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Ecohydrological systems consist of a physical component that is highly entangled with vegetation 
components. Under the dry, sub-humid conditions of the studied area (Judean Shephelah, central 
Israel) two main surface structures were observed: matrix and mosaic. The matrix is composed of 
one dominant component, Sarcopoterium Spinosum, as a homogenic background with low rock 
coverage (<~14%). The mosaic is composed of multiple components and has a heterogeneous 
appearance with high rock coverage (>~14%). The occurrence of rock outcrops on the surface has 
the greatest impact on vegetation distribution as it leads to enhanced water availability and a higher 
heterogeneous ecohydrological system. In sum, the physical structure of the surface is the main 
factor in vegetation distribution under dry sub-humid climate conditions.
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1. Introduction 
Sub-humid and semi-arid ecohydrological systems consist of a 
physical component pattern (Monger and Bestelmeyer, 2006; 
Sheffer et al., 2013), entangled with relatively sparse vegetation 
components formed in patches (Danin, 1999; Svoray et al., 
2004). Many studies show that the physical (abiotic) components 
of the system (geological, pedological and geomorphological) 
and their structures have significant effects on vegetation 
distribution (the biotic component) (e.g., Ackermann et al., 
2004; Bar [Kutiel] and Negoitza, 2007; Dubinin et al., 2021; 
Lesschen et al., 2008; 2013; Svoray et al., 2005). Furthermore, 
geomorphological heterogeneity, in general, and the presence 
of rock outcrops and rock fragments on the surface, have been 
linked in several studies to a high presence of trees and shrubs 
and their survival (Burnett et al., 1998; Dubinin et al., 2021; 

Nichols et al., 1998, Preisler et al., 2019), and to high annual 
diversity (Svoray et al., 2005).
The rock-plant relationship is primarily evident in areas under 
low water availability: dry sub-humid to semi-arid climatic 
conditions, where the surface is often characterized by 
alternating rock outcrops and soil pockets, or soil in fissures 
between rocks (Ackermann et al., 2013). The rock outcrops 
act as a runoff source, and the soil pockets and soil in fissures 
function as sinks (Ackermann et al., 2007; Lavee et al., 1998). 
Since the rock outcrops have a high runoff coefficient, up to 
80% of direct rainfall (Arnau-Rosalén et al., 2008), the soil 
pockets improve the water budget. 
Generally speaking, soil acts as a water container (Bruins et  al., 
1986); soil in deep pockets has diminished evaporation, with 
significantly water content that enhances water conditions, even 

https://besjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Preisler%2C+Yakir
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allowing for tree establishment (Schiller et al., 2007). Thus, soil 
pockets and fissures are favorable spots for the establishment 
of vegetation, including shrubs and trees (Fig. 1). When soil 
pockets reach the chalky bedrock below the rocky surface, 
water conditions are also improved due to the high porosity of 
the chalk, which enables water availability during the dry hot 
summer (Herr, 1998). Therefore, in dry sub-humid conditions 
such as the current research area (see below, details of the study 
area), rock outcrops significantly increase the water supply and 
the possibility of plant establishment and survival (Ackermann, 
2007; Ackermann et al., 2008; Lavee et al., 1998; Svoray et al., 
2004). 

Previous field observations in the research area (Ackermann 
et al., 2004, 2013) have shown two contrasting abiotic landscape 
patterns: One is composed of rock outcrops and soil pockets 
(henceforth, rocky surface); the other is composed of low rock 
outcrops (henceforth, non-rocky surface). The rocky surface is 
characterized by a mosaic pattern composed of rock outcrops, 
shrub and Sarcopoterium Spinosum in a heterogeneous structure, 
and the non-rocky surface is characterized by a matrix pattern 
composed of homogeneous Sarcopoterium Spinosum coverage. 
Ackermann et  al. (2013) revealed that 14% rock outcrop 
occurrence is the threshold value between these two landscape 
patterns (i.e., rock<~14%=matrix, rock>~14%=mosaic).

This is reflected in the vegetation distribution, as can be 
clearly seen in Figure 2. Many studies in semi-arid areas deal 
with the subject of rock/plant distribution and water availability 
(e.g., Dubinin et al., 2020, 2021; Lavee et al., 1998), while a few 
deal with this phenomenon in dry sub-humid areas. Therefore, 

the current article focuses on the question: How do the rock 
outcrop structures affect the vegetation pattern distribution 
under dry sub-humid climate conditions? The hypothesis is that 
they determine the distribution of various vegetation types (i.e., 
Sarcopoterium Spinosum and annuals). 

Figure 1:	Oak	tree	established	in	a	rock	fissure

Figure 2: a – Surface with rocky coverage (right) and non- rocky surface coverage (left). b – Matrix structure. c – Mosaic structure
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2. Methodology
2.1. Study area
The study area is the Judean Shephelah (Judean foothills/
lowlands), located in the center of Israel (Fig. 3). The topography 
is hilly, with summits ranging from 180 to 480 m.a.s.l. (Bar et 
al., 2006). The geological structure is composed primarily of 
white chalk with chert lenses covered by calcrete crust outcrops 
known locally as Nari. The chalk is of the middle Eocene Age, 
being the Shephelah group Maresha and Adulam members of 
the Zor'a formation (Sneh, 2008, 2009, 2016).

Figure 3: Locations of the studied sites

There are three typical soils in the research area. On the hills, 
Brown Rendzina soil is distributed mainly in soil pockets on 
hillslopes with calcrete, and Pale Rendzina soil is found on the 
soft chalk (Dan et al., 1972; 1976; 2007). In the large valleys, 
there are Dark Brown soils and/or Grumusols composed of 
alluvium-eroded sediments from the hills and clayey aeolian 
loess from the deserts located to the south (Bruins and Yaalon, 
1992; Dan and Bruins, 1981).

The climate is Mediterranean dry sub-humid to semi-arid 
(Kafle and Bruins, 2009), characterized by a hot, dry summer 
and a cool, rainy winter. The mean temperature is 9°C in January 
(the coldest month) and 26°C in August (the hottest month); the 
annual mean temperature is 21°C. The rainy season generally 

lasts from October to May, and mean annual rainfall is 501–600 
mm in the northern part, and 401–500 mm in the southern part 
(Israel Meteorological Service).

The vegetation is composed of a variety of Mediterranean 
plant life forms including dwarf shrubs, shrubs, and a large 
variety of herbaceous annuals. The most abundant tree and 
shrub species are Quercus calliprinos (Kermes Oak); Pistacia 
lentiscus L. (Lentisk); Phillyrea latifolia (Mock privet; Jasmine); 
Ceratonia siliqua (Carob); Rhamnus lycioides palaestinus 
(Palestine buckthorn); Sarcopoterium Spinosum (Thorny 
burnet); Thymelaea hirsute (Gnidium); the most abundant herb 
species is Hyparrhenia hirta (Thatching grass) (Stern, 2004).

 
2.2 Field survey and mapping
To characterize and analyze the surface structure and coverage 
of the main components, a field survey was conducted 
in three representative sites: Ramat Bet-Shemesh (RBS), 
Lachish (LACH) and Amatzia (AM)(Fig. 3). In each site, two 
contrast slopes were chosen, one visually dominant with rock 
outcrop coverage (henceforth rocky) and the other, visually 
dominant with low rock outcrop coverage (henceforth non-
rocky) (Figs.2a.b.c). Each slope in each site had a similar 
aspect (Table 1). In addition, one human-made structure, an 
agricultural terrace without rocky coverage (in Ramat Bet-
Shemesh), was studied, as another example of a surface with 
non-rocky coverage. 

Table 1:  Average surface component values in each studied transect

Transect Aspect Quadrat
no.

%
Sum Surface

Rock Soil Sp Annal Shrub

AM-1 221 375 10.78 11.53 51.35 16.81 9.52 100 non-rocky

AM-2 221 298 14.35 15.54 49.53 14.31 6.27 100 non-rocky

AM-3 221 314 9.51 13.54 44.47 18.26 14.21 100 non-rocky

AM-4 290 241 21.96 17.65 17.22 24.61 18.55 100 rocky

AM-5 290 210 19.50 16.01 13.14 31.08 19.55 100 rocky

AM-5 290 157 26.65 8.99 14.18 35.36 14.82 100 rocky

Lach-1 278 58 47.28 11.26 4.31 19.31 17.84 100 rocky

Lach-.2 278 60 32.10 9.40 8.63 13.63 36.23 100 rocky

Lach-3 278 59 19.41 10.8 31.88 18.98 18.93 100 rocky

Lach-4 226 124 19.60 29.27 21.09 23.20 6.03 99 rocky

Lach-5 323 125 14.77 22.84 38.93 20.96 2.50 100 non-rocky

Lach-6 323 147 7.03 25.52 42.15 24.90 0.41 100 non-rocky

RBS-1 178 58 2.74 0 64.41 32.71 0.14 100 non-rocky

RBS-2 178 85 1.84 5.07 49.18 41.80 2.12 100 non-rocky

RBS-3 178 56 3.04 0 71.16 25.63 0.18 100 non-rocky

RBS-4 178 70 0.57 0 60.64 29.07 9.71 100 non-rocky

RBS-5 200 90 12.33 16.87 27.10 7.22 36.48 100 rocky

RBS-6 200 161 15.22 19.34 21.65 2.61 41.19 100 rocky

RBS-7 184 85 0 28.35 64.12 7.53 0 100 non-rocky

RBS-8 184 59 5.93 32.20 51.69 0 10.17 100 non-rocky

Avg 14.23 14.71 37.34 20.44 13.24

Min 0.00 0.00 4.31 0.00 0.00

Max 47.28 32.20 71.16 41.80 41.19

Total Measured Area (m2) 708
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The field study included measuring surface coverage of five 
main components: rock outcrops composed of calcrete crust 
(henceforth rock), bare soil (henceforth soil), Sarcopoterium 
Spinosum (henceforth S.p.), shrubs excluding S.p., composed 
mainly of shrub mixed with low trees (henceforth shrub), 
and annuals. The S.p. was excluded from the other shrub 
measurements, as it was observed in dense coverage on the non-
rocky slopes (Fig. 2b). The relative surface coverage of each 
component was estimated visually using a 50*50 cm quadrat 
that was placed on the surface (Winkworth and Perry, 1962). 
Measurements were conducted in a total of 20 representative 
transects measuring from 14 m to 94 m in length (according to 
the length of the slope). In each slope, a few parallel transects 
(each about 5 meters from the other) were measured, from 
bottom to top. In total, a combined surface area of 708 m2 
(Table 1) was measured. The field study was conducted at the 
end of the winter (February and March 2008) when vegetation, 
particularly annuals, is at its peak.
 
2.3. Data analysis
The data of the 20 transects were analysed on two main levels: 
macro and micro. The macro level includes calculation based on 
the average of each main component in each transect (Table 1). 
The correlation between the main surface components (based 
on per-transect average values) was determined by the Pearson 
correlation coefficient (R) by using SPSS 15 (Table 2). The 
micro level, which includes analysis of the distribution of the 
main surface components, was based on data from a 50*50 cm 
quadrat. The entire population of 20 transects (2832 quadrats) 
was divided into 10 subpopulations, by means of deciles (by 
excel sheet), according to the average rock values (Table 1), 
and the hypothesis that rock is the significant component that 
determines the vegetation distribution. The averages of the 
components in 10 subpopulations, from the 1st decile up to the 
10th decile (from q0.1; q0.2; up to q1.0, Henceforth q=quantile) 
are presented in Fig. 4. In order to study the variation of each 
component in each subpopulation, the Standard Deviation (Std) 
was calculated and presented as Std vs. average (%) cover 
values of the same component (Fig. 5).
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Figure 4: Average surface component distribution in each 
subpopulation (q 0.1-q1.0). Ro = rock; So = bare soil; 

  S.p. = Sarcopoterium spinosum;  An = Annuals 
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Table 2:	 Pearson	 correlation	 coefficient	 (R)	 between	 the	 studied	
surface components. Ro = rock; So = bare soil; S.p. = 
Sarcopoterium Spinosum; An = Annuals; Sh = other shrubs 
(trees and other dwarf shrubs excluding S.p.)

Ro So Sp Ann Shr

Ro Pearson Correlation 1 0.03 -0.878** -0.042 0.500*

Sig.(2-tailed) 0.899 0 0.859 0.025

N 20 20 20 20 20

So Pearson Correlation 1 -0.191 -0.570** 0.008

Sig.(2-tailed) 0.421 0.009 0.974

N 20 20 20 20

Sp Pearson Correlation 1 0.026 -0.674**

Sig.(2-tailed) 0.914 0.001

N 20 20 20

Ann Pearson Correlation 1 -0.437

Sig.(2-tailed) 0.054

N 20 20

Shr Pearson Correlation 1

Sig.(2-tailed)

N 20

*	 Correlation	is	significant	at	the	0.05	level	(2-tailed)

**	 Correlation	is	significant	at	the	0.01	level	(2-tailed)	

Ro = rock, So = soil, Sp = Sarcopoterium Spinosum, Ann = annuals, 
Shr = shrub  

3. Results
3.1. Macro level
The average values for each component in each transect are 
presented in Table 1. The values are as follows: rock range: 
0–47%, soil: 0–32%, S.p.: 4–71%, shrub: 0–41%, annuals: 
0–42%. The average of S.p. values (37%) is the highest 
among the other components. A positive significant correlation 
was found between shrub and rock coverage, and a negative 
correlation was found between S.p. and rock, S.p. and shrub, 
annuals and soil (Table 2). The highest correlation by absolute 
values was found between S.p. and rock (R=-0.878, p<0.01). 

3.2. Micro level
In Figure 4, the average values of each component of each 
subpopulation are presented according to ascending decile 
order. The rock coverage in the ranked transects’ data was split 
into ten groups, and we expected that deciles above the median 
(q0.5) would be characterized by low S.p. coverage. The results 
show that low rock values are followed by high values of S.p. 
(in q0.1–0.5). An increase of rock occurrence in the high deciles 
(q0.6–1.0) is followed by a decrease in S.p. occurrence, and a 
general increasing occurrence of the other biotic components 
(particularly shrub). 

Figure 5: Standard deviation vs. the average cover values of each component in each subpopulation
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In Figure 5, the Std values of each component in each 
subpopulation were presented against the average value of the 
same component. The individual variability of each component 
from all subpopulations increased, as did the average of 
individual components. 

The general trend is variability (Std value) increasing of each 
component in correlation with its average values of surface 
coverage increasing. The Std values increased from ~1 up to 
~42 with increasing average value from ~0.16% up to 68%. The 
values can be divided visually to four main clumps (Fig. 5, a, 
b, c, d). Clump a, the lowest Std values up to 7 with average 
values of up to 7%, contains shrub and rock. Clump b, which 
contains the most Std cases, ~15 to ~42, with average values 
between ~7% up to ~30%, contains all of the five components. 
Clump c is a transition one, with the highest Std values of ~42, 
and average values of 30–40% of shrub. Clump d has high 
Std values up to 42 with average values of 40% up to 70%, 
composed mainly one of dominant component: S.p.    

4. Discussion 
Rock and S.p. are the main contrasting components on the 
surface coverage, and act as alternating elements in the dry 
sub-humid landscape system (Ackermann et al., 2013). This 
is expressed by the negative correlation in the highest absolute 
values in comparison to the other correlation between the 
various components (Table 2). Low rock occurrence (q0.1 
and q0.2) is correlated with a high S.p. occurrence that covers 
60–70% of the surface (Fig. 4). When rock values reach at 
least 14% of the surface (from q0.6 onward), the S.p. loses its 
dominance and shrub is much more widespread in the areas 
of high rock coverage. This is strengthened by the positive 
correlation between rock and shrub, and the negative correlation 
between shrub and S.p. (Table 2). This is due to the fact that in 
a low rocky occurrence, water availability is relatively low, and 
the S.p. can establish and survive such conditions (Alon and 
Kadmon, 1996). 

A higher rock occurrence leads to enhanced water availability, 
as the rock outcrop acts as source and the soil pocket below acts 
as a sink that absorbs the water (Herr, 1998). Such conditions 
allow for the establishment of shrubs as they require higher 
water availability than S.p. 

4.1. Homogeneity and heterogeneity: From matrix to mosaic 
According to the contrast of the physical structure on rocky and 
non-rocky surfaces, two main surface pattern types are visible 
(Fig. 5): Mosaic and matrix (Ackermann et al., 2013). The 
threshold between these two types is the transition from q0.5–

q0.6, hence the matrix structure occurs from q0.1 to q0.6, and 
the mosaic structure appears from q0.7 to q1.0. The matrix is 
composed of one dominant component, S.p., as a homogenic 
background, up to ~70% of the surface (Fig. 5, clump c). Inside 
the matrix, each of the other components is in small patches and 
in a low coverage of a few percent of the surface (Fig. 5, clump a). 
The mosaic structure is heterogeneous and characterized by a 
similar appearance of each component (Fig. 5, clump b). 

The analysis of the variability of each component shows the 
following: In the homogenic matrix, the small patches (those 
that are up to ~7%) have low variability (Std values up to ~18) 
and in the heterogenic mosaic, the medium patches (~7–40%) 
have medium variability (Std values of 15–42). In the biggest 
patches of the homogenic matrix (~40–70%), the variability 
is slightly lower (Std values of ~35–40). Thus, the matrix 
structure (Fig. 5) is represented by two fragments: There are 
small components with average size up to ~7% and dominant 
components with average size more than 40%. Additionally, 
the maximal scattering of the points for the same average value 
characterizes the mosaic structure.

In sum, it can be seen that in dry sub-humid climate conditions, 
the occurrence of rock outcrops as an abiotic component (Fig. 
5, clump b) that determines the landscape pattern, in general, 
and the vegetation, in particular. Rock outcrop occurrence 
contributes to a heterogeneous structure and the establishment 
of shrub, while low occurrence of rock outcrops (Fig. 5, clumps 
a and d) leads to a homogeneous structure and S.p. dominance. 

Moreover, rock outcrops might serve as a protector from 
desertification processes in case of future climate change. This 
means rock outcrops might buffer the effect of desertification 
processes. In a scenario in which rain distribution changes to a 
lower number of higher intensity events, or a series of drought 
years (Dubinin et al., 2021), rocky outcrops will produce more 
runoff, which will be absorbed in the soil pockets. This will 
contribute to even higher humidity and more stable ecological 
conditions for the vegetation, mainly shrub. 

 
5. Conclusions
A study of the surface abiotic and biotic component structure 
in the dry sub-humid zone of Israel shows that rock has the 
highest impact on the spatial distribution pattern of vegetation 
formations on the slopes. When rock coverage is ~14% and 
higher, the matrix structure changes to a mosaic structure. The 
occurrence of rock outcrops on the surface leads to enhanced 
water availability for the vegetation by generating and 
redistributing the runoff. 
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Moreover, an increase of rock outcrop on the surface, from 
matrix to mosaic structure, leads to a higher heterogeneous 
ecohydrological system. In sum, the physical pattern of the 
surface is the main factor in vegetation distribution in sub-
humid climate conditions.
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