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SUMMARY

The study aimed: (1) to provide baseline data on aspects of wood utilisation in a resource area and a communal

area In KwaZulu, (2) to investigate the effects of this wood utilisation on the resource base, and (3) to discuss

the sustainability of current wood. utilisation. Wood utilisation in this study refers to the harvesting of dead and

livewoed for fuelwood, building poles and fencing posts.

Harv~ting: of woody spc:;viesf9r building and fencing was selective in both species and size class harvested.

Five of the most common species: in the area comprised ± 75 % of total harvest. Estimated harvest rates were

0.36 stems.ha·\.Y·' (resource area) and 2.50 stems.ha'l.y" (communal area).

Collection of fuelwood was reported to be not species selective. Only deadwood and the off-cuts from pole

harvesting were collected. Current fuelwood harvestIs 0.64 tonnes per capita per year.

A stage-structured model was created to simulate impacts of varying harvest rates on a known resource base

'in the resource area. The model was run for harvesting of (a) the five most preferrr ., species, (b) the five most

preferred species plus a group of eight secondary preferred species, and (c) each of the five most preferred

species separately. The model did not simulate a multi-species complex and did not account for spatial diversity

in resources or harvesting.

The present harvest rate recordedin the resource area was 808 trees.y", This rate of harvest appears to be

sustainable, based on available estimates of growth and recruitment, in the resource area. However, recruitment

rates and growth and mortality rates of immature individuals used in the modelling- exercise were of low
>,f

reliability. Harvest rates in the resource area are likely to increase as. mor~ people colonise the area apd
i r

resources become limiting in the communal area. The harvest rate of 3926 tiees.y·l recorded to occur in the

communal area is not sustainable when simulated for the resource area.
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area within the resource area. This rate of harvest appears to he sustainable, based on available estimates of

growth and recruitment, in the resource area. However, recruitment rates and growth and mortality fates of
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are likely to increase as more people colonise the area and resources become limiting in the communal area.
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JN1'RODlTCTION

This study was initiated out of coneem for the impact of wood harvesting presently occurring in a resource area

north of False Bay in northern Natal. The wood harvesting occurring in the area was known to be for fuelwood,

building poles and fencing posts. Such aspects as the species and sizes of trees impacted and whether harvest

was of live or dead wood were unknown.

The resource area borders on \>hinda Resource Reserve and a private farm on two sides and communal land

on the other two-sides; There Was formerly a fence between the resource area and the communal land but this

has, within theiilast three years, disintegrated. Due to the demand for wood in the communal area, this area, bas

become overutilised and wood resources are becoming scarce. Local people living in the communal area have

thus now begun to harvest in the resource area and concern: ;;hepersistence of utilised species in the resource

area has grown. This study thus aimed to investigate aspects of wood Use in order to answer the initial questionl.

of whether current harvest levels were sustainable.

The main objectives of the study were: (1) to provide an estimate of the standing crop of potenti.~.ny harvestable
\'

tree,s. in the resource area, (2) to quantify present harvesting pressure and harvest impacts in. the communal and

resource areas, (3) to compare estimated harvest rates with available resources in the resource area, and (4) to

discuss the sustainability of present harvest rates in the resource area and factors which may limit harvest rates.

This research report is presented in the form of two manuscripts prepared for journal publication. Manuscript

1 is entitled; Quantification of the resource base of and harvest impact on coastal hardwood species by a rural

community, This manuscript deals with the first two objectives of the study, presenting estimates of available.

resources, harvest rates and harvest impacts. The second manuscript is entitled: Evaluation of the potential

sustaillability of harvesting of coastal hardwood species by a rural community. This manuscijpt deals with

objectives (3) and (4) through the creation of a model simulating harvest impacts 00 available resources. This

manuscript also discusses areas in which more data are necessary for confidence in model results to be

increased.
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Manuscript t

Quantit'fpltion ~f the I'esouj:cl}_~l,lSeof M<i harvest impact on

~,~astalhardwood species by a rural community.

'Ki'~ywords: Fuelwood, KwaZulu, rural development, wood harvesting.

ABSTRACT

The study aimed to provide baseline da,f,a,on aspects of wood utilisation in a resource area inKwa7ulu. Aspects

of wood utilisation investigated were harvesting of live and deadwood for building, fencing and fuelwood.

Harvesting of woody species for building and fencing, carried out by men, W"S SI''IJectivc in both species and

size class. Five common species in the area comprised ± 75 % of total harvest. Estimated harvest rates were

0.36 stems.ha'l.y" (resource area) and 2.50 stems.hav.y" (communal area).

Collection of fuelwood, carried out by women, was not species selective. Only deadwood and the off-cuts from

pole harvesting Were collected. Current fuelwood harvest is 0.64 tonnes per capita per year.
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INTRODUCTION

Vegetation patterns and composition are determined by both biotic and abiotic factors. Abiotic factors such as

climatic and edaphic factors determine vegetation patterns and composition at a regional scale (O'Connor 1935,

Goodman 1990, Ellery, Scholes & Mentis 1991, Teague & Smit 1992). Local vegetation patterns can, however,

be influenced by stress and disturbance due to biotic factors (Grime 1977). Biotic factors SUch as grazing,

browsing, and wood gathering may be perceived by individual plants as stresses or disturbances. These practices

will influence the structure and species composition of vegetation at a local scale, dependant on their intensity,

frequency and timili~\(Higgins 1992).

High conservation priority indigenous dune and sand forests and wooded areas occupy only a small percentage

of the Natal land area (Muir 1990). Rapid rural population growth and the subsequent increase in demand for

wood has been found to intensify the pressure on forests and densely wooded areas (Bembridge & Tarlton 1988,

Cawe &McKenzie 1989a, 1989c). Studies, starting with the first 1890 recommendation-ey Carlson (1939), have

proposed the planting of wo0410t8 so that the bulk of wood is not harvested from indigenous forests. Many of

these So called "community" woodlots have failed due to confusion over management: questions of who is

responsible for management and who has the right to harvest in the woodlot have not been clearly addressed.

These woodlots have also been used for the benefit of powerful people, to the exclusion of members of the

community (Gandar 1986, Bembridge & Tarlton 1988, Bembridge 1990, Muir 1990). Capital for the initiation

of woodlots is unavailable in some areas and so the harvesting of indigenous trees continues on a large scale.

One such area in which harvesting occurs is the proposed Makaza Nature Reserve (Dr. P. Goodman, Mkuzi

Game Reserve) north of False bay in northern Natal.

Indigenous trees in this area provide a cheap, easily obtainable supply for some of the necessities of rural life:

building materials, fuelwood and fences. Tree-cutting, however, has the potential to impact negatively, through

stress or disturbance (described above), on the persistence of heavily UtHiSfAspecies ill wooded areas where

harvesting occurs (Liengme 1983, Gandar 1983a, b, 1984a, Chidumayo 1987, Cunningham, Cooper & Cawe

1988). In this article I present estimates of standing crop of available trees in the resource area and the injpact

of present harvesting pressures on this resource base.
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The following objectives were defined for use in achieving the study aims: (The key questions and methods used

in meeting these objectives are stated in each of the relevant sections)

1. Description of the woody plant communities of the resource area.

2. Identification of woody plants and woouy plant parts used by local people.

3. Quantifieatien of current resources for comparison with (a) future studies, and (b) present harvest rates.

4. Quantification of current wood uarvest and harvest rates.

Th~. .itudy was based in the"Te!5ourCearea with data collected in an adjacent communal area f9r comparisons.

Physical and Vegetation information

The resource area, referred to as the Makaza Nature Reserve, lies between 21°45' and 27°47'7"8 and 32~2'

and 32"27'30"E. It covers 15.7 km2 and includes the Nemoro, Maleio and Pondweni districts bordering the

Native Reserve No. 17638. The altitude varies between 20 m ASL in the south-east and 60 mASL in the north-

west. Rainfall il1. the area is approximately 750 - 800 mm per annum (Maud 1980). The geology appears to be

fairly uniform, the area being entirely on Quaternary Argillaceous sand. There ate a series of parallel dunes

running on a north-east to south-west axis in the western area and the sands vary in depth with the dunes, us

does woody species composition and density. In the east sand depth declines constantly, reaching a minimum

at a vlei and watercourse and then increasing in depth further east.

The vegetation falls within Acoeks' (1988) Veld Typ~ No.1, termed Coastal Forest and Thornveld, Zululand

Palm Veld Type. It is characterised by open thornveld with numerous and extensive patches "i .J'd is

associated with sandy soil on a badly drained coastal plain. Sand forest patches consist of short, tangled

vegetation. Important species mentioned by Acocks and found in forest patches within the study area are:

Brachylaena discolor, Kraussiafloribunda, Cussonia spp., Dalbergia obovata, Trlcalysia spp., Ochna natalitia,

Ziziphus mucronata, Sclerocarya caffra, Combretum molls, Tridtllia emetlca, Cardia caffra, Syzygium

cordatum, Landolphia kirkti, Maytenus senegalensis, Spirastachys qfricana, Euclea natalensis, and Albizia

adlanthifolla,
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There is little information acout the thomveld in Acocks' classification. It appears, in the study area, to be

characterised by Acaclanilotica, A. gerardii, A. karoo, May tenus heterophylla, M. senegalensis, Euclea

divinorum .;and Zizip/tus mucronata (see TWINSP AN results). The thomveld in this area appears to be invading

the vlei an~a: no evidence of mature trees in the vlei area was found on 1: 10 000 orthophotc maps dated 1979.
//

F1'5se!).t vegetation surveys in this study revealed that the vlei area is characterised by ±3 111 tall (250 - 400 mm

circumference at base) Acacia species, predominantly A. nilotica,

Communlty Information

No settlements occur within the resource area. All habitation occurs on the southern and eastern boundaries of

the area. Settlements are rural kraals interspersed with areas of indigenous vegetation and farmlands. Most kraal

occupants keep cattle which graze in the communal or resource areas. There is an extensive system of footpaths

throughout the areas. Woodiharvesting itt the area has been historically and is 3.t present uncontrolled.

METHODS

Aerial photographs (1: 250000) and orthophoto maps (1: 10000) were used to map and calculate the extent

of discrete landscape units in the resource site. These units were recognised by members of the local human

community (see interview results). Criteria for definition of the four landscape units included topography and

vegetation density (visual colour) and patterning (clumping or more homogeneous distribution). The landscape

units described Were:

A. open canopy thorn and bush veld with a band of Termlnalia sericea (517 ha);

B. open canopy thornveld with sand forest clumps on termite mounds in low vlei areas (285 ha);

e. closed canopy sand forest on dune tops (580 11a);and

D. closed canopy sand forest clumps in low areas between dunes (195 ha).

The following terms were used to describe the landscape units; Bushveld (Unit A), Thomveld (Unit B), Sand

forest (Unit C), and Forest clumps (Unit D). The validity of the separation of these units according to species

composition was assessed using detrended correspondence analysis (CANOeO, ter Braak 1990) and two way
i

cluster analysis (TWlNSPAN, Hill 1979).
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These llU1dsca~eunits were recognizable fu: the field andsamphng for resource base and harvesting impact was

stratified with number of samples corresponding to the proportion of area occupied by each landscape tytle.

Aspects of present utilisation

Not allfrees are equally attractive in terms of their potential for use as fuelwood or building material.

Preferences in species and size classes were dt'1.:,rmined from interviews and inspection of harvest bundles.

1. Interviews

Interviews werel.carried out, aided by an interpreter, with people living in.kraals along the southern boundary

of the resource site. Interviews followed a standard questionnaire format (Appendix A), with questions covering

wood utilisation (species and areas Used), number of people living in the kraal, duration of occupancy of the

kraal, alternative sources of fuel, lighting, or building materials.

2. Harvest bundles

Where permission was obtained, bundles of fuelwood, poles or laths transported out of the resource area were

inspected. Bundles found at kraals during interviews (if harvested in the resource site) were also inspected.

Species, circumference at base and apex, and length was recorded for each piece of wood in each bundle.

Vegetation sampling:

1.Resource base quantification

Key question: What is the amount 'of wood available for harvesting?

Species composition and population structure of woody species were determined using stratified regular quadrat

sampling. Standard forest biome sampling qllJldrats of 400m2 Were used (Van Daalen 1988). Circular quadrats

were selected in favour of square ones due to the ease of laying out in dense vegetation. Quadrats Were placed

at 200 m intervals along transects running north-south across the resource area. Transects were sited at 250 m

intervals along the S boundary. This method resulted in a $!!.mplesize of 126 quadrats. Sampling was strictly
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according to this proceO,l:lrein Bnshveld, Thomveld and Sand forest. Quadrats in Forest clumps Were si~ in

the centre of the elosest clump and results for number of trees per hectare calculated using average area of a

clump and number of clumps in the landscape unit. Number of clumps was estimated by raEldomly counting the

number of clumps in 501 11aareas' on a 1:10000 orthophoto and extrapolating for the landscape unit.

Criteria measured or recorded for each tree in each quadrat were: species, circumference above basal swelling

(in size classes of SO mm increment), estimated .height of pole potentially chopped from that tree, evidence of

harvesting (estimated as the percentage of liveweighJ of the tree removed), evidence of coppicing (measured

as the height of the coppiceand number of stems) and an estimate of the age of the cut(s) (ie this season or

previous to this season) if no coppicing was visible. Amount of deadwood per quadrat was estimated in number

of pieces in classes. of 50 rom circumference increment.

The available harvest in the area wail divided into two components following the uses for which the wood is

harvested; (a) fencing and building poles and (b) fuelwood .

.aj :Fencing and building resm1rCe5

Total available resources for each landscape unit were calculated and from this the available resources for

building and fencing were estimated. Inorder to do this, potentially harvestable species and selected size classes

of each species were determined from interviews and inspection of bundles. Available resources in trees per

hectare Were calculated for each of these harvestable species, with the remainder of species being lumped in

a "miscellaneous ff category . Available standing crop in each size class for each species was calculated as basal

area (BA) of trees per hectare, an index of biomass (Rutherford 1978) representing the physical area of the

sample occupied by plant stems. BA was calculated for each size class using the following formula:

BA = N * (pi * (eire I (2 * pi)1')

,.

where N is number of trees per hectare in that size class,/~d cire: is the average circumference of each size

class. BA's were totalled for each species, for each landscape unit and for the resource area.
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Basal areas for each size class for each species were converted to total biomass (TB) in tonnes per hectare for

comparison with harvest data. An estimate of the lengths of poles (FIT) obtained from each size class was

needed to calculate volume of available resources. This was obtained by calculating the average length of pole

found in each size class for each species and plotting these against size class. The plots were then smoothed

using a weighted running average and an estimate of pole length read off. TB values were calculated using the

following formula:

TB =.D * N * (RT * (Pi * (eire I (2 * piT»)

where D is the density of tKatspecies in kg.em? (van Wyk 1990), N is number of trees per hectare in that size

class, HT is the estimated length of pole obtained from that size class, and eire is the average circumference

of poles it). each size class.

b) Fuelwood resources
if ;

An estimate of available fuelwood in each landscape unit was calculate<liro.m (a) deadwood (DW), measured

as the total mass of pieces of harvestable size per hectare, plus (b) livewood (L), the number of fuelwood sized

P1(,'(:<'S remaining after poles have been removed after chopping a live tree. L is added since the remainder of

branches not suitable for building or fencing poles is allowed to dry and used for fuelwood, L is measured as

mass of harvestable pieces per hectare. DW was estimated for each size class as:

DW == N * (D * (HT * (pi * (eire I (2 * piJ))))

where N is the average number of pieces of deadwood in that size class, D is the average density of harvested

species (900 k&.rn·~,after van Wyk 1990), HT is the average length of fuelwood pieces in that size class, and

eire is the average circumference of poles in each size class•

.A.ii estimate of L was calculated in 3 steps as follows: (1) an estimate of the average number of fuelwood pieces

of each size class obtained from 10 trees of.the most preferred spec!,; (2 of each species) in the size class 410-
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450 nun was made. An estimate for smaller and larger size classes was made from these data. 'these estimates

were converted to tonnes per size class using the Same formula as used to calculate OW. (2) For each landscape

unit the Dumber of trees harvested per size class per hectare was calculated from harvest data (see quantification

of present ha.rve~ting). Results were then multiplied by the result of step (1). (3) Results for size classes Were

summed to give an estimate of fuelwood resulting from pole chopping in each landscape unit.

The values of DW and L Were summed for the resource area and compared to estimate of fuelwood used.

2. Quantification of present harvesting

/:('';:_:'':''::>;'\'\

If \\

. (( \\
Key questions: What is the present extent of il':irvesting~~forbuilding and fencing in the resource area ?

What is the present rate of removal of Iivewood and deadwood for use as building material and

fuelwood from the resource area ?

Three broad zones of utilization exist in the area: (1) areas within the resource site which are "far" from

settlement influences, (2) an area of intermediate harvesting along the southern edge of the resource site, close

to settlements, and (3) an area of heavy utilization along the outside southern edge of the resource site, in the

communal area. The width of area (2) was defined as the distance from settlements at which harvesting of

building and fenc~ng poles was no longer visible and was measured for each landscape unit.

a) fencing and building

Paths in both the communal area: (s,tarting at a kraal) and in Makaza (starting at the southern boundary) were

followed and circular quadrats of 400 m~were placed every 50 m along the paths. Each quadrat was placed with

the centre in the centre of the path. Paths in the communal area were followed Until the next kraal was reached.

Paths in Makaza were followed until no evidence of chopping was found for 10 consecutive quadrats. No

sampling was done in Zone 1.. This method of data collection allowed for estimates to be made of the extent

of harvesting into each landscape unit in the resource area a:ndan estimate of the number of trees harvested
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within the impacted area. Species, circumference, percentage of the tree removed, presence or absence of

coppicing and an estimate of the age of cuts were recorded for each tree showing evidence of chopping.

This provided information on; (a) species harvested; and (b) number of trees affected per landscape unit, and,

for the resource area, (c) distance into the resource area to which present harvesting of poles extends. This

information Was used to compare: (a) between utilization zones, to See if intensity of harvesting (measured in

trees per hectare) in the resource area is tending toward intensity of harvesting in the communal area; and (b)

with the resources available for each landscape unit and each species.

Harvesting of building and. fencing poles has only been occurring over the past 3 years due to the lack of

maintenance of the fence between the resource site and communal area. Estimates of age of cuts from harvesting

could only reliably be placed into two categories: (a) cuts having been made in this season (ie after the end of

the previous rainy season), and (b) cuts having been made in the previous two seasons; The number of trees

exhibiting evidence of chopping in each of these categories were summed for each landscape unit and the

proportions in each category calculated. These proportions were then multiplied by the values obtained for total

harvest in each unit in order to determine the rate of harvesting in the two categories.

b) fuelwood

An estimate of rate of removal of deadwood from the area was calculated as: Average mass of fuelwood bundle

* number of bundles used per year (trC'''''1.interview data) *number of kraals utilising resource site for fuelwood,

RESULTS
Vegetation description

L Ordination

Results of the ordination according to species are presented in Fig. 1. The independent axis appears to represent

elevatica, with sites at low elevation close to the origin lind sites of higher elevation further from the origin.

As is evident from Fig.L, Thornveld is the most reliably separated according to species. Sand forest and Forest

clumps cannot be reliably separated according to species, and Bushveld lies between Thornveld and tl-e cluster
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of Sand forest and. Posest clumps, The eigenvalu~ for axis 1 was 0.73(1 and 0.469 for axis 2, indicating that

these axes account for 154.7 % ofrtlile species relationship expressed in the ordination.

2. Classification

Species abundance land sites were classified using TW!NS:PAN (Fig. 2). For presentation in, this paper,

classification Was coltoff at foul' groeps as this Was t&enumber of gl'oupll recognise<! in the fieId study, The first

division: divides qU!ldrattsin Thomveld (n=33 qua,(1rats)froin ql!adrats in Bushveld, Sand .forest and F,?rest

clumps (n=93). Iml.ica.torsp(~~e~tf01' this division v~ereActtda nilbtic:r.tand A•.kama for quadrats inThornveld

and Combretum. mol!le, l~uclea flatalellsis, Strycl1llQs)nadag,asl':arie!'1Sis, Tricalysia. lanceolata lllldDichtastachys
J .• '

cinerea for the remllindt~rof the IlilUadrats.Five quadrats were classified in Thornveld whicb' Were not recognised

as. being in Thoro')eld in the study. All of these sites were .situated OIl the boundary bet~7VrbenThomveld and

Bushvekl in the resource area, The se\)ond!'divisiJa separatd~ quadrats in Bushveld (n =2f:l) from quadrats .in ..

Sand forest and Forest clumps (n=6:5). l)ichros}achys Cil~,~Nftlland May tenus senegalensls were given as

indicator species for Bushveld and Trituly:.'Iia lanceolata; ;,Ic.1cil;1 bUrk¢'i, Spimstachys 4!1'ticana and Dovyalis

Iongispina for Sand f01est and Forest clumps. A!:flin "borderline," quadrats which "W)!'ere~ogn1sed as being in

different landscape unitil in the field study were foand, in this case four quadrats. Tlie· third division separated

Thomveldinto two sub-units, ThEIfirst (n=lS), :tndicated by At:acia nilotica, corresponde ! to the open canopy

thomveld described previously. 'l.ne second (n=tI5), indicated hy Si.1erox,:v1onlnerme; }r.ft,r.yt,¢'!lJlS heteropliylla,

'Maytenus senegalensls an,~l>ic1,lI'l,stachys cinerea, corresponded to the sand forest clumps des.Cl'ibedpreviously.

'As is evident from Figure 2, Smull forest and Forest clumps were not separated at the. ~:t)cODdlevel. This Was

expected, since both units represented sand forest and were recognised to have, similar sp,edes composition. The

difference between the units and the reason why they we:e separated in the field st\.\dy was that unit D

represented sand forest showing a clumped distribution on raised ilre~.$il1depressions between dune series. The

absence of trees between clumps in this landscape unit Was possibly due to Waterlogging in lower areas, Sand

forest in unit C showed a more homogeneous distributloa, This was il11!por\wtas the resources for wood harvest

were relatively less in unit D as a result of the open areas between clumps, and thus needed to be calculated

e-"?2rately from resources in unit C.
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Aspects of present utilisation

1. Sum1111llrYof data from interviews

The average number-of people per kraal in this area was 10 (n= 12, range 7-15). There was a distinct division

of liabollr inwood harvesting: the women collected fuelwood and the men collected fending and building poles.

The po*itionmg of' kraals in relation to resources may be a factor influencing spatial aspects of harvesting. There

were 1'~ kraals within 150 m of the southern boundary of the resource area. The spacing of kraals along the

boundary of the resource area was not uniform, Of 12 kraals 8 occurred adjacent to Sand forest and Forest

clumps; 3 adjacent to the western portion of the Bushveld area and 1 adjacent to the Thornveld area.

Of the 12 Women in 6 kraals interviewed (2 women per kraal collect fuelwood), 1() collected fuelwood in

Makaza and all used only deadwood. Areas most popular in the collection of fuelwood were Sand forest and

Forest clumps (8 onhe 10 women collected in these areas). Species preference was not marked. Size classes

taken were: 1 - 2 m long, ISO - 350 m circumference. The average length of time one bundle of approximately

18.5 kg was said to last was 3 days (summer) and 2 days (winter). An estimate of 2 days Was used in

calculating the amount of fuelwood used in the area. None of the women interviewed perceived a. shortage of

fuelwood in the area, all noted immigration of people into the area in the preceding year and expressed concern

for the future. Only one kraal used a paraffin stove, All used candles for lighting.

Six men were interviewed from 6 of the kraals along the resource area boundary. Ail men interviewed obtained

poles for building and fencing in Makaza, Wood harvested for fencing posts and building poles was lumped in

the analyses as species preference and size classes taken were similar. The species reported to be harvested were

(in average order of preference): Spirostachys ofricana, Terminalia sericea, Acacia burkei, Combretum molle,

Tricalysia lanceolata, Albitla adlanthifolia, Pteleopsis myrtifolia, Cleistanthus schlechteri, Galpinia transvaalic-

and Sapium integerrlmum, The preference of these species was reported to be governed by; (1) species reaching

harvestable size classes, and (2) information communicated from father to son on the species that will last the

longest before rotting or being eaten by termites. The size classes preferred were 1.5 ~ 3 11110ng, 50 - 150 rom

circumference and 3 - 5 m long, 250 - 600.mm circumference.
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All of the men interviewed noted the increasing rate of immigration into the study area and the resulting increase

in demand for building materials. They also mentioned the possibility of harvest of poles for sale, but no-one

admitted to p;actising or knowing anyone harvesting for sale. The impact of harvest for sale is thus unknown

at this stage.

2. Summary of data from harvest bundles (23 bundles)

Building and fencingbarvest consisted of poles and laths. Poles are defined above, laths are thinner, more

pliable stems which are woven between the poles in building construction, Note that pole harvest results in the

< emoval of the tree from the base, whereas branches may be harvested fer laths. Laths are more commonly

harvested from multi-stemmed species.

Twenty-three bundles of harvested poles and laths were inspected in the resource site and communal area.

Bundles comprised 620 laths (/)0 - 150 mm in circumference and 3-5. m in length) and 351 poles (200 • 600 rom

in circumference and 3-5 III in length). The species most commonly used for laths were Tricalysia lanceolata

(29 % of all laths), Euclea natalensis (11 %), Brachylena discolor (10 %) and Combretum molle (5 %). Fifty-

five percent of the lath harvest comprised these four species. The most commonly used species k:r poles were:

Spirostachys ofricana (23 % of all poles), Terminalia sericea (21 % ),,~cacia burkel (13 %), Euclea natalensis

(11 %) and Combretum molle (5 %). Seventy-three percent of the pole harvest comprised these five species,

Vegetation sampling

1. Resource base quantification

a) fencing and building resources

The distribution of total resources, in basal area per hectare, are presented in Appendix B. Note that the five

most preferred species contribute a large proportion of total resources in each landscape unit (38 % inBushveld,

10 % in Thornveld, 55 % ill Sand forest and 29 % in Forest clumps). The number of individuals of the

preferred species and their size class distribution in each landscape unit are presented in Appendix C as base

values for comparison with future studies.
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From these total resources the acceptable resources> the number and basal area of trees in the preferred size

classes, are presented in Table 1 and 2 Note that the most favoured species for building and fendlpg,

Spirostachys africana; shows the highest values of basal area per hectare in all landscape units, The second most

favoured species, Termlnalia sericea, shows the second highest basal area in all landscape units.

b) Fuelwood resources

Available deadwood resources in the resource area are presented in Table 3. Sand forest produces the greatest

amount of deadwood per hectare. Available fuelwood resulting from th(., chopping of poles ("Hvew":lOd")is

presented in Table 4. Total fuelwood resources resulting as a by-product of harvesting of poles (at the present

rate) is 'far greater than that contributed by deadwood. S. ofricana Was included in the estimate of "Iivewood"

.'ns on its use for fuelwood were omitted from interviews and should have been more thoroughly,

investigated). Even with this species omitted, however, fuelwood available as "livewood" is greater than

deadwood in all landscape units.

2. Quantification of present harvesting

a) B'()ilding and fencing

Harvesting impact extended for the shortest distance into the resource area in the densest vegetation type (Sand

forest), and the greatest in the least dense unit (Bushveld) (Table 5). The percentage of area utilised is the least

for the unit showing the highest biomass (Sand forest). The total area impacted is 641 ha of the total 1570 ha.

The communal area showed the greatest number of trees per ha showing harvest impact (Table 6), The

difference between number of trees showing harvest impact in the communal vs the resource area Was

significant for all landscape units (Bushveld: t=4.063, DF=23, P<O.OOl; Thornveld: t=3.502, DF=23,

P"",0.002; Sand forest: t=2.271, DF=29, P=0.031; Forest clumps: t=5.110, DF=29, P<O.OOl).

Harvesting of building and fencing poles in the resource area has been occurring only over the pas~ 3 years.

Harvest (trees.ha") Was calculated in two categories: (a) trees showing fresh harvesting signs, taken to be the

previous season's harvest, and (b) trees Showing old cuts or coppicing, taken to represent harvest during the
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preceding two seasons. Table 1 shows the number of trees harvested overthe previous season and the preceding

two seasons and the previous season's harvest as a percentage of the total harvest over the last 3 ytmrs. As

calculated from this table and Table 5, the total harvest ill the resout\~e aMi over the last 3 years was 600 trees

per year, 228 trees last season (0.36 trees.ha" .y'I), and 372 trees over the previous two seasons (0.58 trees.ha"

for two seasons). An estimate of harvesting rates in the communal area was made by calculating number of trees

per hectare showing harvest impact and dividing by .10 (the best estimate of the number of years that pole

harvesting has been occurring in the communal area). This gave an estimate of 2.5 .trees.ha'l.y" in the

communal area.

The. five prMerred specL~ made up a smaller proportion of the harvest in the communal area than in the

resource area (Table 8),:md there are consistently more species harvested in the communal area compared to

the resource area.

b) Fuelwood

Permission was obtained to weigh 3 fuelwood bundles. Their weights Were 18, 22.5 and 15 kg respectively,

the mean weight of fuelwood bundles harvested from the resource area Was thus estimated as 18.5 kg.

DISCUSSION

Aspects of present utilisation:

Two aspects of present harvesting of poles emerged in this study which affect the comparison of available

resources and harvesting in the resource area. The first of these is species choice. 'this is of importance because

the. most preferred species are also at present the most common species (although interview results showed

species choice Was not solely based on commonness or rarity). Under heavy levels of utilisation, when suitable

trees of the preferred species used for poles begin to become less common, harvesters are faced with a decision

either to walk further and look for more of the preferred species, or to accept less preferred species of the

acceptable size classes. Both the interviews (N ::; 6) and results of species choice (see Table 7) support the

latter: a harvester will accept a tree of a less preferred species in preference to walking further to find a more

preferred species.



16
The second aspect is harvest rates, which appear to be changing Over time. If the harvest over the last 3 years

had been constant, one:Would expect last year's harvest to contribute 33.3 % to the total harvest for 3 years.

As is evident frOIDTable 8,. a larget percentage of the harvesting has occurred in last season for all landscape

!~t~except Forest clumps. This implies that the average harvest removed from the area may be increasing.
\\

This is indirectly supported. by the results of interviews in which accelerated levels of immigration into the area

Was noted by people atready settled in the area.

These aspects are reviewed more fully in the second manuscript of the"'tesearch report.

Fencing and building resources:

Stem basal areas caleulated'for each landscape unit Were 9.43 m2.ba·1 for Bushveld, 7.61 m:l..ha·1 for Thornveld,

12.47 m2.ha·1 for Sand forest and 5.43 m2.ha·1 for Forest clumps. Woody plant abundance expressed as basal

area ate low in comparison to those reported forCeltis ofrisana dune forest (26.2 m:l..ha·l), for mesic forest

(31.33 m2.ha·1) in Hlatikulu forest reserve (Muir 1990), for Transkei forest (10-50 m2.ha·l, Cawe &. McKenzie

1989b), and for mangrove and swamp forest communities (1001Il2.ha"1, Rutherford 1978). Basal areas calculated

for the fesource area are more comparable to those calculated for areas of the northern Transvaal Burkea

ofricana-Ochna pulchra woodland (8.9 mZ.ha·', Rutherford & Kelly 1978) and Zambian wet miombo

(Brachystegia-Julbernardia) woodland of (9.81 m2.ha·1, Chidumayo 1987).

111order to compare the above estimates of available resources for building and present harvest impacts in some

meaningful way it is necessary to estimate the effects of presentharvesting on available resources. The simplest

method of estfmation of use in this situation is an accounting-type model assessing annual harvest of live trees

as a fraction of total resource availability, and thus calculating the number of years that the present standing

crop would last at the present harvesting rates.

The present harvesting rate occurring in the impacted portion of the resource area was approximately 230

trees.yr", Assuming no recruitment or growth of trees, the resource of preferred species will last 1300 years

if preferred species only are harvested. If both preferred and secondary species are harvested, present resources
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will last 1870 years. Harvest in the resource area has, however, increased over the last season as compared to

the previous two seasons and is very low (almost a factor of 10 lower) in comparison to harvest in the

communal area. If the harvest rate. in the communal area is extrapolated for the entire resource area, not only

the present impacted portion, a worst scenario estimate of 3926 trees would be removed per year. At this rate

harvesting of the preferred species alone could continue f61' 75 years and harvesting of the preferred and

secondary species could be sustained for 110 years.

Obviously, this model and the estimates itproduces are over-simplified: factors increasing the available resource

PJ\__§~such as growth, coppicing 01' recruitment of trees ate omitted, as are factors decreasing the available
t'

resource, The inclusion of these factors into a model of resource base and harvesting is carried out in the

following draft mauuscript.

Fuelwood:

The estimate of 18.5 kg for mean fuelwood bundle weight is fairly low when compared to other regions (24.15

kg in Ciskei (Bembridge & Tarlton 1988), and 29.95 kg in Gazankulu (Liengme 1983). Bembridge and

Tarlton, however, state that women collect smaller headloads more often when firewood is plentiful.

The current rate of removal of deadwood from the resource area is approximately 6-4 tonnes per kraal per year.

This amounts to 76.4 tonnes per year, or 0.64 tonnes per capita per year. The total available resource of

deadwood in the resource area is 1.56 t.ha'', yielding a total of2500 tonnes for the resource area. At the present

harvesting rate, and assuming no additional deadwood production, this resource will provide fuel for the people

currently harvesting in the area for 33 years. Note, however that this estimate will vary if the number of people
I

in the area (and thus the harvesting rate) does not remain constant of'h_arvesting:does not occur over tUB entire
'" ":::,;:-.~ . "

resource site. This estimate will also vary according to annual production of deadwood in the resource area.

Rate of deadwood production for coastal areas has not been investigated. Rutherford (1978) estimates-average

annual production rate of live and deadwood as 4 ~ 5 % of total standing biomass in savannas. Shackleton

(1993) provides estimates of deadwood of 0.7 - 3.9 % of total standing biomass (for harvested and unharvested

areas respectively) in eastern ...Transvaal savannas. Neither of these estimates provide information on the rate
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of deadwood production. The rate of deadwood production necessary to maintain the present harvest is further

investigated, in the following draft manuscript.

The per capita consumption of fuelwood depends primarily on !,he availability of wood aL:J to a. lesser extent

".. on climate and social parameters (Gandar 1983a).· Gandar (19f;3a) suggests a rule of thumb of one tonne per

capita per year in rural Africa. Fuelwood use m the resource area is 0.64 tonnes per capita per year, a

comparable value to published estimates for other wooded areas (see Table 9).

Most of the interviewees stated that they harvested no livewood for use as fuelwood, but that they did USe wood

remaining after building or fencing poles were chopped. From Tables 1 and 2 it is evident that the amount of

wood potentiallyavailable after chopping of poles far exceeds ,the availability of deadwood in the resource area.

Questions concerning future harvest rates and impacts should be addressed by monitoring using the same

methods as described in the present study, with results compared with results presented for this study.

SUMMARY AND CONCLUSIONS

1. Harvesting of woody species for building and fencing in the study area is carried out by men and is very

selective, with approximately 75 % of the total harvest being of toJ' five preferred species. These preferred

species are, in order of preference: Splrostadtys africana, Termlnalia sericea, Acacia burket, Euclea natalensis

and Combretum molle, Selection of size classes is equally selective, with building poles being of 200 - 500 rum

circumference. Present harvest rates in the resource area are 0.36 t}'ees per hectare per annum, in comparison

to the 2.50 trees per hectare per annum harvested in the communal area.

2. Harvest of a single pole for building or fencing means the removal of the tree from the base. B::. l.ls

remaining after the pole has been removed are left lind may be collected later for fuelwood,

3. Collection of fuelwood is carried out by women and is not species selective. Only deadwood is harvested.

Current fuel wood harvest is 6.4 tonnes per kraal per year (76.4 tonnes per year for the 12 kraals in the study).
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4. Haiv6St of livewti&d fhl' building and fencing appear to.have increased oyer the last 3 years in the resource

area, hut ate sJHl&bn6st Ii{Iletor of' 10 lower tlial] ngf\lest rates meaSured for tile adjacent colimiunal area ..,;

5. ThedutafioIlJol'whlcn'tiie're:sbUtces of preferred I}olespeties wil1last at the present harvest.rates' is t3QQ

yeats, or, if bbth'f.'i:eftirretl' and Sec011dary species are' harvested, 1870 years. Note, however; that these

estimates alie unrenabl'i~as they are based Oil a static resource base and do not take into account reg~ileratioJ'J.,

growth, or deafh;
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'l'AJlLE 1. Available statiding cro~1 of fencing and building l'~OUI'Ces in Makaza Nature Reserve.

(presented as number of trees per heoti\\re (no.ha·1) fOr each landscape unit),

Unit Preferred species

(no,hi:) \1 total (no.)

Preferred + Secondary species

total (no.)

Bushvelil 16.1 83087 199 .102661
Thomveld 49 14048 307 87535
S$d fo~st 296 171S'2.9 356 206729
.Forest olumps 152 1!.9667 114 :3:ns'46

Resource area 189 96679 27~1 129693
.. ;.....-., .....,;,;........._.,.....-...!"'.........~ ......... - .... ~ __ .. __ ...'"' ...__ .... ""'..._ .... __ ......_~_ ..._ ....... _ ..._ ..._·io ...... _~I ............ ,;............ _ .... oI· ........... M_ ..... ,.;...... _ ..... ... _ ... ioo .. _ .... _ ... __ ........ .... __ ... .......
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TABLE 2., F'eneing and building resources in Makw.a Nllture Reserve. (Presented as basal area per hectare

Species Landscape unit Resource area

A B c D Total

.......-...------- ..-...----..-.......--........--..--- ........--......; ......----- ....~-..--..--...-------- ..--.----- ...~----...-..----- ...---- ..---- .....-----_ ...------------
Building poles

Pret~rteq species:

Spirgstachys afriCflfW 0.62 0.45 0.58 0.22 0.53

TermiTlaUa serlcea 1.16 0.04 0.34 0.02 0.52

Acacia burke; 0.03 0.08 0.83 0.20 0.36

Combretum molle 0.29 0 0.85 0.19 0.43

Euclea natalensis 0.04 0 0.26 0.28 0.14

Total (1112.h:fl) 2.14 0.57 2.86 0.92 1.72

Secondary species:

Albizia adianthifolia 0 0 0.07 0

Pteleopsis myrtijo1ia 0 0 0.38 0.11

Galplnla transvaalica 0.15 0 0 0.03

Sapium integerrimum 1.19 0 0.15 0.10
Sideroxylen inerme 0.02 0.23 0 0

Antidesma venosum 0.07 0 0 0

Acacia nllotlca 0 2.40 0 0

Dalbergia obovata 0 0 b 0

Total poles (m2.ha·') 3.57 3.20 3.48 1.15

Laths

Tricalysia lanceolata 0 0 0.11 0

Yepris reflexa 0 0 0.16 0.08

Brachylena discolor 0.03 0 0 0

Rhus gueinsll 0.01 0 0 0.03

Total poles and laths 3.61 3.20 3.73 1.26
II

--------.------------------~---~-------- ..----------------~-----------.------------ ~__U _



Unit
lQO-2QQ

~t..l:tfl,'l~

210-250

(t.h~rl~

>250

(t.ba"l)

Total

(t.bs"l)

Total

(tonnes)
-- ..' - -·l~,.. '!";.~- ·- - .. .,.- ~-·"!~·-------:".,;,;-- -.- !"'- - ---- -- ..------ --- --.------ - -.--- " - - --.--- - ------ - -- -----~--.

Bush.v~~ld'

1ihoft1.veld

Sand, fO.Iest

FOFf'.st clut:Dps

1.02 0:3.1

0,20

0.51

0.31

0.09

0.10

0.12

0.16

f.42

0.84

2.22

0.99

734..1,",

235.2.

1287.6

193.1

0.54

1.59

0.52

Resource area
\ ,; 1.56 784.1
--- ------- ..- _--- ,-_.._-.- --- --_ ,.._-_ _ _ -_ _---- _-------_ __ .;" _--_ ..--..-_ __ --..-- ..-------_ _---_ -

/)
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unit. (Presente4 m.tonnes pet hectare, where the average weight of a 160 - 200 nun circumference piece is 0.9

kg, a 210 - 250 mm piece is 1.2 kg and a 260 - 350 mm piece is 2.3 kg).

Unit Acceptable fuelwood size classes (mm)

160-200

. (t.ha")

210-250

(t.ha")

>250 Total

(t.ha:')

Total

(tonnes)

,)tt,,_

Bllshveld 1.94 b.9S 0.74 3.6~ 1875.0

Thomveld 0.75 0.38 0.30 1.43 398.3

Sand forest 4.55 :1.39 2.07 9.01 1750.1

B'orest clumps 0.43 0.22 0.17 0.&2 477.3

Resource area 4.89 1395.5

--- .------_ .._ ...._ ..._- ....-..._----_ ..._ ......-_ ...__ ._-- ......_--_ ..._-_ ..._---- .._-- ..._--_ .....__ ....----_ ........_ .._---_ ..._ ..._-- ..-----------_ ....__ ...------- ..---..:..~---...-...-
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TABLE 5. "Buildingand fencing harvest impact in resource area. (lmI'act is measured: indistance along paths

to which hal'Vestingis visible (Ill)).

Unit Paths Mean distance sd % area Area

(N) (m) (m) impacted (ha)

------_ ......_...._------- ........_--_ ..._ ..._-- .._ ...... ,..........._.,.- ......__ ....._ ..-------,.;;-------_ ..._------------_ ...;.----------_ ...----------_ ....._-------_ ...__ ...__ ...-

Bushveld 2 1300 350 65.4 338
'Thb1nveld 4 425 152 28.1 80

Sand forest 3 566 85 27.6 160
Forest clumps 4 675 103 32.3 63
...-------- ...-~-----------...--..--...----~~--...----...------ ...---------------_ .._- ....._-_ ........_--_ ..._-- ..--_ ........_------_ ...__ .......---- ..............



'lM:~Jl~F}{~$.n~!dirn;,.~~(~ti~jng;~~~impa~tJn~~Qu.1;1!g .a'i~ 01'el',3 i~ ~n.di;t·tb~.fJ()mmlP\aI~~,

ol>,e~,.pit lO""Y~~~h·;~~~,):U?,~(;)tj~.)li~j.JIj~d<in I;JUWbef ~f,ttee~sb,(i)win.g evidence of ohopping pet hectare (noJuCI)... . \\

Unit Q!llld~ats
(N).

impacted .•

(I10.hll:1)

.Qqadrats

"(N)

impacted

(no.ha·!)

BusbveJ9! "

'TIh9fD~SiJd,
~aIld .(brest

Fo.rest clumps

1:~~

~9
84

58

0.86

0.94

1.24

0.56

24
30

30

25

7.86

·It 10.12

12.33

6.55
.. . .' - . . .' .', .' .. .-----.-----.------ ...-~---------.-...--...------- ...------- ...---...--------_ .._ ....._- ..._------_ ..._----------- ...-........_--_ ....._-----;".,. __ .._--



Unit fIarvest Harvest

precediqg 2 seasons

Previous season as

"previcrqsseason a % of total

... -'----- - ~---- - •• -- - ..-..;"'!: -- --- -~ -------"':---_ _-------------_ _ _----_ --.------------_ •• ---.- ------_ .. _ _-

BU$hyeld

'Utonw:~ld

San~"f0rest
Forest clun,fp$

".~36
.,22

~'J

:1

156
53

.131

32

46.6

29.3

33.8
8.6

/'o

I,)

_ ..._ ..._ ......__ ....,;.-_......_ ..._'-_ ............. ;.,...._ ..._---- ..._ ...._ .._ ....._ ......._--_ ................ _-_ .......... ------_ ....._---- ..._-- ...---------------..;.-- .....__ ..........--------_ ....-......-...
;,
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TABI~E .!J •• Sel~tio'fi ~ftr~,\tor blijldjpg,.llni!feucifil,NJoles in ·tbe;contmUlllll·ate1l and. the resoUrce area.
\)

(Where N is the total number of species harvested in that unit and % is the percentage of harvest made up by

pref~rred species).

Area Bushveld 'Ihornveld Sancl forest Forest clumps

N % N % N % N %
___________ ......... _ .. _ .. ... __ ... .. .. _ .......... ;.._~-~ ... --- .. o.;;ft-~ __ ...._ .. __ .,; ... __ .,; .,.+... _ ... _.;.:.. ... _..._ .. ... _ ... .... _

Resource 9 90•.4 9 62.5 15 52.1 11 ~3.6
l

COIl1Q:nmal 20 38.$ 23 35 28 20 26 .t1

--------.- ..._-- ..,..,---_..----- ..._----_ ...---_ ....._------------- ......... _----_ .....---_ ........._----------_ .._-_ .........._--- ..._ ......-_ ..._---_ ..._ ......
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TABLE .9. :Rafes ,of fuelw(lod consumption in rural Africa. (After Gandar 1983a).

Eu~lw(>odconsumption Reference

(t.cap". yr")

-.._...--_._--_..._-----........_--_......------.._--_......_--_..;_-.._------ ..-...--...---------------j?~...------~- ...-----...-...-------..---
Jozannas riek, .11tanskei 0..27 Best I9i~
Malefilone, Lesotho

Mhlebatini, Kwazulu

:(iUgh grassveld)

Mh1abiitini, Kwazulil ..

(valley lowveld)

Gazankulu, mopane veld

Mashunka

Ciskei

0..29

0..62

Best 1979

Gandar 1982

0..72 Gandar 1982

0..76

1.12

1.14

Liengme 1983

Best 1979

Bembridge & Tarlton 198.8
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Captions to Figures:

Fig. 1: Correspondence alllllysis plot ofsWIlplesites attording to species composition. Where. represents

samples in Eusbveld, 0 represents samples in Thornveld, III represents samples in Sand forest, and o

represents samples in Fri'j'est clumps.

Fig. 2: Dendr()gramof TWINSPAN classification of quadrats.

Where: ACEU = Acacia burkei, ACGE = A. gerrardli, ACKA =tAo kairoo, ACNI, :.::A. nilotica, AeRO

= A. robusta, ALAD == Albizl« adiantbifolia, ANVE == Antidesma venosum, CAAE = Cassine aethiopica,

COMO = Combretum molle, CONE = Commiphora neglecta, DICE = Dichrostachys cinerea, DOLO =

Dovyalis longispina, EUNA == Euclea natalensis, MAHE::: May tenus heterophylla, MASE =M. senegalensls,

PTMY = Pteleopsis myrtifolia, RHGU = .10us guelnsii, SIIN = Sideroxylon inerme, SPAF = .Spirostadtys

africana, STMA == Strychnos madagascariensis, TESE == Terminalia sencea, TRLA = Tricalysia Ianceolata.
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ACNI,AGKA COMO,EUNA,STMA,TRLA,DICE

DICE,MASE

Division 1
Eigenvalue 0.602

Thornveld

(33 Quadrats)

SHN,MAHE,MASE,DICE TRLA,ACBU,SPAP,ly6[OACNI

Division 3

Eigenvalue 0.439
Division 2

Ei.genvalue0.368 l
Thernveld

(18 Quadrats)

Sand forest

clumps

(15 Quadrats)

Sand forest +
Clumped forest

(65 Quadrats)

Buahveld
(28 Quadrats).

Positive preferentials for each group

Thomveld: ACGE,ACKA,ACNI,EUDI,MAHE

Bushvetd: ACN·!.ANVE, MASE,D ICE,TESE

Sand forest: ACBU,AQRO,ALAD,CAAE,CONE

PTMY,RHGU,SPAF,THLA,EUNA

w
="!

Fig.ure 2



37

Appendix A: Wood use questionnai ..e.

1. How long have you been Hving in this area ?

2. How long has (a) fuelwood collection and (b) pole harvesting been occurring in the communal area ?

3. Where do you collect wood? (communal area 01' resource area, and where in the resource area).

4. What do you celleet wood fot? (eg firewood, fences, building, carving/curios)

A. FuelWood questions:

5. How many people do you collect wood for?

6. How long will this wood last? (in winter I summer in days)

7. What are the best trees (species) to oollect ? (Ranked)

8. What is the best siz.eof tree to collect ? (eire / height)

9. 1)0 you collect livewood, if yes, when and where?

10. Do you colleCt the leftovers from when trees are chopped for poles?

11. Do you Useany fuels other than wood?

B. Building questions:

12. W11atare the best trees (species) to collect, why? (Ranked)

13. What is the best size of tree to collect? (eire! height)

14. If there are none of these trees (species) in this area, will you rather walk 30 mins to find another of these

trees or will you rather take another tree (species).

15. Are there any trees (species) which you wilt not use f0t building? Why?
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A~mendix :8: Total resources in Makaza Nature Reserve. (Presented as basal area per hectare (ni.ha·i».

Species Landscape unit Mean for

A B c D resource area
..._--- _--_ _---- _ _ ..-- _ _---- _ -_ ..------ ..----_ ..--- _----- - _-_ _ ,;. ..__ -_ _--- -- _ _-_ _----
POif,s

Preferred species:

SpirosNlchys afrlcana

Terminalia sericea

Acacia burke;

Combretum molie
Euclea natalensis

Total (m2.ha·l)

1.36 0.58 1.02 0.39 0.98

1.46 0.04 0.97 0.03 0.85

O.lf) 0.11 3.25 0.40 1.30

0.50 0 1.31 034 0.69

0.1'2 0.01 0.32 0.40 0.21

3.55 0.75 6.87 1.57 4.04

Secondary species:

Albizla adtanthifolia

Pteleopsis myrtijolia

Galpinia trllflsvaalica'

Saplum integ'errimum

Sideroxylor: lncrme

Antidesma venosum

Acacia nllotica

Dalbergia obovata

0 0 0.16 0

0 0 0.64 0

0.20 0 0 0.17

0.24 (.I 0.17 0.08

0.12 0.52 0 0

0.25 0 0 0

0 2.76 0 0

0.05 0 0 0

Total poles (m:4.ha·l) 4.31 3.83 7.84 1.82

Laths

Trichalysla lanceolata '0 0 o.ia 0.11
VGpris reflexa 0 0 0.57 0.01

Brachylena {liscolor 0.17 0 0.24 0.08

Rhus gueiNsii 0.2.'~ 0.05 0.19 0.14
li
j;

Miscellaneous species 4.80 2.78 4.54 3.27

Total resources (m2.ha·l) 9.43 7.61 12.47 5.43 7.77

~--- - ;,,-- --..- - - --- -- -..- ---..-..--- _ .._-_ _ -..--_ __ _- __ ._-- __ ..-..---- ..



AlWendix _C:-.INumber '~nd 'size class distributions of individuals of the five preferred species in each
la.ndscape unit. NQte tha.t data on secondary preferred species is available form the author.

sta!l~rd errors (S~).ate presented in number per hectare (No.ha"),

II

Speci6$ Landscape Unit
!<

iBusliveld Thomv~ld Sand forest Forest clumps

No. No. SE No. "BE No. SB
___ __ _ .. _.__ ~ __ ;;;;_;;. __ _ __ .io~ .. __ _.:..._ __ _ . ...

s: a/rtotJ.lla 5.6.3 29.5 88.8 45.7 117.7 35..1 72.0 22.9

T. sericea 161.1 48.2 23.3 19.3 67:7 22.7 17.0 10..3

4., Qup/gfi 3.3 5.6 7.8 6.9 165.3 31.4 57.0 ]4.9

E. lIatalenvis 83.3 21.0 6.0 2.3 138.7 31.3 208.0 38.6

C. mvl1~ 44.4 12.3 2.6 1.7 118.5. 28.3 76.0 23.2

........._- ..._--_ ......_-_ ......-- ...------- .............. --- ........ _ .....--_ ..;......--...---,.;---------- .....--...--.;. ..~-.......------- ...-.., ...---......-...-.........-..--~--.......----- ......

t,



TABLE 2a: Number of individuals of S. a/rieaM in each size class in each landscape unit. Presented in

Numbers.<>f individuals (No.),

Size class
(mm)

Landscape unit
Bushveld Thornveld Sand forest

~
F? '(>.(t clumps

'.' .... _ _ _.;._ _ .. _ __ __ __ __ _ .. __ "' .. _ _ _..~\OO.,; _ _ _

0-50 31.4 11.4 5 11.4
51-100 7:9 12.9 17.1 6.4

101-150 21.4 12.9 22.9 0.7
151-200 15.7 6.4 37.9 4.3

201-250 9.3 0.7 19.2 4.3
251-300 3.6 7,1 15.0 1.4
301-350 5.0 10.7 9.3 3.6
351-400 0.7 5.7 11.4 3.6···

401-450 7.1 3.4 1.4 5.7
451-500 7.1 3.4 2.9 7.1
501-550 8.6 4.3 3.6 3.6
551-600 3.6 1.4 2.1 5.6
;> 600 15.0 2.1 7.1 8.6

..._--------------- _---- _-- _ ..__ ..__ ..-""' .._-- _ - - _ --..- _-_ _---_ _-- _- _ ---;, ---- _ - --_ _-_._

TABLE 2b: Number of individuals ofT. seticea in each. size class in each landscape ~it. Presented in

NUmbers of individuals (No.),

Size class Landscape unit
Bushveld Thomveld Sand forest Forest clumps(nun)

_ .. oo:-_n __ u __ __ .. .. _~-_--- - --- _ - .. -_ _-_--.., ,.. _---_-_--_-- _

0-50 141.0 0 13.6 1.4
51-100 8.6 1.4 . 5.7 0
101-15Cl 12.9 1.4 3.6 0.7
151-200 35.7 0 <S.CI 0.7
201-250 25.7 2.1 (/7.1 0
251-300 3.6 0.7 11.4 0
301-350 6.4 0.7 6.4 0
351-400 0.7 0.7 2.1 0
40f-45' " 14.3 0.7 6.4 0
45~-SOO 12.9 0, 2.1 0.7
501-550 111).7 ,. 0 0.7 0.7
551-600 7.1 0 0.7 0.7
> 600 4.3 0 13.6 0.7

-------- - -----~- - - ..- -- - ------ ----- - - ------ ..;.----- ---- --- -l'!"------- __ _ _ ...
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TABLE 2m Number of individuals of A. burkei in each size class in each landscape unit. Presented in

Numbers of individuals (No.),

(mm)
Landscape unit
Bushveld Thornveld Sand forest Forest clumps

Size class

_ ....._--_ ....... --_ .._- ..._._-_ ..._ ..-.._ ..---.._---- ..._---- ...;._------- ....,_; ............._ ..----------_ ...__ ..._---------_ .._-------_ ........------
0-50 1.44 0 7.1 1.4
51-100 0.7 0.7 5.7 1.4
101-150 1.4 1.4 13.6 0.7
151-200 0 1.4 26.4 0
201-250 0.7 0.7 18.6 2.9
251-300 1.4 0:1 12.1 2.1
301-350 0 1.4 11.4 2.1
351-400 0 1.4 15.7 2.1
401-450 0,7 0.7 4.3 4.3
451-500 0.7 0.7 6.4 S.7
501-550 0 0 7.1 7.1
551-600 0 0.7 2.9 3.6

> 600 1.4 0.7 52.0 10.7
--~-----,;,,- - -..-- - ----- ----- ..--- - ------ - _-- _ -_ _- _ _--- __ __ _---.- -_ --_ ..--- _ _-------

TABLE 2d: Number of individuals of E. natalertsis in each size class in each landscape urlit. Presenfed in

Numbers of individuals (No.),

Size class
(mm)

Landscape unit
Bushveld Thornveld Sand forest Forest clumps

0-50 244.0 12.9 89.0 121.0
51-100 9.3 o 4.3 10.7
101'-150 0.7 2.1 4.3 10.7
1S1-200 2.1 1.4 5.0 6.4
201-250 0.7 0 20.7 3.6
251-300 0.7 0.7 2.1 7.9
301-350 o 0 1.4 10.7
351-400 0 0 3.6 7.1
401-450 0 0 5.0 10.0
451<)"00 0.7 0 0.7 4.3
501-559 0 0 1.4 4.3
55t'-600 0.7 0 0 4.3
> 600 1.4 a 0 ..7 5.7

.."'~...-.-- ...----- ...-------- ...----~-...--....-...--....,;.---------- ..---_......._ ...-..-------- ......_ ............ _ ..__ ..._-------- ..._-- __ -_ ...--..._---_------



TABLiE 2et l~umbel' of ind.viduals of C. Molle in each size class in each landscape unit. Presented in

Numbers of individuals @:'ll').~,.:

Size class
(nun)

landscape unit
BUshveld Thornveld Sand forest Forest clumps

0··50 27.1 8.6 9.3 14.2
51*100 5.7 0 9.3 2.9
101-150 4~~4 o 3.6 4.3

(;'";:1/,

151-200 5.7 0 15.(1 5.6
201--250 6.4 0.7 20.0 2.3
251-300 1.4 0 10.7 4:3
301 ..350 4."3 . 0 6.4 3.6
351-400 0 0 15.7 4.3
401-450 3.6 0 17.9 6.4
451-500 2.1 0 3.6 3.6
501 ..550 1.4 0 4.3 3.6
551-600 3.6 0 2.1 4.3
> 600 .~.2. 0 9.2 7.1

-----------_ ..._-- ..~-.........--..------ .....,~...-.----------- ......-..---...-_.....-.....-........_-.,;,--------- ...-...--..---------_ ......-_ ....._---- ..--_ ..._ ..._-_ .....

Iit :
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Manuscript 2

Evaluation of the potential sustainabiJity of harvesting of

coastal hardwood species by a rural community.

Keywords: KwaZulu, plant population model, sustainable harvesting.

ABSTRACT

A stage-structured model was created to simulate impacts of varying harvest rates on a known resource base.

The modei was run for three scenarios: harvesting (a) the five most preferred species, (b) the five most

preferred species plus a group of eight secondary preferred species, and (c) each of the five most preferred

species separately. The model did not simulate a multi-species complex and did not account for spatial diversity

in resources or harvesting,

Present harvest rates of 808 trees.y", at rates at which each of the species are presently being harvested, appear

to be sustainable, based on available estimates of harvest rates and recruitment, in the resource area. However,

recruitment rates and growth and mortality rszes of immature individuals used Were of low reliability, and

harvest rates in the resource area are likely to increase as more people colonise the area and resources become

limiting in the communal area. The harvest rate of 3926 trees.y - recorded to occur in the communal area is not

sustainable when simulated for the resource area.



44

INTRODUCTION

The concept of sustainability has become an increasingly popular one invoked in the discussion of human

impacts on the environment and used in tbe formulation of environmental policy (Shea.man 1990). Definition

of the term "sustainable", however, appears problematical: sustainability is difficult to measure and thus to

define explicitly (Brown et al19B7). The term "sustainable" has been used to describe such diverse topics as

economic development, agricultural production, social equity and biodiversity (Ek:.ns 1989, Foy 1990, Shearman

1990). The definition of this term affects the interpretation of results of the present study. It is thus necessary

to develop a conceptual framework of sustainability at the lljrstems level, in which the study results, at a

population level, may be viewed.

Species composition and species diversity relationships have been used to infer system stability (Frank &

McNaughton 1991), such that the greater the number of species in a system and the greater the connectance

between these species, the more resilient that system will be to disturbance (Pimm 1984, Walker 1988). Both

Shackleton (1993) and Higgins (1992) noted that in an area in the Eastern Transvaal in which fuelwood

harvesting (including harvesting of.Iivewood) and grazing has been occurring for "several decades", the

harvested sites show a marked reduction in number of species of woody plants. recorded in comparison to

adjacent unharvested areas. Following the above relationships between species diversity and system resilience,

it follows that this marked reduction in species may result in a decrease in the resilience of the system to

disturbance. This decrease in resilience and the continuation of disturbance pressures (through harvesting,

grazing and natural disturbances) may he detrimental to the long term survival of the system. Sustainable use

of the system must thus aim at Use of aspects of the system, but with the maintenance of those portions of the

populations of impacted species necessary for the survival of each species and thus the maintenance of species

diversity. The term "sustainabiIity" as used in this study is that described above.

In order to arrive at a decision on whether the resource area under investigation in this study will provide

adequate sustainable harvests, it is necessary to compare available resources and present harvesting rates in a

meaningful way. This was attempted by the creation of a simulation of the impacts of harvesting on the resource

base over time, and viewing the survival potential of the harvested species at recorded harvesting rates.
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The aims of this report were thus to provide a framework for use in estimating. with the described confidence,

the impact of present harvesting rates on the population composition and biomass of the group of (a) preferred

and (b) secondary harvested species in the resource area. And secondly, to identify possible factors limiting

harvest ,in the resource area.

STUDY AREA

The study area was as described in Manuscript 1.

PROCEDURE

Data on total available resources, total available harvestable resources and present rates of harvesting were

derived fronl Manuscript 1. These data Were used as inpt'ltvariables for the modeHing of building and fuelwood

resources under varying harvesting regimes. Simulations ran over 100 years. This time span allowed the l~tlg-

term effects of harvesting to be viewed. Note, however, that the probability of management philosophies and

harvest rates remaining constant for this length of time is low. Graphical representation of size class composition

thus included estimates for fifty years for comparison. The model was run for- three scenarios: (a) harvesting

of the five preferred species identified in Manuscript 1, (b) harvesting of the preferred species plus a group of

secondary preferred species (see Manuscript 1), and (c) harvesting of each of the preferred species separately

at rates presented inManuscript 1.

Model furmat

The model format was that of a stage-structured model in a spreadsheet format using Quattro Pro, Version 4.0.

A stage-structured model was chosen as selection of stems for ht.:'Vcstmg fer building or fencing poles is

dependant on size and not necessarily on age. See Appendix A for formulae and basic spreadsheet construction

of the model.

Asswnptions

Several assumptions made in formulating the model:

II



1. The model assumed no spatial diversity in resources or harvesting. ,<--'

2. The model assumed harvest was of numbers of stems from a stand of available stems of preferred and

secondary species. Itdid not simulate a multi-species complex. The use of the term "population" in this model

thus refers to the total number of stems being simulated in the resource area, unless otherwise specified.

3. In. harvesting of more than one species, the model assumed no ranking of species preference and also

assumed all stems to be of equal value for harvesting if they fe.· in a preferred size class. Different size classes,

however, were of different value for harvest and were mod~~.d as such.

4. Harvest of an individual tree was assumed to be the effective removal of that tree from the population to

yield one pole of that size class. Each stem of a multi-stemmed individual was modelled as a single stem with

no difference in the, growth r'1tes of these individuals and true single-stemmed individuals, After removal of a

"
stem, there was presumed to be a gap which was filled by a coppice or seedling in the next year. Only a single

seedling or coppice was assumed to grow if' maturity in the place of a harvested stem and growth rates of

coppice and seedlings of comparable size were assumed to be equal.

5. The model assumed no density dependant feedback factors such as compensatory re-growth.

6. The model assumed that all trees in the acceptable size classes Were of the "right" structure, ie have straight

trunks, and would be acceptable for poles. For the most preferred species this was probably an acceptable

assumption, since the structure of trees of these species in the resource area were straight, single-stemmed

plants. For the secondary species, however, this assumption is less likely to hold. There would thus be some

proportion of the acceptable size classes not suitable for harvesting as poles. This proportion was unknown.

Input parameters

1. Initial population estimates

The initial estimates of numbers of individuals in the population 'Were taken to be the sum of the. total number
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of individuals in each size class of (a) the preferred species, (b) the preferred and secondary spede' and (c)

each of the preferred species (Obtained from Manuscript 1: resource quantification).

The p~~rred species for harvesting in the study area Were: Spirostachys ofrlcana, Terminali ...sericea, Acacia

burkei, E;.clea natalensis and Combretum molle. The secondary species were: Albizla adianthifolla, Pteleopsis

myrtifolia, Galpinia transvaalica, Sapium integerrimum, Sideroxylon inerme, Antidesma venosum, Acacia

nilotica, and Dclbergia obovata (Manuscript 1).

2. Recruitment

Gaps in forest canopies affect .hn

(Augspurger 1984, Welden et a~,

and C. mol/e) are known to requit

1984, Kwesiga & Grace 1986, Carr 19""

}: ~ ~"iJf, seeds '~~\ldth~,growth rates and survival of plants in them

'~e;~h,';:i,;M members of the Combretaceae Cl: sericea

.',.p established (Lamb & Ntima 1971, Augspurger

Yeaton (1988) reported that T. serlcea only

established in open sites and never under other individual" /the same species or other species trees in semi-arid

savanna.

Recruitment into the population was calculated following the above observations such that the removal of an

individual through death or harvesting created .a gap which was filled by a single seedling to replace that

individual. The possibility of more than one seed germinating in this gap and competition and self-thinning

occurring were not considered, Note that self thinning, referred to as a general principle (Harper 1977a, White

1980), has recently come under criticism (Weller 1987, Osawa & Sugita 1989, Lonsdale 1990, Weller 1990,

Kohyams 1992). The present density of trees was thus assumed to be a "saturation" density which could not

be exceeded.

3. Size classes

Modelling of available resources took the form of a stage-structured model with recruitment of individuals from

one stage to the next >dependlilt oa their growth rate (in circumference increment per year). Individuals of

preferred and secondary species were divided into size classes of 50 mm increment in circumference and the



48

number in each class was summed, these classes were then grouped according to general morphological

character for the assignment of reoruitmene, growth or mortality values. The groupings Were: seedlings (0-50

rom circumference, size class 1), saplings (60 - 200 mm, classes 2-4), mature harvestable trees (210 -1500 nun,

classes 5-12), and mature trees too large to be harvested (> 610 mm, size class 13).

4. Growth rates

Recruitment of stems from one size class to the next depends on their growth rates. Published data on the

growth rates of indigenous trees are sparse and publications available report that growth in terms of annual

diameter increment is very variable (Breitsprecher & Bethel 1990, Van Daalen, Vogel, Malan & Fuls 1991).

Data on growth rates are absent for the resource area. Estimates of growth rate were thus made using available

data for Hlatikulu Forest Reserve (HFR), northern Zululand and Nylsvley Nature Reserve (NNR). northern

Transvaal. the average annual growth rate calculated from tree-ring data and used in modelling of the HFR

harvest resources is an increase in diameter of 3.35 mm.yr" (Muir 1990). This area, however, receives an

annual rainfall of approximately 800 mm.yr" in comparison to the 750 mm.yr" in the resource area. Published

growth rates of savanna species in NNR receiving approximately 600 mm.yr" vary between 0.4 and 4.1 rnm.yr:

I, with an average of 2.5 mm.yr'' (Rutherford & Kelly 1978). the estimate of annual growth rate used in this

model Was a 3.0 mm.yr" increase in diameter, or an increase in circumference of 9.4 mm.yr". A mature tree

thus took f years to pass through a 50 nun size class in this model.

There is evidence for differential growth rates between Seedlings and saplings and mature trees (Moll & Woods

1971, Childes & Walker 1987, Muir 1990, Swaine (It al 1990). Trees move through the smaller classes

relatively quickly and "accumulate" in the more mature classes. The estimated growth rate of seedlings (in

diameter increment) in HFR was 5.0 mm.yr", The growth rate of seedlings and saplings is expected to be

slightly less for the resource area and was thus estimated at 4.0 mm.yr 1, an increase in circumference of 12.5

mm.yr", An estimate of four years was thus used for seedlings and saplings to pass through It size class. Note

that there exists a facility in the model for changing growth rates in the event that more reliable data become

available.
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Smce estimates of growth rates were unreliable a sensitiv,ityanalysis was run to investigate the effeots of u,sing

"high" and "low" growth rates published for HFR and NNR for the resource area.

5. Harvesting

Not all size classes were equally aCf'" ,~blefor harvest (Manuscdpt. 1). Graphical representation of the number,
of individllS!(;'harvested in each ( ,the acceptable size class, for each species, in each landscape unit (from

, ,

harvest data) showed roughly bell-shaped curves with the peak of the curve over the size classes of 360 ~400

nun and 410 ·450 nun circumference. Total harvest estimates used in the model were thus distributed amongst

harvestable size classes following a bell-shaped curve.

Upper and I{)w,erJimi~sof harvest rates u~eil in the simulations were set as present harvest rates (Manuscript

1') from the communal an"; resource area respectively. These rates Were 2.5 trees.ha'Ly" (an. estimate of 3926

trees.y" if extrapolated for the resource area) tor the communal area and 228 trees.y! for the resource area.

Note, however, thut this est;,fuateof 228 trees.y" was for the portion of the resource area close to the communal

area and presently showing harvest impact (641 of the tota11570 ha), This figure was extrapolated for the entire

resource area, (assuming that harvest from the resource area will be at the same rate as harvest from the urea

under current utilisation) giving a result of 808 trees.y'', as a low estimate of harvesting.

The above harvest simulations assumed equal harvesting of each species. This is known to be incorrect

(Manuscript 1, harvest bundles). The present harvest Wasthus divided amongst the preferred species according

to the percentages they comprised and the model run using initial population estimates of each of the preferred

species. The model was run for the preferred species to investigate effects of present harvest on that species.

RESULTS

Figure 1 shows the model output of a 100 year simulation for the preferred species with no harvesting. Fig.

Ia, and b. show a decrease in both biomass and ....umbers of trees ill the resource area. This is QUe to the

difference between model recruitment rates (estimated following the gap recruitment concept) and measurement

of the actual number of seedlings evident in the field study (where germination of !l. seed may not depend on
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the death of an individual). The difference is 1.59 tonnes per hectare in comparison to the total biomass of 1~4

tonnes per hectare. This difference il.l model and actual seedling numbers is also visible in the number of trees

in the size olass of 0 - 50 mm circumference in Fig. Ic, The model results were similar for preferred +

secondery species.

The' annual rate of production of deadwood necessary to maintain the present harvest for fuelwood is 0.5 % of

total biomass. Note that this is if all deadwood produced is of harvestable size.

A sensitivity analysis was tun on the model to investigate the effects (If low and high estimates for e.aQh~·Qfthe

recruitment, growth and mortality values of the population. Variation of u single variable at a time showed that

only changes of the recruitment and growth rates of seedlings and saplings and the death rate of seedlings varied

the model output of biomess by > 0.1 tonne per hectare, in comparison to the 10.8 tonnes per hectare of

harvestable species available in the resource area. The model was then run to simulate a "worst case scenario"

using those estimates for growth and morality rates which resulted in a decline in total biomass When simulated

independently as described above (Table 1: "Low estimates"). This resulted in a biomass decrease of 9000

tonnes in the resource area or 5.7 tonnes.ha'.

Simulations of harvesting were tun at two harvest levels: (a) the present level observed in the resource area,

and (b) present harvest level observed in the communal area. Note that the total number of trees in the resource

area remains constant at all iterations due to the replacement of an individual dying through harvesting or natural

causes by a seedling in the next season.

Scenario (a) Preferred species:

When harvesting was 808 trees per year the total biomass was reduced by 0,3 tonnes per hectare and the

numbers of trees in the size classes of larger than 400 mm showed a decline, while the numbers of trees in the

seedling and sapling classes showed an increase (Fig Za.), When the "low" estimated values for growth and

mortality were used at this harvest rate there Was a 6.3 tonnes per hectare decrease in total biomass and a

similar decrease in the numbers of trees in the harvested size classes (Fig. 2b.).
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When harvesting Was increased to the level recorded for the communal area (with low estimates of variables

used) a decrease in total biomass of 3.5 tonnes per hectare resulted. The population structure at this harvesting

level was markedly changed with no trees occurring in the size classes of > 500 mm circumference, and the

number of seedlings increasing (Fig. 3b.). At medium estimated values for growth and mortality a 3.2 tonne

per hectare decrease occurred in total biomass and a decrease in the number of individuals in the harvestable

size classes occurred (with corresponding increase in the number of seedlings and saplings, Fig. 3a..).

Scenario (b) Preferred + secondary species)

A harvest of 80S trees using "low" estimates of values resulted in a 1.3 t.ha" decrease in total biomass and

decrease in the harvested size classes. A harvest of g08 trees using medium estimates resulted in a 1.2 tonne

per hectare decline in total biomass and little observed impact on population structure.

When harvest rates equal to those observed in the communal area and "low" values were used there was a 4.5

tonne per hectare decline in total biomass. At this harvest rate trees of larger than 550 m.m circumference

disappeared from the popuz.aion and the number of seedlings and saplings increased markedly. At this harvest

rate and medium values the decline in total biomass was 1.9 tonnes per hectare. There was an observed decline

in the numbers of individuals in the harvested size classes and an increase in seedlings and saplings.

The simulations thus showed all impact on total biomass at low 01' high harvest levels, when either preferred

or preferred + secondary species were harvested. The disappearance of harvested size classes from the

population occurred only when high levels of harvesting and low estimates of growth and high estimates of

mortality Were used. ACCQ1'ding to the model, the present harvest rate of 808 trees per year appears to be

sustainable When preferred + secondary species are harvested,

Scenario (c) Simulation of each of the preferred species in isolation:

At the present harvest rate of 808 trees per year and recorded proportions for each species, the following

harvests Were simulated: 186 stems of ~pirostachys ofricana, 170 stems of Terminalia sericea, 105 stems of

ACacia burkel, 89 stems of Euclea natalensls, and 40 stems of Combretum, molle, Where the "medium"
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estimates of growth and mortality rates were used thetaml deCline in biomass was 0.2 - 0.3V>nnes fer the

resource area and ~ittle to no impact was observed ott population structure. Where "low jl estiJtlates of variables

were used the decline in.bieIiit($swas 0;1 - 0.4 tonnes fot the study area. AU species showed varying deblin~s

in the numbers of ,individuals ,in the harvestable size Glassesand increases in the numbers of individuals in the

immature size classes. No species showed the decline to zero in the numbers of individuals in any' size class

at present harvest rates. When, harvest rates occurring in the communal area. Were used in simulations

Cornbtetum molle showed a bioinasS decrease of 55 % but no disappearance of size classes. Terminalia serlcea,

Acacia bUrKei and Euclea "tlm/elm'is at! showed the disappearltilce oisize classes of > .400 mm circu01fl;lrence
,",

lltf? a biemass deCrease of "> 75 %. Spirostachys africana showed a biomass decrease of 60 % and a large
U

decllne in the numbers· of inclivirluallJin the harvested size class,

:DISCUSSION

Limitations of the model:

Regeneratiot; of harvested species is a major factor driving tho model. The use of gap replacement concept to

calculate regeneration in the model may be criticize-A,since the assumption that a gap created by fue harvest

of a tree is filled by a recruit of a harvestable species the next season may not hold. This as~llmpti n 1lk:esno

account of competition for gaps by less preferred species or pulses in recruitment due to environmental factors.

The occurrence of pulses lh recruitment of plants bas been recorded (Harpel:"1977b, Clark 1992) and rna) .~

an influence on population structure with uneven distributions of individuals n'l()vjng through the classes over

time. This will influence the number of individuals in the harvestable size classes.

The gap recruitment concept also assumes that the seed bank is not a limiting factor in recruitment. This

assumption may hold 'at high densities of mature trees, but may become less probable where density of mature

trees reaches a low level and seed production is .relatively less. Persistence of seeds in the seed bank may result

in a lag before this limitation becomes visible, the lag being dependant on the persistence of the seeds (Baskin

&. Baskin 1989).



estimates of growth and mortaH~y rates w.ere used the total decline in biomass was 0,2 - 0.3 tonces forthe
, (

resource area and little to no impact was observed on populatlor; structure, Where "low" estimates of variables

were used the decline in biomass was 0.1 - 0.4 toones for the study area. All species showed varying declines

in the numbers of indMduals in the harvestable size classes and Increases in the numbers of individuals in the

immature size classes. No species showed the decline to zero 'in the numbers of individuals in any size class

at present harvest rates. When harvest rates occurring in the communal area were used in simulations

Combretun; molle showed a biomass decrease ofSS % but no disappearance of size classes. Terminalia sericea,

Acacia burkei and Euclea, natalensls all showed the disappearance of size classes of > 400 mm clrcumference

and II biomass: decrease of > 75 %.. Spirostachys ofrlcana showed a biomass decrease of 60 % and a larg~
,,)

decliue if" ehe numbers of individuals in the harvested size class.

DISCUSSION

Limitations of the model:

Regeneration of harvested species is a major factor driving the model. The Use of gap replacement concept to

calculate regeneration in the!rnodel may be criticized, since the assumption that a gap created by the harvest

of a tree is filled by a recruit of a harvestable species the next season may not hold. This assumption takes no

account of competition for gaps by less preferred species or pulses in recruitment due to environmental factors,

The occurrence of pulses in recruitment of plants bas been recorded (Harper 1977b, GI~rk 1992) and may have

an influence on population structure with uneven distributions of individuals moving through the classes over

time. This will influence the number of individuals in the harvestable size classes.

The gap recruitment com..ipt also assumes that the seed bank is not a limiting factor in recruitment. This

assumption may hold at high densities of mature trees, but may become less probable where density of mature

trees reaches a low level and seed production is relatively less. Persistence of seeds in the seed bank may result

in a lag before t~is limitation becomes VA sible, the lag being dependant on the persistence of the seeds (Baskin

& Baskin 1989).
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This gap recruitment concept may be particularly problematical for A. burket: This species was never observed

to coppice after harvest in the study area (all other preferred species Were observed to coppice), 1:be

contribution of coppicing to the regeneration of this species may thus be considered to be zero. T'il(~,n.utt'.her of;

seedlings observed in 'the present population of this species is very low « 10 seedlings.ha" in cm}.)p,~ti!lonwith

the other preferred species for which Values of 30 - 255 seedlings.ha! were recorded) in all landscape units

except. Thornveld (Manuscript 1). The mean recruitment rates using gap regeneration for A. burket were 7

seedlings.ha" (with a range of 5 - 12 seedlings.ha"). ( \ served recruitment for A. burkei was only within this

range for Thornveld and possibly Sand forest. Regeneration for this species may thus be a limiting factor to

harvest and requires further investigation. In i~' ., africana and To sericea only one landscape unit (Sand

forest and Forest clumps respectively) Was observed in which present recruitment was less than model

recruitment. For E. -natalensis and C. molle recorded recruitment was consistently higher than model recruitment

for all landscape units.

Growth and death rates of seedlings and sapling .portant variables in the model, showing the most impact

on the model output in the sensitivity analysis, and were estimated with low confidence. More investigation of

growth and death rates is thus vital for confidence in the model output to be increased. For greater confidence

io be placed on growth rate estimates more direct measurements need to be made. This can be done by: (1) the

use of growth rings in calculating age and thus growth rate. These are considered unreliable (Lilly 1977) but

may be used with suitable care in interpretations or (2) long term monitoring of permanent tdpteasurement

quadrats. This method is more reliable (Muir 1990) and should be implemented if a long-term study of

resources is undertaken.

Interpretation of model output: Deadwood:

Estimates or deadwood production for comparison with the model-output are absent from current literature. The

annual production of dead and livewood of Northern Transvaal savannas has been estimated as 4 to 5 % of total

biomass (Rutherford 1978). Production of deadwood is, however, unknown. Following the above data,
,~<

production of deadwood as it ;n',1plJ.i',Lm of ~"tat production will need to be 0.125 to 0.1 for present wood

harvest to be sustained. It is possible that the deadwood production is in excess of this proportion. If, however,
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demand for deadwood increases significantly the annuakdeadwood production of 0.5 % of total biomass will
if

not be sufficient to maintain harvest. If the annual production of harvestable deadwood jJ\not more that 0.5 %
".

of total biomass then alternative sources of fuel will have to be used.

Interpretation. of model output: Live-wood:

The immediate effects of harvesting may not be the disappearance of species observed by Shackleton (1993)

and Higgins (1992), but the disappearance of a number of size classes from the populations of particular species,

In this case the species may be maintained in the population if the fraction to be removed, the harvestable yield,

is not required for the maintenance of community composition and structure (Geldenhuys 1980, Muir 1990).

This may be important in the study area, since the production of seeds by saplings (trees of < 200 mm

circumference) is possibly very low (Enright &.Watson 1991) and size classes impacted by harvesting are the

mature trees of 200 to 500 mill circumference. As long as mature individuals of this size or larger survive in

the population and produce seeds, the gaps created by the removal of trees within the harvested size classes will

potentially be filled by seedlings. If,however, all available trees in the harvestable size classes are removed then

the number of trees entering the size classes too large to be harvested will be zero. After time the trees within

the size classes too large to be harvested will grow old, may produce lower seed yields (Enright & Watson

1991) and will die, removing ¢he source of new recruits into the population.

This scenario may, however, have a low probability of occurring since there is probably a buffer of individuals

in the harvestable size classes that ate of an unsuitable structure for building 01' fencing poles (ie not straight)

but will stilI produce seed. In this case the population structure (number of individuals in each size class) may

become skewed, with large numbers of individuals in the small size classes and few individuals in the larger

size classes, resulting in a "young" population. This may not be detrimental to the persistence of the species

in that area. This scenario has a greater probability of occurring for the less preferred species since there appear

to be a larger proportion of individuals of unsuitable structure in the harvestable size classes of these species

than of the preferred species. This buffer would thus be greater for the less preferred species, ;In the case of

the preferred species, where the unharvestable buffer may be very small, two factors may become important:

(a) that of dispersal and. spatial natterning (sl".6Busing 1991), and (b) that of competition.
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Concerning dispersal and spatial patterning, there may be areas in which, by chance, all of the individuals in

the harvestable size classes are of a suitable structure and thus ~y be harvested. In this case the survival of

the species in that area wiil depend on the dispersal distanees of the species. If the dispersal distances are small

the species will have a greater probability of becoming extinct inpatches of its former range. If these patches

of extinction increase in size and join due to the limitations if dispersal and lack of recruitment of unsuitable

structure trees the species will have a greater probability of becoming extinct in the entire area. Spatial

heterogeneity may also strongly <'.ffectthe assumption of gap regeneration used in the model.

The second facter, that of competition, may become important if the seedlings or saplings of the preferred

species have a high probability ofbeing outcompeted by non-harvested species. Gaps created by the removal

of trees of the prefp.rted species may be colonised by non-harvested species, with the result that the number of

recruits of the preferred species may decline below the level necessary for survival of the species (where, again,

dispersal may playa part). In this way the species may decline and become extinct in the area. Factors such

as competition and dispersal wore not accounted for in the model and their effects are unknown.

Spatial patterning of harvesting may be an important factor in species persistence in the resource area as

harvesting occurs in a band of increasing width at the southern border of the resource area. When harvesting

is intense, all available trees of the harvestable species and size class are potentially removed in this area. In

the absence of sufficient, suitably dispersed trees of sizes too large tI) be harvested there may be insufficient

recruitment to sustain the population in this area. Little regeneration may occur and harvesters will be forced

to travel further into the resource area to obtain suitable poles. In this way the band of little or no recruitment

of harvestable species may be widened until it impacts the entire resource area.

Preference shifts are known to occur as =pecies become scarce in an area (Manuscript 1, aspects of present

utilisation). The effect of these shifts and when they occur is not known and may be an important factor in

survival of heavily utilised species.
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Comparisons with published harvest rates:

Note that the comparison of present harvest rates with published literature must be viewed with one aspect in

mind: both studies used for comparison refer to harvest of wood for furniture building and such Uses. The sizes

accepted art: much larger, with a smaller range, than in the present study. Harvesting in these studies is thus

"more selective" in size classes accepted, harvest quotas will thus be relatively less in comparison with the

present study.

In a simulation of harvest in Hlatikulu Forest reserve in northern Zululand, Muir (1990) recorded harvest

impacts in total number of stems for each forest type and did not differentiate between species. Muir stated that

10 species carried 90 % of utilisation pressure. These values were converted to harvest in stems per hectare

using Muir's estimates of area covered by each forest type for comparison with the present study. Results are

presented in Table 2.

The present harvest rates of the five preferred ';pecies in the resource area are 228 stems per year, that is 1

stem.S haol.yol. This harvest rate is very high when compared to harvest rates recorded by Muir (1990),

particularly considering the low basal areas recorded for this study and the fact that Muir's harvest estimate is

for 10 species and this study estimate is for 5 species,

In a study on the utilisation of individual species in the Transkei, Cawe and McKenzie (1989b) suggest a

utilisation rate of 1 stemA5 haot.yotfor Podocarpus henkelii, a common Transkei forest species with a diameter

increment of 3.35 mm.y'' and a basal area per hectare of 12.1 m2.ha'. These researchers suggest a utilisation

rate of 1 stem.107 haol,y-Ifor the slower growing (diameter increment of 1.63 JD111.y-I, basal area per hectare

of 3.2 mt.ha·l) Ocotea bullata (Cawe & McKell1Je 1989a, b). Note that the size classes harvested in both of

the previous studies are within the range of size classes harvested in the present study.

From harvest data (Manuscript 1), the present rate of harvesting of each of the preferred species in the resource

area was calculated and is presented in Table 3. These harvest rates are high in comparison to the rates

proposed for Transkei forests. particularly considering the basal areas and growth rates of these species in



fndividua.I.dh the barv.estal)le si~ elasses; Note, howevef~ .tile lhnitatiofi in using tile gap tcge,netatitin concept

t~:r;:A.bUrket, as. previously. dlseussed.

CONCbUBIQNS
il
1. Frpl1lctbe 'IllQci(t~!resu~tsihppears that.ptesent harvest rates oN108 trees per year, at the rates '\t which each

pf the prefel'tt¢9 species are presently being harvested, are sustainable in the resource area.

2. There are, however, two cautionary notes which must be considered when viewing these results: (a) present

estimates of recruitment rates and growth and mortality rates of immature individuals were made with low

confidence, and (b) harvest rates in the resource area are likely to increase as more people colonise the area

and resources become limiting in the COJlll\l:'U'lilll area.

3. The harvest rate occurring in the communal area, when simulated for the resource area, is Dot sustainable.
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growth rates aie presellted.in mm cireumference increJIlet!t per year and mortality rates are presented as a

fraction.

Variable "low" estimate "medium" estimate'
!' . i--- .....------------- ............---------------- ........---- ..--------- ....;...-- ...--------- .....-- __ -......-- ............- ...-- ........----- ...-- ..-,i"......- ...:..-..~..

Growth rate: seedlings and s~Plings

Mortality: seedlings

Mortatit)i: s~~l.ings
Growth rate: mature trees

Mortality: mature trees

15.7

0.20

0.06

6.6*
0.02

12.5

0.14

O.O~

9.4

0.01
_. . ... no .o. ..... ......... ... ... .. ... __ .. ... .... .;. .. _ ... ...... ... __ ... ~_

'"= growth rate for trees inNylsvley Nature Reserve (Rutherford & Kelly 1978).



TARLE 21HIil"Vestrates proposed for 3 different forest types in IlIatikulu Forest Reseree, Calculated from,

Muir (1990); where BA is Basal Area illm2•.ha-1 for all Species in that forest type.

Forest type

...--- .........~-- ...- .....~-.-- ..------._-_ ...__ --_ ...;;,..... .....__..__ ... ...----"!'-- ...M;-...--.- ...oo:-- ...-- ....----------- ....------ ...--- ...- .. ----- ...... _.

Mesic fQre&t

Xeric for-est

Heywoodia forest

1stern. 13 ha-1• y-l

1 stem. 8 ha'l. y-t

1stem. '7 ha-t.y-t

37.7

31.3

49.0
-...-......~--.....----~--...---...-...---.....--..-.........----- ....---...----.,;.---------_ .._--- ..__ ......-----_ ......-........... _ ...__ ......__ .._ ...--...._ ......._-------------
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TA\JJUE<3.Ft;esent rate of harvesting of preferred speeies in the resource area. W':.1ereBA is Basal Arc>.a

inm2.ha-t for that species in the re-source area.

Species Rawest rate BA

m2.ha-1
______ N ..._ ... ' _ ... __ ....... .__ ._ .. ,.. ,.;.. .. ... ..... .. .... _ ...... ...

C. snolle

T .st~m.;12tia-I,y-t

1 stem.13 .!'a-I.y-I
._,,:" of

1 stern.22 ha-1.y-l

1 stem.26 ha-1.y-l

1" stam.,56 ha-t ;y"

0;98 .

0.85

1.30

0.21

S. lJfricllita
T. sericea

A. burkei

E. natalensis

___ ..,_ ... ... _~._ ... _~---- .. -_ ... - .... ... _ ... _ .. __ ... __ -.------- ... ...... __ .............. __ .. _ ..... _ ... ... ... . ... .;,i ..... __ '

. ,
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Captions-to figut:e..c::

Fi2 1: Model output' for a 10;Lyear simulation of preferred species in thE':.resource area, with no

harvesting OCCttrring •

.Fig 2: Model output fGr 100.year simulations of prl!ferred species in the resource area, with a ,J!atvest rate
-,. " - ," _' "";,

.of 80S trees per year.

Fig 3: Model out.p...!lt (or/i.OOyea.•.•· r simuiafions of preferred species in the resource area, witha. harvest rote
.',' ,; (t" '

of 3962 trees per year.
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Appendix At FQ""mulae and spreadRhee~ construction of model. Figures in boldcould be altered.

JNP(JT DATA

Growth rate: seedlings: and saplings: 1.25 cm.y"

(centimetres circumference increment per year)

Mortality: seedlings: 0.14 of individuals

Mortality: saplings: 0.05 of individuals

Growth rate: .mature trees: 0.94 cm.y"

(centimetres circumference increment per year)

Mortality; mature trees: 0.01 of individuals

Production of deadwood: O.S % of biomass

HARVEST DATA

Deadwood harvested pef year: 76.4 tonnes

Number of poles harvested per year: o stems

Simulsrion estimates: Resource area: 808 stems

Communal area: 3926 stems

ALLOCA TI9N OF MARVEST 1'0 SIZE CLASSES {Calculation based on bell-shaped curve shown by data)

Size class Numbet' of stems harvested

210-250 rom (class 5) (Pole harvest per year * 5) 1100

260-300 mm (class 6) (Pole harvest per year'" hi,; '100

310-350 nun (class 7) (::loleharvest per year'" 15) / 100

360-400 nun (class 8) (pole harvest per year'" 20) f 100

410-450 nun (class 9) (pole harvest per year'" 20) 1100

460-500 mm (class 10) {Pole harvest per year'" IS} / 100

510-550 mID (class 11) (Pole harvest per year '" 10) 1100

560-600 mm (class 12) (Pole harvest per year v 5) /100
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FORMULAE (Iterated for 100 years)

Seedlings (class 1)

N = (N, - (Nt *M» - (N, I GJ + R

Saplings (classes 2 - 4)

N = (N, - (N, * M») - (tIl I G) + (Nt I G)

Mat;ure trees (classes 5 - 12)

N = (N, ~ (N, * M) - (Nt I G) + (Nz I G) ~(H)

Mature trees (class 13)

N n (N, - (N, * death» - (N/growth) + (Nigrowth)
if

Where: N is the r,. ••mber of stems in that size class at year t + 1; Nl is the l7,umberof stems in that size class

at year t; N2 is the number of stems in the previous size class at year t; M is the mortality of that size class;

G is the number of years taken to move through that size class (calculated from growth rate as G = 5 I growth

rate); H is the harvest for that size class calculated from total harvest; R is the number of recruits in year t

(calculated as number of individuals in sapling and mature size classes at year 1 minus number of individuals

in sapling and mature size classes in year t).

An estimate of total bionnss was calculated for each year as the sum of total biomass in each size class, where

biomass for each size class was calculated as biomass of an individual in that size class (see Manuscript 1:

Resource base quantification) multiplied by the number ofindividuals in that size class.

Production of deadwood per year was calculated as total biomass multiplied by t~\e percentage of deadwood
'I

~. . . J ~
produced per year. The total biomass of deadwood necessary to sustain present harvest levels was taken to be

that percentage that resulted in > 0 tonnes of deadwood remaining after harvest in each year.
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