
Introduction
In arid and semi-arid regions  biological and 

ecological processes  are largely controlled by 

rainfall (Noy-Meir 1973). Therefore, the impact of 

climate change on the ecosystem functioning in 

drylands is very crucial (Yair 1994, Fay et al. 2008).  

Numerous large-scale comparisons showed that 

standing biomass and rainfall have a positive 

relationship (Walter 1939, Shmida 1985, Kutiel and 

Lavee 1999). Vegetation cover and biomass  show 

the same decrease from humid to arid climates as 

does mean annual rainfall. Water availability is 

supposedly the controlling factor along this 

climatic gradient. On the other hand, it is apparent 

that already in sub-humid climates  soil and 

surface hydrological properties  (e.g. field capacity, 

infiltration rates) effectively control vegetation 

development; a fact that is aggravated in arid 

environments; e.g. sand dunes show a much 

better water budget than rocky or loess  areas (Yair 

1994). In this way, increasing deviations may be 

expected from the overall macro- and mesoscale 

rainfall-biomass  interrelationship in the micro-

scale context the more the soil water resources 

will become limited. It is  even on a homogeneous 
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Vegetation cover and biomass production in drylands are largely controlled by rainfall amounts on a 
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sandy substrate that the spatial distribution of 

biomass  shows extreme differentiation because of 

the micro-scale variability of the local water 

budgets  within the small-scale sand dune relief 

units (Veste and Breckle 1996, Littmann and Veste 

2005). 

An other important biological structure in several 

drylands are biological soil crusts. Large areas of 

sand dunes  of the north-western Negev are 

covered by biological soil crusts  (Veste and 

Littmann 2006, Breckle et al. 2008). These crusts 

(a lso cal led microbiot ic, microphyt ic or 

c r yp togam ic c rus t s ) a re composed o f 

cyanobacteria, green algae, mosses, fungi as well 

as lichens. They exhibit often a very distinct 

successional sequence. They are important 

communities  in many arid and semi-arid 

ecosystems  and influence the ecosystem mosaic 

and processes (e.g. Belnap and Lange 2001, 

Veste et al. 2001). After the mobile sand is 

stabilized by a physical rain-crust, cyanobacteria 

are the first colonizers. Filaments of cyanobacteria 

which exude mucilaginous material and the 

rhizoids  and protonemata of mosses stick the 

sand grains  together and enhance the topsoil 

stability. Only in later stages  of the succession soil 

lichens are able to colonise the stable biological 

crust (Eldrige and Greene 1994, Veste 2005). The 

biological soil crusts  decrease infiltration rates 

(Fischer et al. 2010) and, thus, run-off could be 

observed even in a sandy area (Yair 1990, 2001). 

In addition to the influence on the hydrological 

conditions, the biological crust also stabilises the 

topsoil, reduces soil erosion (Littmann and Gintz 

2000), enhances the nitrogen pools  by nitrogen 

fixation (Russow et al. 2008), and affects  seed 

germination and establishment (Prasse and 

Bornkamm 2000, Li et al 2005). 

To study the interrelations between vegetation and 

rainfall on a relatively homogenous substrate, we 

conducted a vegetation survey along a climatic 

gradient in the sand dunes of the north-western 

Negev. Furthermore, we present in this paper a 

simple numerical approach to model the actual 

standing biomass distribution in the sand dunes 

and discuss  probable boundary conditions that 

may be responsible for the vegetation patterns as 

well as  for the interrelated biotic crust 

development.

Material and methods
Study sites

The study sites are located in the sand field of the 

north-western Negev along the Egyptian-Israeli 

border (Fig. 1). The north-western Negev is 

characterized by vegetated sand dunes, which are 

the most eastern extension of the northern Sinai-

Negev sand field (Veste 2004, Breckle et al. 2008).  

The most northern study site 1 is located near 

Yevul (Fig. 2a) in a plain area approximately 16 km 

south of the Mediterranean coast (Fig. 1).  North of 

the Wadi Nizzana in the northern part a 

combination of barchanoid and linear dunes 

occurs  (Fig. 2b,c). While, in the southern parts  of 

the Negev sand field they form linear dunes with 

east-west direction with an average height of 8.5 

m and an maximum height of 18 m (Fig. 2d, Veste 

1995). The Sinai and Negev sand dunes  are 

separated by a political border which leads to 

different land-use practices and thus, vegetation 

cover on both sides.  Intensive grazing and 

trampling by goats, sheep and camels results in a 

decrease of the vegetation cover on the Egyptian 

site, whereas on the Israeli side, the vegetation 

remained undisturbed from 1948 to 1967 and 

again since 1982 (Tsoar et al 1995). The rain falls 

mainly in the winter months and decreases from 

approximately 170 mm annually at the site 1 to 

about 78 mm at the site 4 Fig. 3).

Microclimate

Microclimatic parameters were recorded at a  mast 

supplied with a Campbell CRX10-datalogger 

(Campbell Scientific, Logan, Utah, USA). Air 

temperatures at 2 m and 0.2 m above ground 

were measured with Pt 100 thermoresistor probes 

(Campbell 107-L, Campbell Scientific, Logan, 

Utah, USA), specific humidity was calculated from 

relative humidity measurements at 2 m (Vaisala 

HMP35C-L, Helsinki, Finland), net radiation data 

at 2 m were gathered using a REBS Q7.1-L net 

radiometer, soil heat flux at a depth of 0.15 m was 
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measured with a heat flux plate (REBS HFT3-L). 

For wind parameter measurements, we used a 

wind sentry for wind speed and wind direction at 2 

m above ground, at 0.2 m a mini cup anemometer 

(03101-L, R.M. Young,  USA). The duration of 

dewfall is approximated by leaf wetness  sensor 

measurements at 0.2 m; this  instrument yields a 

low resistance signal when the surface is wetted 

by droplets. All individual data collected by the 

sensors were processed into hourly means  over 

the observation period.

Geo-ecological gradient

The relief energy is a measure for the complexity 

of the terrain expressed as the cross product of 

the elevations of 4 edges of a grid cell.  The width 

of the geometric grid was  100m for the mesoscale 

simulation and obtained from a digital surface 

model produced from maps in the scale of 

1:25,000. The distance to the sea was computed 

trigonometrically for each grid point. Mobile sand 
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1 Yevul

4 Nizzana

2 Northern Dunes

3 Haluza

Fig. 1: Location map of the study sites 1-4 in the sand 
dunes of the north-western Negev, Israel. Satellite map 
NASA.

Fig. 2: Study sites along the climatic gradient in the 
Negev sand dunes. (A) Yevul, (B) Northern Dunes, (C) 
Haluza, (D) Nizzana. Location see Fig. 1.
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cover of the investigation sites was mapped from 

a Landsat-image (NASA). Infiltration rates were 

measured with a double-ring infiltrometer as 

described by Littmann et al. (2000).

Biological soil crusts 

For the determination of chlorophyll a crust 

samples were air-dried and homogenized in 80% 

acetone containing MgCO3 to buffer the lichen 

acids (Brown and Hooker 1977). Chlorophyll 

content was determined using a photometer at 

643 nm, 664 nm and 750 nm and calculated after 

the equations following Ziegler and Egle (1965). 

The crust cover was estimated in each vegetation 

plot.

Vegetation survey

Representative plots along three parallel transects 

were established in each investigation site to 

cover the di fferent ecotopes a long the 

geomorphological catena (Fig. 4). In most cases 

the size of the plot was 5 x 5 m. In 1999 additional 

plots of 10 x 10 m were established for the 

verification of the smaller plots. No significant 

differences could be observed between the 

differences in plot size. In total 126 plots were 

established during the study (1998: 94, 1999: 32). 

In each plot perennial and annual species were 

recorded. Additional species which grow outside 

the investigated plots  were recorded as well. 

Percentage cover of perennial plants, biological 

soil crust type and cover and habitat type were 

recorded for each plot. Differences in the 

percentage of the vegetation cover were checked 

with the Kolmogorov-Smirnov-test (K-S-test). 

Results
Geo-ecological gradient

The rainy seasons 1998/1999 and 1999/2000 were 

far below average in all parts of the area as 

compared to the long-term totals. In Nizzana the 

rainfall fluctuation is most accentuated with an 

average of 78 mm precipitation per year, and a 

median of 75mm (Fig. 3). Both years of 1998 to 

2000 exhibited a rather constant low rainfall in 

Nizzana (Fig. 3,5a). However, constantly low 

rainfall was only found at the southern margin at 

Nizzana (Fig. 3, 5a).  In 1998/1999, the northern 

half received nearly the same amount of rainfall 

around 50 mm while the southern part was 

extremely dry. In 1999/2000, the rainfall was much 

higher at the northern margin (88mm) and rainfall 

penetrated deeper into the sand dune field (53mm 

at the southern site 4 (Nizzana) because of a 

singular high rainfall event on January 27 and 28, 

2000). Infiltration rates  in the interdunes increased 

from north to south (Fig. 5a). The infiltration rates 

depend on the surface properties  and the 

composition of the biological soil crusts. Lowest 

infiltration rates  were measured on soil lichen 

crusts at site 3 (Fig. 6). In the most southern part 

higher dunes with mobile crests prevail, while in 
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Fig. 4: Schematic drawing of the geo-ecological units 
across a catena in the sand dunes (modified Veste 
2004)

Fig. 3: Annual rainfall at the Nizzana experimental site 
(4) and the nearby village Kadesh Barnea between 
1988/89 and 2010/11 (data Nizzana Arid Ecosystem 

Research Center, data Kadesh Barnea Meteo-Tech 
2011)



the northern sites even the dune crests are stable 

and are covered by a biological crust (Fig. 5b). 

Dune height and, therefore, relief energy 

decreases towards  the north indicating also higher 

stability (Fig. 5c).

Biological soil crusts

Surface crusts cover most parts of the sand 

dunes. Two groups of soil crusts  can be 

distinguished: (i) biological soil crusts  and (ii) 

abiotic crusts. Their cover varies  within the 

ecosystem and between the study sites along the 

gradient (Fig. 7). Abiotic crusts are typical for the 

flat sandy area around 

Yevul, where they cover nearly 70% of the area, 

and in the interdunes  of the southernmost site in  

Nizzana with around 40% of the investigated 

plots. These surfaces are found on older dunes 

formed by a very hard physio-chemical crust from 

cemented sand. However, most parts  of the 

interdunes are covered by the biological soil 

crusts with a thickness 1-2 mm (Fig. 8a), while on 

the north-facing slopes  average crust thickness is 

around 3.2 mm (Fig. 8b). At the dune base and 

around shrubs biological soil crusts with mosses 

can be found. The interdunes  in the Haluza sand 

field are fully covered with soil lichen crusts. This 

soil lichen communities  (Fig. 8c,d) are composed 

by Fulgensia fulgens, Squamarina cartilaginea, S. 

lentigera, Diploschistes  diacapsis and Collema 

tenax and other cyanobacterial lichens. In most of 

the interdunes the cyanobacterial lichens are 

dominating the soil crusts  (Fig. 8d). They form the 

thickest crusts  found in the area with 5 up to 15 

mm (Fig. 9). Dune slopes  and dune crests of site 3 

are covered by biological soil crusts composed by 

cyanobacteria and green-algae, which are thicker 

and have a higher chlorophyll content in 

comparison to the drier southern site (Fig. 9).

Vegetation cover

Vegetation cover and plant species were 

investigated in different habitat types along the 

gradient. In total 96 plant species were identified 

along the gradient (species list see appendix 1). 

64% are annuals  and 36% are perennials. The 

species diversity – calculated as  mean plant 

species per plot – increases from north to south 

(Fig. 10a) The highest diversity was observed in 

the Haluza sand (site 3, Fig. 2c), whereas the flat 

sand dunes near Yevul (site 1, Fig 2a) are mainly 
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Fig. 6: Infiltration rates on sand, cyano-bacterial 
crusts (ca. 3 mm thick) and soil lichens crusts (ca. 5 
mm thick) at the Haluza sand dunes (site 3).

Fig. 5: Geo-ecological parameters along the 
gradient. A:  Mean annual rainfall,  rainfall in 

1998/1999 and  1999/2000,  infiltration rate, 
B:  cover biological soil crusts,  open sand 

cover, C:  relief energy.



dominated by Artemisia monosperma. Plants  that 

occur in all plot sites are Artemisia monosperma, 

Asthenatherum forskalii, Atractylis  cuneata and 

Erodium crassifolium. Other characterisctic shrubs 

are Moltkiopsis  ciliata, Retama raetam and 

Thymelaea h i rsuta . Anabas is  ar t icu la ta , 

Stipagrostis  scoparia and Cornulaca monacantha 

have their distribution centre in the sand dunes 

south of the Nahal Nizzana. For Cornulaca 

monacantha the sand dunes of Halimash are the 

only record of this species in Israel (Tielbörger et 

al. 2008). The cover of the annuals decreased 

from Yevul to the sand dunes of Nizzana. 

Significant changes  of the vegetation cover along 

the gradient could be observed only on the dune 

crest (Fig. 11a). Typical for the sand dunes  are 

heterogeneous  plant distributions in different 

geomorphological units  (Fig. 12). A high 

vegetation cover could be found in the flat 

interdune areas. The average vegetation density in 

the flat plains  near Yevul (site 1) was (22%) lower 

than in the interdune of the arid adjacent sand 

dune field (26-30%). However the differences in 

the cover were not significant, but standard 

deviations  increased from north to south because 

of an increase in the heterogeneity of the 

vegetation pattern. However, the highest 

vegetation cover occurs  at the dune base with up 

to 45%, where a dense vegetation belt can be 

observed (Fig. 13). Fig. 14 shows as  an example 

the standing biomass along the catena in the 
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Fig. 7: Average crust cover in the vegetation plots 
along the geo-ecological gradient in the interdunes, 
on north-facing slopes (NFS) and dune crests.

Fig. 8: Biological soil crusts types in the Negev sand 
dunes: Cyanobacterial-green algae crust in Nizzana: (A) 
in the interdune, (B) north-facing slope; soil lichens 

crust with Fulgensia fulgens  in Haluza (C,D). For further 
details see explanation in the text.
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Nizzana sand dunes including the dune base. 

Noaea mucronata is  here the domenating species, 

while on the mobile dune crest Stipagrostis  ciliata 

and Cornulaca monacantha are typical species. 

On the stable slopes, which are covered by 

biological soil crusts (Fig. 15b) the number of 

Cornulaca monacantha and Stipagrostis  ciliata 

(Fig. 16) declined and are replaced by species  like 

Artemisia monosperma, Noaea mucronata, 

Moltkiopsis  ciliata and Convolvulus lanatus (Fig. 

17). The vegetation cover of of M. ciliata and C. 

lanata was in the northern dunes  higher compared 

to the Nizzana dunes  (Fig. 17). An interesting 

distribution pattern showed Retama raetam: in the 

Nizzana area these shrubs occurs mainly on 

stable slopes and in the interdune area, while in 

the northern dunes these shrubs established more 

on the dune crests  (Fig. 16). Here the dune tops 

are completely covered by biologial soil crusts 

(Fig. 7).

Modelling vegetation pattern

Our results for several climatic, geomorphological, 

hyd ro log i ca l and b io log i ca l pa ramete r 

characteristics at the four study sites  along the 

transect from north-west to south-east allowed 

the development of a stochastic model for 

biomass  distribution of the perennial vegetation 

over the entire sand dune field (Littmann and 

Veste 2005). The model is based on input data 

(mean values over the observational period 

1998-2000) for the following abiotic parameters: 

distance from the sea, relief energy, percentage of 

mobile sand per unit, infiltration rate and 

infiltration depth, radiation balance, rainfall, 
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Fig. 10: Number of perennial and annual vascular 
plants at the study sites 1-4 (A). Mean cover of 
annuals and perennials in the vegetation plots at the 
study site 1-4 (B). 

Fig.11: Mean vegetation cover in the interdune, dune 
crest (A) and on south and north-facing slopes (B). 
Different letters indicate significant statistical 
differences of the vegetation cover between the sites.

Fig. 9: Chlorophyll a content and crust thickness of 
biological soil crusts in different geo-ecological units at 
the site 3  (Haluza)  and site 4 (Nizzana). SFS: south-

facing slope, ID interdune, NFS-M: north-facing  slopes 
with mosses, ID-L: soil lichens crusts in the interdune 
(after Büdel and Veste 2008).



dewfall, evapotranspiration, the frequency of 

stable layers  and dewpoint temperature 

difference. These parameters were used for a 

multiple regression analysis  and those parameters 

showed a correlation of at least 95% with the 

actual biomass index at the four stations  which 

were selected for the formulation of the regression 

equation:  

(Eq. 1) Biomass  Index  = - 0.4 * distance from sea 

– 2.2 * relief energy – 8.9 * 10-4 * rainfall + 23.4397

With this  equation it was possible to compute a 

biomass  index value for each grid point on the 

mesoscale (the entire transect over the sand dune 

field, Fig. 18) and microscale grid covering 

Nizzana test site (Fig. 19). For mapping purposes, 

the model grid point data were also interpolated 

by geo-statistical kriging with Surfer (Golden 
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Fig 14: Standing biomass (dry weight) of dominating 
perennials along the catena at Nizzana (after Sommer 
1996).

Fig.12: Mean vegetation cover along  the catena at the 
study sites Northern Dunes (A), Haluza (B) and Nizzana 
(C).

Fig 13: View on the linear dunes at the Nizzana 
experimental site (site 4). The highest vegetation cover 
can be found along the dune base (DB).

DB

A

B

DB



Software, Golden, USA). It is obvious from the 

equation that the geo-ecological gradient from 

North to South is still a dominant feature in the 

overall spatial distribution as biomass is negatively 

linked to the distance from the sea and relief 

energy; both indicating higher overall biomass  in 

the northern, flatter part of the sand dune field. 

However, from equation 1 it may be derived that 

the biomass index is also negatively linked to 

rainfall totals. In fact, confirmatory assessments of 

biomass  in 20 locations selected randomly across 

the entire transect revealed a very good 

interrelation with the values modelled for the 

respective sites (Littmann and Veste 2005). 

Although overall vegetation cover decreases with 

rainfall totals, the model reveals  patches of high 

standing biomass  in small depressions between 

steep sand dune slopes in many parts  of the 

southern dune field (Fig.19), many of which were 

confirmed by site visits (Veste and Littmann 2005). 

Those patches are the reason why the regression 
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Fig. 16: Mean cover of Artemisia monosperma, 
Retama raetam  and Stipagrostis  ciliata in different 
ecotopes along the climatic gradient (sites 2-4). 

Fig. 17: Mean cover of Moltkiopsis  ciliata and 
Convolvulus  lanatus  in different ecotopes along the 
climatic gradient (sites 2-4). 

Fig.15: Mobile dune crest with Stipagrostis  ciliata, in  
the Haluza sands (A)  mobile dune crest and north-
facing slope covered with biological soil crust, Nizzana 
(B).

A

B



model includes  a negative interrelation of rainfall 

and biomass index.

Discussion

On the mesoscale level, i.e. over the entire sand 

dune field of the north-western Negev (approx. 

100 km) and over larger time-spans (at least 10 

y e a r s ) t h e c l i m a t i c g r a d i e n t f ro m t h e 

Mediterranean to the hyper-arid climate towards 

the south may be well observed in long-term 

rainfall records. However, vegetation pattern will 

adjust to mesoscale rainfall distribution. It is the 

shorter-term dynamics  over consecutive years 

that may control biomass distribution much more 

effect ively than spat ia l patterns on the 

climatologically time scale. It has  been shown by 

Littmann (2001) that rainy seasons with above-

normal rainfall are mainly controlled by the 

frequency and position of eastern Mediterranean 

cyclonic systems and their frontal passages over 

the study area while below-normal rainy seasons 

show a vast expansion of high pressure into the 

eastern Mediterranean during the winter months. 

These leads to the conclusion that only in case of 

well above-normal rainy seasons the regular 

rainfall gradient will be clearly visible. In most 

years, however, rainfall will be as patchy as 

described by Littmann and Berkowicz (2008). The 

effects from such patterns, especially as far as the 

annual plants are concerned are obvious. The 

complex temporal and spatial distribution of 

rainfall results  in a patchy distribution of annuals in 

dry times and will not reflect a linear correlation 

with the long-term gradient. This was  shown also 

in other studies (e.g. Kutiel and Lavee 1999). 

We may conclude from our findings that along the 

desert margin and within a sandy area, the geo-

ecological gradient follows the rainfall gradient 

only as long as  the large-scale spatial patterns are 

concerned. In favourable habitats, depending on 

the complexity of the sand dune morphology and 

especially in small interdune depressions  bordered 

by steep dune slopes, higher standing biomass 

may be as  high or even higher as in a truly 

semiarid climate. The geo-diversity of different 

habitat types  is very important for the 

phytodiversity within the ecosystem. Therefore 

diversity increased from the flat sandy area near 

Yevul to the sand dunes. Here also the soil 

compaction by a physio-chemical surface crusts 

prevents  the establishment of plants. Sand 

mobility is  an important controlling factor for the 

species composition in the sand dunes (Kadmon 

and Leschner 1995, Danin 1996, Malkinson and 

K a d m o n 2 0 0 7 ) . S t i p a g ro s t i s  s c o p a r i a , 

Heliotropium digynum and Cornulaca monacantha 

are well adapted to high sand movement (Danin 
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Fig. 18: Modelled biomass cover (%) on the mesoscale 
in the Haluza sand dunes.

Fig. 19: Modelled biomass pattern on the landscape 
scale at the Nizzana experimental site (site 4). For 
cover index see Fig. 18.



1996). With increasing surface stability a 

succession starts and Stipagrostis  scoparia is 

replaced by Artemisia monosperma and 

Moltkiopis  ciliata in the semi-stable sands. They 

can survive the exposure of their root systems. 

The root system of Retama raetam can be 

exposed up to 2 m, but this species  prefers the 

more stable parts in the sand dune. The increase 

of the mean vegetation cover can be explained by 

an increase in surface stability on the dune crest. 

The area with open sand decreases  from south to 

north. In general, the dunes in the southern part 

are higher and show a higher relief energy 

resulting in a higher sand mobility. This is  even 

more true for the linear dunes on the Egyptian 

side. The higher vegetation cover in the dunes 

north of the Wadi Nizzana could be also a result of 

a longer vegetation succession after the 

establishment of the border between Israel and 

Egypt, whereas the southern sand dunes  were 

inhabitated by bedouins (Tsoar et al 2008). In the 

interdune of the Haluza sand dunes  at site 3 

remnants  of agricultural fields  and camps could 

be found (Fig. 19), which is a indication for land-

use in recent times. However, the difference in the 

vegetation patterns along the geo-ecologcial 

gradient is  not a result of different land-use 

intensity. Pictures  from the seventies show drastic 

vegetation destruction at the northern margin 

(Otterman and Waisel 1974). In the southern 

dunes of the Nizzana site (site 4) the vegetation 

density on the dune crest increased by 75% after 

grazing was  banned from the area in 1982 (Tsoar 

et al. 1995). The spatial distribution and availability 

of the water resources are another important 

factor for the vegetation (Veste and Breckle 1996, 

Veste et al. 2006, 2008, Grigg et al 2008a,b). It is 

especially at the end of the dry season when the 

spatial water distribution becomes most critical. 

The sand dune is a more favourable habitat for 

deep-rooting plants as Retama raetam. Various 

seasonal measurements  showed that the pre-

dawn water potential of Retama was higher on the 

dune slope in comparison to the interdune area at 

the end of the dry season (Veste et al. 2008). 

Because of the increase in soil crust thickness  the 

infiltration rates in the interdunes  decrease from 

south to north. This means  that although rainfall 

amounts are higher in the north water infiltration 

will be more limited because of compacted 

surfaces. This  results  in a lower water input into 

the ecosystem. On the other hand, the open 

sands on top of the dunes are optimal for deep 

water infiltration. Subsurface flow can be 

observed within the dune bodies  (Yair et al. 1997), 

which is an important water source of the 

vegetation at the dune base. Furthermore, on the 

encrusted slopes  surface run-off towards the dune 

base can be observed in a sandy area. These 

processes result in a concentration of water and a 

dense vegetation belt at the dune base. The soil 

surface properties  are the key factor for the 

determination of the water distribution. Already a 

thin layer of fine material decreases infiltration and 

leads to increasing surface run-off, whereas sand 

cover enhance water infiltration (Yair and Bryan 

2000).  Moisture retention by fine grain material 

and biological soil crusts with mosses  influences 

water infiltration to deeper depths which may lead 

to a declining number of deep-rooting shrubs 

which was observed in sand dunes of the Tengger 

desert in northern China (Fearnehough et al. 1998) 

and in the Negev (Yair and Almog 2007). Under 

low rainfall intensity the biological soil crusts  build 

up by mosses in the wetter area of the sand 

dunes of the north-western parts are preventing 

deep water infiltration and generation of surface 

runoff. This results in a lower soil water availability 

compared to the drier parts  in the southern dune 
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Fig. 20:  The foreground remnants of an agricultural 
field established by bedouins in the Haluza sands (site 
3).



field (Fig. 1, Nizzana; site 4), which have a 

negative feedback on the annual net primary 

production and standing biomass. At the Nizzana 

experimental site the thinner cyanobacterial crusts 

absorbed less water, allows  deeper infiltration and 

generates  surface run-off. The run-off and 

moisture data obtained from hydrological 

investigations  in the area emphasised the 

important role of the top soil crusts (Almog and 

Yair 2007, Yair et al. 2011). Furthermore, rainfall 

frequency and intensity are important for 

infiltration and generation of surface run-off (Yair 

1990) and showed different spatial and temporal 

pattern along the climatic gradient (Littmann and 

Berkowicz 2008). Fay et al. (2003) observed in 

North American grasslands that higher rainfall 

variability with no changes  in total rainfall amounts 

reduced soil water in the upper soil layers  and net 

primary biomass production. Heisler-White et al. 

(2009) also draw attention to the importance of 

rainfall frequency and extreme events in the drier 

semi-arid grasslands. Experiments along a 

climatic gradient with different rainfall regimes 

showed that at the semi-arid steppes fewer but 

larger rainfall events  increased aboveground 

biomass  production, while infiltration and soil 

water content increased at the same time. The 

opposite was observed in the wetter mesic 

grasslands. These experimental findings explain or 

support the negative relation between the 

perennial vegetation cover and the annual rainfall 

observed in the sand dunes  of the north-western 

Negev. From the results we can conclude, that the 

vegetation pattern along the geo-ecological 

gradient is  the result of a complex interrelation of 

opposite process gradients on the meso-scale 

and micro-scale level. The major interrelations  can 

be summarized as follows:

The complexity of the terrain (e.g. narrow and 

crossed sand dune ridges with steep slopes and 

small interdunes) with high relief energy favours 

micro-scale habitats  irrespective of the annual 

rainfall amount. Sand mobility is  one major factor 

for the vegetation pattern in a sand dune 

ecosystem. Surface properties like crust and fine 

material cover largely control water redistribution 

on the micro-scale and, thus, vegetation patterns. 

Infiltration properties of the biological soil crusts 

counteract on the rainfall gradient and limit soil 

water availability. The use of the rainfall gradient 

as model systems for studies  of the impact of 

climate change at desert margins is  very complex 

and small changes in surface properties  have to 

be taken into account for the analysis.
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Appendix 1: Species list along the climatic gradient

1: Yevul, 2: Northern dunes, 3: Haluza, 4: Nizzana; Location of the study sites see Fig. 1. 
Abbreviations:  CH: Chamaephyte, G: Geophyte, H: Hemicryptophyte, P: Phanerophyte, 
T: Therophyte, Pa: Parasite

Species 	 	 	 	 	       Life form	        Study site	 	
Allium pappilare	 	 	 	 	 G	 	 3
Anabasis articulata	 	 	 	 	 CH	 	 3,4
Argyrolobium uniflorum	 	 	 	 H	 	 1,2,3
Artemisia monosperma		 	 	 	 CH	 	 1,2,3,4
Asparagus stipularis 	 	 	 	 	 G	 	 1,2,3
Asphodelus tenuifolius 		 	 	 	 T	 	 1
Asthenatherum forsskalii	 	 	 	 H	 	 1,2,3,4
Astragalus annularis 	 	 	 	 	 T	 	 1,2,3
Astragalus caprinus 	 	 	 	 	 H	 	 1,2,3
Astragalus trimestris 	 	 	 	 	 T	 	 2,3
Atractylis carduus	 	 	 	 	 H	 	 1,2,3,4
Avena wiestii	 	 	 	 	 	 T	 	 3
Brassica tournefortii 	 	 	 	 	 T	 	 1,2,3,4
Bromus spec. (u.a. fasciculatus) 	 	 	 T	 	 1,2,3,4
Bupleurum semicompositum 	 	 	 	 T	 	 4
Calligonum comosum  		 	 	 	 P	 	 3,4
Carduus getulus 	 	 	 	 	 T	 	 2,3,4
Centaurea pallescens 	 	 	 	 	 T	 	 4
Colchium ritchii	 	 	 	 	 G	 	 4
Convolvulus lanatus 	 	 	 	 	 CH	 	 2,3,4
Cornulaca monocantha	 	 	 	 CH	 	 4
Crepis aspera	 	 	 	 	 	 T	 	 2,3
Crucianella membranacea	 	 	 	 T	 	 2,3,4
Ctenopsis pectinella	 	 	 	 	 T	 	 2,3,4
Cuscuta spec.	 	 	 	 	 	 Pa	 	 1
Cutandia dichotoma	 	 	 	 	 T	 	 1,3,4
Cyperus conglomeratus 	 	 	 	 H	 	 2,3,4
Daucus litoralis 		 	 	 	 	 T	 	 2,3,4
Delphinium peregrinum	 	 	 	 T	 	 3
Dipcadi erythraeum	 	 	 	 	 G	 	 2,3
Echinops polyceras 	 	 	 	 	 H	 	 2,3,4
Echiochilon fruticosum		 	 	 	 CH	 	 2,3,4
Eremobium aegyptiacum	 	 	 	 T	 	 3,4
Erodium crassifolium (syn. hirtum)	 	 	 H	 	 1,2,3,4
Erodium spec. (deserti, laciniatum)	 	 	 T	 	 1,2,3,4
Erucaria spec. (microcarpa, pinnata & rostrata)	 	 T	 	 3,4
Filago desertorum	 	 	 	 	 T	 	 2,3,4
Gymnocarpus decander	 	 	 	 CH	 	 3,4
Hedysarum spinosissimum	 	 	 	 T	 	 1
Helianthemum (kahiricum, sessiliflorum & ventosum)	 CH	 	 2,3,4
Heliotropium digynum 	 	 	 	 	 CH	 	 2,3,4
Hippocrepis areolata (syn. bicontorta)	 	 	 T	 	 1,3,4
Hippocrepis unisiliquosa	 	 	 	 T	 	 1
Hordeum spec. (u.a. marinum)	 	 	 	 T	 	 3
Hormuzakia aggregata	 	 	 	 	 T	 	 2,3,4
Hypecoum aegyptiacum	 	 	 	 T	 	 4
Ifloga spicata 	 	 	 	 	 	 T	 	 1,2,3,4
Launaea mucronata	 	 	 	 	 H	 	 1,2,3,4
Launaea tenuilobia	 	 	 	 	 T	 	 1,2,3,4
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_____________________________________________________________________
Species 	 	 	 	 	       Life form	        Study site	

Linaria spec.(albifrons, haelava & tenuis)	 	 T	 	 3,4
Lobularia arabica	 	 	 	 	 T	 	 2,3
Lophochloa berythea	 	 	 	 	 T	 	 1
Lotus halophilus 	 	 	 	 	 T	 	 1,2,3,4
Lycium schweinfurthii (syn. shawii)	 	 	 P	 	 3,4
Matthiola livida		 	 	 	 	 T	 	 3,4
Moltkiopsis ciliata	 	 	 	 	 CH	 	 2,3,4
Neurada procumbens 	 	 	 	 	 T	 	 1,2,3,4
Nigella arvensis 	 	 	 	 	 T	 	 2,3
Noaea mucronata	 	 	 	 	 CH	 	 2,3,4
Ononis serrata	 	 	 	 	 	 T	 	 1,2,3,4
Orobanche cernua	 	 	 	 	 Pa	 	 1,2,3
Pancratium sickenbergeri	 	 	 	 G	 	 3,4
Panicum turgidum	 	 	 	 	 CH	 	 1,2,3,4 
Papaver humile	 	 	 	 	 T	 	 3,4
Paronychia palaestina	 	 	 	 	 T	 	 1,2,3,4
Phagnalon rupestre	 	 	 	 	 CH	 	 1
Phalaris minor	 	 	 	 	 	 T	 	 1,2,3,4
Picris asplenioides 	 	 	 	 	 T	 	 1,2,3,4
Plantago spec. (albicans, ovata)	 	 	 H	 	 2
Plantago spec. (coronopus, cylindrica)	 	 	 T	 	 2,3,4
Polycarpon succulentum	 	 	 	 T	 	 3,4
Reichhardia tingitana	 	 	 	 	 T	 	 1,4
Reseda arabica	 	 	 	 	 T	 	 4
Reseda decursiva	 	 	 	 	 T	 	 3,4
Retama raetam		 	 	 	 	 P	 	 2,3,4
Rumex pictus 	 	 	 	 	 	 T	 	 2,3,4
Salvia lanigera	 	 	 	 	 	 H	 	 4
Scabiosa spec. (eremophila, porphyroneura)	 	 T	 	 2,3,4
Schismus arabicus 	 	 	 	 	 T	 	 4
Senicio glaucus	 	 	 	 	 T	 	 1,2,3,4
Silene colorata 	 	 	 	 	 T	 	 1,3
Silene villosa	 	 	 	 	 	 T	 	 2,3,4
Stipa capensis 		 	 	 	 	 T	 	 3
Stipagrostis ciliata	 	 	 	 	 H	 	 2
Stipagrostis scoparia	 	 	 	 	 H	 	 3,4
Thymelaea hirsuta	 	 	 	 	 CH	 	 1,3,4
Trifolium tomentosum	 	 	 	 	 T	 	 2,3
Trigonella spec. (arabica, stellata)	 	 	 T	 	 4
Trisetaria spec. (glumacea, linearis)	 	 	 T	 	 1,2,3,4
Tulipa stylosa	 	 	 	 	 	 G	 	 3
Urginea maritima 	 	 	 	 	 G	 	 3
Urginia undulata 	 	 	 	 	 G	 	 3
Vulpia brevis 	 	 	 	 	 	 T	 	 1,2,3,4


