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SUMMARY

@ vegaetation survey was carriad out within a 300 km? arsa
araund Gwabl on the Zambian side of the Middle Zambezi Vallewv,
wibth emphasis on regensratinag flalds abandonsd after olearinag.

Information was collected on the previous and present stbat

of  such Tilslds, The Braun-RBlanguet phvitosocioloalical msthod

was usead for describinao the veagstation and other parameters of

-~

the study plots, Data was processed usinag computar  roublnes

for manipulating ohy tosocioloalcal tabhles Andc Al=m0o

multivariate analvsis,

The floristico

data 1s presented as an asst ation table

wWith communities arranaad alona a aradient from mesic Lo xerio

moisture condltions, A provisional alliancs, the Combretion

eleaanoidis. was proposad Lo cover bhe woodland and bhioket

4

communi ties  of the  drier around  in e wvalley, For

clations wers named: bhe mopans woodland  and

WER T €

diaanosed  as:  Fockeo-Colophospermetum mopanis. A commund by
oceurring in thickeits wibth Prherocarpus lucens sso., anbunssil
as an emsrasent was namsd as Pterocarpo antunesii-Combretetum
aleaagnoidis. In  ths mors molst conditions a community  of
Acacia robusta SEn  oclaviasra WAS  name A thes third
association Acacietum {(robustae) claviasrae, and ithe fourth
occurrinag o the  flood plain was  namsd  as  bthe  Abutilo
anqulati-Acacietum tortilis.

-

A number of numsrical clustering techniouses ware aoppliad

to the data., WPGMA oclusterinag on a mabrix of  Serenssans
coafficiants of similarityv aave a olassificatlion which was

VETY close f.o the communi tias recoanissac in thes

phyvtosocioloaical table, with very few axosoblons,

byea tameen MEXA M feor

There weare sianificant differences
potassioum, phosphorus and calocium in the upper soil of  the

five communities examined (includina the Friochloa nubica

ause of fTew relevés sampled).

and communi by not namsd b

ara
Potassium and calclum wers hiohest in the arassland communi by

-~

and Towmest, in t.he Pterocarpo communi by, Prhosohoros W s



hiahaest  in  Acacietum {(robustas) claviaesrae community  and

Towsast in the arassland communi by,

Thirty seven sites could be aaged since last culbtivatbion
and arderaed in inoreasinag fallow periad. No clear pattern

emarasd, bub bhere was a asneral brend for weeds to fall in

the early sucesssional stags  and  woody  sps

shrubs Lo increase in the later staages,
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Chapter 1

Backaround

The history of veastation science has been characterised
by the existence of manv opposed schools of thouaht. The core
of the araument has centered on two contradictory concepts or
models of vegetation structure, the first one dwellina on
classification of the veastation into “tvoes’ and the second

lookina on wveastation as exhibiting a continously wvariable

pattern over time without any obvious so-called *tLvpes’ .

Up Lo  about 1950 there was a definite emphasis on
classification of veastation tvpes based on units which were
classifiable., This period which started with bthe work done by
Clements (1916 1928) portraved vegetation as an oraanism which

with time, A1l the

atior

arew in  structure  and oraanis
components  cooperated  in a  complex relationship [leadinag
aventually to a climax veaetation tyvpe. under the influence of
environmantal conditions, Veagetation was thus viewed as a

dvnamic antity showina a4 proaressive t.rend known A

SUCCESSION, This approach. later upheld in a less exbreme way

by Tanslev(1939). sbressad intearation of communi by

interactions within the veastation.

synthatic classification of plant communitiss recieved
special impetus throuah the work of Braun-Rlanauet{ 1928 1932).
His svstaem of ’phvtosocioloav’ found favourable acceptance

throuvahout  the world, and influanced the developmant of

Furopaan veaetation science for decades, The hierarchy of
systematic units  worked almost  exclusively on  floristic
criteria relatina to character or differential species. Thes
Rraun-Blanauat apoproach recoanised heteroaanaity of species
distributions and emphasised interactions between plants in

the community.

Much of the work leadina to this approach was centered at

Zirich (Switzerland) and Montpellier {(France), later on at



Stolzenau (West Germany) and. in a basically similar approach,
in the Scandinavian countries (Du Rietz 1921). The key idea
in the Braun-Blanauet svstem was that community classification
was based on a fundamental unit. the association. which was

definad by its po ssion of character-species (species of

relative restriction to a aiven association: this was known as
fidelitv). An association consisted of units based on the
description of samples of veagetation stands in the field
(relevés:  Aufnahmen). Classification of associations t.o
hiaher levels was based mainly on floristic composition wi t.h
relatively little emphasis on physioanomy . The hiesrarchical
sequence used in this classification and the andinas added

was  as follows: (the ending is added  to  the name-aivina

spacias of each oa teaory)

Rank Erdinag

CLASS —ethag

ORDER -~aftalia

ALLTANCF —ion

ASSOCTATION =& fum

SUB-ASS0CTATION & f.osum

Doposition to this aporoach mainly came from the "Analo-
Saxon"  veagetation scientists, mainly  in UK and  USA  who
emphasised classification of communities into tvpes based on

dominant species or dominant species aroups (Whittaker 1962).

The diametrically opposed view in veastation science was
that veagetation was not made of classifiable units but formead
a continuum and it was first explored independently by the
cearly papers of Gleason(1926), LeNoble(1927) and
Ramensky(1924) appearinag at almost the same time. The authors
differed stronaly from Clemants’ monoclimax, oraanismal
theories, The central concept in thier work was the sSpecies-
environment. complex which thaey focussed on as a determinant

of the individual species distributions. They held that
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communities occurred alona environmental aradients exhibitina
aradual chanaes in species populations and interactions.
These theories did not recieve much attention at that time
excapt Lo be stronaly opposed. In the esarly 1950’s this
continuum concept was taken up  and developed notably by

Whittaker(1951) and Curtis{1959) in the U.S.A.

The differences between schools in their approaches Lo
vaeaatation siance could wel appeaar to have beean
nationalistic rather than scientific. Cultural differences
contributed to the broad spectrum of terminoloaies which mav,
in fact. have differed little in their MEANLNAS , The period
after 1965 saw an interaration of the Lwo approaches (MoTntosh
1967b. Whittaker 1967. Whittaker & Woodwell 1973. Gauch 1982),
Most wveaetation scientists beagan Lo realise that the best
method of study laraelv depended on  the problem. and they
selaected the appropriate techniagues according to their stated
obiectives,

a

One consistent trend in veaetation science has bean the
Rroarassion towards increasinagly aquantitative methods
(Whittaker 1962, Greia-Smith 1964, Daubenmire 1968, Moore et
al 19707, This trend has been acccelerated by bLhe increasinag
aceass Lo computers, A tvpical example is drawn from the
study by Moore & 0°Sullivan(1978) who werea able to analvse a
phytosocioloaical table of 650 relevés and 260 spacies at one

time on an IBRM 360/50 computer, a task which would take a

In recent vears the proliferation of numerical technicgues

has resulted in manv an ecoloaist biena faced with the problem
of trvina to choose the appropriate method for analvsina his
veaetation data (Gauch 1982). since there is a wide ranae of
classification or ordination technigues and of similarity

coefficients,

The present study aims at analvsinag a portion of .the
vaaatation of the Middle Zambersi Vallev., Zambia usina the
Rraun-Blanauet method supplemented by numerical technioues,

The study concantrates on raeaqanarating stands of veagatation



and will try to propose a tentative sucecassional trend in

communi b proposead, It forms part of an onaning  resear t:h

project by the River Basin Research Committee (RBRRC).

Definition of Terms

The followina kev words have been used in this DA

Ralaevéd: The 1. of species and of environmental factors

rription of the stand.

recorded as a de
Stand: The concrete area of veastation in the field which has
bean desoribed,
Community: An abstract unit of classification of anv standing

(alliance, association. nodum etc).

Succession: The orderly and directional process of communi ty
chanas,

Sere: An entire successional trajectory.

Reagenaration: Community development on sites praviously
occupiad by well developed communities.

Phvtosocioloay: Study of all phenomena and effects reagardina
the "social life" of plants,

Veaatation Dyvnamios: Any  chanae  in  plant communities,

or post-alacial,

includinag sK@AaAs0nal .,
Emphasis is on the process rather than the end point.

Source: Moore(1962). Odum(1975). Pickett & McDonnel(1i989).
Waraar(1979),

Literature Review

The followina outline is a review of some of the studies
in which studies on  the veaetation of Zambia have beaan
described. Included are the broad descriptions coverinag the
continent. of Africa. regional studies in Fast Central and
Southern Africa and finally studies within the Zambian

territory., ultimately focussina on the Middle 7ambezi Vallev,

White{1983) has made a comprehansive  review of the

veagatation tvpes of Africa. Sixtean structural tvpes of



vaeaatation have been described based on phyvsioanomy and
structure, These were described from 80 mappina units of the
different veaetation tvpes. The description is larasly bhased

on the one sugaested at Yanaambi for African vaagatation bLvpes

{(Anon  1956). But due to the emphasis it places on West
African tvpes White modified the scheme to reflect bhe African
situation as a whole and. in so doina. has omitted the term
"savanna veaetation” as a structural cateqory., The reagional
classification of Fast African veaetation {Gresnway 1943 1973)

recoanises BEven structural tvpes which have also beean

included by White,

The veaetation map for the Flora Zambesiaca (Wild &
Barbosa 1967) has outlined 74 mappina units which have beean
incorporated into  seven structural typas: closed forest,
closed forest-woodland mosaic. thickets. woodland & SAVANNA
woodland, treaea KAVANNA , shrub SAVANNA , anc arassland,
Weraer(1978) had earlier reviewad work on the veaaetation of
the Zambezian Domain, This work placed emphasis *on  the
phytosocioloaical  approach  and  outlined phyvtoaeoaraphical
distribution of veaetation formations of all areas drained by

the Zambezi River and its btributaries.

In Zambia. some of the early studies on Lhe descripition
of veastation were done by Michelmore(1939). and Burt(1942),
Michelmore concentrated his work on the arasslands of South

Central and Fast Africa. He outlined the factors which led to

the formation of open arasslands and portraved them as
climatic or physioaraphic in nature. and amphasisad Lhat these
arasslands were not seral stages to savanna. bush or forest.,
Burt worked on some Fast African veagetation tvpaes and in part
described the miombo veaetation of Northern Zambia. Studieas
which have attempted to relate veaetation o soils  are
Trapnell(1950 1953) and Trapnell & Clothier(1957). Their
veaetation-soil survevy was laraely concerned with woody
veaatation for which they - mappead the different tvpes,
Analvsis of the effect of fire on miombo woodlands based on
experimental plots near Ndola were carried out by Trapnell

(1959). and later on by Lawton(1964 1978). lLists of species
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were compiled for those affected by fire (fire tender spacias)
and those which were not affected (fire tolerant spaecies),
Vesev-Fitzaerald(1963) carried out a survev of the arasslands
of Central Africa (coverina North of Zambia) for which a
classification was sugaested. A survey of the arassland and
wooded arassland tvpes of Western Provinee have baan described
by Varboom and Brunt(1970) with emphasis on exploitina these

areas as fodder resourc the main vaeagatation tvpes are Ccross

referenced to Trapnell’s(1950) soil-veaetation aroups. The
woodlands and arasslands of the Kafue flats were described in
some  detail by  van  Rensbura{1968) and a vaeaatation map
produced. He identified 46 structural tvpes. butbt a detalled
veaatation description for the Lochinvar National Park.

situated in the same area was later carried out by Douthwai te

& van Lavieren(1977).

A maitor contributina  source of literature on f.he:
desceription of thes vaeaatation of Zambia is from the
unpublished District Forestry Reports of Fanshawe (1961 19672

1963 1964 1969) for Senanaa. Monau, Sesheka, Kabompo., and

Gwembe Districts. These reports contributed to form the bas
to Fanshawe’s (1969) treatise on the veastation of Zambia. He
describes the veaetation types under the headinas: closed
forest. open forest. woodland. termitaria. and arassland,
Chidumavo (1987) has aiven an account of the different tvpes

of miombo woodlands in Zambia and their spacias structure,

Reaenaration of veastation in Zambia has been described
by Stroaaard (1986) with reference to miombo woodland., Three
phases of rearowth were observed in  this study and the
turnovear ke bween different SUCCESKSIOoN stages variad
sianificantly. Chidumavo(1988) has described the development
of fallow sample sites dominated by Acacia polvacantha, while
Chidumavo(1989) has described some aspects of reqanaration in

-

plots of felled Marauesia woodland subiscted to early and late

burnina., These and studies from other African countries tend
Lo lay emphasis on reaeneration of veagstation in abandonsd
fialds which We e praviously cultivated, Roaler &

Sciwale(1966) have outlined a probable course of chanaes
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reqanaratinag miombo woodlands of Western Tanzania, EBEffects of
local cultivation practices on  the veastation have been
described by Stranal(l1974). These were focussed on effects
raecordaed seveaeral vears after cubtina the forest on the hiah
veld in Zimbabwe (then Rhodesia). Campbell et al (1988) have
described  succession of a  tropical everareen  forest  in
Mozambiaue., The study also showed that bthere was no evidence

to support the facilitation model., Tietemal( 1989) has presented

an assessmant of mopans treas  in a woodland  at Dukwe,
Botswana., This study has also outlined some manaagemant ophions

for Colophosparmum mopane.

The Middle Zambazi and Luanawa Vallevs of Zambia form
part of the rift valley svstem which stretches from North Lo
South. parallel to the coast of Africa. Some of the richest
wildlife santuaries in the world are situated within the Rift
Valley (&,a. Luanawa National Park & }nternatimnal Gamsa park
in Zambia. the Serenaeti National Park in Tanzania). Work in
the vallevs of Zambia has bean concentrated in the suanawa
valley with anphasis on flora-fauna relationships,
Astle( 1969) has  attenoted a de%criptimn of t.hes Tand
classification svstem so as Lo provide an ecoloaical baseline
for manaagamant plannina for the Luanawa Vallev, Studias on
habitat destruction by elephants (Loxodonta africana) in the
Luanawa have tied this aspect Lo the present status of
vagatation, Cavahlev(1976) attributes destruction of
vegatation to a stable limit covele, which is determined by the
population density of elesphants, When the population density
of elephants is hiah they destrov the veastation to such an
axtant.  that the resources becoms critically scarce, after
which a decline in their npumbers follows, The cvele was
estimated at two hundred vears., Lewis(1986) on the other hand
suaaaests that reduction of woodland habitats in South Luanawa

is caused by elephants when thev are compressaed to 1imited

ranae patiberns arisina from human disturbances.

Much of the work in the Middle Zambezi Vallev has been
concaentrated on  the Zimbabwean side of the international

boundary, The veastation of the arsa lvina betwaan Kariba



and Mpata aoraes. extendina southwards to the escarpment was
mapped by Guy (1977). Alitoasther seventean veagetation bLypes
wers  recoanised, Howaever most of  the smaller ounits of
veaatation were fused into aroups and referred to collectively
by sinale namas, Further studies weare done on this area when
a threat of inundation bv a hvdroelectric scheme was imminent..
The results have been compiled into a report coverina many
aspects of the ecoloay of the vallev (Du Toit 1982). Araas
likely to be affected by the proposed Mpata and Ratoka aorage
dams alona the Zambezi River were mapped and the possible
impacts on biotic as well as abiotic factors outlined. fal
report. on the veagetational studies is outlined by Muller &
Pope( 1982) from which 10 structural tyvpes were described

basad on 12 mappinag units,

Apart from the broad vaeaqatation descriptions coverina
larae areas (Rarbosa & Wild 1967. Weraer 1978. White 1983).
the Zambian side of the Middle Zambezi Valley has not
exparienced any detailed research. Most larae-scale veastation
descriptions were based on aerial photoaraphv interpretations
supplemanted by a few around studies., In keepina with the
trend of events in the area work started recently (Howard et
al 1987) bv RRBROC, S0 far a preliminary report has been

compiled in which a list of species has been included.

Objectives and Rationale

The main aim of this study was to carry out a survey of
the different veastation tvpes in the study area. Emphasis
was placed on reageneratina fields from which data on aspechs
of their past historvy of utilization and present status were
collectad, Tt was hoped to provide data to support and auide
Cmanaaement policies in the study area which is at present
underaoina extensive aaricultural develooment. The studvy would

aline Tfor future research undertaken in vieaw

also provide a ba

of the anticipated chanaess,
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Oraanisation of Work

An outline of the study area is aiven in chapter two.
This chapter hiaghliahts the environmental settina of Gwabi
camp site and its surroundinag communities and includes a map
showina the various infrastructures as well as the sampling
sites, Farmina svstems (traditional and commercial) are also
describead, Chapter three focusses on three main aspects of
research methods: field methods of data collection. laboratory
methods dealina with soil extraction and nutrient analvses,
and the various procedures followed in the analvsis of data,
The results of the study are aiven in chapter four, they are
discussead in five sactions: veaatation tvpes,
phvtosocioloaical units, numarical classificatin, orderina of
relevés accordina to aage (or fallow period) and soil nutriant
analvsis, Association tables for Gwabi area and woodland
communities of the Middle Zambezi Vallev are attached at t.he
back cover. The last chapter {(five) is the discussion. A list

of appendices and referances are also prasanted at the aénd,



STUDY AREA

General Description

The River Rasin Research Committes has outlined their
study area (MZV) as that lvina between 28x 50’ to 30x 20° Fast
and 15x 20’ to 16x 30° South. It includes the whole area
occurrinag below the 500m contour (see Howrad et al 1987) which
lies at the base of the FEscarpment. This contour forms the
northern boundary from the Luanawa River in the east to Kariba
Gorae Dam in the west., The southern boundary follows the
international boundary with Zimbabwe from Lake Kariba to
Luanawa town and river, This definition of the MIV was also

adopted in the present study,

The present study area is that lvina within A 10 Km
radius around Gwabi camp on the Kafue River (fia 1). The Kafue
River forms the boundary betwesen two chiefdoms and  two
administrative areas (Lusaka and Southern Provinces)., To the
east is Chief Chiawa and Chief Sikonao is to the West of the
river. Gobas are the main ethnic aroup in the Chiawa area but

westwards they blend with the Tonaa of Southern Province,

The aeneral land surface slopes towards the Kafue and
Zambezi Rivers, Hilly around is noticeable particularly to
the west and northwest of Gwabi. Fphemeral streams are common
and they meander throuah Karoo sedimentary rocks which form
the main aeoloaical strata in this area. The around south of
Gwabi is aenerally flat and terminates in a arassland towards
the confluence of the Kafue with the Zambezi River. The soils
here are clavey and poorly drained. Numerous cracks  area
noticeable over most of the arassland durina the dry season,
Most low lvina parts of the arassland are usuallvy flooded
durina the rain season. This brmbablv accounts for the rarity
of trees in this area. Termite mounds are common in  the
arassland thouah they are also present in  woodland and
thicket.,
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Soils found in the woodland north of Gwabi are composeacd
of sandy alluvial material. This deposit extends alona the
Kafue River and covers larae parts of the studvy  area.
Occasionally patches of loamy clay soils are found upstream
alona the Kafue River but further away from the river, soils

darived from weathered bedrock dominate,

The main road to Gwabi branches off from the Lusaka-
Harare hiahway at Chirundu. This road crosses the Kafue River
via a pontoon near Gwabi to Chief Chiawa’s area, Genarally
road infrastructure in the valleyv is underdeveloped since much

of the area is uninhabited and of ruagaed terrain.

Human population density is aenerally low. The area east
of the Kafue River is sparsely populated. Older maps of the
area show villaoes which have since been moved out (in the
19307 s) becuase of sleepina sickness, The laraest settlement
in Chief Chiawa is at the Palace. extendina up to a kilometre

radius. Villaaes in this area tend to appear in neiahborhoods
clustered around the more fertile alluvial deposits, %hev are
separated by aarden land or bush., West of the Kafue in Chief
Sikonao’s area population density is hiaher than in the Chiawa
area, Villaaes are separated by smaller distances., often less

than a kilometre apart. especially towards Chirundu.

Livestock rearina is poorly developed mainly because of
tsetse infestation. Two  species of tsetsafly Glossina
morsitans and G. pallidipes are present in the vallev. In our
study area cattle were completely absent. thouah about 40 Km
to the West of the vallevy in the Lusitu area these were
present.  in  small numbers. Goats and chickens are widely
reared. Massive so0il erosion occurrina near Lusitu has been

attributed to overarazina by aoats (Howard DErs, comm. Y.

The peasant aaricultural svstem is dominated by three
cereals:  bullrush wmillet {(Pennisetum tvphoides), sorahum
(Sorahum wvulaare) and maize (Zea mavs). These Crops  are
cultiivated in two main tvpes of gardens. The first btvpe is
known as MATOLO. located on river terraces as well as

seasonally flooded areas on the bank of the river, Maize is
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the common cereal in these agardens. but there are cases of
sorahum and millet beina arown here also, The second tvpe is
known as MINDA. Thaese are inland gardens. sometimes several
kilometres away from the Zambezi or Kafue Rivers. Sorahum is
the main crop in these aardens and cotton to a lesser extent.
The short rainy season and hiah temperatures have an influence
on the choice of crops arown in these gardens., Similar aarden
tvoes weare reported amona the Gwembe Tonaa (Scudder 1962
1971). These included permanently cultivated aardens alona
the bank of the Zambezi River (JELFLE) used primarily durina
the dry season  and the floodplain aarden (KUTI)  which
supported both dry and rainy season cultivation. The LNDA
aarden was located on rarely inundated riverine alluvia and on
adiacent colluvial soils or Karroo sediments. These ware
pariodically fallowed dependina on soil fertility. The last
type was the TEMWA aardens located on Karroo sediments several

kilometres inland from the Zambezi and its maior tributaries.

Cotton is arown by peasant farmers in the Gwabi area
mostly for sell. Few are involved in this undertakina due to
the hiah input costs involved. as well as the climatic risks.
The other cash crop is banana. The plantation at Zambezi
Trainina Farm is laraely owned by peasant farmers who are
allocated plots under the supervison of JItalian volunteer
workers, The location of this farm on the 7Zambezi River
facilitates irrication. so that it depends less on rain.
Chiawa Banana Plantation is about S5km east of the Kafue alona
the Zambezi River., This plantation was implemented a vear
before the Zambezi Trainina Farm in 1969. This is also a
commercial undertakina administered by the Department of
Aaricul ture, The oriainal plan was to resettle farmers from
Zambezi Trainina Farm on this project after completina their
course, But  this never took place, The most recent
commercial aariculture project is the cotton and wheat field
at Masstock (Chiawa) Farm commissioned in May 1989. The field
is irrioated with Kafue water pumped from the bank about 3km
to  the north east. This project will cover thousands of
hectares on  cleared woodland towards and bevond Chiawa’s

Palace,



The success of rainfed aariculture in the Middle Zambezi
Valley is veryv dependent on climatic conditions. The number
of rainv davs averaages at 40 out of 90 durina the wet season.
This aspect has led to the introduction of a short season
sorahum variety (Sivunvi pers. comm.). althouah the new crop
has not been verv popular with the local people. Tt was noted
also that weaver birds harvested a larae proportion of
sorahum. The Indian farmer (Dandiker) near the pontoon on the
Kafue river has arown this variety successfully toaether with

sunflowear.

Studv Sites

The location of study sites followed the pattern of
occurence of reoenaratina fields in the studv area. Al thouah
samplina was principally carried out in reaeneratina fields.
some  old veagetation communities were described as well.
Prelocation of sites was achieved with the helps*of air
photoaraphs (1982, 1:30.000) supplemented by a around survey.
In remote., unoccupied parts of the study area. evidence of
regenaration was souaht from comparison with the adiacent
stands of veastation. Tree stumps. old cereal stalks attached
to the around. potterv. and patches of cleared veagetation were
aood indicators of reasperating fields. These included areas
previously felled for reasons ranaina from cultivation.
construction work. settlements. woodfuel. to natural causes.
such as effects of rain. wind.etc. Most study sites were
located on  inland aardens (MINDA) either left fallow or
abandoned due to infertilitv. or because of excessive distance

from home,

Lower river terrace aardens (Matolo) are often heavily
utilised for cultivation and hence were not suitable for long
term data accumulation over a & month period. because for
almost  half a vear the fields were under cultivation.

Replication of samplina in these fields was not possible.



Climate

Three main seasons have been identified in the vallev:
the hot wet season between the months of December and April.
the cool dry season between Mav and Julv. and the hot dry
season  between Auaust  and November, Minimum and maximum

¢ < o 3
temparatures ranae from é6xC in the coldest month to 39xC in

the hottest month. This wvariation in temperature is also
exhibited in a hiah ranae of dailv temperature of aboutb 19xC.
Due to the low altitude {(about 380 m.a.s.1.). the Middle
Zambezi Valley is aenerally hotter and drier than most parts
of Zambia. Temperatures above 40xC are common in the hot
season, Durina the study period the hiachest temperature
recorded was 42%C at midday in the shade on 5/11/88 (Relative

k. |

humidity was 20%).

The humid period stretches from December to late February
or garly April in some vears, Dut of the 920 davs of the wet
season the vallev experiences an averaas of 40 rainv dqu with
annual totals aenerally less than 700mm but usually higher
than 400mm. Relative humidity usually reaches well above 96%

in January and February.



Fig- 4 CLIMATIC DIAGRAM FOR MIDDLE
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Chapter 3

RESEARCH METHODS

Field and Laboratorv Methods

Field work on this project started durina the month of
November in 1988 and lasted to the end of April 1989, Two
feasonNs  were covered durina the six month period and thesea
ware the hot dry season in November and the hot wet season
from December to early March. By April. rain had ceased and

1t was  approachina the ocool dry season which is usually

considered Lo start in  Mav. Effective samplina of the

most spacies came into leaf at this time. All lavers of the

vagatation ware phenoloagically poorly developed in the hot dry

saason apart from a few located in areas with hiah water
table, aensrally in places of lowsr altitudes, Most of the
trae  speacies weare deciduous, Bush fires weare a major
contributina factor to the complete destruction (and absence)
of the herb laver and even of small shrubby veagstation in most
parts of the study area at that time. Burnina started in the
cool dry season (around Mav) and continued throuah the hot dry
saeason  of  Auaust  to  November, Most affected weaerse the
herbaceous veaetation in open woodlands and reaqesneratina

fields,

The arrival of rains late in December saw the rapid
emeraance of around cover and this necessitated repeated
samplina within the same plots which had already been sampled

durina the hot drv season. Further samplina would be requlired

after the drv season beagins nee  some species  of i.he

AReanthaceas ocourri na in many  commun ities do not fl owar until

after May whan the rains have lona ceased,

An initial survev of the studvy area in early October and
part. of November facilitated the identification of samplina
sites as well as field testina of the record card. Subgequént
modifications resulted in a final and more detailed version of

the card (fia 3).



RIESEARCH PROGRAMME

MIDDILE ZAMBES 5t
Area of Plot: Slope: No.
Map Grid: Aspect: Worker: Date:
Topography :
Microtopography :
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Deeper:
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History of Regeperating Ficld:
_Location H Laggwgglg1v4C19§;ed 1 Ape of POt _ | Purposs 5
/ ' :
L} L} 1
) 1 |
] : Sl l A
Litter: Grazing: Dung: Footprints Wood-cutiting: Burning:
______________________________________________________ -____....__._.._'.:na.a:"..;_.-_
3 Acacia albida | 88 Combretus ixberbe 164 Crewia flavescens
4 Acacia ataxacantha | 89 Coabretus kirkil | 174 Hippocratea indica
13 Acacia rotusta clavigera ' 92 Combretus scssambicensis 176 Holwskioldia tetteusis
16 Acacia tortilis | 93 Coabretus obovatus | 185 Kirkia acuminala
2% Albizia antheluintica | 104 Cosmiphora edulis 166 . Lannea scheeinfurthii
3 Asparagus sp. | 111 Cowaiphora pyracanthoides 189 Lonchcarpus capassa -
47 Bauhinia tomentosa | 116 Courbonia glauca | 191 Lonchocarpus bussei
50 Boscia angustifolia | 117 Crossopteryx febrifuga | 204 Meisteaon tetrandrus
1 Buscia motabelensis | 120 Croton menyhartil l 210 0Olax dissitiflora
52 Boscia wossaabicensis | 124 Dalbergia wartinii | 226  Preleopsis wyrtifolia
55 Canthiua frangula | 125 Dalbergia welanoxylon | 230 Pterocarpus antunesii
58 Capparis tosentosa | 126 Dalbergiella nyasae | 241 Securinega virosa
61 Cassia singueena | 128 Dichrostachys cinerea ] 253 SE‘OG'N)CMB koube
62 Cassine schlechteruna | 129 Dicspyros kirkii | 324 Strychaos 3/88 §840
66 Cissus quadrangularis | 132 Diospyros quiloensis | 262 Tanarisdus indica
7 Colophspersus nopanie | 140 Dryjetes sossasbicensis | 28 Tersinalia prunivides
9 Coabretua aplculatua | 158 Fockea aultitlord | 281 vangueria infausta
80 Cosbretus celastroides | 159 “Friesodielsia obovata | 81 Yanthocercis zaabxsiaca
83 Coabretua eleagnoides | 160 Garciaia livingstonia | 268 Kimenia asericana

. 3. Record card for field data collection.
shown together with theif computer code

Sample species are
numbers.,



The choloe of dependad on the availabilitv

of reagenerating fields., distance from Gwabi campinag site and

the accessibility of these fields. Most cultivated fields

were located near settlements or only a few kilometres AWAY

Historical data on reaeneration were souaht throuah
interviews with the local people. and included estimates of
fallow periods and land use patterns. Plots with fallow
periods. mainly in the ranae of one to five VEArs, wears
samplad, In remote parts of the study area few plots were
sampled due to poor road infrastructure., while in some arsas,
such as to the east of the Kafue River. thickets of vaegatation

renderead them i naceassible,

The procedure for samplina relevés followed the Rraun-
Blanauet. phytosocioloaical approach for field methods,
Application of this method has been reviewed by Poore(1955).
Ellenbera(1956). Moore(1962). Shimwell(1971). Whittaker(1973).
MUller-Dombois & Ellenbera(1974). and Westhoff & van dear

Maarel (1978). AN effort was made to sample relevés 20X20
metras with homoaenaous plant cover and uniform habitats. The
habitat factors described included: slope. aspect. topoaraophy .,
microtopoaraphy and a aqeneral overview of artificial aroaund

marks, Laverina and phenoloay of the veastation was  then

described followed by a compilation of a KL list

includina cover/abundance estimates for individual spacias
{sea Table 1). These estimates were based on the Rraun-
Blanauet scale (MOller-Dombois & Fllenbera 1974) with one
modification to include important species of plants Arowing

close to the relevés but not recorded inside,

Table 1 @ RBraun-Blanauet Scale

5 Cover more than 75%
4 Cover batwesn 50-75%
3 Cover batwasn 25-50%
P4 Cover batwsean 5-25%
i Cover up Lo 5%

+

+

itary or rare species with small cover
but close to the

recordsad out
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S0il samples were extracted from the top 15cm of t.hes
s0il. Three extracts were randomly selected in each relavé
mixed and stored for analviical treatment. The depth ranas for
s0il samples was determined by the s0il auasr. Due to LTimited

time spent in the field a complete soil profile could not be

obtained for each relevé, Soil colour was  determinad on  a

Munsell Soil Colour Chart.

Most common weeds were identified in the field with the
help of Vernon’s(1983) excellent ’Field aiude to important
arable wesds of Zambia’. Doubtful specimens were collactad
and pressed for checkina with the harbarium collection and
more extensive taxonomic literature., namely Flora Zambesiaca .
Flora of Tropical Fast Africa and other individual texts such
as  Hood(1967). Napper(1965), Chippindall(1955), Jackson &
Widha( 1958), White’s(1962) "Forest  Flora of Northern
Rhodesia’ was a very handy taxonomic text for woody veaetation
both in the fied and laboratory, A total of 181 species was
recorded from 57 relevés. The field records are filed®at the

Departmant. of Bioloay., UNZ&.

Soil analvsis techniaues as  desoribed bv Chapman(197&)
were emploved, with minor alterations, The followina chemical
parametars  warea fes tad for in t.he sl aextracts: oH .,

phosphoro us. potassium a nd calciu m.

A suspension in water was used when determining pH., 20ml
water was added to 10 soil. shaken and allowed to sattlea,
After 20 minutes the pH of the supernatant liauid was read on
a Chemitrix (Tvepe &0A) pH Metear, The meter was standardised
with standard buffer solutions as outlined by West B Astle
(1982). (pH 4.008., 6&.85, 9.180). The temperature compensator

was set at 220,

Ammonium acetate (1M, pH 7 (00.1)) was used as extractant
for the nutrients, 50 air-dried so0il were added Lo 120ml
ammonium acetate extractant in/250m1 flasks, The flasks with
their 1i

Shaker, The shaker had capacity for four flasks durina each

s tiahtly closed were clamped on a Griffin Flask

shakinag session, Samples were shaken for ong hour at a speead
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of 170 strokes per minute, after which the extracts were

immediately filterad on number 44 Whatman Filter Paper .

A four fiaure precision balance was used when we i ahinag
chemicals for praparinag  standard solubtions, Calibration
curves were constructed from a ranas of secondary standard

solutions diluted from primary standards.

Phosphorus determination was based on the molvbdenum blue
method, a reaction which estimates orthophosphate . This was
read  on A colorimeatear (Rausch & Lombe Spectronic 20).
Potassium and calcium were determined on a Flame Photometer
(EEL Model 230) Titted with separate filters for the two
cations, Both colorimetric and flame photometer maeasuranants

oA e, and  recalibrated at intervals

were  made  in dupli

Recalibration of the flame photometer was  repeated at olose
intervals due to drift takina place after a short time of

runnina t he ins Lrumeant.

. . .oa
Ms used in the analvsis are qive 1in thea

The standard solut

appeandix

Vegetation Analvsis

Plant BREC]es recordad in t.he relavés ware anteraed in a

table. indicatinag their waiahting in each ralavé, This was
done with the aid of 4 computer proaram in APL lanauaae
{written by J,J. Moore). Relevés were entered in aroups based
on the area where sampling was carried out. Fach sampling
area was assianed a numeriec code and a relevé number: these
toaather with the code number of each species wera aentered in
a storaase file, The data set was assembled into a raw table
{or data matrix). This raw table served as the basis of all
subseauent manipulations for establishinag plant communibies
using the Bruan-Rlanauet table met.hod, Technical aspects of
differentiating the raw table/thrmuqh the use of differential
species have been reviewed by Shimwell{1971). Moore(1962) and

KOchler{1967) .
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The computer alded Braun-Blanouet table work was run on
an IRM=-PC micro-computear, The main fTeature of this proaram

was Lo allow sasy rearrcanaina of  rows and columns of  the

matrix. either accordinag to the wishes of the user., or usinag

tive criterion {e.a. arranaina species in descaendinag

soma ob e

ordaer of presence in the rtable).

Numerical Techniaues

A numarical classification of communities was carried
out., Tt was polvithetic and agalmosrative., The data mabrix was
analvsead by MEANS of A compu ber DrOaram in AP for

agalomarative classification (bv J.J. Moore). Two inter-stand

ant. for presence/absence data

A. Smransens simi

betwean relevés, The index is:

23
Zat+b+to

wheres, a = rumees of SpECLas  Common to the two relavés

concernead.,
b = number of species in the first relevé onlv.

ond relevé only.

¢ o= pumber of speciles in the s

B. Fuclidean distance is a dissimilaritv coefficient between

pairs  of relevés {(represented as data points in S-SDACE ),

usinag aquantitative weiaghtinas, Tt is defined as:

2
jﬂ(.‘x‘.i.i-Yik33-

whare Xi and Yi are aguantities of the 1th species in relevés
3 and k. The Braun-Rlanauet symbhols WE e transformed as

follows (Moore et al 1970):



Braun-Rlanauet: [+] * 1 2 3 4 5

Transformation: 0.5 0.2 1.0 4.0 6.0 8&.5 10.5

This ensured that the weiahtinas were more proportional to thea

covaer value of bhe spacles,

Clusterina. The inter-stand similarity coefficients weare
subiectaed to a numbar of clusterina btechnioues {Sneath &

Spkal 1963). The results of these calculations weare plotted by

computer as  dendroarams  showina the different colusters of

relavés,
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Chapter 4

Vegetation: General Description

The woody veagetation of the Middle Zambezi Vallev is
composed  laraely of dry deciduous tvpes involvina open
woodlands and wooded arasslands but also some woodlands and
thickets of varvina densities, The veastation tvpes recorded
on the Zimbabwean side of the vallev by Muller & Popa(1982)
were found to be reflected faithfullv on the Zambian side. and

can be recoanised in parts of the present study area.,

The main veagetation tvpes recoanised in the Gwabi reaion
may be characterised in aensral as follows. followina Muller &

Pope’s typeas:

1. Mixed species lavered dry forest (“"Jesse bush"): This is a
tree/shrub veaetation with a thicket-like understory. found on
deep sands around Gwabi camp to the west and east of the Kafue
Rivear and diﬁtributed widely in patches, Tree species common
to desse bush are Pterocarpus lucens ssp. antunesii {(occurrinag
as an emaraent tree in most cases)., Xerroderis stuhlmanii.
Kirkia acuminata. Commiphora karibensis. Xvlia torreana.
Schrebera trichoclada. Pteleopsis myrtifolia., B, anisoptera,
and  Lonchocarpus  bussei ., Thicket formina species mainly
include Combretum eleaanoides. o©. celastroides, Dalberaia

martinii. obovata and AcAacia ataxacantha,

Combretum mossambicensis, Me i os bemon taetrandus and

Holmskioldia tettensis are shrub species which are common and
sometimes dominant in certain tvpes of jesse bush. The arass
cover is poorly developed and rather sparse but in OREN Areas
Digitaria setivalva. D. milaniiana and Brachiaria brizantha
are present toaether with less common herbaceous species, In
most areas mature trees are absent and recent disturbance has
led to the resuragence of derived thicket typaes  somaetimes
dominated by Dichrostachys cinerea. Acacia tortilis. Albizia

anthelmintica and Combretum elesaanoides,



25 Colophospermum  mopane  woodland: This is  the most
extensive sinale vegetation tvpe within the present study
area, The canopy specias in  this woodland is usually
Colophosparmum mopane. The structural composition varies from

well-developed stands with a sparse shrub laver to a mixed

species woodland with Colophospermum mopane oceassionally
appearinag co-dominantly. Gradual chanass from mopane woodland

to the adiacent veagetation tvpes are noticeable.

In well-arown mopane stands of our study area other trees
which may be present incude Terminalia prunioides., Commiphora
sitiflora and Combretum

pvracanthoides, C. edulis. Olax di
eleaanoides. while shrubs are Boscia mossambicensis. B.
matabelensis., Masrua prittwitzii. Friesodielsia obovata and
Grewia flavescens ssp. flavescens, Transitional tvpes of
mopans may be associated with the species Kirkia acuminata and
Terminalia sericea adiacent to jesse veaetation. Close to the
arassland on the edae of the Kafue alluvial svstem scrub
mopane  is  present, Tt forms relatively dense patqheﬁ of

"trees” of mopane not more than two metres hiah.

Selective cuttina of this woodland has created aaps which
form suitable habitats for understory  arowth. Common
haerbaceous cover is characterised by thes Arassas ,
Pvrenacantha kaurabassana, a  woody creapar  and Fockea
multiflora. a stranaler reachina to the top of tall mopane
treas, are  species very closely associated with mopane

woodland,

3. Acacia woodland: Much of the Acacia tort S woodland in

2Nt study area occurs on deep soils and in parts of

the pres
the alluvial deposits, The tree laver is widely to closely
spaced out with occassional appearances of Acacia niarescens
and Lonchocarpus capassa., The arass cover 1s poorly developed
but dense patches are present where canopies are not closed,
In the understorey Combretum spp. aspacially Combretum
eleaanoides and €. mossambicense may be present toaether with

clumes of Dichrostachvs cinerea.
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The Acacia robusta  woodland consists  of two  main
variants, The first tveoe is characterised by clumps of trees
in incipient pans with a dense shrub laver: Grewia flavescens
sap,. flavescans, Olax dissitiflora and Acacia ataxacanitha may

be prasant., The second tvpe is a stretch of woodland

comprising spacad-out trass, some b imes oceurring with
Fuphorbia inaens., 0lax dissitiflora. Boscia matabelensis and
Albilzia anthelmintica. Grass cover 1s poorly developed due (o

prolonasad waterloaaina durina the wet season,

4. Grassland: These are fairly extensive areas, devoid of
woody veaatation (except for a few scattered ones). found near
to  the confluence of  the Kafue with the Zambezi River.
Diagitaria setivalva., D. milaijiana and a Kvllinaa sp. are

prasant. in this area. The arassland is located on clavs which

form cracks after the web season. In certain places the
arassland is dominated by species of the family Acanthaceae

which seam to form localised patches on heavy clavs.

Depressions which appsar Lo have an impervious $ub;tratum
remain flooded for most part of the wet season and only dryv
out early in the drv season. These places support a different
sat of species. some of which are Nvmhpaea sp.. Scirpus sp.

and Echinocloa spo.

5. Riparian veaqetation: This veastation consists of well-
arown trees often with an almost continuous canopy in places
where it is not much disturbed. Typical of this veastation
tvoe are the tall Acacia albida woodlands frinaina the Zambezi
River neaar .the Chonawe  and Munvemeshi  confluences, Pure
stands of Acacia albida were not recorded in our study area
but isolated reasneratinag tress were recorded, Praesumably
this woodland existed at one time and has since been cubt down.
The tree is hiahly favored by the villaaers for constructinag

CAanoas .,

Riparian veaatation is found mainly on recentlyvy deposited
alluvial soils close to the river. Treas that are found in
the alluvial deposits include Kiaelia africana. Lonchocarpus

CADARSA , Trichilia amatica, Tamarindus indica, Garcinia
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livinastonai and Grewia flavescens ssp. olukondae, The hearb
laver consists mainly of annual arass species such as Panicum

maximum. Rottboellia exaltata. Fchinocloa colonum. and Setaria

sphacaelata,

Phvtosociological Units

Relevés sampled from different parts of the study area
are placed in aroups which show close similarity in species
composition and are thus considered to form a community. Each
community is characterised by a set of species which saam Lo
be fairly closelv restricted to it (differential spacies),
while some of its species seem to ocoyr freauently in all the

communi ties,

The final rearrangement of relevés into communities is
shown in Table 2. Four main veaetation units were arrived at
after careful manipulation of the raw table: thev are arranaed
on a trend from communities on the flood plain to those above

the river terrace,

The followina is a floristic description of the communities,
Each community will be aiven a tentative name and rank within
the Braun-Rlanauet svstem (Rarkman et al 1976). Since this is
the first attempt to apply the svstem to the veastation of

Zambia. the names should be taken as very tentative at this

staqge,
1. Abutilon-Acacia community

This community occurs within and on the periphervy of the
flood plain but more on the alluvial deposits and extends A%

far as the terrace,

The dominant tree species in this community is Acacia
tortilis and the scrambler Combretum obovatum is very common .,
Other SPRHCTas COmmon in this communi ty are Albizia

anthaelminti A, Dichros tachys cineraea Solanum |OD and



ASDArAQUS BEY . while Arassas Brachiaria sarrata, Panicum

maximum and forbs are present.

The Abutilon-Acacia communi ty Can tentatively bea

subdivided into two sub-aroups:

I. Relevé 5. 6. and 20 characterised by seaven differential
species, Taccazea apiculata. Boarhavia diffusa. Amaranthus
sSpPinosa.  Acacia albida. Piliostiama thorninaii. Ziziphus

mauritiana and Sorahastrum bipannatum.,

This community was common on low lvina alluvial deposits,

especially on Umairi island (in the Zambezi River)

IT. Relevés between no. 36 and 40 are characterised by five
differential species: Courbonia alauca. Capparis sepiaria.
Maerua Juncea. Diospvros auiloensis and Balanites aeqvptica,
This community occours on drier soil sometimes on the first

terrace above the narrow flood plain frinaina the Kafue River.
(Relevd 1 has no differential spacias)

This communi by is provisionallv consideread Lo bres an
association namely Abutilo anqulati-Acacietum tortilis. and

relevé 20 is cited as the tvpical relevé,

2. Acacia robusta community:

The community dominated bv Acacia robusta ssp. claviaera
occurs at the edae of the flood plain awav from the river, as
well as  over the first river terrace  but  here it is
characterised by its occurrina in moist deprassions and areas
of poor drainace which remain flooded for most of the wet

BEAKON.

No subdivision of this community is raasonable since
only four relevés are recorded from it Relavés batw&eq 38
and 39 consist mainly of shruby spaecies belonainag to  the
Capparaceas, These are Courbonia glauca., Capparis sepiaria

and Maerua Juncea and these sarve to relate it with the



praviously described communityv. Common species include Acacia
ataxacantha. Combretum obovatum and sometimes Strophanthus
kombe , The stretch of Acacia robusta ssp, claviasra runnina
parallel to the east bank of the Kafue has many termite mounds

on which Euphorbia inaens arows well (relevés 39 & 41).

This community is provisionally desianated as an association:
Acacietum (robustae) clavigerae. and relevé 39 is cited as the

tvpical relevéd,

3. Eriochloa nubica community:

This is a arassland community characterised by the
Eriochloa nubica arass, Althouah Sesbania sesban is not a
arass. it was placed in this aroup owina to its relevance in
delineatina this community. The arassland ocoupies a larae
portion of the elevated terrace around Zambezi Trainina Farm
lvina at about 10m above the present river lavel, It appsars
to have been at one time a flood plain of the Kafue and
Zambezi Rivers, The clavevy soils are very hard in the dry
season and when rain sets in, they become flooded and remain
in that state for a lona time after the rains. Tt is probably
an edaphically determined arassland. and not due  to  human
influence. However., there are at prasent. isolated patches of
cultivation thouah they are not vaery suitable due Lo the

problems outlined above.

Several of the weedy differential species associated with
the Colophospermum mopane community are prasant. in relevés 1.,
3. and 4  i.e, Chloris wviraata, Phvllanthus leucanthus,

Oldenlandia herbacea and Commelina benahalensis. and the

arasses: Fraarostis viscosa and Echinocloa colonum,

The followina arass and herb spacias  occur fairly

ivalva., Fraarostis

freauently in this communitv: Diaitaria st
aspera. Brachiaria spp.. Setaria S0, . Corchorus olitorius,
Ipomoea dichroa, Tridax procumbens. an unidentified species of

the Acanthacaeae., and the sedoes: Kvllinaa and Cvperus spo.



The community will not be aiven a ayntaxonomic name due to the

limited samples collected,

A number of transitional relevés are placed at this point
in the table, Relevés 2 & 25 are arassland samples not
fittina well into any of the units. Relevd 25 was from the
adae of a flood plain near Chiawa. and Relevéd 2 was in a
praeviously cultivated field in the arassland close to Zambezi
Trainina Farm. They both show absence of character species of
the Eriochloa nubica community., probably due to cultivation.
Relevés 7 & 42 are transitional between this community and the
Abutilon-Acacia community of the first few relevés in the
table).

4., Wooded community of Combretum eleaagnoides:

This community (relevés between 37 and 52) is considered
to include all the woodland and thicket not dominated by
Acacia speacles, The woody species are mainly  shrubs,
Combretum eleaanoides, C. celastroides. Friesodielsia obovata.
Holmskioldia tettensis., Dalberaia melanoxvlon. all typical of
desse  bush. Non woody species occurrina mainly are Ridens

schimperi. Spermacoce sanensis and Triumfetta annua.

Since this combination of thicket species occurs  in
saevaeral tvpes of veaetation., it is provisionallv considered to
characterise an alliance: Combretion eleaanoidis. and the

tvpical relevé is cited as no, 46

4a. Colophospermum mopane community:

This community is usually represented on hiagher around
occasionally associated with irreaular terrain. The soils are
ahallow and moisture hardly seeps into the around. As a
result. numarous seasonal water channels cut throuah “this

community providina verv aood drainaage in some places.



Relevés between 9 and 37 are taken from mopane woodland
(or derived communities) and are characterised by woody
spacias such as Colophosparmum mopane , Commiphora
pvracantholdes, C. adulis, Kirkia acuminata, Terminalia
prunioides, Pteleopsis anisoptera. Fockea multiflora and by an

unidentified non-woody species of the 7Zinaiberaceae,

Dther woody species commonly occurrinag in this communi ty
are mainly shrubs and these are: Grewia flavescens ssp,

Dichrostachys

olukonde, G, bicolor,
cinerea and the climber Asparaqus  sp. The herbaceous
veaatation includes Amorphophalus  abyvssinicus, Diaitaria
setivalva., Brachiaria serrata. Dactvloctenium aeavotica and

Fimbristvlis sp.

An  associated aroup of herbs (mainly weeds associated
with recent cultivation) is present in relevés between 22 and
37. These are O0Oldenlandia herbacea. Corchorus olitorius,

Hibiscus sp. and the aras viraata. Fraarostis

. . - . - - e 4
viscosa., Panicum maximum. Diaitaria milaniiana. and a sedae

Kvllinaa.

This community is provisionallvy erected Lo an association
and the tentative name arrived at is: Fockeo-Colophospermetum

mopanis. The typical relevé is no. 26

4b . Jesse thicket community:

This aroup comprises species formina closed canopies in
scattered patches. usually on loose sandy to loamy soils.
Relevés between no.23 and 29 are basically a jesse thicket
community in which some of the common species include Acacia
tortilis. Diospvros auiloensis. Strophanthus kombe. Boscia
mossambicensis. Acacia ataxacantha and Grewia flavescens SED
olukonde, Tt is characterised by the emergent tree species
Pterocarpus lucens ssp antunesii. and the thicket species:
Ptelaopsis myritiflora, Schrebears trichoclada, Markhamia

obtusifolia and Dalberaia martinii. In a few places



Pterocarpus is dominant and forms a broken canopy (relevé 23).
but mostly it is only an emeraent from the thicket. Ralavés
betwean no. 29 and 48 are characterised by the followina
differential Spacles which are mainly W s in t.he
reaanaratinag thicket af ter cultivation: Phvllanthus
levycanthus., Ceratotheca sesamoides, Ocimum  canum., Cleaome
hirta., Erlanaea misera, Chloris viraata., Fraarostis viscosa.
E. aspera and Leptocarvdion wvulpiastrum, Markhamia acuminata
seems Lo be associated with these reaceneratinag thickets., while
Markhamia obtusifolia is more characteristic of mature
thickeat.,

Dominant. shruby of  this wesady community are

Albizia anthelmintica. Combretum obovatum., . mossambicense,

Grewia wolor  and Dichrostachvs cinersa which provide the

canopy cover, while the around cover is represented bv other
non  woody  species and weeds such as Corchorus olitorius,
Dactvloctenium asavptica, Kvllinaa sp.. Fimbristvlis sp.. and

a species in the familv Araceae, 4

Due to aood drainaae provided bv the deep sands in most

of the jesse thicket . upland (Minda) aardens are sometimes

This community is provisionally aiven a phvtosocioloaical
classification at association level and is named after the
Ptarocarpus anc Combratum SO Pterocarpo antunesii-

Combretetum eleaanoidis. The tvoical relevé is no.51

5. The last four relevés on the table form an ill-defined
aroup. They are characterised by the presence of the same

aroup of weedy species, as in the cultivated jesse thicket but

do not have anv of the woody species characteristic of it.
The relevés were sampled in some of the most recently
cultivated fields on the terrace with fallow period less than
thres vears, The reaeneratina veastation is dominated by the
more wide-spread shrubs  and many  arasses, They include:

Combretum obovatum. C. mossambicense, Albizia anthelmintica



33

and Dreasa  macrantha {a creepina  woody spacies), Common

arasses  are  Diagitaria setivalva. BRrachiaria serrata. and

A rather similar floristic pattern is noticed from the
communities described by Moore et al (pers. comm.) from more
mature woodland around Gwabi and to the east of the Kafue

carpment. (see Table 3). Presumably there

River towards
is a basic natural veaetation pattern in the area. which is
much influencend by human activitv. This is reflected in the
four main veaetation units represented in Table 2 in which
this pattern is discernible. but  the effects of t.he
cultivation factor and other disturbances are suparimposed on

1t. These effects are reflected mainly in the herbaceous weead

species which were not recorded in the earlier study.

Numerical Classification of the Relevéds

An alternative wav to classifyv relevés shown in the Braun
Blanauet table is bv emplovina numerically based clustering
methods. This approach considers relevés to be individuals to
be classified while the individual species in each relevé are

the attributes on which relevés are classifiad,

Several clusterina technioues were tested and the
weiahted pair aroup method was found to vield clusters of
relevés  which matched very closaly t.o those  in t.he
phvtosocioloaical table when applied on a matrix of Smrensen’s
coafficient of simmilarity. These methods brinag toasther the
mutually most similar relevés in the first cvele, so that in
the dendroaram they lie side bv side. This stage is useful in
that it enables checkina whether relevés with the same
differential species have an overall similarity of species

composition,

Results of the classification of relevés are shown in the

cribed earlier

dendroarams of fia 4., In fia 4b communities des
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in the phytosocioloaical table reappear with some excepbions,

The communities which can be spotted at a alance are: (1) the

Friochloa nubica community from the arassland., with relevés 1,
3. & 4 on the first clusters of the dendroaram of the WPGMA on
Smransens., (2) the Abutilon-Acacia community shown by relevés
20, 35. 32. 34. 33. 36. 40. 5 & 6. This aroup reappears
without missina relevés, (3) jesse thicket shown as relevés
46, 10. 29. 21 and the last four do not have thicket spacies
(53, 11. B56&. 52) but are present in the cluster. (4)
Colophospaermum mopane community with bthe relevés 12, 14, 18,
26. 37. 50. 49. 30 and 22. (5) Acacia robusta community

appearinag with two relevés 19 and 39.

The Combretum aleaanoides wooded communi ty APPSArs
freauently in clusters of different combinations of relevés,
These are likelvy to be representina  thickets of varvinag
densities which are influenced by cultivation. The sites with
emaraant trees of Plerocarpus lucens ssp, antunesii are also

clustered (relevés 23, 44, 45, and 31). "

In the dendroaram for the WPGMA on EBEuclidean distance
(fia 4a) three outstandina aroups of relevés are: (1) the
mopane  communityv: 12, 30, 26. 24. 22. 50, and 18. (2) the
Acacia robusta community: 19, 39, and 41. (3) the thicket
communityv: 44, 48, 45, 23 and 29. However the majority of the
relevés are scattered formina pairs and sometimes clusters
which are heterogensous (i.e. from different communities, as

decidaed by the Braun-Rlanauet criteria).

Veagetation Reaenaration

A summary of data on relevés and their fallow period are
presanted in  Table 4. The fallow period is placed in
increasinag order. from one vear on the left hand side Lo five
vears Tallow period. The species are rearranaad Lo hithight

those confinad to fields of a aiven aae. A total of 3%
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relaevés ware emploved in this exercise, Althouah a clear and

orderly succaessional segsunce does not emerae from the table

it is felt that there is an initial phase of weed colonization
followad by subseguent communities with less weedy material.
especially in previously cultivated aardens. Generally absence
of thick cover is a common feature in these fields., hence
promotinag arowth of herbaceous veaetation. The mechanism of
how this proceeds is left for speculation. Only a tentative

explanation is therefore possible at this staae,

Weeds are agenerally more abundant in the first two vears,
and they include some of the followina species: Dactvlioctenium
aeavptium. Brachiaria brizantha., Leptocarvdion wvulpiastrum,
Eraagrostis viscosa, FErlanaea misera., Oldenlandia herbacea and
Ocimum canum. In the followina three to five vears shrubs and
samall trees  are  increasina in abundance. these  include
Capparis sepiaria. Cassia sinaueana. Deinbollia xanthocarpa as
well as woodland and thicket speciles.

a4
Apart from a few species confined to the second., fourth

and fifth aae aroups. the aeneral pattern of distribution is
that most of them do not occur in one particular vear. but are
ovarlappina, The followina species are not overlappina: in
the 2 vear cateaory thev are: Friochloa nubica. Oldenlandia
herbacea. Colophospearmum mopana and an unidentified species of
the Zinaiberaceae, 4  vear cateaorv: Taccazea apiculata,
Boerhavia diffusa and Amaranthus spinosus. 5 vear cateqorv:

Olax dissitiflora and Dalbsraia melanoxvlion.

The occurence of Colophospermum mopans in this aroup is
paerhaps worth mentionina, The plots from which samples of
data were collected weare falled mopane woodlands., Rearowth
from stumps and sometimes seeds was observed to take place
syccassfully  in  these fields., and the absence of shade
appaarad Lo encouraas arowth of herbs such as Oldenlandia
herbacea. Leptocarvdion vulpiastrum. Fraarostis viscosa and

othars,

The proposaed mechanisms involved in succassion have beean

vary controversial., resultina in different explanations. The



Species density (SPP/0.04 ha)

Age of plots
(years)

Fig. 5. Species density: Number of species per

0.04 ha (20 x 20 m) plot.
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controversy has been foc ed on two main points: (1) Doas

habitat modification by successional species render them

incapable of proceedina throuah later seral staaes leadina Lo
the climax? (2) Does diversitv and stability of the community
increase with the advance in succession? An analvsis of
species density in the reasneratinag plots in the MZV is shown
in fia 5. Younaer plots have a lower species density than
older plots, but the density decreases after a certain maximum
(in this case at three vear old plots). Thereafter the density
slowly declines. This floristic pattern has been observed by
Stromaaard (1986) in reasneratina miombo., He found that early

and late stages of succession were found to be more similar

than intermediate stages and the species diversity was lowest
after four vears. Chidumavo(1987) has also recorded a decline
in  species diversity in  reageneratina miombo. Since the
dvnamics of the Middle Zambezi Vallev has not been described

before it is hoped that this work forms a small beainnina,

Nutrient Analvsis

S0il nutrients of the five communities described in the

differentiated table (Table 2) were statisticallyv tested usinag

the analvsis of variance, For the four s parametbers
‘analysed calcium. phosphorus., and potassium were read  in
replicate, while onlvy a sinale set of readinas was available
for pH. Table 5 shows confidence limits for sianificance
between mean values from anvy two communities at 95% level.

derived from a sinale classification ANOVA (data in appeandix).

Table 5: Confidence limits for Ca. P and K.

Soil Nutrient Confidence Limits

Ca ot 3.210 pom
P ' a1t O.087 pom

k at 2.046 pom
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{i) pH

AN analvsis of variance (sinale classification) for the
five communities shows that there is no sianificant difference
between the mean pH values for each community. althouah the F
value came very close to 5% sianificant level. The Abutilon-
Acacia community found in the drv beds of the flood plain has
the hiahest mean oH of 7.45., with relevé 36 (mainly
characterised by the Capparis sepiaria ’sub-aroup’) recordina
the maximum pH (8.10) and relevé 6 (charecterised by the
Taccazea apiculata “Sub-aroup’) the minimum oH (7.01). The
Acacia robusta community on the terrace. but on hard clavs
(the result of floodina) shows a reduction in oH indicatina
sliahtly acidic soils: (mean 6.89: minimum 6.28: maximum
7.65). Relevé 39, from a woodland with many shrubs of Acacia
aataxacantha, has the lowest record while relevé 41, from
woodland with Euphorbia inaens (a common species on fermite

mounds in the area) has the hiaghest pH in this aroup.

The Eriochloa nubica arassland community. has a hiaher pH
than the Acacia robusta community., Floodina occurs in many
places of this arassland and it is likely that deposition of
bases may raise the pH., The hiaghest pH of this community is a
relevé from raised around within the arassland. and the lowast
eH is from a relevé on level around and likely to have been
moist: (mean 7.20: Minimum &.29: Maximum 8.64).

Colophosparmum mopane community: In mopane woodlands with
loose soils in many places, the mean pH value is 6&.73.
(Minimum:6.11. Maximum:7.36). The relevé with hiahest pH is
no. 12 sampled from a mopane woodland with a thick underarowth

of shrubs some of which are: Holmskioldia tettensis. Combretum

mossambicense and Grewia bicolor., The lowest pH in this aroup
is in relevéd 24 in a reageneratina field with mostly weads and

few woody species,

Thicket community: This is a wverv variable community

ranaina from thickets with closed canopies to open tvoas but
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with aenerally more acidic soils. (mean &.58: minimum Bl s
maximum 7.84). relevés 31 and 56 havina the minimum and
maximum pH respectively. Some  of the highest values are
recorded from fairly recently cultivated fields while the
lowest  values are from the thickets with most of  the
chracteristic species such AS Pterocarpus  lucens  ssp.

antunesii and Dalberaia martinii oresent..

Tt would appear that a pH aradient is  thus prasant.,
startinag with alkaline s0il on the flood plain and terrace and
proceadina to the thicket communities which are on neutral to

sliahtly acidic soils, The data are summarised in Table &,

(ii) P. K & Ca

Data for the seil nutrient: calcium, potassium and
phosphorus  are aiven in Table 6. Since the data WA
replicated a nested anlvsis of variance was carried out on 46
sample pairs., using the same phvtosocioloagical aroups as  in

Table 6. Summary data for soil nutrients P. Ca, K. Mean,
minimum and maximum value for each community are aiven,
IzAbutilon-Acacia, 2=Acacia robusta, 3=Eriochloa nubica.
4=Colophospearmum mopane, S:z:Jesse thicket Tr=Trace, All units
are in micro aram per aram of s0il (fa/a soil).

Communi ty
Tvpe 1 4 3 4 5

MEAN 7.45 6.89 7.20 6.73 6. 58
oH MIN 7.01 6,28 6.29 6,11 5.11
MAX 8.10 7.65 £.64 7.36 7 .84

ME AN 1.9 2.
P MIN Tr 0.
MAX 3.6 3

4 4 1.8 2.1
g 0.5 il o 0.024
1 i 2:5 3.3

ME AN 2Dy 300 315 182 160
K MIN 139 225 151 124 76
MAX 331 460 460 288 379

MEAN 1075 9B 1423 &77 627
Ca MIN 907 530 698 216 7
MAX 1533 1776 2503 1200 1300




the description of pH above, For all the threes nutrisants
there are sianificant differences baetwean the means of the

five communities,

The Acacia robusta community had relevés with some of Lhe
hiaghest K. Ca and P records mainly in those samples associated
with Fuphorbia inaens. but there is an overall trand of
decrease in Ca and K from communities on the floodplain to

those on the terrace.,

The mean values for phosphorus do not. show a clear-cut
trend of either increasina or decreasina amounts in the five

communi ties, The minimum and maximum wval vuas ranae from trace

in the ab utilon-Acacia communi by, Thesa communities show some

of the lowest mean values (mopane 1.8, Abutilon-Acacia 1.9).

raobus ta

Hiah phosphorus means are occurring in the Acacia
community with 2.47a/a (minimum O.8. maximum 3.1) and in the
thicket community 2.17a/a (minimum 0.024. maximum 3.3). @
common feature in these two communities is that they have hiah
parcentaae tres cover, Tt is likelvy that a lot of litter is

deposited on the around where it is decomposad .

Potassium is hiahest in areas associated with moist
conditions: arassland community on the flood plain has a mean
value of 3i5fa/a (minimum 151. maximum 460). the Acacia
robusta community has a mean of 300 7a/q {minimum 225. maximum
460). The latter community is characterised by low lvina areas
of the terrace which floods in the wet SEAKON, The Abutilon-
Acacia community occcurrina mainly on the drier sadaoes of the
flood plain has a mean value of 2577fa/a (minimum 139. maximum
331 Marked decrease in potassium ocour in the drier upper
terrace communities of the mopane {mean 182, minimum 124,

maximum 288) and in the thicket (mean 160, minimum 76. maximum

379). Relevés in which Pterocarpus lucens ssp antunesii ocour
have some of the lowest potassium levels (relevés 23, 27 ancd

317,

A somewhat simil ar pattern emaroes f or the calcium mean

values in the five communities. The thicket community has the
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lowest mean value of &27fa/a (minimum 7. maximum 1300) and an
upper terrace mopans community has a mean of 677 fa’/q {minimum
216. maximum 1200). Most of the bases of these two communities
were probably washed away to low lvina areas of the flood
plain and arassland. hence the hiagh base content. in the soil,
These communities on lower around consequently have a hiagher

pH .

The mean calcium value in the arassland community is 1423
fa/a (minimum 698, maximum 2503) and in the Aabutilon-Acacia
community 1075fa/a (minimum 907, maximum 15333, The Acacia

robusta communi by, thouah oan t.he terraces, is closaly

S

associated  with moist DANS and t.he calecium  wvalue is

intermediate betwean the terrace and flood plain communities
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Chaptear &

DISCUSSION

Veagetation Pattern

Four main structural tvpes have besn characterised for

Lhe veastation in Zambia {(Fanshawe 1969), Thase are olosed
forests., open forests  (or  woodland), termitaria  and the
arasslands (which include most of the wetland communities),
Most of the tvepss occur in small isolated patches scattered in
differant places in Zambia and thev have beean called relicts

and  are  charac

ally SEml - eve rarasn o0nr gverareasn in

natures,

The miombo woodland howsver, is the most extensive and

~

important veastation tvpe in Zambia and covers  aboult 80% of

the territory, Th is an open  and SEMI-E@verareaean worocd L andg

which does not show sianificant reaional differences in  the

distribution of dominance and species svenness {Chidumavo

1987). but can be differentiated by species richness,

The veastation pattern in the Middle Zambezi Vallev and
Gwabl in particular, show a marked contrast to the plateau
tvpes, The most marked contrast is that the veastation is
deciduous and completely bare for almost five months or more,
while in the wmiombo woodlands there are alwavs some  bree
KO 8S in Teaf, Howa rao et Al{1987) have  noted that.

phanoloaical activities laa behind by aboubt a month in the

valleyv, Species of Ralanites aesavptica often break into leaf

aarlier. followad by the Combretum species. The obher Teaatures
of  the vegstation of bhe Middle Zambezi WYallev is t e

patehinass of the veagstation tvp This mosaic pattern is

very distinet even at extremaly short distances of leass than
a kilometer and is well illustrated from airphotos and SOt
satallilbe Imaaes,

Within Zambia., the relatively uniform miombo woodland has

bean  raported Lo cover hundreds of  sguare kilometers with

minimal localized wvariation elbther In specliss  composition.

structurs and/or ohvsioanomy . detspi La differancas in
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aeoloaical strata (White 1983). Published literature on the

s in miombo  specias have 1aid

causes of structural differsno
emphasis on climatic factors rather than edaphico ones,  Thes
only edaphic factor havina a marked effect on the strutural
differentiation is in dambos and flood plains or arasslands .,
Within the Middle Zambezi Vallev as well as other hot
vallevs in Zambia Colophospermum mopane woodland forms a maior

aroup  under which thev have been described. and most of  the

other veastation tvpes have bean left out {see for sxample Lhe

e

maps by Rattray & Wild 1961. Wild & Rarbosa 1967. and White
1983). This perhaps is an over simplification. because even
within the mopane woodland there are considerable variations
in physioanomy over relatively short distances, It tends Lo
have differently assorted species, Guv(1977) attributes the
heteroaensous structure exhibited by mopans to differences in

soil,

The present study as well as obher rEcen . mubkhwﬂimm%

I3

(ee,a, Muller & Pope 1982) have confirmed that the M7V has

des  the mopans woodland., Theses

several veaebation tvpes be

also displavy structural differentiation in different parts of

the valleay,

The veastation around Gwabi show a mosailc pattern with

many and different tvpes of veagetation patchily distributbed

over a laras area, Thies thickat veaetabion providas A [STeTwTs!

example, Tt has several outliers around the Gwabi area. On

the alluvial plain it approachess a closad Torest phyvsioanomy .,
but  there is usually a broken canopy  of tress  over a
discontinous laver of asmaller trass and shrubs, The  most

CONSDIOUOUSs shrubs Are Combretoum eleaanoldes and Greawia

flavaescans wi th Prerocarpus emaraants towsring over b hesm, Thes

laver of shrubs and small trees 18 usually more open when A

canopy  laver of trees is present, TIn certain places the
thicket is dense and closed to a heiaht of five metsrs above

the around. A sparse substratom of herbs and small shrub< are

of tan present., Where the around recisves ttle liaht dus to



ous  vaeagatablion 1is usually

a closad laver of shrubs., herba

abseant,

This mosaic pattern extend eastwards towards bhe Chonawe

found., The

A
fi

confluence ware a pure stand of Acacia albidez

maior influences likely to account for this mosaic are human
and edaphic factors. Human influences can be characterised by
thres main aspects: (1) fellina of trees in preparation for
cultivation, concentrated in thicket veastation and  Acacla
woodlands, (2) selective thinnina of mopane woodland which

-

and for filrewood, (3)

provide a source Tor
bush fires, As a result of these Influsnces such areas have
opan canopies with increased herbaceous cover and arasses such

Aas Brachiaria serrata, Diaitaria setivalva. Panicum maximum

praesant., Herbs such as Corchorus olitorius and Ceratotheca
sasamoides freguently inhabit these veagstation tvpes with a
reducad canopy. especially where cultivation is carried out.
The patchy distribution of veagstation mav ?1$0 kyes
attributed to edaphic conditions, Most  of  the MZYV  was
reported to be covered by Karoo sedimentary rocks (Gair 1959),
Within the Gwabi reaion the nature of Karoo strata rocks VATY
from sandstone to fine shales rich in calecium. while basalt
intrusions on the other hand are common and distinct in some
places west  of the Kafus River, This may well be an
indication that there  has  been  a  variable history of
saedimentation which miaht have indirectly dictated the nature

of the present veaetation formations, A soill analvsis of the

communi bl es st ied { seae Table 23 arounc Gwaty i showecd
sianificant differences, This may be an indication that the
01l parent material differad considerably, Prasumably ths

differant patches of veaqetation had different tolerane

within their micro-environments, agspecially since the ol imate
was more or lass uniform over most of these patohes, Howenve r

a asneral observation made from this mosaic patiarn is that

nlder soils are more likelyv to be carrvinag trees with a more

or less continuous canopy tvoified in thicketbs while the more
open  veaetation types such  as  the Acacia woodlands  are

ac:

urrina on recent soils,
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Im the present study a survey of the soils of the termite

mounds was not o done ., However it is aenerally accepted that

termi tas concaentrate nubtrients and araanic matber in the s )

of the termite mound owinag to Lheir carrvinag of olant material

into the domatia, Tarmites were aenerally abundant in e

study area, Lhey were achivelv harvestinag dry arass during the

hot. sseason of November 1988, The onlv relevé sampled on a

Tlat mound in the arassland showsd a oH (R.64, rel. 4) hiaher
Lhan all the other samples of the study arsa, This relevé had

some of  the hiaghest values for caleium (2503 fa/a «0il) and

phosphorus (2.2 fa/a soil).

An outline of plant wspec arowinag on bthe ftermitbte mounds
of different veacetation tvpes in Zambila has been gilven by
Fanshawe( 1969), Her found that most termite mound species  had

a wide distribution in other woodland  bvpes, with certain

b ocouring on all bvpas, @, q, ASOA AL S racemosa. Roscla

anaustifolia, Capparis tomentosa. Masrua quncaa, Friesodielsia

obovata and Strvchnos potatorum, These, apparantly  were
recordaed Iin our study ares. In the Acacia robusta woodland

around Gwabi termibte mounds freauently occurred and usually

o
had a prominent specimen of Fuphorbia itnasns arowinag on them,
Tt was likelv that the termitaria in different tvpes of
are some  spscies such as Capparis tomentosa which saam Lo be
alwavs associated with this tvpe of habitat and are prasent in

most vegaetation tyvpes,

Aspects of Reaeneration

Reaenaration of wveastation from clearad fields in the

Gwabi area is common in many placess. Specias which dominatbe
these fields include Albizia anthalmintica,. Dichrostachvs
cinerea, Combretum eleaanoides and Combretum mossambioenses,

Acacia tortilis is occasionally present in these flelds.,  Whan

the tree and shrub cover is npot dense ., herbs ars common. An

f.o oldar

and woody  spe oowere  seeminaly mixed in bthe different A
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QOIS , However e Qe ral ADDEATANDE orf e s t.e

concentrate in vounaer plobts to the left of the table and
woody  speciss  in older plots  to the riaht provide  soms
indication of sarly successional staaes with a broken canopy

allowing more liaht, procesding to more closed canopy woodland

typas, with a reduced herbaceous oover

The  approach taken towards suocosssional  studies  ares

raportad o affect A Ths  (Musllar-Dombois &

uracy of  rea
Fllenbera 19747, Thesse  Lwo workers suoosstbed that shodies

carriasd out on the same arsa offered a morse reliable approach

Lo veastation dvnamios than the method based on comparison
with the adiacent stands of veagstation, However the labiber
approach  was  uwsually  adopted by many  investigators, Feam

investiagators ware able to follow chanass ocourinag on bhe same

habitat for a lona period. and besides, eavidence of chanas in

Lhe same habitat, from written records or oraanismic remains
are not readily available for study.
&

Succassional information is in most cases inferred from

studies of different communities., The present stoudy  also
followad this approach, The maior difficulityv in this methoc
is  that of keepina all other ecolocical factors constant
excapt  Lims of disturbance, Climate and soll ars  assumed
uniform when comparisons of a veagetation stand with the
adiacent reaeneratinag plot are made, Fallow pariods obtalned
from interviewina the local people are in some cases asbimates

without indeosndent confirmation., hence prong Lo arror,

A areat deal has besn written concerninag the chanaes of
diversity, stability and other community characteristios which
take place durina succession {(see for example Diamond and Codv
1975, Tt is. however, obvious that diversity must increase
during sarly suceassion, Horn(1975) viewad succession as a
rancgom renlaceamnant o f plants, This oeeurrad  with A
probability defined by the present status of the ecosvstem,
This theorvy was in sharp contrast wibh the mechanisms’ put
foward by Connal and Slatver{1977). Theﬁﬁ.work&rﬁ D roposeac

Ehres SUCCessional mEchAanl Sms; facilitation, tolaranos and
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inhibition., The facilitation mechanism involved the currently

discoraditad concept of sarlyv invaders in the community which

praparad  a  habiltat  for the  naxt  asnaration  of SDB0LES,

Tolerancs involved sequential fillina of niches by spacies

whilst againina competitive advantaas. and the last mechanism,
inhibition, ooeurrad when  species rasisbad invasions by
competitors, bul that later speaciss accumulate aradually by

replacinag early  invaders whean they died, The most  recant
explanation for the mechanisms  involved in succassion have
bean aiven by Pilokebth & MeDonnell(1989)., These workers have

throuah which they

proposad A btheory of sucosssionasl foroes

axpose maior causas of  communil by dvnamios, Thay stress  bthe

concept of community dvnamics which focusses on process rather

Ehan the olimax state most emphasised in succession studies,
Thres maijor categories of cause which influence veaetation
dvnamics  (and are applicable to successional studies) are
sinaled out: if a site became avallable., and if species
availability, or  parfomance at A  particular site  was
differential then veastation struocture or composition would

chanas throuah bime,

Site differentiation is perhaps a major conbributing

factor in the reasneration of veastation of the M7V, INIRE W

s are restricted Lo a particular soil tvpse with

]

on by

werce bat

Lhe exception of ths thicket which happens Lo ooour on most

terrace solls butbt showina structural differences.  whilst not

completely rejeacting  bthe  successional  mechanisms  oublined

warliar, an  alternative AR f.o i hes o reasent veaatat ion

dynamics in bthe Middle 7ambszi Valleyv is that cover of canopy

SSEEACT ] B contribute sianificantly .o e performances of

succassional species as explained balow,

Reagenaration in the Gwabl area appears to be detsrminad

most by bhe presencs of shade from canopy trees, Where dense

covear waera prasant, thare was lithtle herbaceous veaebation.

Fields which were visited a short while after fellina of some

woondlands in praparation for cultivatio N showsd an increase in

t.hes Fes b laver Aalmost instantananusly., Thesse

prasumably were opportunists takinag advantaas of the absanoe



of shade., Tt is howsver not very clear whether a seed bank is
prasant.. Most seeds are likelv to have remained dormant until
such a time that arowina conditions were  sultable, Three
differant modes of recgeneration were  distinauished in  the
Gwabli area: from seeds. stumps and roots, Reasneration from
seads was  common  in mopanes daerived plots {(see Tietema 1989,
but. the seedlinas did not survive throuah  the next  rainy
KEAKRON, Seedlinas of Colophospermum mopane startad of f very
well at the beainnia of the rainy season but eventually died

Soma of the mopane seedlinas uprooted  showeo

after the rains,

termite destruction, leadina to plant death., Shoot death could

be distinauished since the stems started buddina earlv in thes

rain sea e One likely contributina factor could have beaan

that the herbaceous cover comprisinag mainly perennial and
annual arasses provided stiff compstition such that FESOUF &S

weare  limitina, bubt later on in the dry s 0N bush  filres

contributed sianificantly to  the hiah mortality of mopane
seadlinas, Reagansration of mopane on the other hand proceedsd
t.o

relatively  wall in  coppice plots. This aave £1

multistemmad plants., which were shrub-like and were agrowina in
dense arass cover But it was likely that later an in arowth

only a few stems remained as there were dead stems op some of

The compatitive ability of mopans  in this

the older treess

case perhaps  lay in the fact that the stems  wars  already
rooted and functional . Weads eventually ast suppressed mess f
likely due to the increase in mopane bLraes cover which forms a
barrier to the liaht in the arowing  ssason, In the mopane
woodlands  with minimum  disturbance such  as  bthose  towards
Chiawas Palace the herbaceous cover  is  minimal. probably
providing an example for  fhe anticipated mature stage (or
"climax") in  the reaenarating fields in the mopane woodland

Aaround Gwab i,

Reaeneration in  Acacia woodlands  probably  took place
mainly from seeds other than stems, Althouah develoopmant from
stems was noted in isolated cases of cleared oardens, these

eventually died lesavinag stumps, Compatition from invadinag

shrubs and subseauent supprassion throuah competition

may  aventually have lead to mortal ity After fellina., Acar
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tortilis veagetation sesmed Lo Qo throvah a series of staoes in

which some of  tha domina nt. compsting wo ody  spsoias ine luded

hys  cinsrsa

Comb retom ubovatum, O o mossamb i cense . Dichrost A

and  the arass However, it was hard to Leall whethar an

Acacia tortilis or A, robusta  scrub would return ko bhe
oriainal structural and phyvsioanomic condition, The tLendenoy

of this veastation bvoe in some of  the prese ntly reasne ratinag

fields was to assums appeaarance of thicksts,

Raeaeneration in felled thicket vegetation was noted to
take place mainly from roots, Some of the aardens located on
cleared thicket showed this aspact of  recsneration, Thes
Qardsns WE e orainally claarad .0 around Tevel Aanc
reaqanaration was seen bo take place from the around. free from
the protruding cut stems. prasumably from underaround suckers,
Stems occasionally gave rise to multistemnmad vounag trees but
most of these later died., as was seen  in most old gardens,

This veaestation tvpe parhaps  has  the highest potantial  of

raverting Lo the oriail nal form =i noa it cons Ry 'P“\‘ some of

the spscies which mav be bermed as "opportunist" woody mlants,
But it is likelv that some of the present veaetation in bhes
Gwabi area is derived from previously more mature thickets or

woodlands with a single dominant species,

An alternative influence on Lhe prasent. veastation oould
be arazina by mammals. Generally laras mammals are absent in
Lhe Gwabi arsa, but there was a lot of small mammal activity
(mainly rodents), Thase  were present in most of i e
veaetation tvpes apart from mopane  woodlands. They probably

o oon the veagstation throuah their underaround

had an effe

DUrrows,

Classification of Communities

In the present study an attenpt was made to o i fy the

veastation of which 57 SAMD 1 as Wl e reacorded, throuah

numarical MERA s arc Braun-Rlanaguet table mext o Four

A ciations and two of them within the one alliance were
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tentatively arrived at ., In addition a arassland community was

-

itaned an official name since it was felt

recoanisad bot not s

the relevds were inadecuate to astablish an a ratian.

So far there has not besn a formal phyvtosocioloagicosl

Lfication of f.hes veraataltion of ZAambia, Fxistinag

class
phytosocioloaical studies in the Central African rEailon wers
done in Shaba (Southern Zaire) by Schmitz(1963 1971) and in
Anaola by Monteirol(1970), I their review Werasr &
Coetzea(1978) extrapolated these results to parts of northern

and wastern Jambia, These studies constitute some of the most

detailed phvtosociological survevs of  tha miombo veagstation,

Thaey resulted in a classification of the miombo communities

into one Order: the Julbernadio-Brachysteagietalia spiciformis

and four Alliances: (1) Baerlinio-Marauesion., characterised by

sami-everaraan forests of Anaola and parts  of north  west
Zambia in places of rainfall more  than 1200 mmZannum.  (2)

characterised by hiagh rainfall miombos

{>1100mm) on masic, fertile loamy soils as well as dn laraes

termitaria, (3 Xero-Rrachvsteaion, characterisad by low
rainfall miombos {>1000mm) on drier. poor and shallow soils,
(4) Guibourtia-Copaiferion baumianae, on Kalahari sands of

Dentral  Anaola  and western Jambia, Thease  werea Laces of

rainfall bea bmean OO~ 1300mm ., These resg ] s may rot.

able to southern and eastern Janbia since

Necessarily be appli

they were done in  the wet parbs of  the north with  hiah
rainfall., However in the southarnmost and of Zambia with very
low rainfall and temperatures considerably hiaher than  the

plateau., a completely new classification svstem is needed,

The present study is so far the first effort made in

Zambia At apolving fhes Braun-Rlanauet phy tosocioloaical

that. a

mebhod, Perhaps one of the merits of this me b o
framework is oreated for all eroloaical  studies  whabher

@.a for various aspects of landuse and

Lheoretical or appli

veaetation dyvnamios, Studies of interrelations betwsaen olant
communities and the environment are poorly  developed, and

thare is a nead for more detailed studles,
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Tt is hoped that bthe present study may  form a small

baainninag for the setting up of a comprehansive svstam which

would characterise and classify critically the vaeagatation of
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APPENDIY T
Standard solutions and reaaents for calibration curves
1. Phosphorus

Primary standard: 0.43930 potassium hvdroasn phospha te

(KH2P04) dissolved in 250ml water {100ma/l P, or 100pom).

Secondary  standard (1ma/1): 1iml primary  standard solution

diluted to 10m] with water,

Reaaants: Ammonium molvbdate-sulphuric acid reaaant., 253q
(NHaYaMo70z4a . 4H=0 dissolved in water, 280ml CoOne

He80a .

Stannous chloride reagent. 0.5q > NERR:

in 250ml of 2% w/v HCL.

2. Potassium

sium chloride (KC1)

PFrimary standard { 10000om) : O.d676a0 pota

dissolved in 250ml water,

Secondary  standard {(20pom):  iml primary  standard solution

diluted to 50ml with wa b,

S Ca)e1vgm

~

Primary standard {1000ppmY s 0.6243q calcium carbonate {(CatDsx)

dissolved in 250m] water,

Sacondary standard {100ppmY:  1iml primary standard aolbution

diluted to 10ml.
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APPENDIX IT

gLl

ssiam

276 50
141 .8
206.4
231 2
7266.4
2160
304 .8
230.4
458 .4
297 .8
230 4
i68.0
319 .2
465 .6
288.0
468 2
1536
122.4
189.86
1440
160.8
187 2

1295

2232

240.0

1810

8¢ .2
— 1344
180.0
22l

288.0

134.4
121 2
THEE

259

DD DN I

e

185
149
249.
182
38 .
148 .
15
86 .
184 .
141
110.
172.
ih1.
1P
LR

DO NDOE T U HPNOODD N O

pH and age of relevés

Caleodlamn

859
8953
1244
1 k18
473
14590
1534
574
1102
16
530
2503
T2h
1061
1483
2604
677
386
802

605 .

366

581

509

334
218
410

842

756
821
340
1200
0
766
14
770
473
0
480
365
323
1301
331
619
766
390
307
326
458

427

1042

1003
437

840
907
1176
1109
475
1404
1529
576
1068
1771
509
2498
698
10686
1481
2597
672
382
782
598
838
576

- 506

331
216
406
338
132
816
814
1188
0
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7
770

4380 .
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362
814
1274
324
617
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456
422
1037
1001
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N
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Phosphorus :
o9 2.2880
.9786 3.288
2001 .001
D T8 3.048
.288 .408
920 1:920 |
. 160 3.048
864 .864
200 2.400
T 3492
974 2 .808
.160 1.843
.656 I Ban
. 528 2ty
020 2184
e 1.680 |
184 3.048
.630 1o 0
256 2.424
S 2256
256 2:136
8T2 Z2:016
3B . 360
.496 2208
.496 2472
.o928 w2280
.001 .001
. 496 20256
. 9186 3.312
SR32 vt e
SOUE .001 ]
.000 .000 !
nlf 1.104
.160 2,616
L2490 3.360
c9 20 1800
.000 .000
256 25760
024 5216
.160 2.280
.048 3.024}
.704 A
42D 1.0801
. 216 3.600
.496 2. 004
.088 2.880
2840 2. hes
+H24 3. 024
128 1.464
<436 1392
056 1,128
.184 2.640
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APPENDIX V

&

RAINFALL TOTALS FOR THE MIDDLE ZAMBEZ| VALLEY

(Compiled at Lusitu District Agriculture Office)
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