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Stellingen

Er is geen reden tot grote bezorgdheid over landdegradatie in de Western
Province van Zambia.
{Dit proefschrift)

De lage populatiedruk van mens en vee in de Western Province remt de
ontwikkeling van de veehouderij. Intensivering van de veehouderij, binnen
de perken van de draagkracht van het rangeland, verhoogt de duurzaamheid
van het landgebruik.

(Dit proefschrift)

In west Zambia is branden van de grasvegetatie geen optie maar noodzaak
voor de voedervoorziening van rundvee,
{Dit proefschrift)

Terwijl zowel onderzoek als gezond verstand tot de conclusie kan leiden dat
branden een plaats heeft in een bepaald ecosysteem, bepaalt het
management, zowel voor als na het branden, het succes van de operatie.
(Pressland A.T. (1982} Fire in the management of grazing lands in
Queensiand. Trop. Grass/., 16, 104-112)

Water en vuur vormen een welkome afwisseling voor het Barotse rund,

Op de westbank van de Zambeazi rivier kan de veehouderij geintensiveerd en
gecommercialiseerd worden. Akkerbouw blijft op het zelfvoorzieningsniveay
wegens beperkte bodemgeschiktheid.

Range management kent meer sociale dan technische problemen. Rangeland
specialisten kunnen slechts dan hun kennis effectief uitdragen als sociaal-
economen daarbij betrokken worden,

Doaor het wegvallen van onderwijs in tropisch grasland en range management
aan de Landbouwuniversiteit Wageningen, kunnen vanaf nu alleen de daarin
reeds afgestuurden nog het internationale imago van de LUW op dit terrein
blijven bepalen.
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11.

12.

13.

Vele projecten in de ontwikkelingssamenwerking storten in na het vertrek
van de experts omdat zij het budget meenemen.

Vredelievend zijn betekent volharden in de droom van de vrede en daarnaar

te leven.
{Bouma H. (1990) Vredelievend. La Riviére + Voorhoeve, Kampen)

Wie tijdens reizen veel wil leren moet zijn oogkleppen afzetten.

Een mens is sterker naarmate hij de gebieden waaruit hij zijn zelfrespect
haalt goed heeft verspreid.

Intensief sporten levert meer energie op dan het kost.

Stellingen van Robert Baars, behorende bij het proefschrift:
'Condition and management of the rangelands in the Western Province of Zambia’.

Wageningen, 13 september 1996,




Abstract

Baars R.M.T. (1996) Condition and management of the rangelands in the Western
Province of Zambia. Doctoral Thesis, Wageningen Agricultural University,

Wageningen, The Netherlands, x+ 152 pp, English and Dutch summaries.

A land evaluation for extensive grazing was conducted 1o determine the potential
carrying capacity (CC) of the Western Province of Zambia. A hierarchical land
classification resulted in Land Regions (9), Land Systems ({32), Land Units (124}
and Land Facets {415}, The vegetation was surveyed, resulting in a 1:500,000
map of landscapes and grasslands.

Mid dry season grazing capacities were assessed for the delineated Land Units.
Grazing management systems were surveyed. Two transhumance and two
sedentary grazing management systems were described. The calculated CC of one
transhumance system was close to the actual number of cattle present. |n the
other systems, the calculated CC’s greatly exceeded actual stocking rates. The
total provincial CC was estimated at 1,075,000 Tropical Livestock Units. There is
room to increase cattle numbers by about 500,000 head. Surface water
development could further increase the CC by about 200,000 head.

An additional study showed that the cont_dition of the rangelands in high cattle
density areas ranged from poor to good. The extremes very poor and extremely
good were not encountered. There were no signs of overgrazing.

Fire plays and important role in range management, despite the general poor
regrowth after burning.

An economic analysis at herd level indicated the increase in cattle numbers, cattle
sales, ploughing and milk production as the major sources of income. Manure,
transport and local slaughter played minor roles. The economic output of 1.4 US
$ per ha per year was considered low. There is a high potential to increase cattle

numbers and improve livestock productivity.

Key words: carrying capacity, cattle, costs and returns, farmers’ perception, fire,
grassland, grazing capacity, land ciassification, land use, landscape, map,

pastoralism, range condition, range management, vegetation, Zambia.
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General introduction




Chapter 1

General introduction

Framework and area of study

The studies in this thesis were undertaken through the Department of Veterinary
and Tsetse Control Services and the Animal Husbandry Section of the Department
of Agriculture of the Western Province (WP) of Zambia. Both departments were
supported financially and in manpower by the Dutch-funded Livestock Development
Programme. From 1987 to 1992, this programme had four major areas of action:
1. Long term control of animal diseases; 2. Productivity studies of the Barotse
cattle {Corten 1988; Brouwer et al. 1992; van Klink 1984}; 3. Socio-economic
aspects of cattle keeping; 4. Range management.

In the WP the slow but substantial growth of the provincial cattle population of
about 2.5% per annum is subject of increasing concern. With various examples of
rangeland deterioration in {semi-} arid zones such as the Sahel (e.g. LeLoup 1994},
east Africa (e.g. Ahmed 1995) and Africa south of Zambia {e.g. Moyo et a/. 1995},
this concern finds support. No data was available to examine whether range
deterioration is a matter of concern in the WP. For this reason, range management
studies have been initiated in 1987 which are still being carried on. This thesis
describes the inventory, the potential to graze cattle and aspects of management

of the WP’ rangelands.

The Western Province of Zambia

The WP is one of the nine provinces of Zambia. The main topographic feature is
the Zambezi river with the Bulozi floodplain, running from north to south. The
larger part of the WP is covered with savanna woodland to woodland, interspersed

with treeless depressions, the so-called dambo’s, pans, river valleys and plains.
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The soils predominantly consist of permeable sandy soils {Trapnell and Clothier
1857). The landscape is gently sloping with the highest and lowest altitude of
1188 and 914 m respectively. The annual rainfall is 700 mm in the south to 1200
mm in the north (Verboom and Brunt 1970). There are basically three seasons: dry-
cold (May to August), dry-hot {August to October) and wet-hot {November to
April).

The entire west bank of the Zambezi river is a Game Management Area. Except
for the two National Parks (Figure 8.1} and their direct surroundings, the game
density on the west bank is extremely low.

In 1990 there were 607,000 inhabitants. Approximately 88% of the population
lives in rural areas and relies on traditional farming (Census 1990). Settlement
pattern has confined itself to the availability of water. From 1980 to 1990, the
annual population growth in the WP of 2.2% was far below the national average
of 3.2% (Census 1990) mainly due to out-migration of labour. Extrapolation of the
growth rate foresees 692,000 inhabitantsin 1996. The major and ruling tribe is the
Lozi with a well established chieftainship.

The infrastructure is poorly developed, especially the road network and the

marketing channels.

The Western Province as a unit

The boundaries of the WP have been set for administrative purposes. However,
they also delineate a cohesive physical unit with respect to cattle movements
(Figure 2.1).

The WP is considered a quarantine area against the introduction of Contagious
Bovine Pleuropneumonia (CBPP} from Angola. In the west, along the border with
Angola, a buffer zone is maintained, separated by a cordon line with the rest of the
Province, to prevent the introduction of CBPP into the WP. Cattle movements

acrass this line are forbidden. There are guards who report cattie movements along

the cordon line.
In the east, the larger part of the WP borders with the Kafue National Park where
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cattle are forbidden as well. In the north, two large tributaries of the Zambeazi river
separate the North-Western and the Western Provinces. In the south, the Caprivi

Strip and the Zambezi river form the borders.
Agriculture in the Western Province

Agriculture is agro-pastoral in nature. The role of cattle in the subsistence farming
system is to provide draught power, manure, milk, meat, cash income, security,
investment, among several socio-cultural functions. Traditional grazing rights play
an important role in the utilization of the extensive communal rangelands. The area
under crops is much smaller and largely determined by soil suitability and the
accessibility and proximity of drinking water. The right to cultivate a particular tract
of land is obtained through traditional rules and rulers.

Although goats and pigs are kept by a number of farmers and most households
have some chickens, cattle is the dominant livestock species. About half the cattle
population is transhumant, the other half sedentary. Transhumance is over short

distances only (range from about 5 to 40 km away from the main village).
Objectives and outline of the thesis

The overall objective of this thesis was to assess the carrying capacity of the
rangelands, to see whether range deterioration is a threat at present and if
management practices are sustainable.

Chapters 2 to 5 comprise a rangeland resource appraisal. Chapter 2 delineates the
land classification of the WP. Based on this classification, the vegetation with
emphasis on the grasses is described and mapped in Chapter 3. Chapter 4 provides
grazing capacities for the land units outlined in Chapter 2 as well as overall carrying
capacity figures. Chapter 5 deals with the condition of the rangelands in high cattle
density areas.

Chapters 6 and 7 outline aspects related to range management. in Chapter 6,

farmers’ perspectives on fire management and the regrowth of grasses after
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burning is presented. Chapter 7 deals with the economics of cattle keeping.
Finally, in Chapter 8 a synthesis of the findings in the preceding chapters is
presented and the consequences for future research and land use planning are

discussed.
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Chapter 2

Land Classification

Abstract

This paper presents a hierarchial land classification (LC} into Regions {9}, Systems (32), Units {124} and
Facets {415}, The LC was based on vegetation types, drainage patterns and landforms. False colour
MSS Landsat images, aarial photographs and available literature were used for the initial LC. During an
extensive field survey, the vegetation was identified or literature data verified at Land Unit afd Land

Facet level. Areas were assessed within all classes.

Introduction

The soils of the Western Province (WP) of Zambia (Figure 2.1} are generally sandy,
infertile, and of low moisture and nutrient holding capacity. Combined with climatic
difficulties such as frosts, unreliable rainfall, flooding and waterlogging, most of the
land area is unsuitable for crop production. On the other hand, the land has a good
potential for livestock production.

With a continuing increase in cattle numbers, the need to estimate the grazing
potential arose. A land evaluation for extensive grazing based on FAQO guidelines
{FAO 1991) was executed, comprising the following steps: 1} a land classification,
2) the floristic description of the land units, 3) the mapping of these units, and 4)
the calculation of the provincial carrying capacity. The present chapter describes
the land classification, which provide the basis for mapping and the calculation of

the carrying capacity which will be reported in Chapters 3 and 4.

Materials and methods

The Land Systems approach was utilized for the classification of unpits (Dent and

Young 1981). This approach recognises a hierarchical system of Land Region (LR),
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Figure 2.1 Location of the Western Province of Zambia.

Land System (LS), Land Unit {LU) and Land Facet {LF).

In this study, "landform” refers to a specific area with a particular topography or
shape. "Landscape" refers to a large or indefinite area indicating a panorama.
Landscape applied to LR and .S levels, whereas a landform to LU and LF leveis.

LR’s, the largest units, delineate broad areas of land displaying a similar overall
pattern related to major woodland types, drainage patterns and/or a certain pattern
of woodland versus lowland. The same criteria were used for LS's, which were
delineated in terms of having a distinctive recurring pattern within a LR,

LU's are areas with a unique vegetation or landform. They were basically divided
into 1} lowlands, 2} bush group savannas, and 3) woodlands. They may recur in
the different LS's. A lowland was defined as a treeless depression or plain; a bush
group {savanna) as a plain with scattered treed termitaria; and when the tree

canopy covered 40% or more of the ground surface, it was defined as woodland.
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The following lowland LU’s were distinguished: floodplains, dry plains, pans,
dambos/tributaries and river valleys/plains. They were separated into dry/high,
iow/wet and normal {if dry or wet could not be defined}. Bush groups were sub-
divided into normal, palm and savanna. The classification of woodland LU’s was
based on the tree species dominating or typifying the vegetation.

LF’s are areas with a distinct character within a LU. There were generally 2 t0 5
LF's per LU. LF’s recur in different LU’s. In a woodland, the LF’'s encompass a
catena of vegetation structure: from undisturbed woodland to fallow land. In a
lowland or bush group, the LF's encompass a topographic catena: from the
channels/bottom plain to the upper slope and intermound plain to mound
respectively.

On several occasions, transitional LU’s and LF's were encountered for a variety
of reasons. When necessary, there was a deviation from the above criteria.

For the initial land classification, use was made of eight 1986 mid- to late-wst
season scenes of 1:250,000 false colour MSS Landsat images (rows 070, 071,
072; paths 174, 175, 176; bands 5, 7), and occasionally Landsat images of earlier
years, The [atest aerial photographs (good quality black-and-white) of Sesheke
District {1:50,000), Senanga West (1:80,000), and of the rest of the WP
(1:80,000) dated from 1975, 1973 and 1980/82, respectively, of which
photomosaics had been compiled. Study of the literature (mainly Trapnell and
Clothier 1957; Verboom 1965; Verboom and Brunt 1970; Fanshawe 1971, Jeanes
1985} and existing maps facilitated interpretation of the initial classification,

A stratified field survey was conducted to identify vegetation types, to verify
known vegetation types and to check the initial land classification {289 and 222
sites in the wet and dry season, respectively} (Tabie 2.1}.

Areas of LR's and LS’'s were calculated using either a planimeter or overlay
method {dots counted denoting a known area on the map). The LU’'s were
estimated by the overlay technigue in which the percentage contribution by area
of each LU to the LS was estimated. Lastly, the percentage area of each LF within
the LU was calculated either by the overlay technique, by consultation of the aerial

photomosaics or by visual estimates gathered during the field survey.
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Table 2.1 Data sheet indicating the type of observations per site during the field
surveys. d =dominant, ¢ =commen, s =scattered, p =present,

Wet season Dry season
289 sites 222 sites

Site marking on aerial photograph (1:250,000)
Deascription of landform: -LJ
- all LF's

% area of each LF within the LU
Description of position of the LU in the LS
Soil indication {sandy, loamy, clayey}
Tree species: - identification

- frequency {d, c)

- structure
Grass species: - identification

- frequency {d, c, s, p}
Signs of grazing: - extent

- species

HoX KK KKK KX

when possible

XX K XX KoMK X KoM

Incidence of burning
Dry matter estimates
Forage collaction for chemical analyses

KX X X R

Land Units and Land Facets

At the first level, nine broad LR’s were described. Each LR was further divided into
a total of 32 LS's at the second level (Table 2.2 and Figure 2.2). At the third level,
124 LU's were determined (Table 2.3}. However, there were only 42 different LU’'s
distinguished: 20 occur in one LS, the other 22 in 2 up to 11 LS's. At the fourth
level, 415 LF's were determined. As the delineation of LR's and LS's depended
largely on the pattern of LU’s and to a lesser extent of LF’s, the LU’s and LF's are

described first.

Lowfand and Bush group savanna Land Units

The floodplain LU's are predominantly found in LR’s 4, b, 8 and 9. They were
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divided into upper (2)", central {1}, and lower floodplain (2}, channels/pools (3}
and river edge (2}). The Machili floodplain (1) was differentiated separately.

The dry plains dominate the western part of the WP. They were separated into
dry (5), wet (1), upper (4}, lower {2) and sand plain (3}, dry river plain (&) and wet
river plain {9). Five delta plains were treated as different LU's (5*1). In one area
mounds {1) were delineated.

In the eastern part, dambo tributaries leading to river valieys are the dominating
lowlands. The dambos were divided into dry (2}, wet {2) and dambo/tributary (6).
The river valleys were divided into normal to wet {2} and swampy {1).

Below the level of woody vegetation types, but above the dissecting drainage
lines such as dambos and river plains, the pans and allied dry plains are situated.
They occur scattered throughout the wooded uplands and in the lower and more
waterlogged western parts of the WP were they form the same typical more or less
rounded depressions, usually from a hundred metres to a few kilometres in
diameter. Pans were divided into dry {11) and wet (4}, although in one area they
were considered transitional to dry plains: dry pan/plain {2) and wet pan/plain {1).

Bush groups are found scattered throughout the WP. They had a normal
appearance {8}, had a distinct palm vegetation on the mounds (1} or were termed

savanna due to few mounds {1}.

Woodland Land Units

The following woodland LU’'s were distinguished: Mopane (Cofophospermum
mopane) (1}, Teak (Baikiaea plurijuga) {1}, Munga {Acacia and Combretum spp.)
(1), Cryptosepalum (Cryptosepalum exfoliatum ssp. pseudotaxus) {6), Kalahari
(Guibourtia coleosperma, Erythrophleum africanum, Burkea africana) {11), Gpen
Kalahari {2}, Miombo (Brachystegia, Julbernardia and Isoberlinia spp.} (1), Open
Miombo (1}, and Mixed Miombo-Kalahari (10). Fallow Teak/Munga {1} and the

' The figure in parentheses indicate the number of LS’s where this LUs is
encountered.
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Table 2.2 Land Regions and Land Systems of the Western Province of

Zambia. For location see Figure 2.2,

Land Region

Lend System

Ha (*1000)

1 Kaoma Terrace

2 N.E. Farest Terrace

3 Luampa-Lui Watershed

4 Lower Luena Basin

5 N.W. Watershed Plains

6 Mongu-Kalabo Terrace

7 Eastern Tributaries

8 Siloana-Teak Terrace

9 Bulozi Floodplain

Total

1.1 Plateau Terrace
1.2 Transitional Terrace

2.1 Foraest Terrace
2.2 Kabompo Watershed

3.1 Luena Catchment
3.2 Luampa Watershed
3.3 Plateau Watershed

4.1 Luena Flats

4.2 Savanna Terrace
4.3 Woodland Terrace
4.4 Kabompo Valley

5.1 Watershed Plains
5.2 River/Woodland
5.3 Wet River Plains
5.4 Nyengo Delta
5.5 River Delta Plains

6.1 Ridge Terrace

6.2 Inner Basins

6.3 Lui Valley

6.4 Western Border Plains
6.5 Bush group Basins

7.1 Southern Watersheds
7.2 Central Terrace

8.1 Woodland Terrace
8.2 Meopane Lowlands
8.3 Caprivi Floodplain
8.4 Cholola Woodlands
B.5 North Siloana Plains

B.6 Central Siloana bush group

8.7 Mulonga Plains

8.1 Upper Terrace
9.2 Lower Terrace

693
674

708
78

27N
385
87

156

213
103

12166




15

Land classification

Systems of the Western

Figure 2.2 Land Regions and Land

For names

and areas see Table
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Table 2.3 Land Units of the Western Province of Zambia. MMK = Mixed Miombo-
Kalahari, wdl =woodland, pl =piain, trib =tributary.

LS  Lland Unit %LS LS  Lland Unit %LS LS Lland Unit %LS
1.1  Miomba wdl 45 Upper pl 9 7.1 MMK wd| 70
Open Miombo wdl 19 Dry dambe 20 Bush group 7
Bush group 15 Wet dambo 2 Wet pan 5
Dambo/trib 16 4.3 Kalahar wdl 87 Dry pan 5]
River valley 5 Dry pan 10 Dambo/triky 3
1.2 MMK wdl 72 Dambao/trib 23 Wet river pl 7
Cryptosepalum 11 4.4 Bush group 47 Dry rivar pl 2
Dambo/trib [ River pl 53 7.2 MMK wd) a1
Dry pan 7 5.1 Savanna 16 Dry pan 2
Dry river pl 3 Upper pl 60 Dambo/trib 2]
Wet river pl 2 Lower pl 24 Wet river pl 6
2.1 MMK wdl 18 5.2 Kalahari wdl 84 Dry river pl 3
Cryptosepalum 65 Wet river pl [ 8.1 Fallow 5
Dry pan 11 Dry river pl 10 Teak wdl 26
River valley 6 5.3 River pl 35 Munga wdl 21
2.2 MMK wdl 47 Swamp 65 MMEK wd| 42
Cryptosepalum 3z 5.4 Kalahari wdl 8 Dry river pl 5]
Dry pan g Outer delta 48 8.2 Machili floadpl ]
Dry damba 12 Inner delta 44 Loazamba delta 21
3.1 MMK wdi 658 5.5 Kalahari wdl 44 Loanja delta pl 9
Cryptosepalum 20 Upper pl 27 Loanja delta wdl 9
Dry pan 8 Lower pl 29 Mopane wdl 41
Wet pan 2 6.1 MMK wd! 83 River edge 11
Dry pl 6 Dry pan 6 8.3 Upper pl 75
Wet river pi 51 Wet pan 4 Central pl 25
3.2 MMK wd! 49 Dry river pl 3 8.4 Open kalah. wdl 100
Cryptosepalum 25 Wet river pl 4 8,5 Sandpl 30
Bush group 4 6.2 Kalahari wdl 25 Bush group 41
Dry pan 3] Open Kalah, wdi 27 Kalahari wdl 20
Dry pl 9 Dry pan/pl 29 8.6 Sand pl 11
Dambo/trib 7 Wet pan/pl 13 Bush group 51
3.3  MMK wdl 31 Wet dambo/trib 5 Kalahari wdl 38
Cryptosepalum 9 6.3 Delta pl 31 8.7 Drypl 50
Bush group 19 Wet river pl 69 Wet pl 42
Dry pl 41 6.4 Kalahari wdl 50 Mounds 8
4.1  Kalahari wdl 10 Dry pl 3B 9.1 Upper floodpl
Palm bush group 12 Wet pan/pl 12 Channels/pools
Upper floodpl 29 6.5 Kalahari wdl 33 9.2  Lower floadpl
Lower floodpl 35 Bush group 51 Channels/pools
Channels/pools 14 Sand pl 7 River edge
4.2  Kalahari wdl 66 Wet pan 5
Dry pan 3 Dry pan 4
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Loanja Delta woodland were also delineated {1}. The Mixed Miombo-Kalahari
woodland is most prominent in terms of area coverage with 35 percent of the WP

and 51 percent of the woodlands.

Land Facets

For the sake of demonstration, the LF's of only LS 1.1 are shown {Table 2.4). An

overview of identified Land Facets is presented in Table 2.5,

Land Regions and Land Systems

Land Region 1: Kaoma Terrace

Land Systemn 7.71. The vegetation is Miombo woodland, supporting Brachystegia
and Julbernardia species. The relatively fertile soil consists of a thin sand cap with
the outcropping Karroo sandstones, basalts and granites in the Luena, Lalafuta and
Dongwe valleys {Verboom and Brunt 1970}. The landscape is dissected by deep
river valleys and dambos. Long side slopes falling to generally narrow valley
bottoms, the occurrence of seepage zones with large termite mounds in the
dambos and some pans, and the occurrence of bush group, are all distinct. The
frequency of termite mounds shows a relatively high degree of silt and/or clay in
the subsoil of areas that have not been subjected to alluvial deposits (Trapneil and
Clathier 1857},

Land System 71.2. LS 1.2 occurs as an intermediate rim between the coarse sands
to the west (LR’s 2, 3, 6 and 7} and the more loamy soils of LS 1.1 to the east.
With a drainage pattern similar to that of LS 1.1, not too dissimilar woodland
floristics and reports (Verboom and Brunt 1970} that rock outcrops of Karroo
sandstone occur in the Luampa river valley, this system has been grouped with LS
1.1 to form LR 1. Cryptosepalum forests, associated with dambos and scattered

small circular pans, are found on the watershed. Dambos begin to take a steeper
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Table 2.4 Land Units and Land Facets of Land System 1.1 of the Western
Province of Zambia.

Land Unit Land Facet % of LU Ha (* 1000}
Miombo woodland Normal 60 187
Fallow 40 125
Open Miembo woadland Open woedland 100 132
Bush group Wooded mounds 20 21
Termitaria mound 10 10
Intermound 65 68
Channals 5 5
Dambo/tributary Mounds 2 2
Upper slopes 30 33
Mid slopes 29 32
Lowar slopes 29 32
Channels/pools 10 1
River valley Upper slopes 3o 10
Mid slopes 45 16
Lower slopss 13 5
Channels/pools 13 5

Table 2.5 Overview of Land Unit and Land Facet classes. Exceptional LU’'s and
LF's not included.

Land Unit Land Facet

Lowlands:

Floodplain (high, low, channel) Mound, upper-, lower plain, levee, channel, pool, ox-bow

Dry plain (dry, delta, sand} Savanna, mound, intermound, upper-, lower-, bottom plain,
pool

Pan [dry, wet} Savanna, fallow, upper-, mid-, lower slope, plain, pool

Tributary/dambo (dry, wet) Savanna, mound, upper-, mid-, lower slope, upper-, lower
plain, channel

River valley/plain (dry, wet} Savanna, upper-, mid-, fower slope, upper-, lower-, bottom

plain, channel

Bush group savannas:

Bush group Wooded-, termitaria mound, intermound, channel
Palm bush group Mound, intarmound, plain, channel

Savanna Mound, intermound, open woodland

Woodlands:

Mopane Normal, open, low, savanna

Munga Normal, bush group, savanna

Teak Forest, degraded, fallow

Kalahari (normal, open) MNarmal, open, bush group, savanna, fallow
Miomba-Kalahari {normal, opani Normal, thicket, open, bush group, fallow
Miomba (normal, open) Normal, fallow

Cryptosepalum Farest, thicket, bush group, fallow
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sided, flatter bottomed, cross section and no longer have large termite mounds.

Bush group vegetation no longer occurs.

Land Region 2: North-East Forest Terrace

Land Systern 2.1. The vegetation is dominated by Cryptosepalum forest. Other
unique features are the broad relatively featureless watershed, lack of major
dissecting river valleys and paucity of dambos. The presence of scattered circular
pans and dry plains, associated with drainage lines, and Cryptosepalum forest, ally
LR 2 with LR 3 to the south.

Land System 2.2. LS 2.2 is thrusted out to the west as an elevated strip of land
between LS's 4.3 and 4.4. Because the woodland supports Cryptosepalum,
Brachystegia and Julbernardia species, it is allied with LS 1.2 and LS 2.1
woodlands beyond. The frequency of dambos, whose headward ends dissect the
southern edge of the system before draining inte the Luena Basin, however, give

the landscape a dissected appearance which ally it to the LR 4.

Land Region 3: Luampa-Lui Watershed

The woodlands of LR 3 are dominated by Kalahari woodland species and
Cryptosepalum thickets associated with upper level dry plains and/or pans. These
plains have elevated water tables, due to the general lack of major tributaries
dissecting the landscape. Scattered small circular to sub-circular watershed pans

are common.

Land System 3. 1. This LS is adequately described above. The Lukute, Luamba and
Likolomeni rivers, however, have cut deep valleys into the watershed (a pattern

also seen in LR 7).

Land System 3.2. There are large wooded termitaria mounds (4 to 5 m tall) on this
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watershed ridge, occurring as a bush group woodland adjacent to some of the dry
watershed plains. This type of large mound also occurs within LS 1.1 to the east,
yet is not seen elsewhere. This linked the soils of LS 1.1 and 3.2 (i.e. more silt or

clay in the subsoil}.

Land System 3.3. Being close to the highest point of the WP (Kataba, 1188 m
altitude {Verboom and Brunt 1970}) the Siziba Sa Balui Plains sit on top of the
watershed between the Kafue river tributaries to the east, the Machili river basin
to the south, and the Luampa river valley to the north. The landscape is dominated
by dry watershed plains and a bush group savanna with low termite mounds {1 to
2 m tall). LS 3.3 has been included in LR 3 because of Cryptosepalum thickets and
Kalahari woodland patches fringing the plains, the watershed landscape showing

no distinct drainage lines, and the presence of bush group woodland.

Land Region 4: Lower Luena Basin

The Luena Flats and the surrounding catchment form LR 4. The region has an
unusual high percentage of linear to sub-linear dambos. The whole tone of the

region is one of a "drowned” landscape caused through subsidence.

Land System 4. 1. The Luena Flats, an annually flooded plain, appears to have been
formed by faults because of the unusual degree of linearity of the boundaries.
Patches of higher plain within the flats, towards the edges at the wastern end,
support an unusual Borassus palm and Acacia bush group. Grass and tree species

show affinities with salty soil areas of LS’s 8.2 and 8.7 (Jeanes and Baars 1996).

Land System 4.2. Rising up from the central trough, LS 4.2 forms a low-lying
fringe to the flats with a waterlogged open savanna and occasional patches of
higher open woodlands. Dissection occurs by a drainage system of frequent

dambos.
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Land System 4.3. It has the same degree of dambo dissection as LS 4.2. The
higher land between dambos now supports woodland to open woodland, instead
of savanna, as the water table becomes deeper. Dambos also take an increasingly
steeper sided form with fairly narrow lower plains. To the north LS 2.2 rises as a

rim to the basin.

Land System 4.4. LS 4.4 was included within LR 4 because it is a lower lying
country leading into the north-east corner of the Bulozi floodplain (LR 9). The
occurrence of the salty Acacia bush group savannas at the lower end of the valley,
ally it to LS 4.1 and LS 5.5 to the west.

Land Region 5: North-West Watershed Plains

"West of the upper Zambezi the sands are extracrdinarily flat, forming vast table-
like plains, which are waterlogged in the rains but in the dry season present the
paradox of water-less prairies..." (Trapnell and Clothier 1957). Underlying fault
systems appear to have formed the boundaries. To the east, the lower lying trough
of the Bulozi floodplain (LR 9) isolates this region from the uplands further east. To
the south, a series of faults, in rough alignment with those forming the lower
Luena "trough”, have extended under the Bulozi floodplain {possibly a later
structural event), to separate LR 5 from the upthrust western block of LR 6.

The landscape is dominated by north-west to south-east faulting river systems.
They drain a much larger catchment than those to the east of the Zambezi and
thus carry larger volumes of water, and have carried even larger water volumes in
the wetter periods of past millennia. Consequently, the landscape is influenced in

varying degrees by past or present floods.

Land System 6.71. LS 5.1 comprises flat plains with no or few scattered trees,
occupying the broad watersheds between the river systems. Underlying layers of
impermeable subsoil {clay or silcrete) have probably led to the formation of the

seasonally flooded plains {(Trapnell and Clothier 1957). Alternative, maybe, a lack
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of drainage lines and slow rates of ground water flow or maybe the iarger volumes
of water draining off the more extensive north-western basin catchment are
causing the flooding of the plains. The broad lower lying floodways often carry

small termitaria.

Land System 5.2. LS 5.2 has woodlands and savannas associated with the smaller
tributaries, occurring adjacent to the larger river valleys or plain escarpments

(closer association to valleys depresses water tables which allow tree growth).

Land Systern 5.3. LS b.3 accommodates the larger valleys of the Lungwebungu
and Luanginga rivers. The former shows the more complex landform of a larger
river {larger catchment) and the latter is a swampy linear depression of braided

channels.

Land System 5.4. LS 5.4 is overlain on the watershed landscape due to the
formation of an inland delta at the end of a lesser tributary, seemingly blocked from
its former drainage into the Zambezi by the upthrust of LR 6. The LS is unique in
having a central swampy area expanding out in a series of minor distributaries and
channels, eventually draining into the Northern Lueti. lts formation and pasition in

the l[andscape resemble the Okavango Deita in Botswana.

Land Sysfem 5.5. LS 5.5 is a complex of past channels, ox-bows, alluvial
depositional plains and wooded uplands on a slightly higher terrace than the Bulozi
floodplain (LR 9). It is altied to LR 5 because it is formed as the alluvial fan of the
Lungwebungu river (and to a lesser extent the Luambimba river). It is separated
from LR 9 because it is apparently very infrequently, if ever, completely flooded.
LS 5.5 lies at a lower level than LS 5.2 to the west. Occurrence of patches of salty

ground and Borassus palm mounds give it a close affinity to LR 4.
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Land Region 6: Mongu-Kalabo Terrace

This is the region of the "deep, loose, wind-abraded sands of whitish to golden
colour" {Trapnell and Clothier 1957; Verboom and Brunt 1970). The overall
character is a relatively elevated wooded terrace, supporting an unusually high
population of pan-like depressions, with generally no well developed pattern of
drainage. The terrace is dissected into two poartions by the Bulozi floodplain trough.

To the north-east, the region has been separated from the furthest western major
occurrence of the Cryptosepalurn forest/Chipya complex of LS 3.1, To the east,
the delineation with LR 7 is not so obvious and tentatively coincides with the most
easterly occurrence of the Humic Podzol soil type (Soil Survey Unit 1983). Two
factors were utilized to position the boundary between LR 6 and LR 8 to the south.
Firstly, the first occurrence of Teak forest and Munga woodland, and secondly the
transition from more elevated, more undulating pan and ridge landscape to flatter,

lower lying, landscapes.

Land System 6.7. LS 6.1 comprises the most elevated ridge of wooded land. It
shows little development of drainage lines and is characterized by circular to sub-

circular pans, generally not cennected to drainage systems.

Land System 6.2. A relatively high water table gives rise to belts of more open
woaodland. The pattern of isolated upland pans is replaced by series of sub-circular
to circular depressions, with drier connecting plains forming the basis of a weakly

developed drainage system.

Land System 6.3. LR 6 is cut by one major tributary, the Lui river. This unusually

linear river valley again suggests underlying faulting as the cause of its formation.

Land Systern 6.4. This LS extends into Angola up to the Kwando river and as such
it forms a belt of lower wetter country interconnecting LR 5 to the north and the

plains of LR 8 to the south. The dominance of open woodland (LS 6.2) is replaced




24 Chapter 2

by an increased proportion of more open bush group woodland and savanna. The
pattern of sub-circular dambos disappears and is replaced by a system of broader

wet plains interconnected by dry plains and belts of savanna.

Land Systerm 6.5. LS 6.5 is a variant of the lower lying landscapes of LS's 6.2 and
6.4. It has a complex landscape of woodland, bush group, savanna, sand plain and
unusual east-west linear pan-like depressions, unique in the WP. The east-west
linear pattern of pans, sand plains and woodland patches, shows similar alignment
to the sand plain, bush group and woodland belts of LS 8.5 to the south. This
suggests that aeolian influences, and ancient sand dune formations, have had an
influence in shaping the landscape, and hence suggest an alliance with those

systems further south.
Land Region 7: Eastern Tributaries

The general nature is a sparsely populated area of wooded watersheds, with few
occurrences of circular pans, and a well developed drainage pattern of river valleys
of the typical Kalahari sands cross-section (steep side slopes leading down to a
troad flat to slightly concave river plain). LR 7 is delineated from LR 8 to the south
and west at the point where the Kalahari-Miombo woodlands are being replaced
by Teak forest and allied Kalahari wocdland. This boundary also coincides with the

present limit of perennially available surface water in southward flowing rivers.

Land System 7.7. In the lower catchment, a high water table is causing the
occurrence of bush. group savanna vegetation, maore frequent sub-circular to
circular pans, denser patterns of channel-like tributary/dambos, and a less dense
woodland. The most northern area shows a well developed pattern of circular-pans

and connecting dry plains, as found in LS 6.2.

Land System 7.2. In the upper catchment, the landscape is dominated by largely

unbroken woodland with river valley systems overfain. The highest upper
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catchment contains pumerous narrow dambos/tributaries draining the
Cryptosepalum and dry plain complexes of LR 3. These dambo-like tributaries

merge to form the broad river valleys.
Land Region 8: Siloana-Teak Terrace

A series of generally interlinked features lies behind the delineation of the region:
1. Dry upland watersheds with few pans, and little or no development of a
drainage system.

2. Upland soils characferized by the major occurrence of Transitional/Teak Sands
{Trapnell and Clothier 1937}, and related Munga woodland soils. These soils
support Teak (Baikiaea) and Munga {Acacia-Combretum) woodlands and thickets.
3. Lower-lying dry plains and bush group mosaics west of the Zambezi, seldom
flooded, showing influences of past flooding and ancient dune formations; major
occurrences of broad sand plains and Acacia-Combretum bush group types; no
drainage systems obvious; and distinct soil types (Soil Survey Unit 1983}.

4. Lowsst lying basins, "inland deltas" and plains show major occurrences of
Mopane (Colophospermum mopane) woodlands and bush group landforms, of

which the lowest areas are subjected to seasonal flooding.

Land System 8.7. LS 8.1 made up the most elevated position of the landscape and

is described adequately above within paints 1 and 2.

Land System 8.2. LS 8.2 includes river valleys, basins and lower Machili as

outlined in point 4.

Land System 8.3. LS 8,3 comprises channels, ox-bows and overflow plains of the
Zambezi river between Sesheke and Mwandi. It resembles the lower areas of the
Bulozi floodplain {LR 9). Its occurrence within Zambia is only the northern tip of a

more extensive floodplain to the south and south-east within the Caprivi Strip.
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Land System 8.4. LS 8.4, much the same as LS 7.1, is characterized by open
woodlands to bush group woodlands, caused by high water tables, and forms a rim

to the lower lying southern arm of LS 8.6.

Land Systern 8.5. LS 8.5 exhibits the unusual phenomenon of a regular pattern of
long linear sand plains separated by belts of Acacia-Combretum type bush group
savanna or Terminalia sericea woodland. This patterning seems to hint at the
asolian influence of deposition of sand dunes in ancient times. The patterning is
also seen to a lesser extent in LS 6.5 and is very extensive in the far south-east
corner of Angola and Caprivi Strip beyond the Kwandeo-Mashi river. A possible
genesis could be as proposed for an old dune landform in north-west Nigeria
(Zonneveld et a/. 1971). The sand plains represent the eroded remnants of the old
dune. Their level above the water table is not high encugh to allow tree growth
{water tables 2.0 m deep during the dry season 1984 (Jeanes 1985)}. The bush
group belts were the hollows between the dunes. With the subsequent flooding of
the area, silt and fine soil depaosition built up the soil surface, and provided fine
particles of soil to be utilized by termites to form termitaria high enough to ailow

tree growth,

Land System 8.6. The general nature is a complex mosaic of bush group, savanna,
pans and patches of sand plain. Linear dunes are not seen, possibly as a result of
more frequent flooding, eroding the pattern away. The interlinking pans of the
systern suggest that this system may be the lowest lying "drainage line"” of the

Siloana plains,

Land System 8.7. LS 8.7 eﬁcompasses an ancient floodplain of a river system
(Verboom 1965; Verboom and Brunt 1970). Rare flooding occurs with waters
flowing from the Kwando-Mashi river to the Zambezi in years of exceptionally high
rainfall. The linear west-east plain may also have been a fault formed trough, and
once been a floodplain like the Bulozi. Further faulting could easily have re-routed

the original river course, leaving the plain high and dry.
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Land Region 9: Bulozi Floodplain

LR 8 is an annually flooded plain with a complexity of recent and older alluvial
features. It has a broad upper level which only exists east of the Zambezi river {LS
9.1). Further south this upper level appears quite narrow. The remaining landscape
{LS 9.2) is a compiex mixture of pools, swamps, ox-bows, old and recent
channels, old and recent level banks and an occasional broader expanse of lower

level plain.
Discussion

Vegetation is the major feature on which to base land classification in the WP for
the following reasons: 1. Vegetation is the main factor of concern in this present
land evaluation for extensive grazing; 2. Vegetation can be an indicator of soil
type, relief, hydrology, climate and the influences of man and time; 3. Vegetation
can be interpreted through aerial photomosaics and Landsat images.

Units of land classification should each be of comparable size (FAQ 1991} and is
true for the LR’s and LS’s. However, in our approach the LU’s and LF's differed
considerably in size (see Tables 2.3 and 2.4).

Van Gils (1988) described, based on the vegetation, landform and land use, ten
preliminary land systems of the WP. The boundaries of his land systems coincide
generally with the boundaries of the LLR's and occasionally of the LS's of the
present study. This coincidence in boundaries is expected because the present
study and the study of van Gils were based on the same approach. The major
difference was that he did not delineate the Bulozi fioodplain separately.

The identified LU’s and LF's in the present land classification (Table 2.5} were
further divided or lumped on the basis of having different respectively similar
typifying of dominant tree or grass species, and is presented in part 2 of this study
{Jeanes and Baars 1996).

A land evaluation may answer questions dealing with the actual use of the land

such as: How is land currently used? Are existing practices sustainable? etc. The
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present study dealt with the first two steps of land evaluation, namely land
classification, as presented in this paper, and land capability assessment. Data
generated in the first step are useful for planning for any land use. Data gathered
for the land capability assessment have been restricted to factors influencing land
use for extensive grazing (for cattle only) (Baars and Jeanes 1996b}. The final step
of land evaluation, and hence the answers to the type of questions outlined above,

was not part of the present study.
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Landscapes and grasslands map

Abstract

A hierarchical land classification into Land Regions, Land Systems, Land Units and Land Facets was
carried out as part of a land evaluation for extensive grazing {based on FAQ guidelines). Existing maps
and literature were studied ta make initial botanical descriptions at Land Unit level. During a field
survey, the botanical descriptions were verified or identified if not known. A 1:500,000 map of
landscapes and grasslands in colour, describing 71 Map Units (MU’s), resulted. The delineation of the
MU's was based on landforms; dominant and commaon tree and grass species; and vegetation structure,
The classification of vegetation structure was based on the cover by trees >5m, shrubs <5m and
grasses/sub-shrubs <0.5m. The Land Units and/or Land Facets of the land classification were lumped
or separated to form MU’s, determined by the results of the field survey and the scale of the final map.

The MU's alsc describe scattered and present grass species.
Introduction

In these times of environmental awareness, sustainable land use is promoted
worldwide. Similarly, in the Western Province (WP} of Zambia, concern has been
raised about possible overgrazing of the rangelands, due to the annual increase in
cattle numbers of 2.5% over the last two decades (Cattle census 1990). This
gradual increase occurred without knowing the potential carrying capacity of the
rangelands in the WP. The existing maps and accompanying reports, as found in
many parts of Africa (Fanta 1992), were found either to be incomplete or
inaccurate to estimate this potential.

The general approach of the study was, based on FAO guidelines {(FAD 1991},
to first classify (Chapter 2} and describe the landscape and vegetation and
thereafter calculate the potential carrying capacity of the WP (Chapter 4}. This
chapter describes the vegetation with emphasis on grass vegetation and how this

resulted in a 1:500,000 scale landscapes and grasslands map.
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Review of earlier landscapes and vegetation maps

The initial study of the region by Trapnell and Clothier {1837; 1957), including the
Vegetation-Soil Map produced for this report {Trapnell et a/. 1962) still provides a
useful record of the landform patterns, vegetation and soil units of the region. A
second map (Rattray 1960i, provides a broad overview and distribution details
(1:10,000,000) of the grass types of the Kalahari sands region on a continental
scale. In contrast, Peters {1960) added to Trapnell's account a more detailed
appraisal of landform and vegetation types of the Bulozi floodplain only. Fanshawe
(1961; 1962; 1963a; 1963b; 1964} produced detailed lists of the woody
vegetation at district level but detail on grass species are scant and no detailed
maps were produced.

The results of the Barotse Ecological Survey (Verboom 1965) were summarized
by producing a map of the grasslands and range types of the WP {Verboom 1970),
including a list of common grass, sedge and legume species and their frequency
of occurrence. Further study resulted in the Land Units Map of the Muionga and
Matabele plains {Verboom 1966b), with supporting data on soils and vegetation
which was also included in Verboom and Brunt {1970}. Lastly, Verboom {1382)
outlined a summary of all his previous works, and added the previously unreported
Soil Vegetation Map of the Bulozi floodplain {cross section from Mongu to Kalamba
farest, 1:60,000). The latter map with associated legend of soil, vegetation and
land units represented the only existing detailed land evaluation of the Bulozi
floodplain.

Fanshawe {1971) produced "The Vegetation of Zambia" which concentrated on
the woody species and briefly dealt with grassland types. This work largely formed
the caption for the 1:500,000 Vegetation Map of Zambia {Edmonds 1976). No
further work was done until Jeanes {1985} extended Verboom's land unit mapping
approach to the whole area of Senanga District west of the Zambezi (1:250,000).
Grass, tree and shrub species lists, among other details, were presented.
Mulungushi (1986) continued the land evaluation approach with a study of

southern Mongu District.
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Although the maps and land capability appraisals of Verboom (1966b; 1982),
Jeanes {1985) and Mulungushi {19886}, provide examples of comprehensive land
evaluations, they covered small parts of the WP, On the other hand, other studies
covering the entire province, lacked sufficient detail on grass species to allow a

land evaluation for extensive grazing.
Materials and methods

The scale to be used for publication of the final map was determined by 1) the
scale of the best available base map, the 1:500,000 vegetation map of Zambia
{Edmonds 1976), 2) the scale of available Landsat images and aerial photomosaics,
and 3) the need for a practical size for provincial land use planning.

The starting point formed the 1:500,000 preliminary map, based on the results
of the land classification {Chapter 2}, which was utilized together with existing
maps (Edmonds 1976; Jeanes 1985; Verboom 1966b) to plan and position survey
sampling sites, During the field trips the preliminary map was continuously
updated. Sampling sites were selected to span the maximum number of landforms,
vegetation types and vegetation structures (stratified samples), to determine the
characteristic vegetation {(both trees and grasses), and the within vegetation type
variation of grass associations. During the late wet season of 1987 (January-
February), 289 sites (Land Units) were described in detail. The grass species
composition was assessed for all Land Facets {up to a maximum of 11 grass
species per assessment) resulting in 614 assessments. A total of 424 grass
specimens were collected and forwarded to the National Herbarium of Zimbabwe
for identification. Data collection per site consisted of: marking on aerial
photomosaic; general description of woody vegetation type if present; description
of position in the landform, usually by a small catena diagram in sites showing
variable grass associations due to slope, drainage etc.; description of the grass
flora; rating grass species frequency per site using 4 levels of occurrency: dominant
{d), common {(c), scattered (s}, present {p}. During the dry season (June to August}

another 222 sites were visited. Although these visits were aimed at collecting dry
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matter of biomass for grazing capacity estimates, they permitted minor
adjustments on the map (Table 2.1).

The arrangement of Map Units {(MU’s} comprised four steps. The first step was
to define the Land Unit as lowland, bush group or woodland. The second step was
to define the type of Land Unit (LU) {Table 3.1). The third step separated lowland
LU’s into dry and wet, the bush group were arranged according to the tree species
(d or ¢} found on the mounds, and the woodlands were differentiated according to
the vegetation structure. The fourth step divided LU’s into MU’s according to the
grass species (d or ¢) encountered. Additional data on grass species {s and p} were
collected but not used to delineate MU’s. The number of observations per LU {614
botanical descriptions in 17 LU's) and the possible delineation at 1:500,000 scale
resulted in up to 5 MU's per LU.

Table 3.1 Procedure employed to arrange Map Units.

Step 1 Lowland Bush group Waoaodland
Step 2 Floodpiain Savanna Maopans
Dry plain Bush group Munga
Pan Teak
Dambao/tributary Kalahari
River plain Miembo-Kalahari
Transit. Miombo
Miombo

Cryptosepalum

Step 3 Dry or wet Dominant/common Vagatation
tree species structure
on mound
Step 4 Dominant/common Dominant/common Dominant/cammon
Grass species grass specias grass species

intermound plain

Data on vegetation structure were derived from aerial photographs and

assessments made during the field survey. The aerial photo interpretation and

assessments in the field were realised unitedly. The description of the vegetation
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structure followed the ITC approach {van Gils and van Wijngaarden 1984). The
woody vegetation units were divided into trees (>5m) and shrubs {<5m).
Grasslands and sub-shrubs {<0.5m} formed the third category.

Topographic maps (1:250,000) used were: Libonda 1966; Kaoma 1986; Lealui
1966; Luampa 1985; Senanga 1975; Mulobezi 1973; Luiana 1871; Sesheke 1971.
The final map was digitalized and printed (attached as appendix).

Results

The legend was divided into on three categories of LU’s: 1) lowlands, 2) bush
group savannas and 3) woodlands (Baars and Jeanes 1996a). Each LU generally
had 3 to 5 MU’'s. There were 5 lowland LU’s {floodplains; dry plains; pans;
dambos/tributaries and river valleys/plains), comprising 22 different MU’s. There
were 4 bush group savanna LU’'s (Kalahari savanna, Kalahari bush group savanna,
Munga bush group savanna and Miombo bush group savanna) comprising 8 MU's
and finally there were 9 woodland LU’s {(Mopane, Munga, Teak, Kalahari, Mixed
Miombo-Kalahari{2), Transitional Miombo, Miombo, Cryptosepalum) comprising 36
MU’'s. There were also 4 composite MU’s and 1 MU was not surveyed.

To each MU, a colour, code and hatchure (shading) was assigned, all appearing
in the legend and on the map. The dominant tree and/or grass species of each MU
are described in the legend (Figure 3.1). A more detailed description is shown in
Table 3.2.

The vegetation structure was divided into 12 categories. To express the
vegetation structure, for each category a different type of hatchure was used.
Grassland and fallow land were not given a hatchure, denoting no or least density
of woody vegetation. At the other side of the spectrum, dense forests were given
most hatchure, denoting maximum density of woody vegetation. All other
categories, savannas and {open) woodlands, were illustrated by intermediate
density hatchures (Figure 3.2}.

Finally, topographic data were included originating from Edmonds’ vegetationmap

(Edmonds 1878). The resulting map is shown in the Appendix of this thesis.
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Figure 3.1 The legend of the Landscapes and Grasslands Map of the Western
Province of Zambia. The Appendix of this thesis shows colours and hatchures of

the legend.




Landscapes and grassiands map 37

190

w
<
h

3

s
-

% Cover by shrubs =

N
o

% Cover by tress —a

-
=}
h

b

% Cover by shrubs «e
M
3

201

0 P 40 60 an 100
% Cover by treas —e

Figure 3.2 Key to the vegetation structure of the landscape and grassland map of
the Western Province of Zambia.

Legend to Figure 3.2:

Tree = a woody plant > & m. tall

Shrub = a woaody plant < 5 m. tall

Sub-shrub = a woody plant < 50 cm,, not included in above estimates
G Grassland to dwarf shrub savanna

S Tree to shrub savanna

BS Bush group savanna

OWo Open to bush group woodland (open)

OWs Open to bush group woodland (scrubby}

Wo Woodland {open)

Ws Woaodland scrubby

FWo Forest/woodtand {open)

FWs Forest/woodland {scrub/thicket}

DWs Degraded scrub woodiand to bush fand thicket
F Fallow shrub land to bush land

Bt Bush land thicket
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Floodplains (F1 to F5)

The duration of the annual flooding is variable and depends on the area and the
relative position within that area. The five floodplains delineated show different
landforms and dominant grass species related to the extent of flooding. The
complicated channel complex (F1) shows the Echinochloa-Vossia-Oryza grass
association. With increasing elevation (F2), Themeda triandra and Eragrostis
inamoena appear {c) among several typical wetland grasses in the lowest (wettest)
areas. Further increase in elevation {F3) results in Trachypogon spicatus {d) next
to Themeda triandra and Eragrostis inamoena (c). The highest {upper) floodplains
(F4 and F5} are all dominated by Loudetia simplex whereas the sub-shrub Parinari
capensis is scattered. The F4 floodplains carry several other grass species as well,

unlike the F5 floodplains.
Dry plains (D1 to D4)

The dry plains, forming vast grazing areas, carry similar dominant grass species as
the higher floodplains. They are also flat, but not or seldom flooded. The D1 and
D2 plains are dominated by Lloudetia simplex and Trachypogon spicatus
respectively. The sand plains {D3) are dominated by 7ristachya nodigiumis and
Fragrostis spp. {c}. The D4 plains, found on heavier sails {alluvial fan), carry

mounds (s} and are dominated by Lragrostis spp.
Pans (P1 to P4)

Pans are treeless more or less rounded depressions, usually from a hundred metres
to a few kilometres in diameter. P1 pans have permanent water. They sometimes
have a seepage zone carrying a Miscanthidium-Andropogon huiffensis association
on the mid to lower siopes. The highest fringe is dominated by Hyperthelia
dissoluta, which is followed by subsequent zones of Trachypogon spicatus and

Monocymbium above the seepage zone. The dry pans are dominated by Loudetia
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simplex (P2} sometimes in association with Trachypogon spicatus (P3). P4 pans
are, as D4, dominated by Eragrostis spp., Hyperthelia dissoluta and sometimes
other common to dominant species. P4 pans are associated with relatively silty and

clayey soils.

Tributaries/dambos (upper drainage lings) (V1 to V4}

The upper drainage lines show variable grass species compositions. V1 and V4 are
found in the south-eastern part of the WP, whereas V2 and V3 are found in the
north-eastern part. The moist V1 dambos are dominated by Hyparrhenia bracteata
and Trichopteryx dregeana. The dry V4 is dominated by /mperata cylindrica and
Hyperthelia dissoluta. The V2 and V3 are both dominated by Loudetia simplex. V2
is drier and Trachypogon spicatus occurs {c). The wetter V3 has several common

species.

River valleys/plains {lower drainage lines) {R1 to RS}

The wettest lower drainage line {R1} is a swampy river valley dominated by sedges
and Phragmites mauritianis. The R2 river plains have a characteristic side plain
separated from the main valley by a small strip of woodland. No distinct dominant
grass species are found. Typical wetland species occur (s to ¢). In contrast, the
drier R3 and R4 river plains have dominant Loudetia simplex among other common
species. Typical of R3 is Tristachya nodiglumis (c} and typical of R4 is Themeda
triar:dra {c). The lowest drainage lines in Senanga West {R5) are very dry and

dominated by Eragrostis spp.
Kalahari savannas (K81 and K82/}
The drier KS1 savannas have large mounds, more Burkea africana trees than KS2

and are dominated by Tristachya nodiglumis, Brachiaria dura and/or Efionurus

muticus grasses. The wetter K52 savannas have small termitaria mounds,
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scattered Burkea africana trees, and Loudetia simplex as the dominating grass

species.
Munga bush group savannas {AB1 to AB4)

The undulating Munga bush group savannas carry Acacia or Combretum spp. on
the mounds. The mound tops are dominated by Cynodon dactylon. AB1 is very
distinct in also carrying Borassus palms (d), which occur on saline soils. Erégrostis
spp. are common. AB2 is associated with Mopane woodlands on heavier textured
soils. The Mopane is found on the mounds (d} whereas the intermounds are
dominated by Eragrostis spp. {as D4). The AB3 anthill based bush groups are
associated with the Siloana sand plains. They have variable grass species of which
Tristachya nodigiumis and Eragrostis spp. are most common. AB4, associated with
upper drainage lines on high water table watersheds, is transitional between AB3

and MB and dominated by Hyperthelia dissoluta and Hyparrhenia spp.

Kalahari bush group savannas (KB)

The Kalahari bush group carry Kalahari woodland species (see K1 to K5} on the
mounds. Phaenix palms may be present. The intermounds are dominated by
Tristachya nodiglumis.

Miombo bush group savannas (MB)

The Miombo bush group carry Miombo woodland species (see M1 to M3} on the
mounds next to Uapaca spp- {d). The intermounds are dominated by Hyparrhenia
spp.. Brachiaria brizantha and Loudetia simplex.

Mopane woodlands (MP1 to MP3)}

The occurrence of Mopane {Colophospermum mopane) (d) decreases from MP1 to







