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The dynamics of rangeland vegetation are products of spatial and temporal land use that determine
rangeland productivity and conservation of biodiversity. This study examined effects of site, elevation,
land use and season on vegetation attributes at three sites in Dida-Hara, southern Ethiopia. Herbaceous
plant attributes (that is, above-ground herbaceous biomass, basal cover, plants’ density, species
richness, diversity index and evenness), as well as woody plants characteristics such as density and
species richness were measured. Herbaceous and woody vegetation variables were examined by
season and land use types (that is, enclosures vs. open-grazed areas) across three sites and two
altitudes. The results showed that all vegetation attributes were greatly affected by site, land use type
and season. Herbaceous vegetation attributes such as biomass, basal cover and herbaceous species
richness were more affected by land use types and season. Elevation affected herbaceous vegetation
characteristics such as basal cover, herbaceous species diversity and woody richness. Effects of site
differences in terms of herbaceous biomass were common during the dry season. Grass diversity was
significantly affected by site, elevation, land use type, season and altitude across spatial and temporal
scales. Herbaceous biomass was significantly higher in enclosure than in the communal land use type
whereas herbaceous biomass showed a declining trend with increased density of woody plants.
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INTRODUCTION

Knowledge of vegetation dynamics at different spatial
and temporal scales in relation to different land use
practices, elevation and season is essential to consider
for proper management of arid rangelands (Fernandez-
Gimenez and Allen-Diaz, 1999; Snyder and Tartowski,
2006). This is particularly important in arid and semi-arid
rangelands where forage productivity is highly variable

across sites, between seasons and altitudinal gradient
(Gibbens et al., 2005; Oba et al., 2000; Briske et al.,
2003; Peters and Havstad, 2006). We need to isolate the
natural drivers of rangeland vegetation dynamics from
human induced impacts (Fernandez-Gimenez and Allen-
Diaz, 1999; Bestelmeyer et al., 2006). Among the drivers
of rangeland vegetation dynamics, land use practices
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(Coppock, 1994; Angassa and Oba, 2010), fire
suppression (Oba et al., 2000; Angassa and Oba, 2008),
site differences and altitudinal variation (Sheuyange et
al., 2005; Wu and Archer, 2005; Bestelmeyer, et al.,
2006; Dime et al., 2012) and impact of recurrent drought
(Peters and Havstad, 2006) can affect the dynamics of
rangeland vegetation.

Peters and Havstad (2006) have shown that the spatial
distribution of rangeland vegetation across site can be
greatly affected by the physical environments such as soil
differences, amount and distribution of rainfall. Others
(Angassa and Oba, 2010; Teka et al., 2012; Angassa,
2014) indicated that season and land use types have a
significant effect on the dynamics of rangeland
vegetation. Management of grazing lands thus requires
resource planners to be aware of the effects of site
differences and land use types on rangeland productivity
(Peters and Havstad, 2006; Riginos and Grace, 2008).
Wu and Archer (2005) have argued that the extent to
which variation among sites may favorably maintain soil
moisture and nutrients can be a crucial element of
vegetation dynamics. Hence, patterns of vegetation
dynamics on rangeland ecological sites can be
expressed in terms of climate variability, soil types, soil
moisture and nutrient availability (Briske et al., 2003).
Although a number of factors might be responsible for the
dynamics of rangeland vegetation, the combined effects
of site, elevation and land use in relation to season have
remained unclear. Thus, how site differences, altitudinal
gradient and land use types influence vegetation
dynamics on rangelands needs better understanding
(Oba et al., 2000; Angassa, 2005).

In the case of arid and semi-arid rangelands, one would
envisage, the temporal variability being critically
important for herders as they use grazing lands in
rotation based on seasonal mobility. This means that the
temporal variation acts on the spatial variability of grazing
lands to influence the dynamics of land use patterns
between seasons of the year (Fernandez-Gimenez and
Allen-Diaz, 1999; Bestelmeyer et al., 2006; Snyder and
Tartowski, 2006). How gazing or lack of disturbance by
livestock influences the products of the interactions
between spatial and temporal scales in arid and semi-arid
rangelands is important to note. For example, do we have
the same outcome as the communal rangelands if
livestock grazing is excluded for longer period from a
given rangeland site? What would be the responses of
vegetation variables if grazing pressure is removed on
the one hand, and continuous grazing is allowed on
adjacent rangeland areas? Understanding the effects of
site, altitudinal gradient and land use types has important
implications for proper management and conservation of
rangeland biodiversity.

The present study evaluates responses of vegetation
attributes to site, altitudinal variation and land use types
in Borana rangelands of southern Ethiopia. To achieve

the objective of this study, the following questions were
asked: (1) How do spatial and temporal variability of
rangelands influence herbaceous vegetation attributes
(that is, herbaceous biomass, basal cover, density,
species richness, diversity and evenness) and woody
vegetation variables (that is, density and richness)? (2)
What is the effect of land use types, site differences,
altitudinal gradient and season on vegetation variables?

It was predicted that the impacts of spatial scales are
more positive in facilitating woody vegetation than human
induced land use types, while the temporal scales
influence herbaceous biomass production, keeping the
land use type constant. It was also predicted that the
interactions between season and grazing pressure would
show greater influence on herbaceous vegetation than on
woody vegetation attributes.

MATERIALS AND METHODS
Description of the study sites

This study was conducted in semi-arid rangelands of southern
Ethiopia across three locations (Dikale, Dembi and Siiquu) in Dida-
Hara (Picture 1). The study locations hereafter referred to as sites
based on two types of land use systems (enclosures vs. communal
land use) where cattle are the dominant livestock type. Mean
annual rainfall from the nearest weather stations over the last two
decades was 500 mm (Angassa and Oba, 2007). Soil types of the
three study sites vary from red in the uplands to “black cotton” soils
in the bottomlands as in all the three sites, land use types were
replicated twice by altitudinal gradient for data collection (Coppock,
1994). Commiphora africana, Acacia drepanolobium and other
Acacia species dominate the woody cover, while grass species
such as Chrysopogon aucheri, Cenchrus ciliaris, Aristida
adscensionis, Eragrostis papposa, Heteropogon contortus,
Panicum  coloratum, Pennisetum mezianum, Pennisetum
stramineum and Themeda triandra make up the majority of
herbaceous vegetation in the study sites (Angassa and Baars,
2000).

The study questions were examined by conducting vegetation
sampling at different altitudes in relation to season and grazing
pressure to understand their effects on rangeland vegetation
dynamics. According to Peters and Havstad (2006), plot is a patchy
spatial unit in association with plant communities. In vegetation
samplings, plots are the smallest sampling units nested within
landscape patches. The same authors stated that patchy plant
communities are often associated with unique microclimate,
variation in the physical environments and weather conditions
interacting with vegetation community to influence variations among
ecological units that also affect plant community success with
consequences for rangeland vegetation patterns. Vegetation
responses to rangeland ecological variables at broader spatial
scales can vary from those influences at intermediate and fine
scales (Peters and Havstad, 2006). The second scale of interest in
this study was the altitudinal gradient, consisting of groups of
patchy mosaics of rangeland units. The scale for the altitude and
plot matrixes was assessed based on uplands and bottomlands.
The third scale used for the evaluation of rangeland vegetation
dynamics was land use types or grazing pressure (that is,
enclosures vs. communal rangelands) replicated across two
elevation ranges. The fourth independent variable was season of
rainfall as a factor regulating plant productivity on the rangelands.
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Picture 1. Map of the study area in Dida-Hara, southern Ethiopia.

Sampling procedure

In each study location, two land-use types (that is, enclosures vs.
communal grazing lands) were identified. Enclosures are areas
protected from livestock grazing to conserve pasture for calves for
dry season grazing, while communal grazing lands are continuously
grazed areas throughout the year and lacks rest for plant species to
recover. These land-use types were replicated twice in both upland

and bottom land altitudes for sampling vegetation in enclosures vs.
communal rangelands by altitude. Upland altitudes are areas >
1500 m above sea level (m.a.s.l.), while area < 1500 m.a.s.| was
considered as bottomlands. A 500 m long transect was established
at each site in each land-use system per altitude gradient. The 500
m long transect was divided into 10 units consisting of 10 plots at
50 m intervals between each plot. Vegetation variables were
sampled in each plot along the transect within each land-use
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system per altitude using 1 m x 1 m plot to quantify herbaceous
vegetation, whereas 10 m x 10 m plot was used for sampling
woody plants. During two rainy seasons and one dry season (that
is, in May and November, 2004, and February, 2005, respectively),
biomass, basal cover, species richness, diversity and evenness of
herbaceous plants, as well as density and richness of woody plants
were measured. Plant species were identified and counted in each
plot. Herbaceous biomass was harvested using hand cutting and
samples were oven dried at 65°C for 24 h. Herbaceous biomass
was determined based on the dry matter estimation of herbaceous
samples. The proportion of grass basal cover was estimated
visually based on the area (soil part) covered by a grass base
compared with bare ground (Angassa and Oba, 2010). The density
of woody species were determined by counting the total number of
individuals in plots of 10 m x 10 m. Species richness were counted
per plot per census (that is, the total count of all species per plot),
while species diversity index, H = -(Z (pilnpi)) (Shannon, 1948) was
calculated using the relative abundance of each plant species
(where pi represents the proportion of individual species in each

plot).

Data analysis

SAS statistical software version 9.1 (SAS Institute, 2001) was used
for statistical analysis. Analysis of variance (ANOVA) was used to
evaluate vegetation attributes (that is, biomass, basal cover,
density, species richness, diversity index and evenness of
herbaceous plants) and woody vegetation variables (woody density
and richness) in response to spatial scales in rangeland ecological
units. Post-hoc comparisons of significant differences were done
using the least square difference (LSD) method. The relationship
between woody density and grass biomass were also determined
using a polynomial regression. Statistical significance was reported
at P< 0.05.

RESULTS

Site, elevation and land use types on vegetation
attributes

The present results showed that all vegetation variables
were significantly related to site (P < 0.05) (Table 1).
Season and land use types were significantly related to
most herbaceous vegetation variables (P < 0.001).
Interactions between site and season, as well as season
and management (that is, land use types) on the yield of
grasses were significant (P < 0.001) (Table 1). Grass
basal cover, herbaceous diversity and woody richness
were significantly related to the effects of altitudinal
gradient (Table 1). There were significant interactions
between site and altitude on grass basal cover,
herbaceous species richness and diversity, and woody
richness (Table 1). The interaction between season and
altitude was significantly related to woody richness (Table
1).

Season

No significant variation in grass yield was recorded

between the study sites and interactions between site
and season (Table 2). However, site was significantly (P
< 0.05) related to the yield of grasses during the dry
season (Tables 2 and 3). The interaction between site
and altitude also significantly (P < 0.05) affected the
basal cover of grasses during the short rainy season
(Table 2). Grass density was significantly (P < 0.05)
differed between sites despite seasonal variation (Table
2). Likewise, grass density was significantly (P < 0.05)
affected by the interaction between site and altitude
during the different seasons (Table 2). Site had a
significant effect on grass richness only during the short
and dry seasons. Grass diversity was significantly
affected at all spatial scales and their interaction
(exception being the interaction between site and plot)
during the short rainy season (Table 2). Hence, our
results showed that the interaction between site and
landscape had a significant effect on grass diversity
during the main rainy season (Table 2). Moreover, grass
diversity was significantly affected by site and landscape,
as well as the interaction between site and landscape
during the dry season (Tables 2 and 4). Woody plant
density was significantly affected by site, landscape and
their interaction during the main and short rainy seasons
(Tables 2 and 3). Similarly, the interaction between site
and plot had a significant effect on the density of woody
plants during the short rainy season (Table 2). Woody
plant richness was significantly affected by site and the
interaction between site and landscape during the main
rainy season. Overall, site and landscape had a
significant effect on woody plant richness during the short
rainy and dry seasons.

Land-use

Grass biomass was significantly (P < 0.05) affected by
site differences under the enclosure (Tables 5 and 6).
However, the interaction effects were non-significant (P >
0.05) at altitude and plot levels when considering the
yield of grasses under both land-use systems (Table 5).
The basal cover of grasses showed significant
differences both at site and altitude levels under
enclosure management (Tables 5 and 7). The basal
cover of grasses was significantly affected by site, and
the interaction between site and altitude under communal
land-use (Table 5). Site differences had a significant
effect on the density of grasses under both land-use
systems, while the interaction between site and
landscape was only significant under the communal land-
use (Table 5). Site differences significantly affected grass
richness under both land-use systems (Tables 5 and 6).
Nevertheless, the effect of altitude on grass richness was
only significant under the communal land-use. The
interaction between site and altitude had a significant
effect on grass richness under both land-use systems.



Angassa 383

Table 1. Main and interaction effects of site, elevation, season and land use types (enclosure vs. communal land
use) on vegetation attributes as affected in Borana, southern Ethiopia.

Dependent variables Independent variable Df F P
Site 2 4.26 0.0149
Altitude 1 0.04 0.8423
Season 2 124.21 <0.0001
Management 1 156.59 <0.0001
Grass biomass (gm m?) S?te*altitude 2 0.06 0.9376
Site*Season 4 6.07 <0.0001
Site*Management 2 2.09 0.1255
Altitude*Season 2 2.76 0.0647
Altitude*Management 1 0.01 0.9210
Season*Management 2 25.75 <0.0001
Site 2 5.73 0.0036
Altitude 1 5.71 0.0174
Season 2 12.76 <0.0001
Management 1 145.26 <0.0001
Basal cover(%) S?te*altitude 2 5.51 0.0044
Site*Season 4 1.14 0.3395
Site*Management 2 5.00 0.0072
Altitude*Season 2 0.31 0.7303
Altitude*Management 1 1.94 0.1641
Season*Management 2 5.53 0.0043
Site 2 12.13 <0.0001
Altitude 1 2.60 0.1080
Season 2 3.86 0.0221
Management 1 20.43 <0.0001
. 2 Site*altitude 2 12.99 <0.0001
Grass richness (No. m™) Site*Season 4 4.24 0.0023
Site*Management 2 1.47 0.2323
Altitude*Season 2 0.78 0.4571
Altitude*Management 1 2.60 0.1080
Season*Management 2 0.47 0.6257
Site 2 6.53 0.0017
Altitude 1 20.81 <0.0001
Season 2 16.98 <0.0001
Management 1 14.45 0.0002
. . , Site*altitude 2 10.18 <0.0001
Grass diversity (H') Site*Season 4 0.53 0.1713
Site*Management 2 0.48 0.6187
Altitude*Season 2 0.98 0.3825
Altitude*Management 1 0.04 0.8388
Season*Management 2 3.67 0.0265
Site 2 7.32 0.0008
. Altitude 1 2.18 0.1408
Woody density (stem/ha) Season 2 547 0.0046
Management 1 1.17 0.2802
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Table 1. Contd.

Site*altitude 2 1.73 0.1784

Site*Season 4 4,22 0.0024

Site*Management 2 1.65 0.1927

Altitude*Season 2 2.57 0.0777

Altitude*Management 1 1.24 0.2670

Season*Management 2 1.44 0.2392

Site 2 21.40 <0.0001

Altitude 1 49.09 <0.0001

Season 2 8.33 0.0003

Management 1 0,04 0.8499

. 2 Site*altitude 2 3.62 0.0277
Woody richness (100 m™) Site*Season 4 2.47 0.0447
Site*Management 2 0.41 0.6610

Altitude*Season 2 6.91 0.0011

Altitude*Management 1 0.04 0.8499

Season*Management 2 5.75 0.0035

Table 2. Analysis of variance related to site, altitude and plot level effects on vegetation dynamics over three seasons in southern

Ethiopia.

Dependent variable Indfapendent Df Main rain Short rain Dry season
variable F =] F p E P
Site 2 2.68 0.0744 1.32 0.2714 6.34 0.0027
Atitude 1 1.18 0.2797 0.38 0.5383 1.84 0.1785

Grass yield (gm m™?) Plot 9 141 0.1943 0.30 0.9725 0.29 0.9750
Site*altitude 2 0.08 0.9276 0.11 0.8942 0.23 0.7920
Site*plot 18 0.67 0.8338 0.26 0.9989 0.62 0.8725
Site 2 1.61 0.2049 1.19 0.3104 2.49 0.0890
Altitude 1 1.62 0.2071 1.47 0.2284 0.48 0.4890

Basal cover (%) Plot 9 0.45 0.9047 0.65 0.7534 0.37 0.9453
Site*altitude 2 0.26 0.7699 3.19 0.0459 0.82 0.4440
Site*plot 18 0.39 0.9861 0.82 0.6756 0.39 0.9869
Site 2 4.35 0.0158 5.47 0.0058 6.92 0.0016
Altitude 1 0.01 0.9044 0.56 0.4553 0.02 0.8763

Grass density (stem m'z) Plot 9 1.99 0.0500 1.73 0.0952 0.37 0.9445
Site*altitude 2 4.88 0.0098 6.31 0.0028 7.49 0.0010
Site*plot 18 1.03 0.4379 1.00 0.4687 0.75 0.7524
Site 2 0.74 0.4790 7.31 0.0012 15.18  <0.0001
Altitude 1 0.00 0.9546 0.93 0.3384 3.84 0.0534

Grass richness (No. m'2) Plot 9 0.88 0.5433 0.32 0.9673 1.06 0.3969
Site*altitude 2 1.19 0.3108 8.76 0.0003 8.02 0.0006
Site*plot 18 1.05 0.4126 1.13 0.3428 1.58 0.0826
Site 2 1.01 0.3673 3.89 0.0241 3.28 0.0421

Cerity (H
Grass diversity (H') Altitude 1 309 00823 499 00280 17.12 <0.0001
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Table 2. Contd.
Plot 9 1.04 0.4139 2.24 0.0264 1.42 0.1919
Site*altitude 2 5.39 0.0062 5.33 0.0066 2.29 0.1072
Site*plot 18 0.93 0.5467 0.98 0.4896 0.82 0.6701
Site 2 11.13 <.0001 117.52 <.0001 0.17 0.8450
Altitude 1 20.43 <.0001 17.55 <.0001 0.36 0.5506
Woody density (stem/ha) Plot 9 0.85 0.5722 1.74 0.0928 0.97 0.4723
Site*altitude 2 9.88 0.0001 28.84 <.0001 2.04 0.1368
Site*plot 18 0.92 0.5552 1.79 0.0390 1.12 0.3515
Site 2 8.49 0.0004 5.87 0.0040 11.41  <0.0001
Altitude 1 3.28 0.0735 11.00 0.0013 47.42  <0.0001
Woody richness (100 m) Plot 9 1.02 0.4339 1.18 0.3185 0.93 0.5033
Site*altitude 2 7.85 0.0007 1.69 0.1910 1.03 0.3614
Site*plot 18 0.97 0.5026 0.58 0.9061 0.77 0.7318

Table 3. Site dependent effects on rangeland vegetation responses over three seasons in southern Ethiopia.

Response variable Site Main rain Short rain Dry season
Dikale 260+9.4° 124+10.2° 128+8.22°
Grass yield (gm m™) Dambi 228+9.4° 163+10.2° 153+8.222
Siiquu 241+9.4%° 141+10.2% 91+8.41°
Dikale 16.4+0.75% 17+0.98 13+0.83%
Basal cover (%) Dambi 13.8+0.75" 15+0.98 11+0.83°
Siiquu 14.4+0.75% 16+0.98 14+0.83°
Dikale 41+1.68 65+2.84° 46+2.11°
Grass density (stem m™) Dambi 34+1.68° 51+2.84° 36+2.11°
Siiquu 38+1.68%" 55+2.84° 36+2.11°
Dikale 5.1+0.25 4+0.17° 4.4+0.21°
Grass richness (No. m?) Dambi 5.2+0.25 5+0.17% 5.6+0.21°
Siiquu 4.8+0.25 5+0.17% 4.1+0.21°
Dikale 2.0£0.13 2.2+0.11° 1.7+0.10°
Grass diversity (H') Dambi 1.8+0.13 2.2+0.11° 1.7+0.10°
Siiquu 2.0+0.13 2.6+0.11° 2.0+0.10°
Dikale 0.60+0.04 0.67+0.03" 0.52+0.03"
Grass evenness Dambi 0.55+0.04 0.68+0.03" 0.52+0.03"
Siiquu 0.63+0.04 0.78+0.03? 0.62+0.03?
Dikale 3515+310° 1930+239.8° 6165+1162
Woody density (stem/ha) Dambi 5480+310% 6771+239.8% 5243+1162
Siiquu 3450+310° 2500+239.8" 5470+1162
Dikale 4.5+0.24% 3.9+0.22° 4.7+0.22%
Woody richness (100 m™) Dambi 4.4+0.24° 3.4+0.22° 3.4+0.22°
Siiquu 3.3+0.24° 2.8+0.22° 3.4+0.22°

a, b and ¢ = superscripts with different letters within columns showing significant differences among sites within seasons.
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Table 4. Altitude dependent effects on vegetation variables over three seasons in southern Ethiopia.

Response variable Altitude Main rain Short rain Dry season
Grass yield (gm m™ Upland 249+8.16 148+12.59 113+10.18
yield g Bottomland 236+8.16 136+12.59 134+10.18
sasal cover (%) Upland 140.80 15+1.00 12+0.68
° Bottomland 16+0.80 17+1.00 13+0.68
Grass densiy (stemm?  UPand 37+1.50 55+2.74 40+1.84
y Bottomland 38+1.50 58+2.74 30+1.84
. , Upland 5.01+0.20 4.5+0.18 4.5+0.20
Grass richness (No. m™) g omland 5.03+0.20 4.7+0.18 4.9+0.20
o Upland 2.1+0.11 2.5+0.10° 2.05+0.09
Grass diversity (H') Bottomland 1.8+0.11 2.2+0.10° 1.57+0.09
Gracs ovenmess Upland 0.63+0.03 0.75£0.03 0.63+0.03
Bottomland 0.55+0.03 0.67+0.03 0.48+0.03
. Upland 50514322 4324+379 52214964
Woody density (stem/ha) g 0 iand 32464322 31434379 60314964
_ » Upland 3.8240.20 2.9+0.19 2.9040.19
Woody richness (100m™) g 0 iand 4.28+0.20 3.7540.19 4.67+0.19

Table 5. Analysis of variance related to site and altitude on vegetation dynamics under different land-use systems in southern
Ethiopia.

. ) Enclosure Communal
Response variable Independent variable DF
F P F P
Site 2 3.85 0.0242 0.36 0.6999
Altitude 1 0.01 0.9301 0.00 0.9633
Grass yield (gm m'z) Plot 9 0.89 0.5328 0.24 0.9885
Site*altitude 2 0.20 0.8228 0.12 0.8846
Site*plot 18 0.42 0.9819 0.22 0.9997
Site 2 3.30 0.0406 9.38 0.0002
Altitude 1 5.42 0.0213 0.68 0.4095
Basal cover (%) Plot 9 1.48 0.1627 1.10 0.3642
Site*altitude 2 221 0.1133 4.81 0.0095
Site*plot 18 1.10 0.3623 1.50 0.0975
Site 2 4.62 0.0114 7.58 0.0008
Altitude 1 3.23 0.0746 0.87 0.3533
Grass density (stem m'2) Plot 9 1.16 0.3246 1.06 0.3951
Site*altitude 2 211 0.1246 15.33 <0.0001
Site*plot 18 0.77 0.7335 0.61 0.8835

Grass richness (No. m'z) Site 2 7.54 0.0008 6.32 0.0024




387

Angassa
Table 5. Contd.
Altitude 1 0.00 1.0000 5.61 0.0192
Plot 9 0.84 0.5777 1.06 0.3984
Site*altitude 2 6.20 0.0026 11.08 <0.0001
Site*plot 18 1.16 0.3005 1.64 0.0591
Site 2 3.13 0.0468 3.15 0.0458
Altitude 1 9.25 0.0028 9.50 0.0025
Diversity index (H") Plot 9 0.71 0.6960 151 0.1514
Site*altitude 2 4.31 0.0153 5.33 0.0059
Site*plot 18 0.89 0.5939 0.97 0.4983
Site 2 3.49 0.0477 18.28 <.0001
Altitude 1 1.73 0.1909 0.27 0.6021
Woody density (stem/ha) Plot 9 0.74 0.6759 0.98 0.4569
Site*altitude 2 0.03 0.9724 13.31 <0.0001
Site*plot 18 0.92 0.5343 1.21 0.2641
Site 2 15.21 <0.0001 11.62 <0.0001
Altitude 1 29.29 <0.0001 32.25 <0.0001
Woody richness(100 m'2) Plot 9 0.89 0.5319 5.54 <0.0001
Site*altitude 2 7.40 0.0009 0.04 0.9648
Site*plot 18 4.04 <0.0001 2.19 0.0008

Table 6. Site dependent effects on responses of rangeland vegetation under different land-use systems

in southern Ethiopia.

Response variable Site Enclosure Communal
Dikale 207+10.97% 135+11.43
Grass biomass (gm m'z) Dambi 232+10.97% 130+11.43
Siiquu 195+10.97" 120+11.43
Dikale 19.3+0.75° 12+0.62°
Basal cover (%) Dambi 17.2+0.75" 9+0.62°
Siiquu 16.7+0.75" 13+0.62°
Dikale 49.6+1.59 39+2.55°
Grass density(stem m™) Dambi 42.1+1.59" 52+2.55°
Siiquu 42.1+1.59° 4442 55°
Dikale 4.7+0.18° 4.33+0.18"
Grass richness (No. m™) Dambi 5.6+0.18° 4.90+0.18°
Siiquu 5.0+0.18" 4.08+0.18°
Dikale 2.13+0.10° 1.76+0.10°
Grass diversity (H") Dambi 1.99+0.10° 1.81+0.10°
Siiquu 2.35+0.10° 2.06+0.10°
Grass evenness Dikale 0.6510.03: 0.5410.032
Dambi 0.61+0.03 0.55+0.03
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Table 6. Contd.

Siiquu 0.72+0.03% 0.63+0.03%
Dikale 3576+822" 4164+324°
Woody density (stem/ha) Dambi 6122+822° 5540+324°
Siiquu 4607+822%° 3007+324°
Dikale 4.4+0.20% 4.3+0.18°
Woody richness (100 m™) Dambi 3.7+0.20° 3.7+0.18°
Siiquu 3.0+0.20° 3.3+0.18°

Table 7. Altitude dependent effects on responses of rangeland vegetation under different land-use systems in

southern Ethiopia.

Response variable Altitude Enclosure Communal
Gracs vield aim? Upland 21249.10 128.4+9.30
yieldg Bottomland 21149.10 127.749.30
Upland 17+0.67" 10.7+0.53
Basal %
asal cover (%) Bottomland 19+0.67° 11.3+0.53
. 5 Upland 43+1.68 46+2.14
Grass density (stem m™) Bottomland 47+1.68 43+2.14
. - Upland 5.07+0.16 4.21+0.15°
Grass richness (No. m”) Bottomland 5.0740.16 4.67+0.15%
o Upland 2.33+0.08% 2.04+0.08°
Grass diversity (H
y (H) Bottomland 1.98+0.08" 1.71+0.08"
Grace evenmes Upland 0.7240.03 0.63+0.02%
Bottomland 0.6140.03 0.53+0.02°
. Upland 54044676 43264285
W h
oody density (stem/ha) Bottomland 41334676 41474285
. 2 Upland 3.18+0.17° 3.23+0.16°
Woody richness (100 m™) Bottomland 4.23+0.17° 4.230.16°

The results showed that grass diversity was significantly
affected by site, altitudinal variation and their interaction
under both land-use systems. Woody plant density
significantly varied which was caused by site differences
under both land-use systems (Tables 5 and 6). The
interaction between site and landscape under both land-
use systems was also significantly (P < 0.05) different.
The current result showed that site differences had a
highly significant effect on the density of woody
vegetation attributes under the communal land-use

system. Woody plant richness was significantly (P < 0.05)
affected by site, altitude and the interaction between site
and plot under both land-use systems. Overall, woody
vegetation richness was significantly affected by the
interaction between site and altitude under the enclosure
management (Table 5). The relationship between woody
density and grass yield is shown in Figures 1, 2 and 3.
The present results showed that woody plant density was
inversely related to grass cover in all study sites (Figures
1,2 and 3).
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Figure 1. Relationship between grass yield and woody density in Dikale area, Borana.
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Figure 2. Relationship between grass yield and woody density in Siiquu area, Borana.

DISCUSSION

Effects of site, elevation and land use on vegetation
attributes

It was predicted that the impacts of spatial scales are
more decisive in shaping the distribution of vegetation
than management intervention in arid rangelands, while

the temporal scales could influence vegetation
production, keeping land use type constant. Such
impacts were observed in terms of woody vegetation
composition, while herbaceous biomass was strictly
controlled by grazing pressure and season. Oba et al.
(2003) suggested that rangeland spatial variability would
tend to increase differences in vegetation composition
and production. The findings of the present results
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Figure 3. Relationship between grass yield and woody density in Denbi area, Borana.

indicate that vegetation responses could be influenced by
the spatial and temporal variability of arid rangelands.
Oba et al. (2000) have also indicated that landscape
heterogeneity and temporal scales would contribute to
the spatial variability of rangeland vegetation. The current
results also support this argument, as the observed
vegetation variables greatly varied across spatial and
temporal scales. Similarly, several authors, for example,
Meentemeyer and Box, (1987), Turner et al. (1989), Oba
et al. (2003), Peters and Havstad (2006), Snyder and
Tartowski (2006) and Wu and Archer (2005) have argued
that vegetation dynamics are more responsive to site
differences and altitudinal gradient than land use types.

The present study found that yield of grasses during the
dry season varied between sites. The findings of the
present study show that the interaction between site and
landscape has important effect on basal cover of grasses
during the short rainy season. Generally, the current
findings suggest that variation in rangeland sites has
greatly influenced the density of grasses regardless of
seasonal variability. Vegetation composition and
productivity within a region basically reflect the existing
climate in terms of season and annual rainfall variability
(Fernandez-Gimenez and Allen-Diaz, 1999; Oba et al.,
2000; Peters and Havstad, 2006). Ultimately, climate
variability plays a central role in determining the
dynamics of rangeland vegetation (Ellis and Swift, 1988;
Fernandez-Gimenez and Allen-Diaz, 1999; Briske et al.,
2003). However, regional climatic variability may not
account for the spatial patterns of vegetation at local level
as a result of the irregularities that could arise due to
altitudinal variation (Fernandez-Gimenezand and Allen-
Diaz, 1999; Oba et al., 2000; Briske et al., 2003; Wu and

Archer, 2005; Peters and Havstad, 2006). Hence,
landscape spatial scales might exert a strong influence
on the distribution, growth and abundance of plant
communities over a wider altitudinal range due to
substantial dissimilarities, in elevation, soil texture and
moisture conditions, and nutrient supply (Wu and Archer,
2005). For example, Peters and Havstad (2006) have
indicated that the nutrient and soil moisture distribution
between high and low resource areas could be among
the major factors for the variation in vegetation
composition across spatial scales. Similarly, the results of
the present study indicate that grass diversity was highly
influenced by differences in site, altitude, season of
rainfall. This is in accordance with the existing information
that suggests that the dynamics of rangeland vegetation
can be non-linear (Peters and Havstad, 2006) and locally
mediated by the type of topography of an area (for
example, Wu and Archer, 2005). These scale-dependent
effects can have important implications for the local users
and decision makers on the sustainability of arid land
management.

Previous studies (for example, Ryerson and Parmenter,
2001; Briske et al, 2003) have shown that the
occurrence of vegetation type along altitudinal gradient is
independent of the exclusion of herbivores from a specific
land site. The current study shows that grass density was
greatly affected by the interaction between site and
elevation during the different seasons, suggesting that
plant composition always varies across landscapes. In
addition to distinct and interactive effects of spatial
scales, environmental variables such as season and
land-use type are among the most important factors in
driving vegetation dynamics (Peters and Havstad, 2006;



Briske et al., 2003). In some locations, grasses are
diminished prior to drought, while in others grasses
remain high regardless of the occurrence of drought
(Peters and Havstad, 2006). Similarly, Coppock (1994)
has reported that intensive grazing can lead to reduced
grass cover and increased bush encroachment. On the
other hand, exclusion of livestock grazing is found
ineffective in limiting the spread of bush encroachment in
semi-arid savannas (Peters and Havstad, 2006; Angassa
and Oba, 2010).

According to Kerstin et al. (2005), increase in the
density of woody encroachment suppresses grass
production. From the results of the present study it seems
that as the density of woody species increased grass
biomass tends to reduce. In the present study, heavy
grazing pressure is a common feature of the study sites.

Conclusion

It seems that the dynamics of rangeland vegetation that
potentially accompany shifts in season or disturbance
regimes is likely to be controlled by altitudinal gradient.
Knowledge of vegetation dynamics may therefore need to
explicitly account for the spatial and temporal variability of
rangeland ecological sites in terms of season and land-
use types to precisely predict the drivers of vegetation
changes in savanna ecosystems.
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