
Arabia. Photo © Boudjéma Samraoui

true status is unknown. The same holds true for the
remaining three species: Anax tristis and Tramea basilaris
are common migrants often spotted in the desert plains
or far offshore. In Arabia Trithemis pallidinervis is only
known from a single specimen collected in northern
Oman. It is likely that the occurrence of this Indian
species originated from a windborne migration. The
species has obviously not established stable populations
in Arabia.

The validity of some taxa and their precise distribution
deserves further investigation, with the larvae of several

species insufficiently described or even unknown
(Jodicke et al. 2004).

The highest diversity of Odonata in the region is
concentrated in the southern Arabian Peninsula,
including parts of Yemen (67.2%), Saudi Arabia
(64.1%) and Oman (64.1%) (Table 5.1, Fig. 5.1). The
south-west of Saudi Arabia, a hotspot of Odonata
diversity in the region, contrasts sharply with the much
drier rest of the country.

Figure 5.1. The distribution of Odonata across the Arabian Peninsula region, mapped to river sub-catchments.
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Table 5.1. Number of Odonata taxa within different
countries of the Arabian Peninsula'.

Countries recfr;::es;:fies % of total
Yemen? 43 67.2
Saudi Arabia 41 64.1
Oman 41 64.1
UAE 23 35.9
Qatar 13 203
Kuwait 12 18.8
Bahrain 6 9.4

1 Including five species recorded but not evaluated: Pseudagrion niloticum,
Anax tristis, Sympetrum sinaiticum, Trithemis pallidinervis, and Tramea

basilaris.

2 Including the Socotra Archipelago with two species not recorded from

mainland Yemen: Azuragrion granti (endemic) and Tramea basilaris.

5.2 Overview of the Regional Odonata

The huge Arabian land mass connects the two continents
Asia and Africa. With 3.2 million km?, it has the same
size as India and may be regarded as a subcontinent of its
own. Despite the fact that, as a continuation of the
Saharan desert belt, Arabia predominantly consists of
semiarid to hyperarid lands, its odonatofauna is
comparatively rich with 64 taxa recorded so far
(compared to 83 in northern Africa, Samraoui ez 4.
2010) and seven endemics (similarly seven endemics in
northern Africa). High species densities are found in
pluvial refugia, the high mountains in the southwestern
Saudi Arabia, Yemen) and the southeast (northern
Oman), and in intercalated Afrotropical relict pockets of
Dhofar (Oman) and the neighbouring al-Mahra region
in Yemen, which are both influenced by the monsoon
rains. It was suggested that the faunas of these regions
were formed during the same moist period (Schneider
1987), probably the early Holocene pluvial phase,
approx. 12,500 — 10,000 years BP (Samraoui ez al.
1993).

Ceriagrion glabrum (LC) is an African species found on Socotra and in the Southwest and Southeast of Arabia. Photo © Friedhelm Krupp
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Recent progress in African odonatology has included
revision and taxonomic changes for east African species
(Dijkstra ez al. 2011) and this has direct implications on
the status and known ranges of several Arabian odonate
populations. Prominent examples are the species pairs
Orthetrum  taeniolatum  versus  O.  kollmanspergeri,

Brachythemis leucosticta versus Brachythemis impartita,
and Trithemis donaldsoni versus Thrithemis dejouxi.

With more than 60% of all recorded species also found
on the African continent, the odonatofauna of Arabia
has to be classified as predominantly Afrotropical. In
addition six out of the seven regional endemics evolved
from African lineages, including the monotypic genus
Arabicnemis (Gassmann 2004).

There is a striking similarity between dragonfly
assemblages in perennial mountain springs in Namibia
(Suhling er al. 2006, Martens er al. 2010) and
southwestern Arabia, in terms of the species present and
their ecological characteristics. These habitats sustain a
number of perennial stream dwellers: Crocothemis

Wadi Hanifa just south of Riyadh , in Saudi Arabia. Photo © Boudjéma
Samraoui

sanguinolenta, ~ Orthetrum  julia, Trithemis stictica
(replaced by 7' dejouxi in Arabia), Zosteraeschna
minuscula (replaced by Pinheyscha yemenensis in Arabia),

Anax speratus, and Pseudagrion kersteni (plus P arabicum
in Arabia).

There is a weak but remarkable penetration of Oriental/
south-east Asian species in the extreme east of the

A male of Pseudagrion decorum, an Oriental element in the odonate fauna of Arabia. It is categorized by TUCN as Near Threatened in the Arabian

Peninsula and Least Concern at global level. Photo © Friedhelm Krupp
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Arabian Peninsula, e.g. Agriocnenis pygmaea, Pseudagrion
decorum, and Macrodiplax cora.

Besides Arabicnemis, the other endemic and monotypic
genus for Arabia, Arabineura remains an enigma:
Arabineura kbalidi is the only protoneurid known
between south-east Asia and Africa (Schneider 1988). It
may represent the relict of an older but yet unrecognised
faunal exchange between Asia and Africa.

Due to the huge and arid desert belt in the north of
Arabia, the influx of Palearctic species is rather weak.
Only two of them, Selysiothemis nigra and Lindenia
tetraphylla, have penetrated deep into Arabia. This is
explained by their capacity to migrate and to breed in
different types of stagnant waters, even in ephemeral and
brackish ones. Other Palearctic species, like Orthetrum
coerulescens, Orthetrum  taeniolatum, and Sympetrum
sinaiticum are restricted to suitable habitats with enough
permanent freshwaters in the north of Arabia, as around
the Shat al-Arab on the Irag/Iran border and the Jabal
Lauz mountains of the northern Hijaz in Saudi Arabia.

Compared to other oceanic islands and considering its
large size (3,625 km?), Socotra has an impoverished
odonatofauna with a total of 21 species and only one

endemic, Azuragrion granti. Afrotropical and migrant
species predominate. It is striking that the genus
Pseudagrion is obviously not represented on Socotra, but
is on other western Indian Ocean islands. A major
freshwater crisis on Socotra in the past, with species’
extinctions, is a possible explanation. The absence of
primary freshwater fish and amphibians points in the
same direction (Schneider and Nasher 2013)

Tandem oviposition of the endemic (genus and species) Threadtail
Arabineura khalidi (EN), the only known protoneurid between the
Indian subcontinent and Africa. The male is only supported by his grip
on the female’s prothorax. Photo © Robert W. Reimer

Selysiothemis nigra (LC) is a well known migrant, even found far offshore. This female was part of a migrating swarm along the Red Sea coast in Jordan.

Photo © Wolfgang Schneider
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5.3 Conservation Status (IUCN Red List
Criteria: Regional Scale)

Of the 59 assessed taxa (i.e., not including ‘Not
Applicable and Not Evaluated” species) of the Arabian
Peninsula, one species is assessed as Regionally Extinct
and 15 (25.4%) are classified as threatened (CR, EN,

5.3.1 Regionally Extinct species

One species Azuragrion vansomereni, known from a single
site in Saudi Arabia is now considered to be Regionally
Extinct (RE), following the demise of its habitat, the
Laila lakes (Krupp ez /. 1990, Kempe and Dirks 2008,
Jennings 2010).

The Layla Lakes in al-Aflaj (Central Saudi Arabia) were the only known natural freshwater lakes in Arabia. The Afrotropical species Azuragrion
vansomeren, collected here in the 1980s, is now listed as Regionally Extinct. The two pictures represent the situation of the main lake in 1992 (top) and

1995 (bottom). Photos © Michael C. Jennings



5.3.2 Threatened taxa Irrigated palm grove, home of Crocothemis chaldaeorum (DD).
Photo © Boudjéma Samraoui

1.7% of the assessed taxa are Critically Endangered (CR),

15.2% are Endangered (EN) and 8.5% are Vulnerable

(VU) (Table 5.2, Fig. 5.2).

5.3.3 Near Threatened taxa

Four species (6.8%) are considered as Near Threatened
(NT). Although the status of these species could not fit
the criteria of threatened species, further monitoring,
especially of Azuragrion granti, may uncover a decline if
no conservation steps are adopted to halt habitat losses.

Figure 5.2. The proportions (%) of Odonata taxa in each
regional Red List category in the Arabian Peninsula.

Table 5.2. The number of Odonata taxa in each Red List Category in the Arabian Peninsula.

Regional Global Number of

Assessment Assessment Regional Endemics

Regional Red List Category

Regionally Extinct (RE)**

Threatened categories Endangered (EN) 9 0 3
Vulnerable (VU) 5 0 2
Near Threatened (NT) 4 1 1
[LeasConcemlC) 2 s 1|
Data Deficient (DD) 7 1 0
Not Applicable 4 0
Not Evaluated 0
Total number of taxa assessed* 59 59 7

*  Taxa considered Not Applicable (Anax tristis, Sympetrum sinaiticum, Tramea basilaris, Trithemis pallidinervis) and Not

Evaluated (Pseudagrion niloticum, see Schneider and Nasher 2013) are excluded from total.
All species assessed as regionally threatened which are endemic to the region are de facto globally threatened.
** The species Azuragrion vansomereni is listed Regionally Extinct in the Arabian Peninsula.
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5.3.4 Data Deficient taxa

Not enough is known about the distribution and/or
population trend of seven taxa (11.9%) which were
evaluated as Data Deficient (DD). Fig. 5.4 indicates
that more effort needs to be devoted to the southern
part of the Arabian Peninsula, where the DD taxa tend
to be concentrated.

5.3.5 Least Concern taxa

A total of 32 taxa (54.2%) were considered as widespread
with no hint of pending threats leading to their
assessment as Least Concern (LC).

5.3.6 Not Applicable species

A total of 4 species were considered as Not Applicable
(Anax tristis, Sympetrum sinaiticum, Tramea basilaris,
Trithemis pallidinervis). Because Arabian records of
Pseudagrion niloticum were published only after the
assessment process, it could not be evaluated.

The conservation status of threatened taxa is almost
evenly split between the two sub-orders, with eight
Zygoptera and seven Anisoptera. 'The threatened
zygopterans are made up mainly by the family
Coenagrionidae (six taxa) while the Libellulidae (six taxa,
all listed as EN) dominate the other sub-order (Table
5.3). It is important to bear in mind that due to the fast
rate of local development, especially in the southern part

The range of Trithemis kirbyi (LC) has changed fast in the Mediterranean
region and its distribution may be worth monitoring in the Arabian
Peninsula. Photo © Boudjéma Samraoui

of the Arabian Peninsula where the overall species
richness and number of threatened species are greatest
(Figs. 5.1 and 5.3), this evaluation may change rapidly
and many species, actually assessed as LC, may become
threatened.

The impact of freshwater reservoirs like Jisan Dam in southwest Saudi Arabia on the regional biodiversity deserves a thorough investigation. It is the
only known locality in Arabia of the African species Palpopleura deceptor (DD in the Arabian Peninsula and LC globallly). Photo © Boudjéma Samraoui
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Trithemis annulata (LC), common in palm groves and irrigation ditches. Crocothemis erythraea (LC) is common outside the palm groves.
Photo © Boudjéma Samraoui Photo © Boudjéma Samraoui.

Figure 5.3. The distribution of threatened Odonata across the Arabian Peninsula region, mapped to river sub-catchments.
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Table 5.3. Threatened Odonata in the Arabian Peninsula.

Family Taxon

Regional Red
List Category

Criteria Endemic

AESHNIDAE Pinheyschna yemenensis VU Blab(iii)+2ab(iii); D2 yes
COENAGRIONIDAE  Azuragrion somalicum ssp. amitinum VU B2ab(iii); D2 yes
COENAGRIONIDAE  Pseudagrion kersteni VU B2abiii)
COENAGRIONIDAE  Ischnura fountaineae VU B2abiii)
LESTIDAE Lestes pallidus VU B2ab(iii)

Figure 5.4. The distribution of Data Deficient Odonata across the Arabian Peninsula region, mapped to river sub-

catchments.



5.4 Patterns Of Species Richness
5.4.1 Species richness

The diversity of dragonflies in the Arabian Peninsula is
mainly explained by the effect of climate (rainfall due
to monsoons) and the proximity to the African and
Asian plates. Hotspots of species richness are coastal
areas (south-west Saudi Arabia, Yemen and Oman).
Elsewhere, the region receives little rainfall and has low
species diversity.

5.4.2 Distribution of endemic taxa

The Arabian Peninsula holds seven taxa endemic to the
region (10.9% of all taxa recorded for the region),
including five Zygoptera and two Anisoptera. The
Coenagrionidae with three taxa dominate all other
zygopteran families (Table 5.4). Endemics are mainly
found in the mountains along the southeastern and
southwestern coasts of Arabia (Fig. 5.5).

5.4.3 Distribution of threatened species richness

The distribution of threatened species richness mirrors
that of high species diversity represented by the

Male of Orthetrum ransonnetii (LC) in Wadi Rum (Jordan). Photo ©
Friedhelm Krupp

mountain forests of southwestern Saudi Arabia and
Yemen, the mountains of northern Oman and the
Afrotropical relict pockets of Dhofar (Oman and Al
Mahra (Yemen).

Tandem oviposition of the Arabian Featherleg Arabicnemis caerulea (LC), an endemic genus and species of Southern Arabia. Photo © Friedhelm Krupp
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Table 5.4. Number of endemic taxa and total number within each Odonata family.

Suborder Family Number of taxa Number of endemic taxa
Zygoptera Lestidac 1 0
Coenagrionidae 14 3
Platycnemididae 1 1
Protoneuridae 1 1!
Sub-total — Zygoptera (damselflies) 17 5
Anisoptera Aeshnidae 5 1
Gomphidae 3 0
Libellulidae 34 1?
Sub-total — Anisoptera (dragonflies) 42 2
Total — Odonata 59 7

' With the endemic genus Arabineura Schneider and Dumont, 1995

The status of Urothemis thomasi Longfield, 1932 as an Arabian endemic would be challenged if Urothemis aethiopica Nielsen, 1957 is considered as  its east
African subspecies (Schneider 1988), or if U. thomasi is regarded as a subspecies of U. signata (Rambur, 1842) (Waterston and Pittaway 1991).

2

Figure 5.5. The distribution of endemic Odonata across the Arabian Peninsula region, mapped to river sub-catchments.
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5.5 Maijor threats to Odonata of the
Arabian Peninsula

5.5.1. General overview of threats

The main threats to Odonata and their habitats in the
Arabian Peninsula are summarized in Fig. 5.6. Over the
last century, rapid development has transformed the
whole of the Arabian Peninsula and, unsurprisingly,
modifications to natural systems (in terms of physical
modification of the habitat by dams, water abstraction,
channelization, or destruction of riparian habitat??)
stand out as the dominant threats. Pollution, agriculture
and a burgeoning aquaculture industry (e.g. shrimp
farms) also rank high in the threats list. Unfortunately,
the advent of global warming will probably exacerbate
such pressure and the steady sprawl of residence and
commercial development will only add to the plight of
vulnerable and

already increasingly  fragmented

wetlands.

5.6 Conservation Recommendations

Freshwater habitats in the region are under a several
anthropogenic pressures (see section 5.5.1) due to water
extraction, habitat degradation and urban development.
Thus, the conservation of wetland biodiversity in the
Arabian Peninsula faces a tough challenge and will need
to draw upon a wide spectrum of local and regional
actions spread over different domains: protection,
monitoring, research, management and education.
Databases, atlases (Boudot e# 2/ 2009) and Red Lists are
useful tools that will help to select highly threatened
species and hotspots of high conservation values.
Extensive surveys are needed to fill the gaps in our
knowledge of the distribution of several species and
complete the present checklist. More work is also needed
to clarify the taxonomic status of a number of taxa (e.g.
Urothemis thomasi, Orthetrum  kollmannspergeri, and
Crocothemis chaldaeorum) and to describe their larvae
and exuviae. Likewise, our knowledge of the ecology of

Wadi Baish in southwest Saudi Arabia which hosts a large population of Pseudagrion hamoni may be threatened by dam construction and water

extraction. Photo © Boudjéma Samraoui
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Figure 5.6. Percentage of Odonata in the Arabian Peninsula affected by major categories of threat.

Wadi Hanifa is very much “tamed” across the Saudi capital Riyadh. Photo © Boudjéma Samraoui
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Crocothemis chaldaeorum (DD) is thought to have originated within
the extensive and ancient palm groves of the eastern part of the Arabian
Peninsula. Photo © Boudjéma Samraoui

endemic species (e.g., Pinheyschna yemenensis, Arabineura

khalidiand ~ Azuragrion granti) and relict species
(Rhyothemis semihyalina, Urothemis edwardsii) is limited
and there is ample scope for improvement (Samraoui ez
al. 2003). There is thus clearly a need for capacity
building in the area both for odonatological and
environmental training. There is a close similarity
between the conservation status of freshwater species of
the Arabian Peninsula and that of Northern Africa
(Samraoui and Menai 1999, Jédicke et al 2004).
Conservation priorities identified by a panel of experts
for the latter region may be applicable to the Arabian
Peninsula (Garcia et 2/ 2008). Conservation measures
include research designed to provide reliable information
on status and trends of species and their habitats (as
noted above), the development of Integrated River Basin
Management (IRBM) programs, the use of sustainable
agricultural techniques and waste management, law
enforcement, habitat protection, and action plans for

species, and environmental education.
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Chapter 6. The status and distribution

of freshwater crabs

Cumberlidge, N.!

6.1 Overview of the regional fauna

The entire Arabian Peninsula lacks freshwater crabs,
except for Socotra, the largest island in the Socotran
archipelago. Socotra is home to three species of
freshwater crabs that belong to two genera, Socorra
Cumberlidge and Wranik, 2002, and Socotrapotamon
Apel and Brandis, 2000, that are all assigned to the
Potamidae Ortmann, 1896 (Ng ¢z /. 2008, Cumberlidge
et al. 2009). All of these species (Socotra pseudocardisoma
and Wranik, 2002, Socotrapotamon
socotrensis  (Hilgendorf, 1883), and Socotrapotamon
nojidensis Apel and Brandis, 2000, have a stable
taxonomy (Ng ez al. 2008). The Potamidae is easily the

Cumberlidge

largest of all of the freshwater crab families, and includes
95 genera and more than 505 species in two subfamilies,
the Potaminae Ortmann, 1896, and the Potamiscinae
Ortmann, 1896 (Ng et /. 2008, Cumberlidge and Ng
2009). The

throughout the southern Palacarctic and Oriental

Potamidae has a wide distribution
zoogeographical regions from Morocco as far east as
Japan and as far south as Indonesia (Ng ez a/. 2008, Yeo
etal. 2008, Cumberlidge ez 2. 2009). The three Socotran
potamids are the only members of this family found in
the Afrotropical region (Yeo er al. 2008, Cumberlidge
2008). All three Socotran species belong to the
subfamily Potamiscinae, whose members are otherwise
found from northeast India to as far as east China and
Japan, and in southeast Asia as far as Indonesia and the
Philippines. The Socotran potamids are not closely
related to the geographically closest potamids (species of
the Palaearctic genus Potamon (Potamidae: Potaminae))
that are found in North Africa, the Mediterranean
coastal region (including Egypt), the Middle East, and
the western Himalayas (Bott 1967, Brandis ez a/. 2000;
see section 6.3 for further discussion). Furthermore, the
Socotran freshwater crabs are not closely related to the
geographically close freshwater crabs of Somalia, despite
the fact that Socotra lies closer to the coast of Africa
than to the coast of the Arabian Peninsula (Reed and

Cumberlidge 2004, 2006; see section 6.3 for further
details).

The three species of Socotran freshwater crabs are similar
in terms of their breeding strategy (they all have direct
development from egg to hatchling crabs, and they all
lack larval stages) but they differ in their choice of
habitat within freshwater ecosystems on the island
(streams, waterfalls, and rock crevices) (Apel and Brandis
2000, Cumberlidge and Wranik 2002). These freshwater
crabs are omnivores that mostly consume plant matter
and scavenge detritus, and are found wherever year
round water is present.

6.1.1 Crab Distribution and Ecoregions

The Socotra archipelago comprises a chain of four
islands: Socotra, Abd al Kuri, Samha, and Darsa that
have a combined area of about 4,000 km?. This
archipelago is an extension of the Horn of Africa and at
its closest point is only 90 km from the coast of Somalia
(see also Chapter 1). Socotra is the only island in the
archipelago that has freshwater crab populations, all of
the other islands lack freshwater crabs (Cumberlidge
and Wranik 2002).

Topographically Socotra can be divided into three main
zones: a lowland coastal plain of variable width, a
limestone plateau (300 to 700 m asl) that extends over
most of the island, and the granitic Haghir mountains
in the center of the island (up to 1,519 m asl). The
vegetation of Socotra is sparse and is dominated by
plants adapted to a semi-arid climate although more
luxuriant vegetation is found in the sheltered valleys
and on mountain slopes (Kingdon 1989, Mies and
Zimmer 1993, Mies ez al. 1995). In general about one-
third of the plants and animals found on Socotra are
endemic at both the species and generic levels, but the
genera and species of freshwater crabs are 100%
endemic.

1 Department of Biology, Northern Michigan University. Marquette, MI 49855-5376, USA.



6.2. Assessment of species threatened Wadi Daneghan, Socotra is one of the locations where Socotrapotamon
status (IUCN Red List Criteria: socotrensis (LC) is known to occur. Photo©Friedhelm Krupp
Regional Scale)

The conservation status of the Arabian Peninsula’s
freshwater crab fauna has been assessed using the [UCN
Red List Criteria at the regional scale (IUCN 2003,
Cumberlidge ez /. 2009). All three species of freshwater
crabs found in the Arabian Peninsula have a restricted
extent of occurrence and, as noted above, are all endemic
to Socotra. Therefore, the assessment of threat status at
the regional scale is also representative of a global
assessment.

Socotra pseudocardisoma is a large and secretive semi-
terrestrial air-breathing species that is restricted to rock
crevices, karst, and an underground cave system in an
inland locality in the Haghir mountains far away from
permanent freshwater sources and far away from the
coast (Cumberlidge and Wranik 2002). Socotrapotamon
socotrensis is a locally common stream-living species
found in shallow streams and wadis throughout the

Figure 6.1 Distribution map of the freshwater crabs Socotra socotrensis, Socotrapotamon nojidensis and S. pseudocardisoma
in the Arabian Peninsula.
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island including the northern lowland coastal areas and
the streams draining the central mountain range. This
species is often found living in burrows that it digs into
the banks of rivers (Apel and Brandis 2000). The third
Socotran species, S. nojidensis, is found only in the
shallow waters of a series of waterfalls and rock pools at
the base of the escarpment in the western part of the
Nojid plain on the south coast of Socotra, living between
rocks and plants (Apel and Brandis 2000).

Most of the aquatic ecosystems of Socotra are either
actually or potentially affected by increasing development
for the tourist industry with its associated demands on
freshwater sources, and this may adversely affect

future. The

conservation status of each of the three species of

freshwater crab populations in the

freshwater crabs found in the Arabian Peninsula is
summarized in Table 6.1 and is discussed briefly below.

6.2.1 Case Studies
Socotra pseudocardisoma

Wranik, 2002 (LC)
This semi-terrestrial species grows as large as 90.5 mm

Cumberlidge and

across the carapace at its widest point. Living specimens
of 8. pseudocardisoma have a dark-purple dorsal carapace
with a light brown margin, cream carapace sides, a pale
sternum, and light yellow chelae and walking legs.
Socotra pseudocardisoma lives only in the Haghir massif,
and is a semi-arid zone crab with terrestrial habits found
in temporary aquatic freshwater habitats in granite and
limestone (sinks, underground streams, caverns, hollows
and crevices) located far from conventional freshwater
sources. These crabs can not only move rapidly on level

Socotra pseudocardisoma (LC) lives in an inaccessible limestone karst
system in the highlands of Socotra, Yemen, which provide this large
semiterrestrial species with a level of protection. Photo©Friedhelm
Krupp

surfaces they can also climb quickly up and down rock
surfaces and so escape into inaccesible crevices. The
Haghir massif where this species lives is an ancient
mountainous area that has remained above sea level for
millions of years (since the Mesozoic) and has served as a
refuge for a number of Socotra’s terrestrial species during
past changes in sea levels that flooded lower-lying parts
of the island. The Haghir mountains receive Socotra’s
highest rainfall totals and are frequently shrouded in
clouds and heavy mists. Other sources of water for
aquatic animals living on these mountains include
permanent springs and the year-round streams that run
down the northern slopes of the massif. However, at
lower elevations these streams become sporadic and only
flow freely after rain (Wranik 1999). Crabs produce eggs
and release their hatchlings during the wettest part of the
year when plant and animal populations on Socotra are
at their highest levels. The present population levels of

Table 6.1 The number of freshwater crab species, and the number of endemics, in each regional IUCN Red List Category
in the Arabian Peninsula (IUCN 2003, Cumberlidge ez al. 2009).

Regional Red List
Categories

Threatened Categories

Vulnerable

Assessment

Global

Assessment

Regional Number of Regional

Endemics

Near Threatened

Data Deficient

1 1 1

Total*

3 3 3

*

Excluding species that are considered Not Applicable.



S. pseudocardisoma are estimated to be stable based on
the number of individuals known and field reports made
at different times. Socotra pseudocardisoma is currently
listed as Least Concern because there are no known long-
term threats that may result in a decline in the extent
and quality of its habitat. Its extent of occurrence is very
restricted (less than 500 km?) because all individuals are
found in a single locality (Diksam located on a limestone
plateau in the Haghir mountains) that is part of an
extensive karst system whose inaccessible crevices
undoubtedly protect this species from threats by
predators, including humans. In addition, the Haghir
mountains are a UNESCO World Heritage Site, and
this designation may afford some level of protection for
this species in the future.

Socotrapotamon socotrensis (Hilgendorf,
(LC)

This species is endemic to Socotra island where it is

1883)

common in freshwater streams and wadis throughout
the island from the low coastal areas in the north to the

mountainous parts of the Haghir mountains where it is
found either in shallow water or in burrows dug into
river banks. Socotrapotamon socotrensis is known from five
different localities on Socotra: Kerignigi, Wadi
Daneghan, Wadi Fahuh, a wadi near Hadibo, and Wadi
Ayhaft. Socotrapotamon socotrensis is listed as Least
Concern in view of its island-wide distribution, its
apparent tolerance of low-scale habitat modification, and
its presumed large population based on its occurrence in
multiple localities. However, this stream-living species is
not found in a protected area and no conservation
measures are known to be in place. Potential long-term
threats to S. socotrensis include habitat loss and pollution
arising from the increased demands for water imposed
by the tourist industry.

Socotrapotamon nojidensis Apel and Brandis,
2000 (DD)

This species is endemic to Socotra where it is known
only from a series of waterfalls and rock pools at the base
of the escarpment in the western part of the Nojid plain

Socotrapotamon socotrensis (LC) is endemic to Socotra island where it is common in streams and wadis living either in shallow water or in burrows dug

into river banks. Photo©Friedhelm Krupp
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on the south coast of the island. This species lives in the
shallow waters between rocks and plants. Living
specimens of S. nojidensis have a dark-colored carapace
that is cream on the sides and pale underneath and its
chelae and walking legs are bright orange. This is a
medium-sized species with adults measuring 36.6 mm
across the carapace at its widest point. This species is
listed as Data Deficient because it is known only from a
single locality in Socotra, was last collected in 1999, and
because very little is known about its extent of
occurrence, ecological requirements, population size,
population trends, and long-term threats. This species is
not found in a protected area.

6.3 Patterns of species richness

The unique character of Socotra is due in part to its great
age and long isolation. Geologically, Socotra is part of
the African-Arabian tectonic plate that became separated
from the African mainland in the Tertiary. The result is
that the majority of the island’s fauna and flora is more
closely related to African species rather than to those

from the Arabian Peninsula. It is, therefore, interesting
that the afhinities of Socorrapotamon and Socotra lie with
members of the Oriental freshwater crab subfamily
Potamscinae rather than with the Palaearctic Potaminae
or the Afrotropical Potamonautidae (Cumberlidge 2008,
2009, Cumberlidge ez al. 2008).

The geographically closest potamids to Socotra are not
close relatives and belong to a different subfamily (the
Potaminae; see above) whose members are found north
of the Arabian Peninsula, the closest being the widespread
species Potamon potamios that is found in the Sinai
peninsula in Egypt, Israel, Jordan and Syria. Other
species of this genus are distributed throughout the
Middle East as far east as the Himalayas (Brandis ez a/.
2000, 2010). Although Socotra
geographically much closer to Somalia than it is to the

Cumberlidge is
Arabian Peninsula the two species of freshwater crabs
found in Somalia (Potamonautes obesus, Potamonautinae
and Deckenia imitatrix Deckeniinae) and the freshwater
crabs found in the Seychelles are not closely related to
the Socotran freshwater crabs, and belong to a different
family, the Potamonautidae Bott, 1970 (Reed and

Socotrapotamon nojidensis (DD) is endemic to a waterfall in the western part of the Nojid plain in Socotra, Yemen. Photo©Friedhelm Krupp
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Cumberlidge 2004, 2006, Daniels ez al. 2006, Ng ez al.
2008, Cumberlidge and Ng 2009, Cumberlidge ez al.
2009). The
freshwater crabs is further emphasized by the fact that

taxonomic isolation of the Socotran
there are no species of Potamidae found either in Somalia
or anywhere else in subsaharan Africa (Bott 1955,
Cumberlidge 1999, Reed and Cumberlidge 2006).
Because of the above anomalies all three of Socotra’s
endemic species of freshwater crabs, S. pseudocardisoma,
S. and .

biogeographical and phylogenetic interest.

socotrensis nojidensis are of extreme

Although the two Socotran genera are not known to be
closely related to any of the extant potamid genera,
Socotra and Socotrapotamon are closely related to each
other despite their morphological differences, because
they group together as sister taxa in molecular
phylogenies of the Potamidae (Daniels ez 2. 2006, Shih
et al. 2009). A Gondwanan origin for the Socotran
freshwater crab genera is unlikely because the potamoid
freshwater crab ancestors probably originated in the late
the
fragmentation of the southern supercontinent (Klaus ez
al. 2011). The date of origin for the potamoid

Cretaceous or early Cenozoic, after

long

freshwater crabs is supported by molecular phylogenetic
studies (Daniels ez a/. 2006) and by the fossil record for
freshwater crabs that dates back only as far as the
Miocene (Glaessner 1929, Bachmayer and Pretzmann
1971). It is therefore more likely that the ancestors of
the Socotran freshwater crabs reached the island by
overseas dispersal from somewhere in Asia, given the
lack of any close taxonomic relationship with the crabs
found in Europe, the Middle East, continental Africa,
the Seychelles, and Madagascar (Daniels ez 2/ 20006,

Cumberlidge 2008). The relatively close proximity of
the Indian peninsula to the Socotran archipelago raises
the possibility of an Indian peninsula origin for the
ancestors of the Socotran freshwater crabs. However,
this is unlikely because of the complete absence of any
species of potamid freshwater crabs in the Indian
subcontinent south of the Ganges basin (Cumberlidge
et al. 2009). The possibility of the Socotran freshwater
crabs originating during the Miocene from an Asian
potamiscine ancestor that reached the island via the
eastern Arabian mainland remains an open question

(Apel and Brandis 2000).

Species diversity of freshwater crabs within the Arabian
Peninsula clearly depends on the availability of
permanent surface water. Hence, the lack of records of
freshwater crab specimens from all parts of the mainland
Arabian Peninsula (in Saudi Arabia, Kuwait, Bahrain,
Qatar, United Arab Emirates, Oman and mainland
Yemen; Table 6.2) over the past 100 years is because
these aquatic crustaceans are genuinely not found there
(presumably because of a lack of suitable habitat) rather
than because of a lack of zoological interest and
collection effort. This is not an unexpected finding
because freshwater crabs are also absent from other
extremely arid parts of Africa (e.g., the Sahara including
Libya, Western Sahara, and the desert regions of
Morocco, Algeria, and most of Egypt away from the
Nile) (Cumberlidge 2010).

There is a high degree of endemism in Socotra at the
species level (3 out of 3, 100%), and at the genus level (2
out of 2, 100%), but not at the family level (Cumberlidge
et al. 2009) (Table 6.2).

Table 6.2 Number of species and genera (in parentheses) of freshwater crabs found in each country of the Arabian

Peninsula
Country Number of Species  Family, Subfamily Species
and Genera
Bahrain 0 - -
Kuwait 0 - -
Oman 0 - -
Socotra Island, Republic of Yemen 3(2) Potamidae, Socotra pseudocardisoma
Potamiscinae Socotrapotamon socotrensis
Socotrapotamon nodijensis
Qatar 0 - -
United Arab Emirates 0 - -
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6.3.1 Extirpated species

No species of freshwater crab from the Arabian Peninsula
is known to have been extirpated and none are either

Extinct (EX) or Extinct in the Wild (EW).

6.4 Major threats to crabs in the
freshwater ecosystems of the Arabian
Peninsula

Threats to crabs in Socotran freshwater ecosystems are
mainly from changes in hydrology and habitat
destruction driven by the demands of increasing
tourism (Collen ez al. 2008, Cumberlidge ez al. 2009).
Socotrapotamon socotrensis inhabits aquatic systems some
of which are associated with population centers, and
these are localities where pollution by sewage and
general waste may become threat factors. The two
range-restricted species of Socotran freshwater crabs
(Socotra  pseudocardisoma, in karst formations; and
Socotrapotamon nodijensis, around waterfalls) depend on
the careful management of both their habitats and the
associated water resources, because these factors are
most likely to have the biggest impact on their long-
term survival.

Recent information on additional threats to the Socotra’s
aquatic ecosystems and their invertebrates comes from
Belgian biologist Kay van Damme (pers comm.) who
carried out field investigations there in March 2010.
One such threat comes from the application of anti-
malarial biocides in 1999 that polluted many of Socotra’s
river systems with toxic chemicals. These chemicals
accumulate in the food chain, although their effects on
the freshwater crab populations have still to be
investigated. Other threats to Socotra’s aquatic ecosystems
include alterations of hydrological flow patterns caused

by global climate change that could negatively impact
the island’s aquatic invertebrates. Field investigations in
Socotra in March 2010 by Kay van Damme noted
dramatic declines in some of the island’s surface water
systems and in the abundance of both species of
Socotrapotamon. These sharp declines in crab populations
warrant further investigation because these charismatic
island endemics are not found anywhere else in the
Arabian Peninsula. The threats to the species need more
thorough investigation, and the species certainly require
careful re-assessment to determine whether they are at
risk of extinction. However, at present there is not
enough field data to determine the full extent of any
threats and the status of the populations.

6.5 Conservation recommendations

None of the three species of Socotran freshwater crabs
are currently assessed as threatened (Tables 6.1, 6.3).
Hence, the region’s freshwater crab fauna does not appear
to be in immediate trouble when compared with other
assessed freshwater groups, such as fish, molluscs, and
dragonflies found in the same freshwater habitats. The
two Socotran freshwater crabs assessed as Least Concern
have so far proved to be relatively tolerant of changes in
land-use affecting the freshwater ecosystems where they
are found. Nevertheless, all three species could suffer
catastrophic declines should there be abrupt changes in
hydrology, and there is at least some evidence that this
might occur (see section 6.4 above). Human-induced
loss of habitat is a primary cause for concern for the
long-term survival of Socotra’s unique freshwater crab
fauna. There is an urgent need for new surveys to
discover new species, refine species distributions, define
specific habitat requirements, describe population levels
and trends, and identify specific threats to Socotra’s
important endemic freshwater crab fauna.

Table 6.3 Summary of the Red List categories and the distribution of the species of freshwater crabs found in the Arabian

Peninsula.
Species RL Category Range (km?) # Loc PA
Socotra pseudocardisoma LC <100 1 N
Socotrapotamon socotrensis LC < 1,000 4 N
Socotrapotamon nodijensis DD ~10 1 N

RL = Red List, LC = Least Concern, DD = Data Deficient, Range = estimation of species distribution range based on distribution polygon of all known
specimens, #Loc = number of discontinuous localities from which the species was collected, PA = protected area, N = not found in a PA.
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Chapter 7. The status and distribution
of wetland-dependent plants in the

Arabian Peninsula

Patzelt, A.', Lansdown, R.V.2, Knees, S.G.2

7.1 Introduction

Wetland-dependent plants provide a wide range of
functions in freshwater ecosystems. They supply water
with oxygen, fix atmospheric carbon, recycle nutrients,
regulate water temperature and light, as well as protecting
against erosion. They also provide vital habitat and food
for fish and aquatic invertebrates, which themselves
support other animals and humans. Many species of
wetland-dependent plants, such as rice (Oryza sativa)
and water-chestnut (77apa natans) are eaten by people,
while others have been used for a variety of purposes,
such as papyrus (Cyperus papyrus) for writing and the
Socotran Exacum affine, or the Persian Violet, which is
now widely cultivated as an indoor ornamental plant.
Many still are used for construction, such as common
reed (Phragmites australis). Plants that are dependent
upon wetlands are vulnerable to many anthropogenic
pressures, from direct habitat loss through drainage and
conversion to other land-uses to pollution and the
secondary effects of hyper-eutrophication such as algal
blooms.

The aim of this project was to assess the conservation
status of vascular plant species occurring in wetlands in
the Arabian Peninsula. The definition of which plants
may be considered aquatic is not straightforward. The
following definition was considered the most clear and
unambiguous available: “Vascular aquatic plants are
interpreted as all Pteridophytina and Spermatophytina
whose photosynthetically active parts are permanently or,
at least, for several months each year submerged in water
or float on the surface of water” (Cook 1996). However,
the decision was taken to extend the range of taxa
included to cover species such as Nerium oleander, which
is restricted to the edge of shallow semi-permanent and

permanent water courses, as well as Uricularia striatula
which grows as an epiphyte in the drought-deciduous
Anogeissus dhofarica forest in southern Oman. Thus, the
project considered the conservation requirements of all
plants occurring in the Arabian Peninsula which are
dependent upon wetlands; these are species which would
not occur if there were no wetlands.

A fundamental principle of these assessments was not to
pre-judge the conservation condition, such as by
selecting species known or believed to be of conservation
concern, as this approach is likely to support existing
areas of concern, but overlook taxa which are not already
known to be at risk. Therefore all plants occurring in the
region which might be considered dependent upon
wetlands were assessed.

The vascular plant taxa covered by this assessment can be
grouped as follows:

» Always completely submerged (obligate submerged
aquatics) such as the naiads (Najadaceae).

»  Submerged with sexually reproductive parts emergent
(held above the water or at the surface), such as
Potamogeton natans.

* Emergent, the roots and base of the plant are
submerged, but some photosynthetic parts and
sexually reproductive parts are held above the water,
such as Eleocharis, Marsilea, Schoenoplectus and Typha
species.

» Floating, without roots or with roots hanging in the
water column, such as hornworts (Ceratophyllum sp.)
and duckweeds (Lemnaceae).

* Amphibious, growing from the land over the water or
adopting a variety of the above forms, such as some
Persicaria species.

1 Oman Botanic Garden, Diwan of Royal Court, PO. Box 808, Muscat 122, Sultanate of Oman.

2 Ardeola Environmental Services, 45 The Bridle, Stroud, Glos. GL5 4SQ, UK.

3 Centre for Middle Eastern Plants (CMEP), Royal Botanic Garden Edinburgh, 20A Inverleith Row, Edinburgh, EH3 5LR, UK.
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* Marginal plants and those associated with ephemeral
wetlands.

The following taxa were excluded from the assessment:

» Taxa known or suspected not to be native to the
region; however, this distinction is not always
straightforward, particularly when considering long-
established cultivated plants.

* Hybrids and taxa below species level.

The availability of information on plants in the region is
not uniform. Recent intensive research combined with
conservation assessment of plants on Socotra and
neighbouring islands (Miller and Morris 2004) means
that an accurate picture of the conservation status of
wetland-dependent plants in the archipelago can be
established. Similarly, as a result of recent conservation
assessments for plants in Oman (Patzelt in press.), there
is generally good information for Oman. Most of the
available information for the rest of the Peninsula is
either sparse or out of date and this is particularly the
case for some mountainous areas.

Where the information was available, the taxonomic
treatment by The World Checklist of Selected Plant
Families (The Board of Trustees of the Royal Botanic
Gardens, Kew 2013) was followed. In cases where names
had not yet been treated by this checklist, The Plant List

Exacum aff. affine (Gentianaceae) from southern Oman. The species is
restricted to a small number of limestone springs at the foothills of the
mountains. The closely related Exacum affine (LC), known commercially
as the Persian Violet, is endemic to Socotra. Photo © Annette Patzelt

(2010) was followed. Data were derived from field
observations and records, a range of published sources,
including mainstream and the “grey” literature, the
National Herbarium in Oman (ON), the herbarium at
Oman Botanic Garden, and the Royal Botanic Garden
Edinburgh (E) databases.

There are areas of taxonomic uncertainty affecting
wetland-dependent plants, in particular, the taxonomy
of Ranunculus subgenus Batrachium is very poorly
elucidated and the subject of a number of different
concurrent treatments (Lansdown 2007). Equally, there

Wadi Daykah in northern Oman is one of the largest permanent water bodies in the country. Photo © Annette Patzelt
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are populations of a species of Exacum (Gentianaceae)
occurring in the southern region of Oman that resemble
Exacum affine, a species endemic to Socotra (Knees and
Miller 2006), but which are considered to be distinct
(Patzelt in press.). The populations in Oman are
threatened, but because they have yet to be formally
described, they have been considered here as part of
E. affine. Once this taxon has been formally described, it
will be possible to assess its conservation status
separately.

Maps have been produced showing the distribution of
species in relation to catchments (using HydroSHEDS
spatial data layers; see Chapter 2). However, in the Arabian
Peninsula the distribution of wetland-dependent plants is
not strongly linked to catchments and consequently these
maps give the impression that many species occur over a
larger area than is actually the case.

7.2 Overview of the regional aquatic flora

While the Arabian region mainly comprises dry, arid
habitats, there are also several permanent freshwater
systems with high species diversity including endemic
and threatened species (see Chapter 1). Large numbers of
species of freshwater plants are found in southern Oman,
the Hajar mountains of northern Oman, the mountain

Permanent or semi-permanent pools in wadi systems are usually very
small in size and localised in their distribution. Photo © Annette Patzelt

chain in south-western Yemen, the Asir and Al Hijaz
mountain ranges in Saudi Arabia, and the Haggeher and
Hager ranges on Socotra Island (Yemen).

Areas of higher species richness are found in central Saudi
Arabia, the United Arab Emirates, Bahrain, Qatar and
Kuwait. Species diversity is likely to be underrepresented
in remote areas, because the aquatic flora of areas difficult
to reach is poorly known.

Species richness is relatively low in much of the northern
part of the Arabian Peninsula, where the freshwater

Limestone seepages on the southern coast of Socotra provide a unique habitat for Critically Endangered species such as Scaevola socotraensis.

Photo © Sabina G. Knees CMEP/RBGE
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flora is characterised by a lower number of widespread
pantropical species. In the central Arabian Peninsula,
covered by the vast sand desert of the Rub Al Khali, there
are very few wetland-dependent plants. Throughout the
Arabian Peninsula, overgrazing and disturbance as well as
surface water abstraction has led to severe degradation of
the vegetation of many permanent water bodies.

Many natural water bodies in the region are seasonal
and the region contains a few permanent water bodies
such as in the mountain areas of Oman, and on the inner
slope of the Asir Mountains in Saudi Arabia. The main
habitats supporting wetland dependent plants are small
pools in wadis, small marshes and localised water bodies.
Not surprisingly, most wetland vegetation in the region is
characterised by plants which are able to tolerate drought
and which grow on the margins of pools, in irrigated
areas and on damp, disturbed ground.

Throughout much of the Peninsula, apart from the
coastal mountainous regions, drainages are typically
internal and endorheic or intermittent and do not reach
their terminal basins. Natural streams and wadis tend to
be very “flashy” in that they respond rapidly to the
erratic rainfall, such that water-levels and flow velocity
vary considerably. Only a few wetland dependant plant
species are able to cope with these conditions.

The small number and scale of permanent water bodies
means that the region supports few obligate wetland-
dependent plant species; those which do occur are
typically species with a wide global distribution such as
hornworts (Ceratophyllum species), duckweeds (Lemna
species) the grass Isachne globosa, naiads (Najas species),
pondweeds (Potamogeton species) and water-crowfoots
(species of Ranunculus subgenus Batrachium). Floating
plants such as Lemna species and rare Usricularia species
are less abundant than other life-forms.

A number of species grow along the margins of wadis in
shallow water, but not in deep standing water. These may
also be considered wetland plants, but their relationship
is with the readily available water in the soil, rather than
surface water. These include species such as Arundo donax
(LC), Nerium oleander (LC), Salix acmophylla (LC),
which is rare in the Peninsula, and grasses such as
Saccharum kajkaiense (LC), S. ravennae (LC) and S.
spontaneum (LC). The margins of pools, irrigated areas
and moist, disturbed ground are dominated by sedges
(Cyperaceae) and grasses (Poaceae), but also include a
range of bistorts or water-peppers (Persicaria species) and
rushes (Juncaceae) among other species. These species
also dominate the vegetation in marshy areas, which
occur along the Red Sea Escarpment in Yemen and Saudi

Arabia.

Very localised limestone springs in southern Arabia provide a rare habitat for the aquatic fern Ceraropteris cornuta (Water lettuce, Water sprite), assessed

Critically Endangered in the Arabian Peninsula. Photo © Annette Patzelt
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Seasonally inundated depressions are a particularly
important habitat for local wetland plant species on the
Red Sea Escarpment, in Oman and on the islands of the
Socotra archipelago. This habitat typically supports
species capable of surviving as annuals, but which persist
during dry periods in the seed-bank, including a number
of rare or local taxa, such as Exacum socotranum (CR),

Panicum socotranum (CR) and Bergia polyantha (VU).

A number of both submerged and emergent species of
plant are found at the edge of permanent water bodies
or in shallow water. Typical elements at the edge of
water pools and slowly moving water in wadi systems
include Schoenoplectus lacustris (LC), S. litoralis (VU),
Bolboschoenus maritimus (LC) and Juncus species. The
aquatic fern Ceratopteris cornuta (CR), usually rooting
in mud, is restricted to a few isolated swamps and
springs in southern Arabia.

The mountains of southern Oman and adjacent Yemen
are influenced by the southwest monsoon, which creates
a tropical fog-oasis in an arid environment. The area is
an outstanding example of an island-like refugium: a
seasonal cloud-forest in an otherwise arid environment

(Miller 1994, Hildebrandt and Eltahir 2006, Patzelt

The fertile fronds of Ceratopteris cornuta (CR) are erect, longer, narrower
and more divided than the sterile floating fronds. The species always
occurs in small populations and is threatened by ecosystem
modifications. Photo © Annette Patzelt

The Pondweed Potamogeton nodosus (Potamogetonaceae) (LC) is common and widespread and can be found in permanent water bodies in Oman, Saudi

Arabia and Yemen including Socotra. Photo © Annette Patzelt
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2011). This mountain chain has a unique climate which
is reflected in high plant species diversity with high
levels of endemism, where endemic palaco-African relict
forest communities, dominated by the endemic
Anageissus dhofarica are found (Kiirschner ez al. 2004).
In this semi-deciduous cloud-forest, the rare Utricularia
striatula (EN) is found as an annual epiphyte on the
bark of trees (Miller and Cope 1996; Patzelt, in press.).
This plant community also includes larger permanent
water bodies.

The mountains in northern Oman are part of an arid
subtropical mountain system extending from southern
Arabia to Southwest Asia, with a strong element of
endemism and remarkable relict species. Above 1,500 m,
the vegetation is dominated by Olea europaea subsp.
cuspidata and Juniperus excelsa subsp. polycarpos; here,
wetland-dependent plants are mostly restricted to man-
made structures, as almost no permanent or semi-
permanent natural water bodies occur in this arid
environment. Occasionally, the hygrophilous Maidenhair
tern (Adiantum capillus-verneris) (LC) and the orchid
Epipactis veratrifolia (EN) are found in small springs,
seepages, rock cavities with dripping water, and on moist
man-made terrace walls.

The Maidenhair fern Adiantum capillus-veneris (Adiantaceae) (LC) is
common and widespread on the Arabian Peninsula. It often may be seen
growing on moist, sheltered and shaded limestone formations, and in
gorges and wadis, in springs and seepages. Photo © Annette Patzelt

The rare Eastern marsh helleborine Epipactis veratrifolia (Orchidaceae) (EN) is restricted to small populations and is threated by recreational activities,
natural system modifications such as changing hydrology and drought. Photo © Annette Patzelt
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Wetland dependent plants, particularly ferns such as
Adiantum capillus-veneris (LC) and Preris vittata (LC)
may also occur in areas which do not permanently hold
water, but remain humid due to the topography. Where
waterfalls or seepages further increase humidity, rock
faces and walls may support other species such as Poa
schimperiana (LC) and local endemics, including Festuca
yemenensis (VU) and Scaevola socotraensis (CR) (Cope
2007).

In parts of the region, irrigation channel systems, called
“aflaj” (singular “falaj”) in Oman and qanats in other
countries, represent an important habitat in areas where
there are no natural water bodies. Especially around
leaks of old and less-well maintained water channels,
plants dependant on wet or moist soil, such as
Lindenbergia indica (LC), and Bacopa monnieri (LC)
occur. As a traditional water supply, the water channels
are variously maintained or abandoned for pump wells.
Wetland-dependent plants are typical found in artificial
habitats such as irrigated land, damp areas around
settlements and along the irrigation channels (Patzelt
2010).

The comparison of the total species richness of wetland-
dependent plants per country (Figure 7.1) shows that
Yemen, including the Socotra archipelago, has the
highest species richness of wetland dependant plants,
followed by Oman and Saudi Arabia. The UAE, Bahrain,
Qatar and Kuwait support fewer wetland-dependent
species, because aquatic habitat structures and permanent
freshwater systems are less common.

In the Arabian Peninsula, mountain ranges typically
support more wetland-dependent plants than the
lowlands. There are many reasons for this, but the most
important are:

1. Mountains typically support complex geology and
topography with high peaks, deep ravines, wadis and
springs. As a result there many different habitats for
species to occur, with pockets of high humidity,
where water may not be lost quickly through
evaporation.

Many habitats occur as small isolated patches whilst at
the same time, many species are altitude or habitat
specific. This leads to increased speciation.

Figure 7.1. The distribution of wetland-dependent plant species across the Arabian Peninsula region, mapped to river

sub-catchments
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A falaj in Oman refers to water that runs through a channel dug in the earth or built by stones and rock. Leaks and holes in the irrigation system
support wetland plant life. This irrigation system is deep-rooted in Oman’s land and history. Photo © Annette Patzelt

3. Thesouthern Arabian Peninsulaisatabiogeographical =~ 7.3 Conservation status (IUCN Red List
crossroad between Africa and Asia and many species criteria: regional scale)
characteristic of one or other region occur,
particularly in south-western Yemen and southern  The status of a total of 182 species of wetland-dependent
Oman. plants was assessed at a regional level. Within the
4. The mountain systems function in a similar way to  Arabian Peninsula, 12.6% of the species assessed (23
islands, isolated from similar habitats by the species) are considered threatened with extinction, with
surrounding desert. 3.8% of them being Critically Endangered, 3.8%

Table 7.1. The number of wetland-dependent plant species in each Red List Category in the Arabian Peninsula.

X . Number of Number of Regional
Regional Red List Category ) )
species Endemics

Threatened categories | Endangered (EN) 7 0

Vulnerable (VU) 9 2

Near Threatened (NT) 1 0

Data Deficient (DD) 40 0

Not Evaluated - 0

Total number of taxa assessed* 182 7

* All species assessed as regionally threatened which are endemic to the region are also globally threatened



Table 7.2 Threatened wetland-dependent plant species in the Arabian Peninsula.

Family Species

Regional Red List
Category

Criteria Endemic

ELATINACEAE Bergia polyantha VU D2

GRAMINEAE Festuca yemenensis VU D2 yes
CYPERACEAE Fuirena felicis VU D2 yes
UMBELLIFERAE Hydrocotyle sibthorpioides VU D2

POLYGONACEAE Persicaria senegalensis \49) D2

COMPOSITAE Pulicaria arabica VU B2abiii)

CYPERACEAE Schoenoplectiella proxima VU D2

CYPERACEAE Schoenoplectus lacustris VU B2abiii)

CYPERACEAE Schoenus nigricans VU B2ab(ii,iii

Figure 7.2. The proportions (%) of wetland-dependent
plant species in each regional Red List category in the
Arabian Peninsula
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Endangered and 4.9% Vulnerable (Tables 7.1 and 7.2,
Figures 7.2 and 7.3); one species is classed as Near
Threatened.

The threats to the wetland-dependent plants of the
Arabian Peninsula are fundamentally caused by the
conflict between supply and demand for natural
resources. The species assessed are therefore mainly
affected by habitat loss and degradation induced by
human activities, such as development and agriculture,
and natural system modifications resulting from
human of the

unsustainable mismanagement

environment.

The majority of threatened wetland-dependent plants in
the region are found in montane areas (Figure 7.3) and
the patterns of abundance closely follow the areas of
species diversity (Figure 7.1) as well as the areas of
endemic species (Figure 7.4). The main areas of threat
include the Yemen highlands, where springs are being



Figure 7.3. The distribution of threatened wetland-dependent plant species across the Arabian Peninsula region, mapped

to river sub-catchments

converted to facilitate abstraction and the vegetation is
removed to improve the ‘cleanliness’ of the off-take area.
In Oman, threatened species mainly include species
dependent upon springs and permanent pools, of which
several have been altered to cemented structures.

In the Asir mountains (Saudi Arabia), in northern and
southern Oman, in the Yemen highlands and on Socotra,
building development and recent road construction has
had a severe effect on local hydrology, causing the loss of
springs and many small bodies of semi-permanent water,
as well as severely affecting permanent water bodies in
larger wadi systems. The high degree of threat to
montane wetland-dependent plant populations is partly
because the mountains are species rich, but also partly
due to the level of threat imposed by man. There is
massive pressure due to the increasing urbanisation of
the region, especially on the highlands of mainland
Yemen and north-eastern Socotra, the Asir mountains in
Saudi Arabia, as well as in mountain areas in Oman and
the UAE, in relation to the growing human population
and the on-going expansion of the tourist infrastructure.
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Even small-scale disturbance, such as a single road, can
destroy the habitat of narrow-range endemic and rare
aquatic species, and there is little chance of recovery
from neighbouring areas.

Adapting springs to use for water supply for animals and as recreational
area by concreting the spring is a major threat to rare plant species. The
fringing vegetation and all aquatic plant life are usually eradicated during
the construction process. Photo © Annette Patzelt



Natural limestone springs are found at the foothills of the mountain systems in southern Oman. The fringing vegetation holds rare and threatened
species. Photo © Annette Patzelt

Seasonally wet pools are common in the deeply cut gorges in central Socotra. Photo © Sabina G. Knees CMEP/RBGE
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Areas with high levels of endemism among wetland-
dependent plants in the Peninsula (Figure 7.4) reflect the
areas of high species diversity, with an increase in
endemism from north to south and high levels of
endemism in the southern Arabian Peninsula. The
islands of Socotra as well as southern Oman hold a
significant proportion of narrow-range endemic species,
some of which are listed as threatened either at a national
or global level. The Socotra archipelago has the highest
number of endemics found in aquatic habitats and many
of these are confined to wet refugia, in areas usually

mountainous, which  typically catch monsoon
precipitation. These vary in size from just a few square
kilometres, such as the north-facing limestone

escarpment on Samha or the limestone plateau on Abd
al Kuri, to several hundred square kilometres such as the
granitic central highlands and the adjacent limestone
plateaux on Socotra.

In general, both southern Oman and Socotra show
regions that have high taxonomic diversity as well as

high numbers of endemic species (Miller and Nyberg

In Yemen, several permanent pools occur on the limestone plateaux
such as this at Hamadero, Socotra, providing good habitats for marginal
wetland species including Juncus socotranus. These water bodies also
provide habitats for freshwater crabs and dragonflies. Photo © Sabina G.
Knees CMEP/RBGE

Figure 7.4. The distribution of endemic wetland-dependent plant species across the Arabian Peninsula region, mapped to

river sub-catchments.
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1991, White and Léonard 1991, Miller and Morris
2004, Patzelt in press). The montane areas of the Red
Sea escarpment in Yemen and Saudi Arabia support only
few aquatic endemics, because most aquatic species
found there represent range extensions of species with a
larger, more northern distribution.

Generally, three endemism hotspots can be identified as
follows:

1. The south-west monsoon-affected regions in southern
Oman and southeast Yemen, a regional centre of plant
endemism with a vegetation unique on a global scale.

2. South-western Saudi Arabia and the adjacent Yemen
highlands.

3. Socotra Archipelago, with seven principal “wet
refugia” identified:

* Granitic central highlands and adjacent limestone
plateaux in north-central Socotra

* Limestone plateaux and escarpments (principally
Riqadrihon and Hamaderoh) in north-eastern
Socotra

* Jebel Ma’alih in north-western Socotra

» Hager, limestone ridge above Ras Shu’ub in western
Socotra

» Qatariyah limestone plateau in south-western
Socotra

* North-facing limestone escarpment on Samha

* Limestone plateau and cliffs of Jebel Saleh on Abd
al Kuri

A large proportion (22%; 40 species) of the species
assessed are classed as Data Deficient (Table 7.3). In
general, the distribution of these species (Figure 7.5)
follows that of the threatened and endemic species apart
from only very small numbers occurring on Socotra,
because of the intensive research which has recently been
carried out (Miller and Morris 2004). However the
limits to data availability in the highlands of Yemen and
Saudi Arabia are evident in the high proportion of Data
Deficient species there, compared to other regions.

These species, although often widely distributed outside
the region, are frequently only known from one or two

Figure 7.5. The distribution of Data Deficient wetland-dependent plant species across the Arabian Peninsula region,

mapped to river sub-catchments
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Table 7.3. Data Deficient wetland-dependent plant species in the Arabian Peninsula. None of the species are endemic to

the region.

Species Regional Red List Category ~ Global Red List Category
Anagallis serpens DD DD
Bolboschoenus glaucus DD DD
Bolboschoenus maritimus DD LC
Brachiaria mutica DD LC
Ceratophyllum submersum DD LC
Gyperus compressus DD LC
Cyperus difformis DD LC
Cyperus esculentus DD LC
Cyperus fuscus DD LC
Oyperus iria DD LC
Cyperus longus DD LC
Cyperus nutans DD LC
Oyperus wissmannii DD DD
Echinochloa pyramidalis DD LC
Eleocharis marginulata DD LC
Eleocharis uniglumis DD LC
Fimbristylis dichotoma DD LC
Fimbristylis turkestanica DD LC
Hemarthria altissima DD LC
Lsachne globosa DD LC
Limosella macrantha DD LC
Myriophyllum spicatum DD LC
Najas graminea DD LC
Osteospermum muricatum DD LC
Phragmites karka DD LC
Polypogon schimperianus DD DD
Potamogeton coloratus DD LC
Potamogeton lucens DD LC
Pycreus polystachyos DD LC
Pycreus sanguinolentus DD LC
Ranunculus rionii DD LC
Ranunculus sphaerospermus DD LC
Ranunculus trichophyllus DD LC
Schoenoplectus corymbosus DD LC
Schoenoplectus mucronatus DD LC
Sebaea microphylla DD LC
Sebaea pentandra DD LC
Utricularia australis DD LC
Veronica anagalloides DD LC
Veronica beccabunga DD LC
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gatherings within the Peninsula and in many cases these
collections do not provide sufficient information on
which to base a thorough assessment. Until more studies
of these taxa can be made they have been listed here as
Data Deficient.

7.4 Major threats to wetland dependent
plants of the Arabian Peninsula

7.4.1 General overview of threats

Habitat loss and degradation through natural system
modifications, residential and commercial development
and through agriculture are the main threats to
wetland-dependent plants in the Arabian Peninsula
(Figure 7.6). Natural system modifications affect 30%
of the threatened wetland-dependent plant species,
residential, commercial development 25%, and
agriculture 22%.

Climate change and severe weather, especially droughts
and strong high flow events severely affect some
freshwater species and have a direct effect on wetland-
dependent plant populations. These threats are expected
to worsen in the future due to the increasing effects of
climate change (Botkin er al. 2007, Dawson ez al.
2011).

In the Arabian Peninsula, Stictocardia tiliifolia (Convolvulaceae) (CR) is
only found in one location, occurring in small numbers. It is threatened
by infrastructure and tourism development. Photo © Annette Patzelt

Figure 7.6. Percentage of wetland-dependent plants in the Arabian Peninsula affected by major categories of threat
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7.4.2 Habitat loss and degradation

The greatest threat to the wetland-dependent plants of
the region is the loss and degradation of suitable habitat
mainly through drainage of wetlands for development or
for agriculture. This is mainly due to encroaching
urbanisation, tourism and recreational activities. For
example, the rare Stictocardia tiliifolia is only found in
one location on the Arabian Peninsula (in southern
Oman), where it is Critically Endangered as a result of
recreation and  tourism  infrastructure

planned

development.

Some threatened or endemic species are directly affected
by the increasing number of visitors to sites where
infrastructure development such as the building of paths,
tracks and roads affects their habitat. This is, for example,
the case of Salix acmophylla (LC) and Epipactis veratrifolia
(EN). Some species are vulnerable to human disturbance
as they can be easily destroyed by trampling, including
delicate herbaceous plants such as Myosotis laxa (LC) and
Hydrocotyle sibthorpioides (VU) only found in swampy
in the

areas close to areas of cultivation Yemen

highlands.

Plant populations that occur on islands are extremely
vulnerable to genetic erosion as they often do not have
any neighbouring populations, which could work as a
source genepool. An additional pressure on island
populations is the degradation and fragmentation of
their habitats due to an increasing human population
combined with the development of tourism and
recreation, especially in coastal areas. This is particularly
true for Socotra, where the few fragile coastal lagoons are
becoming increasingly polluted. The potential for
subsequent loss of marginal species is high. However, the
coastal development in Oman, the UAE, Qatar, Bahrain
and Kuwait is also substantial and habitat loss occurs at
an alarming rate.

7.4.3 Modification of water sources and changes
to flow regime

Water bodies in the Arabian Peninsula are modified in a
variety of ways for a wide range of reasons. Typical
examples of water body modifications which adversely
affect wetland-dependent plants include:

= Realignment of water courses for road construction

= Concreting the beds of natural water flows

» Adapting springs to abstract water to supply local
villages and their livestock, removing fringing
vegetation, and concreting spring beds
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Dams and their associated reservoirs adversely affect freshwater
biodiversity and change ecosystems. Photo © Annette Patzelt

* Adapting thermal springs to use the water for
swimming and washing, again removing fringing
vegetation, and concreting spring beds

= Construction of dams

These practices have increased in frequency and impact
in the last three decades. Although there are a relatively
small number of permanent larger water systems in the
region, an increasing number have been highly regulated
by dams built in recent years, and more dams are

planned.

Most of the wetland-dependent plants in the region are
dependent upon the draw-down zones of permanent
water bodies (fringing parts of permament water bodies
as well as areas further downstream that may vary from
being inundated to dry based on natural draw down).
Consequently, they are extremely vulnerable to
stabilisation of water levels, which allows colonisation by
more aggressive plants dependent upon the permanent
availability of water. Stabilisation of water levels also
permanently inundates the seed bank of ephemeral
species which cannot grow in water, but are typical for
moist ephemeral wetlands. Much of the stabilisation of
water levels is the result of dams blocking flowing water
or the conversion of springs and seasonal pools to

structures that permanently hold water.

Dams are built in permanently wet wadi systems for
electricity generation and for industrial and domestic
supplies. Damming to create water storage reservoirs
affects the upper reaches of water systems. In general,
data indicate biodiversity loss through dam construction,
ultimately resulting in common species replacing rare
ones (McAllister ez a/. 2001). An overall increase in
species numbers hides a real decline in ‘natural’ plant
diversity. Dams and their reservoirs form barriers that



will modify the hydrological landscape by altering the
fluctuations in water level, and changing in water-
chemistry, temperature, oxygen content and sediment
load, and thus potentially affecting sensitive species.

7.4.4 Over-abstraction of water
Large-scale habitat destruction due to excessive water

that has
proportions, especially in the Yemen highlands, one of

abstraction is a threat reached critical
the most water-stressed countries on earth. The human
population has grown alongside water corridors and the
intensification of agriculture has led to loss of natural
wetlands due to surface and groundwater abstraction. In
Yemen, production of the recreational drug, qat (Cazha
edulis) has doubled in the last two decades, consuming
90% of Yemens water (Sullivan 2012). Overuse of
underground water has resulted in an increase of
underlying saline waters and has led to the disappearance
of surface water bodies. The 21 aquifers that surround
the capital city Sana’a are drying up very rapidly and the
water table is recorded as falling by c. 2m per year

(Brown 2008).

Permanent water bodies are now becoming seasonal in
many parts of the Arabian Peninsula and are no longer

suitable for most species that require a constant
availability of water for their survival. The water table of
many natural streams is also being lowered by
groundwater abstraction for irrigation.

7.4.5 Water pollution

Water pollution is a problem throughout the Arabian
Peninsula and in general it is a consequence of the
unregulated discharge of waste water from agriculture,
industry and domestic human activities, such as high
concentrations of detergents from washing clothes, into
natural water bodies. However, some countries, e.g.
Oman and the UAE, have invested substantially in water
treatment plants and unregulated discharge of waste is
much reduced, littering however remains a major
problem. In Yemen, most streams and small standing
water bodies around human populations are very

the

accumulation of litter and rubbish in Khor Qalansiyah

polluted, a problem exemplified by recent
(see photo), a large lagoon on the west of Socotra (Van
Damme and Banfield 2011). This was free of macro-
waste up until the late 1990s but now there is a serious
risk to human health as well as the potential reduction

in biodiversity in these rare freshwater habitats.

Pollution through waste and biocides may pose a threat to the freshwater fauna and flora (photo from Khor Qalansiyah, Socotra). Photo © Kay Van

Damme
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The human population is increasing along freshwater
systems and so is the degree of contamination. The main
impacts of pollution on wetland-dependent plants are as
a consequence of the secondary effects of hyper-
eutrophication, such as algal blooms which often lead to
catastrophic declines in dissolved oxygen. However,
lower levels of eutrophication can enable aggressive
species such as Phragmites australis and Typha species to
out-compete less robust species.

The main impacts of pollution on wetland-dependent
plants are as a consequence of the secondary effects of
hyper-eutrophication, such as algal blooms, which often
lead to substantial decline in dissolved oxygen. Lower
levels of eutrophication can enable aggressive species
such as Phragmites australis (Common Reed) and Typha
species (Reed-mace) to out-compete less robust species.

Wadi Darbat, southern Oman in full spate following unseasonal rain in
2007. Delicate marginal herbaceous species with restricted distributions
are easily lost following catastrophic weather events such as this. Photo ©
Sabina G. Knees CMEP/RBGE
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7.4.6 Climate change and extreme weather
events

It is very difficult to predict the potential effects of
climate change on wetland-dependent plants in the
Arabian Peninsula. It seems likely that water availability
will become an issue for wetland plant conservation: the
existing impacts of over-abstraction, combined with poor
water management are having a devastating effect on
wetlands in the region and extreme climatic events are
only likely to exacerbate this. Based on the current
climate change scenarios, the increased frequency and
intensity of droughts as well as tropical hurricane events
may become another major threat (Delany ez a/. 2008,
Lenton et 4l 2008). In certain areas of the Arabian
Peninsula, springs are already seeing declines in recharge
during drought events.

7.4.7 Invasive alien plants

Although a number of non-native wetland-dependent
plant species are established in the region, there is as yet
no evidence to suggest that they are adversely affecting
native wetland-dependent plant populations. However,
there is a need to monitor the import as well as the
spread of non-native plant species.

7.5 Conservation

In the face of the on-going threats to wetland habitats in
the region and the species they support, there is an
urgent need to implement conservation action. The
following section presents priorities for conservation of
wetland-dependent plants in the Arabian Peninsula.

7.5.1 Develop Action Plans for the conservation
of wetland-dependent plants

Data from this publication provide information on the
status of and threats to wetland-dependent plants in the
Arabian Peninsula. However, there is a need to convert
this information into a comprehensive tool that sets out
the steps required to meet the conservation needs of
these species. The first step is, therefore, to use the data
compiled through this project to prepare an Action Plan
for the conservation of wetland-dependent plants in the
Arabian Peninsula. This action plan will set out the
conservation action necessary for each species and will
bring these species-specific actions together to provide
regional and strategic plans for conservation action that
can be adopted by different national governments..



7.5.2 Incorporate plant conservation
requirements and actions into national
strategies and legislation

The countries of the Arabian Peninsula are signatories to
a number of important conventions aimed at conserving
biodiversity, most importantly the 1992 Convention on
Biological Diversity. Being signatories to the CBD, the
Arabian Peninsula countries have made the commitment
to conserve the biodiversity within the Peninsula. This
means that not only should extinctions be prevented,
but population decline should also be stemmed or
GSPC  (Global Strategy of Plant

Conservation) targets for 2010 were not met, but the

reversed. The

data generated by this publication will support efforts to
meet the new targets for 2020.

However, there is currently no legislation specifically for
the protection or conservation of wetland-dependent
plant species and the only legislative tools available for
protection of these species relate to general habitat and
site protection. There is an overwhelming need to
improve enforcement of existing legislation to control

the of

intensification. In particular, Environmental Impact

development  and impacts agricultural
Assessment (EIA) is a tool designed to control the
adverse effects of development on the environment.
There is a need to review the adequacy of existing legal
requirements for EIAs in the region, and propose a
tightening of the legislation if this is required, e.g. such
as adding a requirement for EIA for small dams, tourism
and wetland development projects, to ensure that the
legislation for EIA is applied. In addition, there is a need
to introduce new legislation to protect both the most
threatened wetland-dependent plant species and the sites
which support them. There is also a need to identify and
conserve man-made structures e.g. the aflaj system in
Oman, which need careful and skilled restoration and
use of appropriate materials in order to not destroy the

associated aquatic flora.

7.5.3 Follow a landscape and catchment level
approach

There is a need to lobby governments to adopt a
catchment-based approach to management of natural
resources, including water. The protection of freshwater
biodiversity is a conservation challenge as the influences
of the upstream drainage network, and the surrounding
land on springs and pools need to be taken into
consideration. Such catchment approaches are rarely
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met; however action is required to set aside intact aquatic
habitats with large managed areas.

Conservation of aquatic habitats must address sustainable
development, by the integrated management of habitats
and natural resources, combining the rational use of
resources, particularly water, with the conservation of
biodiversity. This can be achieved by each country
applying its own existing legislation in order to reduce
habitat loss and by strengthening existing protection
measures such as increasing protected areas and the
creation of further reserves. The increasing threat to
aquatic flora and habitats merits a regional initiative and
agreement.

7.5.4 Develop capacity building and public
awareness campaigns

Any attempt to improve the legislative controls on
actions affecting wetland-dependent plants in the region
must be coupled with a programme of capacity building
and awareness. In particular, the dissemination of
information on water management and its effect on
biodiversity at the household and village levels as well as
on the governmental level could have a dramatic effect
on the condition and use of natural wetlands. Such a
programme needs to involve collaboration between
experts and NGO’s with the expertise to monitor species
to support the relevant governmental institutions.

7.5.5 Conduct research to expand the knowledge
on wetland-dependent plants of the Arabian
Peninsula

There is a need to undertake research to fill gaps in the
information available on the conservation status of
wetland-dependent plants in the Arabian Peninsula. This
report  identifies Data Deficient species (for which
information is inadequate to achieve an informed
conservation assessment), and areas in which there are
concentrations of Data Deficient species, where there is
therefore a need to carry out research into wetland plant

conservation.

Such survey programmes should also be used to identify
additional sites for conservation through the strengthening
of research on wetland-dependent plant distribution,
population sizes and population trends. There is also a
need to commence research into the potential impacts of
climate change, which presents a new level of threat,
especially to fragmented and small populations.



7.5.6 Improve information management

There is a need to strengthen the network of Arabian
Plant experts by improving communication and
providing training. This includes the mobilisation of
appropriate financial support. The IUCN  Species
Survival Commission’s Arabian Plant Specialist Group
plays a vital role in this regional network.

7.5.7 Establish ex-situ conservation programmes

Ex situ conservation programmes should be used to
ensure the continuing presence of viable populations of
highly threatened species. These collections will serve as
a back-up measure through conservation in botanic
gardens and gene banks. Inter- and intra-specific species
diversity should be systematically targeted.

Botanic under

The Oman Garden,

construction, already holds the largest documented

currently

collection of Arabian plants on a global scale (Patzelt
et. al. 2008, 2009). The garden has the unique aim of
propagating and displaying the complete indigenous
flora of the Sultanate of Oman, and aims to address the
urgent need for conservation solutions to the
biodiversity crisis. Actively addressing targets of the
‘Global Strategy for Plant Conservation’ (GSPC), a
program of the UN Convention on Biological Diversity,
the Oman Botanic Garden represents a new model for
botanic gardens in the 21st century and is a ground-
breaking initiative of ex sizu conservation in Arabia. The
experience gained is vital for other major new initiatives
in plant conservation across the Arabian Peninsula.
Smaller scale projects are also underway in other parts
of the Peninsula, including a fledgling botanic garden
in Hadibo on the island of Socotra. Established with
help from the Ministry of Agriculture, Yemen, this
family run garden and nursery are growing 37% of
Socotra’s 308 endemic plants and have a seed collection
of over 80 species, including several threatened wetland
dependent species. It has since received support from
the Socotra Conservation Fund (SCF),
Conservation and Development Programme (SCDP),
Arid Lands and Sustainable Communities Trust
(ALSCT) and the Royal Botanic Garden Edinburgh
(RBGE). This is a vital project which is helping to

conserve the unique flora of the island and will

Socotra

eventually be key to future reintroduction programmes.
Further botanic gardens are becoming established in
the Peninsula and these are summarised by Al Farhan ez
al. (2008).
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Chapter 8. Regional synthesis for all

taxa

Garcia, N.', Harrison, 1.2 and Tognelli, M.’

This chapter provides the results and analysis of the
combined data for freshwater fishes, molluscs, wetland-
dependent plants, crabs and odonates. It presents an
overview of the current status and distribution of
freshwater species, and valuable base-line knowledge to
be taken

into consideration in environmental and

development planning throughout the region.

8.1 Red List status

Out of the 292 species assessed, 17.5% are categorized as
regionally threatened (in the Red List Categories
Critically Endangered, Endangered or Vulnerable),
almost 3% Near Threatened and 20% Data Deficient.
One taxon is Regionally Extinct, the odonate Azuragrion
vansomereni, known from a single site in Saudi Arabia
(see chapter 5). The number of introduced or wandering
species (Not Applicable) identified as non-native to the
region reaches 13, including mainly mollusc and
Odonata taxa.

Forty-one taxa (14% of the species assessed) are endemic
to the Arabian Peninsula region, i.e., they do not exist
anywhere else in the world, and therefore their regional
Red List status corresponds also to their risk of extinction
at the global level. Almost half of these endemics (19
species) are threatened with extinction: four Critically
Endangered, nine Endangered and six Vulnerable (Table
8.1 and Figure 8.1)

8.2 Patterns of species richness
8.2.1 Centres of species richness

Species richness patterns were identified by combining
the number of species contained in sub-catchments for
each focal taxonomic group (freshwater fishes, molluscs,
crabs, dragonflies and wetland-dependent plants). Fifty-
five Data Deficient species could not be mapped and
were, therefore, excluded from the analysis.

Table 8.1 Summary of Red List Category classifications at the regional scale by taxonomic groupings.

Taxon Total* RE
Fishes 18 0
Odonata 59 1
Molluscs 30 0
Aquatic Plants 182 0
Crabs 3 0
Total 292 1

VU NT LC DD NA
2 1 7 2 0
5 4 32 7 4
2 2 14 9 9
9 1 118 40 0
0 0 2 1 0
18 8 173 59 13

TUCN Red List Categories: RE — Regionally Extinct, CR — Ciritically Endangered, EN — Endangered, VU — Vulnerable, NT — Near Threatened, LC — Least
Concern, DD — Data Deficient, NA — Not Applicable (e.g. vagrant species, introduced species). * Excludes those species classified as Not Applicable (NA) and

Not Evaluated (NE).

1 TUCN/Conservation International Biodiversity Assessment Unit, Betty & Gordon Moore Center for Ecosystem Science & Economics, Conservation

International, 2011 Crystal Drive, Suite 500, Arlington, VA 22202, USA

2 Center for Environment and Peace, Conservation International, 2011 Crystal Drive, Suite 500, Arlington, VA 22202, USA



Figure 8.1 The proportion (%) of freshwater species in
each regional IUCN Red List Category in the Arabian

Peninsula.

The highest concentration of freshwater species assessed
was found in wadis of central mountain ranges in Yemen,
including the Socotra archipelago, and south-west Saudi
Arabia and Oman in Dhofar (Figure 8.2). These regions
mainly fall in the Southwest Arabian Coast freshwater
ecoregion, but also in some of the neighboring,
peripheral parts of the Arabian Interior freshwater
ecoregion.

8.2.2 Distribution of threatened species

The areas with highest concentration of threatened
freshwater species in the Arabian Peninsula are in Oman,
the northern mountains and Afrotropical relict pockets
of Dhofar, and the highlands of southern Saudi Arabia
and Yemen. These are also Southwest Arabian Coast
freshwater ecoregion, and in the southern part of the
Arabian Interior freshwater ecoregion where it overlies

Figure 8.2. Arabian Peninsula species richness for freshwater fishes, molluscs, odonates, crabs and wetland-dependent

plants, mapped to river sub-catchments.
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Oman. Some freshwater taxa present in the Socotra Research on freshwater fish at Wadi Wurrayah, UAE. Photo © N. A.
. . Hamid:
Island are also highly threatened due to unsustainable amican

water management practices and pollution (Figure 8.3).
8.2.3 Distribution of endemic species

The mountains along the southeast and southwest of the
Arabian Peninsula are hotspots of freshwater endemic
species. Particularly for wetland-dependent plants, southern
Oman and southeast Yemen are regional centres of plant
endemism with unique vegetation at global scale. Also, all
freshwater crabs and some freshwater molluscs known from
the region are exclusive to the Socotra Islands. Other areas
holding high concentrations of endemic freshwater taxa are
Wadi Hadramaut in Yemen, Wadi Hadiya in Saudi Arabia,
and the Dhofar region in Oman (Figure 8.4).

8.2.4 Distribution of Data Deficient species

The pattern of Data Deficient species follows the general
pattern of species richness, and highlights the areas where

Figure 8.3. The distribution of regionally threatened species of freshwater fishes, molluscs, odonates, crabs and wetland-
dependent plants within the Arabian Peninsula, mapped to river sub-catchments.
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Kids swimming at Layla Lakes in Saudi Arabia (summer 1976). Photo © Michael C. Jennings

Figure 8.4. Number of species of freshwater fishes, molluscs, odonates, crabs and wetland-dependent plants endemic to the
Arabian Peninsula, mapped to river sub-catchments.
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more research is needed to determine their conservation
status. The highest concentration of species categorized
as DD is in the south west and south of the Arabian
Peninsula, although a few species also appear in the
northern portion of the region (Figure 8.5).

8.3 Threats to freshwater biodiversity in
the Arabian Peninsula

The Arabian Peninsula includes some of the most water
stressed countries in the world, with high temperatures
and low rates of precipitation. This low availability of
water, coupled with a growing population with increasing
water needs, is placing considerable stress on freshwater
ecosystems (Jungius 1988, Wishart ez a/. 2000). The
main threats to freshwater biodiversity in the region are
related to natural system modifications, including dams,
water abstraction and riparian habitat loss due to fires,
which affects more than 40% of the assessed species.

Water pollution due to domestic and agricultural
activities is the second largest threat known, impacting
more than 50% of the molluscs and 20% of the
odonates. Particularly, the uncontrolled use of pesticides
for malaria pest control is attributed to be a major cause
of decline and eradication of freshwater species
populations in the region.

The current trend of atmospheric temperature increase
and rainfall decline, particularly in Oman and the UAE
(chapter 3) is known to be major threat to the assessed
freshwater species, particularly 23% of the freshwater
fish. Habitat degradation and modification due to
agriculture intensification are also important threats for
approximately 21% of the assessed wetland-dependent
plants and 16% of the odonates. Residential and
commercial development is a major cause of decline for
25% of the water-dependent plants. Additional impacts
to freshwater biodiversity assessed for the region are
included in Figure 8.6.

Figure 8.5. Distribution of freshwater fishes, molluscs, odonates, crabs and wetland-dependent plants classified as Data
Deficient, mapped to river subcatchments. Only those species with locality information could be mapped.
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8.4 Conclusions

8.4.1 Patterns of species richness and
endangerment

With sparse rainfall only occurring during monsoons,
the regional climate determines the low diversity of
freshwater fauna and flora in the Arabian Peninsula. As
this reports shows, even though the region may not be
exceptional in terms of the number of species, the
distribution pattern of these species shows important
hotspots of richness in the Dhofar region of Oman, the
wadis of the central Yemeni mountain ranges, south-west
Saudi Arabia and the Socotra archipelago. Rainfall
elsewhere in the region is very scarce and has resulted in
low species diversity.

Also, freshwater habitats in the region are under great
anthropogenic pressure associated to urban, agricultural
and industrial development activities, such as habitat
modification from water extraction and degradation
from pollution.

8.4.2 Conservation priorities

The species distribution information generated through
this project has been compared with the existing on
protected areas in the region (Figure 8.7). Spatial
information on Ramsar sites (Wetlands of International
Importance) also available at the Ramsar website in the
form of point localities (full details at www.ramsar.org),
was included in this figure. According to this
information, there are very few sites in the Arabian
Peninsula (five in United Arab Emirates, two in Bahrain,
and one each in Yemen [Socotra] and Oman), most of
these being coastal wetlands. However, there are two
important inland wetland sites in the United Arab
Al Wathba Wetland Reserve and Wadi
Wurayah National Park. The latter site is an important

Emirates:
spawning ground for several species of fishes.

In general for the Arabian Peninsula, freshwater
biodiversity habitat lacks suitable protection, with the
exception of the Island of Socotra and some small areas
in south and southeastern Oman and United Arab

Figure 8.6 Major current threats to freshwater species in the Arabian Peninsula

91



Emirates. This may be related to the fact that protected
areas in the region are mainly designed to cover terrestrial
species. Therefore, there is a need to update the protected
areas to this newly disclosed

system integrate

information.

It is also worth highlighting that half of the freshwater
species endemic to the region are threatened with
extinction, and that a fifth of all assessed species are Data
Deficient, and therefore potentially threatened if future
updated data changes our current knowledge about their
conservation status. Additional fieldwork to fill the
knowledge gaps and update the status of these taxa,
particularly those endemic to the region, is a priority to
ensure adequate conservation of these species.

Finally, conservation priorities of freshwater biodiversity
in the Arabian Peninsula are very similar to those
identified for the Northern Africa region (Garcia ez 4.
2008), which include the development of Integrated
River Basin Management (IRBM) programs, the use of

sustainable  agricultural  techniques and  waste
management, law enforcement, habitat protection,
action plans for species, and environmental education.
Because many of the rivers in the Arabian Peninsula
experience regular cessation of flow, it will be essential to
develop conservation priorities that recognize the
importance of perennial systems in maintaining aquatic
biodiversity (Wishart ez /. 2000). Faunal comparison of
temporary and perennial systems will be important in
developing networks of protected and managed areas
that support the species diversity across connected

basins.

As noted by Jungius (1988), the establishment of
protected areas in the Arabian Peninsula should include
appropriate policies and management for enforcing
legislation and supporting conservation. In addition, it is
important to ensure that local and nomadic communities
are engaged in the planning of implementation of these
protected areas, to ensure that there is a sense of
ownership and governance of the protected areas. For

Figure 8.7. Overlay of protected areas and freshwater species in the Arabian Peninsula. Protected area layer developed
from World Database on Protected Areas, with additional new information for the region (adapted from Al Omari 2011), and

including Ramsar sites (www.ramsar.org).
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maximum efficiency, conservation planning for the
freshwater ecosystems of the Arabian Peninsula should
be integrated with existing terrestrial programs and
spatial prioritization for the region. For example, AGEDI
(2013) have completed an important systematic study
for the Arabian Peninsula which has produced a
stakeholder and expert database, spatial data, and
measures of ecosystem threat status and ecosystem
protection level that will be valuable to basin scale
conservation planning.

8.4.3 Application of project outputs

All data generated by this project and summarized in the
present report are freely available. The global assessments
of all species included in this project are available on the
IUCN Red List website (www.iucnredlist.org) and freely
available to the public, and all regional assessments can
be found in the physical CD attached at the end of this
publication.

This information is a base resource to assist in the
prioritization of sites that contribute significantly to the
global persistence of biodiversity at both regional and
international levels, such as Key Biodiversity Areas
(Langhammer ez al 2007) and Alliance for Zero
Extinction sites (Ricketts ez 2/ 2005). In addition, this
information can guide decision makers in future
development and environmental planning.

8.4.4 Future work

A strong and collaborative network of experts has been
built through this project, which is essential for keeping
the collated information regularly up-to-date and its
effective within and

integration development

environmental planning processes.

Efforts should be directed to keep and strength the links
between IUCN and its partners, policy makers, regional
decision makers and related organizations to use,
maintain and strengthen this freely available knowledge
and integrate it into future planning.

Lessons learned from the process of integrating
biodiversity information need to be disseminated to all
stakeholders in a practical format that makes it easy to
replicate the most successful methodologies.
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Appendix 1. Freshwater Fishes of the
Arabian Peninsula

IUCN Regional Regional Regional Endemic

Order Family Taxon Red List Red List Red List Red List to Arabia

Category Category Category Criteria (Yes/No)
ANGUILLIFORMES ANGUILLIDAE Anguilla bengalensis NT NE No
ANGUILLIFORMES ANGUILLIDAE Anguilla bicolor NT NE No
CYPRINIFORMES CYPRINIDAE Acanthobrama hadiyahensis  CR (i’iliizij‘}i’v); R Eﬁ?}i’v); Yes
CYPRINIFORMES CYPRINIDAE Arabibarbus arabicus LC LC Yes
CYPRINIFORMES CYPRINIDAE Carasobarbus apoensis EN (i,g,ziiail,)iv) EN (1,5,21{113@ Yes
CYPRINIFORMES CYPRINIDAE Carasobarbus exulatus EN  B2ab(iii) EN  B2ab(ii)  Yes
CYPRINIFORMES CYPRINIDAE Cyprinion acinaces LC LC Yes
CYPRINIFORMES CYPRINIDAE Cyprinion mhalensis LC LC Yes
CYPRINIFORMES CYPRINIDAE Cyprinion watsoni LC NT No
CYPRINIFORMES CYPRINIDAE Garra barreimiae LC LC Yes
CYPRINIFORMES CYPRINIDAE Garra buettikeri VU B2ab(iii) VU B2ab(iii) Yes
CYPRINIFORMES CYPRINIDAE Garra dunsirei EN D EN D Yes
CYPRINIFORMES CYPRINIDAE Garra lautior EN B2ab(iii) EN B2ab(iii) Yes
CYPRINIFORMES CYPRINIDAE Garra longipinnis DD DD Yes
CYPRINIFORMES CYPRINIDAE Garra mamshuqa EN B2ab(iii) EN B2ab(iii) Yes
CYPRINIFORMES CYPRINIDAE Garra sabilia LC LC Yes
CYPRINIFORMES CYPRINIDAE Garra smarti VU D2 VU D2 Yes
CYPRINIFORMES CYPRINIDAE Garra tibanica LC LC Yes
CYPRINODONTIFORMES CYPRINODONTIDAE Aphanius dispar LC LC No
MUGILIFORMES MUGILIDAE Liza abu LC NE No
PERCIFORMES GOBIIDAE Awaous aeneofuscus LC DD No
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Appendix 2. Freshwater Molluscs of the
Arabian Peninsula

IUCN

Regional Regional Endemic

Order Family Taxon Red List Iéi(:‘t:;_ll: Red List ~ Red List  to Arabia
Category Category  Criteria  (Yes/No)
VENEROIDA CORBICULIDAE Corbicula fluminalis LC LC No
VENEROIDA SPHAERIIDAE Pisidium casertanum LC LC No
HYGROPHILA LYMNAEIDAE Galba truncatula LC LC No
HYGROPHILA LYMNAEIDAE Lymnaea natalensis LC LC No
HYGROPHILA LYMNAEIDAE Radix auricularia LC LC No
HYGROPHILA LYMNAEIDAE Stagnicola palustris LC VU D2 No
HYGROPHILA PHYSIDAE Haitia acuta LC LC No
HYGROPHILA PLANORBIDAE Ancylus fluviatilis LC LC No
HYGROPHILA PLANORBIDAE Biomphalaria arabica LC LC Yes
HYGROPHILA PLANORBIDAE Bulinus beccarii LC LC Yes
HYGROPHILA PLANORBIDAE Bulinus truncatus LC LC No
HYGROPHILA PLANORBIDAE Bulinus wrighti LC LC Yes
HYGROPHILA PLANORBIDAE Ceratophallus socotrensis DD DD Yes
HYGROPHILA PLANORBIDAE Gyraulus cockburni EN B2ab(ii, iii EN B2ab(ii, iii Yes
HYGROPHILA PLANORBIDAE Gyraulus convexiusculus LC EN B2ab(iii) No
HYGROPHILA PLANORBIDAE Gyraulus piscinarum LC DD No
HYGROPHILA PLANORBIDAE Indoplanorbis exustus LC LC No
HYGROPHILA PLANORBIDAE Planorbis planorbis LC DD No
HYGROPHILA PLANORBIDAE Segmentorbis angustus LC DD No
LITTORINIMORPHA  ASSIMINEIDAE Assiminea nitida LC EN B2ab(iii) No
LITTORINIMORPHA  BITHYNIIDAE Bithynia badiella VU Blab(iii,iv) DD No
LITTORINIMORPHA HYDROBIIDAE Hydrobia balfouri DD DD Yes
LITTORINIMORPHA HYDROBIIDAE Hydrobia glaucovirens DD DD Yes
LITTORINIMORPHA HYDROBIIDAE Hydrobia lactea NT NT Yes
LITTORINIMORPHA  STENOTHYRIDAE  Gangetia miliacea LC NT No
LITTORINIMORPHA  STENOTHYRIDAE  Stenothyra arabica DD DD Yes
SORBEOCONCHA MELANOPSIDAE Melanopsis costata LC EN B2abiii) No
SORBEOCONCHA PALUDOMIDAE Cleopatra bulimoides LC DD No
SORBEOCONCHA THIARIDAE Melanoides tuberculata LC LC No
SORBEOCONCHA THIARIDAE Plotia scabra LC LC No
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Appendix 3. Dragonflies and Damselflies
(Odonata) of the Arabian Peninsula

Order Family Taxon IZ(I:}:IstR «d Illligil(il:satl Regi(aa}{::ie;i Lst Enlcll)ei:lget:/
ategory  Category No)
ODONATA  AESHNIDAE Anax ephippiger LC LC No
ODONATA  AESHNIDAE Anax imperator LC LC No
ODONATA  AESHNIDAE Anax parthenope LC LC No
ODONATA  AESHNIDAE Anax speratus LC LC No
ODONATA  COENAGRIONIDAE  Agriocnemis pygmaea LC CR B2ab(iii) No
ODONATA  COENAGRIONIDAE  Azuragrion nigridorsum LC EN B2abiii) No
ODONATA  COENAGRIONIDAE  Azuragrion vansomereni LC RE No
ODONATA  COENAGRIONIDAE  Ceriagrion glabrum LC LC No
ODONATA  COENAGRIONIDAE  Ischnura evansi LC LC No
ODONATA  COENAGRIONIDAE  Ischnura fountaineae LC A48} B2ab(iii) No
ODONATA  COENAGRIONIDAE  Ischnura senegalensis LC LC No
ODONATA  COENAGRIONIDAE  Pseudagrion decorum LC NT No
ODONATA  COENAGRIONIDAE  Pseudagrion hamoni LC LC No
ODONATA  COENAGRIONIDAE  Pseudagrion kersteni LC vuU B2abiii) No
ODONATA  COENAGRIONIDAE  Pseudagrion sublacteum sublacteum LC LC No
ODONATA  GOMPHIDAE Lindenia tetraphylla LC LC No
ODONATA  GOMPHIDAE Paragomphus genei LC LC No
ODONATA  GOMPHIDAE Paragomphus sinaiticus NT LC No
ODONATA  LESTIDAE Lestes pallidus LC VU B2ab(iii) No
ODONATA  LIBELLULIDAE Acisoma panorpoides ascalaphoides LC EN B;:E ((11,’1111”11113 * No
ODONATA  LIBELLULIDAE Brachythemis impartita LC LC No
ODONATA  LIBELLULIDAE Crocothemis chaldaeorum DD DD No
ODONATA  LIBELLULIDAE Crocothemis erythraea LC LC No
ODONATA  LIBELLULIDAE Crocothemis sanguinolenta LC LC No
ODONATA  LIBELLULIDAE Crocothemis servilia LC DD No
ODONATA  LIBELLULIDAE Diplacodes lefeburii LC LC No
ODONATA  LIBELLULIDAE Macrodiplax cora LC NT No
ODONATA  LIBELLULIDAE Nesciothemis farinosa LC LC No
ODONATA  LIBELLULIDAE Orthetrum abbotti LC EN B2ab(iii) No
ODONATA  LIBELLULIDAE Orthetrum caffrum LC LC No
ODONATA  LIBELLULIDAE Orthetrum chrysostigma LC LC No
ODONATA  LIBELLULIDAE Orthetrum coerulescens anceps LC DD No
ODONATA  LIBELLULIDAE Orthetrum julia falsum LC DD No
ODONATA  LIBELLULIDAE Orthetrum kollmannspergeri LC LC No
ODONATA  LIBELLULIDAE Orthetrum ransonnetii LC LC No
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IUCN Red Regional

Regional Red List

Endemic to

Order Family Taxon c List Red List Criteria Arabia (Yes/
ategory  Category No)
ODONATA  LIBELLULIDAE Orthetrum sabina LC LC No
ODONATA  LIBELLULIDAE Orthetrum taeniolatum LC LC No
ODONATA  LIBELLULIDAE Orthetrum trinacria LC DD No
ODONATA  LIBELLULIDAE Palpopleura deceptor LC DD No
ODONATA  LIBELLULIDAE Pantala flavescens LC LC No
ODONATA  LIBELLULIDAE Rhyothemis semibyalina LC EN BéZESIIIIIIZXS* No
ODONATA  LIBELLULIDAE Selysiothemis nigra LC LC No
ODONATA  LIBELLULIDAE Sympetrum fonscolombii LC LC No
ODONATA  LIBELLULIDAE Tholymis tillarga LC DD No
ODONATA  LIBELLULIDAE Tramea limbata LC NT No
ODONATA  LIBELLULIDAE Trithemis annulata LC LC No
ODONATA  LIBELLULIDAE Trithemis arteriosa LC LC No
ODONATA  LIBELLULIDAE Trithemis dejouxi LC EN B2ab(iii) No
ODONATA  LIBELLULIDAE Trithemis furva LC LC No
ODONATA  LIBELLULIDAE Trithemis kirbyi LC LC No
ODONATA  LIBELLULIDAE Urothemis edwardsii LC EN B1lab(iii)+2ab(iii) No
ODONATA  LIBELLULIDAE Zygonyx torridus LC LC No
ODONATA  LIBELLULIDAE Urothemis thomasi thomasi LC EN B2abiii) Yes
ODONATA  COENAGRIONIDAE  Azuragrion somalicum amitinum LC VU B2ab(iii); D2 Yes
ODONATA  COENAGRIONIDAE  Pseudagrion arabicum LC EN B2ab(iii) Yes
ODONATA  AESHNIDAE Pinbeyschna yemenensis LC VU Blab (ii%+22ab(iii); Yes
ODONATA  PLATYCNEMIDIDAE  Arabicnemis caerulea LC LC Yes
ODONATA  PROTONEURIDAE Arabineura khalidi LC EN B2b(iii,iv) Yes
ODONATA  COENAGRIONIDAE  Azuragrion granti LC NT Yes
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Appendix 4. Freshwater Crabs of the
Arabian Peninsula

. IUCN Red List Regional I.UCN Red Endemic
Order Family Taxon Cat List to Arabia (Yes/No)
ategory Category o Arabia (Yes/No
DECAPODA POTAMIDAE Socotra pseudocardisoma LC LC Yes
DECAPODA POTAMIDAE Socotraporamon nojidensis DD DD Yes
DECAPODA POTAMIDAE Socotrapotamon socotrensis LC LC Yes
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Appendix 5. Wetland Dependent Plants

of the Arabian Peninsula

IUCN Red Regional Regional Endemic to

Order Family Taxon List Red List  Red List  Arabia (Yes/

Category  Category  Criteria No)
EQUISETALES EQUISETACEAE Equisetum giganteum LC LC No
MARSILEALES MARSILEACEAE Marsilea aegyptiaca LC LC No
MARSILEALES MARSILEACEAE Marsilea coromandelina LC LC No
PTERIDALES ADIANTACEAE Adiantum capillus-veneris LC LC No
PTERIDALES PARKERIACEAE Ceratopteris cornuta LC CR B2ab(iii) No
PTERIDALES PTERIDACEAE Acrostichum aureum LC CR D No
PTERIDALES PTERIDACEAE Pteris vittata LC LC No
ARALES LEMNACEAE Lemna gibba LC LC No
ARALES LEMNACEAE Lemna minor LC LC No
COMMELINALES COMMELINACEAE Commelina benghalensis LC LC No
COMMELINALES COMMELINACEAE Commelina diffusa LC LC No
CYPERALES CYPERACEAE Bolboschoenus glaucus LC DD No
CYPERALES CYPERACEAE Bolboschoenus maritimus LC DD No
CYPERALES CYPERACEAE Carex distans LC LC No
CYPERALES CYPERACEAE Carex stenophylla LC LC No
CYPERALES CYPERACEAE Cladium mariscus LC LC No
CYPERALES CYPERACEAE Cyperus alopecuroides LC LC No
CYPERALES CYPERACEAE Cyperus alternifolius LC LC No
CYPERALES CYPERACEAE Cyperus alulatus LC EN B2ab(iii) No
CYPERALES CYPERACEAE Cyperus articulatus LC LC No
CYPERALES CYPERACEAE Cyperus compressus LC DD No
CYPERALES CYPERACEAE Cyperus difformis LC DD No
CYPERALES CYPERACEAE Cyperus dilatatus LC LC No
CYPERALES CYPERACEAE Cyperus dubius LC LC No
CYPERALES CYPERACEAE Cyperus esculentus LC DD No
CYPERALES CYPERACEAE Cyperus fuscus LC DD No
CYPERALES CYPERACEAE Cyperus iria LC DD No
CYPERALES CYPERACEAE Cyperus laevigatus LC LC No
CYPERALES CYPERACEAE Cyperus longus LC DD No
CYPERALES CYPERACEAE Cyperus nutans LC DD No
CYPERALES CYPERACEAE Cyperus rigidifolius LC LC No
CYPERALES CYPERACEAE Cyperus rotundus LC LC No
CYPERALES CYPERACEAE Cyperus schimperianus LC LC No
CYPERALES CYPERACEAE Cyperus squarrosus LC LC No
CYPERALES CYPERACEAE Cyperus wissmannii DD DD No
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IUCN Red Regional Regional Endemic to

Order Family Taxon List Red List  Red List  Arabia (Yes/
Category  Category  Ciriteria No)
CYPERALES CYPERACEAE Eleocharis caduca LC LC No
CYPERALES CYPERACEAE Eleocharis geniculata LC LC No
CYPERALES CYPERACEAE Eleocharis marginulata LC DD No
CYPERALES CYPERACEAE Eleocharis palustris LC LC No
CYPERALES CYPERACEAE Eleocharis uniglumis LC DD No
CYPERALES CYPERACEAE Fimbristylis bisumbellata LC EN B2ab(ii,iii No
CYPERALES CYPERACEAE Fimbristylis complanata LC LC No
CYPERALES CYPERACEAE Fimbristylis cymosa LC LC No
CYPERALES CYPERACEAE Fimbristylis dichotoma LC DD No
CYPERALES CYPERACEAE Fimbristylis ferruginea LC LC No
CYPERALES CYPERACEAE Fimbristylis sieberiana LC LC No
CYPERALES CYPERACEAE Fimbristylis turkestanica LC DD No
CYPERALES CYPERACEAE Fuirena ciliaris LC LC No
CYPERALES CYPERACEAE Fuirena felicis vuU VU D2 Yes
CYPERALES CYPERACEAE Fuirena pubescens LC LC No
CYPERALES CYPERACEAE Isolepis setacea LC LC No
CYPERALES CYPERACEAE Kyllinga brevifolia LC LC No
CYPERALES CYPERACEAE Kyllinga microstyla LC LC No
CYPERALES CYPERACEAE Pycreus dwarkensis LC CR B2ab(iii) No
CYPERALES CYPERACEAE Pycreus elegantulus LC LC No
CYPERALES CYPERACEAE Pycreus flavescens LC LC No
CYPERALES CYPERACEAE Pycreus polystachyos LC DD No
CYPERALES CYPERACEAE Pycreus pumilus LC LC No
CYPERALES CYPERACEAE Pycreus sanguinolentus LC DD No
CYPERALES CYPERACEAE Schoenoplectiella proxima DD VU D2 No
CYPERALES CYPERACEAE Schoenoplectus corymbosus LC DD No
CYPERALES CYPERACEAE Schoenoplectus lacustris LC VU B2ab(iii) No
CYPERALES CYPERACEAE Schoenoplectus litoralis LC LC No
CYPERALES CYPERACEAE Schoenoplectus mucronatus LC DD No
CYPERALES CYPERACEAE Schoenus nigricans LC VU B2ab(ii,iii No
CYPERALES CYPERACEAE Scirpoides holoschoenus LC LC No
CYPERALES GRAMINEAE Agrostis lachnantha LC LC No
CYPERALES GRAMINEAE Arundo donax LC LC No
CYPERALES GRAMINEAE Brachiaria mutica LC DD No
CYPERALES GRAMINEAE Brachiaria reptans LC LC No
CYPERALES GRAMINEAE Brachiaria scalaris LC LC No
CYPERALES GRAMINEAE Desmostachya bipinnata LC LC No
CYPERALES GRAMINEAE Echinochloa colona LC LC No
CYPERALES GRAMINEAE Echinochloa crusgalli LC LC No
CYPERALES GRAMINEAE Echinochloa pyramidalis LC DD No
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IUCN Red Regional Regional Endemic to

Order Family Taxon List Red List  Red List  Arabia (Yes/
Category  Category  Ciriteria No)
CYPERALES GRAMINEAE Eriochloa meyeriana LC LC No
CYPERALES GRAMINEAE Festuca yemenensis VU VU D2 Yes
CYPERALES GRAMINEAE Hemarthria altissima LC DD No
CYPERALES GRAMINEAE Isachne globosa LC DD No
CYPERALES GRAMINEAE Leptochloa fusca LC LC No
CYPERALES GRAMINEAE Odontelytrum abyssinicum LC EN B2ab(iii) No
CYPERALES GRAMINEAE Panicum socotranum CR CR B2ab(iii) Yes
CYPERALES GRAMINEAE Paspalidium flavidum LC LC No
CYPERALES GRAMINEAE Paspalidium geminarum LC LC No
CYPERALES GRAMINEAE Paspalum scrobiculatum LC LC No
CYPERALES GRAMINEAE Paspalum vaginatum LC LC No
CYPERALES GRAMINEAE Pennisetum macrourum LC LC No
CYPERALES GRAMINEAE Phragmites australis LC LC No
CYPERALES GRAMINEAE Phragmites karka LC DD No
CYPERALES GRAMINEAE Poa schimperiana LC LC No
CYPERALES GRAMINEAE Polypogon schimperianus DD DD No
CYPERALES GRAMINEAE Polypogon viridis LC LC No
CYPERALES GRAMINEAE Saccharum kajkaiense LC LC No
CYPERALES GRAMINEAE Saccharum ravennae LC LC No
CYPERALES GRAMINEAE Saccharum spontaneum LC LC No
CYPERALES GRAMINEAE Sporobolus consimilis LC LC No
CYPERALES GRAMINEAE Urochloa panicoides LC LC No
HYDROCHARITALES HYDROCHARITACEAE Najas graminea LC DD No
HYDROCHARITALES HYDROCHARITACEAE Najas marina LC LC No
JUNCALES JUNCACEAE Juncus bufonius LC LC No
JUNCALES JUNCACEAE Juncus fontanesii LC LC No
JUNCALES JUNCACEAE Juncus inflexus LC LC No
JUNCALES JUNCACEAE Juncus punctorius LC LC No
JUNCALES JUNCACEAE Juncus rigidus LC LC No
JUNCALES JUNCACEAE Juncus socotranus LC LC No
NAJADALES POTAMOGETONACEAE  Potamogeton coloratus LC DD No
NAJADALES POTAMOGETONACEAE  Potamogeton lucens LC DD No
NAJADALES POTAMOGETONACEAE  Potamogeton natans LC LC No
NAJADALES POTAMOGETONACEAE  Potamogeton nodosus LC LC No
NAJADALES POTAMOGETONACEAE  Potamogeton pusillus LC LC No
NAJADALES ZANNICHELLIACEAE Zannichellia palustris LC LC No
ORCHIDALES ORCHIDACEAE Epipactis veratrifolia LC EN B2ab(ii,iii,v, No
TYPHALES TYPHACEAE Tipha domingensis LC LC No
TYPHALES TYPHACEAE Tipha elephantina LC LC No
APIALES UMBELLIFERAE Apium graveolens LC LC No
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IUCN Red Regional Regional Endemic to

Order Family Taxon List Red List  Red List  Arabia (Yes/
Category  Category  Ciriteria No)
APIALES UMBELLIFERAE Apium nodiflorum LC LC No
APIALES UMBELLIFERAE Berula erecta LC NT No
APIALES UMBELLIFERAE Centella asiatica LC LC No
APIALES UMBELLIFERAE Hydrocotyle sibthorpioides LC VU D2 No
ASTERALES COMPOSITAE Adenostemma caffrum LC LC No
ASTERALES COMPOSITAE Gnaphalium unionis LC LC No
ASTERALES COMPOSITAE Osteospermum muricatum LC DD No
ASTERALES COMPOSITAE Pulicaria arabica LC VU B2ab(iii) No
ASTERALES COMPOSITAE Pulicaria inuloides LC LC No
CAMPANULALES GOODENIACEAE Scaevola socotraensis CR CR B2ab(iii) Yes
CARYOPHYLLALES AMARANTHACEAE Alternanthera sessilis LC LC No
CARYOPHYLLALES PORTULACACEAE Talinum portulacifolium LC LC No
EUPHORBIALES EUPHORBIACEAE Chrozophora tinctoria LC LC No
GENTIANALES APOCYNACEAE Nerium oleander LC LC No
GENTIANALES ASCLEPIADACEAE Kanahia laniflora LC LC No
GENTIANALES GENTIANACEAE Centaurium erythraea LC LC No
GENTIANALES GENTIANACEAE Centaurium pulchellum LC LC No
GENTIANALES GENTIANACEAE Exacum affine LC LC Yes
GENTIANALES GENTIANACEAE Exacum arabicum LC LC Yes
GENTIANALES GENTIANACEAE Exacum socotranum CR CR B2ab(iii) Yes
GENTIANALES GENTIANACEAE Sebaea microphylla LC DD No
GENTIANALES GENTIANACEAE Sebaea pentandra LC DD No
HALORAGALES HALORAGACEAE Myriophyllum spicatum LC DD No
LAMIALES BORAGINACEAE Heliotropium ovalifolium LC LC No
LAMIALES BORAGINACEAE Mpyosotis laxa LC LC No
LAMIALES VERBENACEAE Phyla nodiflora LC LC No
MALVALES STERCULIACEAE Melbania phillipsiae LC LC No
MYRTALES LYTHRACEAE Ammannia auriculata LC LC No
MYRTALES LYTHRACEAE Ammannia baccifera LC LC No
MYRTALES LYTHRACEAE Lythrum hyssopifolia LC LC No
MYRTALES ONAGRACEAE Epilobium hirsutum LC LC No
MYRTALES ONAGRACEAE Ludwigia octovalvis LC LC No
MYRTALES ONAGRACEAE Ludwigia palustris LC LC No
NYMPHAEALES CERATOPHYLLACEAE Ceratophyllum demersum LC LC No
NYMPHAEALES CERATOPHYLLACEAE Ceratophyllum submersum LC DD No
POLYGONALES POLYGONACEAE Persicaria amphibia LC LC No
POLYGONALES POLYGONACEAE Persicaria barbata LC LC No
POLYGONALES POLYGONACEAE Persicaria glabrum LC LC No
POLYGONALES POLYGONACEAE Persicaria lapathifolia LC LC No
POLYGONALES POLYGONACEAE Persicaria maculosa LC LC No
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IUCN Red Regional Regional Endemic to

Order Family Taxon List Red List  Red List  Arabia (Yes/
Category  Category  Ciriteria No)
POLYGONALES POLYGONACEAE Persicaria salicifolia LC LC No
POLYGONALES POLYGONACEAE Persicaria senegalensis LC A%0) D2 No
POLYGONALES POLYGONACEAE Polygonum argyrocoleon LC LC No
PRIMULALES PRIMULACEAE Anagallis serpens LC DD No
PRIMULALES PRIMULACEAE Samolus valerandi LC LC No
RANUNCULALES RANUNCULACEAE Ranunculus multifidus LC LC No
RANUNCULALES RANUNCULACEAE Ranunculus rionii LC DD No
RANUNCULALES RANUNCULACEAE Ranunculus sphaerospermus LC DD No
RANUNCULALES RANUNCULACEAE Ranunculus trichophyllus LC DD No
ROSALES CRASSULACEAE Crassula hedbergii LC EN B2ab(iii) No
ROSALES CRASSULACEAE Crassula tillaea LC LC No
RUBIALES RUBIACEAE Pentodon pentandrus LC LC No
SALICALES SALICACEAE Salix acmaphylla LC LC No
SCROPHULARIALES  LENTIBULARIACEAE Utricularia australis LC DD No
SCROPHULARIALES  LENTIBULARIACEAE Utricularia minor LC EN B2ab(iii) No
SCROPHULARIALES  LENTIBULARIACEAE Utricularia striatula LC EN B2ab(iii) No
SCROPHULARIALES =~ SCROPHULARIACEAE Bacopa monnieri LC LC No
SCROPHULARIALES ~ SCROPHULARIACEAE Limosella macrantha LC DD No
SCROPHULARIALES ~ SCROPHULARIACEAE Lindenbergia indica LC LC No
SCROPHULARIALES ~ SCROPHULARIACEAE Mimulus gracilis LC LC No
SCROPHULARIALES ~ SCROPHULARIACEAE Veronica anagallis-aquatica LC LC No
SCROPHULARIALES  SCROPHULARIACEAE Veronica anagalloides LC DD No
SCROPHULARIALES =~ SCROPHULARIACEAE Veronica beccabunga LC DD No
SOLANALES CONVOLVULACEAE Cressa cretica LC LC No
SOLANALES CONVOLVULACEAE Ipomoea aquatica LC LC No
SOLANALES CONVOLVULACEAE Stictocardia tiliifolia LC CR D No
THEALES ELATINACEAE Bergia polyantha LC vu D2 No
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Appendix 6. CD

Please find the CD on the inside cover of the back of the book, including the species summaries, distribution maps
and spatial data.
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Darwall. 2012.
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The Status and Distribution of Freshwater Fish Endemic to the Mediterranean Basin. Compiled by K.G. Smith and
W.R.T. Darwall. 2006.

The Status and Distribution of Reptiles and Amphibians of the Mediterranean Basin. Compiled by N. Cox, J. Chanson
and S. Stuart. 2006.

Overview of the Cartilaginous Fishes (Chondrichthyans) in the Mediterranean Sea. Compiled by R.D. Cavanagh and C.
Gibson. 2007.

The Mediterranean: A Biodiversity Hotspot Under Threat. A. Cuttelod, N. Garcia, D.A. Malak, H. Temple, and Katariya,
V. 2008.

The Status and Distribution of Dragonflies of the Mediterranean Basin. Compiled by E. Riservato, J.-P. Boudot, S.
Ferreira, M. Jovic, V.J. Kalkman, W. Schneider and B. Samraoui. 2009.

The Status and Distribution of Mediterranean Mammals. Compiled by H.J, Temple and A. Cuttelod. 2009.



Overview of the Conservation Status of the Marine Fishes of the Mediterranean Sea. Compiled by D.A. Malak, S.R.
Livingstone, D. Pollard, B.A. Polidoro, A. Cuttelod, M. Bariche, M. Bilecenoglu, K.E. Carpenter, B.B. Collette, P.
Francour, M. Goren, M.H. Kara, E. Massuti, C. Papaconstantinou, and L. Tunesi. 2011.

Marine Mammals and Sea Turtles of the Mediterranean and Black Seas. TUCN. 2012.

The Status and Distribution of Freshwater Biodiversity in the Eastern Mediterranean. Compiled by K.G. Smith, V.
Barrios, W.R.T. Darwall, and C. Numa. 2014.

Europe
The Status and Distribution of European Mammals. Compiled by H.]. Temple and A. Terry. 2007.

European Red List of Amphibians. Compiled by H.]. Temple and N. Cox. 2009.
European Red List of Reptiles. Compiled by N. Cox and H.J. Temple. 2009.
European Red List of Saproxylic Beetles. Compiled by A. Nieto and K.N.A. Alexander. 2010.

European Red List of Butterflies. Compiled by C. van Swaay, A. Cuttelod, S. Collins, D. Maes, M.L. Munguira, M.
Sasi¢, J. Settele, R. Verovnik, T. Verstrael, M. Warren, M. Wiemers and I. Wynhoff. 2010.

European Red List of Dragonflies. Compiled by V.J. Kalkman, ].-P. Boudot, R. Bernard, K.-J. Conze, G. De Knijf, E.
Dyatlova, S. Ferreira, M. Jovi¢, J. Ott, E. Riservato and G. Sahlen. 2010.

European Red List of Vascular Plants. Compiled by M. Bilz, S.P. Kell, N. Maxted, and R.V. Lansdown. 2011

European Red List of Non-marine Molluscs. Compiled by A. Cuttelod, M. Seddon, and E. Neubert. 2011.
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