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ABSTRACT Population pressure through settlerments and
encrogchment of cultivation mdo pastoral prme grazmg lands
in and and sem-amd arcas of Afriea have resulted in the
reduction of natural vegetation cover, in fum fmnsforming land
uge systems, Thisstudy was carmried cut t investigate changes
n \-:wmiun resources in relation to land use changes due 1o
population pressure and the effect of tme, m north-casiem
Etheopia. The methods employed involved the interpretation
of acral ph{:ﬂompfﬁ, taken af bwo poanls in fime - 1964 and
1954 - and field survey. Resulls revealed that signilficant
changes have occwmed in land we and vegedation Types over
the 30 years. Changes in land use, mamly in the form of Moeod
recession cultivation, have apparently caused changes in veg-
etation structure. Based on these findings. it is recaommended
that research and development should strive o protect the
existing grazing lands from setilements and encrosching cul-
i

INTRODUCTION

Drylands in sub-Saharan Africa are domi-
nated by arid to semi-arid climates characterised
by low and unreliable rainfall which rarely ex-
ceeds T50mm, low soil fertility, high tempera-
tures and elevated evapo-transpiration (Prant and
Gwynne, 1977; Le Houerou, 1980, Sandford,
1983; Coppock, 1994). These areas cover about
60 per cent of Ethiopia®s land surface and are
home o 12 per cent of the human population
and 26 per cent of the livestock population
(Coppock, 1994).

Arid and semi-and lands {ASALs) include
rangelands that support wildlife and extensive
lvestock operations (Pratt and Gwynne, 1977)
Ower the years, however, patterns of land use
have significantly changed, threatening the pro-
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ductive capacity of vast areas in the ASALs (LN,
1977). Overgrazing on the uncultivated grazing
land 15 also another factor influencing the degra-
dation of land resources, especially herbaceous
vegetation, Although pastoralism has evolved
over a millennium and is, in many ways, a suc-
cessful adaptation to the dry and ecologically
fragile ecosystem, recent interventions and trends
in the ASALS have worked against its continued
survival, As a nesulf, herders throughout dryland
Africa have lost prime grazing lands, particularly
in low-lying areas, to make room for flood re-
cession and imigated agriculture (Lamprey and
Yussuf, 1981; Medina, 1987; Keya, 1991; Diress
etal,, 199%)). The causes of pressure in African
drylands include population increases and the
accompanying iendencies of food insecurity,
ecological degradation of sensitive environmen.s,
political and economic marginalization of local
populations, and extreme conditions of starva-
tion and disaster (Hjort, 1985; MNyariki and
Wiggins, 1997). Population in the study area in-
creased several times between 1964 and 1994,
mainly due to emigration for settlement,

The main production systems in the north-
emn part of Afar Regional State are pastoral and
agropastoral. In the Aba’ala wereda (study area),
an extensive plain area is cultivated, the unculti-
vated area being occupied by pastoral nomads
{Diress et al., 1998). Since the study area has been
isolated from main stream national development
for many years due to insecurity, research has
neither been conducted on land use nor on veg-
efation resources. It is in the hight of the forego-
ing that this study was conceived and initiated.
The objective of the study was therefore to as-
sess changes in vegetation resources in relation
to land use changes, influenced by population
pressure and time, with emphasis on the woody

component.
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STUDY AREA

The study was carried out in Aba’ala Diis-
trict, in the northern part of Afar Regional State,
north-eastern Ethiopia, The study area lies ap-
proximataly betoween 13% 15" and 13° 30" M lati-
tude and 3%° 39" and 39° 55° E longitude, about
50 kilometres east of Mekelle Town. The study
area consists of flat plains occasionally inter-
rupted by few undulating hills and a series of
elongated ridges, surrounded by high broken hills
with very few outlets joined to other areas. The
average elevation of the area is approximately
1500m above sea level. The soils are generally
sandy and silty. The texture is fairly coarse, with
both sands and gravel present {Hunting and
MacDonald, 1976*

The study area is characterised by a semi-arid
type of climate receiving bi-modal rainfall. The
vegetation of the study area consists of wooaded
bushland, dominated by A. ethaica with many
associated trees and shrubs (Hunting and
MacDonald, 1976). A few annuals - Aloe and
Euphorbia species - with few or no perennial
grasses, dominate the herbaceous cover. Cur-
rently, the economy of the study area is predomi-
nantly agropastoral (Diress et al., 1998).

METHODS

Vegetation and land wse changes were as-
sessed by use of aerial photographs (scale of
1:50,000) taken between two points in time i.e.
1964 and 1994, The method adopted in this study
was mapping of settlements, cultivated land, veg-
etation cover types and other related features. All
the mapped units were then subjected to aerial
coverage analysis using a plani-meter to detect
changes in vegetation and land use, The data ob-
tained was analysed using simple descriptive sta-
tistics. Aerial coverage analysis has been widely
used in the rangelands in the UT5, Australia and
some parts of Africa for many years (¢.g. Hientz
et al., 1979; Owens et al., 1985; Farah, 1991;
Turner et al., 1998),

Vegetation inventory and cover assessments
were also made in the field by establishing a
10km transect at three different sites. The sites
include (i) Abala where cultivation and grazing
are practised by the settled Tigrai, (i) Shugala

where cultivation and grazing are practised by
the indigenous A far, and (i) Murga where graz-
ing is practised by both the Tigrai and Afar. Six
sampling points were marked out along each
transect at regular intervals of 2km. Four plots
of 10m by 10m were established at each sam-
pling point. The mumber of individuals of each
species and two perpendicular crown diameters
for each woody species were recorded in the
period from January to June 1997, The records
were then used to calculate vegetation attributes;
density, frequency, cover and diversity, The Im-
portance Value Index (TVT), which is the sum of
the relative density, relative frequency and rela-
tive cover values, was used to select the most
abundant species (IVI=10%). (Mote that IV
ranges from 0 to 300% (Mueller-Dombois and
Ellenberg, 1974).) The Completely Randomised
Design {Steel and Torrie, 1980; Microsoft Excel,
1992) was used to compare changes of each se-
lected species within each site. Descriptive sta-
tistics, were also used to analyse woody vegeta-
tion data,

RESULTS AND DISCUSSION

Aerial Photo Analysis of Change in Vegeta-
tion and Land Use

Results from the interpretation of aerial pho-
tographs showed cultivated fields, settlements,
physiognomic vegetation types, and related
prominent features (flooded plains, hills/ridges,
roads, rivers, valleys, gullies, exposed rocks and
sand deposits). Emphasis was placed on the
major mapping units in terms of cover ie. set-
tlement, cultivation and total vegetation mapping
units. The major mapping units for each year and
observed changes are summarised in table 1.

As shown in table 1 and figure 1, significant
changes occurred in land use between 1964 and
1994 in the study area, Cultivated land, settle-
ments, and bare ground (gullies, sand deposits
and exposed rocks) increased from 0.27%
(97.5ha) to 7.34% (2,605ha), 0.01% (5ha) to
0.51% (180ha), and 7.78% (2,790ha) to 9.98%
(3,540ha), respectively. Vegetation cover, how-
ever, decreased from 87,88 to 75.52%.

Areas covered by settlements increased
markedly between 1964 and 1994 in the flood
plains as a result of a high influx of people from
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Tabde 1; Vegetation and land wse cover types in 1964 and 1994, and per cent change
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Mapping wmils Area covered (ha) FPer cent change
IRt Toed

Cultivated Land 1.5 20050 2572

Hetllement 5.0 I&0.0 35040

Vegetarion wairs (D1-00F 1) JI252.5 I6TRT.S -14
Grasslands (1) 25.0 87.5 250
Bushed grasslamis (D2) 2570.0 HAT.S =58
Shruh grasslands (D3} 5.0 20010 264
Bushlands ([} 3300.0 4R6T.5 a4
Crense bushlands ([5) 1392.5 G0 37
Bushland thickets ([K) 13500 1262.% 6
Wooded grasslands (D7) 7.5 294000 -6
Wooded-bushed grassiands (DB} THA0LD GG0.0 -1z
Wooded bushlands (D9} B305.0 L4950 12
Wooded demse bushlands (D00} 1392.5 592.5 =57
Woodlands (D 1) 1345.0 0o =1 (H)

Rivers, gullies, sand deposits and bare ground 4206.5 0000 40

Toual 355615 354725 -89
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Fig. 1. Per cent land use snd vegetation cover changes from total aren between 1964-1994

Tigrai into the study area. Cultivated land ac-
counted for 44.42% of the 5,865ha of the flood
plains in 1994 while only 1.66% was covered by
cultivated fields in 1964. This shows that, in terms
of extent, cultivation was most conspicuous in
the flood plains. The results indicate that the area
has experienced a progressive expansion of flood
recession agriculture to the limited area possible
for cultivation as a result of continued settlements
over the last three decades. In fact, it has been
reported that many herders in some parts of sub-
Saharan Africa have lost their prime grazing
lands, particularly in low-lying arcas, to make
rpom for flood recession and irrigated agricul-
ture (Keya, 1991; Hadley, 1993; Bourn and Wint,
1994; Ali, 1995). The study area is a case in point
where dry season grazing land in the flood plains
has been cleared for cultivation,

The decrease in natural vegetation cover has

been mainly due tothe steady clearance of natu-
ral vegetation especially woodlands, wooded
grasslands, wooded-bushed grasslands and
bushed grasslands in the food plains to make
room for cultivation and settlement. In addition,
overgrazing and erosion have resulted in the con-
version of wooded-bushed grasslands and
bushed grasslands into wooded bushlands and
exposed surface, particularly in the hills and
ridges. Elsewhere, an increase in woody vegeta-
tion cover has been commonly reported as a re-
sponse to heavy grazing (Pratt and Gwynne,
1977; Le Houerou, 1980; Walker et al., 1981,
Walker and Noy-Meir, 1982; Warren and
Hutchinson, 1984; Skarpe, 1991; Coppock,
1994). It can be deduced from the results of this
study that the whole area must, in the past, have
been either subjected to heavy use or undergone
major climatic changes. It is difficult, however,
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1o assert at present that climatic change has con-
tributed to the observed vegetation trend due o
lack of long-term climatic and vegetation data.
Resulis from aerial photograph interpretation,
nevertheless, provided adequate information on
patterns of land use, vegetation change, range
condition and an overall view of the area. This is
supported by Hientz et al. (1979), Owens et al.
(1985), and Turner et al. {1998), who reported
that in the semi-arid rangelands where sampling
requires a substantial amount of resources aerial
photographs of the same area at different times
provide valuable information.

Vegetation Inventory

The study area was composed of mixed
woody species dominated by Acacia, Grewia
and allied genera, A total of 43 woody species
were identified (see Appendix), of which 11 spe-
cies shared dominance in the three study sites.
Six of the 11 common species (Acacia etbaica,
A mellifera, A.nubica, A tortilis, Grewin
erythrea and Salvadora persica) had mean IVI
= 10% in all the sites (Fig. 2). A ethaica was
found to be the dominant species with the mean
V1 of 105.48%, 91.46%, and 123.89% for Abala
{site 1), Shugala (site I1) and Murga (sive I11) re-
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spectively. Mueller-Dombois and Ellenberg
{1974) reported that the species with the highest
I'V1 are referred to as dominants. The species of
other plant forms encountered during the study
period were also identified and recorded. MNote
that one should expect additional species to be
listed if the inventory were done over a longer
pericd of time and in different seasons.
Compaosition, Cover and Density

There were no significant differences
{P=0.05) in woody species composition, cover
and density from site to site. This could be at-
tributed to the fact that one or all land use prac-
tices had similar effects on vegetation composi-
tion, cover and density on a wider area. How-
ever, species composition, cover and density
showed significant differences (P<0.05) among
distances for each species within each site (see
Tahble 2 and Figures 3a, 3b and 3c).

In general, the study area had moderate veg-
etation cover in terms of tmees and shrubs in the
hills and ridges. Herbaceous cover was, however,
very poor with few perennial grasses. Bare ground
was common in most sites and the understorey
vegetation was composad of Aloe and Euphorbia
species. Therefore, grazing was very poor during

Bl s e |
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Fig- 2: Mean importance value index (1V1) of six selected woody

specles for three study shtes — Abala (site 1), Shugals

{site 11) and Murga (site 11T)?
1 Ae = dcacia etbalca; A.m = A wielllfera; An= A sublca; Ad= A torilis; G.e = Grewia erythrea; and
5.p = Salvadera persica
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Table 2: Species compodition {%a), crown cover (o) and density (M/ha) lor six selecied trees and shrubs in three study
sites (mean values)!

Kire Vegetarion Species L
Antribure Al A me. Ann Aga (Fer, Spe SE
Abala Cloampasition 2190 1§, = 7.2 . 7B 1.8 3.3
Cover 5].2a i ige 106k [ 2n 4 5e 279
Dersity 158.0k 1250 50048 a5, e 54 (b 130 E Se X
Shugala  Compasabion 28 11.1% ik 6.8k 103k 14r 215
Caver 327 3 10.4¢ 10,8 0.2e L ad 7
Deersity 138.00 54 0w 0.00 ERR 0,10k 17.00 *17.1
Murga Carmpodilion 130 1.2 5.8 1.4 0.4k 1.1 =4 8
Cover 47 &s i | .5 B 0. S =74
Density 192,00 42.00 131.0m B0 54.00 13.00 +27.9
SE Compositon ®2.9 w32 Hl.3 &1.B #0.70 wlld
Cover ®5.7 .2 +3.1 .9 #0.03 i) 4
Density 5.8 +25.9 =5 =110 B 1.4

1 In & row or column, numbers followed by 8 comman superseript letter(s) for the respective vegetabion altnbules are nod
significantly different (P=0.05). SE = Standard Error of Mean

the study period and animals, incloding cattle,
seemed to be adapted to browsing. This is a com-
maon phenomenaon in most rangelands in East Af-

rica (Pratt and Gwynne, 1977).
CONCLUSIONS

This study utilised a combination of findings
from the interpretation of aerial photographs
taken at two points in time fe. 1964 and 1994
and a field survey, The results show that the study
arca has faced land use changes over a period of
30 years. A large portion of the plain arcas has
been severely degraded in vegetation resources
as a result of in-migration of people and the con-
sequent clearance of vegetation for cultivation
and overgrazing to maintain food security. This
has, however, failed to take into consideration
the vulnerability of the ecosystem. Soil erosion
has been made worse due to vegetation removal.
In sum, declining vegetation cover, formation of
big gullies, abandonment of cropping fields, de-
clining water availability and reduction of wild-
life numbers and species diversity are the out-
comes of recent settlements, expanding cultiva-
tion and recurrent drought in the area.

Pastoralists in north-eastern Ethiopia cur-
rently favour flood recession cultivation for their
livelihood. But it is doubtful whether the flood
plain can sustain continuous cropping. Land use
changes such as more flood recession and irri-
gated agriculture will continue to occur and will
influence change in the range resource most

likely adversely, unless steps are taken to reverse
the trend. The long term survival of pastoral pro-
duction will be questionable, therefore, consid-
ering the increasing human population, which
would seek ways to increase food production to
meet increased demand either through flood or
irrigation agriculture. Since a very small area of
the plain can support flood recession or irrigated
agriculture, increased demand for land for culti-
vation cannot be fulfilled unless conservation is
undertaken on the eroded and abandoned sites.
Soil and water conservalion measures are, there-
fore, needed in both grazing and cropping lands.
In addition to this, grazing reserve areas should
be established to alleviate shortage of dry sea-
son grazing. Further, research should focus on
the determination of woody and herbaceous
biomass and selective clearing of unwanted spe-
cies 50 as to increase herbaceous cover for live-
stock feed.
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Appendiz: List of indigenous plant species recorded during the study period in Abala

Batanical Mame Local name Family Life form
- —

Aeneia ethaloa Sekakuy Seraw Legurninose Tree (T}

A. melljfern Merkiio Teklbe Leguminosss T

A. mifanica Gessalio Kassal Leguminosae T

A. nubica Germaoita Adjo Leguminosas Shrub (5}

A semepal Tekehle Teklbe Leguninosae LT

A. toriilis Acpin Curmero IB.T.ITM T

Halonites aegypiioca Odaito Bedano anilaceas T

8. rotundifodia Alaito Bedang Balanitacess T

Bagein corfaceas Denenoita Capparidaceas 5

Cidabe rotundifoilie Alenigalita Leguminasac 5

Cindin purpurea Silien Silien Leguminasae 5

Calotrapis procers Geelato Asclepindacens 5

Caapparis lomenlosa Andabio Andel Capparidaceae &

Combrerum molle Dokhoia Sesem Combretaceas T

Commiphora spp. Adohadi Anga Boragnaceae 5

Commiphora Spe. Kurbita Anga Boragnacess 5

Commiphora 3pp. Terania Anga Boragnacess T

Corrdia ghara Maderio Madera Boragnacess T

. ovalls Leirmaderto Madera 5

Defonix elasa Amaita Caesalpinioideas T

Dobera glabra Chersaile Giersa Salvadoraceas T

Dedanea angisiifolia Sagal Tahses Sapindaceas b

Ficus cycomprus Sublaito Shagla Moraceas T

Grewir bicolar Drewaitn Tilizceae 5

. evpthrea Hidaitn Artabmol Tilizceae £

. ferruginea Datita Daniu Tiliaceae 5

0. temi Hdaiio Artatimai Tiliaceae 5

G villosa Hiwellita Hibele Tilizceas 5

Indigafera articulara Galela Legurninoass 5

Lycium shawif Hidalisaiom Berale Snlanaceas 5

Maerun angolensis Hidalifera Capparidaceas 5

Micorinmna glawca Adihara Cherged Solanaceas 5

Rhus nosalensis Al Aleme Anacardiacese 5

Salvadora persica Adaitn Adairamo Salvadoraceas 5

Solmaum (ncarmm Kosina Ingule Solanaceas 5

Zizyphus spina-chrisid Kusraito Kunshira Rhamnaceae T

* Fueea Asermilo Agavacens T

* Sinklilsse Tetemragajen T

* hurufili Teternenshu 5

. Murnila 5

. Hayohaits Climber (C)

* Katoita T

. Yeluro Yalo T

Aerv fnvanica Chilanio Arnaranthaceae Forbs (F)

Abutilon anglosomalene Hambokio Malvaceae F

Aloe spp. Jure Lilinceae F

Euphoriin spp. Tarto Euphorbiacese F

Cynoden 5pp. Giraminea Cirass ()

Cenhrus spp. (irsminea Gi

* Species not ientified by their botanical names



