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Abstract
Background and Objectives
The functional condition of rangeland ecosystems is strongly influenced by the
structural and compositional characteristics of vegetation patches and the intervening
interpatch spaces. Landscape Function Analysis (LFA) is a widely used approach for
assessing patch organization and evaluating key functional attributes of rangeland
ecosystems. The present study aimed to investigate the effects of different livestock
grazing intensities on the structural characteristics and functional performance of
ecological patches in the rangelands of the Mouteh Wildlife Refuge, central Iran.
Materials and Methods
Three rangeland sites representing different levels of livestock grazing pressure were
selected along a grazing-intensity gradient. At each site, two representative areas were
selected, and within each area, three transects, each at least 30 m long and separated by
more than 60 m, were established. Along the transects, at least three replicates of each
major patch type, including shrub patches and plant hummocks (grasses and forbs), as
well as interpatch spaces, were identified and evaluated. Three major LFA functional
indices, including stability, infiltration, and nutrient cycling, were assessed using LFA
software based on 11 soil-surface indicators recorded in the field. In total, 162 patches
and interpatch spaces were evaluated. Structural and functional characteristics of
patches were compared among grazing intensities using one-way analysis of variance
(ANOVA; aov function), followed by Duncan’s multiple range test (duncan.test) IN R
software.
Results
The highest values of the structural attributes of ecological patches, including the
landscape organization index, number of patches per 10 m, patch area index, total patch
area, and mean patch length and width, were recorded under light grazing intensity. In
contrast, the highest structural values for interpatch spaces, including mean, minimum,
and maximum interpatch lengths, were observed under heavy grazing intensity. In
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contrast to interpatch spaces and plant hummock patches, most soil-surface indicators in
shrub patches differed significantly among grazing intensities (p < 0.001 and p < 0.01).
With increasing grazing intensity, soil cover, perennial vegetation cover, crust stability,
soil erosion type and severity, and slaking-test scores decreased, with the highest values
recorded under light grazing (4.000, 7.429, 2.357, 3.500, and 5.429, respectively). Light
grazing also resulted in the highest overall stability and infiltration indices (49.619%
and 24.351%, respectively), as well as the highest values in interpatch spaces (47.994%
and 23.079%), plant hummock patches (42.917% and 22.651%), and shrub patches
(56.528% and 29.700%). The highest nutrient-cycling index values were also recorded
under light grazing, both overall and in plant hummock patches (15.707% and 15.490%,
respectively).

Conclusion

Appropriate rangeland management, particularly in arid and semi-arid environments,
plays a critical role in maintaining and improving the structural organization and
functional condition of ecological patches. Maintaining adequate vegetation cover and a
diverse combination of shrubs, grasses, and forbs can enhance patch connectivity, soil-
surface protection, and overall ecosystem functionality. The findings indicate that light
grazing pressure is more compatible with the maintenance of organized patch structures,
greater patch extent, and higher functional integrity. Consequently, grazing management
based on appropriate stocking rates and controlled grazing intensity can contribute to
maintaining rangeland resilience, reducing soil degradation, and sustaining key
ecosystem functions in the Mouteh Wildlife Refuge.

Keywords: Ecological patches, grazing intensity, infiltration, Landscape Function
Analysis (LFA), nutrient cycling, stability.
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Table 1- Characteristics of the studied areas

Characteristics

Light Grazing

Moderate Grazing

Heavy Grazing

Region 1 Region 2 Region 1 Region 2 Region 1 Region 2
50° 41’ 50°41'
Longitude first point- 50°41'1.35"
50° 39’ 58.32" 50°39'40.67" 50° 40’ 58.99" 15.04" 19.17"
transect 1 — end point 50° 41’
50° 40" 4.74" 50°39'48.21" 50°41'7.27" 50° 41’ 50°41'
transect 3 12.30"
24.92" 28.55"
33°36'
first point- Latitude
33°36'20.27" 33°36'7.16" 33°36'7.16"  33°36'19.17" 33°36'9.47" 19.51"
transect 1 —end point
33°36' 14.22" 33°35'54.08"  33°36'7.85" 33°36'19.03” 33°36'8.96" 33°36'
transect 3
18.00"
Altitude - Study Area
- 1858 - 1852 1857 - 1853 1869 - 1865 1869 - 1863 1874 - 1868 1869 - 1867
m
Slope - Study Area (%) 7.51-1.38 7.90-1.74 6.67 - 0.00 12.17-2.22 552-1.74 7.40 - 2.54
Aspect - Study Area N N S N w w
) ) Artemisia Artemisia Artemisia Artemisia Artemisia Artemisia
Dominant plant species
sieberi sieberi sieberi sieberi sieberi sieberi
Scariola
Andrachne Astragalus Scariola Scariola
orientalis, Bromus
) ) ) fruticulosa, glaucacanthus, orientalis, orientalis,
Companion plant species Bromus tectorum, Stipa
Launaea Bromus Peganum Peganum
tectorum, Stipa  hohenackeriana
acanthodes tectorum harmala harmala
hohenackeriana
Vegetation cover (%) 17.733 16.378 11.056 13.122 4.633 10.533
Litter cover (%) 3.267 1.511 10.889 4.467 0.989 0.556
Bare soil (%) 71.233 68.833 47611 64.700 67.656 53.672
Gravel and Ston (%) 7.767 13.278 30.444 17.711 26.722 35.239
Texture sandy loam sandy loam sandy loam sandy loam sandy loam sandy loam
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Figure 2- An Overview of Ecological Sites
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Figure 3-An Overview of Ecological Patch and Interpatch Areas

L b s .(Bihamta and Zare Chahouki, 2008) .. Wosls Julow sy 52
el R Sl3l 5 55 duncan.test 5 a0V als 5l eslic o a0 Sas 5 bl Sl sas aslis ¢l

sslize] (One-Way ANOVA) w6 b bl 4550



vl i gbaoas J.,.;L.

(Tongway and Hindley, 2004b) &5 3 e Ufjw aw b L@JT blo,l s basls Gio 5 =Y Jous

\YY

Table 2- Description of indicators and their relationship with three functional features of rangeland

(Tongway and Hindley, 2004b)

(=]
=
z & 2
. . = S O
Indicators description Class 5§ 5 =
o E 2
- =
4
Rain-splash protection or (soil Assessing projected perennial vegetation cover, woody 5
cover%) material > 1 cm in diameter and rocks > 2 cm
Perennial vegetation cover (%) Estimating basal cover of perennial plant species and/or the 4
density of canopy cover of trees and shrubs
Litter cover (%) Assessing the amount, origin and degree of decomposition of 6
plant litter
Cryptogam cover (%) Assessing the cover percentage of cryptogams on the soil 4
surface
Crust brokenness Assessing the soil surface crust brokenness 4
Soil erosion type and severity Assessing the type and severity of recent various soil erosion 4
Deposited materials Assessing the nature and amount of transported alluvium 4
sediments to query zone
Soil surface roughness Assessing the soil capacity to capture and retain mobile 5
resources
Surface nature Assessing the soil surface resistance to disturbance 5
Slaking test Assessing the stability of natural soil fragments to rapid 4
wetting
Soil texture Classifying the soil surface texture 4
¢ < . \\U. o~y
(P < 0.001) (total patch area) 4J S . ((0.001 s

5 (P < 0.05) (total patch length) &I Job - SKbs
55 (P < 0.01) (total patch width) «J > ¢ ke
Slssne L] Ml ol gl xSt Gl - o
Skl asle ol i b pla 1)
number of ) e Ve a5 baSS slaw (+/V4F)
(+/\0) S o Laxlas (F/FFY) (patches/10m

O/ANY) & J,ls ugut.m ‘(Csfjm VAR A DIPLY chk.u

5 SIS b sl b Shs s
el g Aiw sboas
Dad o S o ol 8BS lls s s
Sl b Soy Ll els Gl e sl
oala sl sy ol ol K58 sl
P <) (landscape organization index) éé\g@\.e)'\.w
P <) (patch area index) «J mhe _a2sls (0.05
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Table 3- Mean and Standard Error of Structural Characteristics of Ecological Patch under Different Livestock
Grazing Intensities

Grazing Intensity

Structural Characteristics of Ecological

Heavy Grazing
2.764 +0.639 a
0.117 £0.026 b
3.500 +0.563 a
0.006 + 0.001 b
3.304 +0.766 b
3.498+0.787 b
457.000 + 78.994 b
0.708 £+ 0.354 a
6.593 +£1.109 a

Moderate Grazing

2.158 +0.305 a
0.117 £0.016 b
4.056 £0.434 a
0.007 £0.001 b
4.435+0.761b
3.513+£0.482b

683.333 £89.767 b

0.472+0.104a
5.992+0.318a

Light Grazing
1.879+0.191a
0.196 +0.009 a
4444+0410a
0.015+0.001 a
9.242 £0.614 a
5.882 £0.265 a

926.000 £ 63.354 a

0.235+0.087 a
4.993+0.455 a

F

Patch
1.142 ns Average Interpatch Length (m)
6.119 * Landscape Organization Index
1.005 ns Number of Patches/10m
19.348 *** Patch Area Index
19.348 *** Total Patch Area (m2)
6.119 * Total Patch Length (m)
9.013 ** Total Patch Width (cm)
1.170 ns Range Interpatch length - min (m)
1.274 ns Range Interpatch length - max (m)

**x *x % and ns denote significant differences at the levels of 0.001, 0.01, and 0.05, respectively, as well as the

absence of significant differences.

The variation in the English letters used in each row indicates significant differences in the values, while the
uniformity of these symbols indicates no significant difference.
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Table 4- Comparison of Estimated Values of Soil Surface Indicators in Interpatch Areas (Bare Soil) under
Different Livestock Grazing Intensities Using the LFA Method

Grazing Intensity

Indicators F - - - -
Light Grazing Moderate Grazing Heavy Grazing
Rain-splash protection or (soil cover%) 4,025~ 1.357 +0.133" 1,722 +0.135 ® 1.923+0.1372
Perennial vegetation cover (%) - 2.000 +0.000 2.000 +0.0002 2.000 +0.000 2

Litter Cover (simple) (%) 0.179 ™ 1.214+£0.114 2 1111+£0.1112 1.154 £0.154 2
Litter cover, orig and incorp. 0.282 1 4.845+0.454 2 4.323+0.463 2 4.604 +0.614 2
Cryptogam cover (%) 4,652 1.429 £0.532 2 1.778 £0.454 @ 0.000 +0.000 ®
Crust brokenness 1334 2.286+£0.125¢2 2.111+£0.076 2 2.077 £0.0772
Soil erosion type and severity 8.037 ™ 3.357 £0.1332 3.000 +0.000 ® 3.000 +0.000 ®
Deposited materials 15.569 3.929+0.0712 3.222 £0.152" 4.000 +£0.000 2
Soil surface roughness 1.608 ™ 3.286 + 0.266 2 3.667 £0.291 2 4,154 +0.421°2
Surface nature 0.000 " 6.300 + 0.000 @ 6.300 +0.000 @ 6.300 + 0.000 @
Slaking test 7.849 ™ 4.286 +0.354 2 3.333+0.3622 2.000 +0.453 P
Soil texture 0.463 ™ 2571+0.173¢2 2500+0.1212 2.692 £0.1332

*xxk *and ns denote significant differences at the levels of 0.001, 0.01, and 0.05, respectively, as well as the
absence of significant differences.
The variation in the English letters used in each row indicates significant differences in the values, while the
uniformity of these symbols indicates no significant difference.
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Table 5- Comparison of Estimated Values of Soil Surface Indicators in Plant Patches (Grasses + Forbes) under
Different Livestock Grazing Intensities Using the LFA Method

Grazing Intensity

Indicators F - - - -
Light Grazing Moderate Grazing Heavy Grazing
Rain-splash protection or (soil cover%o) 3.947" 3.000 +0.258 ® 3.750£0.479 @ 2.000 + 0.000 ©
Perennial vegetation cover (%) 1.125" 5.333+0.422° 6.000 +1.155% 4.000 + 0.000 @
Litter cover (%) 1.421 1.500 £0.224 @ 1.750 £ 0.479 @ 2.500 +0.500 @
Litter cover, orig and incorp. 1421 5.985 +0.892 @ 6.983+1.910° 9.975+1.995%
Cryptogam cover (%) 11.605 ™ 2.333+0.3332 3.500 £0.500 2 0.000 +0.000 ®
Crust brokenness - 2.000 +0.000 2 2.000 £ 0.000 2 2.000 £ 0.000 @
Soil erosion type and severity 2250 ™ 3.500+£0.224 2 3.000 £ 0.000 @ 3.000 £ 0.000 @
Deposited materials 1.000 " 4.000 £ 0.000 @ 3.750+£0.250 @ 4.000 £0.000 2
Soil surface roughness 0.918 2.667+£0.422¢2 2.500 +0.500 @ 4.000 £2.000
Surface nature - 6.300 = 0.000 2 6.300 £ 0.000 2 6.300 = 0.000 @
Slaking test 1.577 " 4.667 +0.843 @ 3.500 + 0.500 @ 2.000 +2.000 @
Soil texture 1.125" 2.667 £0.211°2 3.000 + 0.000 @ 3.000 £ 0.000 @

**x *x % and ns denote significant differences at the levels of 0.001, 0.01, and 0.05, respectively, as well as the
absence of significant differences.
The variation in the English letters used in each row indicates significant differences in the values, while the
uniformity of these symbols indicates no significant difference.
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Table 6- Comparison of Estimated Values of Soil Surface Indicators in Shrub Patches under Different Livestock
Grazing Intensities Using the LFA Method

Grazing Intensity

Light Grazing Moderate Grazing Heavy Grazing

Indicators F
Rain-splash protection or (soil cover%) 9.941 ™
Perennial vegetation cover (%) 5,575 ™
Litter cover (%) 2.387™
Litter cover, orig and incorp. 2.387™
Cryptogam cover (%) 72.866 ™
Crust brokenness 4.438™
Soil erosion type and severity 13.488 ™
Deposited materials 7.494™
Soil surface roughness 6.037 ™
Surface nature 1.038 ™
Slaking test 5.612 ™"
Soil texture 0.124 ™

4.000£0.148 ¢ 2.929 +£0.165° 3.600+0.1902
7.429+0.2512 6.143 +£0.254 ° 6.000 + 0.436 ©
1.500+£0.1392 2.000 +0.257 2 1.467 £0.165%
5.985+0.5532 7.980+1.0252 5.852 +0.659 2

3.571+0.374 2
2.357+0.133°
3.500+0.139 2
4.000 +0.000 2
2.429+0.228°
6.464 +0.164 2
5.429 +0.609 2
2.857+£0.097 2

3.857+0.254 2
2.143 +£0.097 ®
3.000 +0.000 °
3.643+0.133°
3.571+0.3092
6.300 +0.000 2
3.714+0.462 "
2.786+0.1142

0.000 +0.000 °
1.933 +£0.067 °
3.000 +0.000 °
4.000 +0.000 2
3.867 +0.363 2
6.300 +0.000 2
2.667 £ 0.667 °
2.800+0.1072

*x% **x * and ns denote significant differences at the levels of 0.001, 0.01, and 0.05, respectively, as well as the
absence of significant differences.
The variation in the English letters used in each row indicates significant differences in the values, while the
uniformity of these symbols indicates no significant difference.
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Figure 4- Stability Index (%) of Ecological Patches
The variation in the English letters used indicates significant differences in the values, while the uniformity of
these symbols indicates no significant difference.
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Figure S-Infiltration Index (%) of Ecological Patches
The variation in the English letters used indicates significant differences in the values, while the uniformity of
these symbols indicates no significant difference.
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Figure 6- Nutrient Cycling Index (%) of Ecological Patches
The variation in the English letters used indicates significant differences in the values, while the uniformity of
these symbols indicates no significant difference.
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