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Abstract

Little is known about the regeneration ecology of savanna woodlands. Yet this
information is key to understanding woody plant population dynamics and for
guiding the sustainable use of woodland resources upon which the livelihoods of
many rural populations continue to depend. This study employed a combination of
empirical, experimental and model formulation techniques aimed at acheiving its
ultimate purpose of contributing to the understanding of the regeneration ecology of

savanna woody plants, particularly in relation to their utilisation by humans.

e By contrasting woodlands under communal tenure and those in adjacent protected

biomass and impacted on the demography of those species favoured for fuelwood.

For these species, current levels of harvesting appear unsustainabie, with ‘pole-size’

plants targeted, recruitment potentxal considerably reduced and with little evidence
of compensatory recruitment.

e Population structures showed little evidence of episodic recruitment events.
Browsers or fire, by suppressing plant growth, may have a ‘smoothing’ effect that
masks episodic recruitment in savanna woodlands. Interpretations of population size
class distributions are additionally influenced by ‘classic’ assumptions (based on

pical forest species), e.g. of constant woody plant growth across plant size range.

e Certain savanna woody plant species appear to change their growth strategy from a
‘small plant® phase characterised by height gain to a ‘large plant’ phase showing a
reduced height relative to stem diameter increment. The height at which this shift
occurs appears to coincide with the height at which woody plants are generally

ire damage and are considered to become

believed to
reproductively mature. Yet, other species showed a relatively linear allometric
relationship between height and stem diameter across sampled size range. During
the sapling phase, species that showed an obvious change in growth strategy had a
larger increment in height relative to stem diameter than those species characterised
by a more consistent allometric re anching. Saplings
of species with dense wood had 2 proportionally larger helght gain relative to stem
diameter than those with lighter wood.
e Grass cover reduced both woody plant seedling emergence and survival: both

directly through competition for limited soil moisture and indirectly by influencing
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large cohort of seedlings that had established during a high rainfall season. Young
seedlings are especially vulnerable to desiccation and damage, governing their

distribution within the landscape.

e Almost all harvested plants of all species resprouted. Plant stem diameter size was
the most important determinant o
composite diameter increasing with i increasing plant size. Cut height influenced the

location of resprouting.

woody plant population dynamics and wood resource availability in relation to a

gradient of utilisation pressure and to aiternative scenarios or harvesting siraiegie

Model formation proved a useful exercise for synthesising current understanding of

savanna woodland systems while highlighting gaps.

S VS

The most pertinent management implications to be drawn from this study are:

rous resprouters, the effects of live wood harvesting are clearly

uS TSPl ULRAA DS
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(1) Despite being vigo
evident for those species favoured as fuel wood. Other species show little human-

rel
source of fuelwood. Harvesting of favoured species will need to be controlled to

ated impact within communal rangelands and may represent a valuable alternative

ensure future woody plant recruitment; this may include protecting sufficient

reproductiveiy mature an lants to ensure future recruitment and

following a rotational harvesting strategy that allows harvested plants to recover lost

biomass and to become reproductive. Protecting seedlings and young plants from

browsers or fire would support their rapid gain in height and harvesting value.

Additional sources of fuelwood should be considered, together with alternative means

mAan~IIRNAAQ

of reducing the pressure on wood resources
(2) Resprouting biomass produced following harvesting is considerable and effectively

managed could provide a valuable source of fuelwood.

(3) The woody plants selected for this study were relatively similar in the way they

responded to the environment: their seedlings required comparable conditions to

become established and all were able to resprout following harvesting damage. With a

few exceptions, management strategies aimed at sustainable harvesting may be able to

be successfully applied across species.
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Preface

Fhis sty ref] s - logy. . ofitics of

“cultural landscapes” in which:

- ‘“...the relationships between human activity and the environment have created
ecological, socio-economic, and cultural patterns and feedback mechanisms that
govern the presence, distribution and abundance of species assemblages”

(Farina 2000; reference in Introduction)

- the belief that a better understanding of these systems, together with an

ensuring the continued existence of their biodiversity and the natural resources

and ecosystem services they provide to the humans who inhabit them.
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GLOSSARY OF FREQUENTLY USED ECOLOGICAL TERMS

(references in Introduction)

omeftry: the study of the change in proportion i i
consequence of growth.
Browsers: defined as ungulates with a diet composed of more than 75% leaf matter

(Mendoza et al. 2002).

Bushes: Long-lived woody plants shorter than trees but taller than 1 m. They have

escaped grass competition but remain vulnerable to fire and browsing. Bushes and

shrubs are frequently multi-stemmed from or near the base (Lawes et al. 2004).
Degradation: loss of economic potential to produce goods/services of direct human-

use value; loss of ecological function necessary to maintain ecosystem processes;

of biodiversity at ecosystem, community or genetic level. In relation to

088 versity at ecos ystem , communi
rangelands: replacement of high quality fodder perennial grasses by unpalatable
perennials and annuals, soil erosion and an increasing density of woody plants.

Disturbance: broadly defined as any discrete event in time that disrupts ecological
processes and/or structures (ecosystem, community, or population) by influencing
resource availa hysical environment (White & Pickett

1985) (the terms, Pressure or Stress, imply a longer-term more continuous

influence or impact).

Grazers: defined as ungulates with a diet composed of more than 75% grass biomass

(Mendoza et al. 2002).

Microsite: refers here to the immedia nt within which a woody
seedling is growing. Characterised by properties including light incidence, soil
type, available moisture, nutrients and surrounding plants.

Plant functional group: a non-phylogenetic classification leading to a grouping of
organisms with similar traits that respond in a similar way to a syndrome of
environmental factors (Gitay & Noble 1997).

Recruitment: the addition of new individuals into a population, following the young
plant to adult (reproductively mature) transition. The key constraint on
recruitment involves escaping the herbaceous layer, where woody plants are

vulnerable to competition from grasses and damage by fire and herbivores.

or vegetative growth. The major mode of occupation of new space is by

seedlings, however, certain woody plant species have the capacity to regenerate
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from root suckers especially when aboveground parts are damaged. Many
savanna woody species are able to persist following damage, recovering lost
. biomassthroughresprouting. 00

Advanced regeneration: regeneration by established seedlings and saplings

from suppressing factors (see Storage effect).
Resprouting: The terms coppicing/resprouting/sprouting have been used
interchangeably in the literature. For the purposes of this study, resprouting is

used to denote shoots growing from the stem or stem base/root crown of a plant

-
-

Lo can s H
IO narvestng.

foilowing damage ¢.g.

Root suckers: resprout shoots originating from the roots of a plant that may become
independent of the parent plant - representing an alternative mode of regeneration.

Sapling: a juvenile plant, structurally simple but having progressed beyond the
seedling stage. They no longer have cotyledons; often have mature forms of
leaves, shoots and roots.

Savanna: The largest biome in southern Africa, accounting for 45% of southern
African vegetation and 35% of the vegetation of South Africa. The major
environmental delimiting factor is limited rainfall that prevents the woody
component from dominating, while the effects of fire and grazing maintain grass
layer presence (Scholes & Walker 1993, Van Rooyen & Bredenkamp 1996).
Semi-arid savanna: mean annual rainfall is less than 750 mm per annum. The
primary determinant of plant growth is moisture, with rainfall characterised by
high spatial variability within seasons, high variability between years and
recurrent but unpredictable droughts. Rising mean annual temperatures in many
regions are causing increasing aridity.

Seedling: defined here as a young woody plant, less than 0.5 m in height and smaller

an 1 cm in stem diameter, with a supple non-woody stem and frequently bearing

cotyledons.

Seedling establishment: young seedlings have sufficiently expanded a
photosynthetic surface, extended their root system and accumulated belowground
resources, thus having a higher probability of surviving adverse conditions.

nts shorter than 1 m, competing directly with grasses for light and

space (Lawes et al. 2004).
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Size class distribution: a graphical representation of population structure: in this

case of the number of woody plants r

of equivalent intervals.

Storage effect: During years with conditions favourable for seedling regeneration, a

between generations, allowing the population to recruit strongly when conditions
are favourable (Chesson & Warner 1981).

Sustainable harvesting: (forest) harvesting methods are generally designed to ensure

that the harvest interval allows the ecosystem to recover from the last harvest (an
ecological rotation). A sustained yield is defined as a non-declining, continual

supply of wood over decades or centuries, or at least over multiple rotations.

However, ecologically sustainable yields seldom meet socio-economic needs and
no harvest strategy is likely to be sustainable without some management of users.
Balancing the short-term subsistence needs of rural people with the long-term
requirements of future generations is a significant challenge.

Sustainable natural resource utilisation: defined as the wise use of present
resources without compromising the ability of future generations to meet their

urce demands (WCED 1987).

Trees: Plants with a normal lifespan greater than 10 years, which can grow to at least
2.5 m height with adequate water, lights and nutrients and if not browsed, cut or
burned; in which more than four fifths of the aboveground dry biomass consists
of wood by the time reaches two thirds of its potential height (Lawes ef al. 2004).

ion formations dominated by trees, but not to the extent that

other growth forms are excluded or restricted to minor niches. Although
woodlands are the woody end of the savanna spectrum, they contain a significant

grass component and tree canopies are not continuous or overlapping (Scholes &

Walker 1993, Van Rooyen & Bredenkamp 1996).

d woodlands, occur on infertile

Broad-ieafed woodlands: 1 d woodlands, occur on interfiie
soils in higher rainfall areas, at higher altitudes and cooler temperatures.
Associated with granitic, sandstone and sandy substrates (derived from Africa

erosion surface). Less productive grazing resources relative to fine-leafed

woodlands.

Woody plants: collective term for trees and s
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CHAPTER

Introduction

1



1.1 GENERAL INTRODUCTION AND REVIEW

1.1.1 Savanna and the determinants of woody piant popuiation dynamics

Savannas cover approximately one half of the land surface of Africa, making them

the most extensive African biome and the largest in southern Africa (Scholes &

Walker 1993, Van Rooyen & Bredenkamp 1996). Globally, savannas cover a
large area of the tropics, are inhabited by a fifth of the human population and

support the majority of the world’s livestock and large mammals (Scholes 1997).
Their importance lies in the large contribution they make to informal and
subsistence economies through the supply of grazing, fuelwood, timber and other
resources, their contribution to the formal economy as the main location of the
livestock and ecotourism industries, their giobal impact through the emissions of

trace gases from fires, soils, vegetation and animals, the sequestration of carbon

deforestation and abandoned agriculture and decreasing due to cultivation and
degradation, although the balance is probably a decrease, which is likely to be

accentuated in the foreseeable future under population pressure and land use

changes.

Savannas are highly dynamic systems, alternating in the relative dominance of
their herbaceous and woody components according to soil properties, prevailing
rainfall, herbivory and human activity (Figure 1 on page 3). Rainfall and soil
nutrients are considered the key determinants of savanna woody plant
composition and demography. They determine the influence of fire and herbivory
which act as ‘modifiers’ of the savanna state (Huntley & Walker 1982, Scholes

eta an ef al. 2004). The relative influence of each factor on woody
plant demography, operating separately or interactively, differs in relationship to
environmental context and in human-modified landscapes, with land use. It also
differs according to the woody species and plant life history stage affected, the

levels of damage inflicted, the period over which the impact is sustained and the

season in which it occurs.
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1.1.2 Humans as modifiers of savanna

Human use of savanna woodlands is not cent paenomenon 1 in

livestock grazing/browsing and human-ignited fires, extending back to agro-
pastoralist iron-age peoples, were a significant part of the disturbance regime that
— ed to the woodland structure and composition observed early inthe colonial pertod————
(Scholes 1997). Even in relatively ‘undisturbed savannas’, humans have indirectly
influenced vegetation by altering fire regimes and the suite of browsers present.

Megaherbivores, and especially elephants, can radically alter savanna vegetation

woody plants and influencing seed production,

suppressing the growth of small plants and their recruitment (Owen-Smith 1988,
Barnes 2002). Under extreme conditions where elephants are crowded into small

areas, they can transform wooded savanna into open grassy savanna (Prins & Van

der Jeugd 1993).

Human impact in savanna environments frequently leads to vegetation changes that
are more rapid and extensive than natural transformations. It can be highly species-
and size-selective, often taking the form of continuous and widespread pressures,
through sustained grazing, frequent fires, wood harvesting and clearing for
agriculture and settlement (Lykke 1998). Increases or decreases in the frequency or
intensity of these practices can lead to extensive changes in woodlands (Hoffman
1996). A thickening of woodlands has frequently been
overgrazing of the savanna grass layer and a subsequent reduction in fire frequency
(Skarpe 1990, 1991, Tainton 1999). Grazing reduces grass biomass, enabling
seedlings to establish and allowing already established seedlings and saplings to
escape fire suppression (Witkowski & Garner 2000). In overgrazed systems, fire has
less of an influence on woody plant recruitment than browsers. Browsers, in a
similar way to fire, may limit growth and prevent woody plants from attaining
reproductive maturity (Bond & Midg
suppression of grass growth through grazing or drought, may allow suppressed

woody plants to attain vertical dominance, Jowering their vulnerability to subsequent

damage (Prins & Van der Jeugd 1993, Scholes & Archer 1997).



1.1.3 Woody plant seedling establishment and population recruitment

For woody plants with long life spans and littie post-establishment mortality,

establishment limitation is likely to be one of the strongest filters on woody plant

recruitment (Harper 1977, Clark et al. 1998). Savanna woody plants are especially

vulnerable as young seedlings - to dry periods during the wet season, to competition
with grass for limited soil water and nutrients, to fire, and herbivory by mammals
and insects (O’Connor 1995, Scholes & Archer 1997, Wilson & Witkowski 1998,
Higgins et al. 2000). Knowledge is poor as to the relative importance of these factors
in limiting seedling establis tion dynamics in arid and semi-
arid regions, temporal variation in rainfall and soil moisture availability is of
particular importance and it is likely that wet-season droughts strongly influence
seedling establishment patterns (Wiegand er al. 1995, Higgins et al. 2000). Seedling
establishment may in many contexts be a rare occurrence, requiring the coincidence
of sufficient rainfall and protection from damage. Recruitment into the mature plant

population similarly requires favourable growing conditions, including a release

Lo lhvnczrattny and Ffira nraggouirac
ITOITI DIOWSIIIE aliu 111¢ pivssuivo
population suspended in a stunted condition within the grass layer (Silvertown &
Doust 1993). Such a “seedling bank” may allow rapid recruitment when conditions

are appropriate - the so-called “storage effect” (Chesson & Warner 1981).

1.1.4 Woody piant resprouting and persistence

Many savanna woody plant species are able to survive damage, recovering lost
biomass through resprouting. Until recently, the importance of resprouting was

neglected, with research on plant regeneration focusing on seeds and seedlings, with

f replacement rather than persistence (Bellingham

Sparrow 2000, Bond & Midgley 2001). In some species, resprout shoots (or root
suckers) originating from the roots of a plant, may give rise to independent plants by
an alternative vegetative mode of regeneration. Woody plants differ in their
resprouting ability. The emerging generalisation is that woody plant species that
resprout vigorously as adults tend to be poor recruiters, whereas non-resprouters

recruit more readily. There appears to therefore be a trade-off between resprouting to



rebuild biomass and producing seed to re-occupy the same or more distant sites in

the future (Kruger ef al. 1997, Bond & Midgley 2001).

1.2 STUDY REGION

1.2.1 Biophysical characteristics

The research upon which this thesis is based took place within the Bushbuckridge
district, in the southernmost section of South Africa’s Limpopo Province (centering
on 31°17'E; 24° 39'S). The study region sp
largest settlement in the region) to the Manyeleti Reserve, bordering the Kruger
National Park (Figure 2 on page 7). The region is characterised by low rainfall (ca.
650 mm per annum in the west; ca. 550 mm per annum in the east), concentrated in
the summer season (October to May). This is mainly in the form of convectional

thundershowers (Shackleton 1997). Intra-seasonal drought is common with more

prolonged drought occurring as often as every 3.5 years. Mean annual temperature is

AN0 £ NAann Ao
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The topography of the study region is gently undulating. Soils are underlaid by

granitic gneiss with local intrusions of gabbro.

1.2.2 Land use

The term ‘communal rangelands’ refers to the vegetated land under communal
tenure surrounding rural (in some cases peri-urban) settlements. The main uses of
this land are for livestock grazing and the harvesting of natural resources (Pollard

etal. 1999). Densities of indigenous herbivores within communal rangelands are

macslisil

ncgiigiol Lives

surrounding settlements and subsequently the intensity and extent of fires. Following

tle and goats) grazing has reduced grass biomass

land under communal tenure, the second largest use of land within the
Bushbuckridge region is for protected areas. Protected areas are state- or privately-
owned game reserves used for wildlife conservation, ecotourism and hunting. These
differ in the time since proclamation and in their management of indigenous

mammal numbers and fire regimes. Grazing pressure is relatively lower than in

high densities of livestock. Protected areas are fenced
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and there has been limited harvesting of woodland resources with neighbouring

communities largely denied access.

1.2.3 Social and political context: socio-economic and ecological
consequences

During pre-colonial times the area incorporating the study region was sparsely
populated, due to a prevalence of tsetse fly and malaria, by sotho-speaking
peoples. In the 1850s, there was an influx of tsonga-speaking immigrants as a
consequence of war in Portuguese East Africa. Colonial penetration occurred at
about this time, followed by apartheid in 1948 and its supporting social-

engineering policies. Under the “Betterment and Villagisation” policies, ‘African

Reserves’ or ‘homelands” were created to control land, with blacks being forcibly
moved from white-owned land and grouped into centralised settlements on farms
of 1000-2000 ha (Fischer 1996). The Bushbuckridge region forms part of the

former homeland areas of Mhala (Gazankulu) and Mapulaneng (Lebowa). Since

£ f £ N 1
f refu from Mozambique.

the 1980s the region has :
Present human population numbers are high: more than 300 people km™ in the
west and 160 people km? in the drier east. Approximately 60-70% of the

potentially economically active population is unemployed (Pollard er al. 1999,

Shackleton et al. 2001).

The dependency on natural resources for survival and for some degree of

exacerbated by the underdeveloped infrastructure,

few formal employment opportunities, high levels of migrant labour and an
agricultural potential limited by aridity (Pollard et al. 1999, Shackleton &
Shackleton 2000, Twine et al. 2002, Niehaus 2001, Dovie ef al. 2002). Fuelwood

is the most important woodland resource with the majority of rural households

continuing to use it as their primary energy source, with a demand predicted to be
unsustainable over the next few decades (Griffin e al. 1992, Banks et al. 1996,
7. 2002). Human population growth rates are high and there is little

pAY) 1ulllall Pu
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hope of poverty alleviation or large-scale adoption of alternative energy sources in

the near future.



The effect of human disturbance within the study area is conspicuous. There is a

distinct change in species composition and vegetation structure with distance from

to levels of resource harvesting and grazing pressures (Shackleton et al. 1994,

White 1999). High levels of human disturbance have been found to result in a

decrease in woody biomass, species richness and woody plant density, together
ing a decrease in height classes and
basal stem area. In a comparison of woody plant community composition and
population structure in communal grazing lands, commercial cattle farms and
protected areas, communal grazing lands had fewer small and large individuals

suggesting both lower levels of regeneration and regenerative capacity (Higgins et

al. 1999).

The cultural, economic and political transitional phase in which rural societies in
the Bushbuckridge district are at present, is associated with a breakdown of the
local, traditional, informal and formal set of rules controlling land and resource

utilization. The dysfunction of common property governance into open access and
the increase in external users harvesting resources in the settlements are major
sources of concern and are important in vin
There is an absence of alternative local resource-management institutions, of
fundamental importance for the sustainability of rural communal systems
(Shackleton et al. 2001, Twine 2002). As a consequence, communal lands become
increasingly vulnerable to resource exploitation for commercial gain. Such

disintegration of community management structures and the consequent

degradation of woody plant re
nds in southern Africa (Grossman & Gandar 1989,

sources have been reported from other community-

controiied forests ai
Shackleton 1993, Vermeulen 1996, Geldenhuys 1997).

1.3 SAVANNA WOODLANDS AND THE STUDY SPECIES

The savannas of South and East Africa can be broadly divided into two types:

those growing on nutrient-rich substrates, mostly in low-lying areas, and those

growing on the we ined nutrient-poor substrates of upland areas. Nutrient-



rich savannas are dominated by the ‘fine-leafed’, thorn-bearing Mimosaceae.

They support a higher grass production, greater densities of herbivores and have

savannas, upon which this study focuses, are characterised by a virtual absence of

thorns and leaves several centimetres in diameter (Scholes & Walker 1993).

Members of the Combretaceae and Caesalpiniaceae dominate these ‘broad-leafed’

Vegetation of the study region is broadly classified as Mixed Lowveld Bushveld
and is dominated by species of the Combretaceae (Van Rooyen & Bredenkamp

1996). The Combretaceae, represented by 19 genera and 600 species, are

Africa as trees and shrubs. Combretum, the largest genus, has entire, opposite
leaves without stipules. Fruits are characteristically 4-5 winged and single-seeded.
Members of the second largest genus Terminalia often have a distinctive pagoda-
like tree architecture, the main stem producing whorls of horizontal lateral
branches, each with the tip turned up and a cluster of leaves at its apex.
Combretaceac flowers are usually inconspicuous, small, greenish or yellowish-
lustered in axillary heads or spikes. The fruit of Terminalia and most
other members of the Combretaceae is surrounded by a single wing (Coates
Palgrave 1977, Van Wyk & Van Wyk 1997). Terminalia sericea is one of the
most widespread woodland species in southern Africa (Shackleton 2001). It
typically occurs on deep sandy soils in association with other species but may
form monospecific stands along seeplines or following disturbance. Shallower or
rocky, infertile soils are dominated by Combretum apiculatum in semi-arid areas
giving way to C. collinum in slightly wetter parts. Most Combretaceae are

important sources of fuelwood. Additionally, the marula Sclerocarya birrea and

sickle bush Dichrostachys cinerea contribute considerably to the woody biomass

of the study region (Shackleton 1997).



1.4 RESEARCH RATIONALE AND OBJECTIVES

rently poorly understood with less

attention given to these areas in the past compared to tropical forests or temperate
grasslands. Research has been biased towards studies on large mammals, tree-
grass interactions, fire and production ecology. The pressures of human use will
focus research on production ecology in the coming decades, but an increasing
emphasis on conservation, rehabilitation and possible climate change will require

a more detailed understanding of processes at the organism level, including

understanding of savanna woodland regeneration processes is important for

managing these highly dynamic and heterogeneous ecosystems and in predicting

Wilson 2002). This study investigated the regeneration ecology of several savanna

woody plant species. As described above, the study was carried out within a
region in South Africa where rural populations continue to depend on natural
uelwood) for livelihood and subsistence needs. A similar
situation exists throughout much of Africa, with resource harvesting acting as a
“safety net” that allows households to survive in semi-arid savanna areas of poor
agricultural potential and with few formal employment opportunities (Shackleton
& Shackleton 2000). Ultimately, through contributing to our understanding of
woody plant regeneration, this study aimed to be of value in guiding the

conservation and sustainable utilisation of savanna woodlands.

The specific objectives of the study were to:
e Document and contrast the densities and population structures of several

savanna woody plant species in relationship to land use and associated

disturbances/influential factors.

nnt arnaning diffar 1n thas uth and Y s
1it SPECICS QIIICT il t G L

e  Evaluate whether woody pl
strategies.
e Investigate the determinants of seedling establishment success.

e Establish the relative resprouting response of savanna woody plants following

harvesting.



e Formulate a woodland model that supports an investigation of the spatio-

temporal dynamics and regeneration of woody plant populations, in

[+3 398N (<383 “Ag\‘v‘u\vw“wAAn 2 ad vial 1 Jr«8 0 80 LWA 111 . A1 Al A

woody plant species is problematical for several reasons: savanna woody plants
are long-lived, difficult to age and reveal irregular population dynamics (including
growth and recruitment) in response to erratic and only episodically favourable
environmental conditions. To document the regeneration ecology of savanna
woody plant species ‘in reai time’ would therefore require a study duration
spanning well beyond that of an average field or Ph.D. study. This study,
therefore, assumed the approach of an ‘ecological detective’, employing a

combination of empirical, experimental and model formulation techniques to

accomplish its objectives.

Savanna woody plant population dynamics and land use: Within the study region,

sha Al
the Cci0s€ proximi
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ity of several settlements t rotected_ areas facilitated a

comparison of the woodlands of communal rangelands with those of adjacent
protected areas. Woody plant population structure was contrasted using size class

distribution analyses (further discussion of the use and interpretation of size class

distributions follows below).

Study species represented a range of woody plant characteristics: Several woody
plants species were selected as study species, differing from one another in
features including plant growth form, wood density, leaf size, mode of seed

dispersal and apparent desirability to humans (for fuelwood) or herbivores (for

browse). Together they represented

within both communal rangeland and protected areas of the study region.

ha matarit
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Seedling establishment: “Little is known about the regeneration niches of savanna

woody plants” (nggms et al. 2000). There are few studies that have focused on



Most of these do not distinguish true seedlings from resprouts/root suckers

(Wilson & Witkowski 2003). This study used a combination of intensive field

which they grew) and an experimental study to assess the determinants of seedling

establishment success. The experiment examined the influence of grass

competition (or facilitation) and herbivory on seedling emergence and survival.
ire are known to be overriding factors resulting in mortality of
young seedlings of all species. The study did not explicitly examine these factors.
In carrying out the experimental study, supplementary water during the vulnerable
seedling pre-establishment stage limited desiccation. Evidence of fire (and other)

damage to seedlings located during field surveys was documented.

Woody plant resprouting vigour: Resprouting response is difficult to quantify as
there is a continuum of responses to disturbances of varying severity, with species

often diverging in their resprouting response at different life history stages (Bond

species and size was d

)

previously protected area over a short time period.

Woody plant ‘architecture’ and growth strategies: Woody plant allometry (the
relationship between height and stem diameter) and species-specific
characteristics (wood density, extent of stem branching and maximum height

1182 Ed

attained) were contrasted to determine whether species showed different growth

strategies in response to their environments.

Woody plant functional/response groups: Classifying species into functional or
response groups (e.g. species that are similar in their dominant mode of
regeneration or growth strategy) enables generalisations to be drawn in relation to
their response to particular factors. Such simplification is valuable for ecological
modelling. The study’s empirical findings were used to deduce the value of

functional/response group classification, acknowledging that a larger number of

species is his ¢

andad £
1CCucu fbl

-

classification is reviewed below).



Predicting long-term spatial woody plant population dynamics: Simulation

modelling can be a powerful tool for gaining insights into the ‘bigger picture’:

periods and larger spatial scales. A woodland model was formulated to assess the

relative importance of variables in determining woody plant population dynamics
and the consequences of alternative scenarios or harvesting strategies (the use of

spatial modelling is discussed further below).

Resource user knowledge of woody plant population dynamics and regeneration:

discussions explored issues including: observed vegetation changes including

species increasing or decreasing in density, woody species that are most highly

potential (seedlings and resprouting) of different savanna woody plant species,
and proposals for natural resource management. Participatory Rural Appraisal

(PRA) methods were used, including mapping, quantifying, ranking and group

1.5.1 Critique of methods examining woody plant population dynamics

1.5.1.1 Woody plant population dynamics and size structure analyses

It takes many years of field research to gain an understandi
dynamics of long-lived woody plants and present ecological knowledge is rather
poor. Size class distributions have been used to gain rapid insights into the long-
term dynamics of woody plants, with a population’s size structure considered the
outcome of past demographic events and an indicator of its demographic future
(Bullock et al. 1996, Condit et al. 1998). Woody plant size is considered to be of

greater significance than age in determining population structure, fecundity and

L
being size-

w2

survival, with vital rate
Although these data have the relative merit of being easily collected, it must be
acknowledged that they are static ‘snapshot’ representations of population
composition at a particular moment in time. Attempts to accurately estimate rates

of change or to predict future changes are confounded as projections make

13



assumptions about the behaviour and identity of agents of change (Wiegand et al.

2000, Obiri et al. 2001). Additionally, changes in size-specific vital rates (e.g.

or browsers) or density dependence (competition and self-thinning), will alter
population structure and may have consequences that reverberate down through

generations (Caswell 1989, Condit 1998).

1.5.1.2  Plant functional groups and syndromes of regeneration

Plants within an environment are faced with the same constraints and

opportunities. They therefore tend to converge on a limited number of functional
types (Smith er al. 1997, Woodward et al. 1997). Functional group classification

_is therefore a context-specific simplification that has been used to predict the
dynamics of systems. Such generalisations are the basis of both theoretical and
applied ecology, supporting predictior d
information. Plant functional types have therefore been an essential component of
model development (McIntyre 1999). Functional groupings have been given a
renewed emphasis by the need to predict the response of plants to substantial and
rapid environmental changes at the global scale, such as changes in land use,
climate and atmospheric composition (Scholes ef al 1997). Historically,

influential approaches have included r- and K- strategists (Harper 1977), the CSR

resource-ratio hypothesis (Tilman 1988). These strategy schemes are the outcome
of attempts to identify key biological features of plants that may be associated
with success in habitats with particular patterns of resource availability. The
success of individual species strategies in relationship to the alternative strategies
adopted by co-occurring species determines their competitive ability in utilising
limited resources and their persistence in the face of disturbance. The species

dominating a particular area are therefore indicative of the relative importance of
the factors and destructive agents that shape them (Archibald & Bond 2003). The
designation of ‘response groups’ involves identifying a specific disturbance or

environmental variable, identifying groups of species that respond to the variable

14



in similar ways and the biological attributes associated with the different response

groups (McIntyre 1999).

1.5.1.3  Spatial modelling

plant demography, rather than as an unfortunate barrier to reliable population

estimates” (Crawley 1990).

Modelling is a valuable tool for exploring the spatial and temporal scales of
population response to change. It supports the integration of existing data sets and
an assessment of our present understanding of ecological processes (Dunning

A combination of field investigations and simulation modelling has

etal A

. 1995).
the power to extract the maximum of information available within a short-term
study (Wiegand et al. 2000). Grid-based models, such as the model conceived by
this study, establish in a simple way the spatial context that governs interactions
among plants. The environment is divided into a regular patch mosaic of cells
with a focus on the processes of recruitment and es
Patch transitions depend on the current state of the cell and on the states of

neighbouring cells. Spatially-explicit grid based models have been used
effectively to gain an understanding of savanna functioning (Jeltsch et al. 1996,
1998, Higgins et al. 2000, Wiegand et al. 2000). These have also highlighted
conspicuous gaps in our empirical understanding, including variation in woody

plant recruitment opportunities and the importance of persistence following

1

damage. The ability to ine ecological processes on

wa 1
AGLILIAAW  WwSAv DEves RLwh )3

a large
landscape or ecosystem scale has particular relevance for the sustainable

management of natural resources.

1.6 THESIS STRUCTURE

The chapters of this thesis, with the exception of the Introduction and Synthesis,

are autonomous and written in the format of scientific papers to be submitted for

publication in internationally recognised scientific journals (Chapter 5 has been

accepted for publication by the journal of Forest Ecology and Management).
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Presenting a thesis as a collection of papers for publication inevitably results in

some repetition, particularly in the sections describing the study region and
———methods of datacollection-TFo-the reader-of the-thesis-in-its-entirety; I-apologise ———————

for this. Following this introductory chapter (which situates the study within a

framework of prior research, and specifically in light of its regional context), each

of the Chapters 2 to 5 tackles a study objective towards improving current

understanding of the processes and determinants of savanna woodland

regeneration. The findings of the study, contributing towards the formulation of

the woodland simulation model described in Chapter 6, are integrated in the
—SW&WMWWMMW

implications of the study’s results and highlights those pertinent to savanna

woodland conservation and its sustainable utilisation. Figure 3 (on page 1

depicts the structure of the thesis.

Chapter 2 lays the foundation of the study, examining the current status of
savanna woody plant populations, both in woodlands under communal subsistence
fand use and in adjacent protected areas. The effects of live wood harvesting and
other factors on woody plant demography, recruitment potential and resource

sustainability are determined.

In Chapter 3, the emphasis shifts to an exploration of woody plant allometry and

an examination of how savanna woody plant species differ in their ‘growth
strategy’ in response to prevalent stresses. Previous research on woody plant
allometry, growth strategies and population dynamics has largely focused on
tropical rainforest species. Results are discussed in relationship to prevailing
theories of tropical forest tree growth and population dynamics and the methods

used to examine these.

Chapter 4 and Chapter 5 form the core of the study’s focus on the regeneration of
savanna woodlands. Chapter 4 examines the determinants of woody plant

seedling establishment success. Chapter 5 investigates the resprouting response of

savanna woody plants following live woo

16



COMPONENTS OF THE OBJECTIVES
STUDY ADDRESSED
CHAPTER 1:
INTRODUCTION
BACKGROUND
LITERATURE REVIEW
OBJECTIVES AND APPROACH
THESIS STRUCTURE
STUDY REGION & SPECIES
y
(STUDY FOUNDATION)
CHAPTER 2: > ASSESS THE DENSITIES AND POPULATION
SADI I ATIANM QTR IATIIDE | STRUCTURES OF SAVANNA WOODY PLANT
FUFULATIUN STRULITURE SPECIES, CONTRASTED BY LAND USE
CHAPTER 3: / DETERMINE WHETHER SPECIES DIFFER IN
GROWTH AND RECRUITMENT > THEIR ALLOMETRY, GROWTH AND
STRATEGIES \ / RECRUITMENT
DETERMINANTS OF SEEDLING
CHAPTER 4: ESTABLISHMENT SUCCESS:

SEEDLING ESTABLISHMENT

CHAPTER 5:
PROUTING RESPONSE TO

(O A1 . —

HARVESTING

INFLUENCE OF GRASS AND HERBIVORY ON
SEEDLING EMERGENCE AND SURVIVAL

CHAPTER 6:
SAVANNA WOODLAND MODEL

CHAPTER7:

SYNTHESIS AND GENERAL
DISCUSSION

e e U ISV

RESPROUTING RESPONSE OF SAVANNA
WOODY PLANT SPECIES FOLLOWING
HARVESTING

PREDICTING SAVANNA WOODY PLANT
POPULATION RESPONSE TO UTILISATION

Figure 3. Study (thesis) structure for an investigation of the regeneration ecology of
savanna woodlands in relationship to human utilisation.
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Chapter 6 assimilates the empirical findings of the previous chapters through the

formulation of a woodland model that simulates the population dynamics of woody

valuable process: synthesising current understanding, identifying key determinants

and highlighting the gaps in our understanding of the system. The ultimate intention
in the development of the woodland model is for it to be used as a tool, preferably by

the resource users themselves, guiding sustainable live wood harvesting.

highlighting those pertinent to savanna woodland conservation and sustainable
utilisation.
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HAPTER 2

Savanna Woody Plant Demography:
Contrasting the Effects of Protection and
Communal Subsistence Land Use on
Recruitment Potential and Resource Sustainability
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Abstract

PR, 41

To guide the sustainable use of savanna woodland resources it is essential to

understand how humans alter woody plant demography and recruitment potential.
Densities and population structures of common savanna woody plant species were
examined in land under communal tenure in the lowveld of South Africa and
contrasted between adjacent state- and privately-owned protected areas.
Aboveground live wood biomass was lower in communal rangelands than in

protected areas. Overall population structure, as represented by ‘functional’ size

uses, with woody plant densities of all size classes generally higher in protected

areas. For Terminalia sericea there were considerably fewer ‘small reproductive

than in protected areas. T. sericea and Dichrostachys cinerea, the species most

frequently harvested, had significantly fewer reproductively ‘mature’ plants

o ‘immature’ plants in communal rangelands than in protected areas. The

=+

relative

ighly branched in communal rangelands than
in protected areas, indicative of a resprouting response following damage. The
combined seedlings of all species were at lower densities in communal rangelands
than in protected areas, with the exception of the most intensively harvested site.
Sampling along a gradient of decreasing woodland utilisation with distance from a
settlement revealed a shift in woody plant population structure from
predominantly short multi-sttmmed plants close to the settlement, to a wider
ge in plant size and form with a higher live wood biomass further away. This
study indicates that live wood harvesting within communal rangelands has
significantly impacted on the demography of favoured species. Although most
savanna woody plant species resprout following harvesting and no loss of species
was observed, current levels of resource utilisation appear unsustainable with live
wood biomass and recruitment potential considerably reduced and with little

evidence of compensatory recruitment.

Keywords: fuelwood harvesting; natural resource management; resprouting;

seedlings; size density distributions; woodlands

25



2.1 INTRODUCTION

~ Savanna woodlands provide the primary source of energy for the majority of
South African rural households (Shackleton 1993). Within the Bushbuckridge

region, fuelwood demand has been estimated to

per annum, an amount predicted to be locally unsustainable over the next few
decades (Griffin ef al. 1992, Banks ef al. 1996, Dovie et al. 2002). In recent years
in this region, fuelwood harvesting has shifted from the collection of deadwood to
include the cutting of live trees (Dovie ef al. 2004). Indeed, as much as 93% of
current demand is not met by available deadwood and is harvested unsustainably

as live wood (Shackleton & Shackleton 2000). In general, the rate of fuelwood

introduce alternative energy sources (Dovie ef al. 2004). With increasing
populations, adverse crop growing conditions, high levels of poverty and few
local employment opportunities, the pressures on woodlands will intensify.

Effective management of natural resources is crucial to their sustained

availability.

Much research has focused on the key determinants of savanna woody plant

demography and specifically on the coexistence of woody plants and grasses that

characterise savanna systems. The interactive effects of erratic rainfall, fire,
herbivores and competition with grass whilst woody plants are still within the

grass layer, are widely viewed as being the most influential in determining woody
ins et al. 2000, Sankaran

S

plant dynamics (Scholes 1997, Jeltsch et a

et al. 2004). Large-scale successional changes in savannas have been associated

] 1008
L 1770

with human activity such as sustained grazing, wood harvesting and clearing for

agriculture and settlement. Even in relatively ‘undisturbed savannas’, humans

have indirectly influenced vegetation by altering fire regimes and the variety of

browsers present (Huntley & Walker 1982, Scholes 1997). Communal rangelands,

frequently characterised by a prolonged and intensive utilisation of woodlands by

quences of this use

.3‘

+ far
PRV

humans, provide a suit ble context

Y ing tf
for woody plant demograph (Shackleton et al. 1994, Frost 1996).
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Conservation policies for forests and woodlands have tended to focus on those
species considered valuable for their timber or medicinal properties. These

policies rarely inciude measures for examining the value of the broader spectrum

of species for people’s livelihoods and for monitoring their status (Dovie et al.
2004). Some overlooked species, including those commonly used for fuelwood,
may be threatened with overexploitation. Their loss could impact the livelihoods
dependent on them, may increase the pressure on other species and could

conceivably impact ecosystem functioning.

woody plant species together with an understanding of their regenerative capacity

is crucial for guiding effective conservation policies and practices to facilitate

influenced woody plant population dynamics and if so, whether there is evidence
eopardise future resource availability. This objective was explored
by contrasting the woodlands of communal rangelands with those of adjacent
protected areas, as well as woodlands along a gradient of resource utilisation
intensity. Specifically, in order to meet the primary objective, the study sought
evidence of:

1. A reduced aboveground live wood biomass in communal rangelands

relative to protected areas.

2. Changes in woody plant species composition with a possible absence of

certain species in heavily harvested areas.

3. An altered demography of favoured woody plant species with the
expectation that densities of plants of the sizes most frequently harvested

lower in communal rangelands.

4. A reduced woody plant regenerative capacity with fewer large, seed-

roducing plants in communal rangelands relative to protected areas.

n
procutilly praiis A B

5. Fewer recently established plants in communal rangelands.
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The implications of the study’s findings for co i

availability are discussed.

2.2 STUDY REGION

2.2.1 Study area and land use

Within the Bushbuckridge region human population numbers are high. There are

more than 300 people km™ in the west and 160 people km~ in the drier east. The
art of the former homeland areas of Gazankulu and Lebowa, with

communal settlements imposed under the ou i i

(Pollard ef al. 1999). Settlements differ in size and duration of habitation:

i adiacent to the Manyeleti Reserve, the
smallest and most recently inhabited in the late 1970s. Settlements are crowded,

with land and water inadequate.

The term ‘communal rangelands’ refers to the vegetated land under communal
tenure surrounding settlements. The main uses of this land are for livestock
grazing and the harvesting of natural resources. Large-scale poverty has resulted

in an accelerating depletion of natural resources. In particular the demand for

fuelwood has outstripped the supply of natural dry wood and led to live wood
Shackleton & Shackleton 2000, Twine 2002). Prior to 1994 and South
Africa’s first democratic elections, there was some control over woodland
resources with Tribal Authority chiefs and ‘tribal police’ controlling resource use
and punishing infringers. Since then, control has largely degenerated into an “open
access’ system, with external users adding to the rapid depletion of natural
resources. Densities of wild herbivores within communa
negligible. Livestock grazing has reduced grass biomass and hence the frequency,

intensity and extent of fires, especially in the rangeland areas surrounding

LLIWCLAOLL Y  edals TOREEATE

settlements.

Following land under communal tenure, the second largest use of land in the

Bushbuckridge region is for protected areas. Protected areas are state- or
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privately-owned game reserves used for wildlife conservation, ecotourism and
hunting. They differ in the time since proclamation and in their management,

including of wild animal numbers and fire. Of the protected areas selected for the

study, Wits Rural Facility has the most recent history of alternative land use
having been used as a commercial cattle ranch prior to 1968 (Shackleton 1997).
With the exception of Wits Rural Facility, protected area study sites have
elephants and large browsers such as giraffe and kudu. Wits Rural Facility has
lower densities of kudu and smaller herbivores such as impala. All prote
follow fire management plans, burning on average every 3 to 5 years depending
on fuel-load accumulation. There has been limited harvesting of natural resources

within protected areas with neighbouring communities largely denied access to

fuelwood and other resources.

2.2.2 Biophysical characteristics

The study region within the Bushbuckridge Lowveld of the Limpopo Province

(centering on 31° 17" E; 24° 39" §) stretches east from the communal rangelands

441

tflement to th

of Acornhoek se he Manye
Park (Figure 1 on page 30). Within the study region, the close proximity of many
of the settlements to protected areas facilitated a comparison of the woodlands of

communal rangelands with those of adjacent protected areas.

ry) g~ P e 2mzzzan 22e 4le

The region is characterised by low rainfail (ca. 650 mm per annum i

._
-
=
=
)
b
e}
w

o

ca. 550 mm per annum in the east), concentrated in the summer season (October

to M

AVl

ay). This is mainly in the form of convectional thundershowers (Shackleton
1997). Intra-seasonal drought is common with more prolonged drought occurring

as often as every 3.5 years. Mean annual temperature is 22° C. Mean daily
maxima are approximately 30° C in January and 23° C in July (Pollard

et al.1999).
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The topography of the study region is gently undulating. Soils are underlaid by

granitic gneiss with local intrusions of gabbro. Vegetation of the region is broadly

Combretaceae (Van Rooyen & Bredenkamp 1996). Additionally, the marula
Sclerocarya birrea and sickle bush Dichrostachys cinerea contribute considerably
to woody biomass within the region (Shackleton 1997). There have been several
decades of intensive utilisation of communal grazing lands resulting in an
alteration of woodland structure described as “short sparse woodland” by
Edwards’ (1983) physiognomic classification. Adjacent protected areas have

considerably denser woody vegetation and are classified as “short bushland”.

2.3 METHOD

Av 2

2.3.1 Field data collection

2.3.1.1 Land use contrast

The densities and population structure of woody plant species were compared
within communal rangelands and adjacent protected areas. All study sites were
located within broad-leafed woodlands on the relatively level ground of upland
areas. Five sites were positioned within the communal woodland areas

surrounding the settlements of Acornhoek, Welverdiend, Gottenberg, Utlha and

Phungwe and each was paired with a si
woodlands of adjacent protected areas - Wits Rural Facility, Timbavati, Manyeleti

(two sites) and the Sabie Sand Game Reserve, respectively. Altitude at all sites is

approximately 450 to 550 m a.s.1.

Fifteen common woody plant species were selected, representing a range of
growth forms (Appendix 2). At each site, data were collected along eight 100 m
long transects comprising two sampling widths: 4 m wide for woody plants less
than 4.5 m in height and 40 m wide for those more than 4.5 m in height, these
being far fewer. Transects were positioned: (i) with the long axis along a north-
south compass bearing, (ii) for communal rangelands, in woodlands that had not

been cleared for agricultural fields, appearing ‘relatively intact’ to the eye and
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(iii) for both communal rangeland and protected areas, as systematically and

equidistantly as possible within the wooded area.

The information recorded for the selected woody plant species included: species,

1 VI TR IVEYs I SRR AN iy | RV, B em N\ e
plant height (height of the tallest live stem) and

close to the ground or just above the basal swelling when present). For multi-
stemmed plants, the diameters of all stems were measured. If the woody plant had
been harvested, i.e. its aboveground biomass cut and removed, the proportion of
the plant harvested was recorded, following Walker’s (1976) ranking scale
(1: 0-10% of the plant’s aboveground biomass harvested; 2: 11-25%; 3: 26-50%;
4: 51-75%; 5: 76-90%; 6: 91-99%; and 7: the entire plant having been cut with

). For woody plants that had been entirely harvested,

only a stu
remaining stumps were identified to species by distinguishing bark, wood,

symmetry or resprout growth and their diameters measured.

2.3.1.2 Rangeland utilisation gradient

Additional sampling was undertaken within the communal rangelands of
Thorndale. By sampling with increasing distance from the settlement, trends in
woody plant demography associated with woodland resource utilisation intensity
could be detected. Thorndale is one of the most remote of the settlements in the
egion and consequently woo odland resource use has been primarily by
residents with little ‘outsider’ influence (Giannecchini 2001). The land
surrounding Thorndale is zoned into arable and residential plots with the
remainder used as grazing lands and for the extraction of natural resources such as
fuelwood, thatching grass, construction materials and fruits (Dovie et al. 2002).
The population has been estimated to be 450 people in 71 households. Of these,
96% of households use fuelwood as their sole source of energy (Dovie et al.
2002), with mean annual consumption estimated to be 4343 + 333 kg per user
household (Dovie et al. 2004), i.e. 685 * 53 kg per person. Livestock numbers
were estimated to be approximately 380 cattle and 130 goats (Dovie ef al.

In Press), with numbers fluctuating in response to variable rainfall.
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Following Shackleton et al. (1994), sampling took the form of three transects

radiating outwards from the settlement, with each transect consisting of three

approximately 350 m from the edge of the settlement (last field or residential

stand). The far plot was positioned approximately 1 km from the settlement, along

a pre-determined bearing relative to the near plot and was situated in a stand of
relatively undisturbed vegetation (representing the highest density of woody
plants available to fuelwood harvesters). The mid plot was situated mid-way
between the near and far plots. Each plot consisted of a belt transect, 4 m x 100 m,
with the long axis placed along the transect line. The previously described
information was recorded for all woody plants of all species. Herbaceous cover,

i.e. grass biomass and prevalent grass species, was recorded in each plot.

2.3.2 Data Analysis

All analyses were undertaken at the plant level. For multi-stemmed plants, total
stem diameter was determined by calculating the cross-sectional areas of all
composite stems (@ =7 X (0.5 x d)z), summing them and using this aggregate stem

area to calculate the effective stem diameter for each tree.

2.3.2.1 Woody plant densities and live wood biomass

The number of woody plants sampled per species was converted to density per

hectare taking into account the two-width transect sampling design. Overall

densities of all woody plant species were not determined as

L

QnanIag

€4 specics
had only a minor representation at each site. In determining the densities and

relative abundance of the study species, seedlings and root suckers, i.e. woody
plants with a stem diameter less than 1 cm (hereafter referred to as seedlings) were

excluded as these may not have been established and would therefore be

vulnerable to higher levels of mortality.

35



The aboveground live wood biomass (B) for each site was determined from

woody plant stem diameters (D) (cm), using the equation of Netshiluvhi &

i=

where n is the number of sites, i is the number of woody plants in each site and D;
is the stem diameter of each woody plant. For woody plants that had been partially
harvested, remaining wood biomass was calculated using the proportion of the
behind (100% — the range mi
proportion harvested, multiplied by the former total stem diameter). A Wilcoxon
matched pairs test determined whether live wood biomass within communal

rangelands differed significantly from the live wood biomass of protected areas.

The species and size composition of harvested woody plants was assessed to
determine whether resource users had actively selected particular species and size
plants. For plants that had been partially harvested, the cut diameter was
calculated as the proportion of the plant’s former total stem diameter harvested

(again using the range midpoint of the proportion harvested).

2.3.2.2 Woody plant population structure

The population structure of each species was represented as woody plant density

per hectare, for each of the following ‘functional’ stem diameter categories

(following Luoga et al. 2000a, 2000b, 2002)

. 0to < 1 cm: considered to represent new regeneration by ‘seedlings’ or
‘resprouts’ (referred to here as root suckers);

. 1 to <4 cm: ‘saplings’;

. 4 to <10 cm: ‘poles’;

. 10 to < 20 cm: ‘small reproductive woody plants’;

. > 20 cm: ‘large reproductive woody plants’.

Woody plants with less than 25% of their aboveground biomass harvested were

included in the stem diameter distributions. Plants with a larger proportion of their
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aboveground biomass harvested were not represented in stem diameter

distributions, with the assumption that their growth and reproductive functioning

A s ~A~ncidan
woulda o buumdmabl"

Kolmogorov-Smirnov tests, contrasting stem diameter distributions, were used to
assess whether overall population structure had been significantly altered in
communal rangelands as a result of human utilisation. The woody plant densities

ln mmtacmiaQ were

of particular functional size categories were d between land uses, using

YYVVIZE AREANE MAONS, WS2lln

Wilcoxon matched pairs tests of the five paired communal rangeland and

protected area sites. Postulates tested were that within communal rangelands:

. Woody plant densities within the size categories most frequently harvested

would be lower than in protected areas.

; 1 r mature seed-producing plants.
. The number of seedlings would be lower as a result of livestock browsing
and trampling, seed limita nd unfavourable recruitment conditions

In an adaptation of the methods used by Everard ef al. (1995) and Obiri et al.
(2001), woody plant recruitment potential was assessed by comparing the ratio of
reproductively immature to mature plants of each woody plant species population
under alternate land uses. Following Shackleton {1
ie. potentlally seed-bearing, were defined as those taller than two thirds of the
imum height of that species ( calculated as the mean of the ten tallest plants).
Remaining plants were defined as immature, excluding plants less than 1 cm in
diameter considered to be seedlings that may not yet have been fully established.
These species-specific heights at maturity were all greater than 3 m and above

flame height, the minimum height at which savanna trees in general are

Bond 2003). Chi-square tests with

&

considered to produce seeds (Archi
Yates correction were used to assess whether the proportion of immature and
mature woody plants composing populations differed between communal

ARAGL22

rangelands and protected areas. The number of stems per plant under either land

use was compared using a Mann-Whitney U test.
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angeland utilisati jent

Woody plant dimensions, i.e. diameter, height and stem number per plant, were

tested for normality with Shapiro-Wilk’s W tests, following which changes with
distance from the settlement were assessed using non-parametric Kruskal-Wallis
median tests. Plants with evidence of having been cut were excluded from the
analysis. Live wood biomass, woody plant (= 1 cm in stem diameter) and seedling
(< 1 cm in stem diameter) densities and the proportion and density o
plants with evidence of harvesting, were contrasted for near, mid and far sites,

using Kruskal-Wallis tests. Population structures were represented using the

previously described stem diameter categories:

2.4 RESULTS

Standing live wood biomass was significantly higher in protected areas
(median = 18.21 t ha'; SD + 539 t h-—")
(median = 14.97 t ha'; SD + 5.6 t ha') (Wilcoxon matched pairs test: z = 2.203,

P < 0.05, degrees of freedom (d.f.) = 4).

Each study species was present under both land uses. The relative abundance of
the study species, excluding seedlings, differed between communal rangeiands
and protected areas, with Combretum apiculatum being the most abundant
madagascariensis, Terminalia sericea and Dichrostachys cinerea (Figure 2 on
page 39, Table 1 on page 40). In protected areas, T. sericea and D. cinerea

occurred at higher relative abundances than both S. madagascariensis and C.

apiculatum.

Of the woody plants sampled within communal rangelands, 12.9% had evidence
of harvesting with all or some stems cut, in contrast to 0.9% of those in protected

areas. Within communal rangelands, cut woody plants largely comprised
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a. Communal Rangelands
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Figure 2. Relative density (trees per hectare) of selected woody plant species in (a)
communal rangelands and (b) protected areas, with the proportion of plants showing
evidence of harvesting. Seedlings and resprouts (< 1 cm in stem diameter) were
excluded. Inset in (a) shows the size frequency distribution of aii woody piants
combined, with the proportion of each stem diameter size class harvested (sample

sizes above bars).
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T. sericea (49.8%), D. cinerea (13.1%), Combretum zeyheri (10.1%) and Albizia
harveyi (7.5%). Most heavily impacted on were 7. sericea (41.5% of sampled

plants cut), A. harveyi (30.9%), Diospyros mespiliformis (27.7%), Peltophorum

africanum (25.4%), C. zeyheri (17.6%) and D. cinerea (13.9%). Despite being the
most abundant species, relatively fewer C. apiculatum plants (2.3% of sampled
plants) had been harvested. S. madagascariensis and Sclerocarya birrea had also

been little harvested within communal rangelands (1.2% and 3.3% of sampled

ol

) V27 PO
within pro

plants cut, respectively).
mostly D. cinerea (19%), C. zeyheri (16.7%) and Dalbergia melanoxylon

(15.7%).

Smaller stems had been cut in communal rangelands (median = 8.16 cm;

SD+9.26 cm; n = 498) than in protected areas (median = 13.19 cm;
SD + 8.79 cm; n = 102) (ANOVA: F; 503 = 4.47, P <0.01, d.f. = 4). In communal
rangelands, the size frequency distribution for all cut woody plants combined

indicated that the highest proportion of harvested woody plants were 4 to <10 cm
in stem diameter size (4.6% of woody plants of this size cut), followed by woody
plants of diameter size 10 to < 20 cm (3.4%) and 1 to < 4 cm (3.3.%). Of the
woody plants larger than 20 cm in stem diameter, 2.4% had been harvested and

+ A
tem diameter size had been cut.

only 0.2% of the woody plants of 0 to < lcm ins

2.4.2 Woody plant population structure

The population size class structures of nine of the 15 study species differed
significantly between communal rangelands and protected areas (Figure 3 on
pages 42-44, Table 2 on page 45). For the majority of species, woody plant
densities were higher in protected areas than in adjacent communal rangelands for
all stem diameter categories. Notable exceptions were Ziziphus mucronata and

Combretum collinum, with a higher density of plants in all stem diameter

categories in communal rangelands than in protected areas (there were more C
collinum seedlings in protected areas than in communal rangelands). Median stem

diameters for most species were greater in protected areas.
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An examination of size density distributions shows most species to have a higher

density of seedlings in protected areas than in communal rangelands, the

AV RpuV LS USA2L

however highly variable between sites representing either land use. When species
were tested individually for differences in seedling densities using paired adjacent
sites as replicates, only A. harveyi and Lannea schweinfurthii were found to have

significantly more seedlings within protected areas than in communal rangelands

n

(Wilcoxon matched pairs test: z = 2.023, P < 0.05, d.

£
1.

)

= 4, for both). C. zey
and D. melanoxylon ‘tended’ to have more seedlings in protected areas (z = 1.75,
P = 0.08, d.f. = 4, for both). Acornhoek, the most intensively harvested of the
communal rangeland sites, had a higher density of seedlings for the species

present, with the exception of C. collinum, than the adjacent protected area

(Wilcoxon matched pairs test for all study species combined, using adjacent study
sites as replicates: z= 1.96, P < 0.05, d.f. = 4), higher in fact than for any of the
protected area sites. When this pai i

seedling density, for all species combined, was significantly higher in protected

areas than in communal rangelands (z = 2.023, P <0.05, d.f.=3).

T sericea of 10 to < 20 cm in stem diameter size, i.e. ‘small reproductive woody

+~
w

[¢)

plants’, were found at lower densities in communal rangelands relativ
protected areas (Wilcoxon matched pairs test: z= 2.023, P < 0.05, d.f. = 4).
T sericea also ‘tended’ to have lower densities within the 4to < 10 cm and 1 to
<4 cm stem diameter size categories (z = 1.75, P = 0.08, d.f. = 4 for both).
Lonchocarpus capassa had a significantly higher density of 1 to <4 cm diameter

size plants in protected areas than in communal rangelands (z = 2.023, P < 0.05,

df =4).

T sericea and D. cinerea, the species most frequently harvested, had populations

within communal rangelands with significantly fewer reproductively ‘mature’

plants relative to ‘immature’ plants than populations within protected areas

(Chi-square = 6.94, P < 0.01, Chi-square = 5.45,P <0.05, d.f. = 4, respectively).
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The number of stems per plant was influenced by land use for several species.
T. sericea, D. cinerea, C. apiculatum, Z. mucronata and Combretum hereroense

lants had significantly more stems in communal rangelands than in protected

areas, with T. sericea and D. cinerea plants of intermediate size more likely to have
multiple stems (Figure 4 on page 48). T. sericea showed the clearest pattern, with
plants in protected areas of all diameter sizes being single stemmed whilst those in
communal rangelands were mostly three or four stemmed. The largest T. sericea
plants (>20cm in stem diameter) were single stemmed in both communal
rangelands and protected areas. In contrast, D. cinerea plants in protected areas
were progressively more multi-stemmed with increasing size. C. zeyheri was the
only species with significantly more stems per plant in protected areas. Many of the

species for which there was no significant difference in stem number per plant with

land use were single or at the most double stemmed for all size categories e.g.

228 g

Sclerocarya birrea, L. capassa, D. mespiliformis and L. schweinfurthii. Species

Tl
1
s
)
3
]
o
Lon]
o

with a more branched growth P. africanum (median stem num 3.3;
SD + 2.9) and S. madagascariensis (median stem number = 3.8; SD + 3.4), both

with a highly variable stem number that did not differ significantly with land use.

2.43 Rangeland utilisation gradient

Live wood biomass, for all woody plants combined, increased significantly with
distance from the settlement with a median of 5.58 (SD + 2.68) t ha™ at the near
site, 7.86 (SD % 1.0) t ha™" at the mid site and 17.14 (SD + 2.73) t ha™! at the far site
(Table 3 on page 49). Of the woody plants recorded in the near sites 30.4%
ntrast to 16.7% (SD + 12.9%) at the mid sites and

7QOTN 1+ 10 70 ao it 1nge
VALl WAL LiL wax

(SD =+ 18.3%) had been ¢

6.5% (SD + 3.2%) at the far sites. The number of species recorded did not differ
in relationship to distance from the settlement, with the majority of species
common to all sites. Woody plants closer to the settlement were significantly
shorter in height, were more branched and had a smaller composite stem diameter

than those further away. There was a trend of increasing woody plant and seedling

density with distance from the settlement.
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The size density distributions, for all woody plants combined and for species with

sufficiently large sample sizes, showed a similar pattern: sites near to the

sites further from the settlement had a wider range of sizes, including more
seedlings and large plants (Figure 5 on page 51). For C. zeyheri, C. collinum,
C. apiculatum and Acacia nigrescens, there were noticeably fewer seedlings near
the settlement than at sites further away. In contrast, Euclea divinorum and Acacia

2ad  zzrozen  amzensdineiianaatler

cmddlnan o -
CLLICIIICIIL. WRIC Yl Cuuuuu‘auﬂy

a
w

exuvialis individuals sampled close to th

seedlings.

2.5 DISCUSSION

Live wood biomass within comimn

the adjacent protected areas. Reduced live wood biomass results in a lowered
production of deadwood (Shackleton 1998), important for sustainable wood
harvesting. The study species most heavily harvested within communal
rangelands were the most common within the study region and no loss of species
as a result of harvesting had occurred. Their relative abundance differed between

land uses, indicating a shift in species dominance in response to harvesting
pressures. ricea and Dichrostachys cinerea, the species most
frequently harvested, were relatively more abundant in protected areas than in
communal rangelands. Combretum apiculatum was the most abundant species
within communal rangelands. Although C. apiculatum has a heavy wood ideal for
fuelwood (Van Wyk 1990, Shackleton er al. 1998), it had been relatively little
harvested. A likely explanation is its predominance in the drier eastern part of the
study region where settlements are smaller and more isolated and woodland
nsively utilised. T. sericea and D. cinerea, in contrast, grow in
higher densities in the moister western part of the study region, together with the
largest settlements and associated greater demand for woodland resources. In

protected areas, the only woody plant species to have been harvested to any

perceptible extent were those with relatively hard (perhaps termite-resistant)

wood, valuable as fire wood, lodge construction

reserve boundaries.
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Live wood harvesting has considerably altered the population structure of the
most frequently cut species within communal rangelands relative to protected
areas. T. sericea plants between 10 and 20 cm in stem diameter, i.e. ‘small

reproductive woody plants’, were at significantly lower densities in communal

rangelands than in protected areas. Of those species heavily utilised, the

proportion of their populations considered to be reproductively mature and seed-
producing, with obvious implications for future regenerative capacity. Certainly,
the preferential harvesting of ‘poles’ (0 to < 4 cm in stem diameter) and ‘small
reproductive woody plants’ will result in a bottleneck in future recruitment of

reproductively mature individuals.

T sericea, favoured for fuelwood, construction timber, carving and its medicinal
properties (Shackleton 2001), was undoubtedly the species with the most

detectable signs of impact to its population structure, and consequently to its

seeplines (Tinley 1992). Its accessibility, together with single straight stem and
hard wood make it highly attractive. Despite it being a relatively vigorous
resprouter following harvesting damage (Chapter 5), T. sericea densities within
communal rangelands were lower than in protected areas and plants were
considerably smaller in diameter. In contrast, the low frequency with which both

Strychnos madagascariensis and Sclerocarya birrea had been harvested and the

their value for the edible fruit they bear. Traditionally, in the study region, as
found elsewhere (Luoga et al. 2000a), S. birrea was considered ‘sacred’ and
protected from harvesting. Evidence of recent harvesting reflects both the

disintegration of previous means of resource control and a scarcity of easily

accessible alternative wood resources.

Most savanna woody plants are able to resprout following damage of their
aboveground parts, although the vigour with which they do so differs (Chapter 5).

The majority of species favoured by harvesters were significantly more multi-

AI\MM““"I ko
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stemmed within communa



particularly pronounced for plants of an intermediate size. 7. sericea provides a
clear illustration of this, being consistently single-stemmed in protected areas with
three or four stems per plant in communal rangelands. A/bizia harveyi, however,

showed little resprouting response and may be especiaily vuinerabie to intensive

harvesting, being slow-growing (Van Wyk 1990), highly favoured by harvesters

and with a low density of newly recruited plants recorded in communal

rangelands. The more branched growth forms of woody plants within communal
rangelands appear to be frequently associated with a vegetative non-reproductive

state.

For the majority of woody plant species, there were relatively fewer seedlings
within communal rangelands than in protected areas. There does not, therefore,
appear to be compensatory recruitment in response to woodland thinning.
However, the most heavily utilised communal rangeland site provides an
interesting anomaly. This site was in close proximity to the largest settlement in
ad been heavily thinned, with five of the species occurring
in the adjacent protected area found to be absent. Relative to all other communal
rangeland and protected area sites, the higher number of seedlings sampled at this
site may reflect some threshold level of woodland thinning to be crossed before
compensatory recruitment occurs, provided recruitment conditions are favourable.

SUCKCLYS, in

=

minantly t vl

Alternatively, these small plants may have been predominantly roo

response to intensive anthropogenic disturbance.

The density of woody plant recruits, particularly of species considered to be

acceptable to browsers, was especially low in the vicinity of the settlement. It is
here that goats concentrate their feeding activity. On the other hand, seedlings and

small plants of a couple of species considered undesirable to browsers, Euclea
divinorum and Acacia exuvialis, occurred at higher densities close to the
settlement than further away. Activities associated with human settlements
increase unfavourable recruitment conditions and reduce seedling recruitment.
These conditions include soil compaction by livestock trampling; loss of grass
cover; reduced plant available moisture; an altered nutrient status and a reduction
e woody plants that produce seeds and shade young seedlings

int
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o
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from desiccation (Ererwijn & Verhoeven 1995, O’Connor 1995, Hoffman 1996,
Rathogwa 1999).

Even with the exclusion of those woody plants that had been cut, plants growing
~in the vicinity of the settlement were significantly shorter and more multi-———————
stemmed than those further away. Intensive browsing by livestock suppresses the

height gain of woody plants, aggravating the effects of harvesting damage by

consuming resprout shoots and limiting reproductive output (Ererwijn &

«r __1 P

Verhoeven 1995, Moss 1 and D. cinerea, dominant within the
most heavily utilised communal rangeland site, were transformed by live wood
harvesting/livestock browsing into multi-stemmed shrubs scarcely taller than the
grass layer (Photograph on page 32. Botton left). There was no suggestion of bush
thickening in communal rangelands, as documented by other studies in response

to severe grazing pressures (Prins & Van der Jeugd 1993, Rocques et al. 2001),

with densities clearly suppressed by wood harvesting and livestock browsing.

Sampling the woodland along a gradient of decreasing disturbance intensity with

distance from a settlement, revealed clear patterns that reaffirm the conclusions

drawn at the larger scale of contrasting land uses. Th

complement those of Shackleton ef al. (1994) and Ererwijn & Verhoeven (1995)
from the same region and for other vegetation types (Skarpe 1990, Grundy et al.
1993, Luoga et al. 2002). These document disturbance-intensity related shifts in
species dominance and population structure, including the loss of larger size
classes, a subsequent reduced recruitment capacity and a lowered standing wood

biomass. Similar vegetation trends have been observed in response to animal

activity close to water points (Andrew , Landsberg et al. 2002). Changes in
the population structure of woody plants precede species compositional changes

and are therefore useful indicators of utilisation impact and declining recruitment

(Walker et al. 1986, Shackleton 1993).

ion. live wood harvesting from woodlands within the communal
rangelands of the Bushbuckridge study region has substantially impacted on the
demography and regenerative capacity of the most heavily utilised woody plant

species. Despite these species having the ability to resprout, current wood
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harvesting within communal rangelands appears to be unsustainable, with a

74}

jowered standing wood biomass, densities of mature seed-producing woody plant

considerably reduced and little evidence of compensatory recruitment. If not at
present, localised shortages of fuelwood are imminent, with densities of suitably
sized woody plants within the communal rangelands surrounding the largest
settlements severely reduced. Smaller settlements within the eastern part of the
region continue to have access to more abundant fuelwood supplies, including

high densities of C. apiculatum. However, increasing numbers of external users

settlements where the fuelwood resource base has already collapsed (Twine

2002). Long-term woodland integrity and availability of fuelwood resources

whose livelihoods rely heavily on them. In the short term, however, actions that
support the recovery of savanna woodiands are needed. These must be

complemented by harvesting policies and programmes that fit within a holistic

include measures such as: protecting newly recruited plants and plants recovering
from previous harvesting; safeguarding the capacity of woody plant populations to
continue recruiting through selective harvesting and monitoring; the controlled
harvesting of alternative woody plant species; woodlots or planting programmes
for fast-growing suitable fuelwood species; an
on nearby private and state land. That live wood harvesting within the
Bushbuckridge region has visibly altered the demography of the most abundant
species, as well as those species previously considered ‘sacred’, should galvanise

measures to pre-empt impending woodland degradation and a potential localised

fuelwood crisis.
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Abstract

Many savanna woody plant species show a clear shift in growth strategy, from a
sapling or ‘small plant> phase characterised by height gain to a ‘large plant’ phase

~ showing a reduced height relative to stem diameter increment. The heightat———————————
which this change in allometric relationship occurs coincides with the height at

which woody plants become less vulnerable to fire damage and are generally

considered to become reproductive. For other species, the relationship between

bt nmd ot Inmm
height and st d ter w

tem diame
Saplings of the eleven study species did not differ radically in the slope of their
height to stem diameter allometric relationships. However, certain patterns were
evident: saplings of species with a high wood density had a proportionally larger
height increment than those species with lighter wood, while saplings of species
characterised as having a higher degree of branching had a higher aggregate stem
diameter increment. Those species showing an obvious size-associated change in
growth allocation had a relatively larger height increment during the sapling phase
than those that did not. Of the study species, Sclerocarya birrea saplings differed
the most noticeably in their growth strategy: focusing growth first into stem
diameter increment and then into (probably rapid) height gain until above the
‘flame zone’. In general, population structures showed little evidence of episodic
recruitment events and were substantially simil:
communal rangeland land use. Interpretations of population distributions are,
however, highly influenced by ‘classic’ assumptions of constant growth across the

entire size class range.

Keywords: growth form; growth strategy; land use; recruitment; popuiation

structure; size class distributions



3.1 INTRODUCTION

Woody plant architecture can be informative in identifying the relative importance

of influential factors in different environments (Archibald & Bond 2003). Even

withinthe same environmer
growth forms. The growth form of a mature plant as the outcome of the

environmental and genetic factors that have been operating throughout its lifetime,

has substantial ecological implications: influencing light interception, stability
against wind, defence against herbivores and fire, and the timing of reproduction

(Kohyama & Hotta 1990, Coomes & Grubb 1998, Archibald & Bond 2003).

Much of current ecological theory regarding the adaptive significance of inter-
specific tree architectural variation is based on empirical and simulation studies of
temperate and tropical forest trees, where light is considered the most important
limiting factor. Understanding how forest trees survive through the sapling stage
and grow into adult trees is fundamental (Kohyama & Hotta 1990). Variation in
the allometry of understorey saplings is held to reflect a species-specific trade-off
between height growth for exploiting opportunities to reach better-lit conditions

while delaying reproduction and horizontal growth for effective light assimilation

and reproduction in the present. The shape of saplings reflects whether they are

But what of woody plants growing in conditions where light is not limiting? Is it

possible to similarly interpret their inter-specific allometric variation as alternative

survival strategies in 1 factors other than light? Trees in
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savannas and more arid environments are often widely scattered and instead of
light being of paramount importance, fire and browsers are expected to strongly
influence woody plant growth form (Archibald & Bond 2003). Do the saplings of
savanna woody plant species, growing within the same region and exposed to the
same set of influential factors, differ in their allocation of growth to height versus
Jateral spread to increase the likelihood of survival and success within their

re can destroy, or ‘topkill’, the entire aboveground biomass of a

n Qes
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woody plant. Woody plants below 3 m in height have a high probability of topkiil,
whilst those that are taller suffer only minor shoot damage (Trollope 1984).
Growth invested principally in height gain bears the cost of delayed reproduction

and therefore the benefits of height gain depend on the “pervasiveness of
destructive agents” (Falster & Westoby 2003). Do some savanna woody plant
species channel growth first into height gain to ‘escape the flame [or browse]

zone’ (Higgins et al. 2000) and only then reproduce? Alternatively, others may

develop greate
leaf tannin content (Owen-Smith & Cooper 1987), making them less vulnerable to
damage and able to reproduce opportunistically as they grow through this zone of
frequent disturbance. Is interspecific variation in resource allocation to wood
density associated with different growth strategies? Enquist ef al. (1999) found

that for tropical dry forest species there was essentially a trade-off in growth rate

with allocation to tissue density: species that allocate less biomass to their stems

basal diameter faster than species that allocate more

(dense woods).

Theories regarding the factors influencing woody plant demography and the
means for characterising population structure are similarly founded to a large

ies (Condit et al. 1998, Coomes et al
\VUA NALL LY 2 . A L] N/ NINS A N W Ve
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2003, Niklas e al. 2003). The size class distribution of a woody plant species
describes its population structure at a point in time. It results, however, from the
dynamic processes of stem recruitment, growth and mortality. Recruitment adds
new plants to the smallest size class, a size-specific growth process determines the
rate at which plants move through size classes and size-specific mortality
determines the number that die (Coomes et al. 2003). For forest species, a
pulation is classically represented by a continuous monotonically
declining curve, showing recruitment of new individuals, growth through size
classes, a constant rate of attrition and sufficient mature individuals for continued
recruitment. Yet, demographic studies show that most forests have an age-
structure reflecting past disturbances and there are probably no forests that have
achieved a balanced age distribution (Harper 19

large data sets of forest species, determined that a single function could not
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effectively describe population structure across the entire size class range. Instead,
scaling functions provided the best fit to smaller stems, while negative
exponential functions (an inverse-J shape) more accurately represented larger
stems. Thes i i petition for a limiting resource
(e.g. light) shaping the small-stem phase, with the smallest trees having the
highest probability of mortality (Enquist et al. 1998) and exogenous disturbance
(e.g. windfall) shaping the large-stem phase, with disturbances likely to kill trees

proportional to the number of trees in that size class.

Even though the influential factors differ, do the population structures of savanna

woody plants show similar patterns, with seedlings having a substantially higher

a1t it dle o T o slamta amd it lante A £all cirag affantad hy avmoanmItia
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of mortality in a given size class proportional to the

o

disturbances, with the rat
number of stems in that size class? Or do population structures indicate that with
increasing size, savanna woody plants have an enhanced resistance to fire,
browsers and drought? Do the size frequency distributions of savanna trees differ
from those of regularly recruiting forest trees by showing evidence of episodic
recruitment in response to variable rainfall, or of irregular bursts of growth
ugh si 1 response
such as fire, herbivory or water limitation? In arid savannas, seedling recruitment
of many woody plant species is limited to years of above-average rainfall. On the
other hand, recruitment in mesic savannas is more likely to be suppressed by

frequent fires and competition with grasses for light and water (Scholes 1997,

Jeltsch et al. 1998, Higgins et al. 2000).

By comparing the growth forms and population structures of eleven common
woody plant species within a semi-arid savanna woodland region, across two
different land uses, the primary aim of this study was to identify whether syntopic
species show differences that can be interpreted as alternative growth and

recruitment strategies. More specifically, the study aimed to determine whether:

1. Species formed distinct groupings according to similarities in ‘tree

architecture’, with groups differing in: (i) the allometric relationship
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between plant height and basal stem diameter and (ii) species-specific
characteristics of wood density, st

height attained.

2. Groups indicate growth patterns or strategies, distinguishing between:
(i) species that initially focus growth into height gain until a threshold ‘less
vulnerable’ height is reached, following which resources are allocated to

alternative processes, e.g. reproduction (Archibald & Bond 2003:; Wilson &

Witkowski 2003) or belowground biomass storage, and (ii) those species

(US)
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deviate from the classic monotonically declining curves representing
‘healthy’ continuously recruiting natural forest populations, instead
showing evidence of pulsed recruitment and sporadic growth in response to

episodically favourable conditions.

32 METHODS

3.2.1 Study area and approach

31° 17'E; 24° 39' S) of the South African ‘lowveld’ of the Limpopo Province.
The area was delimited by Acornhoek settlement in the west and Manyeleti
Reserve bordering the Kruger National Park in the east (refer to Chapter 2 for a
map of the study region, and details of land use and biophysical characteristics).
Within this region, five sites were located in woodiand areas of the communal
rangelands surrounding the settlements of Acornhoek, Welverdiend, Gottenberg,
Utlha and Phungwe and each was paired with a site located less than 2 km away,
in the woodlands of adjacent protected areas - Wits Rural Facility, Timbavati,
Manyeleti (two sites) and the Sabie Sand Game Reserve, respectively. The
vegetation of the region is broadly classified as Mixed Lowveld Bushveld (Van

Rooyen & Bredenkamp 1996). All study sites were located within broad-leafed
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savanna woodlands on the relatively level ground of upland areas. Eleven study

3.2.2 Field data collection

At each site, data were collected along eight 100 m long transects comprising two

sampling widths: 4 m wide for woody plants less than or equal to 4.5 m in height

Transects were positioned: (i) with the long axis along a north-south compass

bearing, (ii) for communal rangelands, in woodlands that had not been cleared for

agricultural fields, appearing ‘relatively intact’ to the eye and (iii) for both
communal rangeland and protected areas, as systematically and equidistantly as

possible within the wooded area.

The information recorded for the selected species included: species, plant height
(height of the tallest live stem) and basal stem diameter (measured close to the
ground or just above the basal swelling when present). For multi-stemmed plants,

the number of stems growing from the plant base was recorded and the diameters

of all stems were measured.

3.2.3 Data Analysis

All analyses were at the plant level. For multi-stemmed plants, total stem diameter
was determined by calculating the cross-sectional areas of all composite stems,
summing them and using this aggregate stem area to calculate the effective total
stem diameter. Only intact woody plants were used in the analyses, i.e. plants with
evidence of cutting or substantial breakages were excluded since allometry (height
to diameter relationship) and resource allocation to growth and reproduction are
likely to have been affected. Total densities of all woody plants at each site were
not determined, with species other than those selected for the study having a

minimal presence and therefore assumed to have little influence on the population

dynamics of the study species.
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3.2.3.1 Woody Plant Allometry

calculated for each species. Although regression analyses found differences in

woody plant height:diameter allometry associated with land use for certain
species, samples sizes were large and differences proved biologically insignificant
(Appendix 4). Even for the most abundant and heavily utilised species, Terminalia
sericea and Dichrostachys cinerea (Chapter 2), differences amounted to only a

few (< 5) centimetres in height. The data from both land uses were therefore

VAL

For several species, the proportional gain in height to diameter appeared
substantially different for small and large sized plants. For these species

segmented (or piecewise) regressions were fitted, in which the relationship
between height and diameter fo
which the slope of the trend line changed significantly (Piepho & Ogutu 2003).
Break points were determined from indexed plots of the deviances (Figure 1 on
page 68) (Crawley 2002). One of the assumptions of regression analysis is that
measurements of the explanatory (X) variable are obtained without error. In
practice this is often impossible, although by assuming that the errors in X data
are negligible or at least small compared with the measurement errors in the
dependent (Y) variable (which holds true here), regression statistics are

sufficiently robust to cope with violation of this underlying assumption (Zar 1996,

Quinn & Keough 2002).

dynamic perspective (King 1990), enabling an understanding of how trees survive
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Sclerocarya birrea) showing a sharp U-shape as the fit gets progressively stronger up
to a certain index value (27 in this case - corresponding to a stem diameter of 4.6 cm),
then progressively weaker as the break point is placed too far to the right.

through the sapling stage to grow into adults. Species can then be compared by

estimating the parameters b, and b; in allometric equations of the form:
logy = b, + by log x,
where x and y are dimensions of the plant, in this case stem diameter and height

respectively. To compare the height to diameter relationship across species for the

small plant or sapling phase, the previously determined linear regression functions
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and the single regression function for the remaining species) were plotted

together. Slopes and elevations were compared using standard ANCOVA tests.
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Subsequently, a post-hoc Tukey test with unequal sample sizes was carried out

consistent with the original hypothesis tested, to identify groupings of

(7
\Zar

species with similar height:diameter growth allocation patterns. Interpretations
were made taking into account species-specific characteristics, i.e. mean wood
density, maximum height attained and stem number per plant (Table 1 on page
70). Maximum height values were calculated as the mean height of the ten tallest
trees sampled for each species. Wood density values (a1

mass per unit volume of wood (kg m" %)) were taken from the literature (Van Wyk
1990).

3.2.3.2 Population Structure and Recruitment Patterns

Woody plant population structure i

of stem diameters and statistically described in terms of the regression curve that
best approximates the change in the number of woody plants in successive stem

diameter size classes (Niklas er al. 2003), or by using a number of other

\

_,\,-n

descriptive indices (Wiegand et al. 2000). D

()

all communal rangeland sites were pooled to construct ‘protected’ and
‘<communal’ stem diameter frequency distributions for each species. In
determining the number of woody plants represented by each size class, account
was taken of the two-width plot design with the number of woody plants <4.5 m
in height adjusted according to the area sampled for larger plants. For statistical
purposes a uniform bin- (or interval) size (Ax) is required to sort individuals into

lasses. A Ax of 4 cm was chosen to limit the number of size classes

Ve QS ¥ N

different size ¢
with only a few individuals. Comparison of size class distributions with a smaller
size class interval (Ax = 2 cm) found no visible difference in the information
contained. Height size frequency distributions were similarly constructed for each

species for both protected areas and communal rangelands, using 1 m height size

L £
1

class intervals. The size frequency distributions o ch species for both land

Ann
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uses, were compared using Kolmogorov-Smimov distribution tests.
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A combination of methods was used to describe the population structures of the
study species and to contrast their patterns of recruitment and the influence of
exogenous disturbance. Firstly, following the methods of Condit ef al. (1998),

Ivkke (1998) and Qbirt
LYyKKe (1Y78) a Ob

calculated to describe the slope of the stem diameter size frequency distribution

for each species and each land use. The size frequency distribution slopes were

observed regenerative capacity: a negative slope typically indicating a population
with ongoing recruitment (or growth suppression); a more horizontal slope
indicative of a population composed of a relatively uniform number of individuals
across all size classes and showing either little recruitment or a relatively high
number of large plants (perhaps from previous recruitment episodes); and a
positive slope reflecting a population with little recent recruitment but possibly
episodic recruitment in the past (or perhaps accelerated growth across
intermediate size classes). Secondly, quotients, calculated between successive size

- £
L

ciasses, provide a measure of a popul icy (Harper 19
a

measure of growth from one size class to the next. In a ‘stable’ population, the
quotient between the numbers of trees in successive size classes approaches a
constant value, with the assumption of constant growth across size classes. Further

analysis of the size class distributions was carried out following methods used by

Coomes et al. (2003) (Appendix 5).

ular size distributions are not adequately described by commonly used
indices, as they fail to describe the deviation from a monotonically-declining
shape (Wiegand et al. 2000). Additional characterisation of species population
dynamics was therefore made using Simpson’s Index of Dominance (C) and a

Permutation Index (P) developed by Wiegand et al. (2000). The combination of

INNN D avsrriat
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the Simpson’s and Wiegand e/ al’
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effective in describing size frequency distributions that deviate from ‘ideal’
regularly-recruiting populations and which are shaped by rare recruitment events

and irregular growth. Simpson’s Index of Dominance (C) measures the occurrence
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of dominant size classes or the evenness of occupation of size classes (Wiegand

et al. 2000):

C=1UMN(N-1)) 3, Ni(Ni-1),
i=l

where N is the total number of woody plants and Ni the number of woody plants

in class i; n is the number of size classes. For Acacia raddiana occurring in the

arid Negev desert, Wiegand et al. (2000) interpreted Simpson’s index values
greater than 0.1 to reveal a size frequency distribution that is steeper than expected
from an exponentially-declining population, a consequence of rare recruitment
events and irregular growth due to episodic rainfall. Simpson’s values below 0.1

represented more evenly distributed size classes.

monotonically declining size distribution expected for an ‘ideal’ recruiting
population. For such a population, ranking would be equivalent to enumerating
the size classes from the class representing the smallest (most frequent) to that
representing the biggest (least frequent) trees. The absolute distance between the
expected and the real location (rank) of ail the size classes are summed, ignoring
the relative frequencies of the different size classes. If a size distribution is

discontinuous, with larger individuals in preceding size classes, the Permutation

where Ji is the rank of size class i (i = 1 for the smallest woody plants), with the

highest rank (Ji = 1) given to the most frequent size class; n is the number of size

classes.

R freeware (version 1.7.1.) and STATISTICA (version 5) software were used for

statistical analyses.
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3.3 RESULTS

331 Woody Plant Allometry

For five species, Albizia harveyi, Combretum collinum, Combretum zeyheri,
Lonchocarpus capassa and Strychnos madagascariensis, a reasonably consistent
linear allometric relationship between woody plant height and stem diameter
pertained across the entire stem diameter range (Tabie 2 on page 74, Figure 2 on
pages 75-76). In contrast, the relationship between height and stem diameter for
the six remaining species, was significantly different for small and large plants,
with a lower height increment relative to diameter increment shown by larger
plants. Segmented regression analyses determined this change in growth
_ alloeation to_occur, for all species, at a height of approximately 3mandastem

diameter of roughly 10 cm. Sclerocarya birrea had a notable absence of

7t m in stem diameter and 2 to 4 m in

intermediate-sized plants, i.e. 4.

height.

The allometric relationship between woody plant height and stem diameter for the

small plant or sapling growth phase of each species was compared. The contrast

a4

involved either the single regression function fitted to this relationship or for those

species where segmented regression functions had been more appropriate, the

i1 4vs

sion function fitted to the data range falling below the break point (Figure 3
on page 77). ANCOVA test results indicated that regression slopes differed
significantly between species (Foos().2.2878 = 207.7, P < 0.05). However, post-hoc
comparison tests yielded ambiguous results in the form of conclusions of

overlapping sets of similarities (Zar 1996). Therefore, instead of distinct

ax a a v vwill

groupings of species according to nces in their relative growth allocation to
height and stem diameter increment during the small plant phase, there appears to
be a gradation, with some species investing slightly more growth into height gain.
Nevertheless, two broad groupings of species were discernable, differing in
regression height intercepts, and of interest for the characteristics common to the
species they contained (Group 1: logjo(height) intercept = -0.219 + 0.01 (SE);
Group 2: logo(height) intercept = -0.257 + 0.006 (SE); paired t-test statistic

e first group contained seven species, the uppermost
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six (Terminalia sericea; Combretum apiculatum; Dichrostachys cinerea,
Dalbergia melanoxylon; Ziziphus mucronata and C. collinum) having the highest
wood density of the study species. Of the species comprising this group, only
C. collinum and C. zeyheri had not shown a change in growth allocation
associated with plant size. Both are multi-stemmed plants that grow proportionally
more in aggregate stem diameter than in height during this sapling phase. With the

exception of S. birrea, a single linear

diameter represented the allometry of the species comprising the second group for

their entire sampled plant size range. S. birrea was the shortest at any particular

the tallest maximum height. L. capassa and A. harveyi also invested relatively
more resources into diameter increment than height during this smalil piant phase.

S. madagascariensis had a larger height increment relative to stem diameter than

PR IS M e 1
the otner species 1

Table 2. Regression equations of the allometric relationship (log-log) between stem
diameter (cm) and height (m) for each of the study species. For several species a

L ocrea larga nlant nhocnc; the *hreak pgint

segmented regression was fitted to the small and large plant phases L
for segmented regressions was determined from an indexed plot of the deviances.

species regression break point* intercept £ SE slope t SE R
A. harveyi - -0.255+ 0.018 0.714 £ 0.034 0.78
C. collinum - -0.133 £ 0.024 0.699 + 0.023 0.92
C. zeyheii - -0.136 £ 0.012 0.668 + 0.012 0.87
L. capassa - -0.263 + 0.029 0.728 + 0.028 0.91
S. madagascariensis - -0.384 + 0.009 0.889 + 0.024 0.68
C. apiculatum small phase (s 5.3 cm) -0.168 + 0.008 0.847 + 0.025 0.74
large phase (> 5.3 cm) 0.362 £ 0.022 0.315% 0.017 0.45
D. cinerea small phase (s 8.59 cm) -0.194+0.013 0.854 + 0.025 0.70
large phase (> 8.59 cm) 0.335 + 0.058 0.27 + 0.052 0.11
D. melanoxylon small phase (s 7.5 cm) -0.229 + 0.015 0.877 + 0.034 0.82
large phase (> 9.8 cm) 0.440 + 0.146 0.213+0.109 0.12
S. birrea small phase (s 4.6 cm) -0.346 + 0.036 0.755 + 0.087 067
large phase (> 11.1 cm) 0.224 + 0.05 0.403 £ 0.033 0.46
T. sericea small phase (s 7.6 cm) -0.159 + 0.009 0.883 + 0.016 0.87
large phase (> 7.6 cm) 0.506 + 0.025 0.201  0.021 0.12
Z mucronata small phase (s 5.3 cm) -0.277 + 0.057 0.911£0.151 0.67
large phase (> 6.1 cm) 0.451 + 0.048 0.228 + 0.041 0.27
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3.3.1.1 Population Structure and Recruitment Patterns

Population structure was represented for each species, for both protected areas and
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diameter size class distributions, most species had population structures that
showed a relatively consistent attenuation of numbers from one size class to the
next. However, there were discontinuities. For several species there appears to be
a larger drop in numbers from preceding size classes, for woody plants of between
8 and 16 cm in stem diameter size, than expected under a constant attrition rate.

Small Z mucronata, C. collinum and C. zeyheri plants showed little reduction in

number from the 0 to 4 cm diameter size class to the 4 to 8 cm diameter size class.

Averxi i AXA A 113

S. birrea, the species with the most discontinuous population structure, appears to
have a relatively humped population distribution, with a higher representation of
plants of intermediate size (ca. 20 to 52 cm) than those of the preceding size
classes containing plants 4 to 20 cm in stem diameter. Interestingly, S. birrea
showed a lack of individuals sized 2 to 4 m in height under both land uses (as
observed in the plot of height to stem diameter). The stem diameter frequency
distribution showed few plants of size 8 to < 20 cm in stem diameter, especially
within communal rangelands. Across all species, population structure appeared by
and large consistent under either land use and Kolmogorov-Smirnov tests did not

detect significant differences in either stem diameter or height size class

distributions.

Woody plant species population structures were additionally characterised using
population description indices (Table 3 on page 82) and plots of quotients (Figure
6 on page 83). Size class distribution slopes identified D. cinerea as being an
abundant species with high seedling establishment and vigorous resprouting
ability. On the opposite side of the continuum, S. birrea, was defined as having
large mature trees, poor seedling establishment and little resprouting ability.

Remaining species had size class distribution slopes with intermediate values,
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Figure 5. Woody plant height distribution of Sclerocarya birrea within protected areas
and adjacent communal rangelands. Black bars represent protected areas; Grey bars

represent communal rangelands.

al

indicating populations that
establishment and resprouting vigour. All species had relatively high (> 0.1)

==y "

WCIC

Simpson index values, reflecting uneven population distributions that, according
to Wiegand et al. (2000), are steeper than expected for monotonically declining
populations, i.e. showing a higher rate of attrition between successive size classes
than expected for a regularly recruiting population with constant growth between
size classes. C. zeyheri and Z. mucronata had the lowest Simpson’s indices and
t ‘even’ distributions, while S. madagascariensis had the highest

therefore the mos
and most ‘uneven’. S. birrea, in both communal rangelands and protected areas
and C. apiculatum, in communal rangelands, had relatively high Permutation
indices indicative of more ‘discontinuous’ populations. Z. mucronata, D. cinerea

and 7. sericea had the most ‘continuous’ population size distributions.

Quotient plots reflected that the populations of all the study species fluctuated,

under either land use, with many species, most notably C. zeyheri, showing
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83). S. birrea was the most ‘unstable’.

3.4 DISCUSSION

This study presents evidence that certain savanna woody plant species appear to
change their growth allocation strategy, at a generally consistent height, from a
strategy focused on height gain to one showing a reduced height increment

relative to diameter. This slowing in height gain may be linked to an alternative

or belowground biomass storage. The approximately 3 m height at which this
switch in resource allocation was found to occur (ca. 10 cm in stem diameter) is in
agreement with previous studies that have proposed that only once this height has
been attained and savanna woody plants are less vulnerable to damage by fire, can
resources be effectively allocated for reproduction (Trollope 1984, Higgins et al.
2000, Archibald & Bond 2003, Wilson & Witkowski 2003), with the costs of

articularly high in nutrient-poor ecosystems. Yet, for other

o n
(s Ab RJ -
species under study, there was no obvious size-related shift in proportional height
to stem diameter growth increment. These tended to be the more multi-stemmed
species, of a shorter stature. The two species showing the most uniform growth

allocation across plant size range, Combretum collinum and Combretum zeyheri,

were also the most multi-stemmed of the study species.

It is during the most vigorous growing sapling stage that differences in the growth
strategies of woody plant species - to survive damage and reach reproductive
maturity - are likely to be most evident (Kohyama & Hotta 1990). Yet, in a
contrast of a common ‘small plant’ size range, the savanna woody plant species of
this study were found to be broadly similar in their growth in height relative to

ingly, the saplings of rain forest tree species have been

-
L

found to show a similar lack of allometric variability despite differing in their
tolerance to shade. Contrasts between the saplings of different Amazonian
oligotrophic lowland rain forest species (Coomes & Grubb 1998) and of
Indonesian old growth tropical rain forest species (Kohyama & Hotta 1990) found
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that species did not differ substantially in the slopes of their height to stem
diameter allometric relationships. This lack of plasticity was interpreted as

suggestive of constraints on assimilate allocation. Coomes & Grubb (1998) warn,
however, that the sapling height range used in these studies may be insufficient to
test for significant differences among slope parameters. The allometric
coefficients of the present study indicate that savanna woody plant saplings invest

more growth into diameter relative to height increment than their forest tree

counterparts. Also, there was some evidence that the saplings of more multi-

stemmed savanna species have a lower height relative to aggregate stem diameter

increment than single-stemmed species. Importantly, resource allocation by
savanna woody plants to belowground biomass is likely to be considerable. Stored
resources enable woody plants to survive and recover following damage and the

loss of aboveground biomass. Although harder to measure, resource allocation to

| T e d cbmmnaoa 1a
belowgrouna storage is a

contrasting growth strategies.

Of considerable interest is the observation that a greater height increment in
savanna woody plant species during the sapling phase appears to be associated

2 TL 2 L3 P

with a higher wood density (Niklas e al. 2003). The specific density o

f wood is
closely related to mechanical properties of strength, such as elastic moduli, which
describe resistance to static and impact bending, compression and tension (Enquist
et al. 1999). The allometric relationship between height and stem diameter may
therefore be more closely related to the tensile strength of the wood and resistance
to wind damage than to a saplings tolerance of shade or disturbances. Allocation
to tissue density entails a trade-off in growth rate: species that allocate less
biomass to their stems (light woo
that allocate more to stems (dense woods) (Enquist ef al. 1999). As Sclerocarya
birrea has a considerably lighter woody density than the other study species, it is
possible that it grows the fastest, with growth during the sapling phase largely in
stem diameter (and probably also in belowground biomass including extensive
roots for stability and increased access to water). At some threshoid stage, when
the stem diameter can support it, growth is then shunted into rapid height gain to

e flame (or browse) zone. The scarcity of sampled S. birrea individuals
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of 2 to 4 m in height in both protected areas and communal rangelands could be
evidence of such a growth strategy, with plants growing rapidly through this
height range during favourable periods. The current study is, however, not able to
support inferences made about the relative growth rates of these savanna woody
plant species. With the exception of S. birrea, it is the species displaying two
distinct growth phases that during their sapling phase have a larger height gain

.
necies with an annarantly
yvvlvu lllll aix “y}l A\

uniform growth pattern. Yet, as plants are able to adapt their allocation strategies

in response to resource availability, it is important to acknowledge that allometric

resources are allocated to growth versus storage remains poorly understood

(Coomes & Grubb 1998).

At face value, the cumulative evidence of this study does not strongly support the
hypothesis that episodic recruitment has largely shaped the population structures
of these savanna woody plant species. However, it is plausible that episodic
recruitment events have been masked by other factors such as growth suppression.

Rohner & Ward (1999) found that browsing by herbivores delayed the growth of

[l
Q

ies by suppressing tree height to a level accessible

........... ~F A~
Y "’I‘!’ ....... g U

young trees of Acacia sp
them. This resulted in a smoother size distribution than for unbrowsed populations
that showed evidence of interrupted recruitment. Although the more obvious
effect of browsing is height suppression, the loss of aboveground biomass will
reduce subsequent growth in stem diameter. Repeated fires can have a similar
effect, resulting in savanna woody plant seedlings persisting for many years as
suppressed juveniles, with stems continuing to resprout following burning and the
loss of aboveground biomass (Trollope 1984, Bond & van Wilgen 1996).
Crucially, size structure may be a poor indication of episodic recruitment if
diameter classes do not reflect age. The assumption of constant growth from one

size class to the next across the entire size class range is simplistic and likely to

confound interpretations, particularly in semi-arid and arid savanna ecosystems

where woody plant demography is characterised by irregul

to the incidence of favourable conditions (Wiegand er al. 2000). Therefore,

several potentially interacting factors make the interpretation of population size
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size class distribution depends not only on species traits and the disturbance

history of sampled sites, but also on the choice of size class interval and the stem

size range selected (Coomes et al. 2003).

Most of the study species had population structures defined by the various
descriptive indices as deviating from a monotonically declining distribution curve,
with a steeper than expected attenuation in woody plant numbers with increasing

stem diameter size. This could be a consequence of a high mortality of small

n o unpression of growth into successive stem diameter size classes
y 794 SALANG U A A “rl.l AAAAAAAAAA D ~ - s 4 A AT AT A

as a consequence of limited water and nutrient availability or as a result of damage
to aboveground biomass. Quotient plots confirmed that many of the species had
populations that were relatively ‘unstable’, suggesting irregular growth and/or
recruitment. S. birrea, of all the study species, had a population structure that
could be interpreted as being reflective of episodic recruitment. However,
irregular growth may translate into a comparable population structure and there
was some evidence, particularly in protected areas, that browsing or fire may have
inhibited growth into larger diameter size classes. C. zeyheri, Ziziphus mucronata
and Dichrostachys cinerea were the species with the most ‘even’ size class

distributions, indicating more regular recruitment, constant growth between size

classes or a lower rate of mortality.

In general, woody plant allometry and population structure of the study species
did not differ substantially with land use. This indicates that either different
factors, e.g. browsing by livestock and fuelwood harvesting in communal
rangelands or wild herbivores and fire in protected areas, have similar effects or
that these have only a minor modifying effect on woody plan
likelihood, recruitment, growth and mortality of these semi-arid savanna woody
plant species are driven primarily by regional rainfall patterns, over and above the
impacts associated with particular land uses. It would be interesting to contrast the

predominantly broad-leaf species selected for this study with fine-leaf (Acacia)

savanna woody plant species of the same region.
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Referring back to the study’s aims, the findings suggest that the selected savanna
woody plants can be divided into two broad groups: (i) those species that appear
to change their growth allocation strategy during their life histories, with an
emphasis on height gain during the period that they are most vulnerable to

nd (ii) those species that appear to have a more uniform height relative

damage
D~

to stem diameter growth increment across their entire size range, witharelatively

greater diameter increment and perhaps more belowground biomass accumulation.

— During the sapling phase, only a small degree of variation was perceptible

between species in the allometric relationship of height to stem diameter. Yet,

; ) ..
t ic characteristics

there was some evidence to suggest that species-specifi
wood density and the degree of branching, are associated with differences in

woody plant allometry and apparent growth strategies. Finally, although several of

the savanna woody plant species of this study were described as having relatively

discontinuous and uneven population structures (in contrast to ‘healthy’

), there was no conclusive

continuously recruiting natural forest populations
haped by

evidence to suggest that their population structures were primarily s

irregular recruitment events. However, caution must be exercised when drawing
conclusions from size distributions about the relative importance of factors in

shaping population structure. Further investigation would
rowth, with size therefore not reflecting age, from the

be required to separate

the influence of irregular g

factors influencing recruitment and mortality.
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CHAPTER 4

Aspects of the Seedling Niche:
Determinants of Woody Plant Establishment
Success in an African Savanna
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A recently emerged marula Sclerocarya birrea seedling, surrounded by grass and
dried leaves, with pale green cotyledons and 2 pairs of leaves.
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~ Abstract

Seedling establishment is widely considered to be one of the strongest filters
determining subsequent savanna woody plant recruitment and demography. It is
during this life history stage that plants are most vulnerable to environmental
conditions and damage. Yet, little is known about the factors that either support or
limit seedling establishment. Such an understanding has considerable implications
for predicting and managing the balance between woody and herbaceous
vegetation in response to intensive utilisation or climate change. A factorial

experiment assessed the influence of grass competition (or facilitation) and

evidence that, although not entirely preventing establishment, grass cover reduces

both the number of emergent and surviving seedlings. Seedling predation during
the winter period, presumably by rodents, had the highest impact on seedling
survival. Seedling size was influenced by an interaction between grass treatment
and herbivory. The field surveys revealed a recruitment pulse for all woody plant

species following well above-average rainfall. Most seedlings, especially the

opies of other woody plants. Seedlings of this
size were less numerous in communal rangelands compared with protected areas
and in a site that had recently burnt. The majority of seedlings grew in microsites
with relatively little grass cover. Evidence of seedling herbivory was more
prevalent for seedlings growing in sub-canopy microsites than for seedlings
growing in inter-canopy areas. The experimental resuits o
with the findings of the seedling field surveys, confirm herbaceous cover to be an
important determinant of seedling establishment success, both directly through

competition for water and indirectly by affecting seedling exposure to herbivores.

Keywords: grass competition; land use; rodent predation; seediings; sub-canopy;

woody plant recruitment
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4.1 INTRODUCTION

“In plant ecology, the action is in the transition from seeds to seedlings. What

comes later is history.” (Harper’s maxim (1977))

Wi l.u Il Savannas lS
ultimately dependent on the recruitment of individuals into a population. “The
spatial and temporal patterns of plant recruitment processes represent the
integrated effect of biotic and abiotic environments on the patterns and processes
of seed dispersal and germination and the emergence, growth and establishment of

seedlings” (Grubb 1977). Therefore, any factors that alter seed availability,

dispersal and seedling establishment are critical to woody plant population

demographics (Grubb 1977, Harper 1977, Weltzin & McPherson 1999, Scholes &
Archer 1997, Wiegand et al. 2000).

Under a variable climate the conditions conducive to the recruitment of certain

savanna woody plant species occur very infrequently, requiring the coincidence of

browsing pressure or fire frequency (Moss 1996). Many species do not have a
dormant seed bank that would allow them to successfully establish under these
sporadically favourable conditions (Silvertown & Lovett Doust 1993). Instead,
they may have populations of ageing seedlings, some of which might grow to
reproductive maturity should conditions or disturbance events permit a sequence
of temporary releases from the dominant factors that suppress them (Grime &
Hillier 1992, Prins & van der Jeugd 1993, Silvertown & Lovett Doust 1993,
Scholes & Archer 1997). This has been termed the “storage effect”, where
overlapping generations of previously established seedlings result in strong

recruitment when conditions are favourable (Chesson & Warner 1981).

savanna woody plant species are thought not to be seed-limited

(Lamont et al. 1993), even though seed production may be highly variable and a
considerable proportion of seeds parasitised or eaten (Gutteman 1994, Keesing

2000, Wiegand et al. 2000, Witkowski & Garner 2000, Wilson 2002). In heavily
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utilised savanna woodlands, frequent damage to woody plants from browsing, fire
or live wood harvesting may additionally limit seed production (O’Connor 1991,
Erewijn & Verhoeven 1995, Milton 1995, Chapter 2). Instead, it seems that the
success or failure of seedling establishment is widely considered to be of more
importance in limiting woody plant recruitment, since plants are most vulnerabie

during this life-history stage to environmental conditions and damage (Harper

of resilience, with fire, herbivory and dry periods inhibiting growth but rarely

resulting in mortality.

Establishment success is an indicator of the suitability of a site, with the spatial
d

the critical post-dispersal

distribution of seedlings integrating s
processes of seed survival, germination and early seedling growth and survival.
Harper et al. (1961) introduced the term “safe sites” to describe small-scale
environmental heterogeneities that create spatial variance in recruitment

opportunities. Soil environments are highly heterogeneous and the heterogeneity

,,,,,

number of seedlings and their variety. Grubb’s (1977) “regeneration niche”

recruitment that promote coexistence between
species when the conditions favouring the recruitment of one species differ from
those of another, thereby reducing competition between the two. However, as
Higgins et al. (2000) state: “Little is known about the regeneration niches of

savanna woody plants” and there is little consensus in the literature as to the

relative importance of various factors in facili

establishment. Probably this is because species differ in their requirements and

tolerances

(L0313 Ras g e

, with the importance of factors additionally shifting in relation to the

stage of seedling development. In very few cases have the factorial experiments

been carried out to determine which variables and their interactions, limit

establishment in a given circumstance (Clark et al. 1999).

however, that soil moisture availability is the most important

POV P P
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factor determining the abundance of young seedlings in semi-arid savannas

(Skarpe 1990, Grundy et al. 1994, Erewijn & Verhoeven 1995, O’ Connor 1995,
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Hoffm i i i rd 1999, Wiegand et al.

2000). Successful establishment, following germination, occurs when there is
adequate soil moisture for long enough to ensure that
sufficiently to survive the first growing season (Walker & Janssen 2002). Many
other factors that are considered important for establishment success can be linked
to water availability. For several species, a higher incidence of seedling
establishment beneath the canopies of mature trees in contrast to the direct
sunlight of inter-canopy areas may be a consequence of reduced solar irradiance
and soil temperatures resulting in smaller fluctuations of soil moisture (Grundy

¢ al. 1994. O’Connor 1995, Weltzin & McPherson 1997). Seedlings growing in

sy W i ATy --— AViw1 il

sub-canopy environments may additionally be supported by higher microbial
biomass and soil organic concentrations, greater mineralisable nitrogen and

possibly protection from fire or herbivory (Hochberg et al. 1994, O’Connor 1995,
Scholes & Archer 1997, Olff et al. 1999).

The frequently higher herbaceous production beneath tree canopies has similarly
been linked to the lower soil temperatures and greater fertility (Smith & Goodman
1986, Belsky et al. 1989, Weltzin & Coughenour 1990, Belsky 1994). Young
seedlings may compete with grass for limited water, nutrients and light and a high

grass biomass has been shown in some cases to reduce seedling emergence,

growth and survival (Walker et al. 1981, Knoop & Walker 1985, Gill & Marks
Erewiin & Verhoeven 1995, O’Connor 1995, Wilson 2002). Yet, other

studies have found seedling establishment to be unaffected by herbaceous biomass

(Clarke & Davison 2001) or even facilitated through an associated reduced soil

moisture evaporation and protection from herbivores (Brown & Archer 1989,

Milton 1995, Scholes & Archer 1997, OIlff et al. 1999). Grass may have an

= zam .n wrann f 3
i

indirect effect, more pronounced in mesic savannas, O
and subsequent fire frequency and intensity, resulting in the mortality of young

seedlings (Trollope 1984, Hochberg et al. 1994). Under such circumstances,

heavy grazing will reduce grass cover and enable the establishment of seedlings of
some woody species and other previously established seedlings to escape fire

suppression (Skarpe 1990, Smit 1996, Witkowski & Garner 2000, Rocques ef al.
2001, Walker and Janssen 2002, van Langevelde 2003).
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When seedlings are capable of establishing and growing under canopies with
conditions of low irradiance (and frequently a high grass biomass), they may form
a persistent seedling bank. However, seedling growth rates beneath mature plants
have been found to be slower than for those of seedlings in direct sunlight
(Grundy et al. 1994), with seedlings more etiolated (O’Connor 1995) and
probably taking longer to reach reproductive maturity should they survive. Smith

& Goodman (1986) found that woody plants in semi-arid savannas fail to recruit

(¢ 9 AE IS I NeaY Y SOV =2 1

under the canopies of mature trees resulting in a pattern of regularly dispersed

trees. Some species are thought to be entirely intolerant of the low irradiance

Yeaton (1988) reported that seedlings of members of the Combretaceae
established only in open areas in semi-arid savannas. High seed pr
also limit seedling establishment near parent plants despite greater seed
availability and germination (Silvertown & Lovett Doust 1993, Moss 1996,
Radford 2002). Herbivory, by ungulates, rodents and insects, has been found to
suppress seedling growth (Moss 1996, Shaw 2002, Augustine & McNaughton
2004), but unless seedlings are very young (Iess than a year old and not yet

established), is considered unlikely to induce mortality (but see Gill & Marks

While recognising that many factors are likely to be involved, and to interact, in
influencing seedling establishment success, the focus of this study was on the

effect of grass cover and herbivory on seedling establishment. A field factorial

experiment tested the hypotheses that seedling emergence and survival is:
1.  Lower in plots containing live grass than in plots with either (1) grass

PR o ~ sy +
L.

cover and therefore no compe

i.e. removing the competitive influence of grass cover while retaining the
shading effect.

2. Higher in plots protected from herbivory (by ungulates and rodents).

characteristics to determine whether the conditions conducive to seedling survival

98



tested were:

3. Seedlings are more numerous beneath the canopies of ‘parent’ plants than in

inter-canopy areas.

4.  Seedlings are less numerous in an area recently burnt or heavily grazed in

comparison to areas with less recent disturbance.

Being able to define distinguishing features of supportive seedling environments
would impart a level of understanding as to where in a landscape seedling

establishment is most likely to be successful. This understanding is important for

the management and rehabilitation of intensively utilised savanna woodlands.

42 METHODS
4.2.1 Study area and approach

The study region was located within the Bushbuckridge area (centering on
31° 17'E; 24° 39’ S) of the South African ‘lowveld’ of the Limpopo Province.

The area was delimited by Acornhoek settlement in the west and Manyeleti

o
-t
Z

ational Park in the east (Figure 1 on page 100).

The region is characterised by low rainfall (ca. 650 mm per annum in the west; ca.
550 mm per annum in the east), concentrated in the summer season (October to

May), largely in the form of convectional thundershowers. Intra-annual rainfall

variation is greater than
common with more prolonged drought occurring as often as every 3.5 years.

£0/
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Mean annual temperature is 22° C and mean daily maxima are approximately

30° C in January and 23° C in July.

aphy of the study region is gently undulating. Soils are underlaid by
granitic gneiss with local intrusions of gabbro. Vegetation of the region is broadly
classified as Mixed Lowveld Bushveld and is dominated by species of the

Combretaceae (Van Rooyen & Bredenkamp 1996).
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Paired study sites in communal angelands and protected areas are mdlcated
additional site in the Wits Rural Facility sampled an area recently burnt.

Additionally, the marula Sclerocarya birrea and sickle bush Dichrostachys
cinerea contribute considerably to woody biomass within the region (Shackleton

1997). There have been several decades of intensive utilisation of communal

3
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grazing lands resulting in an
sparse woodland” by Edwards’ (1983) physiognomic classification. Adjacent

protected areas have considerably denser woody vegetation and are classified as

“short bushland”.

A field factorial experiment was
Facility, in a lightly wooded and relatively flat area. The experimental study was

conducted over two wet seasons from seed planting in December 2001 to a final

measurement of seedlings in March 2003. Small indigenous ungulates on the
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property included impala, duiker and bushbuck. Rodent species might include
Rabdomys pimilio, Aethomys chrysophilus and Saccostomus campestris
(Mushasha 1999). Mean rainfall (recorded close to the experimental site) was
during the 2001/2 wet season (July — June) close to the average (583 mm) and in

the 2002/3 wet season well below average (288 mm).

Seedling surveys were undertaken in communal rangelands surrounding the

rdiend. Each was paired with a

site located less than 2 km away, in the woodlands of adjacent protected areas -

avati, respecti

Wits Rural Facility, Manyeleti and Timbav

communal rangeland and protected area sites enabled an assessment of whether
occurrence and patterns of seedling establishment were influenced by factors
specific to either land use, e.g. grazing livestock and wood harvesting in
communal rangelands and browsing indigenous ungulates in protected areas. An
additional area within Wits Rural Facility, burnt shortly before the onset of the

2002/3 wet season, was surveyed to assess the impact of fire on seedling survival.
ied out towards the end of the 2002/3 wet season, two
to three months after probable seed germination. They therefore followed the
period of high mortality in the post-germination phase and are likely to have
monitored initial establishment of the current season’s seedling cohort. Although
rainfall received during the 2002/3 wet season was well below average, there had
been no ‘dry’ periods, i.e. exceeding 30 days without rainfall (Hoffman 1996,

Higgins et al. 2000), prior to the survey.

4.2.1.1 Field factorial experiment

The experiment was designed to determine the influence of grass cover and
herbivory on woody seedling emergence and establishment. The factorial set up
was as a single, randomised block, but with each treatment represented within

» and ‘open’ area (Figure 2 on page 102). Plot size was
1.5 x 1.5 m, with the overall exclosure constituting 20 contiguous (4 x 5) plots and
covering an area of 45 m?. Each grass treatment had three replicates within the

‘protected’ area from which both ungulates and rodents were excluded and a
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applied to the entire plot area.

4.2.1.1.1 Grass competition or facilitation

The effect of grass cover on seedling emergence and establishment was
investigated in plots containing established grass tufts. Grass was cut to a height
of approximately 10 cm during the early wet season (November) to simulate the
effect of cattle grazing in communal rangelands. Grass cut to this height provides
little shade to seedlings (O’Connor 1995). These live grass plots were contrasted

with plots in which all herbaceous cover had been killed (using a herbicide,

ound-up, in October prior to i i i

cleared, or (ii) with dead grass left in situ (initially upright, later decumbent). The
experimental design aimed to test respectively, the influence of grass competition

for limited water, and a potential facilitative influence (shading and reduced

season, herbicide was re-applied in the relevant plots, to kill herbaceous grass

cover that had grown in the interim.

4.2.1.1.2 Ungulate and rodent herbivory

Small ungulates were excluded from all but the four ‘open’ plots by a robust wire-
meshed fence approximately 1.2 m in height. Rodents were excluded from twelve
of the sixteen fenced plots with corrugated iron sheeting, embedded in concrete
nding 30 cm below and 50 cm above the ground surface, external to the
fencing. For a month prior to seed planting, rodent poison was placed in dishes at
intervals along the corrugated iron ‘barrier’ to ensure that there were no rodents
within its perimeter. Throughout the experimental period there were no

indications that herbivores had gained access to the plots protected from them.

4.2.1.1.3 Seeds and seedlings

The relative influence of each treatment on seedling emergence an

tested for three species: Sclerocarya birrea, Strychnos madagascariensis and
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Terminalia sericea. The emergence and survival of a further three species,

Combretum collinum, Dichrostachys cinerea and Ziziphus mucronata, were
assessed for plots with the live grass cover treatment only (‘species group 2’ in
Figure 2 on page 102). The six study species were amongst the most abundant at
Wits Rural Facility (Shackleton 1997) and represent a range of fruit sizes that
differ in dispersal agents: S. birrea, S. madagascariensis, Z. mucronata are all
fleshy-fruited and seeds are dispersed by mammals (including humans) and birds;

_I_

by vertebrates; the two

O»

D. cinerea has nutritious seed pods that are also dispersed

Combretaceae species, T. sericea and C. collinum, have winged fruits that are

wind dispersed.

Seeds were planted during the early wet season (12"-14" December 2001). The
high amount of rainfall received during the previous month (270 mm, 2% times
the monthly average) made the ground ideal for seed sowing. The seeds were
collected from more than ten individuals of each woody species within the region.
All seeds were examined and only those appearing intact were used. C. collinum
and D. cinerea seeds were removed from fruits and the wing surrounding
T. sericea fruits was removed and opposite ends of the fruit cut to expose the seed.
To ensure ready germinability, the seeds of all species were soaked in warm water

~F
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for 3 hours and subsequently planted at a so 2 cm. Within each p
48 seeds of each of the three species were arranged in a 12 x 12 grid with an inter-
seed spacing of 10 cm. There was 40 cm between the outer seeds of one treatment
plot and those of the adjacent one. Where a seed’s grid position coincided with a
grass tuft, the seed was planted in the soil immediately next to the tuft. Care was

taken during seed planting to minimise disturbance of the original soil structure.

watering (15 1. per plot), carried out after each three day period
during which no rain had fallen, reduced the likelihood of desiccation during the
vulnerable post-germination stage, i.e. from time of seed planting (December,
2001) until the end of the first wet season (March, 2002). Each addition was
equivalent to a rainfall event of ca. 3.75 mm. The cumulative supplementation of
water was 150 mm, resulting in an effective m, including rainfall
(92% of the seasonal mean), over the growing period (October to April). Plots
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were watered shortly before sunset to reduce evapo-transpiration and any

detrimental effects of watering in combination with high irradiation.

Emerging seedlings were counted at weekly intervals during the first growing
season. Each emerging seedling was individually marked and monitored to
distinguish the timing of emergence and location within the plot, enabling the fate
and growth of individual seedlings to be tracked. The size of surviving seedlings,
i.e. height, basal stem diameter and the number of | flets, w
of the first growing season (March 2002) and at the beginning (November 2002)
and end of the following one (March 2003).

4.2.1.2 Seedling field surveys

Field surveys of woody plant seedlings were carried out in February and March
2003 (late summer). In each of the study sites, searches were made for seedlings
within a woodland area that was similar in appearance of the remainder of the site.
For communal rangeland sites, surveys were made in woodland that had not been

ields and appeared to be relatively undisturbed. Seedlings

cleared for agricu
were easy to detect amongst grass that was desiccated following the hot summer
season. Long grass was searched particularly carefully for concealed seedlings.

The size of the area searched differed for each site, being determined by the area

covered as thoroughly as possible by two field workers during a period of four

hours.

The species and size of each seedling encountered was recorded, as well as

information on the microsite environment, including:

o whether the seedling grew beneath the canopy of a tree or in inter-canopy

areas (and if beneath a canopy, the canopy tree species);

o the distance to the nearest potential mature ‘parent’ plant (when one could
be located);

. grass height, aerial grass cover (using Walker’s (1976) scale) and the

dominant grass species, within a 1 m? quadrat centred on the seedling;
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° the relative amount of litter cover present, defined as ‘absent’, ‘little’ or

“lots’;

o soil relative ‘moistness’, defined as ‘moist’ or ‘dry’.

The soil around seedlings was carefully excavated to distinguish between

seedlings originating from root and suckers growing from the root crowns o
plants. Measurements of seedling size were: height (measured from the ground

surface to seedling apex), stem diameter and the number of leaflets. Seedling stem
diameter was measured just above the soil surface with callipers. Only a few
seedlings had more than one stem. For these the number of stems was recorded,

the diameters of all stems were measured and a composite stem diameter

determined by calculating the cross-sectional areas of each stem, summing them

area to calculate the effective seedling stem

AL Q. 254 - > - 14

and using this aggregate stem

diameter. By definition seedlings were less than 0.5 m in height and smaller than
1 cm in stem diameter. Seedling age was estimated as being either from the
current wet season (< 1 year old), the previous season (1 to 2 years old) or older
and belonging to a multi-age group (> 2 years). Indicators of seedling age were
the presence of cotyledons, the degree of stem woodiness and seedling size
Seedlings from the current season were unmistakable from the presence of
nd/or stems that were green and flexible. Seedlings defined as being
1 to 2 years in age were distinguished from those considered older by being less
woody and having a smaller stem diameter (<0.3 cm). The seedlings of all
species were considered to have been reliably aged in this way. Any damage to

seedlings was recorded, i.c. the presence of fire scars, evidence of herbivory

(ungulate or insect) or trampling (revealed by €

aten or broken stem

Previously collected data on the densities and population structure of woody plant

species in each of the sites in which the seedling surveys were conducted enabled

a contrast between the relative abundance of seedlings and reproductively mature

individuals of woody plant species. At each site, the dimensions of all est

woody plants within eight, 4 by 100 m, transects were measured (refer to Chapter

2 for further details on data collection). Following Shackleton (1997), ‘mature’

1VU1 1 Ul LLL!
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plants were defined as being those taller than two thirds of the maximum height of

that species (calculated as the mean of the ten tallest plants).

4.2.2  Statistical Analyses

4.2.2.1 Field factorial experiment

4.22.1.1 Seedling emergence and survival

Differences in the number of S. birrea and T. sericea
with assumed equal variances. Given the low power of the statistical tests
(d.f.=8), a < 0.1 was considered statistically significant. More detailed analyses

of the influence of experimental treatments on seedling emergence, survival and

size, were possible for S. madagascariensis, the only species with a large number

of emergent and surviving seedlings. The proportion of S. madagascariensis

emerged and the proportion of emergent seedlings that

2]
A1 ARAWwA gmwwe 2252 S22

were alive at the end of the experimental period were subjected to log-linear
analyses to assess the influence of grass treatment as well as protection from small
ungulates or rodents. Seedling survival at the end of the first and second growing
seasons and following the intermediate dry winter period (April-October), were

similarly assessed. All seedlings emerging were assumed to

Losve Aana
nave aonc so from

seed added for the experiment (individual seed/seedling location had been
recorded) with no additional natural recruitment. Analyses were based on the

reasonable assumption that seed germination and seedling survival was not

influenced by position within a plot.

The log-linear analyses for both seedling emergence and survival (as the number
of seeds planted or of the number of emergent seedlings, respectively) were

carried out with generalised linear models using the appropriate procedures in
R (v 1.7.1) freeware (similar to S-Plus) for a binomial error distribution and logit
link function (Crawley 2002). Maximum likelihood (ML) estimation of model

parameters was used. The analysis tested the dependence of seed or seedling fate

ive grass,

on (i) grass treatment (at three levels: |
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(ii) protection from ungulates and rodents (at three levels: protected, open to
—ungulates and rodents and accessible to rodents but not to-ungulates), and (i) the ———————
interaction between grass treatment and protection from herbivory. A model

simplification process was followed to determine the ‘best fit’ model for the data,

i.e. the model containing only those variables that resulted in a significant increase

" d 3 an

fore
=

4.2.2.1.2 Seedling size

The effect of grass treatment and protection from herbivores on

S. madagascariensis seedling size at the end of the first and second growing

Mean seedling size per plot was used to avoid pseudo-replication. The influence

of treatment on leaflet number was analysed using a poisson error function and a
log link. Treatment effect on the number of leaflets per unit height, as an index of
etiolation (O’Connor 1995), was additionally assessed. In all cases the response
variable was found to be overdispersed, i.e. the probability distribution having a

dispersion parameter different from one and a variance greater or less than
expected from the mean (Quinn & Keough 2002). A more flexible quasi-
likelihood (quasi-Poisson) model was therefore used to estimate the dispersion
parameter from the data rather than restricting it to the value implied by the
binomial distribution. An F test instead of chi-square test was used to determine
whether the change in deviance resulting from the exclusion of a variable was
significant. A single-factor ANOVA examined whether there was a size difference

between seedlings that lived through the winter period and those that died.

4.2.2.2 Seedling field surveys

The number o ings of each woody plant species was compared between
adjacent communal rangeland and protected area sites using a two-sample t-test

with assumed equal variances. A Spearman Rank correlation tested whether the

ratio of seedlings to mature plants across all species, differed with land use.
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y* tests (with Yates correction) assessed whether the ratio of seedlings to mature

woody plants differed between communal rangelands and protected areas for each

cmaniae Qi
species. oubsequent naly: focu

representation of seedlings (> 50 seedlings). Generalised linear model analyses
(following the methods previously described for a response variable with binomial
error distribution and using a logit link function) assessed the probability of a
seedling of a particular species or size (stem diameter size class) growing beneath
the canopy of another woody plant as opposed to in inter-canopy areas. The
number of seedlings occurring in sub-canopy and inter-canopy areas was

compared with a two-sample t-test. The association of each of the recorded

SSaii VY 1 1

categorical environmental variables (grass cover, grass species, soil ‘moistness’
and leaf litter) with sub-canopy and inter-canopy seedling microsites was
examined with generalised linear model analyses. A single factor ANOVA

assessed whether grass height differed for sub-canopy and inter-canopy seedling

microsites.

Stem diameter frequency distributions, with size class intervals of 0.2 cm, were
constructed and Kolmogorov-Smirnov tests assessed whether seedling size
distributions differed between land uses or for sub-canopy and inter-canopy
seedling microsites. Single-factor ANOVA determined whether seedling size
(height, stem diameter and the degree of etiolation) differed with land use or

number. The number of seedlings per species, size frequency distributions and

other seedling size indices of the burnt site were similarly contrasted with those of

the nearby non-burnt site.

43 RESULTS
4.3.1 Field factorial experiment

4.3.1.1 Seedling emergence and survival

Germination and seedling emergence occurred within 2 to 4 weeks following

planting with Strychnos madagascariensis seeds taking the longest. For the three
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species for which 720 seeds were planted, i.e. 240 seeds of each species for each

of the three grass treatments, 9% ings, wi

generally lower densities emerging and surviving in the plots with live grass than

in those containing dead grass or no grass (Table 1 below).

Table 1. The proportion (%) of seedlings emerging and surviving after each season
under each grass treatment, for the three principal study species: a) Strychnos
madagascariensis, b) Sclerocarya birrea and ¢) Terminalia sericea. An equal number
of seeds (n = 240) had been planted for each grass treatment. The number of

_______ L

seedlings emerging and surviving is shown in parentheses.

a. Strychnos madagascariensis (N = 4
Seedling emergence {Dec. 2001 - Jan. 2002)  492(118) 61.3(147) 629151y —

Seedling survival (end of 1% growing season - Mar. 2002) 94.1 (111) 95.2(140) 98.7 (149)

Seedling survival (end of winter period - Nov. 2003) 62.2(69) 77.9(109) 67.1(100)
Seedling survival (end of 2" growing season - Mar. 2003) 76.8(53) 83.5(91) 92.0(92)
SeedliquiurvivaI (over experimental period) 44.9 61.9 60.9
b. Sclerocarya birrea (N = 45) live grass dead grass no grass
Seedling emergence (Dec. 2001 - Jan. 2002) 3.3(8) 8.6 (18) 8.9 (21)
Seedling survival (end of 1% growing season - Mar. 2002) 75.0 (6) 938 (15) 51.4(11)
Seediing survival (end of winter period - Nov. 2003) 50.0 (3) 66.7 (10) 81.8(9)
Seedling survival (end of 2" growing season - Mar. 2003) 66.7 (2) 80 (8) 77.8(7)
perimental period) 25.0 50.0 333

Seedling survivai {over experimental period) 25.0

c. Terminalia sericea (N = 12) live grass dead grass no grass

Seedling emergence (Dec. 2001 - Jan. 2002) 09(2) 1.9 (5) 1.9(5)
Seedling survival (end of 1% growing season - Mar. 2002) 100.0(2) 400(2) 100.0(5)
Seedling survival (end of winter period - Nov. 2003) 0 (0) 50.0 (1)  100.0 (5)
Seedling survival (end of 2" growing season - Mar. 2003) 0 (0) 0(0) 100.0 (5)
Seediing survivai (over experimental period) 0.0 0.0 100.0

seedlings were the most abundant with 57.8% of planted
seeds producing emergent seedlings in contrast to 6.3 % of Sclerocarya birrea
seeds and 1.7% of Terminalia sericea seeds. Of the emergent seedlings, more than
half (56.7%) of the S. madagascariensis seedlings survived the winter, while

fewer S birrea and T. sericea seedlings survived (37.8% and 41.7%,

respectively). Significantly more S birrea and T. seri ings surviv e
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experimental period in plots cleared of grass than in those with live grass
(t-statistic = -1.66, P = 0.07; t-statistic = -1.83, P = 0.05, respectively). The
T. sericea seedlings surviving at the end of the experimental period were all in
at had been cleared of grass. Significantly more S. birrea seedlings also
survived in plots containing dead grass than in those with live grass
(t-statistic = -1.98, P = 0.04). For the second group of species for which 240 seeds
~ were planted within plots containing live grass: 3.9% of Ziziphus mucronata,

3.5% of Dichrostachys cinerea and 3.0% of Combretum collinum seedlings

emerged. The low emergence (n =24

survival (10 seedlings survived the first growing season, while none survived

through the winter period) precluded these species from subsequent analyses.

Grass treatment influenced S. madagascariensis seedling emergence (Table 2 on
page 112), with plots containing live grass having a significantly lower emergence
rate than those cleared of grass (P = 0.04; rate of emergence: 49.2 + 16.6% (SE)
and 62.9 + 23.9%, respectively) (Figure 3 on page 113). There was no significant
difference in emergence between plots containing dead grass and those from
which all grass had been removed. Seedling emergence was not influenced by the

level of protection from herbivory or by the interaction between grass treatment

and herbivory.

The number of S madagascariensis seedlings surviving after two growing
seasons did not appear to be influenced by either grass treatment or protection.
Similarly, there was no apparent treatment effect on the proportion of seedlings

surviving at the end of the first growing season. During the winter period,

. f e L
exclusion of herbivores appears to have b

Plots accessible to rodents (but protected from ungulates) had considerably fewer
surviving seedlings (46.5 = 40.4% (SE)) than plots protected from both rodents
and ungulates (75.3 £ 29.9%) or plots open to both ungulates and rodents
(73.0 + 48.9%) (P = 0.012). Seedling survival during the second growing season

was influenced by grass treatment and not by the level of protection from

herbivory. A higher proportion of seedlings growing in plots with no grass
48 09 than those in live grass (76.8 £ 29.9%) (P = 0.026). Once

i QO N
survived (92.0 £ 48.9%) than t n hive
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more, the proportion of seedlings surviving in plots containing dead grass

(83.5 + 40.4%) did not differ significantly from that of the cleared grass plots.

Table 2. Generalised linear model analysis of Strychnos madagascariensis seedling
emergence and survival in response to grass treatment and protection from
herbivory. The influence of treatments on seedling survival was assessed for (i) the
proportion of emergent seedlings that were alive after two growing seasons and the
proportion of seedlings surviving through (ii) the first growing season; (iii) the winter
period; and (iv) the second growing season (G? is the change in deviance and A d.f. is
the change in degrees of freedom resulting from removal of a parameter; a binomial
error distribution and logit link function were used; bold P < 0.1).

Model Term F P G’ Adf.
Emergence Grass(G) : Protect(P) (interaction) 1.95 (6) 0.49 3.41 8
Protect (P) 2.04(12) 0417 7.80 2
Grass (G) 3.34(12) 007 11.03 2
live (L): 0.49£0.17
dead (D): 0.611 0.24
cleared (C): 0.63 £+ 0.24
(L vsD:P=0.06;L vs C: P=0.04)
Survival - Overall Grass(G) : Protect(P) (interaction) 1.06 (6) 0.49 28.94 8
Protect (P) 253(12) 0.12 14.41 2
Grass (G) 144 (12) 0.27 9.35 2
Survival - 1* season Grass(G) : Protect(P) (interaction) 1.75 (6) 0.26 12.28 8
Protect (P) 117 (12) 035 292 2
Grass (G) 1.38(12) 0.29 3.15 2
Survival - Winter Grass(G) : Protect{P) (interaction) 1.33 (6) 0.38 309 8
Protect (P) 453(12) 0.03 2068
protected (P): 0.75 £ 0.23
rodent access (R): 0.46 £ 0.43
open (0):0.73£0.43
(PvsR:P=001,Rvs O: P=0.02)
Grass (G) 1.19(12) 0.34 7.86 2
Survival - 2" season  Grass(G) : Protect(P) (interaction) 1.08(6) 048 12.87 8
Protect (P) 0.47 (12) 0.63 1.58 2
Grass (G) 3.58(12y 0.06 7.89 2

live (L): 0.77 £ 0.30
dead (D): 0.83 £ 0.40

cleared (C): 0.92 £ 0.49
(L vs C: P=0.03)
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Density (m™) of Strychnos seedlings emerging and
surviving under each grass treatment
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Figure 3. The number of Strychnos madagascariensis seedlings emerging and
surviving in plots containing live grass, dead grass or cleared of grass. Standard error

bars are shown.

43212 Seedling size

TFease R o LIECLLLENR S

An interaction between grass treatment and protection from herbivory influenced

madagascariensis seedlin . with the effect of protection from herbivory

S. madagascariensis S 1g

(Table 3 on page 114). Seedlings were shorter in

-

contingent on grass treatmen
plots exposed to herbivores (6.54 + 0.02 cm) than in those with protection

(10.75 = 0.01 cm) (P =0.01). Throughout the experimental period, seedlings

exposed to herbivores had fewer leaflets than those growing in plots protected

cing most

3
5
o

from rodents and both rodents and ungulates, this difference

pronounced after the winter period and subsequent growing season. During the

re were fewer leaflets per seedling in both open plots (59.8%

vy 111 p bl AN
fewer leaflets) (P = 0.04) and in those accessible to rodents (63.1%) (P = 0.03) in
contrast to the leaflet number of seedlings in plots protected from herbivores.
During the second growing season (as for the first growing season), the difference

in leaflet number per seedling was most pronounced between seedlings exposed
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Table 3. Generalised linear model analysis of the influence of grass treatment and

protection from herbivory on Strychnos madagascariensis seedling size. The influence
of treatments on seedling size (stem diameter, height and the number of leaflets per
unit height) was assessed after two growing seasons. The influence of treatments on
leaflet number is shown for both growing seasons and for the intermediate winter
period (G? is the change in deviance and A d.f. is the change in degrees of freedom
resulting from removal of a parameter; a binomial error distribution and logit link
function were used; bold P < 0.05).

Model Term F P G* \df

Stem diameter Grass(G) x Protect({P) 589(6) 0.02 0.3 8
Protect (P) 2.32(12) 0.14 0.10 2
Grass (G) 0.14(12) 087 0.01 2
Height Grass(G) x Protect(P) 79@0) 0.01 1.02 8
Protect (P) 598212y 0.62 056 2
Grass (G) 0.42(12) 067  0.07 2

protected (P): 10.75 £ 0.01

rodent access (R): 8.31 £0.02

open (O} :6.54 £ 0.02

(P vs O:P=0.01)
Leaflet number - 1st season Grass(G) x Protect(P) 682(6) 0.02 1549 8
Protect (P) 13.01 (12) 0.001 11.72 2
Grass (G) 0.02(12) 098 0.46 2

protecied (Pj: 19.88 £ 0.05

rodent access (R): 15.67 £ 0.11

open (0): 16.80 £ 0.13

(P vs R:P=0.05P vs O:P<0.001)
Leafiet number - winter Grass{G) x Protect{P} 430(6) 004 3665 8
Protect (P) 6.18(12) 0.02 1993 2
Grass (G) 132(12) 03 7.52 2

protected (Pj: 30.11 £ 0.08

rodent access (R): 18.0 £ 0.21

open (0): 19.010.20

(Pvs R:P=0.03; P vs O: P =0.04)
Leaflet number - 2nd season Grass(G) x Protect(P) 445(6) 0.04 2556 8
Protect (P) 496(12) 0.03 1413 2
Grass (G) 0.08(12) 0.91 0.46 2

protected (P): 26.67 + 0.08

rodent access (R):20.0£0.17

open (0):15.67 £ 0.19

(P vs O:P=1002)
Etiolation Grass(G) : Protect(P) 2.18(6) 0.18 0.92 8
(leaflets per unit height) Protect (P) 039(12) 069 007 2
Grass (G) 3.58(12) 0.06 7.89 2

live (L):2.18 £0.04

dead (D): 3.60 £ 0.05

cleared (C): 3.45 £ 0.05
(LvsD:P=0004;LvsC:P= 0.006)

to herbivory by both ungulates and rodents (59% fewer leaflets) in contrast with

those protected from herbivory (P = 0.02). Seedlings growing in association with

live grass were taller, with a smaller stem diameter and fewer leaflets per unit
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height (i.e. relatively etiolated) than those seedlings growing in plots in which

grass had been killed or cleared. This effect was most evident during the first
sea (ANQVA: Fy;376 = 12.08 P < 0.0001; = 3.09, P = 0.047;

o o
B wWilly S sSon ‘-; _’,0 ..... L &~ V.UUUL 76 Jo

Fa376 = 9.94, P < 0.0001, for height, stem diameter and leaflet number,

respectively).

There was a clear difference in the size of seedlings surviving the winter period
and those that did not, with ail measures of size at the end of the first growing
season larger for seedlings that survived than for those that did not (Table 4

below). The degree of etiolation did not differ for seedlings that survived and

those that did not.

Table 4. Comparison of size of Strychnos madagascariensis seedlings (mean + SE) at

the end of the first growmg season of seedlings that survived through the dry winter

perlou anu InUSC that unu not \AL‘TOVA, bold P values ludl\,atb olsluu\,ant dlfful %u\.’c‘)

slgr\li\_lef_l 8) n!ed ‘n—1 21\ F4 ,377 P
Height (cm) 8.96 +0.24 6.89 +0.37 22.45 <0.0001
Stem diameter (cm) 0.15 £ 0.01 0.12 £ 0.01 20.81 <0.0001
Number of leaflets 18.24 +0.53 11.85 £+ 0.70 14.25 0.0002
No. leaflets/height 2.25 £0.10 2.72 +0.19 168 0.196

4.3.2 Seedling field surveys

4.3.2.1 Land use conitrast

A total of 809 seedlings were located during the field surveys. The species
represented by the most abundant seedlings were S. birrea, T. sericea, Diospyros

mespiliformis, Dalbergia melanoxylon and S. madagascariensis. Most of the

i.e. those with cotyledons, from the current (2003) season

were S. birrea. Nearly all (97.8%) seedlings were single-stemmed. For all woody

plant species, seedling numbers did not differ significantly with land use when

paired protected and communal rangeland sites were contrasted.
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The relative abundance of seedlings and plants considered to be reproductively

mature differed between communal rangelands and protected areas for several

species. T. sericea, D. cinerea and D. mespiliformis had relatively more seedlings

and fewer mature plants in communal rangelands than in protected areas (Table 5

on page 117). S. birrea and S. madagascariensis had relatively more seedlings and
a smaller representation of mature plants in protected areas. D. melanoxylon, in
both protected areas and communal rangelands, had high numbers of seedlings
relative to mature plants. Combretum apiculatum seedlings were found at a single

ite and nat in anv
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were relatively abundant under both land uses. Similarly, Combretum zeyheri was
relatively common in the mature plant assemblage, especially within protected
areas and yet few seedlings were found. The relative abundance of woody plant
species, as represented by seedlings, reproductively mature plants and the number
of seedlings per mature plant, differed considerably with land use (seedlings:
Spearman R =0.379, P = 0.16; mature plants: Spearman R = -0.098, P = 0.73;
seedlings:mature plants: Spearman R = 0.036, P = 0.90). S. birrea dominated the
seedling community in protected areas, while S. madagascariensis seedlings were

the most abundant in communal rangelands.

More seedlings (66%) in communal rangelands showed evidence of having been
protected areas (51.4%) (Chi-square test
statistic = 68.66, P < 0.0001). In communal rangelands, damage was largely from
fire (26.5% of seedlings), followed by having been broken (16%) or partly eaten
by livestock (10.9%) and insects (11.4%). The importance of factors impacting

seedlings in protected areas was similar, with fire the most noticeable (22.2% of

N0/ N\

seedlings burnt) followed by having been broken ( 12.3%) or partly e

herbivores (9.8%) and insects (5.9%).

For all species there appeared to be a cohort of seedlings between 0.2 and 0.4 cm
in stem diameter (Figure 4 on page 118). There was no significant difference
between the overall stem diameter frequency distributions of seediings sampied in
communal rangelands and those sampled in protected areas (Figure 5 - page 119).
seedlings less than 0.4 cm in stem diameter (most
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pronounced for seedlings 0.2 to 0.4 cm in stem diameter) appeared to be more
numerous in protected areas than in communal rangelands. There appeared to be
slightly more seedlings larger than 0.8 cm in stem diameter in communal

han in protected areas. S. birrea seedlings in communal rangelands

rangelands

-

were shorter in comparison to those in protected areas, larger in stem diameter and
had more leaflets than those in protected areas (Table 6 on page 121). T. sericea

seedlings were also larger in stem diameter in communal rangelands than in

protected areas, with seedling height and leaflet number not differing

[ B e s |

significantly. In contrast, S. madagasca

rangelands than in protected areas and had considerably more leaflets (the sample
size of S. madagascariensis seedlings in communal lands was, however, small).
The D. mespiliformis seedlings sampled in protected areas were taller than those
in communal rangelands, larger in stem diameter and with more leaflets.
D. melanoxylon seedling size did not differ significantly with land use. Grass
height in communal rangelands was considerably shorter (14.34 + 0.37 cm,
rotected areas (21.67 = 0.51 cm, n = 528) (Figs = 3.85,

n=436) than 1In p

P < 0.0001) (in addition, refer to Appendix 3 for contrast of herbaceous cover by

’e

land use and along a gradient of rangeland utilisation).
4.3.2.2 Burnt and non-burnt site contrast

As expected, a high proportion (86.2%) of seedlings at the burnt site had evidence
of fire damage whilst no fire scars were detected for seedlings at the non-burnt
site. There were no significant difference between the seedling stem diameter
distributions of the burnt and the non-burnt site (Figure 6 on page 122). Larger

seedlings were more numerous in the burnt site than in the non-burnt site.

Seedlings in the burnt site were generally shorter than those in the non-burnt site
(the apical tip of many had been burnt back and they had since resprouted).
S. birrea seedlings, which dominated the seedling assemblage, were shorter in the

burnt site, larger in stem diameter and had more leaflets per unit height than those

h

was shorter than in the non-burnt area (20.35 + 0.7 cm and 32.59 + 1.03 cm,
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Table 7. Sclerocarya birrea seedling size (mean + SE) contrasted between a burnt and
non-burnt site (ANOVA results shown, bold P < 0.05).

Seedling size Burnt n Non-burit n Fii2s P
Height 1423+140cm 66 22.84+164cm 61 16.11 0.0001
Stem diameter 0.52+£0.05¢cm 0.34+0.03cm 8.39 0.005
Leaflet number  30.02 +2.31 24.79 + 2.64 4.09 0.04
Etiolation 3.62 +0.53 1.21+0.11 18.7 < 0.0001

4.3.2.3 Sub-canopy and inter-canopy seedling microsites

The majority (74.5%) of all recorded seedlings were found beneath the canopies
of larger woody plants, with most species having a larger proportion of their
seedlings beneath a canopy and only a few growing in inter-canopy areas (Table 8

on page 124). In contrast, D. mespiliformis seedlings only occurred beneath

inter-canopy areas. Relatively more T sericea seedlings were growing in inter-

cano reas in communal lands than in protected areas (Chi-square = 7.27,

wvaLl p‘

-
o

J
P =0.007, d.f. = 2): in protected areas 53% of seedlings grew in inter-canopy

areas and 47% beneath canopies; in communal rangelands 77% of seedlings were

found in inter-canopy areas and 23% in sub-canopy ares.

d S. madagascariensis seedlings and more than half the

A quarter of S. birrea an
T sericea seedlings growing beneath canopies, were growing beneath potential

“parent’ plants, ie. reproductively mature plants of the same species. Smaller
proportions of the remaining seedlings were found beneath the canopies of other
species. D. melanoxylon was anomalous in having more seedlings growing under
S. birrea (36.2%) and C. zeyheri (19.0%) than under larger D. melanoxylon
individuals (12.1%). For all species combined, the mean seedling ‘dispersal
distance’ from the nearest reproductively mature adult was 199 £+ 0.74m
(minimum distance = 0.5 m, maximum distance =113 m; n = 768). Combretaceae

seedlings were generally closer to potential parent plants, while the seedlings of

1~

S birrea and D. mespiliformis were the furthest (Table 9 on page 124).
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Table 8. The number of seedlings (mean + SE) per woody species occurring beneath
canopies and in inter-canopy areas contrasted for all sites, using two-sample t-tests
______ assuming equal variances. Sample sizes of all species are given, including those with

samples considered too small for statistical analysis (bold P < 0.05).

— Species Canopy n__Inter-canopy n tstatistic (10d.f.) P
S. birrea 320+ 7.14 192 10.67+ 3.09 64 247 0.010
T. sericea 9.83£6.71 78 2266 +14.84 105 -0.79 0.225
D. melanoxylon 9.67 £3.33 58 3.33+1.63 20 1.71 0.059
S. madagascariensis 6.671 5.13 48 0.83 £ 0.54 8 1.13 0.142
D. mespiliformis 23.33+13.31 140 - 0 1.77 0.054
D. cinerea - 20 - 7 - -
P. africanum - 7 - 3 - -
L. ouh"mn.ur.”‘" - 6 - 1 - -
A. harveyi - 21 - 8 - -
L. capassa - 6 - 3 - -
Z. mucronata - 25 - 2 - -
C. collinum - 17 - 5 - -
C. hereroense - 8 - 7 - -
C. zeyheri - 8 - 8 - -
Pterocarpus rotundifolius - 1 - 1 - -
Cassine transvaalensis - 28 - 0 - -
Schotia brachypetalia - 21 - 1 - -

Table 9. Distance (mean + SE) of seedlings from the nearest potential ‘parent’, i.e.
reproductively mature woody plant (n = sample size).

Species Distance (m) of seedling from ‘parent’ min Distance (m) max Distance (m) _ n

S. birrea 31.0+1.49 1 113 266
D. mespiliformis 27.38£2.37 1 100 66
C. zeyheri 20.07 +3.95 4 44 14
P. africanum 16.86 + 3.45 10 35 7

D. cinerea 14.67 +3.15 2 55 18
L. capassa 13.57 +3.35 5 29 7

D. melanoxylon 12.13+2.26 1 53 32
A. harveyi 10.59 + 1.86 0.5 29 16
S. madagascariensis 10.24 £ 1.08 1 27 33
T. sericea 9.82 + 0.66 0.5 85 163
Z. mucronata 9.27 £2.31 1 60 26
C. collinum 5.67+1.00 1 18 19
C. apiculatum 4331095 1 7 6

C. hereroense 4.33+0095 4 5 6
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S. birrea seedlings growing beneath canopies were smaller in stem diameter than

those in inter-canopy areas and had fewer leaflets (Table 10 on page 126).
S. madagascariensis seedlings growing beneath canopies were similarly smaller
in diameter and had fewer leaflets than those in inter-canopy areas. In addition,
they were significantly taller and more etiolated than those growing in direct
sunlight. D. melanoxylon and T. sericea seedlings growing beneath canopies did
not differ significantly in size from those in inter-canopy areas. There were no
significant differences in the overall stem diameter distributions of seedlings
occurring beneath canopies and those growing in direct sunlight (Figure 7 on page
127). Generalised linear model analyses established that seedlings of all species
—mnmommm%mépmimmmﬁﬂz&mbm—
more closely associated with sub-canopy microsites than were larger seedlings
(F1.799 = 2.62, P = 0.02) (Table 11 on page 129). There was no significant species
by size class interaction, indicating that small seedlings are associated with sub-

ndent of species. The majority (90%) of seedlings were

A ARY TIOTO

canopy imikivs S1

growing in microsites where grass covered less than 25% of the surrounding (1 m*

ites 1ndepe

Aax

quadrat) area, two thirds of which grew in microsites with < 10% grass cover.

Seedling microsites beneath the canopies of larger woody plants were associated
with a lower grass cover (F1,304 = 7.49, P < 0.0001) and more leaf litter (Fi 04 =

12.44, P < 0.0001) than the microsites of those seedlings n inter-canopy

areas. Soil ‘moistness’ did not differ between sub-canopy and inter-canopy

microsites.

Grass height did not differ significantly between sub-canopy and inter-canopy

-

areas. Panicum maximum Was the most preva

canopies (74.1% of herbaceous cover). In inter-canopy areas, other species

including Hyperthelia dissoluta (22.1%) and Urochloa mosambicensis (20.5%)

1AV IWEZ

were almost as common as P. maximum (35.7%). The same pattern was found
when comparing the grass species with which seedlings were mostly associated
in protected and communal rangeland sites: P. maximum was prevalent in
protected areas (80.9%), whilst a combination of P. maximum (44.5%),
U mosambicensis (26.1%) and H. dissoluta (17.4%) surrounded seedlings in
communal rangelands. More seedlings (70%) in inter-canopy areas than beneath
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canopies (54%) had evidence of having been previously damaged, differing most

noticeably in the proportion of seedlings that had been burnt or broken. Of those

seedlings growing in inter-canopy areas that had been damaged, 30.9% had fire

scars (as compared with 21.7% under canopies); 22.3% had been broken (11.1%

under canopies); 3% (5.6% under canopies) and 4.3% (5.67 under i

been partly eaten by game and livestock, respectively, and 6% (9% under

canopies) had been partly eaten by insects.

Table 10. Seedling size and leaflet number (mean + SE) contrasted for seedlings

growing beneath canopies and in
represented by abundant seedlings

inter-canopy areas, for the woody plant species
(ANOVA results shown, bold P < 0.05).

Species Sub-canopy n Intercanopy n F P

S. birrea height 16.67+0.74cm 243 15791 1.09cm 80 Fi321=0.38 0.54
stem diameter 0.40 £ 0.02 cm 0.70 £ 0.09 cm Fia21 = 21.64  <0.0001
leaflet number 20.66 + 0.89 32.46 £ 3.05 Fi320=25.53  <0.0001
etiolation 2691 0.53 321048 Fi321=0.29 0.59

T. sericea height 14.47+1.19cm 78 11.82:+195¢cm 105 Fi181 = 3.74 0.06
stem diameter 0.48 + 0.04 0.48 £ 0.03 Fi181=0.01 0.97
leaflet number 21.62 +1.74 247 +1.34 Fi181 = 2.02 0.16
etiotation 2.67 £ 037 3.7+ 045 Fi181 =277 0.10

D. melanoxylon height 16.20+1.23cm 58 1557 +£2.09cm 20 Fy76=0.09 0.76
stem diameter 0.46  0.04 cm 0.48 +0.11 cm Fy76=0.07 0.79
ieaflet number 63.07+6.6 70.2 £ 8.42 Fi76 = 0.34 0.56
etiolation 8.i2+2.29 31.02+£24.73 Fi76 =2.37 0.13

S. madagascariensis height 1434+108cm 48 13.88+231cm 8 Fis4 = 10.45 0.002
stem diameter 023 +0.02cm 0.45+0.13cm Fi43=8.14 0.006
leaflet number 31.58 + 3.43 615+ 166 Fis54=7.88 0.007
etiolation 2.3810.26 420+ 1.14 F143=5.51 0.02
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Table 11. Generalised linear model analysis of the association of seedlings (by species
and stem diameter size class) with sub-canopy environments and seedling microsite

characteristics compared for sub-canopy and inter-canopy areas (G” is the change in
deviance and A d.f. is the change in degrees of freedom resulting from removal of a
parameter, a binomial error distribution and logit link function were used; bold P <
0.05)

Model Term F P G® Adf
Seedling association Species : Seedling Size Class 1.31 (799) 0.16 21.52 20
Species x Size Class Species 48.19 (799) < 0.0001 153.61 4

D. melanoxylon: 0.74 £ 0.26

S. birrea: 0.75+0.29

S. madagascariensis: 0.86 £ 0.46
D. mespiliformis: 1.0+ 0
T. sericea: 0.43 £ 0.30

Seediing Size Class 262(799) 0.02 10.43 5
<0.2¢cm(SC 1):0.9010.3
0.2-04cm(SC2):0.78+0.3

0.4-0.6cm (SC 3):0.68£0.3
0.6-0.8cm(SC4):064+04
>0.8cm(SC5):051105

Sub-canopy characteristics Grass Cover + Leaf Litter + Soil

Grass Cover 7.49 (804) <0.0001 2973 4
Leaf Litter 12.44 (802) < 0.0001 2459 2
Soil 2.17 (801) 014 2973 4

44 DISCUSSION

4.4.1 The importance of grass cover

Together, the experimental fin dings of thi

seedling microsites provide evidence of the importance of grass cover in limiting,
but not preventing, seedling establishment. There was a reduced emergence of

Strychnos madagascariensis seedlings in plots with live grass relative to plots in

which grass had been killed and either left in situ or cleared. Sclerocarya birrea

and Terminalia sericea similarly had a lower seedling emergence I piots Wit

live grass, suggesting that the competitive effect of grass cover is ubiquitously

experienced as negative by woody plant seedlings at least during the first couple

of growing seasons. The influence of grass competition on seedling survival was

reduced both during the first growing season, presumably as a result of the
supplementary watering, and during the winter period when grass was dormant.
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During the second growing season, when below-average rainfall was received,

ewer seedlings survived in live grass plots than in plots cleared of grass. There

was no support for a facilitative effect of grass cover, with seedling emergence
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those in which dead grass remained in situ.

Seedlings in plots containing live grass appeared to experience more stress than
seedlings in plots either cleared of grass or containing dead grass cover. These
seedlings were relatively etiolated and lost a larger proportion o
during the dry winter period. Seedling mortality was highest during the winter

period for all grass treatments, with smaller seedlings less likely to survive. With

suggests that the experimental conditions were probably too dry for their

successful establishment.

Small seedlings (< 0.4 cm in stem diameter) occurred more frequently beneath the
canopies of other woody plants than in inter-canopy areas, indicating that sub-
canopy conditions are more favourable during the early seedling stages. Seedlings
growing beneath canopies were, however, more etiolated than seedlings in inter-

canopy areas. Seedlings growing in sub-canopy environments were associated

with a relatively lower g
contained little (< 10%) grass cover. However, the relative importance of grass
cover and other factors associated with sub-canopy environments e.g. lower

temperatures and less fluctuation in soil moisture, was not determined in this

study.

4.42 Herbivory and its interaction with grass cover

Seedlings growing in plots accessible to rodents were less likely to survive
through the winter period (47% of seedlings survived) than those in either plots
all herbivores (75%) or those open to both ungulates and rodents
(73%). This seemingly confounding finding might, however, have an explanation.

Other studies have documented how a reduction in small ungulate herbivory can
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lead relatively rapidly to an increase in vegetation cover (Prins & van der Jeugd
1993, Augustine & McNaughton 2004) and in some instances this may have the
effect of supporting higher densities of rodents which have been found to reduce
seedling numbers (Gill & Marks 1991, Keesing 2000). Although no

measurements were made during the experimental period, grass cover is likely to

have been higher as a consequence of protection from ungulate herbivory and to

have benefited from supplementary watering. This increased herbaceous cover

may have provided protection to foraging rodents at a time when recently emerged
seedlings were most vulnerable. Nursery-grown seedlings with large fleshy
cotyledons showed a high incidence of mortality due to rodent predation (personal

observations). Additionally, seedlings growing in the plots accessible to

C»
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herbivores had ¢
difference in leaflet number was most pronounced during the winter period:

seedlings had 63% and 58% fewer Jeaflets in plots accessible to rodents and plots
accessible to ungulates and rodents, respectively, than plots protected from
herbivores. Green-leafed seedlings were clearly visible against a backdrop of dull
dry dormant grass and are likely to have been apparent to herbivores. Seediing
height was reduced by herbivory by both rodents and ungulates. The effect of
eaflet number and height, was contingent on the
interaction between grass treatment and the level of protection from herbivory.
Seedlings in plots with live grass that were accessible to rodents were shorter and

had fewer leaflets than those that were growing in plots cleared of grass. In

contrast, in plots open to both indigenous ungulates and rodents, seedlings in plots

cleared of grass were shorter and less lea
These results are presented with a note of caution, with the number of replicates

for the herbivory treatments acknowledged to be insufficient for complete

L33 lv - ~a

confidence in the conclusions drawn.

Panicum maximum, the grass species most prevalent in sub-canopy seedling
icrosites is highly palatable to livestock and indigenous ungulates. Seedlings
ies of other woody plants had more evidence of

m
growing benea
herbivory (by livestock, indigenou

in inter-canopy areas, both in communal range

s ungulates and insects) than seedlings growing

lands and in protected areas.

130



Seedlings growing in inter-canopy areas had a relatively higher incidence of fire

g
disturbance. The distribution of larger seedlings in inter-canopy areas suggests

that these established during periods when there were favourable rainfall

443 Seedling distribution

Although reproductively mature S. birrea individuals were more abundant in
communal rangelands (Shackleton er al. 2003, Chapter 2) seedlings were
relatively more numerous in protected areas, perhaps indicating that conditions
were less vourable for their establishment in communal rangelands.
S. madagascariensis had both more adult individuals and seedlings in communal
rangelands. S. madagascariensis was overwhelmingly the experimental species
with the largest number of emergent and surviving seedlings, appearing to be

tolerant of relatively harsh conditions. Both seedlings and adult plants of the

species known to be most heavily utilise
cinerea (Chapter 2), were relatively less dominant in communal rangelands than
in protected areas. In contrast, reproductively mature individuals of species valued
for the edible fruit they provide (S. birrea and S. madagascariensis) were
proportionately more abundant in communal rangelands. Woody species that
regenerate primarily by resprouting are expected to produce fewer seedlings than
species that regenerate mainly from seedlings due to trade-offs in resource
¢ al. 1990, Kruger et al. 1997, Bond & Midgley 2001). Even so,
some degree of seedling recruitment is needed to establish new populations (Auld
1995). The species with the largest numbers of seedlings are all considered to be
‘seeders’. These species generally had larger fruits, many of which are eaten and
dispersed by animals (and humans), often to considerable distances. Combretum
apiculatum and Combretum zeyheri, in contras
recruitment. Those seedlings recorded were closer to parent plants. Perhaps their
seeds, dispersed by wind, get quickly lodged in grass or on other obstructions
close to the parent plant. Dalbergia melanoxylon was the only species potentially
showing signs of allelopathy, with fewer seedlings growing beneath parent plants
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and more beneath the canopies of other species. Perhaps their light wind-dispersed

seeds just travel further.

The majority of seedlings of most species occurred beneath the canopy of another
~ woody plant. However, species clearly had different shade tolerances. Diospyros———————
mespiliformis seedlings appeared to only survive in sub-canopy environments,
while 7 sericea seedlings were anomalous in appearing to ‘prefer’ direct sunlight
conditions, supporting the finding of Yeaton (1998). In communal rangelands in

conirast to protecte roportion of 7. sericea seedlings occurred in
inter-canopy areas than beneath canopies. The highest incidence of 7. sericea
seedlings was in the sites that had been most heavily utilised or disturbed. Its

tolerance for direct sunlight appears to enable it to recruit readily in sites that have

been disturbed.

4.4.4 Seedling assemblage composition

Seedling regeneration in both communal rangelands and protected areas was

highly patchy and yet similar patterns in seedling population structure were found.

There was clear evidence for all woody plant species of pulsed recruitment in the

inere was € Viden

form of a ‘seedling cohort’, estimated to be about two years of age (stem diameter
size 0.2 to 0.4 cm) and likely to have established following the exceptionally high
1999/2000 rainfall season. Communal rangelands had fewer small seedlings than

did protected areas. In general, seedlings in communal rangelands and in open

. .
4 A e tam d
(S

microsites were shorter, yet larger in stem
or beneath canopies. Height suppression by ungulates and fire may inhibit growth

in a persistent ‘seedling bank’. A higher number of larger seedlings in

than those in protected areas

resulting

the burnt site and their near absence in the non-burnt site indicates that these were

resilient to the recent fire, unlike smaller seedlings. The non-burnt site had
nnnnnn A¥s

probably been intensively burnt 4 or 5 years previously, killing these seedlings
before they had fully established. There were differences associated with land use,
in the relative dominance of both seedlings and woody plants considered

reproductively mature, and in the ratio of seedlings to mature plants.
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The seedling assemblage was dominated by S. birrea, Diospyros mespiliformis

study period), making use of Participatory Rural Appraisal (PRA) techniques,

there was consensus that S. birrea and D. mespiliformis are the woody plant

large-fruited species (Strychnos madagascariensis, Sclerocarya birrea and

Ziziphus mucronata), used in the field experiment. Larger seed nutrient resources
presumably provide these species with a ‘boost’ that sustained seedling survival

under conditions unfavourable for those with fewer reserves.

4.4.5 Conclusion

The findings of this study provide clear evidence that herbaceous vegetation
directly influences the emergence and early survival of woody plant seedlings.
The experimental results, together with the assessment of the location and

microsite characteristics of seedlings in the field, suggest that small seedlings are

[0}
ge. In 1, grass cover aftects

especially vulnerable to dessication and dam
seedling exposure to herbivory. Seedlings surrounded by grass were more
vulnerable to rodent predation, presumably because of the protection provided
during foraging. Evidence of ungulate herbivory was higher for seedlings growing
beneath the canopies of other woody plants than those growing in inter-canopy
areas. Herbaceous composition of sub-canopy microsites was dominated by grass

species considered highly attractive to herbivores.
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CHAPTER 5

Comparative Resprouting Response of Savanna
Woody Plant Species Following Harvesting:
the Value of Persistence

(Forest Ecology and Management, in press)
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Abstract

following harvesting is integral to designing strategies for sustainable woodland

resource utilisation. Harvester preference for particular woody plant species and

plant size was examined in a formerly protected area, severely harvested over a
short period of time. The resprouting response of harvested plants was measured
four months after harvesting, towards the end of the wet season. Although a large
proportion of stems of the dominant species (Terminalia sericea and
Dichrostachys cinerea) had been harvested, certain less common species were

targeted (e.g. Prerocarpus rotundifolius and Peltophorum africanum). Harvested

iy e ~ra 1N
189 §

plants were mostly larger than 4 cn

of all species resprouted. Harvesting response was compared using three

iameter. Almost all harvested plants

measures: (i) number of resprout shoots; (ii) composite resprout shoot diameter;
and (iii) ‘resprouting vigour’ (composite resprout shoot diameter relative to
composite cut stem diameter). Species differed in whether resprout growth was
channelled into many small resprout shoots or fewer large shoots. The species
most highly favoured by harvesters produced relatively large resprout shoots.
.ameter size was the most important determinant of resprout output.
Shoot number and their composite diameter increased with increasing plant size
while resprouting vigour decreased. Cut height, although not having a significant
effect on resprout output, influenced the Jocation of resprouting, with taller stumps

having a higher proportion of resprout shoots originating from the stem than from

rd of the resprout shoots of

-------- mant
U

the root crown. For all species, approxima
harvested plants had died during the four months following harvesting. Shoots

inating from the stem had a higher dieback than those growing from the root

originat

o
~

crown. Resprout biomass production over the four month period was

considerable, amounting to 989 kg (wet mass) ha!. An abundance of seedlings of

I [ R SV

the most common species may be a consequence of the woodland having been

thinned through harvesting.

Keywords: coppice management; fuelwood harvesting; natural resource

sustainability; savanna woodlands; seedlings; woody plant regeneration
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5.1 INTRODUCTION

the savanna biome (Shackleton 2001). In the Bushbuckridge District, falling

within the Jowveld savanna, approximately 70% of the potentially economically

active population are unemployed (Shackleton 2000). Within this context, natural
resources contribute considerably to livelihoods, providing fuel and food security
and supplementing incomes (Shackleton 1999). As elsewhere in Africa (Eberhard
1990, Hall 1994), the vast majority of rural households continue to rely on
fuelwood for their primary energy source. In densely populated areas, pressures
on savanna woodlands from local inhabitants are high and woodlands are
increasingly threa
Bushbuckridge region, the demand for fuelwood is predicted to be unsustainable
over the next few decades (Griffin et al. 1992, Banks et al. 1996, Dovie et al.
2002). Indeed, as much as 93% of current demand is not met by available
deadwood and is harvested unsustainably as live wood (Shackleton & Shackleton
2000). Despite the significant contribution of savanna woodlands to meeting the
national requirement for biomass energy, their management has been neglected
(Geldenhuys 1997) and there is limited empirical knowledge to guide their

sustainable utilisation (Shackleton 2000, Maze 2001).

Following the damage or removal of aboveground parts, many savanna woody
plant species resprout vigorously from roots and stumps (Gandar 1984, Grundy
t 1996, Shackleton 1997, 2000, Maze 2001). The terms ‘coppicing’ and
‘resprouting’ or ‘sprouting’ have been used interchangeably in the literature. For
the purposes of this study, the term ‘resprouting’ is used to denote shoots growing
from the stem or stem base/root crown of a plant following damage. Resprouting

is integral to savanna woody plant persistence, particularly in environments where

- J A zatan
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there is a strong likelihood of aboveground damage ¢
conditions are unsuitable for seedling recruitment (Higgins eral. 2000,
Bellingham & Sparrow 2000, Bond & Midgley 2001). The persistence of

important fuelwood species and the continued local availability of fuelwood is at

Q.i

least partly dependent on the ability of woody plants to survive harvesting damage
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and to produce harvestable resprout growth. Researchers have advocated

rotational harvesting systems based on the

management systems (Gandar 1984, Grundy 1995, Kennedy 1998, Shackleton
2001). With no clear institutional support, this practice has not gained momentum.
Optimistica i i
time provide this support (Shackleton er al. 2001). An understanding of woody
plant recovery following damage and the key factors influencing resprout output
is essential for developing strategies for the conservation and sustainable

ion of these woodlands by the communities whose livelihoods depend upon

2 111Q 1
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It is difficult to compare woody plant resprouting ability across species and life
stages without the use of controlled experiments and few studies have done so.

e d . TR |

The current study W se to a unique opportunity to assess
woody plant resprouting capacity, following the intensive harvesting of a
previously protected woodland by local people over a short time period. Harvester
preferences for particular species and plant size were determined and the relative

resprouting response of harvested plants was assessed. Specific questions

answered included:

1. Were harvesters selective of plant species and size in relation to their
availability?

2. Following harvesting, do woody plant species differ in their resprouting
response?

3. Is resprouting response influenced by the size of the cut plant or by the

.

it has been cut?

13 A% 1

In addition, resprout biomass and the extent of resprout dieback were assessed,

by seedlings and root suckers following harvesting was

o
gei L

determined.
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52 METHODS

——5.2.1 Study area and woodlands
odue J 1AV )

The study site (a privately owned piece of land approximately 300 ha in size at an

altitude of ca. 640 m) is situated within the Bushbuckridge region—of South
Africa’s Limpopo Province (31° 03" E; 24° 33" S). Until the early 1980s it
functioned as a cattle ranch, but has since been unused. There was no perceptible

evidence of previous harvesting of the woodland. The R531 road leading east to

ional Park delimits the southern border. The

the Orpen Gate o
road divides lands under communal tenure to the south (prior homeland areas of
the previous Mhala-Mapulaneng region of Gazankulu and Lebowa) from
protected areas (private- and state-owned) to the north. Land under communal
tenure is largely used as rangeland for cattle and for the harvesting of natural
resources, whilst protected areas are mostly managed for wildlife-related
(Pollard et al. 1999). Population densities in the region are in excess of 300 people

km? and Acornhoek, the closest settlement to the study site (less than 2 km to the

AL LANR

south), is the largest in the region.

The region is characterised by Jow rainfall (ca. 650 mm per annum in the west;
ca. 550 mm per annum in the east), concentrated in the summer season (October
to May). This is mainly in the form of convectional thundershowers (Shackleton
1997). Intra-seasonal drought is common with more prolonged drought occurring
as often as every 3.5 years. Mean annual temperature is 22° C. Mean daily

maxima are approximately 30° C in January and 23° C in July (Pollard

et al.1999).

The topography of the study region is gently undulating. Soils are underlaid by

oranitic eneiss with local intrusions of gabbro. Vegetation is broadly classified as

Mixed Lowveld Bushveld and is dominated by species of the Combretaceae
(Van Rooyen & Bredenkamp 1996). Additionally, the marula Sclerocarya birrea

and sickle bush Dichrostachys cinerea contribute considerably to

within the region (Shackleton 1997). There have been several decades of intensive

f communal grazing lands resulting in an alteration of woodland

S BIRRESN e I o)
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Top: View of the study area following intensive harvesting of woody plants: tree
stumps and broken branches on the ground and little grass cover. A fire had burnt
the area following data collection. The densely wooded adjacent protected area can
be seen across the slope in the background.

Bottom right and left: Woody plants showing a strong resprouting response
following harvesting: here the resprout shoots of a round leafed teak Prerocarpus
rotundifolius (bottom left) originate primarily from the stem, while those of a silver
clusterleaf Terminalia sericea (bottom right) originate primarily from the root

Crown.
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structure described as “short sparse woodland” by Edwards’ (1983) physiognomic
classification. Adjacent protected areas have considerably denser woody vegetation and

are classified as “short bushland”.

Woody plants in the ‘harvested site’ were cut within a two week period, prior to the onset
T

of the wet season in September 2002. Although harves

quantity of wood was rapidly removed from the site despite threats of arrest from the

authorities.

Measurements were made four months following harvesting, towards the end of the wet

o r 1NN san) cimnna A nidigtantl
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season in March 2003: Twelve transects (4 m x 100 m) spacea cquiqais

were used to assess the extent of harvesting in relation to species composition and stem

size. All woody stems within transects were assessed for:

J species;
. woody plant height;
. whether a seedling, root sucker or larger woody plant;

o the proportion of the woody plant harvested (following Walker’s (1976) 8-point

I'aIlKlIlg bbcuc},

. height of the largest cut stem;

J diameters of cut stems, intact stems and resprout shoots;
o length of the longest resprout shoot;
o location of each resprout shoot (stem or root crown).

About 90 completely harvested plants of six common species (Dichrostachys cinerea,

Terminalia sericea, Pterocarpus rotundifolius, Combretum zeyheri, Combretum collinum

and Strychnos madagascariensis) were assessed for the number of resprout shoots and the

diameters of both resprout shoots and cut stems. Selected plants represented a range of

cut heights. For 30 completely harvested plants of each of five species (four of the abov

e-
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mentioned species: D. cinerea; T sericea, P. rotundifolius and C. collinum and an
arvested species, Peltophorum africanum), the ‘status’ of resprout

shoots was noted (i.e. whether alive or dead) distinguishing between shoots originating
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from the stem and the root crown. The length and location of the longest resprout shoot

were recorded.

Stem diameter (for both cut and intact plants) was measured close to the ground or just

of all stems were measured. The diameters of cut stems were measured at the cut surface

and resprout shoot diameters were measured as close as possible to their origin with the

distinguish between seedlings and root suckers.

5.2.3 Data analysis

Harvester preference, i.e. the frequency with which harvesters had selected particular
woody plant species and size plants, in relation to the woody plant species and size range
stem according to desired use and specific attributes. In contrast, resprouting response
was analysed at the level of the individual plant. Plant size and the proportion of the plant
harvested (together with the extent of belowground stored biomass and history of damage

or unfavourable conditions) will determine the availability of resources that can be

For multi-stemmed plants, a

i Al ARl
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directed into the resprouting response
composite stem diameter was determined by calculating the cross-sectional areas of all
stems, summing them and using this aggregate stem area to calculate the effective stem

diameter. Composite diameters of resprout shoots and cut stems were similarly calculated

for each harvested plant.

5.2.3.1 Harvester preference for woody plant species and size

In defining the available harvestable component of species populations, st
than 1 cm in diameter (composed of seedlings and root suckers) were excluded as very

arvested. The proportion of harvested to non-harvested stems of

£axer A
ICW U Nnese na A ax

each species was calculated to gauge whether harvesters actively selected particular

species. Stems were divided according to diameter into classes to examine harvester
preferences for particular size stems (all species pooled). The stem size class distributions

of each of the common species were similarly calculated and the proportion of each size
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class harvested determined. The stem diameter size classes selected followed those used

. 0 to < 1 cm: °‘seedlings’ (non-damaged newly established individuals) or
‘resprouts’ (here root suckers) (originating from active buds on roots, usually
following damage);

. 1 to <4 cm: ‘saplings’;

. 4 to <10 cm: ‘poles’;

. 10 to <20 cm: ‘small reproductive trees’;
. > 20 cm: ‘large reproductive trees’.

5.2.3.2 Woody plant resprouting response

For each species, the proportion of harvested plants not resprouting was determined. In
assessing the resprouting response of plants following harvesting, only plants that had
been completely harvested (i.e. all stems had been cut) were considered. Resprout output
was determined in three ways for each harvested plant: (i) the number of resprout shoots;
(ii) the composite resprout shoot diameter; and (iii) resprouting vigour, calculated as
composite resprout shoot diameter divided by composite cut stem diameter. Only plants
that had had all their stems cut were included in the analysis. A mean of each resprouting
measure was determined for the plants falling within each size class. This analysis was

not carried out for cut height as regression analyses (described below) found it to be less

influential for resprouting response. Wheth
another in their resprouting response, as expressed by each resprouting measure, was
assessed using an analysis of variance. Resprouting response data were positively skewed

and therefore transformed (logio) prior to analysis.

importance of the measured variables in determining the observed resprouting response.
A gamma reciprocal link function was used for continuous response data and a
quasipoisson log link function for discrete (overdispersed) response data. The explanatory
variables tested were species, the size (composite diameter) of the cut plant, the
interaction between species and plant size, and the height at which the plant was cut. The

measures of resprout output were the response variables. The analysis was carried out for



using R freeware V1.7.1. Graphs were plotted of the observed and predicted resprouting

response in relation to the important explanatory variables.

5.2.3.3  Resprout dieback

To examine whether there were patterns in resprout shoot dieback, the proportion of

resprout shoots that had died in relationship to total shoot number, together with their
Wmﬁﬁmﬁyﬁﬁﬁmm%%m%—

in the proportion of resprout shoots surviving. Chi-square tests (with Yates correction)

determined whether resprout shoot survival was associated with origin (stem/root crown).

Simple regressions determined whether resprout shoot persistence depended on plant size

5.2.3.4 Resprout biomass and regeneration

Basal stem diameters of intact and cut woody plants were used to calculate and contrast
the woody biomass of the harvested site prior to and following harvesting, using a general
allometric equation for broadleafed woody species (Netshiluvhi & Scholes 2002). The
‘pre-harvest’ biomass was composed of all woody plants of a diameter size larger than 1
cm, together with an estimate of the deadwood that
harvesting (Shackleton 1997). Plants less than 1 cm in diameter were considered to be
seedlings and root suckers that had grown during the months following harvesting. The

‘post-harvest’ biomass included the biomass of intact woody plants, the biomass

remaining in tree stumps of harvested woody plants, and new growth since harvesting by

resprouting or newly emerging seedlings and root suckers. An estimate was made of the

biomass of an ‘average’ tree, prior to and after harvesting, i.e. the remaining tree stump

and resprout growth.

For the most common species sampled in the harvested site, the proportions of seedlings

and root suckers forming the 0 to < 1 cm diameter size class were determined. Resprout

shoots from the root crown or stem of a harvested plant were not included.
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53 RESULTS

species were measured (Appendix 7). This translates into a density of 2025 plants ha! or

I
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9719 stems ha. The most common species were Dichrostachys cinerea, Terminalia

sericea, Strychnos spinosa, Combretum zeyheri, Senna petersiana and Strychnos
madagascariensis. Excluding stems smaller than 1 cm in diameter, woody plant density
was 801 plants ha”' and the most common species were T. sericea and D. cinerea, S.
spinosa, Pterocarpus rotundifolius, C. zeyheri and Combretum collinum. Slightly more

than 40% of the sampled plants were single-stemmed.

Within the area sampled, 62.1% of stems larger than 1 cm in diameter had been cut. Most
harvested plants (93.6%) had had all their stems cut. Mean cut height was 0.7 m (SD =
+0.53 m; n = 513). There was a significant difference in the height at which species had
been cut (Fs so7 = 6.73, p < 0.0001; ANOVA), with P. rotundifolius the species with the
highest mean cut height of 0.89 m (SD == 0.63 m; n = 103) and S. mddagascariensis

plants cut the low
at which a plant was cut correlated with the mean plant height of the species (ANOVA:
Fs 5= 19.4; P < 0.0001), with P. rotundifolius having the tallest plants (mean height =

2.38 m; SD = + 1.8 m; n = 47) and S. madagascariensis the shortest plants (mean height

=0.6m; SD==1.29m; n=59).

5.3.1 Harvester preference for woody plant species and size

The species that had been most heavily harvested were Peltophorum africanum (100% of
stems larger than 1 cm had been cut), P. rotundifolius (98.2% harvested) and S.
madagascariensis (88.2% harvested) (Figure 1 on page 150). The most abundant species,
T sericea, C. zeyheri, C. collinum and D. cinerea, had also been heavily harvested
(82.5%, 75%, 71.4% and 45%, respectively, of stems larger than 1 cm in diameter had
been cut). Prior to harvesting, more than half (57.3%) of all stems present in the study

area had a diameter of less than 1 cm and 79.4% of all stems were smaller than 4 cm in

~ A0/ £ cbminn s o
1

stem diameter. Oniy 7.2% o
1-4 ¢m size category had been cut. Harvesters selected stems with diameters greater than

4 cm, i.e. falling within the 4-10 cm (82:6% harvested) and 10-20 cm size categories
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(83.3% harvested). Few stems (0.01%) had a diameter size larger than 20 cm and these

largely (88.9%) remained intact.

25
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60 671 O proportion cut
50 ] - W proportion not cut
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Figure 1. Relative stem abundance of woody plant species within the study site. The
pronortion of stems of each species harvested is represented. The number of stems is shown
;bo:'e the bars. Inset shows the proportion of each stem diameter size ciass harvested for ali

species combined.

The majority of stems larger than 4 cm in diameter of the most common species,

T sericea, D. cinerea, P. rotundifolius, C. collinum and C. zeyheri, had been harvested

(Figure 2 on page 151). Despite S. madagascariensis stems being mostly less than 4 cm

d' In contrast S spinnVH hﬂd

1l VULIMI QI sl Le 218

. PR } . _ ) PN a Ao
in diameter, a large proportion o1 them had been harves

been less harvested.
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5.3.2 Woody plant resprouting response

For each of the common species, resprout shoot number :

diameter increased with increasing plant size, while resprouting vigour decreased. Within

diameter size classes, individual plant resprouting response was quite variable (Appendix

8).

g
for all three measures of resprouting (resprout number: Fss72 = 3.95; P =0.002;
diameter: Fs 474 = 3.67; P = 0.003; resprouting vigour: Fs 474 = 8.50; P
<0.0001). D. cinerea produced the highest number of resprout shoots per harvested plant
with a relatively small composite diameter. In contrast, P. rotundifolius produced fewer
resprout shoots per harvested plant with the largest composite resprout shoot diameter. C.

zeyheri and S. madagascariensis had the highest composite resprout shoot diameter

£4 cu
1t +

production relative to the size of the cut p

The generalised linear regression analysis for all species collectively found the number of

resprout shoots produced per harvested plant to be influenced by plant size. The

composite diameter of resprout shoots was influenced by plant size and to a far lesser

e A
U

extent by cut height. Resprouting vigour was iniluence
planatory variables tested, species differences were found to be a significant

by plar

the other ex
terminant of resprout shoot number but not of composite resprout shoot diameter or

av

resprouting vigour (Table 1 on pages 153-154).

In analysing the data of each species separately, p plant size was the most I
determinant of each of the three resprouting measures for the majority of species.
¢+ number was most strongly influenced by the size of the harvested plant

with three exceptions, D. cinerea, S. madagascariensis and C. zeyheri, for which resprout
shoot number did not differ significantly with plant size (Figure 3 on page 155). Plant
most influential variable in determining the composite diameter of

size was again the

resprout shoots produced by a harvested plant, the exceptions being D. cinerea and
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Table 1. Regression equations of best-fit generalised linear models for the most
influential factors determining resprouting response (resprout shoot number;
composite resprout shoot diameter and resprouting vigour, i.e. composite resprout

shoot diameter relative to composite cut stem diameter) of entirely harvested plants
of six woody plant species (parameter estimates + SE).

Resprouting Response

Regression equations of best-fit models

Resprout shoot number

Species

Dichrostachys cinerea
Strychnos madagascariensis
Combretum collinum
Combretum zeyheri
Terminalia sericea

Pterocarpus rotundifolius

Composite resprout shoot diameter

Y = e7(2.09 £ 0.08)
Y = eA(1.91 £ 0.07)

Y = en((1.71 £ 0.02) + ((0.04 + 0.13) * size))
Y =en(1.7 £ 0.01)

Y = e7((1.66 % 0.08) + ((0.03 % 0.01) * size))
Y = eN((1.49  0.07) + ((0.03 + 0.01) * size))

Species

Dichrostachys cinerea
Strychnos madagascariensis
Combretum collinum
Combretum zeyheri
Terminalia sericea

Pterocarpus rotundifolius

Resprouting vigour

1/

1/(0.55 + 0.04)

1/((0.57 + 0.07) + ((-0.02 £ 0.01) * size))
1

1

/((0.76 £ 0.08) + ((-0.1 £ 0.02) * size))
/((0.45 + 0.05) + ((-0.01 + 0.004) * size))
= 1/((0.44 £ 0.07) + ((-0.01 % 0.003) * size))

il

TR
]

Species

Dichrostachys cinerea
Strychnos madagascariensis
Combretum collinum
Combretum zeyheri
Terminalia sericea
Pterocarpus rotundifolius

Y = 1/((0.31 % 0.08) + ((0.36 £ 0.03) * size))
Y = 1/((0.05 £ 0.09) + ((0.51 + 0.09) * size))
Y = 1/((0.14 £ 0.09) + ((0.33 % 0.05) * size))
Y = 1/((0.43 £ 0.14) + ((0.24 + 0.008) * size))
Y = 1/((0.32 % 0.07) + ((0.28 % 0.05) * size))

Y =1/(0.3 A7)+ ((0.21 £ 0.06) * size))

For generalised linear regression models, the deviance is used to assess the goodness of
fit of models to the data, and is contrasted to the null model in order to give an indication
of the amount of data scatter explained. Models with the smallest deviance are the best
fittine to the data. The relative importance of each explanatory variable is represented by
the cT:ange in deviance resulting from its exclusion from the model. Variance in data
increased with the mean: resprout number model uses a quasi-Poisson (log) link function,
the response being transformed; resprout diameter and resprouting vigour models use a
gamma (reciprocal) link function, with the inverse of the response. An F test with

empirical scale parameter (instead of a chi-square test) was used to adjust for

overdispersion.
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Table 1 (cont). Significance testing of best-fit generalised linear models for the most influential
factors determining resprouting response of entirely harvested plants of six woody plant species
and for all species together (Height = height at which plant was cut; Size = composite cut stem
diameter size; Significance (P): < 0.001 = highly significant (s*); < 0.05 = significant (s); > 0.05 = non-
significant (ns); Dev. = change in deviance when a factor is excluded; Dev. Model = deviance explained
by selected model; Dev. Null = deviance explained by null model, i.e. containing all variables and their
interactions; degrees of freedom in parentheses).

Resprouting Response Parameter significance Dev. Model Dev. Null

Resprout shoot number Height Size
P Dev. P Dev.

Dichrostachys cinerea Ns 9.77 ns 4.44 - 122.4 (52)
Strychnos Ns 4.77 ns 0.8 - 52.47 (49)
madagascariensis
Combretum collinum Ns 0.53 s 15.13 53.44 (35) 68.57 (36)
Combretum zeyheri Ns 2.24 ns 0.18 - 35.82 (27)
Terminalia sericea ns 0.57 s* 25.53 93.07 (72) 118.6 (73)
Pterocarpus rotundifolius  ns 0.01 s* 15.77 37.62 (53) 53.39 (54)
ALL species together Height Size Species  Species*Size
P Dev. P Dev. P Dev. P Dev.
ns 0.62 s* 60.28 s* 41.98 ns 5.58 390.96 (290) 498.08(296)
Composite resprout Height Size
shoot diameter P Dev. P Dev.
Dichrostachys cinerea s 1.29 ns 0.19 12.86 (51) 14.15 (52)
Strychnos ns 0.48 ns 0.51 - 14.79 (49)
madagascariensis o
Combretum collinum ns 0.01 s*5.12 11.72 (35) 16.83 (36)
Combretum zeyheri ns 0.02 s* 4.07 6 68 (26) 10.75 (27)
Terminalia sericea ns 0.64 s 3.31 40.71 (72) 44.02 (73)
Pterocarpus rotundifolius  ns 1.02 s 9.61 35.75 (53) 45.36 (54)
ALL species together Height Size Species*S
P Dev. P Dev. ize
P Dev.
s 0.62 s* 10.03 ns 5.58 127.82 (294)  155.39 (296)
Resprouting vigour Height Size
P Dev. P Dev.
Dichrostachys cinerea ns 0.18 s* 27.44 10.62 (51) 38.06 (52)
Strychnos ns 0.09 s* 19.97 14.69 (48) 34.65 (49)
madagascariensis
Combretum collinum ns 0.04 s* 31.38 15.54 (35) 46.93 (36)
Combretum zeyheri ns 0.01 s 2.67 7.67 (26) 10.34 (27)
Terminalia sericea ns 0.11 s* 44.97 35.05 (71) 80.02 (72)
Pterocarpus rotundifolius  ns 1.02 s* 24.99 38.24 (53) 63.23 (54)
ALL species together Height Size Species  Species*Size

P Dev. P Dev. P Dev. P Dev.

ns 0.42  s*162.52 ns 2.45 ns 5.52 129.76
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S. madagascariensis for which increasing plant size did not result in a significant

for D. cinerea was composite resprout shoot diameter significantly influenced by

the height at which plants were cut. Resprouting vigour was for all species

decreasing relative to the composite diameter of cut stems with increasing plant

size (Figure 5 on page 158).

When all species were considered together, more resprout shoots originated from
the stem (55.2% of combined shoots; 95% CI = = 0.054) of a harvested plant than
from the root crown (F) 304 = 7.24; p = 0.0075; ANOVA). P. rotundifolius was the
only species with a greater proportion of resprout shoots originating from the root
crown (63.4%; 95% CI = £ 0.102) than from the stem, while P. africanum had the
highest proportion of stem-originating resprout shoots (71.7%; 95% CI = %
0.106). The height at which a plant was cut significantly influenced the location of
resprouting: taller stumps were more likely to resprout from the stem, while

resprouting from the root crown was more likely when the plant was cut lower

down (Fy1s1=39.37;p=3.52x 107).

5.3.3 Resprout dieback

A" No/ 0/

Four months following harvesting, 32.2% (95%

resprout shoots had died. The proportion of shoots per harvested plant having died

T — 1L NN\ AF all smmangiiea A
1 — T V.U4s) vl 1 Hiwa>uicu

@

differed slightly between species (Faiss = 2.65; p = 0.0358; ANOVA) with
D. cinerea having the lowest resprout shoot dieback (27.3% of resprout shoots;
SD =+ 16%) and T. sericea the highest (38.1% of resprout shoots; SD = + 13%).
For all species pooled, shoots originating from the root crown were more likely to
be alive (70.3% of resprout shoots; SD = + 22%) than those growing from the
SD = + 27%) (%= 23.49; P < 0.0001; n = 3802).
This association was strongest for D. cinerea (x*1 = 68.32; P < 0.0001; n = 908),
followed by P. africanum (yy = 5.57; P = 0.018; n = 688) and T. sericea
(%1 = 4.53; P = 0.033; n = 519). For C. collinum, the degree of resprout shoot

[~

dieback was similar for both the root crown and stem. Plant size and cut height
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did not influence resprout shoot survival. The longest resprout shoots originated
from the stem for 63.4% of harvested plants. Just over half (53.6%) of the longest
resprout shoots were alive, with the probability of being alive not significantly
influenced by the origin of the shoot. The mean length of the longest resprout

ranged from 1.13 m (SD = + 0.5 m; n = 30) for D. cinerea

A 1145 21 A

02 m (SD = 0.63 m; n = 30) for P. rotundifolius.

-+

534 Resprout biomass and regeneration

The ‘pre-harvest’” woody biomass of the study area was estimated to be 15 752 kg
ha' and the post-harvest biomass 15 008 kg ha™!, of which 988.5 kg ha™' was

resprout growth (Appendix 9). The biomass of an ‘average’ tree prior to being cut

S -7
7.

was 8.7 kg. After being cut, mean tree biomass was kg of which 3.2 kg w.

1
resprout biomass. An estimated 268 kg ha' harvestable deadwood could

potentially be produced annually within the study area (using Shackleton’s (1997)

equation and the ‘pre-harvest’ standing wood biomass).

@]
fu—y
¢]
=
=
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The proportion of seedlings to root suckers comprising the § t
class of both sampled D. cinerea and T. sericea populations was similar, with

ely two thirds seedlings (D. cinerea: 63.2%; T. sericea: 65.2%) and

approximat

one third root suckers (D. cinerea: 36.8%; T. sericea: 34.8%). C. collinum had a
greater proportion of seedlings (78.6%) relative to root suckers. In contrast,

S. spinosa and S. madagascariensis had more root suckers than seediings.

5.4 DISCUSSION

Although the most common species in the study site had been cut, harvesters
favoured certain less abundant species, particularly Peltophorum africanum and

Pterocarpus rotundifolius. All the species that had been harvested to a large extent

Foluuiy P A
U

are known to be favoured for fueiwoo

nerea, having a relatively dense wood, also provides good

......

Dichrostachys ci
hat it had been less harvested in the study area is a reflection of a

population dominated by small stems. Harvesting was forcefully terminated
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following numerous threats of arrest by the authorities. The uncertainty of the

is likely to have influenced the extent to which harvesters were selective,

with both less time to search for the most desirable woody plants and to cut them.
Woody plants were cut relatively high up with much wood biomass being left in

] were larger than 4 cm in

diameter. Other studies have similarly reported these ‘pole’ and ‘small
reproductive’ sized stems to be the most frequen
their transport and use for fuelwood and construction (Obiri et al. 2001, Luoga
et al. 2004). The selective removal of woody plants in these size classes could
severely impact woody plant demography by disrupting the recruitment of

reproductively mature individuals.

There was no harvest-induced woody plant mortality during the four months
ollowing harvesting. All woody plant species and almost all plants of all sizes
had resprouted. The few individuals that had not resprouted appeared to have been
cut more recently. The height at which a plant was cut influenced the location of
resprouting but did not significantly influence the number of resprout shoots. This

is in contrast to the ﬁndlngs by Shackleton (2000) and Maze (2001) of increasing

ber ut height, attributed to a larger number of

resprout shoot num
active buds with increase in stump surface area.

For all species, plant size was the most significant determinant of resprouting

response. Both resprout shoot number and composite resprout shoot diameter

increased with increasing plant size. How

ut shoot diameter decreased with increasing plant size. All the

to the cut stem diameter,

o
%
[¢']
ol
<
o
-
)
(¢
LR
I
=
("D

composite respro
study species were strong resprouters, differing in whether resprout growth was

directed into many small or fewer large resprout shoots. Higgins et al. (2000) and
Bond & Midgley (2001) hypothesised that species producmg relatively few
resprout shoots may indicate a “gulliver” iife strategy, 1 i

rapidly to escape the zone e of highest potential damage through investing resources

nnnnnnnnnn e height of a few resprout shoots or the apical dominance of a

into uu.«u.aaing 1Y
single one. Perhaps Combretum zeyheri, with the lightest wood density of the

study species and a relatively greater growth in resprout shoot length fits into this
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life strategy category. In contrast, D. cinerea produced more resprout shoots and

<

)
; s dense-wooded and slow growing. D. cinerea

may therefore follow Gignoux ef al’s (1997) “Stay and Resist” life strategy,

having characteristics that enable it to survive within the zone of frequent damage.

might have been further pronounced.

Resprout growth contributed 6.6% to the total post-harvest biomass of the study
site. Representing only four months of growth and under poor rainfall conditions,
this resprout biomass of 989 kg (wet mass) ha' is considerable. The estimated

deadwood biomass present in the study site prior to harvesting was substantially

-

less than the resprout biomass produced during this short time period. The mean
diameter of resprout shoots was, however, still too small to be considered suitable

relwood. Shackleton (2001) found that resprout pruning of T. sericea resulted

i

in a reduction in the time required before reharvesting, with remaining resprout
shoots growing more rapidly than those of non-pruned plants. The large dieback
of mostly stem-originating resprout shoots suggests that the preferential

harvesting of these might be strategic and could result in increased growth rates of

the remaining shoots.

Data collection occurred close to the end of a very poor wet season (only 41% of

an average wet season’s rainfall having been received), implying unfavourable

conditions for seedling establishment. The large regenerative component

\gs is therefore unexpected and may be a

composed to a great extent o
response to the thinning of the woodland and the opening up of the canopy

gh harvesting. The seedlings of many species may, however, require the

throu

shade of larger woody plants to establish.

The findings of this study are in agreement with
and Kaschula (2003) that savanna woody plants are vigorous resprouters and that

ed resprout production represents a valuable fuelwood resource. More

well-manage

extensive investigations into patterns of resprout growth of favoured fuelwood

species are necessary, particularly in response to repeated harvesting. Sustainable
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change in woodland community composition and recruitment conditions and a

loss of reproductive plants.

162



REFERENCES

Acocks, J. P. H., 1988. Veldtypes of South Africa. (13th Edition). Memoirs of
the Botanical Survey of Southern Africa, 57, 1-47.

anks, B. I, Griffin, N, Shackleton, C. M., Shackleton, S. E. and Mavrandonis,
- . | settlements in a semi-
arid savanna, South Africa. Biomass and Bioenergy, 11: 319-331.

Bellingham, P. J. and Sparrow, A. D., 2000. Resprouting as a life history strategy
in woody plant communities. Oikos, 89(2): 409-416.

Bond, W. J. and Midgley, J. J., 2001. Ecology of sprouting in woody plants: the
persistence niche. Trends in Ecology and Evolution, 16(1): 45-51.

Campbell, B. and Shackleton, S. E., 2001. Organisational framework in
community-based natural resources management in southern Africa. African

Studies Quarterly, 5(3).

Crawley, M. J., 2002. Statistical Computing. An Introduction to Data Analysis
using S-Plus. John Wiley & Sons, Chichester.

Dovie, D. B. K., Shackleton, C. E. and Witkowski, E. T. F., 2002. Direct-use
values of woodland resources consumed and traded in a South African
village. International Journal of Sustainable Development and World

Ecology, 9: 269-283.

Eberhard, A. A., 1990. Energy consumption patterns and supply problems in
underdeveloped areas of South Africa. Development Southern Africa, 7T

335-346.
e~ a1 1 cnmcn atmintiiral nla

Edwards, E. O., 1983. A broad-purpose Structuiat classificatior vegetation for
practical purposes. Bothalia, 14 (3&4): 705-712.

Frost, P., 1996. The ecology of miombo woodlands. p 11-57. In: Campbell, B.

M. (Ed.), The Miombo in Transition: Woodlands and Welfare in Africa.

Centre for International Forestry Research (CIFOR), Bogor.
Gandar, M. V. 1984. Wood as a source of fuel in South Africa. South African

Forestry Journal, June: 1 -9.

Geldenhuys, C. J., 1997. Sustainable harvesting of timber from woodlands in
southern Africa: challenges for the future. South African Forestry Journal,
178: 59-72.

Gibson, C. C. and Becker, C. D., 2000. A lack of institutional demand: why a

strong local community in Western Ecuador fails to protect its forests.
p 135-162. In: Gibson, C. C., McKean, M. and Ostrom, E. (Eds.). People

. AT

and Forests: Communities, Institutions and Governance. MIT Press,
Massachusetts.

Gignoux, J., Clobert, J. and Menaut, J. C., 1997. Alternative fire resistance
strategies in savanna trees. Oecologia, 110: 576-583.

163



Griffin, N., Banks, D. 1., Mavradonis, J., Shackleton, C. M. and Shackleton, S.E.,
1992. Links between household structure, income, energy use and
environmental impact in five settlements in rural Gazankulu. p 183-194,
Proceedings of the International EPPIC conference on Environment &
Poverty: a new challenge for the new South Africa.

Grossman, D. and Gandar, M. V., 1989. Land transformation in South Africa’s
savanna regions. South African Geographical Journal, 71: 38-45.

Grundy, I. M., 1995. Regeneration and management of Brachystegia spiciformis
Benth. and Julbernardia globiflora Benth. Troupin in miombo woodlands,
Zimbabwe. Unpublished D.Phil. Thesis. University of Oxford, Oxford.

Hall, D. O., 1994. Introduction, summary and conclusions. In Hall, D. O. and
Mao, Y. S. (Eds.). Biomass Energy and Coal in Africa. Zed Books and
AFREPEN.

Higgins, S. I, Bond, W. J. and Trollope, W. S. W., 2000. Fire, resprouting and

variability: a recipe for grass-tree coexistence in savanna, Journal of

Ecology, 88: 1-19.

Kaschula, S., 2003. Integrating indigenous and ecological perspectives on
harvesting and coppice response of three savanna fuelwood species in the
Limpono Province. Unpublished MSc thesis, University of the

Agaiiapps 1AV ARS

Witwatersrand, Johannesburg.

Kennedy, A. D. 1998. Coppicing of Tarchonanthus camphorates (Compositae) as
a source of sustainable fuelwood production: an example from the Laikipia

Plateau, Kenya. African Journal of Ecology, 36: 148-158.

Luoga, E. F., Witkowski, E. T. F. and Balkwill, K., 2000a. Differential
utilization and ethnobotany of trees in Kitulanghalo Forest Reserve and

~

surrounding communal lands, eastern Tanzania. Economic Botany, 54: 328-
343.
Luoga, E. F., Witkowski, E. T. F. and Balkwill, K., 2000b. Subsistence use of

wood products and shifting cultivation within a miombo woodland of
eastern Tanzania, with some notes on commercial uses. South African
Journal of Botany, 66(1): 72-85.

Luoga, E. F., Witkowski, E. T. F. and Balkwill, K., 2002. Harvested and
standing wood stocks in protected and communal miombo woodlands of

eastern Tanzania. Forest Ecology and Management, 164: 15-30.
E.J., Witkowski, E. T. F. and Balkwill, K., 2004. Regeneration by

T+
LuOga, is. AW O WSS, 2-

coppicing (resprouting) of miombo (African savanna) trees in relation to
land use. Forest Ecology Management, 189: 23-35.

Maze, K. E., 2001. Fire survival and life histories of Acacia and Dichrostachys
species in a South African savanna. Unpublished MSc thesis, University of
Cape Town, Cape Town.

Netshiluvhi, T. R. and Scholes, R. J.,2002. Allometry of South African
woodland trees. p 280 291. In: Seydack, A. H. W., Vorster, T., Vermeuien,
W. J. and van der Merwe, L. J. (Eds.). Multiple use management of natural

164



forests and savanna woodlands: policy refinements and scientific progress.
Proceedings of Natural Forest and Savanna Woodlands Symposium III,
Kruger National Park, South Africa. Department of Water Affairs and
Forestry, Indigenous Forest Management, Pretoria.

Pollard, S.R., Perez de Mendiguren, J. C., Joubert, A., Shackleton, C. M.,
Walker, P., Poulter, T. and White, M., 1999. Save the Sand Phase 1.
Feasibility Study: The development of a proposal for a catchment plan for

the sand river catchment (Mpumalanga/Northern Province). Report
submitted by AWARD to the Department of Water Affairs and Forestry,

Pretoria

iAwevaill.

Shackleton, C. M., 1993. Fuelwood harvesting and sustainable utilisation in a
communal grazing land and protected area of the eastern Transvaal lowveld.

Biological Conservation, 63: 247-254.

Shackleton, C. M., 1995. Not seeing the wood for the trees: the reality of the
fuelwood supply situation in South Aftica. African Wildlife, 49: 29-30.

Shackleton, C. M., 1997. The prediction of woody plant productivity in the

savanna biome, South Africa. Unpublished PhD thesis, University of the
Witwatersrand, Johannesburg.

Shackleton, C. M., 2000. Stump size and the number of coppice shoots for

selected savanna tree species. South African Journal of Botany, 66: 124-
127.

Shackleton, C. M., 2001. Managing regrowth of an indigenous savanna tree
species (Terminalia sericea) for fuelwood: the influence of stump
dimensions and post-harvest coppice pruning. Biomass and Bioenergy, 20:

261-270.

Shackleton, S. E., 1993. 4 situational analysis of the woodcraft industry in the
Bushbuckridge district of the eastern Transvaal, with particular reference
to resource use. Unpublished report, Wits Rural Facility, Klaserie.

e wox Fowafn

Shackleton, S. E., Shackleton, C. M., Mathabela, F. R., Dzerefos, C. M.,
Shabangu, A., Mdaka, S. B. and Pollard, S. R., 1998. A dictionary of wild
plants used by local communities in the Bushbuckridge Lowveld: local

names and use categories. Wits Rural Facility.

Twine, W., 2002. The fuelwood problem: are we reaching crisis point?
Environment Today, 2: 20-21.

Twine. W., Moshe, D., Netshiluvhi, T. R. and Siphugu, V., 2002. Direct-use

WIIIT, VY., IVIUSIIV, 17, NCsiiaaeval

values of non-timber forest products from the rural area of Mametja,
Northern Province, RSA. Report submitted to the Department of Water

Affairs and Forestry, Pretoria.

Van Rooyen, N. and Bredenkamp, G., 1996. Mixed Lowveld Bushveld. In Low,
A. B. and Rebelo, A. G. (Eds.). Vegetation of South Africa, Lesotho and
Swaziland. Department of Environmental Affairs and Tourism, Pretoria.

165



Vermeulen, S. J., 1996. Cutting of trees by local residents in a communal area of
an adjacent state forest in Zimbabwe. Forest Ecology and Management,
81:101-111.

Walker, B. H., 1976. An approach to the monitoring of changes in the
composition and utilisation of woodland and savanna vegetation.
South African Journal of Wildlife Research, 6(1): 1-32.

Witkowski, E. T. F. and O’Connor, T. G., 1996. Topo-edaphic, floristic and
physiognomic gradients of woody plants in a semi-arid African savanna

woodiand. Vegetatio, 124: 9-23.

166



A Modelled Semi-Arid Savanna Landscape:

IO ] a ___ _ £ __ "M .1 £.. wralszratimer b 22 | nn:nn
Eescrlpuon Oo1a 1001101 Eva}u‘atlug Str awcgics

Woody Plant Utilisation

@
"y

167



Abstract

_ For rural households in South Africa, 70% of which reside within the savanna

biome, natural resources contribute greatly to livelihoods (Shackleton 2001). As

eisewhere in Africa, most continue to depend on woo

fuel. High population densities, unemployment and extreme poverty place
increasingly intense pressures on indigenous woodlands. With this motivation, a
grid-based model was developed to further an understanding of the resilience of
savanna woodlands in relation to their utilisation. The model simulates a
disturbance (harvesting and livestock grazing/browsing) gradient outwards from a
rural settlement and accounts for woody plant demographics and regeneration
stochastic environmental variables (rainfall and fire) and
seedling-grass competition. Three generic woody plant species representing
different ‘functional groups’ are considered. Species differ in their desirability to
harvesters, in their resprouting response following harvesting and in their

reproductive output. The model projects spatial and temporal changes in the

ecles compo Qlflﬂn pop lation

woodlands and resource availability, i.e. shifts in species composition 1
structure, growth form and reproductive capacity, supporting an evaluation of
alternative scenarios and strategies for their management. Although the model is
based largely on data from the ‘lowveld’ savanna of South Africa, similar savanna
systems and the dependency of rural households upon them, are characteristic of
large areas of Africa and other developing countries. The flexibility of the model
encourages its adaptation to effectively explore other questions and contexts,
including the influence of socio-economic factors. In model formation, existing
information is combined in a compact way and gaps in knowledge are apparent.
This proved a useful exercise for synthesising present understanding of savanna
woodland systems and for highlighting where the emphasis of future studies needs

to be placed. The model concept and structure are described. An imminent
publication will detail the mo

Key-words: fuelwood harvesting, natural resource management, resprouting,

seedlings, spatially explicit individual-based model, savanna woodlands, woody

plant demography
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6.1 INTRODUCTION

d modified by the influence of humans,
their management of fire and indigenous herbivores, their keeping of livestock
and use of wood. Woody plant species show traits that indicate that they are to

_ some extent ‘tolerant’ of disturbance: being long lived and maintaining

belowground resources, they persist through unfavourable times, recover from

damage by resprouting, reproduce and recruit episodica

conditions, primarily rainfall, are favourable. However, the degree to which
savanna woodlands are being stressed is increasing in intensity, extent and
duration. As human populations become more sedentary, grow in size, and in
many cases experience extreme poverty, they depend heavily on natural resources
(Erskine 1987, Grossman & Gandar 1989, Moss 1996). This is especially true in
the South African context, where in the 1970s under apartheid’s “Betterment and
illagisation” policy ‘homelands’ were created to which large numbers of black
people were relocated having been removed from ‘white-owned land’. With
underdeveloped infrastructure and few local employment opportunities,

livelihoods were and continue to be, highly reliant on the communal rangelands

and woodlands surrounding settlements (Pollard ef al. 1999; Niehaus et al. 2001;

\_/

Dovie et al. 2002).

The effect of human use of communal rangelands is clearly visible in the distinct
alterations in vegetation structure, species composition and biomass with distance
from settlements, suggesting that vegetation patterns are related to spheres of
disturbance associated with levels of resource harvesti
et al. 1994, White 1999, Chapter 2). A loss of reproductively mature individuals
would limit population recruitment, as would changes in the microsite conditions
that are favourable for seedling establishment (Chapters 2 and 4). Height
suppression of immature or (previously harvested) resprouting woody plants by
browsing livestock could create a bottleneck in recruitment into the reproductively
mature population. It is not clear what the long-term changes to these woodlands

whether they are reversible and the implications thereof. It is likely that

there are certain plant functional types that would be more effective than others in
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persisting in the face of intensive utilisation pressures. However, these may not be

elwood? Also of interest is the relative importance of seedling

recruitment and persistence through resprouting (Bond & Midgley 2001) for the

regenerative capacity of different species and their endurance within disturbed

_ savanna woodlands. Additionally, it is predicted that climate change and

increasing carbon levels will promote conditions favourable for woody plant

recruitment, perhaps favouring a different suite of species. There is an urgent nee
to manage these woodlands for the sustained availability of favoured fuelwood
species. To do so requires an ecological understanding of the system, together

with the ability to predict and examine the outcome of alternative scenarios or

resource management strate giCS.

The empirical data collected in this study (and examined in Chapters 2 to 5),
represent a fixed point in the lifetime of these savanna woodlands, a ‘snapshot’ in
the midst of ecosystem change (Wiegand et al. 2000). To more completely
understand and be able to predict the responses of savanna woody plant species to
stresses that are intensifying both as a consequence of increasing utilisation

pressures and environmental change, it is essential to consider change over longer

time scales. Simul: is a powerful tool, in this case enabling the
exploration of savanna woodland change in species composition, population
structures and woody plant growth form in space, and over time, and in
identifying the most important drivers of this change. Supported by an empirical
understanding, a model provides a ‘experimental laboratory’ for testing the
response and resilience of woo odlands and the species they contain un

alternative conditions or scenarios of utilisation. A spatially explicit model is
effective in describing the interactions between plants and their environment that
are crucial to plant population dynamics. An individual-based modelling approach
was considered appropriate as plants of different species and size differ in their

growth rates and reproductive output, in their desirability to harvesters and their

resprouting recovery following damage.

A description of the model, developed to examine woody plant demographics in

the communal lands surrounding a settlement whose inhabitants depend on it for
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fuelwood, follows. The model objectives were to (i) enhance understanding of the
spatio-temporal dynamics and regenerative ability of semi-arid savanna woody
plant vegetation, particularly in a context of wood harvesting; (ii) explore how
alternative plant functional types endure in the face of disturbance; (iii) weight the

or species persistence;

ulate strategies for the sustainable utilisation of savanna woodlands.

5
a
7~~~
Z
=
3

Further development of the model, as a tool investigating strategies for savanna

woodland sustainable utilisation and conservation, will follow. Strategies tested

inciude situations where: {
size and cut woody plants throughout the woodlands although their efforts are
focused closer to the settlement (selective harvesting), (2) harvesters cut woody
plants within a predetermined area, following which another area is harvested and
the first area is protected while woody plants recover (rotational harvesting),
(3) harvesters practise ‘coppice with standards’ management, i.. the resprou
shoots of previously harvested woody plants are managed and harvested (coppice

harvesting). The term ‘standards’ refers to reproductively mature individuals,

protected from harvesting to ensure sustained recruitment capacity.

.__._7,.

In creating the woodland model, Einstein’s subtle modification of n’s razor

f=

was followed: “A model should be as simple as possible. But no simpler.”

DEFINITION AND RATIONALE

6.2.1 Conceptual Definition
6.2.1.1 A rural settlement and its communal lands

The original concept for the model structure was based on the dynamics of

savanna woodlands and communal rangelands surrounding a settlement in the

Bushbuckridge region
woodlands surrounding Thorndale have been extensively researched during the

of South Africa’s northern Limpopo Province. The

current study (Chapter 2). Other studies contribute additional information on
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natural resource utilisation and the socio-economic context (Giannecchini 2001;

ovie et al. 2002). Thorndale is a remote settlement, bordering the Manyeleti

National Park (31°28°E; 24°30’S). It has limited access to social infrastructure
and can be described as a farming settlement. The population is estimated to be
i mean of 6.28 + 0.8 (SD) people per

household). The mean annual consumption of fuelwood in the settlement has been

Q « ianr h

estimated to be 4343 + 333 (SD) kg per user househoid, with 96% youseh

depending on fuelwood for their primary fuel source. Limited agro-ecological
potential, a growing human population, and scarce employment opportunities are
a powerful combination undermining the prospects for sustainable resource use
(Dovie et al. 2002). Many other settlements within the Bushbuckridge region have
larger populations than Thorndale. In the communal lands surrounding these
settlements, woodland resources have been more intensively and extensively used.

relwood reflects a growing scarcity.

Ave vy 2

The selling of

6.2.1.2 A gradient of resource utilisation

Empirical observations, by this and other studies (Liengme 1983, Shackleton et al.
1994), have documented the gradient of utilisation-related disturbances and
associated vegetation patterns, extending outwards from settlements within
savanna woodlands of the study area (Chapter 2). The model focuses on the

1 L

impacts of fueiwood harvesti
woodlands surrounding the settlement. Vegetation dynamics, including growth

razing/browsing and fire on the

and recruitment, in semi-arid savanna ecosystems are largely ‘event-driven’ by

stochastic and unpredictable rainfall. In this case there is a superimposed gradient

of impact of selective harvesting of woody plants and livestock browsing.

-

SO & P

Livestock grazing determines grass biomass, influencing ©0
establishment (Chapter 4), and the incidence and intensity of fire and its impact on

woody plants. The ability of stems to resprout following damage is a key life-
history trait that promotes the persistence of savanna woody plants (Walter 1971,
Bond & van Wilgen 1996; Gignoux ef al. 1997; Trollope 1998, Bond & Midgley
2001) and the model simulates this recovery. The realism of the model results and

ensuing predictions are assessed using empirical data collected in the woodlands
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of communal rangelands and adjacent protected areas in the region surrounding

this and other nearby settlements.

6.2.2 Operational Definition

The model is spatially explicit, grid-based and structured to depict a transect

(3000 m by 100 m; 2122 x 71 cells) through the savanna woodland surrounding a

ilisation disturbance (Figure 1 on page 174). The

nt of ut 1 disturbance (F

transect length reflects the maximum distance that livestock venture from the
settlement and that people harvest fuelwood by foot. Cell size (2 m?, with
sides = V2) represents an average mature woody plant canopy. The model

simulates the processes that influence woody plant species, from md1v1dua1

at

woody plants to the populations that they con stitute. mulug,u,al informa

descrlbed by equations and rules, permitting the inclusion of both quantitative and

1 itative knowledge. The model implicitly considers competition by excluding
the co-occurrence of two plants in a single cell: competition between seedlings
ensures that there is no more than a single individual per cell. Grass biomass,
dependent on rainfall and grazing intensity by livestock influences seedling
emergence and initial survival. Competition between individuals of neighbouring

icitly modelled, instead the densities of established individuals

cells is
(based on empirical data) are considered to reflect the outcome of density-
dependency. Temporal dynamics are modelled in annual time steps. Within each
annual time step woody plants grow and reproduce in response to stochastic

rainfall, may be harvested, browsed or burnt, following which they may recover or

die (Figure 2 on page 175). The model provides information 1y tim
the distance of each grid cell from the settlement and associated probability of
disturbance, together with woody plant presence, identity, and grass cover. In each

time step the model also describes whether a woody plant is resprouting or not,

and if resprouting, the length of ‘recovery time’ since it was harvested. Changes in

species abundance, spatial distribution, population structure and regenerative

capacity are assessed over time.

173



vL1

pue pooMm 3Al[ Jo 3un

SoAIERY JY)

AONVIW3a
AOOM3AIN

4 ‘
AY3IAO0DY °

|

«dINNLSs
INVid
AQOOM

aoomavia AL ALITV.LYOW

*A19A0531 Sunnoadsax dwinys, Juonbasqns

Surpnpur ‘Aqdesdourap pue ymoas jueid Lpoom Jo sIdALIp pajjepour ) jo weiderp [enydaduo)) ‘| andiyg

— —

Vl‘l

NOISSzI¥ddNS
(3u1d)
ONISMOYS

HLMO¥O F3¥1

IN3IWHSINavVLSs3
ONINA33s

« 1VSAUIdSIAx

ONILSIANUVH
aoomiand

X

ONINA33s “

S—



SLI

sueld Apoom 3[3uis
} SOUNSUD STUPAIS URMIAq uonnddwo)) *Aese ISLINY ULy) JUIWIIIAS 9Y) JO AJUDIA 3Y) Ul )sagSiy aae Aisuayui
duismoaq/3uizead a|ed pue Supsosrey Ylog JUIWI[IAS € WOIJ PILAINO JIISULI) pa[jPpowt pue jJudIpeIs DdUBQIN)SIP Y} Jo weadelq 7 d4nSig

® A[uo surgjuod 199 pLid yoea jey

=
.......IA‘ mi@&

7

INIIAVYO .3ONVaENLSIA, Nee .-




The functions used to simulate the ecological processes (introduced in Figure 2 on
page 175) are described below (the assumptions made are detailed in
Appendix 10). A selective harvesting scenario is described. Unless otherwise

acknowledged, all parameter values are based on empirical data (Chapters 2 to 5).

6.2.2.1 Initial woodland population and individual plant attributes

The density, species ¢ and relative abundances of the initial woodland

Lllp
population was based on empirical data collected in Manyeleti, the protected area
immediately adjacent to Thorndale, representing savanna woodland protected
from live wood harvesting. The model currently considers three generic woody

plant species or plant functional types differing from one another in life-history

o
[=n
3

harvesters an

Q

characteristics, growth form and attractiveness t

livestock (by changing certain assumptions the responses of other species types

can easily be assessed):

tall, single-stemmed woody plants with relatively light density wood and

(=1

bearing edible fruit;

2. medium-height, single-stemmed woody plants, favoured by harvesters for
their dense wood;

3. short to medium-height, multi-stemmed ‘bushy’ woody plants, with a light

density wood.

and the duration of their occupancy) are determined

~

The occupants of each cell
mnctional group specific attributes, including seed dispersal

distances and number of seedlings produced per reproductively mature woody

plant, attractiveness to harvesters or browsing livestock, resprouting vigour and

estimated longevity. Attributes of each functional group were defined using a

species considered to be representative: Sclerocarya birrea for the first,
ombretum collinum for the third.

Combretum apiculatum for the second and

~
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Initial population structures (represented by stem diameter size frequency
distributions) were randomly chosen from an exponential function around species-

specific mean diameters:

Di=- Dyln(1 -r),

where Di is the stem diameter (cm) of the ‘new woody plant’ (composite stem
diameter if the plant is multi-stemmed) in grid cell i; D is the species-specific
mean stem diameter (cm); and r is a random number drawn from
distribution (where 0 > r < 1). Stem diameters were converted to size classes
(placed within size class bins with size class number and interval sensitive to
species-specific longevities, and correlated to wood density and surmised growth
rates) using a hyperbolic function (i.e. small individuals grow faster than larger

ones in relative terms, with growth slowing as plants near the species-specific

maximum diameter. Thus, under optimal environmental conditions, woody plant
diameter (D) and time (t) are assumed to be hyperbolically dependent on one

another (until the plant reaches the species-specific maximum diameter (D)), with

a constant (k) reflecting growth within a year of favourable growing, primarily

rainfall, conditions:

D(t) = t* Dy*(k/H1)/(k+t),

Following this relation, there are I (L being the relative species-specific

longevity, estimated in years) different possible diameter values for each time

step. Since the model works in annual time steps, these L diameter vaiues were
s the centres of L size classes (SC). Following this approach, the SC to

s diameter (D) belongs can be derived using:

identified

i-r w
:
D
Q
(oW
C
5‘
n

SC = DK((Dx(k/L + 1) — D),

therefore as D tends to zero the woody plant will be represented by the smallest

while woody plants reach their maximum diameter at the species-
specific maximum age.

laﬂf
aiviit

The woody plants constituting the initial populations were given an age equi\

to the stem diameter size class into which they fell, with the assumption that they
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had experienced good growing conditions and constant growth throughout their

possible to get an indication of the extent to which they subsequently have been

suppressed by unfavourable growth conditions or damage, i.c. from browsing,

harvesting or fire.

The height of ‘new woody plants’ was determined using gres

CIriliivu uoxus 1

ﬂ)
( D
w
w
@}
=
(4]
£
e
&0

the allometric relationship between height and stem diameter (Chapter 3):

height (m); D is stem diameter (cm); a and b are species-

nt
ecific coefficients.

Woody plant biomass was calculated following the equation of Netshiluvhi &

Scholes (2002) (based on the allometric equations of several authors for broad-
leaved woody plant species):
B = 0.035*D%,

where B is woody plant biomass (kg) and D is woody plant diameter (cm).

Woody plants become reproductive once they exceed ‘reproductive size’, a
n observations by Shackleton (1997) that some individuals

f the species-specific maximum height,

definition based o

begin reproducing once they are one fifth o
whilst at two thirds of a species’ maximum height all individuals have attained

reproductive maturity. As a compromise in the mo

reproducing once they reach a height exceeding 0.58 of the species-specific

maxim height. A species-specific mean number of seeds (or rather seedlings,

£s9: 8 93 m

as described below) is produced by each reproductively mature woody plant.

Currently the model does not account for the influencing of woody plant size on

the number of recruits produced per reproductive individual.
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6.2.2.2 Rainfall

The variable annual rainfall experienced in semi-arid savannas was simulated by
first determining from the literature the mean annual rainfall (mm) considered to

define a dry, average or wet rainfall season. These means were bracketed by

—equivalent ranges and a rainfall model, interpolating data from rain stations for

southern Africa (McNeill et al. 1994), and were used to simulate annual rainfall

over 100 years for the latitudinal/longitudinal

relative probability of experiencing a dry (0.34), average (0.47) or wet (0.19)
season was then determined. Rainfall is applied evenly over the entire grid, this
being a reasonable assumption given the size of the area modelled. Plant growth is
rain limited, and rainfall from the previous season determines seed production and
seedling establishment of the current season. For the first year of the simulation,

previous season rainfall is set at average, ensuring some woody plant growth and

6.2.2.3 Woody plant growth

During years of poor rainfall, woody plant growth is assumed to be insignificant.

In years of average or wet rainfall, woody plants ‘grow’ by a size class (Figure 3

on page 180). As previously described, size class intervals are species-specific and

correlated with longevity and wood density (and anticipated growth rates). The

dividual i resented is used to calculate stem

new size class by which an indiviauai is

diameter size (in effect a mean stem diameter for that size class), following which

it’s new height, biomass, and reproductive status are determined. Suppression of

growth of smaller individuals (less than a meter in height) through browsing by

livestock (goats and cattle) is considered to be important close to the settlement

(less than 500 m). For these individuals growth only occurs during y

average rainfall when grass is expected to be abundant and preferred by livestock

and browsing damage therefore minimal. At the end of the woody plant growth

sub-module the total biomass of each species’ population is calculated, together

with the total biomass of all woody plants within the study area.
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6.2.3 Wood biomass production and fuelwood demand

E ¥ )

P Wa Ve ta ot o

(1997) observations for semi-arid savanna woodlands, this deadwood ¢

estimated to be 303.5 kg ha™! or 9105 kg for the area simulated by the model. The
annual fuelwood requirement of Thorndale amounts to 296 019 kg. All fuelwood
is obtained from the woodlands surrounding the settlement. As the simulated
transect represents 2.5% of the woodland area, this translates into 7400.5 kg of
fuelwood that must be harvested from the simulated area each year. Fuelwood

demand is incremented according to population growth (estimated at 2.4% for the

(Pollard ef al. 1999)) and the number of additional households. The

change.

z 221 . -
0.4.9.1 wooay piaii

4l

following woody plant growth) th:

fuelwood:

ALiQUzias

(dependent on species-specific properties such as wood density; growth form e.g.

multi-stemmedness and harvester’s preference); its size: D is the stem diameter of

the individual; Dy, the species-specific maximum diameter; its distance from the

settlement: q is a constant (value set at 0.1) allowing woody plants at the furthest

extreme of the transect to be harveste
extreme of the transect from the settlement; whilst r is the position of the woody

plant along the transect, relative to the settlement; C is woody plant ‘cut history’

(value > 0 < 1), representing the number of times the individual has previously

been cut: woody plants that have been cut several times becoming more multi-
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stemmed and of less value to harvesters. As harvesters cannot have perfect
knowledge of their environment, nor infinite energy, a random number (s) with a
Gaussian distribution is added to simulate harvester ‘behaviour’ (data with

sampling errors and expected deviations from a mean (mean = 0.1; SD = 0.05)).

T ++h

) AP
For woody plants that have been cut and have n

woody plant ‘Utility> value is reduced relative to how recently they were cut and

how much they have recovered:

Us = U(R/Ry),

where Us, the ‘Utility’ value of cut woody plants (referred to as ‘stumps’), is the
product of the ‘Utility’ value (U) of the woody plant prior to its being cut and a
term reflecting the number of years of favourable growing conditions that have
passed since cutting (R), relative to the total amount of recovery time (R;, also in

years) required for it to lose it’s ‘stump status’ (dependent on stem diameter size)

and resume ‘norma

Woody plants are ordered according to their “Utility’ values. It is assumed that

deadwood is collected before any live wood harvesting occurs (Figure 4 on page

183). If, after all deadwood has been used fuelwood requirements have not been
es place: individuals with the highest

........ ~Ad harua f;“
A2 23

met, seleciive live wood harve
“Utility’ values being harvested first. The amount of fuelwood needed is reduced

o
(=]

by the biomass of each woody plant harvested until no more wood is needed for

that year (or when there are no more woody plants left!). A woody plant’s

harvested biomass is calculated by:

B = B, — w((i(D/2)2v)/104),
where B is biomass harvested (kg): a function of By, the woody plants total

ior to being cut minus the biomass remaining behind in the woody

biomass pri
plant stump. If it is assumed that the woody plant stump can be represented by a

h lant stump can be calculated by multiplying it’s

-8 T
of tne woo

cylinder, the mass

density (w - species- -specific wood density, k g/m3) by it’s volume: Pi (i)

multiplied by the stump radius (half the diameter (D)) squared and multiplied by

the height at which the woody plant was cut (v, set here at 0.5 m)
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Once the woody plant has been cut its cut history is incremented by one; woody

reproductive

6.2.3.2  Stump recovery

Once woody plants have been harvested they gain ‘stump status’ until they have
‘recovered’ (Figure 3 on page 180): recovery time being dependent on stem
diameter size i.e. smaller woody plants (defined here as less than a third of the
species-specific maximum stem diameter) need three years of favourable growing
conditions (average or wet rainfall seasons); intermediate-sized woody plants (less

than two thirds of the maximum stem diameter) need six years, and larger woody

plants require nine years. During this period of time the woody plant’s stem
diameter does not increase, the assumption being that all resources are channelled
into recovery of lost stem height. Cut woody plants close to the settlement (less

that 500 m away) are additionally vulnerable to browsing livestock (as in the

).

woody piant growth sub-module):

escape browsing and reduce their recovery time. Once recovered, an individual’s

\<.
"l
«
o
&I
w2
(@]

attributes i.e. height; biomass and reproductive status are recalculated.

6.2.3.3 Woody plant ageing, mortality and deadwood production

Woody plants die and contribute to deadwood: (i) if rainfall is poor and woody

plants are less than one year in age i.e. seedlings not yet well-established and
ins et al. 2000); (ii) woody plants that

YR

years when rainfall is not abundant, a certain amount of ‘background mortality’
occurs (set here at 3%, based on data from Shackleton (1997)) of individuals with

a height less than two metres (larger individuals experience little mortality from

o

fire; desiccation etc.) (Figure 5 on page 185). urrently, the mo
explicitly simulate changes in grass biomass in response to rainfall and the
subsequent incidence and effect of fire. This could easily be incorporated (Higgins
et al. 2000). The assumption was made that close to settlements, grass biomass is
kept low by grazing livestock and therefore the effect of fire on woody plants will

be limited. Further away from the village, grass biomass is higher and fire may
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result in the mortality of small woody plants. This mortality is included in the

atest for woody plants less
than two metres in height (especially seedlings), located at distances greater than

2 km from the settiement.

Surviving woody plants age by a year; contribute 1.7% of their biomass annually
to the total deadwood produced (Shackleton 1997), and are represented by
measures of species abundance, population structure (number of individuals per
stem diameter size class) and the proportio

composed of individuals with a ‘stump status’.

6.2.3.4 Seedling dispersal

The model does not consider the pre-seedling life stages of woody plants (i.e.

number of seeds produced and their fate including the proportion actually
germinating) and instead focuses on seedlings ‘dispersed’. As previously
mentioned, seed and subsequent seedling production of a current year is
dependent on the amount of rainfall received during the previous season: if
is not poor, woody plants that are reproductively

seedlings (Figure 6 on page 187). The number of seedlings (S)

rainfall o
mature produc

produced by an individual woody plant can be written:

S=Rm+d,
where S is dependent on the amount of rainfall of the previous season (R, set here

at 1 for years of average rainfall and 2 for years of abundant rainfall i.e. more

seedlings are produced in years following above-average rainfall) and varies

o
w2
T3
(47
[}
=2
(43
w

according to a species-specific mean number of seedlings (m) by

specific standard deviation (d).

Each seedling is dispersed a species-specific mean dispersal distance from the

surrounding cells (in a randomly selected direction as data from
regional weather stations shows that there is no dominant prevailing wind

er seedlings. Seedlings are

parent plant to

direction) that are either empty or containing oth
rst size class; have an age of zero, and a species-specific stem
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diameter and height. An addition to the model would be to model shade-tolerant

their canopies and attaining reproductive status only once the larger plant had

died.

6.2.3.5 Seedling establishment

For cells that contain more than one seedling, simple lottery competition
determines which seedling ‘wins’ and will become established: the probability of
a particular species being represented by the ‘winner’ is determined by dividing
the number of seedlings per species by the total number of seedlings in that cell.

Once the ‘winner’ has been determined, all other seedlings die. The species

represented by the most seedlings will have the highest probability of becoming

of the following season and negatively influenced by the incidence of fire and a

high grass biomass. Grass biomass increases with distance from the settlement

(Appendix 3) and is associated with a greater probability of fire.

63 GAPS IN UNDERSTANDING AND KNOWLEDGE OF SAVANNA
WOODY PLANTS

Through developing the woodland model, the important information gaps

identified were:

1.  growth rates: crucial to understanding woody plant population dynamics,
productivity and response to damage and therefore essential for sustainable
management. Growth rates of different plant stages, e.g. seedlings versus

larger woody plants, are likely to differ with different growth allocation

‘strategies’; species with denser wood are likely to grow more slowly. The

rate of woody plant growth is important in determining the length of time

during which it is exposed to browsing or fire damage.

2. longevity: most savanna woody plants cannot be aged using counts of
annual rings. For long-lived organisms it is difficult to determine
evities. Wood density was considered to indicate the possible life span

of a species, i.e. organisms with denser wood were likely to live for longer.
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[ 3/ time to recovery: it would be valuable to know how long different woody

harvesting.

4. repeated harvesting: the effect of repeated harvesting of a woody plant is
not known. It is possible that at certain periods in the seasonal cycle, once

belowground stored resources nave

recovery of lost biomass, further harvesting (or the effects of fire, herbivory

and drought) may result in plant mortality.

5. coppice/resprout shoot growth rate: information on coppice growth rates of

different savanna woody plants would be valuable for resource

————————management._Chapter 5 documents coppice output over a relatively short

time period following harvesting but longer-term data would be valuable,

including experimental pruning of coppice shoo
of apical dominance on coppice output.

6.  age of resprouting: it is not known at what age it is possible for a woody

plant seedling to resprout, and survive, following damage. The amount of

belowground reserves that the seedling has managed to store is likely to be

critical.

6.3.1 Expected modei ouicomes

Using graphical output, including (i) the relative abundance of different

species/plant functional types; (i) population structures (s

size class distributions); and (iii) recruitment capacity (the number of

are individuals), the model will be used to examine changes in

the woodland. These may include:

Changes in the abundance or dominance and patterns of distribution of

p—

certain woody plant species/functional types under alternative scenarios,

including no harvesting. It is likely that favoured fuelwood species, which

4_..1’,\ +tha l

generally have a relatlvely dense wood, will take the

foHowmg harvestmg This might lead to a shift in specnes/funcnoﬁai ype

with those considered less attractive by harvesters (in this case

represented by the light—wooded, multi-stemmed Combretum collinum)
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dominating. Perhaps a diversion of harvesting attention from rare species

will support their recovery.

(in the case of a multi-species/-functional typer community) to a ‘bushland’

composed of short, muiti-stemmed plants (dominated by a single
species/functional type).

3. ‘Bottlenecks’ in seedling est:
reproductively mature population, as a result of harvesting, browsing or

other damage, influencing the persistence of species/functional types.

4, In response to alternative harvesting strategies, with the objective of

determining which are most likely to be successful in ensuring the

6.4 CONCLUDING COMMENT

As pressures on savanna woodland resources intensify, an understanding of the

factors Iiri-ﬂuencing woody plant regeneration and species persistence is critical for
the effective management of favoured fuelwood species. The described model is
versatile, parametised from empirical sources, and easily adapted to other

woodland contexts using the appropriate information. The woodland model is

luable management tool, enabling a deepening

GiEnEait it Uy

considered to have pote
of the understanding of woodland systems, highlighting the gaps in that

understanding, and offering a predictive approach to the assessment of alternative

resource management strategies.
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CHAPTER 7

Synthesis and General Discussion
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THE REGENERATION ECOLOGY OF SAVANNA WOODY PLANTS IN
RELATION TO HUMAN UTILISATION

This concluding chapter sets out to:

« Integrate the ecological findings of the study’s components and their synthesis

in the model formulation exercise and the additional insights gained through

discussions with resident resource users (using Participatory Rural Appraisal

/DD AN tonlicnsnraag \ .
(FRA) tecnniques). ;

« Discuss the contribution made by the study to the understanding of savanna

« Identify the potential management implications of the study’s findings in light

of the continuing importance of woody plant resources for the livelihoods of

rural people.

7.1  INTRODUCTION

“Disturbances are major sources of both temporal and spatial heterogeneity

in the structure and dynamics of naturally occurring systems” (Sousa 1984)

71.1 Recovery following disturbance: ‘natural’ versus human-related

disturbances

Disturbances have profound effects on the dynamics of plant populations by
influencing recruitment, mortality, dominance and distribution (Harper 1977). In

African savanna woodlands, disturbances include grazing, browsing and

trampling by wildlife and livestock, anthropogenic clearance of woodland
ff ----------------

vegetation for cultivation, the harvesting of trees for different purposes and the
initiation of fire (Frost 1996). An investigation of the regenerative ability of

dy plants in relationship to their utilisation by humans would be

savanna woo

incomplete without an assessment of how these human-related disturbances (or

pressures) differ in nature from previously dominant ‘natural’ disturbances, and

the plant traits that enable woody plant species to endure such pressures.
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Previous to intensive human-related disturbances, fire would have been one of the
most important agents influencing woody plant population dynamics (Trollope
1984). Additionally, large ungulates (particularly elephants) may have damaged
the plants on which they browsed (Owen-Smith 1988). In general, smaller plants

£t L2111 3 - 1
f being kiiled both fi d herbivores, with the

have a higher probability o

impact of either likely to differ seasonally, e.g. the incidence of fire will be higher

following a good rainfall season and hence greater herbaceous biomass (fuel load)

to 80% of plant biomass belowground) allows plants to survive and recover
following the loss of aboveground biomass (Rutherford 1983). Other plant traits
associated with limiting and surviving damage may include: a denser wood; the
ability to resprout; the ability to more rapidly recover lost aboveground biomass;

and the ability to reproduce vegetatively (Walker & Noy-Meir 1982, Walker
1985).

Humans alter the frequency, 1ntens1ty and extent of fires (Scholes 1997). Humans

accidentally or intentionally, so that thev occur more frequently than
through ‘natural’ forms of ignition (e.g. lightening strikes). Their livestock
consume grass, reducing fuel load and therefore the intensity and extent of

subsequent fires and their impact on woody plants. In the woodlands surrounding

the settlements of the study region, live wood harvesting h clearly surpassed fire

as ¢
in importance as a determinant of \ dynamrcs s humans

are relatively sedentary, the effects of their resource utilisation are concentrated

They gather deadwood and selectlvely cut woody plants, removmg a hlgher

proportlon of hve wood biomass than would be lost to fire i in most cases. Growmg

human populations, continuing to depend on fuelwood as their primary energy

1 ALONITQ
Uvw

source, exert increasing pressures on woody plant populations. Harvesting urs
throughout the year although it is hkely to be greater durmg the wmter when
el is needed to counter the cold (Dovie et al. 2004) At thlS time,

stored belowground reserves may be relatively low after a potentially lengthy dry

_period, posmbly 1nﬂuenc1ng plant survival and biomass recovery. Harvested

woody plants are additionally more vulnerable to browsing with resprout shoots

frequently accessible to livestock. Independently and in combination, harvesting
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of woody plants and browsing by livestock may prevent woody plants from

recruitment.

The characteristics of woody plants that enable them to endure fire or herbivore
damage conceivably also equip them to survive the loss of aboveground biomass
from live wood harvesting. However, when the levels of human use exceed the
regenerative ability of woody plants, the diversity and productivity of the system
may be reduced. The effects of human disturbances are likely to differ for species
depending on how heav1ly they are affected the duratlon of the impact and their

nhlhfv to recover follow ng damage Certain species may be favoured, more

access1ble or sensitive to dlsturbance than others and may become locally extinct

with increasing human disturbance.

72  INTEGRATION OF ECOLOGICAL FINDINGS AND ADDITIONAL
INSIGHTS

ulation structure in relation to human

utilisation

Wood harvesting in the communal rangelands of the study region has reduced

woody plant densities and live wood biomass and altered woody plant growth

TLor
\MAAZ S

form. Plan any species
of a shorter stature and more likely to be non-reproductlve. Other studies have

more highly branched than in protected areas,

o
Vv 1ivi 11514 wvaKiiaie 22 AL Ry RvvYiL

gested that such changes in vegetation structure and wood biomass indicate a

sugg
potential loss of species and ecological function (Lykke 1998, Shackleton et al.

1994). The populatlon structures of the study specxes most heavxly harvested have

v:
GJ
i~

been altered through the selective removai of intermediate

reproductive’) stems. It follows that future regeneratlve potentlal may be hmlted

by an absence of re 1tment mto the reproductively mature component of the

populatlon Spec1es that were prev1ously protected from harvestmg are now being

cut as other sources become scarcer (e.g. the marula Sclerocarya birrea). All the

study species were present across the study region with no species loss as a
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consequence of harvesting documented, however, there was evidence of a shift in
species dominance. Terminalia sericea had been heavily harvested in the
communal rangelands surrounding settlements, probably due more to its

accessibility (growing in monospecific stands) than to its value as a fuelwood. As

a consequence, woody p

and plants were smaller and more highly branched. Those species highlighted by

residents as providing valuable fuel and construction wood, were also perceived to

leadwood Combretum imberbe and the wild teak Pterocarpus angolensis, neither
of which were amongst the study species due to their paucity. Of the study
species, Albizia harveyi may be the most vulnerable to human utilisation pressures
due to its seemingly poor regenerative capacity. Few seedlings were found in
communal rangelands and in contrast to other species, resprouting response was

relatively weak following cutting.

These patterns of Vegetatlon change were clearly assocxated w1th a gradlent of

r 0,""-9;"}7??&9 decreasmg in 1nten31tv with dlstance from settlements Such

observations are not unique to thlS study, with other studies previously carried out
within the study region and elsewhere in southern and eastern Africa, having
documented similar vegetation changes (Liengme 1983, Skarpe 1990, Shackleton
et al. 1994, Higgins et al. 1999, White 1999, Luoga et al. 2002, Obiri et al. 2001).

v resource users of

)
4
)
g
D
3
n

52

o
o
o
o n

They are aiso in agreement with obs
woodland change and diminishing wood resources (Appendix 11). The study

[PURROERSRRE

contrlbutes baseline 1nformat10n for several woody plant species, valuable for

s

assessmg current status and for subsequent monitoring and predicting of change.

72.2 Woody piant regeneration

Despite the evident impact of human utilisation on the density and population

structure of those species most frequently harvested, the study species appear to

have a high regenerative potential and could be considered capable of

incorporating this damage within their natural functioning at present utilisation

levels. There was some evidence suggesting that there may be compensatory

following intensive woody plant harvesting, although this was
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inconclusive. Fundamentally, popplation dynamics appear to continue to be driven

O

L simdarlvin i
by underlying environmental variables (partlc,ﬂal ra _fall\ rather than the

thropogemc factors _associated  with communal rangelands Tf resource

e A it PTREA

utlIls(Elon 1§ effectlvely managed it is likely that long-term harvesting will have

i . ibili ion in pressures on

woody plant resources seems unlikely for the foreseeable future (Lawes ef al.

-

an~ming nari.nrhan
iy the

2004). Although communal setilements are rapidly becoming peri-urban, the

inhabitants exert and will continue to exert pressure on the natural resources of the

study area.

7.2.2.1 Seedling establishment

The study provides evidence to support the theory that herbaceous cover limits
both woody plant seedling emergence and survival. Grass competes directly with
seedlings for limited soil moisture and influences seedling exposure to herbivores.
Following an exceptionally good rainfall season, cohorts of seedlings of most of
species established. In general, the study species appear to require

A
u_y 5 oo ColdUiialivil. A4
similar conditions for seedling establishment, with soil water availability plausibly

4lan o
U< S

tu
the most important determinant. Some species may be more successful at
colonising disturbed areas, €.g. a higher proportion of T. sericea seedlings

established in the open than seedlings of other species; Strychnos

I\A

madagascariensis seedlings eared
water availability (during the factorial experiment). In addition to desiccation,

to be relatively more tolerant of limited

g seedlings are highly vulnerable to damage by fire and herbivores. Residents

participating in discussions about the wood resource base unanimously agreed that

fire is an important factor resulting in mortality of the small seedlings of all

dlings were held to be more capable of enduring livestock

birrea seedlings were considered vulnerable. Small

species. See

damage, although Sclerocarya

s were more abundant in protected areas despite the relative
abundance of large reproductively mature plants in communal lands. Through the

food and protection (in the case of rodents) it offers herbivores and the fuel it

provides for fires, grass biomass influences the exposure of woody plant seedlings

to damage and hence the resultant seedling densities and spatial arrangement.
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For all species, analysis of population size structures provided little evidence that
episodic recruitment was a major influential or differentiating factor. The

differences between woody plant population structures in communal and protected

area sites were not substantial. Possibly, the size frequency distribution analyses

re not sufficiently sensitive. It is also plausible that influential factors operate

o
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across land use (especially rainfall) or that different factors associated with either
land use have similar outcomes for woody plant growth, recruitment suppression

and resultant population structure.

induced mortality. Generally, the respro

into either many, small or relatively fewer, larger resprout shoots, with the
composite resprout shoot diameter being approximately similar across species,
although amongst the study species there were clearly some that were more

vigorous resprouters than others. Resprouting output increased with plant size

influenced the origin of resprouting shoots but not their number. PRA information

survival. The ability to resprout and persist is important in a context of frequent

disturbance, especially when conditions for seedling establishment are dependent
on erratically favourable rainfall conditions.

7.2.3 Woo
Although the number of species examined by this study is undoubtedly

insufficient to decisively group species according to differences in their

regenerative abilities, growth strategies and response to damage, some broad

d which are worth articulating and possibly researching

YVii

generalisations emerge
further.

S are generally those

PO o
moers

«  The species with relatively higher num

species that attain a greater maximum height, are more likely to be single-
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stemmed and appear to change their growth allocation at a certain height
(from a focus on height gain to one of stem diameter increment). This shift
appears to be coincident with the height at which woody plants are considered

less vulnerable to fire and herbivores (PRA results support this).

Those species exhibiting a more vigorous resprouting response had fewer

seedlings, were shorter and more multi-stemmed, and grew relatively more in

composite stem diameter in relationship to height. It is possible that these

he!
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species accumulate relatively larger belowground reserves, than the single-

stemmed species described above, to survive disturbance within the

flame/browse zone.

Dense wooded species were more favoured for fuelwood than those with a
light wood. Interestingly, during the PRA sessions a distinction was made

between ‘dry’ and ‘wet’ species. Dry species were found to be those with a

ity and a lower resprouting vigour than wet species.
Conceivably, the selective harvesting of species with a denser wood could
result in the dominance of light-wooded, frequently multi-stemmed species of

less value as a fuelwood resource.

73  MANAGEMENT IMPLICATIONS AND RECOMMENDATIONS

The high regenerative ability of the s they can be

effectively managed as a valuable fuelwood resource. Controlled harvesting of
favoured fuelwood species would be required to prevent undesirable changes in
community composition, recruitment conditions and the loss of reproductive

plants. Future management would additionally need to take into consideration the

(=N

differential effects of wood biomass loss on species for woodland diversity an

resource availability to be maintained.

Management of the wood resource base might include the following approaches:

As several species are used for fuelwood, a rotational harvesting strategy may

be effective. Woody plants in designated areas are harvested, while protecting

sufficient reproductively mature plants and those of intermediate size to
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facilitate future recruitment capacity — referred to elsewhere as “coppice with

further harvesting or browsing until they have recovered their aboveground

biomass or have produced resprout shoots of value for fuelwood.

The short-term needs of rural communities are likely to preclude the long
fallow periods required between harvests. Short-rotation forestry programmes
for fuelwood production are required: planting small woodlots of fast-
growing, non-invasive species may offer an effective additional supply of

~onld it come e vre
would lift some of the pressurc o1

Protection of seedlings and small plants from livestock and fire would

ulation recruitment and p nting out of nursery-

oductivity. Pla
grown seedlings in suitable microhabitats could be undertaken, although this

is likely to be labour and resource intensive.

Enabling rural inhabitants to harvest the surplus wood biomass of nearby

protected areas using sustainable harvesting techniques could be considered in
some areas.

The provisioning of alternative sources of energy (e.g. electricity - potentially
available, but presently too expensive for the vast majority of impoverished
village households) would reduce the pressure on woodlands. Previous
introduce alternative cooking means to households in the region
have not been successful (Shackleton & Shackleton 2000). Should alternatives
sources of energy be accepted and effectively distributed, they have the
potential of simultaneously addressing the health risks associated with the

inhalation of wood smoke, the wood biomass supply scarcity and land

degradation.

Resprout growth following harvesting has the potential to contribute a

considerabie fuelwood resource.

e study’s findings suggest that the following

methods would improve resprouting output and biomass productivity:

Plants should be cut at a greater height. Resultant resprout shoo

originate from higher up and subsequent browsing damage may be limited.
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« Selective harvesting of those plants having a greater resprout output (by

so as to maintain the regenerative potential of woody plant populations.

«  Pruning resprout shoots, preferably prior to dieback (within the first few

months following harvesting), is likely to accelerate the growth of remaining

UNDERSTANDING

Tt i i lant population

dynamics in response to human utilisation was valuable in combining the study’s

_____ gltinm~ in
i

ecological findings, while highlighting the gaps in
conceived structure of the model is highly flexible, allowing it to be adapted for

Oour un

use in the study region or elsewhere, to examine different species or several

syntopic species, and the consequences of alternative scenarios or resource

management strategies.

The gaps in understanding, emphasised as being valuable for future research
include:

4 The effect of repeated harvesting on subsequent resprouting response and
survival.

The importance of the seasonal timing of harvesting. Plants may be more
vulnerable to harvesting during certain seasons, Or following extensive dry

periods, when they have insufficient stored resources.
The length of time required for a woody plant to recover lost biomass and attain
reproductive maturity.

. Growth rates of woody plants of different species and size, an important

ulation dynamics and wood productivity. Growth

variable in determi pu
rates additionally influence plant vulnerability to fire and browsers.

lant to switch from storing belowground resources in roots to

allocating growth to shoots.
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o Woody plant longevity.
o The time interval between episodic recruitment events.

« The relative importance of vegetative reproduction for different woody plant

species.

The diagram on page 205 may assist in contextualising the elements brought

together in this synthesis.

The conclusions arising from this study provide several indicators for effective
woodland management and sustainability. It is important to view communal
rangelands as multi-purpose agricultural landscapes or ecosystems, Wwith
livelihoods dependent not on a single resource but on a suite ©
fluctuating value and availability (Obiri et al. 2001). Agroforestry programmes
mbine the controlled use of savanna woody plants with agriculture and
livestock, together with small-scale woodlot planting, have a higher probability of
enabling the sustainability of local sources of fuelwood, while maintaining
tem integrity. Assessing the ability of savanna woody plants to regenerate

s especially pertinent in South Africa at a time when

€cosys

following their harvesting 1

-]
~
=
D
]

there has been a shift in the approach to the management of indigenous

woodlands. The current increased emphasis on the sustainable extractive use of

natural resources, particularly by local rural communities emerges from the

growing recognition of the value of woodland resources for people’s livelihoods

and local economies, accompanied by a restructuring of the national institutions

ment of a number of new

+L
“ ANALAR

governing forests and woodiands and the development

policies and strategies for integrated management (Cousins 1999, Lawes et al.

2004).

rava'ayi

Previously, the support for effective means of woodland management, and the

application of fire and grazing by livestock, was largely lacking wi

the woodland biome (Geldenhuys 1997). The effect of colonialism followed by

authoritarian governments which did not recognise
203
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traditional land tenurial systems, led to widespread open-access natural resource

use and land degradation in Africa (Seymour 1984). Alleviation of poverty is the

o
Uowv dlilv 14 eéA A Aax & ana re

most obvious and essential step towards developing options for long-term
resource sustainability, productivity and conservation. Indigenous land use
%@MMWMM

resources, if they have security of land tenure and control over their local resource

base, and if they retain a sufficiently high level o
community membership defined in relationship to land and resources (Luoga
et al. 2002, Obiri et al. 2001, Lawes et al. 2004). Currently in South Affrica, local
institutional capacities are weak and need to be strengthened and supported by
effective resource management strategies, to be effective in leading resource
management (Shackleton ef al. 2001). To be sustainable, woody piant resource
management must be ecologically sound, economically viable and socially

achieved in isolation of an understanding of the influence

of prevailing local, regional and global economic driving forces.
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APPENDIX 1. Patterns in Woody Plant Populations in relation to Human Use in a
South African Savanna

Paper presented by Kirsten S. Neke at the Natural Forests and Savanna Woodlands

Symposium III, 2002. Kruger National Park, South Africa .
(Clted as: Neke, K. S., 2002 in Chapter 2, REFERENCES)

School of Animal, Plant and Environmental Sciences, University of the Witwatersrand, Private
Bag 3, Wits 2050, Johannesburg, South Africa.

Aiieg o sey SUJSY,; JSU

E-mazl address: kneke@mweb.co.za

Abstract: An understanding of the effects of resource utilisation (primarily fuelwood
harvesting and livestock browsing) on woody plant population dynamics, and more
specifically their regeneration ecology, is essential to understanding woodland stability
and resilience with direct implications both for species persistence and for people’s

P e T V-

in the Bushbuckndge lowveld were contrasted with those of adjacent protected areas.
by members of the Combretacea, such as

Combretum zeyheri, C. apiculatum, C. collinum and Terminalia sericea, with other
dominant species including Dichrostachys cinerea, Sclerocarya birrea and Strychnos
madagascariensis. Land use alone could not explain differences in population densities
and structure due to the high level of variation between sites within each land use.
Consequently, both tree and stem densities were found not to differ significantly with
ize frequency distributions based on stem

land use for the 15 species examined. Si
nds for most species, with “inverse J-shaped”

3

diameters, indicated similar population tre
= maall

curves in protected areas, whilst in communai lands the sma
d resulting in “humped” or “flattened” size class

meter size classes

wiew wilaoov

were relatively poorly represente
distribution curves. A third of the species investigated did not appear to be influenced by

land use, having similar size class distributions for both land uses. In contrast, land use

had a marked influence on individual plant morphology with most species having a

significantiy reduced diameter and height and more stems per tree unit within communal

lands in comparison to mdnwduals within protected areas. T. sericea, although having a
higher tree density in protected areas had a higher stem density within communal lands,
""" se its for the

with significantly more stems per plant unit. The impiications of these resu
d functional classification of the species examined will be discussed,
through resprouting and their

11\

regeneration an
both in relation to their vigour to persist damage

JL UL I

reproductive recruitment potential.
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1. INTRODUCTION & CONTEXT
Within rural areas of South Africa, and particularly in former homeland areas, poverty and the

.

environment are highiy intertwined. in South A
within the savanna biome (Shackleton 2001). In
Limpopo lowveld savanna and a part of the former homelands of Gazankulu and Lebowa,

Lot o PN | 2 T8
IfiCd, moie uia

]
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he Bushbuckridge district, falling within the

_d P oy Pl

approximately 60-70% of the potentially economicaily active popuiation are unempioyed

(Shackelton 2000). Natural resources contribute greatly to local livelihoods: providing energy and
food security, supplementing incomes and saving cash (Shackleton 1999). Trees especially are
relied on for multiple uses, with wood remaining the primary source of fuel for the majority of rurai

households (Shackleton 1993). High population densities, unemployment and extreme poverty

are placing enormous pressures on savanna woodlands.

HUMANS IN ECOSYSTEMS

In ecological theory, a keystone species is a species that controls the environment and
determines which other species can survive in its presence: casual observance would place
humans into this domineering role and yet the current paradigm in ecology considers humans not
ecies, but as an external disturbance to a “natural system” (Farina 2000).

sn.
S

recognising the exis
“the relationshipy betweew humaw activity and the exwirovment have
created, ecological;, $OCIO-eCONOMIC; and cultural patterny and feedback
goverw the presence, distribution and, abundance of

species assemblages” (Farina 2000)

A significant fraction of biodiversity survives within these human influenced landscapes and yet,

there is littie understanding of their structure and functioning although (i) they are of ecological

interest: communal lands, characterised by the intensive use of a variety of resources, especially

for firewood and grazing, offer the ideal opportunity t

o investigate the response of savannas to
d intensive disturbance (Shackelton et al. 1994), and (ii) this information is vital for

prolonged an
sustaining ecosystem integrity, peopie’s livelihoods and

-

r the future of protected areas.

'~
viI 1IN VITLITE alt-d

By way of illustration, the Kruger National Park is not an island isolated from its surroundings, and
baiAla b
< I

its long-term future will be influenced by what happens OutSiae i a
landscape will influence ecosystems within the park and intensify the pressures placed on the
it is likely that the future of the Kruger and other protected areas

degraded surrounding

park for resources. Ultimately,
will be shaped by local people’s perceptions of their vaiue within their lives. The r

J
conceived Kruger to Canyon Biosphere Reserve may provide an integral platform, supporting a

210



landscape-level vision of ecosystem management and sustainable resource utilisation through
the collaboration of resource users, including rural communities, private game farms and state-
run conservation areas. The very obvious need is for large-scale poverty alleviation to relieve the
dependency on natural resources, but in the interim an understanding of woodland regeneration

ecology is imperative for management and conservation.

The focus of this research is to investigate the regenerative ability of savanna woodlands in
response to human utilisation pressures (mostly fuelwood harvesting, but also browsing by goats
and cattle), with a view to providing scientific backing for methods of resource and ecosystem

management.

2. STUDY AREA
The research was conducted in the Bushbuckridge district in the southernmost part of the

Limpopo Province, formerly the Northern Province and prior to that a part of the former

homelands of Gazankulu and Lebowa.

Narthern

Provincs
Pushbuckridge M 4
Digtrict

—_—

EL R

Roads —e River

——— -

y Area falling within the Bushbuckridge District, delineated by the

Figure 1. Map of Stud
the Kruger National Park in the east, the R531 road to

Drakensberg mountains in the west,

the Kruger’s Orpen gate in the North and the Sabi River in the South.

HISTORY (from Pollard et al. 1999)

colonial times the Lowveld was sparsely populated due to the p
eaking people, followed by tsonga-

During pre- revalence of tsetse fly
and malaria. In the 1850's the area was populated by sotho-sp
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speaking immigrants and then refugees as a consequence of war in Portuguese East Africa. In
the 1930-1960’s under the “Betterment & Villagisation” policy, “African Reserves” were created to
re removed from white-owned land and relocated to trust lands and

grouped into centralised villages for better access to water, schools and clinics. Presently in
Bushbuckridge, population densities and growth rates are high, and swelled by refugees from

Mocambique. Unempioyment i high

with a subsequent dependency migrant labour.

[

ECOLOGICAL & SOCIO-ECONOMIC CONSEQUENCES:

Settlements are crowded, and there are severe water limitations with obvious implications for
health and livelihoods. Degradation of ground cover and soil erosion reduce land available for
cultivation and place constraints on cattle farming. There is an accelerating depletion of natural
resources with the demand for fuelwood outstripping the supply of natural dry wood and resulting
in live wood harvesting (Twine 2002). Prior to 1994 there was some control over woodland

resources, with the Tribal Authority chief and “tribal police” controlling resource use and fining

infringers. Currently there is an institutional vacuum with all control having degenerated into an

“open access” “free for all’ system, with external users adding to the rapid depletion of natural

resources (Twine 2002, Pollard et al. 1999).

2 SAVANNA WOODLAND REGENERATION ECOLOGY AND RESILIENCE

9. AVA ‘II‘ vV
There is little literature regarding the regeneration requirements and capacity of southern African

savanna woodlands (Higgins et al. 2000) and less still for human inhabited woodlands as most

YY) Araac Thg

research has been conducted in protected areas. Ihe ep!
s suitable for the regeneration of certain woody species occurring

isodic nature of tree recruitment under a
variable climate with condition

very infrequently, together with the difficulty of detecting seedlings in the landscape do not fit

comfortably within the time frame of most (including PhD) studies and a certain amount of
“detective work” is required.
h this paper focusing on the use of

The following approaches were (or are still to be) taken, wit
size class distributions and investigations into regeneration capacity (point (2) below):
onger time period (assessed through annual vegetatlon

~ 0

(1) Scale: vegetation change over a |
surveys and local people’s perceptions of vegetation change) and across a larger sp

area supplementing the more detailed population studies (Clarke et al. 1999).
(2) Size Class Distributions: represent highly condensed indices of population dynamics
‘ ecting over many years (Wiegand et al. 2000), allowing inferences (with limitations) to be
drawn about species’ response to disturbance and potential composition changes.

Classification into Regeneration Syndromes based on life history traits. The

ability of trees to regenerate following damage, either vegetatively or reproductively ~

" (Bond et al. 2001, Bellingham & Sparrow 2000).

N’

“persistence vs recruitment
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(4) Experimental work “accelerating” and enabling exploration of regeneration dynamics

(exclosure experiment investigating factors influencing seedling recruitment; seedling
ntings investigating survival in communal lands under different intensities of
livestock browsing and microhabitat conditions).

(5) Ecological Modelling: an improved understanding of woodland dynamics on larger time

UGN |7 7 JEgepiy

scales and under different utilisa nt scenarios can be reached through the

development of a spatially-explicit ecological model.

4_METHODS

Spatial variability in population density and structure was sampled in communal lands (heavily

Combretaceae-dominated
border of the Kruger National Park and Manyeleti Reserve west to the Wits Rural Facility and

granitic uplands falling within the area stretching from the western

irrounds (Figure 1),

mmunal areas and five in protected areas) sampling was in the

At each site (seven sites in co
1 of variable-width: 4 m wide for plants less than 4.5 m in height

form of eight 00 m iong
and 40 m wide for plants more than 4.5 min height. Transects were positioned along a

N-S compass bearing as randomly as possible.

For the fifteen dominant and economically important woody plant species selected (Appendix) the

following variables were recorded: plant height; tree basal diameter (all stems of multi-stemmed

plants were measured and used to caicuiate a composite tree stem diameter), the proportion of
damage; whether damaged plants had coppiced

the plant harvested; evidence of browsing or fire

and position of coppice.

Population Size Frequency Distribution Analyses
Size class profiles were constructed following the methods of Condit et al. (1998) and Lykke

(1998) with size classes defined to accommodate more individuals with increasing size, balancing
the samples across size classes as the number of individuals declines with increasing size. The

number of individuals in each size class is divided by the width of the class, giving the average

nutiniwes AR RS L=l i

number of individuals per size class category.

Statistical Analyses
Basic exploratory statistics (ANOVAs and Paired t-tests) were used to compare adjacent sites (for

the 5 paired adjacent protected and communal sites), followed by more sophisticated analyses
using the GLIMMIX macro in SAS® to perform Generalised Linear Mixed Modelling. For Count
tinomial/binary) i.e. tree densities and the proportion of trees falling within size classes,

Data (mul
data with a non-normal distribution.

a model using Poisson error terms and a log link was fitted for
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Where there was overdispersion of the error data, a negative binomial model was used, the K
factor (the aggregation parameter) being estimated using the method of Moments. The two
models were compared using Aike's (AIC) information criterion and the best fitting model was
used to make final inferences about the interaction between densities/size class profiles and land
use. For Continuous Data i.e. heights and diameters, data normality was checked (Kolmogorov
Goodness of Fit test) and where necessary (log) transformed, and variation in height and
diameter due to land use was examined. Random variation was modelled using covariance

t fit was determined using the AIC information criterion.

5. RESULTS
~ Density

Tree and stem densities for all selected species were found not to differ significantly with land use

(Tables 1 & 2). Yet, most species have lower tree & stem densities in communal rangelands than
in protected areas, particularly the most common species: Dichrostachys cinerea, Strychnos

madagascariensis and Combretum zeyheri. In contrast Combretum apiculatum, Combretum

nd Peltophorum africanum have higher tree and stem densities in communal than in
d areas. Terminalia sericea is interesting in that it has higher a tree density in

coninum ang
adjacent protecte
protected areas but a greater stem density in communal areas.

Population Structure
Basal diameter was considered to be the m
may be modified through herbivory, harves

ost appropriate single measure of tree age as height
ting. fire or competition with other plants for limited

resources. Size class profiles for populations in pr rotected areas differed significantly from those in
P. africanum (p < 0.02), C. collinum (p < 0.05)

communal rangelands for D. cinerea (p < 0.05),
““““““ ificant, other species showed trends

and Diospyros mespiliformis (p < 0. 02), and aithough not significant, oth
Species showing size class profiles that differed

in population structure associated with land use.
ombretum hereroense, Dalbergia melanoxylon,

with land use include: T. sericea, C. zeyheri, C
"""" aped profile in

Lannea schweinfurthii and S. madagascariensis, ail with an “inverse-J” shaped
ile (“flattened” for C. hereroense and L. schweinfurthii) in

protected areas and a “humped” profi
a suppression of recruitment or

communal lands (Figures 2a-e), suggesting either
t. S. madagascariensis, Diospyros mespiiiformis and P. africanum

episodic/pulsed recruitmen
-J" profile in communal lands and a “humped"/"flattened”

showed the reverse with an “inverse
profile in protected areas (Figures 2f-h).
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differences in popti

Species showing similar vinverse-J’-shaped size class profiles under both land uses include
igures 3a,b). In communal lands, both show a

o] K
g ,

Sclerocarya birrea and Lonchocarpus capassa

reduced frequency of individuals within intermediate diameter size classes compared with

populations sampled within adjacent protected areas.
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Figure 3. Size class profiles (based on basal stem diameters) for species that show little
h
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Species showing similar “hump’-shaped size class profiles under both land uses include (Figures

4a-d): D. cinerea; Albizia harveyii; C. collinum and C. apiculatum, all having higher numbers of

ala - - ars = Clas s a Droie =20 Al als, 4418 Oflala ak = THO IS a2 mope nf
individuals per size class in communal areas (Figure 4e)
4(a) (b)
Dichrostachys cinerea Albizia harveyii
3
- B2,
H g 5 ]l o @ s g 1
; o ;
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Figure 4. Size class
“hump-shaped” size class distributions with land use.

profiles (based on basal stem diameters) for species that show similar
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Recruits and Adults

As an indication of recruitment potential the relative proportion of “recruits” and “adults” of the
sampled popuiation was compared between land uses. Recruits were defined as stems (either
seedlings or resprouts) with a basal diameter less than 1 cm whilst an adult was an individual
exceeding a height of 1/3 x mean of 10 tallest sampled individuals of that species (pers. obs. and

eter in

Shackleton 1997)). Here height was considered to be

J
e
-
J
W
e ]

2,

)

3
]

determining whether an individual was reproductively mature and able to produce seeds as
individuals whose height has been reduced through harvesting are likely to remain in a vegetative

phase even though their diameter may reflect that they are reiatively oid.

There was no significant difference in recruits between land uses. T. sericea, D. cinerea,

[l |

S. birrea, L. capassa and C. zeyheri had fewer adults within communai iands. 7. sericea and
D. cinerea, favoured for construction and fuel wood, had ten and nine times fewer adults

respectively in communal areas than in adjacent protected areas.

wed a significant effect of land use on both mean stem diameter and height
» tree was significantly taller and bigger in diameter in protected areas.

(Tables 3 & 4). A “‘mean
a larger mean diameter in protected areas were D. cinerea,

Species significantly taller and having
linum, D. mespiliformis and T. sericea. Species with a larger mean height and

P. africanum, C. collinum,
s include L. schweinfurthii, A. harveyii, S. madagascariensis and

diameter in communal land
ht in communal lands; L. capassa

C. hereroense. C. zeyheri and S. birrea had a larger mean heig

in protected areas, without significantly differing in mean diameter with land use. Z. mucronata

showed no significant difference in height or diameter with land use. Regression analyses

showed that height and diameter are highly correlated for either land use, but that trees of the

same diameter are taller in protected areas in contrast with those in communal areas. Exploring

the degree of multi-stemmedness in relation to land use: T. sericea is exceptional in that the

number of stems per plant unit is significantly (p< 0.002) greater in communal lands than in

protected lands (nearly double) even though there are more rees in protected areas, indicating

that T, sericea is @ vigorous resprouter. Similarly C. hereroense has a third more stems per plant

unit in communal lands.

6. DISCUSSION & CONCLUSIONS

he high level of variability between sites withi
(probably indicative of both patchily-distributed species and differences in site
rences in species’ density and population structure.

history/management) may be masking diffe
therefore, cannot be used to explain differences in densities. Yet, for many

ured for firewood (e.g. D. cinerea and T. sericea), there are

n both communal lands and protected areas

iand use alone,
species, and especially those favo

clearly lower densities within communal lands together and no evidence of bush encroachment.
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Two thirds of the species examined had fewer individuals within the smallest diameter size
classes within communal rangelands when compared with populations in protected areas. Some
~ of these (T. sericea, D. cinerea and C. zeyheri) also had fewer “adults” within communal lands,
possibly indicating a lowered recruitment capacity. These are species that could be considered
“sensitive” and/or being targeted by harvesting (or other disturbances associated with communal

el [l pe eplsOaic SCrLHerS AOWINQG [OW

recruitment in both communal and protected lands. S. birrea and L. capassa show recruitment in
both communal and protected areas (the “inverse-J” shaped curves indicative of regular
recruitment). In communal lands, however, the intermediate size classes have fewer individuals.
It remains to be determined what is preventing individuals from growing into these intermediate

In contrast to the lack of obvious population level differences with land use, there were highly

Srence i d the exception of Z. mucronata): the

significant differences in individua
“mean tree” in communal lands is smaller: shorter, of smaller stem diameter and has more stems
per tree unit. Individuals of the majority of the species examined were stunted both in height and

P
U Iveos

diameter, limited in size probabiy both through harvesting ar
in communal lands may be persisting, resprouting following
species selected for this study were able to resprout, although with highly variable vigour,

I
harvesting and browsing damage. All

Y [P P
I

dependent on both species and size (unpubl. data) and it is not known how much disturbance

(with what frequency and intensity) they can survive. Stunted individuals produce fewer seeds,

which in the future is likely to translate into compositional changes.
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Table 1. Mean tree density/ha™ for selected savanna woody plants in

Communal vs Protected areas

_ Mean Tree Mean Tree
Species . p n
Density/ha’ SE Density/ha’ SE n
(communal) (protected) P
DICI 2188 644 1531 382.8 2015 463 >0.1
PEAF 66.2 37.9 463 10.9 6.2 54| >0.1
DAME 101.7 521 712 95.7 38 478 | >0.1
LASC 2.3 1.3 16 19.1 6.3 96| >0.1*
ALHA 47 231 329 533 313 266 | >0.1
LOCA 241 10.7 168 28.3 106 141, > 0.1
SCBI 39.7 145 278 39.6 9.4 198 | > 0.1
ZIMU 72.4 431 507 24.7 9.4 123 | >0.1
STMA 2751 97.5 1926 412.3 224 2061 >0.1
coCcoO 55.7 48.7 390 269 257 134| >0.1
COAP 3584 190.3 2509 2944 1352 1472 | >01
COHE 5.6 3.2 35 20.8 191 104 >0.1
COZE 1008 423 706 172 51.1 858 | >0.1**
DIME 18.5 13.7 130 525 2.65 26 >0.1
TESE 275 1004 1925 35568 1514 1779 | >01
ALL 1660.5 138.5 11624 1925.9 1934 9706 | >0.1
ALHA - Albizia harveyi LASC - Lannea schweinfurthii
COAP - Combretum apiculatum LOCA - Lonchocarpus capassa
COCO - Combretum collinum PEAF - Peltophorum africanum
COHE - Combretum hereroense SCBI - Sclerocarya birrea
COZE - Combretum zeyheri STMA - Strychnos madagascariensis
DAME - Dalbergia melanoxylon TESE - Terminaiia sericea
DICI - Dichrostachys cinerea ZIMU - Ziziphus mucronata
DIME - Diospyros mespiliformis
in LASC tree density between land uses; but small

* SAS analyses found a significant difference in

sample sizes
*+ Paired t-test: COZE significant (P < 0.05; P=0.027)

Communal and Protected, but SAS taking account of variance fo
significant.

difference in number of trees between
und the difference to be non-

221



Table 2. Mean stem density/ha™ for selected savanna woody plants in

Communal vs Protected areas

. Mean Stem Mean Stem
Species Density/ha’ n Density/ha’ n
SE ensity/ha n
(communal) (protected) g P

DICI 630 2079 4410 882.7 4757 4413 >0.1
PEAF 108 49.7 756 31.3 147 156 >0.1
DAME 179 927 1252 1606 67.2 803 >0.1
LASC 3.2 1.9 23 26.6 8.8 133 >0.1
ALHA 129 746 904 1583 793 796 >0.1
LOCA 51 209 357 55.7 214 278 >0.1
scCBI 66 28.7 461 50.9 15.2 1074 >0.1
ZIMU 153 996 1074 55.1 18.8 275 >0.1
STMA 1071.9 4678 7503 1487.8 7241 7439 >0.1
CcOCO 161 124 1128 63.2 542 316 >0.1
COAP 747 387.1 5229 538.5 224 2693 >0.1
COHE 15.6 7.7 93 439 354 219 >0.1
COZE 486.5 186 3406 823.3 2376 4142 | >0.1*
DIME 257 174 180 9.44 4.1 47 >0.1
TESE 1022.5 4141 7158 696.6 547.2 3483 >0.1
ALL 4456.3 4104 33933 5089.8 702 25449 >0.1

ALHA - Albizia harveyi

COAP - Combretum apiculatum
COCO - Combretum collinum
COHE - Combretum hereroense
COZE - Combretum zeyheri
DAME - Dalbergia melanoxylon
DICI - Dichrostachys cinerea

me A manilifar

DIME - Di()spyTUS lllcbpuifuumis

LASC - Lannea schweinfurthii
LOCA - Lonchocarpus capassa
PEAF - Peltophorum africanum

[aYal=}] Cal i
SCBI - Sclerocarya birrea

STMA - Strychnos madagascariensis
TESE - Terminalia sericea
ZIMU - Ziziphus mucronata

* Paired t-test: COZE significant (P <0.05; P=0.03) difference in number of stems between
Communal and Protected; SAS accounting for variance found the difference to be non-significant.
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Table 3. Mean diameter (cm) for selected savanna woody plants in

Communal vs Protected areas.

Mean Tree Mean Tree
Species | .
Diameter ——————— n——Diameter ————————————n——|
(communal) (protected)

bICI 481 0.26 483 8.66* 0.33 855
PEAF 763 1.19 146 42.23* 2.22 73
DAME 9.05* 0.77 285 8.86 0.77 260
LASC 24.48* 24 32 15.04 2.15 53
ALHA 12.37* 1.09 133 687 072 154
LOCA 11.35 1.46 77 16.12  2.33 75
SCBI 3161 1.24 281 29.39 1.28 241
ZIMU 12.54 0.49 305 13.84 0.99 127
STMA 6.21* 0.47 649 3.21 0.2 698
COCO 1475 1.43 197 29.16* 1.85 188
COAP 12.19 0.46 1105 14.19* 0.56 837
COHE 22.98* 3.17 27 16.69 2.95 56
COZE 2420 0.78 474 24.79 0.8 534
DIME 13.19 3.52 50 33.61* 4.99 32
TESE 8.94 0.34 701 12.05* 0.27 1408
ALL 12.44 022 4949 13.76* 0.22 5580

* _ significant difference (P<0.05)

ALHA - Albizia harveyi

COAP - Combretum apicuiatum
COCO - Combretum collinum

COHE - Combretum hereroense
COZE - Combretum zeyheri

Mol rmin malanh\l\ﬂnn

DAME - Daioergia m&ianOxy
DICI - Dichrostachys cinerea

DIME - Diospyros mespiliformis

LASC - Lannea schweinfurthii

L OCA - Lonchocarbus capassa

L\J iy [ L asd ol w= WOy

PEAF - Peltophorum africanum
SCBI - Sclerocarya birrea

STMA - Strychnos madagascariensis
TESE - Terminalia sericea

ZIMU - Ziziphus mucronata
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Table 4. Mean height (m) for seiected savanna woo

Communal vs Protected areas.

Mean Tree Mean Tree
Species
Height . n Height n
(communal) >E (protected) SE

21.4 DICI 1.31 0.04 485 2.50* 0.06 858
PEAF 1.14 0.13 146 5.06* 0.16 73
DAME 2.67* 0.16 285 242 013 260
LASC 6.63* 0.44 32 353 042 52
ALHA 2.92* 0.22 134 192 017 154
LOCA 2.55 0.31 77 3.46* 0.36 70
SCBI 6.28* 0.22 281 572 0.20 241
ZIMU 435 0.12 304 423 0.17 126
STMA 1.16* 0.06 646 0.79 0.03 698
coco 3.80 0.12 197 458* 0.19 190
COAP 3.40 0.08 1104 3.49* 0.09 831
COHE 429 0.34 28 3.19 0.3 57
COZE 4.31* 0.07 471 3.90 0.08 527
DIME 2.07 0.39 50 5.18* 0.52 32
TESE 2.33 0.07 699 410* 0.06 1393
ALL 2.96 0.04 4936 3.29* 0.03 5562

* - significant difference (P<0.05)

ALHA - Albizia harveyi

COAP - Combretum apiculatum
COCO - Combretum collinum
COHE - Combretum hereroense
COZE - Combretum zeyheri
DAME - Dalbergia melanoxylon
DICI - Dichrostachys cinerea
DIME - Diospyros mespiliformis

LASC - Lannea schweinfurthii

LOCA - Lonchocarpus capassa

PEAF - Peltophorum africanum

SCBI! - Sclerocarya birrea

STMA - Strychnos madagascariensis
TESE - Terminalia sericea

ZIMU - Ziziphus mucronata
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2.1.2 APPENDIX

Dominant and economically-important savanna woody plant species selected for

« Combretum apiculatum (red bushwillow)

« Combretum collinum (variable bushwillow)

« Combretum zeyheri (large-fruited bushwillow)
« Combretum hereroense (russet bushwillow)

« Terminalia sericea (silver clusterleaf)

« Sclerocarya birrea (marula)

« Lannea schweinfurthii (faise maruia)

« Diospyros mespiliformis (jackalberry)

« Strychnos madagascariensis (black monkey orange)
« Lonchocarpus capassa (apple leaf)

« Ziziphus mucronata (buffalo thorn)

xylon (zebrawood)

» Daibergia melano
« Dichrostachys cinerea (sickle bush)
« Albizia harveyi (sickle-leaved albizia)

« Peltophorum africanum (weeping wattle)
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APPENDIX 3. Herbaceous cover along a gradient of rangeland utilisation intensity.

Grass biomass was calculated for three plots at three sampling distances from Thorndale

woody plant population structure were recorded in the same plots (Chapter 2). Using a disc

rass biomass was measured at fifty points (three steps apart) parallel to the plot

pasture meter, gra meas

and a further fifty perpendicular to the plot, giving a total of 100 points per plot. Following

Bransby & Tainton (1977), grass biomass was calculated as:
Grass biomass (kg h™) = 340 + 388.3 x mean disc height (cm)

The dominant grass species were identified at each point and their relative prevalence (aerial
cover) at each sampling distance determined. Grass species were categorised (i) functionally as
either decreasers (dominating rangelands in good condition but decreasing when mismanaged),
increaser 1 (dominating poor rangeland and increasing with understocking) or increaser Il species

(increasing with moderate to severe overgrazing), and (ii) according to perenniality (Tainton

1981, Van Oudtshoorn 1999) (Appendix 3, Table 1).

Grass biomass increased with distance from Thorndale village (ANOVA: Fyg97 = 46.73;

P =4.95¢”%) and was higher in the Manyeleti protected area than in the communal land sites

ition of dominant grass species

-56
) Tl‘ m NJAAARRACRRA N Dreve ¢ | adhadhadadncd

furthest from the village (F2 508 = 311.9; P = 1.75¢™"). The composi
changed with distance from the village. The largest proportion of decreasers were found furthest
from the village, whereas that of increaser II species was found close to the village under heavy

livestock (goats and cattle) grazing pressure. Annual or weakly perennial species (particularly

Urochloa mosambicensis) predominated close to the settlement, with a higher proportion of

nnial grasses (mostly Panicum maximum) at sites further away. Chloris virgata, was
n

prevalent in the protected area site, perhaps indicating a seasonal pan.
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APPENDIX 5. Woody plant population structure and descriptive functions.

Following Coomes et al. (2003), stem diameter size class distributions were additionally
represented by plotting the number of woody plants per size class against size class midpoint.
Provided growth rate is constant in all size classes, size frequency distributions plotted on
log-log axes can be represented as ‘straight lines’ if the relationships are described by scaling

functions (e.g. the size frequency distributions of natural forests were proposed by Enquist &

aree 1 ”

Niklas (2001) to scale as the -2 power o

distributions plotted on log-linear axes appear as straight lines if the relationships are
negative exponential (Coomes ef al. 2003). An exponential (log) decline in the number of

woody plants with increasing size is explained by a constant attrition rate, assuming a

constant time relationship along the x-axis. As in Coomes et al. (2003), woody plants were

divided into a ‘small’ and ‘large’ plant phase (stem diameter < 12 ¢cm and stem diameter >

12 cm, respectively) and plotted on log-log and log-linear axes (logs are base 10)

respectively, to assess whether scaling and negative exponential functions could be used to
a1

describe each phase. The distinction between plant phases was based on a clear inflection
point that occurred in the 10 to 14 cm stem diameter size class for all species when their
entire stem diameter range was plotted. Size classes representing the largest plants with

fewer than five individuals were pooled. Four of the study species had relatively few woody

plants of a large size and therefore only plots for the small-phase were made.

for the entire stem diameter range, of three of the study species.
An inflection point between a small and a large plant phase can be discerned. For
Combretum zeyheri, the size class distribution, plotted against both a log;o and a linear
X-axis, is shown (X = stem diameter size class midpoint).

Size class distributions,

C. zeyheri - whole range: log-log C. zeyheri - whole range: log-linear
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The smaii and large plant phase of each species, plotted separately on log-log axes
and log-linear axes, respectively.
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S. birrea - small phase: log-log 8. birrea - large phase: log-linear
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As described by Coomes et al. (2003), neither a scaling nor negative exponential function

adequately described the entire stem diameter range of the study species. There was an

vas used to distinguish between a ‘small’ and ‘large’ plant

a
11y vy

obvious inflection point t
phase. However, even when the size distributions representing the two plant phases were

plotted separately, they were for many species not linearised by either log-log or log-

The size distributions of Sclerocarya birrea showed the greates
distributions of a few of the study species, €.g.

linear axes.

from linearity. The small plant phase size

ichrostachys cinerea; Dalbergia melanoxylon; Strychnos madagascariensis and Albizia

d on log-log axes appeared relatively straight and were more

harveyi, when plotte

effectively described by scaling functions.
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H -3
————be anexplanation for the large plant phase.

In agreement with the conclusions drawn by Coomes et al. (2003) for tropical rain forest

operating at different life history stages. Neither competition nor a scarcity of limited
resources, nor exogenous disturbances can be forwarded as being solely responsible for
shaping population structure. During the small plant phase, a high rate of mortality and
attenuation in woody plant numbers and a non-constant growth through size classes may

result in this trend, whilst a slowing of growth and perhaps a clear senescent-phase may

Coomes, D. A., Duncan, R. P., Allen, R. B. and Truscot, J., 2003. Disturbances prevent
stem size-density distributions in natural forests from following scaling relationships.

Ecology Letters, 6: 980-989.
Enquist, B. J. and Niklas, K. J., 2001. Invariant scaling relation across tree-dominated

communities. Nature, 410: 655-660
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AP.PENDIX 6. Woody plant height distribution within protected areas and
adjacent communal rangelands (Chapter 3 contains the height distribution
graph for S. birrea). Black bars represent protected areas; Grey bars

represent communal rangelands.
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APPENDIX 7. Species composition of the harvested study site,
in order of % relative abundance (sample size in parentheses).

Species % relative abundance Sample size
Dichrostachys cinerea 22.5 (216)
Terminalia sericea 142 (136)
~— Strychnos spinosa H-7 (112)
Combretum zeyheri 93 (89)
Senna petersiana 6.6 (63)
Strychnos madagascariensis 6.1 (59)
Pterocarpus rotundifolius 4.9 47)
Combretum collinum 3.1 (33)
Euclea natalensis 2.3 (22)
Pavetta gardeniifolia 2.1 (20)
Ehretia obtusifolia 1.8 (17)
Diospyros mespiliformis 1.6 (15)
Flueggia virosa 1.5 (14)
Gymnosporia heterophylla 1.5 (14)
Peltophorum africanum 1.4 (13)
Euclea divinorum 1.0 (10)
Lonchocarpus capassa 0.9 C)]
Catunaregam spinosa 0.8 (8)
Combretum apiculatum 0.7 7
Dalbergia melanoxylon 0.5 (5)
Acacia gerrardii 0.5 (5)
Grewia hexamita 0.5 (5)
Sclerocarya birrea 0.4 4
Ziziphus mucronata 0.4 4
Acacia swazica 0.4 4)
Grewia flavescens 0.4 4
Rhus glauca 04 “)
Parinari curatellifolia 0.3 3)
Vangueria infausta 0.3 3)
Albizia harveyi 0.3 3)
Lannea schweinfurthii 0.2 (2)
Grewia monticola 0.2 )
Lannea discolor 0.2 )
Albizia versicolor 0.2 )
Acacia caffra 0.2 2)
Acacia nigrescens 0.1 (1)
Ficus sycomorus 0.1 0}
1 0.1 (1)

Bride:’ia oS
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APPENDIX 10. Assumptions made in developing the woodland model.

Driving factors and woody plant demography:

e Grass: although savanna is composed of grass in addition to woody plants, the model
focuses on the woody plant component and does not explicitly simulate grass growth.
Woody plants are, however, influenced by grass biomass: directly with competition between
seedlings and grass reducing seedling establishment, and indirectly by grass biomass
supporting fires (or rodents — Chapter 4). Grass biomass will in turn be affected when
woody densities increase and alter fire regimes.

Fire: is not considered a significant factor close to settlements where grass biomass is

considerably reduced by grazing livestock. indi i

plant dynamics through influencing the incidence of fire and potential fire damage to woody

plants has not yet been modeiied in detail, aithough this would make an obvious addition,
with woody plants that are burnt by fire perhaps reverting by one size class; a resprouting
woody plant that is burnt by a fire would start its recovery over again. Instead a
‘background’ level of mortality was assumed which included mortality from fire, and was

more likely for woody plants less than two metres in height and especially for seedlings less

e Rainfall: (i) simulated as poor; average or wet (based on defined ranges and simulated data

(McNeill et al. 1994)); (ii) rainfall in the season previous to the first year of the simulation is

production; (iii) the

distribution of rainfall events during the wet season is not incorporated although this is

likely to be important for seedling establishment; (iv) at the moment there is no effect of a

series of bad rainfall years (i.e. droughts that tend to occur over periods of several years) on
woody plant condition (‘vital biomass’) and subsequent mortality.

e Woody plant g

made regarding species-specific
density and predicted growth rate), and in the co
(ii) woody plants are assumed not to grow (nor stumps o ‘recover’) in years of poor rainfall,
t of growth during both years of average and above-average rainfall is the
e to the settlement (< 500 m) browsing suppresses the growth

s and saplings, and the recovery of stumps,

rowth: (i) woody plants grow in size class increments. Assumptions were
growth increments (according to estimated longevity, wood

nversion from size class to stem diameter;

whilst the amoun
same; (iii) assumption that clos

of individuals < 1 m in height, i.e. seedling

N
(%]
o



Seed/Seedling production: (i) the size at which individual’s become reproductive (i.e. 0.58
of their maximum height); (ii) the number of seedlings produced per reproductive woody
plant is not influenced by the size of the woody plant (only by the amount of rainfall
received); (iii) the distance that seedlings are dispersed from adults is based on field
observations of the closest potential parent to recorded seedlings.

Recruitment: (i) seedling regeneration niches: at the moment the modelled landscape is
homogenous (except for the superimposed gradient of disturbance) and seedlings can

andlin o + N
dlings cannot become established

: ks [ mccriimmiadt e 4l

establish in any cell that is empty (assumption that see

[

within cells already occupied). Detail could be added as to which cells constituted more
favourable sites for seedling recruitment (based on tolerances to shade/grass biomass and
soil moisture availability); (ii) assumed that soil characteristics and nutrient availability
influence microhabitat niche’s but are less important in relation to primary determinants of
rainfall, grass cover and human-related disturbance (broad-leaved woodlands growing on
nutrient-poor sandy upland soils had been sampled); (iii) no more than a single seedling can

establish within a cell; simplifying assumption that competition occurs at the seedling stage

Tree Growth: gain in wood biomass is currently based on a constant wood density

(presently 0.035), while this thesis reports a large variation among species. This variation
2.5

D™7) to

could be incorporated by assuming that the parameter used to convert volume (

woody plant biomass (in tonnes) is linearly dependent on density.

Harvesting: (i) at the moment assuming that harvesting preference increases with woody

plant size (could adapt woody plant “Utility’ equation for active selection of intermediate

size classes); (ii) assumption of a constant height at which woody plants are cut based on the
mean height (Chapter 5).

Stumps: ~ Time to Recovery: (i) the great majority of harvested woody plants resprout;

(ii) assumption of the time taken for a stump to recover and resume ‘normal woody plant’

specific and not species-specific, assuming no di
(could be

s o Y
IICICIICCS

growth; this recovery time is size-
(and rate at which) species recover follow harvesting damage

in the ability of
wood density and predicted

according to relative resprouting vigour (Chapter 5),
ange in stem diameter size during the recovery

ad

adapted

relative growth rates); (iii) stumps do not ch

riod; (iv) do not contribute to deadwood production; (vi) do not have an increased

pe
probability of mortality; (vii) are
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Other model assumptions:

functional/response types, €.g. based on their resprouting response to damage; (1) currently 1t
is assumed that there are only three species/functional groupings of woody plants, other less
common species could perhaps be incorporated (as in Wiegand et al. (1995)) as a “fixed
plant environment”, occupying space (cells) according to the combined relative density of
these species and remaining unchanged during simulation.

The initial population: (i) the initial population structure was chosen from an exponential
function around species-specific mean diameters. An alternative would be to base initial

population structure on the population structure of populations in protected areas,

assumed to be the same as it’s size class, assuming that it has experience
growing conditions (rainfall) during its lifetime up to that point.
Harvesting and Deadwood: (i) assumption that no previous harvesting has occurred in the

study area prior to the simulation; and (ii) that there has been an accumulation of deadwood;

(iii) deadwood is favoured and collected before any live wood is harvested.

For Multi-stemmed individuals: stem diameter reflects the composite diameter of all stems

The number of stems is taken into consideration only when evaluating the woody plant

‘Utility’ value of an individual: harvesters species-specific preferences, and the assumed
its degree of branching and

1 4
lant has been cu its de

=3
=]
3

effect of the number of times a woody p
value to harvesters.

Length of the transect grid: 3 km (the distance range within which cattle graze and people
umed to be a sufficiently large area to represent the

harvest from the settlement) is ass
surrounding area. This will require

woodland dynamics and allow predictions for the
experimental assessment of alternative grid sizes.

on growth rate and fuelwood demand: population growth rates in the study
d through HIV AIDS induced mortality. Several settlements

within the study region (including Thorndale ) do not have access to electricity. Access to
rnative energy sources is unlikely to reduce the fuelwood de

Human populati
region are likely to be reduce

alte mand.
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APPENDIX 11. Observations of woody plant dynamics by resident resource users.

Interviews with resource users regarding their understanding and perceptions of the wood

resource base have been used effectively to supplement empirical analyses of woody plant

of vegetation changes, including the decrease in abundance of certain woody plant species and the
probable causes thereof (Shackleton 1993, Lykke 1998). This information is important for
formulating management plans for disturbed environments, where vegetation changes are

occurring rapidly and management is urgently needed.

initial visi i ‘ * or headman to make arrangements, meetings were

held with groups of residents in three settlements within the study region (Welverdiend, Seville

icipatory rural appraisal (PRA) methods were used during group discussions,

orndale). Pa at

including landscape mapping and qualitative techniques, e.g. using beans to indicate woody plant

densities (currently and in the past) or for ranking species in response to a question. Participant

1.

group size ranged from twelve to thirty people. Three of the groups we
inhabitants (n = 17; 22; 30), the dominant collectors of fuelwood. A single PRA group was held
years, with several of the elderly

vy Usiivas

with men (n = 12). Participants’ ages ranged from 20 to 75
members having lived in the region for most of their lives. All but two elderly

ted live wood for fuelwood (and for construction, fencing and other uses).

participants

currently harves
were asked about their perceptions and observations of woodland vegetation change,

the wood resource base and woody plant regeneration. A single interpreter assisted in all the

discussions.

Specifically, the participants of each group were asked about:
« observed vegetation changes: woody plant density and woodland structure (including woody

plant growth form)
which species were felt to be increasing or decreasing in density

p_robable causes of changes in woody plant density

the woody plant species most favoured for fuelwood and construction timber

changes in wood availability and demand

odv plant seedlings are found in the landscape and the species

aaliv SULLAL1E

<
<

e« observations of W
represented

determinants of seedling survival
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» whether species differ in their resprouting ability following harvesting and whether other

factors are influential, e.g. plant size and cut height

» Possible solutions to prevent the depletion of wood resources and attitudes towards resource

management

There were some differences in the opinions expressed by participants (within and between
groups) in their understanding of woodland dynamics and woody plant regeneration. However,

broad conclusions could be drawn from the dominant (most frequent) opinions expressed by each

Perceptions of woodland changes

Resource users expressed a perceived decline in the density of all woody plants species (with the
possible exception of Terminalia sericea, which two of the four groups felt to be increasing in
h

e leadwood Combretum imberbe hiohly valued

for its dense wood and previously widespread but now rarely found (this was not selected as one
of the study species due to its scarceness within the study region at the start of the study) and the
wild teak Pterocarpus angolensis (groups 1 & 3), Acacia nigrescens and Albizia harveyi (groups
2 & 4). The participants of all groups agreed that structurally, woodlands had changed to being
composed predominantly of smaller, shorter woody plants with fewer plants of a larger size.
Large edible fruit-bearing trees, most noticeably the marula Sclerocarya birrea, were highly

valued and although some were being cut, they were still relatively common.

Most frequently harvested woody plant species

The woody plant species most favoured for fuelwood were Combretum apiculatum and

our groups). A single group (group 4 - Thorndale) continued to
harvest C. imberbe and A. nigrescens, both of which are scarce in the woodlands surrounding the

other settlements. All four of these woody plant species have dense wood and provide good

. . . e
firewood. The species most frequently mentioned to be
were T sericea, C.imberbe, C. apiculatum, Combretum hereroense and A. nigrescens.

croand Fae An
ud>CTU 1ul Vv

Participants within each group said that termites did not eat the wood of these species.

Woody plant regeneration

The seedlings most frequently observed were those of S. birrea and Diospyros mespiliformis (all

participants of all groups agreed). Seedlings of D. cinerea, Strychnos madagascariensis,

T sericea, Peltophorum africanum and Ziziphus mucronata were sometimes encountered.
* &
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Participants had not seen the seedlings of C. apiculatum, Combretum zeyheri and Lonchocarpus
wing beneath the canopies of larger woody plants
(by all 4 groups). The shade provides protection - ‘an umbrella’ - from the sun (i.e. preventing
desiccation). Seedlings frequently grew in ploughed fields (groups 2 & 4). The participants of one
group stated that seedlings are able to grow wherever there is water. However, seediings were
considered ‘tough’ with many seedlings surviving even when there was no rainfall. Fire was felt
to be an important cause of seedling mortality by all participants. Although livestock browse
woody plant seedlings, many survive. Within all groups, participants had observed goats eating

the seedlings of D. mespiliformis, S. birrea and Z. mucronata. Browsed S. birrea seedlings were
lative to other species. Cattle had frequently been observed to

o
© 11X AT » relat

eat D. cinerea seedlings.

In addition to the unanimous view that water availability was the most important determinant of

seedling survival, the resprouting response of plants was evaluated in terms of their perceived

ability to retain water (by all three of the groups of women). Woody plant species were defined as

‘dry’ depending on their water retention capacity. Wet species (Combretum
following harvesting than did dry species

lans ¢ ’
being ‘wet’ or

collinum and S. birrea) resprouted more vigorously

(C. apiculatum, C. imberbe and D. cinerea). The species classified as being dry species were

those with a noticeably denser wood (and presumab
arger plants resprouted better than small plants of the same

tively slower growth rate). All groups

reached the same conclusions: 1

species following cutting (however the largest plants often did not resprout and died); the higher a

plant was cut the greater it’s resprouting response; plants that were cut close to the ground often

died; and plants that were cut too frequently died.

Concerns about the wood resource bas

pants expressed concern about dwindling wood resources. There was no

usly had been sufficient to meet fuelwood demands
be travelled to find wood. Previously, permission had

e tree. Live wood harvesting was no longer

Most (96%) partici
) close to the

onger deadwood
settlement and increasing distances had to

to be sought from the ‘nduna’ before cutting a liv
nd sizes cut. Peopl

Q1
51zes CLt

controlled, with plants of all species a e were cutting trees low down to increase

the amount of wood obtained. Consequently,
nd had increased and external users (people from other

trees were observed to have a reduced resprouting

vigour with some dying. Fuelwood dema
held responsibie for reducing wood resources, apparently
articipants felt that woodlands needed

alise wood and that non-

settlements or towns) were mostly
tities of wood to be sold elsewhere. All p

cutting large quan
ants should not be allowed to commercl

to be managed, that inhabit

x1a
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inhabitants should be prevented from

management. Two groups felt

(=]
o)
@,
&
(1)
=}
b ]
3

c
government, traditional authorities, etc.) should be responsible f
that rotational harvesting strategies could be effective. Several participants suggested protecting
harvested plants so that they could have time to recover. Many said that until there were jobs and

“money for electricity” there was no way of reducing current levels of harvesting.

- - — v o w oy
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