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1. Introduction 

The development and use of mitigation methods to minimise African elephant (Loxodonta africana) 

impact on big trees is a topic of great interest in southern African reserves (SANParks 2012; Derham 

et al. 2016; Cook et al. 2018a). Whilst the closure of artificial surface water points can help reduce 

elephant encounter rates with big trees through the manipulation of elephant movement patterns, 

smaller reserves, or reserves with an abundance of surface water, 

may not be able to manipulate elephant movements as such 

(Henley & Cook 2019). Elephant mitigation methods can be used 

to increase the survival rates of iconic trees, providing reserve 

management with a ‘toolbox’ of methods in areas of high water 

abundance and heavy levels of elephant impact (Henley & Cook 2019).  

When mitigation methods are proposed, it is essential that they are rigorously tested on a 

small scale before being applied to a large quantity of trees. This ensures that the method has both 

managerial and scientific support, with the positive and negative attributes accurately assessed, as 

well as the best-practice implementation plan, agreed upon. In 

Umbabat Private Nature Reserve, wire-netting and pyramids have 

been implemented at both the Ingwelala and N’tsiri properties, 

whilst creosote in glass jars have also been used at N’tsiri. Wire-

netting has been used in the Associated Private Nature Reserves 

(APNR) since the early 2000s, and its success at increasing tree 

survival by reducing bark-stripping has been previously published 

(Derham et al. 2016; Cook et al. 2018a). Large rocks around trees 

were first implemented in the Kruger National Park in the 1970s, 

with the APNR introducing concrete pyramids in the early 2000s. 

Creosote, stored in tins or glass jars, has only recently been added 

to trees in the APNR, of which N’tsiri had a selection of trees containing glass jars with creosote inside 

when Elephant Alive was first approached to assess the value of this method proposed by some 

landowners and managers in the APNR. The substance’s toxic nature necessitates the need for 

assessment before it is applied on a large scale (Choudhary et al. 2002).  

In August 2018, Elephants Alive researchers assessed trees containing these three mitigation 

methods at the Ingwelala and N’tsiri properties of Umbabat Private Nature Reserve, APNR. These 

surveys provided baseline elephant impact scores, of which future assessments can make 

comparisons. The results showed that i) creosote did not decrease the likelihood of a tree receiving 
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elephant impact in comparison to a tree without creosote, and ii) concrete pyramids could be effective 

at mitigating elephant impact, if the pyramids are tightly stacked and have a radius of >2 m around 

the tree’s main stem (Cook et al. 2018b).  

Prior to the August 2019 assessments, N’tsiri management removed a large portion of the 

creosote jars. These 2019 assessments will focus on how elephant impact scores have changed on 

control (no protection), creosote, pyramid and wire-netted trees at the Ingwelala and N’tsiri 

properties.  

 

2. Methods 

The surveys were carried out from 13-15 August 2019. A total of 279 trees were assessed (43 

trees at Ingwelala and 236 trees at N’tsiri) (Figure 1).  

 

Figure 1: Surveyed trees in the Ingwelala and N'tsiri properties of Umbabat Private Nature Reserve. 

 

The majority of surveyed trees were marula (Sclerocarya subsp. birrea), knobthorn (Senagalia 

nigrescens), sjambok pod (Cassia abbreviata) and black monkey thorn (Senegalia burkei) (Figure 2). 

The following tree species are included under other: false marula (Lannea schweinfurthii), jackalberry 

(Diospyros mespiliformis), lavender croton (Croton gratissimus), leadwood (Combretum imberbe), 

magic guarri (Euclea divinorum), mopane (Colophospermum mopane), purple-pod terminalia 

(Terminalia prunioides), weeping boer bean (Schotia brachypetala), tamboti (Spirostachys africana), 
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tree wisteria (Bolusanthus speciosus), weeping wattle (Peltophorum africanum) and wild mango 

(Cordyla africana).  

 

Figure 2: Representation of tree species in the survey. 

 

Each day’s survey team consisted of 4-6 surveyors, collecting information on each tree’s 

elephant impact score (Table 1), size dimensions, as well as termite, borer and fungi presence. Mean 

elephant impact scores were derived from the mean elephant impact score of each tree per mitigation 

method, allowing us to compare changes in elephant impact across years. Future analyses regarding 

tree species, size dimensions and insect activity will be analysed in a future publication.  

Table 1: Impact scores to assess elephant impact on trees. 

Score Score Description 

0 No damage 

1 <50% of the bark around the main stem’s circumference has been 
removed and/or secondary branches have been broken off 

2 >50% of the bark around the main stem’s circumference has been 
removed, or one primary branch has been broken off 

3 >50% of the bark around the main stem’s circumference has been 
removed and one primary branch has been broken off, or more than 
one primary branch has been broken off 

4 The tree has had its main stem snapped but is coppicing or alive 

5 Tree is dead 

 

Additional notes were recorded for the following mitigation methods: creosote - whether the 

creosote jar had been removed from the tree, as well as whether any spillage had occurred on the 

tree; pyramids - the measured distance between the tree’s main stem and the outer row of pyramids, 
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as well as whether the pyramids were tightly stacked or scattered; and wire-netting - whether the 

chicken-mesh was neatly wrapped around the tree’s main stem, or had been ripped and was falling 

off the tree. 

 

3. Results 

Mean elephant impact scores significantly increased for control, creosote and pyramid trees 

between the 2018 and 2019 surveys (Figure 3). The greatest changes in elephant impact scores 

occurred on the control (p < 0.001) and creosote trees (p < 0.001), whilst wire-netted trees received 

the least amount of elephant impact between the two survey years (p = 0.054) (Figure 3). 

 

Figure 3: Elephant impact scores on surveyed trees in the Ingwelala and N’tsiri properties of Umbabat Private Nature 
Reserve. (Wilcoxon Matched Pairs Signed Rank Test: * p < 0.05; ** p < 0.01; *** p < 0.001).  

 

3.1. Control trees 

 A total of 65 control trees were assessed during this survey, of which 3 marula and 1 

knobthorn had subsequently died since the 2018 surveys (Table 2). Of all of the control trees, 22 of 

the 65 trees received new elephant impact between the 2018 and 2019 surveys (Table 2). Bark-

stripping has been the most common impact-type on control trees during the past year.  
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Table 2: Number of control trees receiving elephant impact in the Ingwelala and N'tsiri properties of Umbabat Private 
Nature Reserve. 

 
Bark-

stripping 

Primary 
branch 

breakage 

Main stem 
snapping 

Uprooting 

Number of dead 
trees in 2018 

5 0 6 0 

Number of dead 
trees in 2019 

7 0 8 0 

Number of trees 
with new elephant 
impact 

17 2 3 0 

  

3.2. Creosote trees 

 Of the 92 assessed creosote trees, three have subsequently died since the 2018 surveys (Table 

3). These were all marula trees. A total of 17 trees have received new elephant impact since the 2018 

surveys, of which bark-stripping is the most common impact-type (Table 3).  

 

Table 3: Number of creosote trees receiving elephant impact in the Ingwelala and N'tsiri properties of Umbabat Private 
Nature Reserve. 

 
Bark-

stripping 

Primary 
branch 

breakage 

Main stem 
snapping 

Uprooting 

Number of dead 
trees in 2018 

2 0 1 0 

Number of dead 
trees in 2019 

4 0 1 1 

Number of trees 
with new elephant 
impact 

13 3 0 1 

 

 

 At the time of the survey, N’tsiri management had removed 69 of the 92 formerly recorded 

creosote jars, with a further 23 remaining in the field. The location of the trees still containing creosote 

jars were given to the current N’tsiri manager so that the jars could be removed. We also recorded 

that 25% of all trees, which had creosote jars placed on them had creosote spillage down the main 

stem (Figure 4A). Furthermore, the Elephants Alive tracking team have photographed creosote stains 

on a number of elephants within the APNR (Figure 4B). It is important to note that creosote, 

regrettably, is used on multiple properties within the APNR. 
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Figure 4: a) Spilt creosote along the main stem of a marula tree; b) creosote stains along the trunk of an elephant. 

 

3.3. Pyramid trees 

 Of the 80 surveyed pyramid trees, six trees had been uprooted since the 2018 surveys (Table 

4). A further five trees had been bark-stripped in the last year (Table 4). We recorded that 19 trees 

(23.8%) had wide spaces between the pyramids, allowing elephants’ access to the main stem of the 

tree (Figure 5). The majority of uprooted trees were around shareholder units, where previously 

planted trees have been subsequently uprooted.  

 

Table 4: Number of pyramid trees receiving elephant impact in the Ingwelala and N'tsiri properties of Umbabat Private 
Nature Reserve. 

 
Bark-

stripping 

Primary 
branch 

breakage 

Main stem 
snapping 

Uprooting 

Number of dead 
trees in 2018 

2 0 6 17 

Number of dead 
trees in 2019 

2 0 6 23 

Number of trees 
with new elephant 
impact 

5 0 0 6 

 

A B 
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Figure 5: Example of scattered concrete pyramids around a marula tree. 

 

 We found a significant negative correlation between elephant impact scores and pyramid 

radius, where in overall increase in pyramid radius around the main stem of trees resulted in an overall 

decrease in elephant impact scores (Figure 6). Furthermore, pyramid-surrounded trees that were still 

alive had a significantly higher mean pyramid radius (218.76 cm) in comparison to trees that were 

dead (174.37 cm) (Figure 7).  

 

Figure 6: Correlation of elephant impact scores and pyramid radius around trees in the Ingwelala and N'tsiri properties of 
Umbabat Private Nature Reserve. 
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Figure 7: Pyramid radius comparison of trees classified as dead or alive in the Ingwelala and N'tsiri properties of Umbabat 
Private Nature Reserve. 

 

3.4. Wire-netted trees 

 Of the 42 surveyed wire-netted trees, uprooting and main stem snapping were the most 

common forms of elephant impact (Table 5). Bark-stripping on wire-netted trees is relatively 

uncommon in comparison to the previously described mitigation methods. We deemed that 47% of 

the wire-netted trees had chicken-mesh in good condition, protecting the full circumference of the 

tree’s main stem. However, 31% of the trees had chicken-mesh that had been ripped or torn or simply 

came undone as the tree grew, offering little protection against bark-stripping. The remaining 22% of 

wire-netted trees had chicken-mesh on the verge of ripping or falling off the tree’s main stem but still 

completely surrounded the tree’s main stem (Figure 8).  
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Table 5: Number of wire-netted trees receiving elephant impact in the Ingwelala and N'tsiri properties of Umbabat Private 
Nature Reserve. 

 
Bark-

stripping 

Primary 
branch 

breakage 

Main stem 
snapping 

Uprooting 

Number of dead 
trees in 2018 

1 0 2 3 

Number of dead 
trees in 2019 

1 0 4 3 

Number of trees 
with new elephant 
impact 

1 1 2 0 

 

 

Figure 8: Example of torn chicken mesh around the main stem of a marula tree. 

 

4. Discussion 

Our results show that the greatest changes in elephant impact scores took place on the control 

and creosote trees in Ingwelala and N’tsiri properties of Umbabat Private Nature Reserve. We believe 

that the large increase in elephant impact on creosote trees, coupled with the high percentage of trees 

that have been left stained by the creosote, render it an ineffective elephant mitigation method. 

Creosote also has carcinogenic properties and does not dissolve easily in water (ATSDR 2002). The 

United States Environmental Protection Agency require that creosote spills of >0.5 kg should be 

immediately reported to authorities (Choudhary et al. 2002). It is therefore a concern as to how much 
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spillage may occur in protected areas if the creosote mitigation method is applied over a large scale. 

We therefore commend N’tsiri management on taking the necessary steps to remove creosote tins 

from their trees.  

The use of concrete pyramids/rocks show great potential as an elephant mitigation method, 

providing that the pyramids/rocks are tightly stacked and extend >2 m from the tree’s main stem. 

Whilst elephants may still be able to feed from the tree’s branches, the main stem is ideally protected 

from heavier forms of impact such as main stem snapping and uprooting. Indeed, former Kruger 

National Park manager, the late Dr Tol Pienaar, recalls that stacked rocks should form a radius of 2-

2.5 m in order to be effective against elephant impact (Siyabona Africa 2005). Pyramid stacking is 

intensive and can all be futile if not done correctly. Therefore, if pyramids around dead trees can be 

used to protect trees that are still alive, then the survival rates of these remaining trees may be 

increased.  

The smallest change in elephant impact scores between the 2018 and 2019 surveys occurred 

on the wire-netted trees. We also noted that N’tsiri have begun using the double-wrapping wire-

netting technique that is recommended for increasing the longevity and effectiveness of the chicken-

mesh around the tree’ main stem (Cook et al. 2018; Henley & Cook 2018). Whilst wire-netting will not 

prevent elephants from snapping and uprooting trees, it is certainly effective at preventing bark-

stripping and increasing the survival rate of trees (Derham et al. 2016).  Wire-netting should certainly 

be applied to larger iconic trees that are less at risk to being snapped or toppled by elephants, but are 

still at risk to being ring barked. It is a relatively cheap and easy method to apply on trees, allowing it 

to be used on a large spectrum of trees as well. We did notice that 31% of the wire-netted trees had 

old chicken-mesh that was tearing off the main stem. The double-wrapping method will ensure that 

chicken-mesh lasts far longer on trees (Henley & Cook 2018), with 0% of our double-wrapped trees in 

Balule Private Nature Reserve losing their chicken-mesh due to wear and tear after 4 years (personal 

observation). This method also allows management to open up the chicken-mesh as the tree expands, 

preventing the chicken-mesh from tearing as the tree grows. Chacma baboons (Papio ursinus) may 

also pull the chicken-mesh down if not enough staples are used when wire-netting the tree. We 

recommend redoing the torn wire-netted trees with the double wrapping method to ensure that both 

the trees and the chicken-mesh survive for an extended period.  

New mitigation methods are being tested by Elephants Alive researchers and collaborators, 

including the use of chili oil, dung mixtures and honeybee attack pheromones. The results of these 

experiments will be made available upon completion.  

 



P a g e  | 11 

 

5. Conclusion 

 Creosote has not been an effective elephant mitigation method in N’tsiri, and we commend 

management for taking the steps to remove the jars from the field. 

 Pyramids/rocks can be a highly effective method if the pyramids/rocks are tightly stacked and 

extend at least 2 m away from the tree’s main stem.  

 Wire-netting is easy to apply to a large number of trees and we recommend the double-wrapping 

method to increase the longevity of the chicken-mesh around the tree’s main stem.  

 Every mitigation method that is applied needs to be monitored over time. This will allow 

management to ensure that i) the method is correctly implemented on the tree (i.e. no gaps in 

pyramids or holes in chicken-mesh), ii) the method is proving to be effective at mitigating elephant 

impact, and iii) the method is having no harmful impacts on the environment. 
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