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 Abstract 34 

Australian Acacias have spread to many parts of the world. In South Africa, species such as 35 

A. mearnsii and A. dealbata are invasive. Consequently, more effort has focused on their 36 

clearing. In a context of increasing clearing costs, it is crucial to develop innovative ways of 37 

managing invasions. Our aim was to understand the biophysical properties of A. mearnsii in 38 

grasslands as they relate to grass production and to explore management implications. 39 

Aboveground biomass (AGB) of A. mearnsii was determined using a published allometric 40 

equation in invaded grasslands of the north Eastern Cape, South Africa. The relationships 41 

among the A. mearnsii leaf area index (LAI), Normalized Difference Vegetation Index 42 

(NDVI) and AGB were investigated. The influence of A. mearnsii LAI and terrain slope on 43 

grass cover was also investigated. Strong linear relationships between NDVI, LAI and AGB 44 

were developed.  Acacia mearnsii canopy adversely impacted grass production more than 45 

terrain slope (p < 0.05) and when LAI approached 2.1, grass cover dropped to below 10% in 46 

infested areas. Reducing A. mearnsii canopy could promote grass production while 47 

encouraging carbon sequestration. Given the high AGB and clearing costs, it may be prudent 48 

to adopt the ‘novel ecosystems’ approach in managing infested landscapes.  49 

 50 

Key words: grassland, invasive plants, landscape ecology, rangeland condition 51 
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 67 

 68 

Introduction 69 

Invasive Alien Plants (IAPs) are a major force for global change as they often alter the 70 

structure and functioning of ecosystems. Australian acacias (wattles) have been transported to 71 

different parts of the world (mainly between 35º North and 40º South) through various 72 

mechanisms such as transfer, diffusion and dispersal (Kull et al. 2011; Le Maitre et al. 2011). 73 

They often become invasive in their new environments especially when growing outside 74 

plantations. The concomitant mix of carbon and nitrogen fertilization as well as the dynamics 75 

in land use affect resource distribution and amplify their invasiveness (Simberloff et al. 2013) 76 

and general woody densification reported in grasslands (Wigley et al. 2010; Estell et al. 77 

2012). Therefore, management of the invaded landscape remains a challenge in a context of 78 

global environmental changes associated with increasing atmospheric CO2 concentration. 79 

Globally, most rangelands become dominated by a new combination of plants and animals 80 

due to anthropogenic activities forming what has been referred to as ‘novel ecosystems’ or 81 

‘emerging ecosystems’ (Hobbs et al. 2014). A ‘novel ecosystem’ relates to a completely 82 

transformed socio-ecological system from its historical baseline due to human activities such 83 

that restoration of the original system may not be possible (Hobbs et al. 2009; Morse et al. 84 

2014). An estimated 18x10
4
 km

2
 of land in South Africa is infested by IAPs (Kotzé et al. 85 

2010) and thus transforming the landscape. In South Africa, grassland comprise about 27.9% 86 

of the total area of biomes and is the second largest after the Savannah Biome (Van Wilgen et 87 

al. 2012). About 30% of the South African Grassland Biome has been permanently modified 88 

(Mucina et al. 2006) and this affects livestock and wildlife production. Invasion by woody 89 

plants is one of the pervasive drivers of grassland transformation in South Africa and 90 

influences rangeland production. Although woody encroachment in grasslands means higher 91 

storage of carbon, the usefulness of this carbon in providing local ecosystems services is 92 

questionable. In areas where the forest markets are efficient, communities could easily sell 93 

the problematic IAPs such as Acacia mearnsii (black wattle) as timber to prospective buyers 94 

and money used for community development. However, in a context of weak market linkages 95 

for A. mearnsii such as in the rural areas of the former Transkei in the north Eastern Cape, the 96 

invasion may be even more disadvantageous to local farmers. Communal farmers have 97 

indicated a preference for grazing and cultivation rather than stands of A. mearnsii (Adam 98 

Perry, pers.comm).  99 
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 100 

South Africa is implementing a Payment for Ecosystems Services (PES) programme to clear 101 

IAPs. This is done under the auspices of the Working for Water (WfW) programme at an 102 

annual cost of approximately US$100 million (Turpie et al. 2008). The WfW programme is 103 

an extended public works programme that began in 1995 to clear land of IAPs since they 104 

adversely affect water resources and threaten ecological integrity (Van Wilgen et al. 2012). It 105 

also seeks to provide job opportunities, training and economic empowerment (Turpie et al. 106 

2008). IAPs in South Africa are reported to have a very high total incremental water use 107 

compared to indigenous vegetation (Clulow et al. 2011) and it is believed that clearing 108 

therefore will salvage a significant proportion of water to maintain other ecosystem services 109 

(Van Wilgen et al. 2008; Meijninger and Jarmain 2014). To be successful, clearing of IAPs 110 

should be followed by effective regeneration of indigenous vegetation cover. From a 111 

rangelands production perspective, application of an effective post clearing management 112 

regime is required in order to improve the grass cover within the landscape and this can 113 

ensure that there is controlled runoff and groundwater recharge. It is envisaged that if more 114 

water is salvaged and retention time is increased, then more productive local desirable 115 

vegetation is likely to grow particularly if re-vegetation is done (Holmes et al. 2008). From a 116 

grazing perspective, this means higher grass production. Increased grass biomass invariably 117 

contributes to improving livestock and wildlife production in such areas. 118 

Rangelands provide a number of ecosystem services such as forage production, water supply, 119 

habitat, biodiversity, carbon sequestration and recreation amongst others. In order to 120 

understand loss or gain of such ecosystem services as a result of A. mearnsii infestation in a 121 

given area, an appreciation of the magnitude of the infestation is vital. Hence, an 122 

investigation into the biophysical attributes of the components of these invaded landscapes 123 

related to the leaf area index (LAI), normalised difference vegetation index (NDVI) and 124 

aboveground biomass (AGB) could be useful. These vegetation attributes have direct 125 

implications on resources use (water, sunlight and minerals) and on the carbon sequestration 126 

ability by any given vegetation stand. This in turn influences the ability of an infested 127 

rangeland to produce ecosystems services required by local farmers. Therefore, from a 128 

rangeland management perspective, it will be prudent to understand how these vegetation 129 

attributes influence grass production which is important for local farmers. 130 

 It has been shown that clearing may not necessarily promote regeneration of indigenous 131 

vegetation in riparian areas and re-infestation by other invaders remains a distinct possibility 132 

(Holmes et al. 2008; Le Maitre et al. 2011; Simberloff et al. 2013) especially within the 133 
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purview of global fertilization by carbon under elevated atmospheric CO2 concentrations. 134 

Van Wilgen et al. (2011) observed that where IAP eradication is impossible owing to the 135 

magnitude of the infestation, containment and impact reduction were viable strategies. 136 

Despite huge expenditure in clearing efforts in South Africa, only a small portion of infested 137 

areas have been cleared. Many studies have reported very little progress (< 10%) in some 138 

areas prioritized for clearing since the inception of the clearing programme in 1995 (Beater et 139 

al. 2008; Van Wilgen et al. 2012). We have also observed that since the inception of the 140 

clearing project in the northern Eastern Cape, there has been relatively little progress in terms 141 

of reduction in the total infestation. A preliminary assessment using recent QuickBird 142 

imagery (2000 compared to 2015) on land under communal tenure shows significant 143 

densification of existing infestations. The patches of successfully cleared lands are mainly 144 

‘low hanging fruit’ situated on land under free-hold tenure or on communal land with ease of 145 

access (for example, adjacent to roads and villages), and the spatial extent seldom exceeds 5 146 

ha. In addition, there is seldom evidence of ‘follow up’ after the initial clearing. As a 147 

consequence, there is need for innovative strategies to expedite the clearing process or to take 148 

advantage of the invasion to enhance net benefits to the community. Opportunities include 149 

enhancing grass production for farmers and promoting the water and biodiversity benefits 150 

envisaged by WfW. It has been recognised that the implementation of a strategy to deal with 151 

IAPs should take place within the broader framework of adaptive management (Van Wilgen 152 

et al. 2011; Sayre et al. 2012). This suggests that policies could be implemented 153 

experimentally, with a desire to learn and promote continuous improvement in the 154 

management of severe problems such as IAPs. The aim of this study was to understand the 155 

biophysical properties of A. mearnsii in grasslands as they relate to grass production and to 156 

explore possible alternative management options. It is envisaged that this understanding 157 

could form the basis for future research on management of infested rangelands.  158 

 159 

Materials and methods 160 

Study area 161 

Three quaternary catchments in the Kei and the Umzimvubu Primary Catchments were 162 

selected for the study (Figure 1). These were quaternary catchments S50E, T12A and T35B 163 

which represent areas where IAPs are a known threat and some clearing by WfW has taken 164 

place. Catchments S50E and T12A are located within the Emalahleni and Sakhisizwe Local 165 

Municipalities (Chris Hani District Municipality). Catchment S50E supplies the Ncora dam 166 
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on the Tsomo River. The Ncora dam was established in 1975 and has a capacity of 150 x 10
6
 167 

m
3
 and a surface area of approximately 1392 ha. The land tenure is exclusively leasehold, 168 

with approximately 15 villages occurring in this quaternary catchment. In quaternary 169 

catchment T12A there is a history of both leasehold and freehold tenure, although the recent 170 

(post-1976) land re-distribution programme has seen the creation of several new leasehold 171 

(communal) villages from previous freehold farms. Across both catchments, the main 172 

economic activities are livestock production (cattle, sheep, goats and poultry) and rain-fed 173 

annual crop production. T35B is a quaternary catchment for the Pot River, a tributary of the 174 

Mzimvubu River. The land tenure system within this quaternary is predominantly freehold, 175 

with significant commercial forest plantations, dry land cultivation and livestock production 176 

off un-improved natural rangeland. Across all the study sites A. mearnsii is clustered in 177 

isolated patches < 1km
2
. 178 

 179 

Methods 180 

Estimation of A. mearnsii density 181 

Using Google Earth images, a total of nine sites that represented dense A. mearnsii stands 182 

were identified. With respect to quaternary catchments S50E and T12A, five and three sites 183 

respectively were identified. In quaternary catchment T35B there was only one patch of land 184 

that was densely invaded. Acacia mearnsii stand density was measured using the point-185 

centred-quarter (PCQ) method (Cottam and Curtis 1956; Bonham 1989). At each site, data 186 

were collected from three replicated points, making a total of 27 points across sites. Density 187 

sampling points were separated by a distance of 40 m and the replication of samples ensured 188 

that the derived densities were sufficient and representative of the stand. In general distance 189 

methods help to reveal connectedness or pattern within plant communities (Fidelibus and 190 

MacAller 1993). PCQ is a robust method that provides more data per sampling point than 191 

other distance methods (Cottam and Curtis 1956). Taking into consideration variations in 192 

stem characteristics across the invaded patches, three size classes based on the Diameter at 193 

Breast Height (DBH: 1-5 cm, 6-10 cm and 11-15 cm) were defined to determine the density 194 

of each class at selected points. Distances to the nearest individuals in each quadrat and in 195 

each size class were measured using a laser distance measure (Leica DISTO
TM

 X 310). Only 196 

trees that were within 10 m of the sampling point were considered since beyond this, the laser 197 

beam was not visible in the A. mearnsii forest. The replication of sample points ensured that 198 

variation in tree density across the landscape was captured. 199 

 200 



7 
 

Above-ground standing biomass estimation 201 

Allometric equations are useful methods for determining biomass in a quick and non-202 

destructive manner (Flombaum and Sala 2007; Kuyah et al. 2012; Chave et al. 2014), and 203 

have often been developed for biomass estimation in plantations. The possibility of 204 

developing allometric equations for trees growing outside the plantations has also been 205 

demonstrated (Kuyah et al. 2012; Paul et al. 2013; Chave et al. 2014). An allometric equation 206 

for predicting A. mearnsii biomass using DBH, developed by Paul et al. (2013) for the mesic 207 

(rainfall > 300 mm) southern and eastern Australia, was applied in this study to predict 208 

biomass per hectare. The equation uses a power function which has a linear equivalent form: 209 

ln(y) = 𝑎′ + b ∗ ln(x)  +  𝑒′     [1] 210 

where y is the aboveground biomass (AGB) kg tree
-1

, expressed on a dry weight basis and x 211 

is the stem diameter in centimetres (cm), 𝑎′ is the intercept and b is the scaling allometric 212 

exponent and 𝑒′ is the error term. The adopted equation is as follows: 213 

ln(y) = −2.02 +  2.46 ∗ ln(x)  +  0.157    [2] 214 

 215 

Grass cover, LAI and NDVI measurements 216 

To evaluate local factors determining grass cover, sampling was informed by the land 217 

systems approach (Van der Merwe et al. 2015). Land systems are natural areas with a 218 

recurring pattern of topography, soils, vegetation, drainage and other physical features in 219 

relatively uniform climatic regimes. Therefore, land systems and their facets do not occur 220 

randomly but are systematically linked by geomorphologic processes, origin and water 221 

movement (Van der Merwe et al. 2015). In addition, land systems are not confined to one 222 

environmental factor but cover a whole range of the physical environment to the extent that it 223 

influences environmental potential. This broader outlook is necessary to better understand the 224 

influence of physical factors affecting grass production in areas infested by A. mearnsii in 225 

order to develop appropriate interventions. Based on the land systems approach, it is assumed 226 

that areas within a similar gradient should have more or less similar vegetation cover. Hence, 227 

a total of 46 sampling points were located across environmental gradients and A. mearnsii 228 

canopy LAI, grass cover and slope were measured. A total of 23, 15 and 8 points were 229 

located in quaternary catchments S50E, T12A and T35B respectively. The points were 230 

carefully chosen to cover diverse slope ranges and the total number of points was 231 

proportional to size of invaded patches in each quaternary catchment. We hypothesized that a 232 

particular black wattle canopy LAI and terrain slope combination militates grass production. 233 
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  234 

LAI measurements 235 

Woody canopy LAI (usually dominated by A. mearnsii) was determined using an AccuPAR 236 

ceptometer model LP-80 PAR/LAI (Decagon Devices Inc., Pullman, Washington USA). The 237 

ceptometer determines the fraction of photosynthetically active radiation (fPAR) intercepted 238 

by the canopy, and uses a gap analysis algorithm to determine LAI (Butterfield and 239 

Malmstrom 2009). At each sampling point repeated (> 5) recordings of LAI were performed 240 

to derive the mean value since each reading gives a slightly different result due to variations 241 

in solar incident radiation recorded by the instrument. 242 

 243 

Normalized difference vegetation index (NDVI) 244 

Landsat 8 Climate Data Record (CDR) Surface Reflectance data product images for the area 245 

were acquired for a scene closest to each sampling event (scene ID 246 

LC81690822015172LGN00) and an NDVI was produced from bands 4 and 5 using ArcGIS 247 

version® 10.2 (ESRI, USA). NDVI values for pixels that coincided with sites, where stand 248 

density was assessed, were then extracted. Since the data varied and had no fixed values, 249 

Standard Major Axis (SMA) regression was performed to determine the relationship between 250 

NDVI and AGB at the 0.05 significance level. SMA tries to minimize the squared errors in 251 

both the x and the y values (Warton et al. 2006). 252 

 253 

 Grass cover and slope measurements 254 

Grass cover was estimated at the point where LAI and slope were measured. At each 255 

sampling site, grass cover was determined below the A. mearnsii canopy using a 1.0 m x 0.2 256 

m quadrat (Bonham 1989; Flombaum and Sala 2007). The quadrat was thrown three times 257 

around each sampling point and percentage cover was an ocular estimate based on the area 258 

covered by grass in order to derive an average percentage value. Three throws were found 259 

adequate during our pre-testing since the average estimated percentage cover did not change 260 

significantly beyond three throws on the small (area wise) sampling point. Ocular approaches 261 

using small quadrats improve the accuracy of cover estimates and are a quick way of 262 

sampling (Winkworth et al. 1962). The slope was measured using a laser distance measure 263 

(Leica DISTO
TM

 X 310) in degrees. Subsequently, linear regressions were prepared to predict 264 

grass cover from slope and LAI individually and also from a combination of the two in order 265 

to determine critical thresholds required for viable grass production. In order to investigate 266 
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critical levels for canopy LAI required to sustain viable grass cover, a generalized linear 267 

model using the logarithmic link function was fitted into the data.  268 

 269 

Results  270 

Estimated A. mearnsii density 271 

Average stem density was 27.4 x 10
3
 stems ha

-1
 across the landscape. Diameter at Breast 272 

Height (DBH) class 1 dominated the landscape and contributed 74% to mean density 273 

followed by class 2 (16%) and lastly class 3 (9%). Figure 2 shows the distribution of A. 274 

mearnsii density per class in the landscape. Absolute density ranged from 17.38 x 10
2
 to 275 

13.223 x 10
4
 stems ha

-1
. DBH class 1 density was significantly different from the other two 276 

classes (p < 0.05) while classes 2 and 3 were not significantly different.  277 

 278 

Estimated standing biomass 279 

Mean AGB was estimated at 305 tonnes ha
-1

 with the biggest contributor to this biomass 280 

being DBH class 3. The proportion of DBH classes 1, 2 and 3 to total AGB was 10, 31 and 281 

59% respectively. For DBH class 1, the highest estimated AGB was 196 tonnes ha
-1

 and the 282 

lowest was about 1.7 tonnes ha
-1

 (Figure 3). With respect to DBH class 2, AGB ranged from 283 

6 to 450 tonnes ha
-1

. The highest standing biomass in DBH class 3 was 984 tonnes ha
-1

 while 284 

the lowest was 14 tonnes ha
-1

. Predicted AGB differed significantly across the three DBH 285 

classes (p < 0.05, Figure 3). Absolute biomass ranged from 26 to 1117 tonnes ha
-1 

across 286 

sites. 287 

 288 

Relationship between standing biomass, LAI and NDVI 289 

The relationship between NDVI and total AGB was significant (p < 0.05) with NDVI 290 

explaining about 76% of total variation in AGB (R
2 

= 0.77, Figure 4). There was no 291 

autocorrelation between adjacent residuals as shown by a Durbin-Watson statistic of 2 (p < 292 

0.05) and as such the null hypothesis of non-auto correlated errors was accepted. In general, 293 

Durbin-Watson statistic values of between 1.5 and 2.5 mean that there is no autocorrelation in 294 

the sample while values approaching zero (0) indicate positive autocorrelation and values 295 

toward 4 indicate negative autocorrelation. LAI and NDVI had a strong linear relationship in 296 

this study (R
2 

= 0.73, Durbin-Watson statistic = 2.2, Figure 5).  297 

 298 

LAI thresholds for grass production 299 
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The A. mearnsii LAI recorded ranged from 0.14 to 5.12. Terrain slope ranged from 3.2º to 300 

26.1º indicating a very wide environmental gradient where sampling was conducted. Acacia 301 

mearnsii LAI and grass cover had a significant relationship (p < 0.05) although LAI 302 

explained only about 38% of the variation in the grass cover (R² = 0.4). Figure 6 shows a 303 

grass cover against LAI plot which gives insights into the LAI values that have to be 304 

maintained to allow viable grass production. A generalized linear model using the 305 

logarithmic link function was fitted into the data. This model was found to be ideal since 306 

grass cover decreases quickly and then levels out at zero with increasing LAI. For example, 307 

to sustain a 50% grass cover in infested areas, A. mearnsii LAI should be maintained at about 308 

0.72 and LAI of about 0.12 could sustain 100% grass cover. In addition, as soon as the LAI 309 

approaches 2.1, grass cover drops to about 10% (Figure 6). Using multiple linear regression 310 

to predict grass cover from a combination of LAI and slope, the model explained about 37% 311 

of the total variation in grass cover (R² = 0.4) and the association was statistically significant 312 

(p < 0.05). The relationship between the terrain slope and grass cover was weak with slope 313 

only explaining about 2.6% variation in grass cover. Slope accounted for about 18.1% 314 

variation in A. mearnsii LAI across the environmental gradients and this was statistically 315 

significant (p < 0.05). 316 

 317 

Discussion 318 

Density and standing biomass  319 

Acacia mearnsii is well established in the study area as evidenced by the presence of different 320 

cohorts of varying size classes. Despite clearing by the WfW programme, and use by the 321 

local communities for house construction and wood fuel amongst other uses, the densification 322 

of invasion continues. This is also evidenced by very high variability in density and AGB in 323 

different DBH cohorts across the sites, suggesting that A. mearnsii distribution was highly 324 

inconsistent, probably due to the varying intensity of use, clearing and historical planting as 325 

woodlots. DBH class 3 contributed a significantly larger proportion of AGB than each of the 326 

other two classes and this was consistent with results from elsewhere (Sist et al. 2014; Kuyah 327 

and Rosenstock 2015). Higher density for small stems confirms that A. mearnsii densification 328 

is taking place in the study sites. 329 

The adopted equation for predicting AGB is robust as it was species specific and the data 330 

used was derived in a region with similar conditions as our case study. Chave et al. (2005) 331 

recommended that including wood density and height in allometric equations resulted in 332 
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more accurate AGB estimates especially in complex environments where mixed species 333 

regressions should be used. However, this study was concerned with a single species and Paul 334 

et al. (2013) recorded high model efficiency indices for equations that used DBH only, 335 

suggesting that the relationship was credible and that models using DBH only are robust in 336 

single species areas and hence, our AGB results should be accurate. 337 

In the selected quaternary catchments, particularly S50E and T12A, A. mearnsii was freely 338 

available as a common property resource but there were no communal institutions for its 339 

management. Many negative aspects of A. mearnsii related to water use and biodiversity loss 340 

have been reported (for example, Marais and Wannenburgh 2008; Turpie et al. 2008; Van 341 

Wilgen et al. 2008; Meijninger and Jarmain 2014) and dense stands are reportedly a haven for 342 

criminals (pers.comm. with community members). On the other hand, A. mearnsii is also 343 

crucial for fuel and supports livelihoods (Kull et al. 2011; Van Wilgen et al. 2011; Simberloff 344 

et al. 2013). Within the broader context of global change, it is also crucial as a carbon sink. 345 

Extensive livestock and crop farming are major livelihood activities in the study sites. 346 

Therefore, heavy infestation leads to a concomitant loss of land available for key livelihood 347 

activities. With the density of infestations reported in this paper, it is not surprising that there 348 

has been little progress in reducing the invaded area in the study catchments. In addition, 349 

there has seldom been any follow-up after clearing. Acacia mearnsii clearing efforts have 350 

revolved around clear felling the entire stand and leaving most of the residues to rot in situ. 351 

Although Holmes et al. (2008) recommended clear fell and removal of wood as an effective 352 

approach, with the very high densities reported here, it may not be a viable long term policy. 353 

McConnachie et al. (2012) reported that despite huge financial expenditure, the current IAPs 354 

control efforts in South Africa were insufficient to stop their spread. For example, Van 355 

Wilgen et al. (2012) found that since 1995 only 8% of the estimated A. mearnsii invaded land 356 

has been treated in the Savannah and Grassland Biomes. 357 

The AGB reported in this paper may be economically viable if communities are properly 358 

linked to the market to sell A. mearnsii. This would mean identifying prospective buyers of 359 

the resource in the forestry and chip board industry to do business with the communities. The 360 

local baseline data generated in this paper, when combined with GIS estimates of the spatial 361 

extent of invasion, could be vital in predicting the economic value of the resource and may 362 

give communities an opportunity to negotiate trade contracts from an informed position. 363 

Within the broader context of reducing emissions from all land uses (REALU, Kuyah et al. 364 

2012), the effect of A. mearnsii on carbon sequestering can now be quantified in the selected 365 

area. 366 
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 LAI-NDVI and standing biomass relationships 367 

Based on the relationships established in this paper, it should theoretically be possible to 368 

confidently predict A. mearnsii LAI from NDVI. Although, a strong relationship was 369 

established to predict AGB from NDVI, it was only applicable over a very narrow LAI, 370 

NDVI and time range. Therefore, given that A. mearnsii is evergreen, it might be prudent to 371 

undertake further studies over a year to discern whether this relationship persists throughout 372 

the year. Other studies have found that LAI and NDVI were useful predictors of biomass 373 

before saturation point is reached (Ghebremicael et al. 2004; Wessels et al. 2006; Reddersen 374 

et al. 2014). We did not observe any NDVI saturation in this study. Further, the seasonal 375 

summation of NDVI (∑NDVI) has often been found to correlate very well with biomass and 376 

several studies have used it as a proxy for AGB (for example, Fensholt et al. 2013; Dardel et 377 

al. 2014). Although terrain slope accounted for only 18.1% of the total variation in A. 378 

mearnsii LAI, the relationship was significant and this was indicative of water availability at 379 

plant root zones. This was not surprising since it is expected that water should be more 380 

available in gently sloping areas as it collects at such points from the steep slopes.  381 

 382 

Managing A. mearnsii invaded rangelands 383 

The use of a landscape based sampling technique informed by terrain slope ensured that 384 

diverse landscapes were covered to investigate the potential for grass production in A. 385 

mearnsii infested areas. It is well established that local physical landscape factors such as 386 

nutrients, aspect, runoff and run-on dynamics are critical in modulating grass production. 387 

Therefore, sampling across a very wide environmental gradient ensured that the influence of 388 

these factors did not colour our results. From the sampling conducted (terrain slope ranging 389 

from 3.2º to 26.1º), slope was not a constraint to grass production. This was confirmed 390 

statistically that the relationship between terrain slope and grass cover was weak and 391 

insignificant. Hence, the data rejected our preliminary hypothesis that at critical terrain slope 392 

and A. mearnsii LAI thresholds, grass production was inhibited. Combining slope and A. 393 

mearnsii LAI to predict grass cover did not improve the model. This means that LAI was 394 

more influential in determining grass production than terrain slope. 395 

 Results from this study suggest that as soon as canopy LAI approaches 2.1, grass cover drops 396 

to about 10% and maintaining a canopy LAI of 0.72 will make about 50% more grass cover 397 

available for grazers. This was consistent with results by Ansley et al. (2013) who found that 398 

maintaining woody cover below 30% enhanced growth of productive C4 grasses. Therefore, 399 

from a grazing perspective, it is possible for grass production to be viable in A. mearnsii 400 
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invaded areas. In order to promote grass production, it will be essential to reduce LAI of A. 401 

mearnsii through ecological thinning. Ecological thinning is the selective removal of stems in 402 

woody ecosystems to restore historical or ecologically desirable ecosystem structure and 403 

processes (Dwyer et al. 2010). It is well established that A. mearnsii has allelopathic effects 404 

(Fatunbi et al. 2009) hence thinning could help to reduce these and subsequently, it may 405 

promote multiple ecosystem services such as grass production and carbon sequestration by 406 

the woody A. mearnsii amongst others. 407 

Ecological thinning as a management approach could link very well with the ‘novel 408 

ecosystem’ paradigm. It can be postulated that the IAP invasions in socioecological 409 

conditions reported in this paper have transformed the landscape into a ‘novel ecosystem’ In 410 

a context of global environmental changes associated with climate change, ecological 411 

restoration of such rangelands could be very difficult (Estell et al. 2012). Therefore, when it 412 

is no longer socially, economically and ecologically possible to restore an ecosystem, it is 413 

prudent to explore alternative targets that will inadvertently deliver requisite ecosystem 414 

services (Monaco et al. 2012). From this perspective, embracing the ‘novel ecosystems’ 415 

approach may be a viable strategy to salvage value from transformed rangelands. About 70 416 

Australian acacia species have been introduced in South Africa since 1830s (Van Wilgen et 417 

al. 2011) and most of them have increasingly become invasive. Therefore, it may be 418 

pragmatic to embrace the ‘novel ecosystem’ paradigm to the management of IAPs such as 419 

Australian acacias. Coffman et al. (2014) found that shrub clearing as a form of restoring 420 

grasslands in the Chihuahuan Desert did not restore the ecosystem but produced a ‘novel 421 

ecosystem’. Therefore, there is a distinct possibility that such a response may occur in other 422 

grasslands, hence entrenching the need for adopting this new paradigm. However, some 423 

scientists are very sceptical of the ‘novel ecosystems’ approach since they believe it 424 

encourages poor environmental management (for example, Simberloff et al. 2013; Murcia et 425 

al. 2014). Nevertheless, the ‘novel ecosystems’ paradigm does not discount traditional 426 

approaches such as ecological restoration and rehabilitation but strives for an appropriate mix 427 

of old and emerging approaches (Hobbs et al. 2009; Hobbs et al. 2014). Therefore, it is 428 

consistent with the adaptive management approach for intractable problems and may be 429 

worth embracing with respect to management of IAPs.  430 

Literature seems to imply that some IAPs will not be eradicated in the foreseeable future 431 

owing to economic costs attached to treatment efforts and environmental factors modulating 432 

their propagation (Holmes et al. 2008; Le Maitre et al. 2011; Van Wilgen et al. 2011). While 433 

biological and chemical control maybe promising, uncertainties on their ecosystem impacts 434 
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deter their widespread adoption. The primary motivation for clearing IAPs in South Africa is 435 

to salvage water, restore structure and functioning of natural ecosystems and to increase the 436 

productivity of the land (Holmes et al. 2008). Given the density reported in this paper and the 437 

pace of clearing, these objectives have remained largely elusive in our study sites. Therefore, 438 

it can be submitted that preoccupation with restoring ecosystems to an earlier state may not 439 

be pragmatic for South Africa, particularly in the rangelands. As such, it becomes prudent to 440 

rethink about such biological invasions or exploit their beneficial services and adopt 441 

ecological thinning as an adaptive management strategy. 442 

 443 

Conclusions  444 

 Acacia mearnsii is far from being eradicated since it is still spreading as evidenced by many 445 

small stemmed trees across the sampling sites The high biomass reported in this work can 446 

provide business opportunities through selling the A. mearnsii stands to the forestry industry 447 

and in the form of carbon credits under the auspices of REALU. Grass production can still be 448 

viable in areas infested by A. mearnsii. Canopy cover of A. mearnsii was the most critical 449 

variable, since beyond specific LAI thresholds, grass production was impeded. In 450 

socioecological settings such as reported in this study, reducing A. mearnsii canopy LAI 451 

through thinning could be critical to enhance multi-benefits of the invaded landscape such as 452 

grazing and carbon sequestration. The relationships between NDVI and LAI developed in 453 

this paper can be used to target areas for thinning. This may be crucial in improving livestock 454 

production in such socioecological landscapes. Although thinning could invariably mitigate 455 

allelopathic effects, more intensive experimental work still needs to be conducted to 456 

understand the response of South African grasslands to canopy thinning. This will enable 457 

communities to get more value out of the invaded landscapes. 458 
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Figure 1: Map of the percentage density of Acacia mearnsii (black wattle) and three 612 

quaternary study sites (S50E, T12A and T35B) in the Eastern Cape (adapted from Kotzé et 613 

al. 2010). 614 
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  615 

Figure 2: Variation in stem density for Acacia mearnsii in each Diameter at Breast Height 616 

(DBH) class. 1 = DBH class 1 (1-5 cm), 2 = DHB class 2 (6-10 cm) and 3 = DBH class 3 617 

(11-15 cm). Letters shared in common between or among the categories indicate no 618 

significant differences. 619 

 620 
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 622 

Figure 3: Variation in Aboveground biomass (AGB) for Acacia mearnsii in each Diameter at 623 

Breast Height (DBH) class. 1 = DBH class 1(1-5 cm), 2 = DHB class 2 (6-10 cm) and 3 = 624 

DBH class 3 (11-15 cm). Letters shared in common between or among the categories indicate 625 

no significant differences.  626 

 627 
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 628 

Figure 4: The relationship between Normalized Difference Vegetation (NDVI) and 629 

aboveground biomass (AGB) for Acacia mearnsii with 95% confidence interval across the 630 

landscape.  631 
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 633 
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 635 

 636 

Figure 5: The relationship between Normalized Difference Vegetation (NDVI) and 637 

AccuPAR ceptometer Leaf Area Index (LAI) of Acacia mearnsii with 95% confidence 638 

interval across the landscape.  639 
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 641 

Figure 6: Relationship between Acacia mearnsii Leaf Area Index (LAI) andon grass cover 642 

percentage across the landscape. 643 
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