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Abstract: Bryophytes communities are poorly known in the Arabian Peninsula due to the scarcity 
of published works. An intensive bryosociological survey with 207 relevés carried out at the begin-
ning of 2024 has allowed for the description of 13 distinct communities: three terricolous ones, two 
saxicolous, five tufa forming ones, plus three fragmentary communities of uncertain syntaxonomic 
significance. Many of the communities are probably original but we have refrained from describing 
them from a syntaxomical formal point of view in such a context of fragmentary knowledge. AlUla 
County, despite the hyper-arid conditions, is unexpectedly rich in remarkable bryophytic communi-
ties, some of which exhibit tropical affinities and relictual character of formerly wetter weather 
conditions. Many of the high heritage value communities are threatened by human activities, i.e. 
overgrazing by wandering herds of animals and depletion of the water resource. Finally, a case is 
made for the improvement of bryophytic vegetation knowledge. 
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Introduction

The Kingdom of Saudi Arabia (KSA) is the largest county in southwest Asia, covering 
approximately 2,150,000 km² of land and encompassing about three-quarters of the Ara-
bian Peninsula (Chaudhary 2001). KSA is an environmentally diverse landscape. The 
central and eastern regions feature rocky and sandy desert environments, whereas large 
mountain ranges, reaching 3.700 meters above sea level, dominate the southwestern areas 
near the Red Sea and south to the Yemen border. The county’s close proximity to Africa, 
Asia, and Europe significantly influences its flora and bryoflora. With few endemics, the 
bryoflora comprises six floristic elements (Kürschner & Ghazanfar 1998). There are few 
cosmopolitan or northern taxa, but many drought-adapted taxa (Xerotherm-Pangean or 
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Circum-Tethyan elements). The occurrence of several interesting tropical species in KSA, 
which demonstrates a southeast Asian-Arabian, African-Arabian, Pantropical, or Paleo-
tropical distribution, has been repeatedly highlighted (Kürschner 2000).

It is well-established that most of the bryological diversity in Saudi Arabia is confined to 
the mountainous, monsoon-influenced South-Hejaz region (Kürschner & Ghazanfar 
1998), due to this group’s preference for a more humid environment (Wood 2009). In 
contrast, only a few drought-tolerant species are recorded in other, more arid regions 
(Tortula atrovirens, Crossidium squamiferum, Trichostomopsis australasiae etc.). At the 
extreme, the hyper-arid Empty Quarter (Al-Rub’ Al-Khali desert, located in the southeast-
ern part of the County) presently holds no recorded bryophyte species. Subsequently, the 
majority of previous surveys have focused on environments more likely to support bryo-
phyte species, such as the humid southwestern regions of the county. This has conse-
quently resulted in large expanses of Saudi Arabia being neglected in bryophyte research.

As previously highlighted by Frey & Kürschner (1981), bryosociological studies in 
Southwest Asia are relatively scarce. Turkey stands out as the most intensively surveyed 
county in this region, having been the subject of a recent syntaxonomic synthesis (Alataş 
et al. 2023). Some research has been conducted in bryologically less explored countries 
like Afghanistan (Gilli 1969; Gilli 1971; Gilli 1975; Gilli 1977) and Iran (Frey & Probst 
1973), as well as in better-known regions such as Jordan and Israel (Frey & Kürschner 
1990; Frey et al. 1990; Frey & Kürschner 1992). In the mostly arid Arabian Peninsula, 
several bryophyte communities have been described (Kürschner 1988; Kürschner & 
Ghazanfar 1998) using contrasting methodological approaches, which presents an addi-
tional difficulty due to conceptual heterogeneity. 

Tufa-forming communities are considered to include both tracheophytes and bryophytes 
(Deil 1989), with the latter being regarded as a synusia (Kürschner & Ghazanfar 1998). 
Although the tufa-forming communities (Adiantetea) have been considered as rock types, 
they are highly original since they require permanent flowing water. This Class is the only 
one described pertaining to the hygrophytic pole, even though amphibious undescribed 
communities exist in the Asir Mountains (pers. obs.). Epiphytic communities have been 
studied quantitatively (Kürschner 1984a) and bryosociologically (Kürschner 2003a), fol-
lowing the traditional Braun-Blanquet school approach (1964). Complexes of bryophyte 
synusia, spatially or dynamically linked, have also been examined in detail (Kürschner 
1984b; Frey & Kürschner 1987). Analyses of life forms and life strategies have been re-
peatedly employed, showing strong correlations with ecological parameters and common 
adaptive traits co-evolved under similar environmental constraints (Kürschner 2003b, 
2004a). Despite the diversity of vegetation concepts and methods, we have compiled all 
available publications describing bryophyte communities from the Arabian Peninsula 
(Table 1). Consequently, only 11 communities are currently recorded and described from 
the Arabian Peninsula.

The description of bryophytic communities holds particular interest in a hyper-arid region 
like AlUla because it provides more information about the richness of biodiversity on our 
planet. This paper highlights the unexpectedly large and surprising diversity of bryophyte 
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communities in a hyper-arid environment. Typically, bryosociological studies are limited 
to a single community or a geographically small area; here, however, all communities are 
addressed across a vast territory. The data collected also has quantitative value in terms of 
the surface area covered by bryological populations. While previous studies have logi-
cally focused on areas presumed to be the richest, this study demonstrates that exploring 
areas that are not typical environments for bryophytes, provides a greater understanding 
of bryophyte communities, adaptation, and diversity.

Study area 

AlUla County is located in the northwestern part of Saudi Arabia, south of Tabuk, ap-
proximately 200 km east of the Red Sea (Fig. 1), and belongs to the Saharo-Sindian re-
gional zone (Zohary 1973; Kürschner 1998), which is generally characterised by an arid 
to hyper-arid climate. This county, covering an area of 22,561 km², has not previously 
been the subject of any bryological surveys or research. During the late winter of 2024, 
the authors (VH, FP) had the opportunity to conduct intensive field trips throughout the 
entire region, focusing on the five Nature Reserves within the county. Here, we present 
the sociological description of bryophyte communities observed in this area.

Fig. 1. Location of AlUla County within the Arabian Peninsula.
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As part of the Arabian Shield, AlUla has a rich geodiversity, covering all three main rock 
types in a relatively small area. Precambrian igneous and metamorphic rocks, as well as 
Cambrian and Early Ordovician sandstones (Hadley 1987), are exposed across the land-
scape. The sandstones that dominate the central and northern parts of AlUla are the older 
Siq and younger Quweira and Saq Formations, all composed of fine to medium-grained 
quartz (Hadley 1987). The rifting and opening of the Red Sea created several extensive 
basaltic lava fields (locally known as harrats) during the Tertiary dating from around  
10 million years ago until around 500,000 years ago (Hadley 1987; Rasul et al. 2015; 
Altherr et al. 2019). More recent alluvium deposits can be found across the region, espe-
cially in valleys (wadis), ranging from large water-travelled boulders to fine-grained 
wind-blown sand (Al-Bassam et al. 2014).

A rich and varied geodiversity in an area will result in a range of habitats, and subse-
quently, increased biodiversity (Comer et al. 2015; Lawler et al. 2015; Alahuhta et al. 
2018). The erosion of different rock types, particularly in the absence of vegetation cover 
and low annual rainfall, has created a wide range of habitats across AlUla. The crystalline 
igneous and metamorphic rocks in the south erode very differently than the sandstones in 
the north, creating different landscapes and different types of soils. The geodiversity of 
AlUla is a contributing factor to the establishment of five Nature Reserves, which aim to 
protect over 50% of the county. Harrat Uwayrid, Harrat AlZabin, Wadi Nakhlah, Sharaan 
and AlGharameel Nature Reserves, are different from each other based on the ecology 
and the underlying geology. 

The climate of most parts of North Arabia is characterised by very hot, dry summers and 
cool to warm winters. Rain-bearing cyclonic depressions during winter and spring that 
originate in the Atlantic or Mediterranean are the main source of precipitation. Through-
out the area, rainfall is erratic and unpredictable in time, quantity, and space and often 
falls as heavy local showers. In some years, certain areas may receive almost no rain. The 
data obtained for the AlUla meteorological station illustrate the mean annual regional 
climate (Fig. 2). The mean annual rainfall is 61 mm and the mean annual temperature is 
24.6 °C.

Fig. 2. Climatogram for AlUla meteorological station (Data: 1991–2021).
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Materials and methods 

The surveys were conducted from January 13 to February 27, 2024, with 488 selected 
sites surveyed (Fig. 3). The selection of sites was informed by the examination of geo-
logical and topographical maps to identify potential sources of moisture, such as wadis, 
springs, and wetlands. An additional site selection criterion was accessibility based on the 
presence of trails within a clear and safe walking distance of less than five kilometres 
from a road or track. Local ranger’s information regarding safe access for prospecting and 
the presence of potential habitats for bryophytes was included in site selection. All sites 
meeting the aforementioned selection criteria were visited during the field session.

A total of 207 bryosociological relevés were systematically surveyed using the traditional 
the traditional Braun-Blanquet (1964) appraoch and the adapted abundance-dominance 
scale of Frey & Kürschner (1995). The species cited in this paper are those sharing the 
same microhabitat, not species growing nearby within distinct communities. Addition-
ally, classic ecological parameters were recorded (e.g., exposure, inclination, bryophyte 
cover, soil depth where relevant, etc.). We have refrained from describing any new asso-
ciation or community of lower rank (i.e. sub association or races) because the surveys 
were carried out in a restricted geographical framework and in particularly harsh eco-
logical conditions. 

Fig. 3. Location of surveyed sites (Nature Reserve are indicated with red lines).
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The taxonomy and nomenclature of the bryophytes mainly follow Kürschner & Frey 
(2020), except for the 13 names indicated in Table 2, for which specific references are 
provided. For vascular plants, we use Kürschner & Neef (2018). The vouchers are cur-
rently kept in the private herbarium of Vincent Hugonnot and Florine Pépin and will be 
transferred to the Royal Commission for AlUla’s (RCU) collection in early 2025.

Several bryophyte species are taxonomically problematic, due to limited structural infor-
mation (Heinrichs et al. 2009), with many species currently under review by researchers. 
For such taxa in this research, they have been named using up-to-date treatments, i.e. 
Kürschner & Frey (2020), including Fissidens arnoldi R. Ruthe and Bryum sp. Addition-
ally, Entosthodon commutatus Durieu & Mont. is not mentioned in Kürschner & Frey 
(2020), and is a taxonomically problematic species.

Table 2. Nomenclature for names deviating from Kürschner & Frey (2020).

Accepted nomenclature Kürschner & Frey, 2020 Followed reference

Molendoa handelii (Schiffn.) Brinda &  
R.H. Zander

Anoectangium handelii 
Schiffn.

Brinda & Zander, 
2020

Clevea spathysii (Lindenb.) Müll. Frib. Athalamia spathysii 
(Lindenb.) S. Hatt.

Rubasinghe, 2011

Ptychostomum capillare (Hedw.) Holyoak 
& N. Pedersen

Bryum capillare Hedw. Holyoak, 2021

Ptychostomum pseudotriquetrum (Hedw.) 
J.R. Spence & H.P. Ramsay

Bryum pseudotriquetrum 
(Hedw.) G. Gaertn.,

Holyoak, 2021

Ptychostomum torquescens (Bruch & 
Schimp.) Ros & Mazimpaka

Bryum torquescens Bruch 
& Schimp.

Holyoak, 2021

Trichostomopsis australasiae (Hook. & 
Grev.) H. Rob.

Didymodon australasiae 
(Hook. & Grev.) R.H. 
Zander

Jiménez et al., 2022a

Geheebia siccula (M.J. Cano, Ros, 
García-Zam. & J. Guerra) J.A. Jiménez & 
M.J. Cano

Didymodon sicculus  
M.J. Cano, Ros, García-
Zam. & J. Guerra

Jiménez et al., 2022a

Geheebia tophacea (Brid.) R.H. Zander Didymodon tophaceus 
(Brid.) Lisa

Jiménez et al., 2022a

Vinealobryum vineale (Brid.) R.H. Zander Didymodon vinealis (Brid.) 
R.H. Zander

Jiménez et al., 2022a

Riella affinis M. Howe & Underw. not mentionned Segarra-Moragues  
et al., 2014

Entosthodon commutatus Durieu & Mont. not mentionned Brugués et al., 2010

Didymodon desertorum (J. Froehl.)  
J.A. Jiménez & M.J. Cano

not recognized Jiménez et al., 2022b

Ptychostomum cellulare (Hook.) D. Bell & 
Holyoak

Plagiobryoides cellularis 
(Hook.) J.R. Spence

Holyoak, 2021
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The vegetation description is largely derived from the Inventory and Vegetation of AlUla 
Flora Project (CMEP 2023) and Kürschner & Neef (2018). Associated vascular plants are 
systematically noted, with a distinction made between those growing in the same micro-
habitat (e.g., a wet fissure, under an overhang, etc.) and those growing in the vicinity 
under distinct ecological conditions.

The scale of expression of tracheophytic communities is very different from that of bryo-
phytic communities, making the correlation between the two vegetation types extremely 
problematic. The predictive power of tracheophytic communities is extremely limited as 
regard bryophytic ones. The main types of Tracheophyte vegetation units are the follow-
ing (CMEP 2023; Kürschner & Neef 2018): 

•	 Lycium shawii–Ephedra foliata shrubland of the runnels and wadis of the Hijaz Moun-
tains;

•	 Vegetation of the sandstone canyons and sandy gullies (Ficus salicifolia, F. palmata, 
Abutilon bidentatum etc.);

•	 Sparse mixed herb and shrub community of the scree slopes (Ochradenus baccatus, 
Fagonia bruguieri, Forsskaolea tenacissima, Tetraena simplex) housing cracks and 
micro-communities dominated by Parietaria alsinifolia, Isatis lusitanica, Hemionitis 
pteridioides;

•	 Retama raetam–Artemisia sieberi open shrubland of the high Hijaz mountains, well 
developed in Jabal AlWard from 1 500 to 2 000 m;

•	 Palm groves housing rich assemblages of ruderal communities (Aizoon canariense, 
Lysimachia arvensis, Calendula tripterocarpa, Malva parviflora, Bromus tectorum 
etc.);

•	 Seasonal pools with Juncus rigidus, Typha sp. and Mentha longifolia and mainly Char-
aceae species and green Algae;

•	 Seepage with Adiantum capillus veneris.

Each of the recognized bryological communities is described, focusing on ecological set-
ting, tracheophytic vegetation, character species, syntaxonomy with citation of the rele-
vant references, dynamics, distribution, phytogeographical affinities and heritage value. 
The basis of the heritage value estimate is the consideration of rarity, ecological speciali-
zation, sensitivity to disturbances, and the presence of rare species, conservation and 
management. Given the high number of relevés and the putative fragmentary nature of 
many of them, only the frequency table (based on the complete set of relevés) is provided. 
The complete frequency table containing all 207 relevés is given as supplementary elec-
tronic material. All images were taken during the present study and are intended to illus-
trate the overall character of each community. When communities cannot be assigned to 
a described syntaxon, we name them by using the name of the most typical species or 
family of the floristic assemblage (e.g., Riccia cavernosa community; Pottiaceae com-
munity).
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Results

13 communities could be identified from data on the 207 surveyed vegetation relevés. 
The mean number of species per relevé is 4.11 (SD 2.89), and is always low (Fig. 4), re-
gardless the community, whereas the total number of species is 51 and is highly variable 
across communities (from 1 to 37). 

As an example, the richest community of AlUla County (number 3: Pottiaceae commu-
nity) has 37 potential species whereas the mean number of species per relevé of this com-
munity is only 5.4.

The communities are described in the following, from terricolous communities, saxicol-
ous and tufa-forming ones. The bryosociological relevés are provided in Supplementary 
Table 1. In the following section, we will describe the relevant ecological parameters, the 
floristic composition, the heritage value and conservation of each community. 

Terricolous communities (Fig. 5)

Three terricolous communities have been identified, including one temporary aquatic, 
one amphibious, and the last one, highly polymorphic and xerophytic.

Fig. 4. Specific richness of the bryosociological relevés of AlUla County compared with the total num-
ber of species recorded in each community (x-axis: number of recorded species; community codes 
(Supplementary Table 1 and Fig. 17) are given including all the faciès of each community, in the y-
axis).
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Riella affinis community

An aquatic, submerged, annual, and ephemeral community developing in small temporary 
water bodies. Clear, shallow freshwater (around 50–100 cm maximum) pools form on a 
sandy substrate resulting from the disintegration of sandstone (Fig. 6). The community un-
dergoes a period of complete desiccation, during which the species of the genus Riella sur-
vives in the form of spores buried in the organic-poor, sandy soil. It is a pioneer community 
that cannot withstand competition from any other plant. The only vascular species develop-
ing in one of the two water bodies surveyed is Phragmites australis, which is present as 
small colonies. The two water bodies in question are located in deep sandstone gorges, 
which significantly limits sunlight exposure. One of the two water bodies is natural and 
small (around ten square meters), while the other, more extensive (around 220 square me-
ters), is the result of a small human-made dam built a few decades ago.

Fig. 5. Distribution of terricolous bryophytic communities in AlUla County.

Table 3. Riella affinis community relevés.

Relevé number 91–1 88–1

Surface (cm2) 100000 30000

Taxa number 1 1

Riella affinis M. Howe & Underw. 4 2
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The community is monospecific, the only characteristic species being Riella affinis. It is 
an opportunistic community, reappearing whenever hydrological conditions allow. Other 
aquatic communities, particularly those based on algae, may also develop if ecological 
conditions permit. This community has only been observed at the Sharaan Nature Re-
serve site and is not known elsewhere in the Arabian Peninsula. The two water bodies in 
question are relatively distant from each other (19 km). Other populations may be discov-
ered within the maze of rocky canyons in the Reserve.

The heritage value and ecological interest of this community are very high, as the species 
is extremely rare worldwide. The maintenance of this community depends on a delicate 
balance, based on the seasonality of rainfall patterns, the presence of depressions at the 
bottom of sandstone gorges and in the minor beds of small temporary streams, and the 
presence of diaspore stock in the substrate.

Conserving this monospecific community is crucial and relies on maintaining the hydro-
logical regime. Early drying is catastrophic because it prevents spore production, thereby 
depleting the diaspore stock. Monitoring the populations is therefore advisable. Addition-
ally, the fragility of the masonry structure of the dam that obstructs the small watercourse, 
that created the Riella pond, should be monitored as its failure could likely lead to the 
disappearance of the species. Finally, the filling of the depressions should also be moni-

Fig. 6.  Sharaan Nature Reserve pond with abundant thallus of Riella affinis (26°53ʹ55.6ʹʹN  
38°19ʹ 30.43ʹʹE).
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tored, as excessive sand accumulation at the bottom of the basins could cause the ponds to 
dry out. The dynamism of Phragmites australis should also be monitored, as it could be-
come invasive (especially after partial filling) and threaten the Riella.

Riccia cavernosa community

This is an ephemeral, vernal community colonizing sandy or sandy-silty soil, the banks of 
wadis, and small depressions in the minor beds of small temporary watercourses. It is not 
found associated with sandstone outcrops, and appears to thrive in sandy-silty soils, 

Fig. 7. Riccia cavernosa community (26°8ʹ8.66ʹʹN 37°48ʹ31.73ʹʹE).
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which show a greater variety of grain size and minerals. The constituent bryophytes are 
exposed to intense solar radiation, as the habitat generally lacks significant shading. 
However, in some cases, the relative removal of sediment in a watercourse or the pres-
ence of high walls provides varying degrees of shade. The community appears on the 
moist fine sand after the floodwaters recede and continues to develop until spore produc-
tion, provided the substrate remains sufficiently moist. Frequently, the thalli abort prema-
turely if drought conditions set in too early in the season.

The community is characterized by the presence of Riccia cavernosa (Table 4) which 
generally exhibits relatively low cover. Riccia cavernosa can also be found in other tem-
porarily moist communities that do not belong to the association described here. Eleven 
species comprise the floral base of this community, while the average number of species 
per survey is 2.59, indicating a species-poor community. Bryum dichotomum and Funaria 
hygrometrica are the only two species with a certain level of constancy.

The stability of the community is only maintained by disturbances caused by floods, 
which have a localized rejuvenating effect. In the event of environmental stabilization, 
the community is quickly invaded by ruderal vascular species that take advantage of the 
moisture to establish and proliferate. 

The amphibious community with Riccia cavernosa is relatively common, and even some-
times quite abundant, along certain wadis, particularly in the western part of the county. 
More broadly, it is likely to be quite widespread along the Red Sea coast, extending into 
Yemen, judging from the distribution map of the nominal species provided by Kürschner 
(2000). This community has temperate affinities but extends widely into the subtropical 
zones of the Peninsula, particularly in the Tihama plain.

Although most constituent species are relatively common in the Peninsula (excluding 
Pterygoneurum ovatum), this community has significant heritage value because it re-
flects the seasonal functionality of watercourses. It can suffer from the effects of over-
grazing (physical damage to the thallus, erosion, soil compaction etc.), especially since 
the edges of wadis are often favoured areas for livestock. One of the detrimental effects 
of frequent grazing by wandering herds is nutrient enrichment, which can lead to the 
trivialization of the bryoflora. Water abstraction, the construction of dams, or any other 
development likely to deteriorate the conservation status of watercourses should be 
avoided.

Pottiaceae community (Fig. 8)

This is a terricolous community found across a variety of different habitats across AlUla. 
It was recorded on scree of igneous, sedimentary, and metamorphic rock, demonstrating 
that this family is not restricted to rock type. It was observed at the base of rocky cliffs. 
The bryophytes predominantly colonize compacted, often indurated, earthy accumula-
tions, which are inclined toward verticality and protected. The preferred situation is under 
the blocks, where conditions seem less severe, and where bryophytes can likely benefit 
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from a noticeable reduction in sunlight, an increase in relative humidity, and runoff from 
upslope. This community is almost always observed on north-facing slopes, usually at the 
bottom of the slope, and on slopes located in more or less incised valleys. 

Several variants can be observed. In close proximity to rocky outcrops, or in stony bio-
topes, saxicolous elements, particularly Grimmia orbicularis (Supplementary Table 2) 
can occupy a significant place, thus establishing a transition with true saxicolous com-
munities. On compacted and relatively moist, organic-poor soil, often at the base of a 
rocky cliff or on relatively cool flats, Microbryum starckeanum can cover large areas, and 
consequently, some of the most xerophytic species may disappear or regress (for exam-
ple, Tortula atrovirens, Crossidium squamiferum). In the deepest and coolest cavities be-
tween large blocks, a variant with Fissidens arnoldii can be observed, within which Tri-
chostomopsis australasiae generally develops strongly. At the extreme end of the spec-
trum, in the most climatically or microclimatically challenging cases, a very poor variant 
with Bryum sp. may be present. This variant is without much bryosociological signifi-
cance, however, due to its ecological characteristics, it can still be related to the commu-
nity described here.

This community could potentially be recognized as an association, with its various varia-
tions linked to station characteristics considered as sub-associations. The transition to-

Fig. 8. Pottiaceae community (26°24ʹ26.58ʹʹN 38°34ʹ5.52ʹʹE).



102� V. Hugonnot et al.

wards saxicolous communities could also be recognized as a sub-association. However, 
we have not followed this option for the following reasons:

•	 Our surveys were conducted in a county with a relatively modest area compared to the 
potential range of such an association, which could certainly extend across the arid 
zones of the Arabian Peninsula and perhaps beyond;

•	 The synsystematics of the communities within the Aloino bifrontis-Crossidion crass-
inervis Alliance is currently problematic (Marstaller 2006), highlighting the need for a 
large-scale revision; several associations close to the one described here have been 
published recently (Crossidio crassinervis-Aloinetum aloidis W. Frey et al. 1990; Tri-
chostomopso aaronis-Barbuletum trifariae W. Frey & Kürschner 1992), so describing 
a new, only slightly different association would add some confusion to the Alliance;

•	 Frey & Kürschner (1987) themselves chose the option of not describing a new asso-
ciation but a synusia, which implicitly validates our choice.

The dynamics of this community are difficult to trace through synchronic observations. 
Indeed, it is subject to natural erosion (or grazing by livestock), which tends to rejuve-
nate it periodically, thereby creating to a cycle of reconstitution. It is possible that some 
relevés actually represent such pioneer phases, linked to the community's cyclic dynam-
ics.

This community is widespread in the AlUla County and is indeed the most common 
bryophyte community in the region. However, it is more frequent, better developed, and 
richer in species in the western part of the county, in elevated areas. The Pottiaceae com-
munity gets more characterized as the altitude increases, further supporting the existence 
of a generally fragmentary community locally. The Pottiaceae community is much better 
developed and richer in species in the mountainous regions of Asir. It is a typical desert 
community, that colonizes particularly arid regions.

The presence of this community indicates the desert environment's potential to support 
groups requiring a minimum level of moisture. Therefore, the richer it is in species, the 
more favourable the environment, and the greater the community’s heritage value. It is 
also a reservoir for a bryoflora remarkable for its rarity such as Molendoa handelii, Acau-
lon triquetrum, and other species. The richest phases of this community may suffer from 
overgrazing, which can lead to the uprooting of rocks and excessive destabilization of the 
substrate. The microclimates generated by the arrangement of rocks are sensitive to any 
structural modification, which alters shading and water flow, thereby affecting humidity 
levels favourable to bryophytes. Moreover, this community is undoubtedly extremely 
sensitive to any changes in the precipitation regime and can therefore serve as a sentinel 
for climate change.

Notice is to be taken of the presence of a ruderal community in irrigated palm groves. 
These occur in market-gardening areas on packed and humid sands dominated by 
Bryum sp. (often sterile and indeterminable). This community is to be recorded, as it is 
often the only one to sparsely colonize agricultural areas although it does not have any 
bryosociological significance.
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Saxicolous communities (Fig. 9)

Two rock-dwelling communities were recorded. They are both species-poor and ecologi-
cally very specialized communities. 

Grimmia anodon community (Fig. 10)

A strictly saxicolous community, colonizing large granite blocks exposed to the north and 
benefiting from some protection against direct sunlight. The moss cushions generally 
colonize micro-fissures, mostly at the base of the rocks. Water supply is provided by mod-
est runoff along the rock during rainy episodes and by capturing atmospheric moisture.

This community is particularly species-poor, with its unique characteristic being Grim-
mia anodon (Table 5). Grimmia orbicularis consistently accompanies it.

However, the recognition of discrete saxicolous communities is further complicated by 
the near-constant mixing of terricolous-saxicolous assemblages, i.e., Grimmiaceous rock-
dwelling mosses tend to co-occur at very small spatial scales with soil-dwelling Pottia-
ceous mosses. This is particularly striking in the hyper-arid regions of Saudi Arabia, 
where discrete communities are hard to individualize. The putative factors are:

Fig. 9. Distribution of saxicolous bryophytic communities in AlUla County.
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•	 Aridity forces species to colonize the few favourable and available micro-areas, which 
explains the spatial contraction of niches (i.e., most soil and rock areas are totally bare 
of any bryophyte); a minimal amount of substrate is necessary for bryophytes to colo-
nize, as bare rocks are very unfavourable due to extremely low water retention;

•	 The intense erosive power of the climate causes severe disaggregation of rock sur-
faces, making them liable to retain small amounts of particles, and on the other hand, 
mud and sand tend to accumulate on bare rocks, thereby favouring the arrival of terri-
colous assemblages over rock surfaces. Given the listed limitations, it is nonetheless 

Fig. 10. Grimmia anodon community (26°24ʹ56.86ʹʹN 37°13ʹ4ʹʹE).

Table 5. Grimmia anodon community relevés.

Surface 60 200

Microhabitat slope (°) 80 80

Taxa number 2 2

Grimmia anodon Bruch & Schimp. 3 3

Grimmia orbicularis Bruch ex Wilson 1 1
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possible to recognize a Grimmia anodon community. Recognition can be attributed to 
the Grimmion tergestinae alliance, although this alliance typically concerns thermo-
phytic communities that develop on carbonate rocks. In fact, in hyper-arid climates, 
the nature of the rock becomes secondary, and it is through the compensation of factors 
that most of the communities in Europe within this alliance are found on limestone. 
This is arguably because the climate is much more humid in Europe, where the syn-
taxonomic studies were conducted. Given the community's scarcity in AlUla County, 
it is advisable to defer before deciding on the attribution to any specific association.

The community shows an approach towards the Temperate-Mountain Syntrichio calcicolae-
Grimmietum anodontis (Giacomini 1939) but cannot be attributed to this association 
without more information. 

This is a permanent community, with no possibility of significant evolution. However, in 
some cases, the accumulation of detrital material from the granite disintegration can lead 
to the introgression and eventual replacement of the community by terricolous elements, 
particularly mosses of the Pottiaceae family.

The community is only present around the highest point of Jabal Alward, in the extreme 
west of the county where it is sparse locally, with a few colonized blocks. This commu-
nity is also known from the summits of the Asir Mountains, around 2.800 meters a.m.s.l., 
at Jebel Natfa (Frey & Kürschner 1988). It has clear northern affinities and is probably 
very rare in the Arabian Peninsula.

The community’s heritage value is therefore high. Its conservation depends on maintain-
ing the granite summit screes. All factors contributing to artificialization are thus detri-
mental, particularly the deposition of rubble, concrete, and the displacement of blocks for 
various construction purposes.

Grimmia orbicularis community (Fig. 11)

A strictly saxicolous community colonizing the surface of granite blocks, and more rarely 
on sandstone, as observed in Sharaan Nature Reserve, within scree complexes generally 
exposed to the north of Sharaan. Additionally, the micro-locational position of this com-
munity provides it with certain protection against direct sunlight. It primarily colonizes 
the base of the blocks, often in the shade of neighbouring large blocks. Water supply can 
be provided by slight runoff as well as atmospheric moisture.

A species-poor or even monospecific community. Crossidium squamiferum, C. aberrans, 
Didymodon desertorum, and Weisia condensa are the only species capable of colonizing 
the rocky surfaces (Table 6). Even then, they do so in the form of sparse and very low-
cover colonies.

We consider here only the true community associated with the surfaces of rock blocks, 
thereby excluding relevés in which terricolous species occupy a significant place. Tran-
sitions between the two can exist, which remain difficult to place objectively, but this 
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does not hinder the recognition of true saxicolous communities. The community fits 
easily within the Grimmion tergestinae, although it is associated with non-carbonate 
rocks (see above). The Grimmietum orbicularis could correspond to it. The low abun-
dance of terricolous elements is also clearly evident when reading the table published by 
Von Hübschmann (1986).

This saxicolous community can be partially or entirely covered by unslope soil, leading 
to its replacement by more terricolous communities, where Grimmia orbicularis may 
persist, but Pottiaceae species gradually take on a more prominent role.

This bryological community presents significant heritage interest due to its strong eco-
logical specialization. Its conservation depends on maintaining the granite screes and the 
north-facing sandstone outcrops in their current state. Although the effects of grazing are 
poorly understood in the absence of precise studies, field observations tend to indicate 
that mechanical disturbances to the soil on steep slopes exacerbate erosion, leading to an 
intensified leaching. This phenomenon can lead to the disappearance of saxicolous com-
munities through burial and invasion by terricolous elements.

Fig. 11. Grimmia orbicularis community (26°21ʹ40.17ʹʹN 37°33ʹ2.95ʹʹE).
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Table 6. Grimmia orbicularis community relevés.

Surface 400 250 2400 800 900 200 300 600 1600
Microhabitat slope (°) 30 80 90 60 55 90 45 70 85
Taxa number 3 2 2 1 1 1 1 1 2
Character species                  
Grimmia orbicularis Bruch ex Wilson 3 3 3 2 2 2 2 1 3
Others                  
Didymodon desertorum (J. Froehl.) 
J.A. Jiménez & M.J. Cano

    +           +

Crossidium squamiferum (Viv.) Jur. +                

Crossidium aberrans Holz. & E.B. 
Bartram

  +              

Weissia condensa (Voit) Lindb. +                

Tufa communities (Fig. 12)

Tufa communities in AlUla County are diverse and difficult to characterize because they 
differ subtly in their floristic composition. We can recognize four well-characterized com-
munities and 3 others that seem impoverished or fragmentary.

Fig. 12. Distribution of tufa bryophytic communities in AlUla County.
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Eucladio verticillati-Adiantetum capilli-veneris Br.-BI. ex Horvatiç 1934 

This community is established in the South of AlUla, predominantly on metamorphic 
rocks. They occur on small overhangs, in seepage cavities, or at the base of walls that are 
permanently damp and often benefit from significant shading. The water supply is car-
bonate-rich. The mosses settle in the area influenced by the seepage and grow on this 
water source. They tend to become encrusted, and the tufaceous substrate is generally 
thin, no more than 1–5 cm deep.

The community is species-poor with eight taxa recorded, and is characterized by the presence 
of Adiantum capillus-veneris and Eucladium verticillatum. Geheebia tophacea may appear 
locally and has been observed to form extensive patches. Ptychostomum pseudotriquetrum is 
very rare. Some terricolous species can be observed but they are always infrequent.

The dynamics of this community are limited to internal changes related to erosion and 
minimal alterations in the flow path, leading to the localized disappearance of hygro-
phytic species. This community has close dynamic links with that of Geheebia tophacea, 
a species that tolerates more pronounced desiccation phases than Eucladium verticilla-
tum.

Fig. 13. Eucladio verticillati-Adiantetum capilli-veneris (26°25’24.8”N 38° 33’ 37.93”E).
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This community is necessarily limited by the absence of a well-developed hydrographic 
network. Only a few sites with permanent micro-springs are likely to host it. Therefore, it 
inherently has a fragmented nature in the county. Elsewhere on the Peninsula, particularly 
in wetter, mountainous areas, it can acquire relictual characteristics (Deil 1989). This ba-
sal community has northern affinities and a certain Mediterranean character.

The heritage value of this community is high because it is the only permanently hygro-
philous bryophyte community encountered, while all others have a more or less tempo-
rary nature. Although species-poor and lacking vascular characteristics, this community 
harbours rare and highly ecologically specialized elements (Eucladium verticillatum, 
Ptychostomum pseudotriquetrum). The conservation of this community depends on the 
preservation of its water resources. Any withdrawal or modification of flows, as well as 
any changes in physico-chemical characteristics (eutrophication, etc.), will necessarily 
affect on the development of the community.

Table 7. Eucladio verticillati-Adiantetum capilli-veneris relevés.

Surface 6000 3000 20000 10000 8000 20000 5000 1800 10000 500

Microhabitat slope (°) 70 80 90 90 90 80 90 80 80 80

Taxa number 7 5 3 2 4 4 2 1 2 4

Character species                    

Eucladium verticillatum 
(With.) Bruch & 
Schimp.

2 3 3 4 2 2 3 3 3 +

Adiantum capillus- 
veneris L.

1 1 4 + + 2 3     1

Geheebia tophacea 
(Brid.) R.H. Zander

    1   2 3     1 3

Others                    

Entosthodon commuta-
tus Durieu & Mont.

+ 1     1 +       1

Ptychostomum 
pseudotriquetrum 
(Hedw.) J.R. Spence & 
H.P. Ramsay

3 1                

Bryum sp. 2 1                

Microbryum  
starckeanum (Hedw.)  
R.H. Zander

+                  

Crossidium aberrans 
Holz. & E.B. Bartram

+                  
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Geheebia tophacea community (Fig. 14)

This widespread community is found in the minor bed of wadis, often on small steps, on 
encrusting substrates. The water supply is sporadic, with periods of prolonged drying out. 
This community is sometimes found in the vicinity of the Eucladio-Adiantetetum com-
munity, but most often independently, at less consistently irrigated sites.

Geheebia tophacea characterizes this community (Table 8), although this species can also 
be observed in all other tufa communities in the county. Funaria hygrometrica can con-
stitute a distinct facies in ruderalized areas, such as the bases of dams or around hydraulic 
developments.

In areas with a sufficient water supply, this community may evolve slowly towards the 
Eucladio-Adiantetum community, but in most cases, prolonged drying constrains signifi-
cant evolution. In the event of permanent drying, the community can become enriched in 
soil elements and drift towards the xerophytic soil community rich in Pottiaceae previ-
ously described (thus accounting for its relative floristic richness compared with more 
hygrophytic communities).

Fig. 14. Geheebia tophacea community (26°53ʹ57.04ʹʹN 38°13ʹ32.39ʹʹE).
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This community is widespread throughout the county but less common in the west, where 
wadis are more abundant and less temporary. It is probably widespread in the Arabian 
Peninsula and has a Nordic and Mediterranean character.

The heritage value of this community is lower than that of the Eucladio-Adiantetum com-
munity, because it reflects a discontinuous water supply and remains poor in flora. Its 
conservation is based on maintaining a healthy hydrographic network.

Gymnostomiella vernicosa community (Fig. 15)

This community is found in the minor bed of small temporary wadis, on steps in the most 
durable runoff. Mosses colonize superficial tufa substrates (no more than 1–5 cm deep) in 
well-lit conditions, but sometimes with some shade cast by neighbouring slopes or walls.

The community is species poor with 11 taxa recorded and is very well characterized flo-
ristically, by the presence of Ptychostomum cellulare and Gymnostomella vernicosa  
(Table 9). Occasionally, only one of these two species is present, and often one dominates 
in coverage. Accompanying species are classic tuficoles such as Geheebia tophacea or 
Gymnostomum mosis.

Fig. 15. Gymnostomiella vernicosa community (26°10ʹ19.29ʹʹN 37°24ʹ45.89ʹʹE).
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This is potentially a new original association but additional surveys will have to be con-
ducted in the potential core of the community area in the southwest of the Peninsula. We 
are not aware of any close communities described from a bryosociological point of view. 
Like the other encrusting communities of the county, it probably belongs to the Adiant-
etea.

The community is subject to significant internal dynamic phenomena linked to changes 
in the flow path. Periodic drying limits the development of more water-demanding flora, 
so that the community can be considered permanent as long as the water supply is main-
tained. Otherwise, the community is invaded by soil elements and drifts towards the xe-
rophytic community rich in Pottiaceae.

This community is only known in the west of the county, in deep valleys and seems to 
have a relict character. Indeed, the species with tropical affinities that develop there only 
find favourable locations much further south, in the higher parts of Yemen and Oman.

Table 9. Gymnostomiella vernicosa community relevés.

Surface 10000 20000 30000 20000 4000 4000 10000 4000

Microhabitat slope (°) 70 70 90 80 70 50 90 80

Taxa number 4 4 6 6 5 4 4 6

Character species                

Ptychostomum cellulare 
(Hook.) D. Bell & Holyoak

1 2 2 2 3 3 1  

Gymnostomiella vernicosa 
(Hook. ex Harv.) M. Fleisch.

    2 2 1 4   4

Others                

Geheebia tophacea (Brid.) 
R.H. Zander

  + 1 1 2 2 +  

Entosthodon commutatus  
Durieu & Mont.

1 1   3 +     +

Bryum sp. 1     2 1     2

Gymnostomum mosis 
(Lorentz) Jur. & Milde

1   +         +

Riccia cavernosa Hoffm.     1 +     +  

Entosthodon duriaei Mont.     3       2  

Fissidens arnoldi R. Ruthe   1       +    

Trichostomopsis australasiae 
(Hook. & Grev.) H. Rob.

              1

Timmiella barbuloides (Brid.) 
Mönk.

              1
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The heritage value of this community is exceptional. This is a community with tropical 
affinities, which could have been more widespread during the humid phases of the Qua-
ternary. Climate change saw its area contract until it colonized only relict micro-popula-
tions in rare favourable places. The conservation of this community is essential but faces 
the same problems as other hygrophytic communities: the scarcity of water resources and 
its sensitivity to all external agents. It is therefore necessary to be vigilant regarding any 
hydraulic development project, even modest, upstream of localized communities. Water 
quality is of particular importance. It could be appropriate to protect the sites concerned 
from the effects of grazing.

Gymnostomum mosis community (Fig. 16)

This community is less strictly hygrophytic than the previous ones, and can therefore be 
broadly described as mesophytic. It can endure longer periods of drought, the water sup-
ply is often discontinuous, and in low volumes with water generally not visible on the 
surface. The water supply would be acquired, at least in certain cases, by slow diffusion 
in the substrate rather than by runoff. The community is petrifying and, like other tufa 
communities, the tuff thicknesses are low (maximum 10 cm, often less).

Gymnostomum mosis characterizes this community and often colonizes the tuff surfaces 
en masse. It is accompanied by a relatively large group of ephemeral species (Entostho-
don, Riccia cavernosa) and xerophytic Pottiaceae (Table 10) from the soil-dwelling com-
munity widespread in the county. This makes this community one of the few relatively 
species-rich (22 taxa recorded) communities of the county.

This community can easily drift toward the more terrestrial, Pottiaceae-rich community 
under the effects of excessive drying. The community appears permanent if no distur-
bance occurs.

It is widespread in the county but more concentrated in the western part, due to a denser 
hydrographic network composed of less ephemeral streams. It could be widespread in the 
arid areas of the Peninsula. This community has a certain Mediterranean character.

The community’s heritage value is high. Its conservation is essentially based on preserv-
ing the resource, guaranteeing a sufficient water supply in terms of quality and quantity. 
This community is also very sensitive to trampling and should be protected from over-
grazing.

Fragmentary communities

Within the tufa communities, two groups appeared particularly poor in species and prob-
ably fragmentary; therefore, it will be necessary to complete their study in the future:
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•	 Hymenostylium hildebrandtii community: colonizes the tuffs and seeping cracks in the 
minor bed of the wadis; perhaps corresponds to an impoverished form of Eucladio-
Adiantetum or an original phase of the Geheebia tophacea community; remarkable 
community with tropical affinities, not very widespread in the county (western sector); 
to study again in the southwest of the Peninsula;

•	 The other recognized communities practically correspond to monospecific populations 
whose bryosociological significance is not clear: Gyroweisia tenuis community and 
that with Entosthodon duriaei community; in both cases, the moss colonizes superfi-
cial, humid tufa layers in the minor bed of the wadis.

Fig. 16. Gymnostomum mosis community (26°36ʹ12.28ʹʹN 37°19ʹ35.27ʹʹE).
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Discussion

In total, no fewer than 13 bryophytic communities have been recognized and described. 
Although some are considered xerophytic, all are more or less strongly linked or limited 
in their expression by the water factor. This observation explains the overall rarity of 
these communities due to the scarcity of annual rainfall. While some of them can be con-
sidered relatively widespread geographically, all are, to varying degrees, limited in space 
to a few favourable sites. These are essentially north-facing scree and deeply cut wadis 
that provide protection from solar radiation which can prevent bryophyte growth. Bryo-
phytes, by their biology, require some form of protection to counteract the extreme aridity 
of the climate. This protection can be temporal for ephemeral communities that complete 
their cycle during the short wet period, or it can be structural (bryophytes hidden in mi-
cro-niches of extremely limited spatial extent, such as cavities, undersides of blocks, cliff 
bases). The latter are essentially Pottiaceae, which comprise many drought-adapted spe-
cies, typical of the xeropottioid life syndrome (Frey & Kürschner 1988; Frey & Kürsch-
ner 1998; Kürschner 2004a), and reflect the overall aridity of AlUla County. It is an es-
sential feature of the bryophytic vegetation of AlUla County that it is difficult to discover 
either because it is limited in its temporal or spatial expression: it is not widespread and 
never strikes the observer’s eye.

Table 11. Gyroweisia tenuis community relevés.

Surface 500 5000 30000 400 500 900

Microhabitat slope (°) 0 30 20 70 30 0

Taxa number 1 1 2 2 1 1

Gyroweisia tenuis (Hedw.) Schimp. 4 3 1 1 1 2

Entosthodon duriaei Mont.       1    

Bryum sp.     2      

Table 12. Entosthodon duriaei community relevés.

Surface 1500 20000 20000 500 5000

Microhabitat slope (°) 40 90 90 70 90

Taxa number 1 2 2 2 4

Entosthodon duriaei Mont. 2 3 1 1 1

Geheebia tophacea (Brid.) R.H. Zander       +  

Fissidens arnoldi R. Ruthe         +

Bryum sp.   3 1   1

Tortula muralis Hedw.         1
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The bryosociological approach has proven useful in providing a formal and structured 
framework for a better understanding of local bryocoenotic diversity. Many of the com-
munities detected are insufficiently described and will require further study. Additional 
studies are to be conducted in sectors of comparable aridity outside AlUla County, to 
provide a basis for comparison. Or, alternatively, surveys in less arid sectors in order to 
complete the study of communities considered fragmentary, and probably better devel-
oped in the south of the Hijaz or even in the Asir.

The taxonomy of ephemeral communities with Riella has only been the subject of a single 
publication (Cirujano et al. 1993). Only two associations, which are regarded as invalid 
due to the absence of a designated holotype, are described within the class Rielletea heli-
cophyllae – one typical of saline waters and the other of freshwater. The second of these 
is characterized by Riella notarisii, a collective species that requires revision. Neither of 
these two associations correspond to the one observed at AlUla. A new association could 
potentially be described, but pending further studies and additional surveys, we prefer to 
defer this decision at present.

No terricolous amphibious community has been reported so far in the Arabian Peninsula. 
They are included in the Physcomitrellion patentis alliance. At present, it is not possible 
to determine the specific association of the community observed in AlUla (Riccia caver-
nosa community), and any description of a new community would be hindered by the 
fragmentary nature of our observations. From our unpublished data, other comparable 
communities do exist in the Asir mountains. They are characterized by Riccia cavernosa 
and the rare Physcomitrium niloticum and other species of Physcomitrium. 

With 40 taxa recorded, the Pottiaceae community is the most speciose community of the 
county. This is also the most variable from a floristic perspective, with often only five 
taxa occurring within the same relevé. This community is similar to the synusia previ-
ously recognized and described by Frey & Kürschner (1987) in the limestone cuesta of 
Jebel Tuwayq, named Tortula atrovirens-Crossidium squamiferum. The terricolous com-
munity observed in the AlUla County is notably distinguished by the almost complete 
absence of Marchantioid liverworts, the presence of species belonging to the genera En-
tosthodon and Fissidens, and its occurrence on non-carbonate rocks (mainly granites, 
sandstones, and metamorphic rocks). For now, only a single unique community can be 
recognized. It is considered highly variable in terms of floristics, often impoverished and 
fragmentary. 

Pioneer saxicolous communities have not been previously considered separately. For ex-
ample, in the Asir Mountains, a Grimmia trichophylla-Targionia stage is recognized, 
where G. trichophylla is the first species to invade bare rock surfaces where water drains 
quickly (Kürschner 1984b). In the central and southern parts of the Arabian Peninsula, 
under arid conditions, a cushion-building community is suggested to occur ‘growing on 
minute fissures on fully exposed rocks’ (Kürschner & Ghazanfar 1998), featuring Grim-
mia orbicularis, G. pulvinata, and G. trichophylla. Such communities have not been de-
scribed from a strict bryosociological perspective but they are not present in AlUla 
County.
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The Grimmia orbicularis community is widespread in the AlUla County but is very rare 
due to its high degree of specialization. It is certainly more widespread, though not rec-
ognized as such, in the central or southern parts of the Peninsula (Frey & Kürschner 1987; 
Kürschner & Ghazanfar 1998). The Grimmietum orbicularis is a community with north-
ern affinities, that displays a Mediterranean character. Its existence at low altitude and in 
hyper-arid areas in AlUla County is remarkable.

Within tufa communities, species-poor ones, considered as basal (Deil 1996), are gener-
ally attributed to the Eucladio-Adiantetum, although this community is not mentioned in 
the synthesis on the Arabian Peninsula by the same author (1989). In the southern part of 
the Peninsula, two associations are recorded: Adianto-Epipactidetum veratrifoliae Deil 
1989 along permanent watercourses in the Musandam mountains in U.A.E. and Oman, 
and the Adianto-Primuletum verticillatae Deil 1989 in rock cavities with dripping water 
in the montane belt of the escarpment in southwest Arabia. Outside the areas most favour-
able to the expression of these hygrophytic communities i.e. in hyper-arid areas, the com-
munity loses its characteristics and becomes merely a basal community, the phytosocio-
logical significance of which has been extensively discussed by Deil (1996).

The Geheebia tophacea community is a species-rich community with16 taxa recorded 
and is of interest as it is frequently observed. It corresponds to a young, pioneering, and 
less hygrophytic phase of the Eucladio-Adiantetum as specified in Deil (1996). This com-
munity has previously been individualized syntaxonomically under various names: Eu-
cladio-Adiantetum didymodetosum tophacei (Raimondo et al. 1981) or Eucladio-
Didymodontetum in the southeast of France (Hébrard 1973). The community observed in 
AlUla County corresponds to the ultimate stage of floristic impoverishment in relation to 
aridity and climatic constraints. 

The Gymnostomum mosis community could take its place in the Cephaloziello baum-
gartneri-Southbyon nigrellae alliance, which brings together groups of relatively dry tufa 
protosols (Guerra & Gil 1982; Ros & Guerra 1987). There is currently no association with 
Gymnostomum mosis as character species. It will be appropriate to extend the observa-
tions to other regions of the Arabian Peninsula to determine the value of the community 
observed in AlUla County.

As a result, the syntaxonomic scheme of the bryophytic vegetation of AlUla County is as 
follows:

Terricolous communities

Rielletea helicophyllae Cirujano, Velayos, García-Murillo 1993

	 Rielletalia helicophyllae Cirujano, Velayos, García-Murillo 1993

		  Riellion helicophyllae Cirujano, Velayos, García-Murillo 1993

		  1 – Riella affinis community
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Psoretea decipientis Matt. ex Follm. 1974

	 Funarietalia hygrometricae v. Hübschm. 1957

		  Physcomitrellion patentis v. Hübschm. 1957

		  2 – Riccia cavernosa community

	 Barbuletalia unguiculatae v. Hübschm. 1960

		�  Aloino bifrontis-Crossidion crassinervis Ros & Guerra ex Marst. in 
Marst. 2006

		  3 – Pottiaceae community

Saxicolous communities

Grimmietea anodontis Had. & Vondr. in Jež. & Vondr. 1962

	 Grimmietalia anodontis Šm. & Van. ex Kl. 1948

		�  Grimmion tergestinae Šm. ex Kl. 1948 [nom. cons. propos. (Marstaller, 
2006)]

		  4 – Grimmia anodon community

		  5 – Grimmia orbicularis community

Tufa communities

Adiantetea capilli-veneris Braun-Blanq. ex Braun-Blanq., Roussine & Nègre 1952

	 Adiantetalia capilli-veneris Braun-Blanq. ex Horvatić 1934

		  Adiantion capilli-veneris Braun-Blanq. ex Horvatić 1934

		�  6 – Eucladio verticillati-Adiantetum capilli-veneris Br.-BI. ex Horvatiç 
1934 

		  7 – Geheebia tophacea community

		  8 – Gymnostomiella vernicosa community

		  9 – Hymenostylium hildebrandtii community

Psoretea decipientis Matt. ex Follm. 1974

	 Barbuletalia unguiculatae v. Hübschm. 1960

		  Cephaloziello baumgartneri-Southbyon nigrellae Guerra & Gil 1982

		  10 – Gymnostomum mosis community
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Incertae saedis 

		  11 – Bryum sp. community

		  12 – Gyroweisia tenuis community

		  13 – Entosthodon duriaei community

The vegetation transect is intended to position each recoginzed unit along a theoretical 
wadi profile (Fig. 17 and Table 2).

The communities observed in AlUla are, for some, unique and original (although not de-
scribed here for the reasons mentioned above), and for others, already known and widely 
distributed, particularly in the Mediterranean region. The original communities are pri-
marily associated with tufa and are likely to exist in the wetter areas of the southwestern 
Arabian Peninsula. Their floristic composition remains to be studied and compared with 
that of AlUla. In contrast, saxicolous communities are widely distributed (Marstaller 2006) 
in the southern temperate domain and are richer in species the more humid the climate. 
Terricolous communities, similarly, are significantly impoverished compared to their 
Mediterranean or North African counterparts (Ros & Guerra 1987; Ros et al. 1990). 

It should be noted that there are certain difficulties in analysing bryophytic vegetation in 
hyper-arid environments. Communities are structured around a small number of species 
due to climate constraints, complicating the description of clearly defined units. On the 
other hand, the small size of favourable stations makes them prone to a concentration of 
species in the same area, which tends to blur the boundaries between communities. Fi-
nally, the absence of global studies on bryophytic vegetation in the Arabian Peninsula 

Fig. 17.  Vegetation transect indicating the topographic position of main bryophytic communities. 
Numbering correspond to the syntaxonomic scheme and Table 3. 
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further complicates the approach. Knowledge of this vegetation is certainly in its infancy 
and much work remains to be done before a complete and coherent syntaxonomic scheme 
can be obtained.

The communities generally exhibit a certain floristic richness at the county level. In con-
trast, individual community surveys generally exhibit low species diversity. There is no 
clear link between the overall richness of a community and the specific richness of the 
corresponding relevés. This can be interpreted as an indication of particularly challenging 
environmental conditions. The ecological conditions are rarely met for the community to 
become saturated with the species associated with it. Furthermore, it is likely that these 
communities would become more saturated with species (unknown in AlUla County) in 
more favourable regions of the Peninsula. These observations validate our approach, 
which aims not to describe new communities in this hyper-arid region.

The conservation of the extraordinary communities (including several relict ones) poses 
serious problems in the face of the depletion of water resources. The vast majority of the 
communities described are directly dependent on this resource, which makes them highly 
vulnerable to any environmental change. With improved knowledge, it will become pos-
sible to develop a red list of the most threatened communities. A red list would make it 
possible to objectively prioritize, on the basis of a recognized method, the degree of threat 
weighing on each of them. The improvement and expansion of bryological knowledge of 
the Arabian Peninsula should therefore be prioritised.
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Community number 1 6 8 10 7 7 9 12 13 2 4 5 3 3 3 3 3 11 



Number relevés 2 10 8 12 5 9 4 6 5 22 2 11 25 8 56 11 6 7 



Taxa number 1 3,4 6 5,5 3,8 2,89 4,75 1,33 2 2,59 2 1,64 5,2 3 5,41 4,27 6,83 1,14 



  
 



                                  



Temporarily aquatic taxon 
 



                                  



Riella affinis M. Howe & Underw. V                                   



                                      



Tufa taxa                                     



Eucladium verticillatum (With.) Bruch & Schimp.   V         II                       



Adiantum capillus-veneris L.   IV       I                         



Ptychostomum pseudotriquetrum (Hedw.) J.R. Spence 
& H.P. Ramsay 



  I                                 



Entosthodon commutatus Durieu & Mont.   III IV II I II       +     r     I     



Ptychostomum cellulare (Hook.) D. Bell & Holyoak     V +     III               r       



Gymnostomiella vernicosa (Hook. ex Harv.) M. Fleisch.     IV                               



Gymnostomum mosis (Lorentz) Jur. & Milde     II V     II           I I I   I   



Geheebia tophacea (Brid.) R.H. Zander   III IV IV V V II   I +         r       



Funaria hygrometrica Hedw.       + V         II         + +     



Hymenostylium hildebrandtii (Müll. Hal.) R.H. Zander       +     V                       



Gyroweisia tenuis (Hedw.) Schimp.       II   I II V   +                 



Entosthodon duriaei Mont.     II II   I III I IV           r +     



                                      



Ephemeral amphibious taxon                                     



Riccia cavernosa Hoffm.     II II   II       V         r       



                                      



Saxicolous xerophytic taxa                                     











Grimmia anodon Bruch & Schimp.                     V               



Grimmia orbicularis Bruch ex Wilson                     V V V   +   II   



                                      



Terricolous xerophytic taxa                                     



Tortula atrovirens (Sm.) Lindb.                         IV V II II III   



Crossidium squamiferum (Viv.) Jur.                       I III I I II II   



Crossidium crassinervium (De Not.) Jur.           I       r     II IV II II     



Microbryum starckeanum (Hedw.) R.H. Zander   +   + I   II     r     II II III V II   



Trichostomopsis australasiae (Hook. & Grev.) H. Rob.     I II     II           III   III + IV   



Crossidium aberrans Holz. & E.B. Bartram   +                   I III I II II I   



Tortula inermis (Brid.) Mont.                           I II + III   



Entosthodon sp.       +                 I   I   III   



Fissidens arnoldi R. Ruthe     II I         I r     I   III + V   



Bryum dichotomum Hedw.       + II II II     III     r I I I   III 



Tortula mucronifera W. Frey, Kürschner & Ros       +   I             I   I + I   



Bryum sp.    I III IV II II IV I III II     r   II + I III 



Didymodon desertorum (J. Froehl.) J.A. Jiménez & M.J. 
Cano 



                      II I   II + I   



Tortula muralis Hedw.       + I I II   I       I   I II I I 



Weissia condensa (Voit) Lindb.                       I r   II I III   



Timmiella barbuloides (Brid.) Mönk.     I III   I             r   I + II   



Clevea spathysii (Lindenb.) Müll. Frib.                             r       



Molendoa handelii (Schiffn.) Brinda & R.H. Zander                             r       



Targionia hypophylla L.       +                 r   I   II   



Vinealobryum vineale (Brid.) R.H. Zander       +                 r   + + I   



Entosthodon muhlenbergii (Turner) Fife                         r   +   II   



Ptychostomum capillare (Hedw.) Holyoak & N. 
Pedersen 



                        r   + +     











Gymnostomum calcareum Nees & Hornsch.       I                     +       



Aloina rigida (Hedw.) Limpr.                         r I r +     



Microbryum davallianum (Sm.) R.H. Zander         I I                 r       



Geheebia siccula (M.J. Cano, Ros, García-Zam. & J. 
Guerra) J.A. Jiménez & M.J. Cano 



        I                 I   +     



Syntrichia rigescens (Broth. & Geh.) Ochyra                             +       



Syntrichia caninervis Mitt. var. caninervis                             r       



Targionia lorbeeriana Müll. Frib.                             r +     



Acaulon triquetrum (Spruce) Müll. Hal.                               +     



Crossidium deserti W. Frey & Kürschner                         r           



Encalypta vulgaris Hedw.                             r       



Microbryum rectum (With.) R.H. Zander                             r       



Plagiochasma rupestre (J.R. Forst. & G. Forst.) Steph.       +                             



Pterygoneurum ovatum (Hedw.) Dixon                   r                 
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Electronic Supplement Table 2
Surface (cm²) 500 600 ### 600 300 300 ### ### 300 300 800 ### 300 ### ### ### ### ### 400 ### 500 600 ### ### 900 800 100 400 ### ### ### 600 400 ### ### 800 ### 400 ### ### ### ### 600 ###



Microhabitat slope (°) 80 80 90 90 80 80 50 60 70 45 70 45 50 20 45 80 0 90 40 80 40 90 0 80 0 80 70 60 45 80 90 20 30 40 50 70 50 0 45 90 50 70 50 90
Taxa number 4 3 5 3 7 3 4 11 9 6 3 4 2 7 3 2 4 5 3 13 6 7 6 5 5 5 2 3 1 4 4 3 2 6 10 11 4 3 3 6 8 13 10 7



Character species
Microbryum starckeanum (Hedw.) R.H. Zander + 1 + 1 + + + + + + 2 + 1 1 1 + 1



Tortula atrovirens (Sm.) Lindb. 2 2 3 2 2 2 2 2 1 1 2 2 2 1 1 1 1 3 1 2 1 4 4 2 1 1 3 2 2 2 + 1 2
Trichostomopsis australasiae (Hook. & Grev.) H. Rob. 2 2 1 + + 3 + + + + + 1 1 1 2 2 2 2 + 1 3 1 2 2



Fissidens arnoldi R. Ruthe + + + + + + + 1 +
Crossidium crassinervium (De Not.) Jur. 2 1 + 1 2 1 2 2 1 + + 1 2 + + 1 2 1 + 2 3



Crossidium aberrans Holz. & E.B. Bartram 1 1 3 2 + + 1 3 1 + 1 + 3 2 2 2 1 4 + 2 +
Grimmia orbicularis Bruch ex Wilson 2 3 2 4 2 4 1 + 1 2 2 3 2 1 2 4 4 3 3 1 1 2 1 2 1 +



Crossidium squamiferum (Viv.) Jur. + 3 1 + 3 3 2 1 1 1 3 1 2 3 1 3 + 1 1
Entosthodon commutatus Durieu & Mont. 2 + 1 1 2 +



Didymodon desertorum (J. Froehl.) J.A. Jiménez & M.J. Cano 2 + + + + 1 + 1
Weissia condensa (Voit) Lindb. + 1 1



Tortula inermis (Brid.) Mont. 2 +
Tortula mucronifera W. Frey, Kürschner & Ros + 1 + 2 1 1 +



Bryum sp. + 1 + 1
Tortula muralis Hedw. 1 1 2 3 1



Entosthodon sp. + + 1
Bryum dichotomum Hedw. 1 1 + 1



Others
Gymnostomum mosis (Lorentz) Jur. & Milde + + + 1 1 + +



Timmiella barbuloides (Brid.) Mönk. + 1 + 1
Targionia hypophylla L. +



Vinealobryum vineale (Brid.) R.H. Zander 1
Entosthodon muhlenbergii (Turner) Fife +



Ptychostomum capillare (Hedw.) Holyoak & N. Pedersen +
Funaria hygrometrica Hedw.



Gymnostomum calcareum Nees & Hornsch. 2 +
Aloina rigida (Hedw.) Limpr. 1 +
Entosthodon duriaei Mont.



Syntrichia rigescens (Broth. & Geh.) Ochyra
Ptychostomum cellulare (Hook.) D. Bell & Holyoak +



Geheebia tophacea (Brid.) R.H. Zander +
Clevea spathysii (Lindenb.) Müll. Frib.



Molendoa handelii (Schiffn.) Brinda & R.H. Zander
Microbryum davallianum (Sm.) R.H. Zander



Geheebia siccula (M.J. Cano, Ros, García-Zam. & J. Guerra) J.A. Jiménez & M.J. Cano +
Syntrichia caninervis Mitt. var. caninervis



Targionia lorbeeriana Müll. Frib.
Riccia cavernosa Hoffm.



Acaulon triquetrum (Spruce) Müll. Hal.
Crossidium deserti W. Frey & Kürschner 3



Encalypta vulgaris Hedw.
Microbryum rectum (With.) R.H. Zander











400 900 800 900 ### 800 ### 300 900 900 400 ### 400 400 ### ### ### 900 ### 100 100 ### ### 25 ### 300 ### 900 100 ### 300 900 400 400 400 400 ### 900 900 ### 100 ### ### ### ### ### ### 900 400 900 ### 300 ### 900 ### 50 500 900 900 900 100 100
60 90 0 40 30 80 0 50 40 30 20 40 80 45 5 90 50 30 0 30 0 50 0 30 80 50 80 90 0 20 80 90 40 60 10 30 30 60 0 90 45 0 0 0 90 0 30 50 60 40 0 0 50 0 0 40 30 40 20 40 0 0
6 9 2 10 2 4 5 8 7 6 7 5 10 5 8 9 17 11 8 2 1 2 2 1 4 3 5 4 3 3 11 3 7 2 3 1 3 1 2 5 2 4 2 5 2 4 10 9 4 4 3 3 3 1 2 4 8 13 7 8 4 1



+ + + + 1 1 1 + 1 1 + 1 1 + 1 1 1 1 + 2 2 2 2 2 3 2 4 2 3 2 + 1
1 1 1 + 1 2 1 + + 1 1 2 2 1 +
1 2 1 2 2 3 + + 3 2 2 3 2 2 1 2 1 + 2 + 2 + +
+ + + + 1 1 + + + + 1 + 1 + + 1 + + 1 + 1 2 2 2 2 2 4



+ 2 + + 1 + 2 + 1 1 2 2 1
1 + 1 2 + 2 2 2 3 2



+ + + +
2 1 2 + 2 1 1 3 + +



+ 1 1 1 1 + 3 + 2 + 4 3 1 3 1 1 3
+ + + 1 2 + + + + 3 1 +



+ 1 + + + + + + + + 1 + 2 + + 1
1 3 3 1 + + 1 3 + 3 3 1 4 1 2



+ 3 1 1 3 2 1 2
+ 3 3 1 2 1 1 + 1 1 1



1 1 + 1 + + 2 3 1
+ + 1 1 1 1 1 + 2 1



3 2 1 2 2 + 2 3 2



1 2 + 1 +
+ + 1 + + + +



2 2 + 2 + + 1 +
+ 1 1 1 1 1



+ 1 1 2 + 2
+ + 1 + 2 1



+ + 2 1
2 2



1 +
2 + 2



+ 2 1
+



+
+ 3



+ +
+ 2



+
+ +



+ +
+



1



+
+
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Date ##### ##### ##### ##### 



GPS 704 711 708 618 



X 26,58 26,45 26,44 24,44 



Y 37,43 37,27 37,27 37,25 



Habitat Rocky wadi Rocky wadi Rocky wadi 
Rocky 
wadi 
with flat 



Community 9 9 9 9 



Slope (deg.)       0 



Exposure NW NE NE / 



Geology 
Metamorphi
c 



Metamorphi
c 



Metamorphi
c 



  



Relevé number 55-3 59-7 59-2 9-6 



Microhabitat 
Cracks in the 
minor bed 



Tufa on a 
step within 
the minor 
bed 



Tufa on a 
step within 
the minor 
bed 



small 
waterfal
l in the 
minor 
bed 



Microhabitat code A A A A 



Surface 4800 10000 1000 8000 



Microhabitat slope (°) 10 90 90 80 



Substrate depth (cm)       0 



Taxa number 4 4 8 3 



          



Hymenostylium hildebrandtii (Müll. Hal.) 
R.H. Zander 



2 2 + 2 



Bryum sp.  3 3 +   



Ptychostomum cellulare (Hook.) D. Bell & 
Holyoak 



  1   + 



Entosthodon duriaei Mont. 2   +   



Eucladium verticillatum (With.) Bruch & 
Schimp. 



+       



Gymnostomum mosis (Lorentz) Jur. & Milde     +   



Geheebia tophacea (Brid.) R.H. Zander   3     



Gyroweisia tenuis (Hedw.) Schimp.     +   



Microbryum starckeanum (Hedw.) R.H. 
Zander 



    1   



Trichostomopsis australasiae (Hook. & Grev.) 
H. Rob. 



    +   



Bryum dichotomum Hedw.       3 



Tortula muralis Hedw.     1   



          











Surface 4800 10000 1000 8000 



Microhabitat slope (°) 10 90 90 80 



Taxa number 4 4 8 3 



          



Character species         



Hymenostylium hildebrandtii (Müll. Hal.) 
R.H. Zander 



2 2 + 2 



          



Others         



Bryum sp.  3 3 +   



Ptychostomum cellulare (Hook.) D. Bell & 
Holyoak 



  1   + 



Entosthodon duriaei Mont. 2   +   



Eucladium verticillatum (With.) Bruch & 
Schimp. 



+       



Gymnostomum mosis (Lorentz) Jur. & Milde     +   



Geheebia tophacea (Brid.) R.H. Zander   3     



Gyroweisia tenuis (Hedw.) Schimp.     +   



Microbryum starckeanum (Hedw.) R.H. 
Zander 



    1   



Trichostomopsis australasiae (Hook. & Grev.) 
H. Rob. 



    +   



Bryum dichotomum Hedw.       3 



Tortula muralis Hedw.     1   



 












