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ABSTRACT

Bush encroachment by Acacia mellifera is initiated by a 

wet spell of sufficient duration (three years) to allow this 

woody species to set viable seeds, followed by successful 

establishment of the seedlings. It is a rare, sporadic event 

in Namibia and in the arid zones of southern Africa. Bush 

encroachment follows a “sleep, then leap” mode of action 

rather than a steady and continuous “creep” mode. Bush 

seedling establishment is facilitated hugely by the exclusion 

of fierce veld fires, a grass sward weakened by grazing and 

by reduced browsing pressure. Hence, the most obvious 

manner to prevent bush encroachment from occurring in 

the first place is to set a fierce fire whenever rainfall was 

above the average for three years in a row, but only in those 

areas that are threatened by bush encroachment. Since the 

seed of Acacia mellifera is not long-lived, not mobile and not 

distributed in the dung of herbivores, there is little need to 

burn areas that do not contain a large proportion of mature 

Acacia mellifera bushes.

If this sporadic opportunity to prevent bush encroachment 

was missed and the savanna changes from a grassy to a 

bushy state, fire is no longer an effective means of control. 

Chemical and mechanical control mechanisms are the 

best option to thin (rather than eradicate) the population 

of invasive Acacia mellifera, failing which they will mature 

over many decades to old age. Only when senescent do 

they again become vulnerable to stressors and natural 

control. Control presents an ideal opportunity to improve 

the grass sward and thus recover the production potential 

of Namibia’s savanna rangelands, but has to be followed by 

aftercare.

SuMMARY OF ThE ECOLOGICAL MODEL

The savannas found in central Namibia, the Highland, 

Thornbush and Camelthorn savanna (Giess, 1971), can 

occur in a grassy or a bush-encroached (bushy, woody) 

state (Figure 1). Within these two major states, climax 

and pioneer states exist (Joubert, Rothauge & Smit, 2008). 

Various forces and events change the state of a savanna 

(a “transition”). The degraded grassy (pioneer) state can 

degrade further to full-scale desertification which is, for 

all practical purposes, irreversible. A crucial stage for the 

land manager is when a grassy turns to a bushy state. In 

such a case the grass – bush balance is severely disrupted 

and the characteristics of the savanna change completely 

(Rothauge, 2007a). Bush encroachment is a problem of 

national significance and is further elucidated in this, the 

second part of the article. 

In the savannas of central Namibia, the major invasive 

woody species is Acacia mellifera supsp. detinens (Bester, 

1998). Over these vast areas, the abundance and density of 

Acacia mellifera bushes have exploded until far exceeding 

its probable natural density. Unfortunately, there is no 

scientific norm of what this plant’s “natural density” should 

be. De Klerk (2004), based on recommendations by Prof 

G.N. Smit, theorised that the probable “natural density” 

of woody plants (expressed in evapo-transpiration tree 

equivalents, ETTE, per hectare) in Namibian savannas is 

twice the average annual rainfall received (in millimetre). 

An ETTE is the amount of water required by a woody 

plant of 1,5 m height. The number of ETTE/ha gives an 

indication of how much soil moisture is extracted from 

the soil by woody plants (Smit, 1989). If an area receives 

on average 350 mm per year, the probable natural density 

of all woody plant species is about 700 ETTE/ha, i.e. 700 

bushes of 1,5 m height per hectare. However, considering 

that the statistical variability of rainfall in Namibia exceeds 

40 %, bush density in a 350 mm rainfall area should not 

be uniform, but vary from as little as 420 ETTE/ha to, in 

patches, 980 ETTE/ha to achieve a diverse mosaic effect. 

In bush-encroached rangelands, the density of Acacia 

mellifera alone can often reach 6 000 and sometimes even 16 

000 bush per hectare (Bester, 1998). Such thorny thickets 

form monostands that are impenetrable to large herbivores 

and starve the herbaceous component of water.

ThE TRANSITIONAL STATE OF BuSh SEEDLING 

ESTABLIShMENT

Bush seedlings are easily overlooked and therefore, 

this state is not often recognised in the field. In this 

transient state, the still-dominant grass sward conceals a 

high number of Acacia mellifera saplings which are still 

below grass-emergent height. At superficial inspection, 

this state is virtually indistinguishable from the grassy 

states, masking the progression towards a bushy state. 

A savanna may persist in this state for a variable length 

of time, depending on the competitiveness of the grass 

sward, rainfall, soil fertility, herbivory and especially the 

frequency and severity of fire. Even after six years, Acacia 

mellifera saplings may be no taller than year-old seedlings 

and are only distinguishable by their branches and thicker 

stems that bear the abscission scars of previous years’ 

growth (Rothauge, 2007b), so-called gullivers (Bond & 

Van Wilgen, 1996). As the seedlings mature, they become 

more easily visible and the savanna apparently changes 

“quickly” to the bush-encroached state. However, it had 

been in transition already for some years.

The transient state of bush seedling establishment 

represents a critical time period for management 

intervention to prevent the initiation of bush encroachment, 

because Acacia mellifera seeds and saplings are extremely 

prone to fire, frost, predation and competition. These 

events, if utilised properly, could affect the restorative 

Transitions 4 and 5 back towards the grassy states. In their 

absence, Transition 6 is initiated and a bushy state will 

develop.

TRANSITION 3 TOWARDS ThE ESTABLIShMENT OF 

BuSh SEEDLINGS

The transition from the grassy state towards establishment 

of Acacia mellifera seedlings needs three consecutive years 

of above-average rainfall to be initiated and is facilitated 

by secondary conditions, especially by a grass sward 

that has been weakened by over- or selective grazing, 

the complete suppression of fire and reduced browsing 

pressure. Successful recruitment of Acacia mellifera in the 

Highland savanna is rare and probably occurred on only 

five occasions in the past 95 years (Figure 2). This is in 
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Figure 1. Complete schematic presentation of the ive states of the Highland savanna and the eleven transitions between states
   (red = degradation and green = rehabilitation transitions).

agreement with findings in another semi-arid savanna 

in eastern Australia, where six widespread Dodonaea 

attenuata establishment events were estimated to have 

occurred in 97 years (Harrington, 1991). In the past century, 

there were only five occasions of three consecutive years of 

above-average rainfall at Neudamm, viz. 1917 to 1921, in the 

early fifties, in the mid fifties, in the late seventies and in 

the late eighties/early nineties (Figure 2, circled in green). 

During these wet spells, Acacia mellifera could have been 

established only if fires were totally excluded, the grass 

sward was weakened and browsing pressure was greatly 

reduced. These secondary conditions would probably only 

have been satisfied from the 1970s onward, when many 

farmers acquired mechanised fire fighting equipment. It 

is thus postulated that much of the landscape-level Acacia 

mellifera encroachment of the Highland savanna occurred 

sporadically in the late seventies and again in the late 

eighties/early nineties; 30 and 15 years ago, respectively. 

Why are three successive, above-average rainfall years 

required to initiate bush encroachment by Acacia mellifera 

in the central savannas of Namibia? A first good rainy 

season is required for this woody species to produce 

viable seed. The bush flowers and sets seed before the 

advent of the rains, using carbohydrate energy reserves 

accumulated in, and carried over from the previous rainy 

season. Donaldson (1967) noted that Acacia mellifera 

fruited profusely following a season of “copious” rain in 

the bush-encroached Molopo area of South Africa, but 
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that only 2 % of trees fruited in drier years. At Krumhuk, 

during the period 1998-2004, copious fruiting was only 

observed in the two seasons following the exceptional 

1999/2000 rainy season, whereas no fruiting occurred in 

the preceding seasons of below-average rainfall (Joubert, 

2007), because flower and especially seed production 

requires greater energy reserves than can be accumulated 

in years of below-average rainfall. Flowering “privileged” 

trees growing along road verges, in gardens, near rivers 

and dams or in other microhabitats where moisture 

accumulates sometimes create the impression that a far 

larger proportion of trees are reproducing than is actually 

the case, but they are not representative of conditions in the 

wider landscape.

The second good rainy season is required for the successful 

germination of recently-formed seeds. Ripe seeds drop 

from the tree by late November to early December, before 

the advent of the main rains. Only if the dropped seeds 

receive good early rains and good follow-up rains will 

they germinate and establish themselves, before they 

are depleted by predation or unsuccessful establishment. 

The chance that rains will be both early and regular is 

better when the rainy season is above, rather than below 

average (Figure 3) (Rothauge, 2008). With a good moisture 

regime, seeds germinate easily and achieve more than 

90 % germination (Joubert, 2007). Ease of germination 

rapidly depletes the seed bank and if establishment is 

unsuccessful, few seeds remain in reserve. Seeds that have 

not germinated do not survive long because their testa is 

soft, offering little protection against seed predators or 

digestion in the rumen of herbivores (Donaldson, 1967; 

Smit, 2003). The seeds are relatively small and contain 

less endosperm than those of large-seeded Acacia species, 

such as Acacia erioloba, reducing the long-term survival of 

seeds. Thus, Acacia mellifera seed banks are ephemeral 

and seedlings can only emerge after seed production in the 

same year (Donaldson, 1967; Joubert, 2007). At Neudamm, 

seedling establishment on 143 plots of 3,14 m2 each was 

only observed in 2001 following the exceptional 1999/2000 

rainy season and not in the seven rainy seasons thereafter 

(Figure 4) (Rothauge, 2007b). 

A third consecutive good rainy season is required to enable 

the transition to bush-encroached rangeland to succeed 

by ensuring the best possible survival of seedlings that 

emerged in the previous season. After poor rainy seasons, 

sapling mortality is high (Figure 4). Sapling survival is 

greatly improved if fires are prevented, by heavy stocking of 

grazers that diminishes the competitive ability of perennial 

grasses (Teague & Smit, 1992) and by reducing browsing 

pressure. In the total absence of fires, seedlings of Acacia 

mellifera establish themselves even in prime grass swards 

(Rothauge, 2007b), suggesting that bush thickening is 

inevitable in the absence of fire. Concerning grazing 

pressure, this transition in the adjacent camelthorn savanna 

followed upon prolonged periods of stocking more than  

45 kg cow mass per hectare (equivalent to 10 ha/LSU) 

(Rothauge, 2006a). With regard to browsing pressure, 

sapling density at Neudamm was reduced drastically 

when they were exposed to small ruminants compared to 

cattle (Rothauge, 2007b). Suppression of Acacia mellifera 

establishment was even better when they were exposed 

to indigenous Damara sheep and Boer goats because they 

browse much more than other breeds like the Dorper or 

Karakul (Kamupingene, Mukuahima, Rothauge & Abate, 

2005). In elevated areas, severe winter frosts may also 

curtail the establishment of Acacia mellifera seedlings.

The successful recruitment of Acacia mellifera leads to 

an unstable transitional state that can either proceed to 

bush thickening (Transition 6) or revert to the grassy 

state (Transitions 4 and 5) (Figure 1), representing a 

crucial juncture for vegetation dynamics and rangeland 

management. If not interrupted, Transitions 3 and 6 form 

a continuous progression from grass- to bush-dominated 

savanna.

1. The role of ire in preventing bush encroachment

The drivers of the restorative transitions 4 and 5, from the 

transient state of bush seedling establishment towards a 

grassy state, are fire, frost, seed and seedling predation, 

and direct competition with the grass sward, in decreasing 

order of importance.

Fire has long been known to be an important driver of 

vegetation dynamics in savannas (Trollope, 1984; Teague 

& Smit, 1992; Smit, 2003). It may control bush thickening 

through its effect on mature trees, fruits, seeds (Trollope, 

1974; Trollope, 1980; Sweet, 1982; Trollope, 1982; Trollope, 

1984; Hodgkinson & Harrington, 1985; Harrington & 

Driver, 1995; Skowno, Midgely, Bond & Balfour, 1999; 

Higgins, Bond & Trollope, 2000; Roques, O’Connor & 

Watkinson, 2001), and seedlings and saplings (Frost & 

Robertson, 1987; Trollope, Hobson, Danckwerts & Van 

Niekerk, 1989). Fire restricts the recruitment of woody 

seedlings into adult size classes (Higgins et al., 2000). In 

the Highland savanna, a fire is far more effective at the 

seedling and sapling stage of Acacia mellifera because they 

are more fire-prone than more mature growth stages. An 

effective fire will take the savanna from the transient state 

Figure 2. Annual rainfall (mm) received at Neudamm since the 1913/14 season (Rothauge, 2008). Green ellipses indicate 
favourable rainfall periods with three or more consecutive years of rainfall above the long-term average.

Figure 3. Intra-seasonal rainfall distribution (lines) and total rainfall (bars) at Neudamm from 1913 to 2008, distinguishing 
between top (wettest) and bottom (driest) quartile (Rothauge, 2008).

Figure 4. Emergence, establishment and survival of Acacia mellifera seedlings (line) at Neudamm in response to rainfall (bars) 
(Rothauge, 2007b).
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of bush seedling establishment back to the grassy states 

through Transitions 4 and 5. Trollope’s (1982; 1984) general 

recommendation of two tons of fuel per hectare to control 

mature trees is a prudent measure of what would constitute 

an effective fire, but it is reasonable to expect that a lower 

fuel load might suffice to control seedlings and saplings. 

Fires occur much less frequently today than previously, 

since farmers are reluctant to accept the risks of burning. 

Fire is a known danger to ranching because it destroys 

fodder reserves accumulated as standing hay on the veld 

and because of its short-term destructive effects on organic 

life forms in the top layer of soil (Trollope, 1982; 1984). The 

economic returns after burning may only be realised many 

years later (Hodgkinson & Harrington, 1985; Harrington 

& Driver, 1995). However, the lack of fierce fires is one of 

the main reasons for Transition 6 towards a bushy state. In 

the absence of fierce fires, bush encroachment is inevitable 

in Namibia’s savanna rangelands. Like in other semi-arid 

savannas of the world, bush recruitment is a continuous 

process, independent of herbaceous biomass and density 

but regulated mainly by fire (Brown & Archer, 1999). The 

best stage to apply such a fire would be while the savanna 

is still in the transient state of bush seedling establishment, 

stifling the initiation of bush thickening.

Fire as a management tool to prevent the transition of a 

savanna towards the bushy state should emulate nature. 

Fire should only be used sporadically every 15 to 20 years 

(Bond, 1997) once environmental conditions (wet spells of 

at least three consecutive years of above-average rainfall) 

favour Acacia mellifera seedling establishment. Successful 

establishment of Acacia mellifera seedlings can easily 

be confirmed by monitoring sites close to adult bushes. 

Quantitative confirmation of impending recruitment 

should trigger an appropriate response, namely a hot fire 

that kills most of the bush seed and saplings. Conditions for 

a hot fire, primarily the accumulation of more than two ton 

of herbaceous dry matter per hectare to act as fuel, are very 

likely to occur during the same wet spell that favours bush 

seedling establishment. Wet spells usually result in more 

fodder being produced than can be utilised by domestic 

livestock and thus afford the land user the luxury to burn 

some off in the interest of manipulating the grass – bush 

balance of the savanna. If used with this intent, a controlled 

fire can maintain a savanna in the grassy state and prevent 

sporadic bush encroachment. It may also initiate the 

successful establishment of woody climax species such as 

Acacia erioloba, whose seeds need scarring by amongst 

others, fire to germinate.

Whenever fire is used to prevent Acacia mellifera 

colonisation, it must be managed correctly to maximise its 

advantages and minimise its danger (Trollope, 1999):

•	 Infested	 rangeland	 should	 only	 be	 burned	 if	 there	 is	

enough combustible herbaceous material to support 

a really hot fire that is sure to kill most bush saplings 

(more than two ton of herbaceous dry matter per 

hectare).

•	 The	 veld	 should	 be	 burned	 in	 late	 winter	 when	 the	

bushes break their dormancy and are more sensitive to 

fire than when they are still dormant (too early) or have 

already completed sprouting (too late), but before the 

first rains to ensure that the grass fuel is still dry.

•	 At	 that	 stage,	perennial	grasses	may	have	 started	 the	

early-season green flush, typical of wet spells, enabling 

them to survive hot fires better.

•	 The	 veld	 should	be	burned	early	 in	 the	day	when	 the	

base of grass tufts is still wet from dew and when wind 

speed is usually low.

•	 Back	ires	burning	into	the	wind,	are	slower,	easier	to	

control and release most of their heat at ground level 

where they do severe damage to grass tufts. Head fires 

burning with the wind, are hotter and most of their 

heat is carried upwards. They ignite wood fuel more 

effectively, but are more difficult to control because 

they travel fast. Trollope (1999) recommends the use of 

head fires to control bush.

•	 The	veld	should	only	be	burned	if	it	has	been	protected	

by the necessary precautions, such as fire breaks and 

if burning activities adhere to the fire management 

guidelines spelt out in the Forest Act of 2001.

•	 The	 veld	 should	 not	 be	 burned	 when	 conditions	 are	

unsuitable, e.g. insufficient fuel load, high wind speed, 

insufficient manpower on standby, etc.

•	 Burned	 veld	 should	 be	 rested	 from	 grazing	 until	 the	

perennial grasses have recovered their vigour by 

setting seed. With an active green flush due to inter-

seasonal soil moisture transfer during a wet spell, this 

may happen within 60 days of a late dry season fire 

(Rothauge, 2006b).

Well-timed fierce fires maintain savannas at a high level of 

productivity and biodiversity whereas most ill-timed “cool” 

fires do more damage than good to rangeland.

2. Other drivers that prevent bush encroachment

The second important driver that can prevent a transition 

towards bush encroachment is frost. At higher altitudes 

in the Highland savanna, successive nights with sub-zero 

temperatures occur regularly. Severe frost after en masse 

seedling recruitment may kill bush seedlings, even those 

protected by a dense grass sward and revert the vegetation 

to a grassy state without seedlings. 

The third-most important driver preventing bush en-

croachment is predation of the seeds, seedlings and sap-

lings of Acacia mellifera. Fungi, invertebrates (especially 

arthropods), birds and small mammals (especially rodents) 

are major pre-dispersal predators of Acacia seeds (Fagg 

& Stewart, 1994) and may facilitate the transition to the 

grassy state. Many studies have reported on the effect of 

bruchid weevils on the dynamics of various Acacia spe-

cies (e.g. Hoffman, Cowling, Douie & Pierce, 1989; Miller, 

1994a; Vir, 1996; Okello & Young, 2000). Acacia seeds are 

typically attacked by seed-eating Bruchidae while still at-

tached to the adult tree (Abdullah & Abulfatih, 1995) and 

infested seeds either do not germinate (Vir, 1996) or their 

viability is drastically reduced (Hoffman et al., 1989; Miller, 

1994a; Okello & Young, 2000). The effect of seed predation 

is larger in dry than in wet years. At Krumhuk, following 

good rains in 2001, an average of 200 seeds were counted 

per Acacia mellifera tree. Seventy five percent of these 

were not viable, having mostly been infected by fungi. A 

further 12,5 % of seeds were infested with bruchid weevil 

larvae, leaving 25 viable seeds per tree to germinate. In 

contrast, following the poor rains in 2002, only four seeds 

were counted per tree of which three (75 %) were infested 

with bruchid weevil larvae, leaving only one seed per tree 

to germinate (Joubert, 2007). 

 

Small mammals, birds and invertebrates are important 

post-dispersal seed predators (Kerley, 1991; Miller, 1994b; 

Ostfeld, Manson & Canham, 1997; Weltzin, Archer & 

Heitschmidt, 1997; Linzey & Washok, 2000) while rodents 

and ants are noted for their post-dispersal predation of 

Acacia seeds (Walters, Milton, Somers & Midgley, 2005). 

Mice typically remove only the endosperm and leave an 

empty testa. Since Acacia mellifera seeds germinate with 

ease, seed banks are depleted on a seasonal basis by 

predation (Meik, Jeo, Mendelson & Jenks, 2002). In years 

of exceptional fruit production, seed banks might be too 

large for seed predators to reduce substantially and the 

transition towards a bushy state will continue without 

interruption.

Seed of dehiscent Acacia species such as Acacia mellifera 

is typically wind dispersed (Miller, 1994a; Okello & Young, 

2000) and is routinely destroyed in the gut of animals. In 

laboratory conditions, Donaldson (1967) found that only  

2 % of Acacia mellifera seeds ingested by cattle germinated 

and it is highly unlikely that seeds of Acacia mellifera are 

dispersed by ungulates. In contrast, the seeds of indehiscent 

Acacia species require some form of gastric or ruminant 

treatment, even scarring by fire to enhance germination 

(Miller, 1994a; Okello & Young, 2000). Animals that 

consume Acacia pods include birds, ungulates, rodents, 

termites and ants (Miller, 1994b; Barnes, 2001).

Small mammals, especially lagomorphs (hares and rabbits) 

are important seedling and sapling predators in savanna 

and other ecosystems (Ostfeld et al., 1997; Weltzin et al., 

1997), thus regulating vegetation structure. Lagomorphs 

crop saplings, leaving the branch cut off cleanly at a 

characteristic diagonal angle. Up to 58 % of the damage 

to Acacia mellifera saplings at Neudamm was caused by 

lagomorphs and 3 % were infested with aphids (Rothauge, 

2007b). Baboons and warthogs dislodge saplings while 

digging; similar to the effect of prairie dogs on Prosopis 

saplings in north-central Texas (Weltzin et al., 1997). 

At Neudamm, dense stands of Acacia mellifera saplings 

underneath and close to existing thickets are routinely 

destroyed by helmeted guinea fowl that scrape under the 

trees in search of seeds and grubs (Rothauge, 2007b). 

In the wild, mega-browsers such as elephant contain the 

establishment of Acacia saplings by uprooting them for 

feeding (Eltringham, 1979; Skinner & Smithers, 1990).

The least-important driver of Transitions 4 and 5 towards  

the grassy state is competition by the grass sward. A dense 

and vigorous grass sward may out-compete woody seedlings 

(Walter, 1971; Walker, 1981; Smit & Rethman, 1992) in 

accordance with Walter’s (1971) two-layer hypothesis and 

might be expected to reduce fruiting success as well. The 

survival of woody seedlings and saplings is determined by 

the amount of excess moisture available after the fibrous 

roots of perennial grasses have removed their share (Davis, 

Wrage & Reich, 1998). Therefore, Transition 5 to the 

pioneer grassy state is less likely to occur than Transition 

4 to the climax grassy state as annual grasses have much 

smaller root systems than the climax perennials (Wolfson 

& Tainton, 1999). However, Kraaij & Ward (2006) show 

that the competitive effects of the grass sward of a semi-

arid savanna may be negligible; rather, grass has the more 

important role of providing fuel for a fire. 

TRANSITION 6 FROM BuSh SEEDLING 

ESTABLIShMENT TO A VIGOROuS BuShY STATE

This transition is a continuation of Transition 3, if not 

interrupted. It has a better chance of succeeding in semi-

arid than in mesic savannas, as semi-arid savannas rarely 

have sufficient fuel to produce a fire that might control 

Acacia mellifera saplings and they might escape the fire-

prone stage more easily. If the transition occurred from 

the pioneer grassy state, there would be even less grass 

cover and hence, insufficient fuel for a fire. Observations 

in semi-arid Botswana (Skarpe, 1990) suggest that the 

absence of grass allows Acacia mellifera gullivers to 

grow rapidly beyond the fire-prone stage. A poor grass 

cover thus facilitates this transition. Thus, the crucial 

stage of onset of bush encroachment is seed production 

and seedling survival, rather than the release of already 

existing gullivers from competition by grasses through 

lack of fire at a later stage, when the transition towards a 

bush-thickened state is a fait accompli. 

Ungulate browsers effectively maintain woody species at 

a much lower height than if they had not been browsed 

(Belsky, 1984) and thus control seedlings, saplings and 

gullivers (O’Connor, 1996), but cannot eradicate mature 

bush. Boer goats utilise Acacia mellifera at all growth 

stages, including fruits, seedlings and adults, but it is not 

their preferred forage species (Rothauge & Engelbrecht, 

2000; Rothauge, Abate, Kavendji & Nghikembua, 2003). 

Thus, there is concern that the browsing pressure which 

would be required to control Acacia mellifera infestations 

will have adverse effects on other more desirable fodder 

bushes and the herbaceous layer (Zimmermann & Mwazi, 

2002). Goat pressure in conjunction with controlled 

burning was able to control bush thickening by Acacia 

karoo in South Africa (Trollope, 1980), but had little 

effect on Dichrostachys cinerea (Zimmermann & Mwazi, 

2002), another encroaching species. Ungulate browsers 

by themselves are probably ineffective in preventing a 

transition towards bush thickening. Rather, they regulate 

vegetation structure (Teague & Smit, 1992) and should be 

used in aftercare following other bush control measures 

(De Klerk, 2004).
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ThE VIGOROuS BuShY STATE

After the gullivers of Acacia mellifera have emerged 

above grass height, the shrubs exert such an influence 

on the environment that a transition back to a grassy 

state becomes virtually impossible without some form of 

active management intervention. This is largely due to the 

species’ competitive ability to successfully extract water 

from the soil (Smit, 2003; De Klerk, 2004). In this state, 

Acacia mellifera remains dominant irrespective of grazing 

pressure or rainfall and is highly unlikely to be removed by 

fire. Unfortunately for Namibian ranchers that engage in 

extensive animal production with mainly grazing livestock, 

the vigorous bushy state is a very stable state that requires 

active intervention to change. 

The increase in bush density and cover causes a substantial 

decline in grass production, mainly through competition for 

soil moisture (Van Vegten, 1983; Skarpe, 1990; Smit, 2003; 

De Klerk, 2004). A dense stand of Acacia mellifera dries 

out the soil, lowers the groundwater table and severely 

restricts the amount of water for use by other rangeland 

plants. Acacias are C
3
-plants that use comparatively more 

water during photosynthesis and transpire more water in 

hot climates than C
4
-plants, like tropical grasses. De Klerk 

(2004) reports that a 2,5 m high Acacia mellifera plant 

with a canopy spread of 6 m2 uses up to 64,8 litres of water 

during an eight hour day in the growing season, equivalent 

to 38,9 litres of water per day used by an ETTE. A thicket 

of 5 000 ETTE/ha would thus transpire the equivalent of  

19,5 mm of rainfall per day for its own purposes. This 

would deplete the season’s total rainfall in less than three 

weeks and allow virtually no rainwater to remain for use 

by other plants. The amount of water transpired by Acacia 

mellifera is four times higher than that transpired by 

macrophyllous savanna trees such as Terminalia sericea 

or Boscia albitrunca. One Acacia mellifera plant transpires 

as much water as 188 tufts of Anthephora pubescens,  

559 tufts of Schmidtia pappophoroides or 864 tufts of 

Eragrostis lehmanniana (calculated from De Klerk, 2004). 

Similarly, a Prosopis-infested mesic rangeland in the south-

western USA transpired three-and-a-half times more water 

than adjoining, dense grassland (Qi et al., 1998). After 

successful establishment, Acacia mellifera has its water-

absorbing infrastructure firmly in place. Its shallow lateral 

roots can extend at least seven times further horizontally 

than the height of the bush (Figure 5). Its superior water 

absorption capacity enables its roots to keep on extracting 

water from soil so dry that grasses are already wilting 

(Hipondoka, Aranibar, Chirara, Lihavha & Macko, 2003; 

Smit, 2003). Little wonder that natural springs and 

fountains all over Namibia’s bush-encroached rangelands 

dry up spontaneously, irrespective of trends in precipitation 

(Bockmühl, 2009; Christian, De Klerk, Bockmühl, Van der 

Merwe & Mostert, 2010).

Initially, the bushy state consists of a fairly homogenous 

stand of similar-sized shrubs, mostly below one metre 

in height, with little grass cover (Joubert, 2007). The 

homogeneity of the stands attests to the episodic nature 

of the recruitment event, rather than it being a continuous, 

gradual process. It reflects the long periods of “sleep” 

with few vegetation dynamic events, followed sporadically 

by a “leap” mode of sudden and considerable change. A 

few larger parent trees of around 3 m to 4 m high, from 

which the shrubs originated, may be scattered through the 

thicket. These parent trees probably reflect the original 

“natural density” of Acacia mellifera in the savanna. Shrub 

densities around parent trees can reach three shrubs per 

square metre and almost 100 % canopy cover, but are usually 

lower than this (Joubert, 2007). On a landscape level, shrub 

densities of 4 000 to 8 000 shrubs per hectare are common 

in bush-encroached parts of the Highland savanna and  

12 000 shrubs per hectare are not unusual (Bester, 1998; 

De Klerk, 2004). 

Shrubs limit their own growth rate by intense density-

dependent inter-shrub competition (Smit, 2003) and may 

remain immature (not reproductive) for decades until some 

event initiates self-thinning; enabling the survivors to grow 

out to maturity. Grasses are out-competed for light, soil 

nutrients and water under the canopy. The soil underneath 

bush thickets is often bare, but erosion is limited due to 

the dense, shallow network of Acacia mellifera roots 

and the high (woody) canopy cover. Increaser grasses, 

predominantly annuals of the genera Aristida, Eragrostis, 

Enneapogon and Tragus, dominate the grass layer. Their 

yield is low and erratic, depending on the rainfall. Animal 

biodiversity in these thickets is considerably lower than in 

the grassy state (Barnard, 1998), even though some animal 

species utilise thickets as refugia. Livestock production 

on vigorously bush-encroached range is severely limited 

by the lack and inaccessibility of palatable grasses. Wood 

harvesting for electricity generation (Von Oertzen, 2007), 

firewood and especially charcoal production is increasingly 

a strategy used by rangeland managers to generate income 

and return the vegetation to a grassy state. Charcoal 

production becomes an option as trees mature and stem 

diameter increases beyond 20 mm (Bester & Reed, 1997).

Transitions to the vigorous bushy state occur close to 

parent trees and already existing thickets, because seed 

dispersal is inefficient and seeds do not travel far from 

the parent plant (Donaldson, 1967; Joubert, 2007). Of 143 

plots of 3,14 m2 each monitored at Neudamm, the 10 % of 

plots most heavily infested with Acacia mellifera seedlings 

were located only 3,2 ± 3,4 m from the closest presumed 

parent tree, whereas the 10 % least infected plots were  

18,7 ± 18,04 m removed from the closest presumed parent 

tree (Rothauge, 2007b). Shrub growth is encouraged by 

good rainfall. Frost and fires only affect the edges of a 

thicket. Unmanaged “cold” fires may even hasten shrub 

growth by weakening competing grasses.

TRANSITION 7 TOWARDS A SENESCENT BuShY 

STATE 

Transition 7, towards a senescent thicket of Acacia mellifera, 

is a progressive succession that takes decades. It is a gradual 

and inevitable transition, since fierce fires that control the 

bush are highly unlikely due to the sparse grass sward and 

the density of the thicket. Self-thinning continues within 

the thicket due to intra-specific competition for, primarily, 

soil moisture (Skarpe, 1990; 1991; Teague & Smit, 1992), 

but canopy cover remains much the same (Joubert, 2007). 

As the tree canopy gets taller, allowing light to filter into 

the sub-canopy habitat, broad-leaved shrubs such as Boscia 

albitrunca, Rhus marlothii, Tarchonanthus camphoratus and 

Ziziphus mucronata that normally form a component of the 

grassy state, germinate and grow in the protection of the 

tall thicket (Joubert, 2007), which acts as a “nursery” to 

them. Birds that are attracted to the thicket transport the 

seeds of these fleshy-fruited species to this location.

ThE SENESCENT BuShY STATE

This state is characterised by mature and senescing trees 

of around 4 m high, often with an understory of immature 

broad-leaved shrubs and trees that was established during 

Transition 7. It is not known at what age senescence sets 

in. The density of trees has typically been reduced to about  

2 500 trees per hectare although canopy cover tends to 

remain high, even 100 % (Joubert, 2007) but slowly declines 

as trees senesce due to drought stress, old age, fungal 

pathogens (Holz & Schreuder, 1989a) or combinations of 

these. Fungi of the Cytospora and Phoma genera, especially 

Phoma glomerata, attack the red heartwood and sapwood 

at the base of the trunk and upper taproot of mature Acacia 

mellifera trees, progressively weakening the tree until 

an external stressor, e.g. competition from other trees in 

the thicket or a drought, eventually kills the infected tree 

(Holz & Schreuder, 1989a, b; Holz & Bester, 2007). The 

fungi appear to be more active in wet spells than during dry 

periods. Tens of thousands of hectares of bush-encroached 

savanna have been cleared in this manner in Namibia.

Gradually, as the canopy cover shrinks and dead trees 

and branches fall and decompose, conditions favourable 

for herbaceous plants begin to develop. Initially, broad-

leaved forbs, especially of the Amaranthus family, grow in 

the filtered, nutrient-rich sub-canopy habitat, eventually 

followed by shade-tolerant grass species commonly 

associated with savanna trees and the nutrient-rich soil 

below their canopy, e.g. Cenchrus ciliaris, Eragrostis 

scopelophila and Eragrostis lehmanniana (Rothauge, 2007a). 

Kraaij & Ward (2006) show that the elevated nitrogen levels 

found under Acacia trees in savannas (Smit & Swart, 1994; 

Rothauge, Smit & Abate, 2003) give grasses a competitive 

edge over woody seedlings and forbs. Acacia mellifera is a 

deciduous legume, enriching the soil with rhizomataeous 

nitrogen, dropped leaves and imported nutrients derived 

from bird droppings and animals resting in the shade of the 

canopy. The sites of fallen, decaying tree skeletons, rotting 

gradually over a period of 5 to 20 years (Milton & Dean, 

1996), are often dominated by Cenchrus ciliaris (Rothauge, 

2007a), a nitrogen-loving sub-climax grass. Grass cover 

and the grass-based carrying capacity is variable, but 

better than in the vigorous bushy state and possibly even 

in the pioneer grassy state. Bush senescence is thus a rare 

opportunity to recover the original production potential of 

Namibia’s central savanna ecosystems.

The build-up of grasses, herbs and forbs under the open 

thicket canopy, especially on the edges, provides fuel 

for fires that may be fierce enough to kill the senescing 

trees. Mature or senescing Acacia mellifera are less able 

to resprout than young shrubs (Meyer, Ward, Moustakas 

& Wiegand, 2005). Thus fires are much more effective at 

removing trees in this state than in the vigorous bushy 

state. This presents another window of opportunity to land 

managers to force a transition back to the grassy state 

(Transitions 9 and 10 to pioneer and climax grassy states, 

respectively) failing which, this state may cyclically remain 

in a bushy state (Transition 8 back to bushy state).
Figure 5. The extensive lateral root system of Acacia mellifera (picture courtesy of Prof. G.N. Smit).
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TRANSITION 8 BACk TO ThE VIGOROuS BuShY 

STATE FROM ThE SENESCENT BuShY STATE

After two to three successive high rainfall years, new 

individuals from the ephemeral seed bank replace the 

senescent trees and recruitment occurs from the existing 

thicket of Acacia mellifera trees, similar to Transition 3. 

Establishment is close to, but not directly under the 

senescing parent trees, as seeds are not distributed far 

(Joubert, 2007). It is facilitated by reduced browsing 

pressure that could check coppice re-growth and seedlings, 

overgrazing that removes the accumulating grass fuel load 

and injudicious burning with “cold” fires that damage 

the grass sward, but not mature trees. Transition 8 may 

occur at any time between State 4 and 5, provided that the 

rainfall favours fruiting and seedling establishment and 

gaps between canopies are present, and is equivalent to the 

combined Transitions 3 and 6. Transition 8 changes thicket 

structure from a homogenous thicket of even-aged and 

even-sized shrubs to a more diversified, patchwork thicket 

consisting of different cohorts of shrubs of different age 

and size.

TRANSITION 9 AND 10 BACk TO ThE GRASSY STATE 

FROM ThE SENESCENT BuShY STATE

A senescent bush thicket may revert back to the pioneer 

grassy state by Transition 9 or to the climax grassy state 

by Transition 10. Transition 9 to the pioneer grassy state 

is likely if below-average rainfall conditions (drought) and 

excessive grazing pressure prevail, or if a fire clears the 

senescent bush, but is not followed by active management 

interventions that facilitate the establishment of perennial 

sub-climax and climax grass species (e.g. climax grass re-

seeding). Ranchers that experience dense stands of Acacia 

mellifera dying, but do not change the grazing management 

that assisted bush thickening in the first place, risk this 

transition, and increase the probability of a return to a 

bushy state in the following high rainfall period. Bush 

clearing may also initiate this unfavourable transition if 

the underlying cause of poor grazing management is not 

addressed, if no wooden litter is left on the ground as mulch 

and if there is too little browsing pressure to check re-

growth of harvested trees and bushes.

Transition 10 to the climax grassy state may require a 

hot fire, but certainly requires artificial re-seeding if 

perennial, climax grass seeds are not naturally available in 

adjacent areas. The palatable perennial grasses preferred 

by domestic livestock tend to become locally extinct 

under intense grazing pressure and subsequent bush 

encroachment. Grass re-seeding has to be followed by 

protection from grazing to allow the re-introduced grasses 

to establish themselves successfully. After re-seeding, a 

dense and very productive grass sward develops rapidly, 

benefiting from soil enrichment by leguminous Acacia 

mellifera plants, the competitive release from woody plants 

and protection from grazing by woody mulch (Smit & 

Rethman, 1992). This release effect may last for several 

years (Smit, 2003).

The precondition for Transition 10 is lenient grazing 

pressure that allows the desired perennial grass species 

targeted rest periods to recover from grazing, set seed 

and establish successfully (Smit, 2003; Rothauge, 

2007c). Browsing pressure may be necessary to control 

re-sprouting trees and bushes. If this transition occurs 

during a two to three year above-average rainfall spell, 

there is a danger of reverting to the transitional state with 

bush seedlings. In this case, a fierce fire will be required 

to kill as many of the senescing trees, coppicing bushes 

and emerging woody seedlings as possible. In Namibia, 

Transitions 9 and 10 are currently being forced by wood 

harvesting for firewood or charcoal production without 

changing the underlying conditions that caused bush 

encroachment in the first place.

TRANSITION 11 BACk TO ThE PIONEER GRASSY 

STATE FROM ThE VIGOROuS BuShY STATE

Modern technology enables Namibian ranchers to de-

bush encroached rangeland using mechanical or chemical 

means or a combination thereof. De Klerk (2004) describes 

these control measures in great detail. They result in an 

open savanna as the invasive species, Acacia mellifera, is 

in many instances eradicated completely. This creates a 

new imbalance as the woody component of the savanna is 

now under-represented, opening a window of opportunity 

for other woody opportunists to exploit and fill the void 

rapidly. Many ranches that were cleared of Acacia mellifera 

are now invaded by a variety of non-thorny, broad-leaved 

shrubs such as Laggera decurrens in weak grass swards, 

Grewia flava on sandy aeolian soil, Catophractes alexandrii 

on limy sub-soil, Tarchonanthus camphoratus on shallow 

mountain soil and Phaeoptilum spinosum on soils that 

receive extra moisture (e.g. low-lying areas) or become 

saturated easily (brackish soils). Smit (2003) therefore 

recommends that not all Acacia mellifera bushes should 

be eradicated but that the largest trees are left standing to 

control re-colonisation by the same, or a different woody 

species. Besides competitive control, the large individuals 

contribute to a more diversified habitat, appreciated by game 

animals and with increased plant and animal biodiversity. 

Of course, the large survivors are also a potential source 

of seeds and renewed infestation. However, chemical and 

mechanical control mechanisms present the land user with 

an opportunity to restore degraded savanna and recover its 

potential production capacity, if those factors that caused 

bush encroachment in the first place, are also addressed. 

Otherwise, the encroachment cycle will merely repeat 

itself after a short delay.

Would Transition 11 occur naturally? The main possible 

drivers of such a transition would be fire and mega-

herbivores. In nature, fire is highly unlikely to control an 

established, vigorous bush thicket. Even a fierce fire will 

not penetrate a thicket for lack of grass fuel inside the 

thicket. At best, a fierce fire may kill trees on the boundary, 

thus reducing the size of the thicket. Edges of thicket and 

less dense stands will be opened up, creating a mosaic 

effect and presenting a small window of opportunity for 

land users.

Mega-herbivores such as elephant and black rhino may 

have contributed substantially to the fragmentation of 

bush thickets in the past due to their destructive feeding 

and resting habits, thereby facilitating Transitions 9, 10 and 

11 from the bushy back to the grassy state. These mega-

herbivores used to occur in large numbers in the savannas 

of Namibia in general (Skinner & Smithers, 1990) and 

in the Highland savanna in particular, according to the 

writings of early big game-hunters (e.g. Anderson, 1856) 

and prominent historians (e.g. Vedder, 1934). Elephants 

are migratory, congregate in big herds and are estimated 

to have contributed up to 60 % of the animal biomass on 

pristine African savannas (Du Toit, 2005), thus exerting 

huge pressure on savanna vegetation. They are mixed 

feeders and feed very destructively on woody vegetation 

(Eltringham, 1979; Skinner & Smithers, 1990). A mature 

elephant requires about 200 kg of feed per day, at least 

half of which is derived from the woody component of a 

savanna. It destroys about as much woody vegetation again 

as it consumes and may affect about two tons of woody 

vegetation per week. Elephants also uproot Acacia saplings 

to feed on them. Although elephants do not prefer Acacia 

mellifera to the same extent as other invasive woody species 

such as mopane (Colophospermum mopane), they opened 

up and fragmented thickets, increased their edges and 

exposed them to the effect of wildfires, thus contributed 

to limiting the extent of bush encroachment. Similarly, the 

habit of black rhino to lie up in shady places and to have 

middens on the edge of thickets would have opened up 

such thickets and exposed them to the effect of wildfires, 

although probably on a smaller scale than elephants. 

However, re-introducing elephant into bush-encroached 

areas will result in the destruction of valuable, tall fodder 

trees in the short term, long before the positive effects on 

bush thickets permeates the landscape in the long term. 

They probably played a bigger role in preventing bush 

encroachment in the first place, rather than restoring an 

encroached landscape.

IN SuMMARY

Bush encroachment by Acacia mellifera probably follows a 

wet spell of three successive, above-average rainfall years 

which allows the parent plant to accumulate enough energy 

reserves to flower and set ripe seeds. Once these are shed, 

they require regular rainfall to establish successfully. 

These favourable circumstances occur only sporadically in 

Namibia. At the same time, seedlings can only establish if 

fierce fires are prevented, if the grass sward is weakened by 

incorrect grazing and browsing pressure is low. Once bush 

gullivers have outgrown the fire-prone stage, they grow and 

mature inexorably towards a bush-encroached landscape 

that does not clear itself, unless the bush has become 

senescent. Prior to old age, active mechanical or chemical 

intervention to clear or thin the thickets of invasive Acacia 

mellifera is required. Bush control has to be followed by 

active aftercare that prevents a return to bush thickening 

at the first opportunity and facilitates the establishment of 

desirable perennial grasses. A bush-encroached savanna is 

a very stable state and is highly unlikely to return to a grassy 

state on its own within the productive lifetime of a Namibian 

farmer. Fire and increased browsing pressure are valuable 

tools in caring for a landscape in which Acacia mellifera 

was controlled. Desirable perennial grasses become locally 

extinct in bush-encroached landscapes and have to be re-

introduced artificially, whereafter they need enough time 

to establish themselves before grazing commences. Once 

the grass sward has recovered, it needs to be tended and 

renewed transition towards woody seedling establishment 

needs to be checked, if a recurrence of the whole bush 

encroachment cycle and problem is to be avoided.

Custodians of Namibia’s savanna rangelands cannot allow 

these to swing from one ecological extreme (allowing bush 

encroachment to happen – to another – wiping out every 

individual of the invasive species) without being at least 

aware of the drastic changes this will force in their means 

of production, the land and its fragile cover of savanna 

vegetation. The sporadic nature of bush encroachment 

and the longevity of the invasive species make it difficult 

to predict its life cycle and reaction to transforming events. 

Even if Acacia mellifera can be managed successfully, the 

next major invasive species, Dichrostachys cinerea (sickle 

bush, “sekelbos”), promises to be an even more difficult 

species to manage. Dichrostachys cinerea is a major problem 

in low-frost areas of north-central Namibia. It has hard 

seeds with an impermeable testa (Bell & Van Staden, 1993) 

and thus survives ingestion by ungulates. Its persistent 

seed bank and ability to form root suckers enable it to 

invade landscapes continuously, rather than sporadically, 

presenting an even more formidable challenge to Namibian 

land users. In addition, the effects of global climate change 

are expected to enhance woody growth; making a thorny 

situation even more difficult.
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