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Abstract: There is an established link between deforestation and negative hydrological effects which
may affect watersheds. The number of the cycads Encephalartos transvenosus Stapf & Burtt Davy
in South Africa is drastically reducing, and they are nearly extinct. Additionally, poaching and
reduction in the population of cycads in reserves may impact negatively on watersheds in protected
and buffer areas since the regeneration of this plant occurs over a long period. This research aimed to
study the distributions of poached cycads, evaluate the factors responsible for poaching activity and
suggest possible solutions towards conservation of E. transvenosus Stapf & Burtt Davy in some of the
nature reserves in Limpopo province. Field observation was used to ascertain and collect locations
of poached cycads. Data was obtained through the use of a questionnaire. Questionnaires were
administered to rangers for the collection of data on causes of poaching, parts poached, measures
taken and challenges of rangers in the nature reserves. Processing of the collected data was done
by simple statistical analysis. The total population of rangers available in the reserves was used for
the determination of the sample size of rangers by Slovin’s formula. Unemployment (46%) is the
leading cause for poaching in Mphaphuli Nature Reserve, while trade is a leading factor in Modjadji
and Lekgalameetse (37% and 60%) respectively. Debarked cycads amount to 14 (54%) while 12 of the
total (26 poached cycads) were completely removed (46%). The most effective way of stopping the
poaching of cycads as perceived by the rangers is by patrolling the nature reserves. The observed
poaching of Encephalartos transvenosus is alarming since this plant has a low population size which is
currently confined to the Limpopo Province in South Africa only. If poaching continues in the nature
reserves, all cycads have the tendency of being removed. Therefore, there is a need to continually
develop strategies for the conservation of cycads. The peculiar nature and challenges of each reserve
have been established and unique solutions for these nature reserves in Limpopo Province have been
proposed. Better conservation of cycad species can positively impact the hydrological process of the
concerned area and better help the watersheds.

Keywords: watershed; hydrological processes; cycads; endangered plants; mitigation strategy;
nature reserves

1. Introduction

The impact of forests on the regulation of water cycles and prevention of adverse
hydrological events in watersheds has been reported while improper management of forest
reserves has been reported for significant inter-seasonal water imbalance [1]. Africa holds
a rich assemblage of cycads in forest reserves and South Africa is a major hotspot of cycads
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with 37 species in the genus Encephalartos and one belonging to the genus Stangeria. The
starch-rich stems and cones of some selected species are used as food resources, and leaves
are taken to make straps and baskets [2]. Cycads play important roles for dependent
arbuscular mycorrhizae, birds, and obligate cycad feeders, all of which contribute to
ecosystem functioning. The significant nitrogen-fixing contribution of cycads enhances soil
fertility [3], and cycads can shape biogeochemical processes of their micro-habitats, thereby
influencing the ecosystem’s spatial heterogeneity [4].

Cycads are currently endangered due to poaching [5,6]. Though they are long-living,
they are slow-growing [7]. Within the African cycads, four species of Encephalartos are
already extinct in the wild, 18 are critically endangered, and 10 are classified as endan-
gered [8]. Of the 38 cycad species in South Africa, three are labelled extinct, twelve are
critically endangered, four are endangered, nine are vulnerable and seven are classified as
near threatened according to the International Union for Conservation of Nature (IUCN)
Red List [9]. Important cycad species are identified as ‘Endangered’ under the Common-
wealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) [3].
Listed under the Convention on International Trade in Endangered Species (CITES), cycads
are currently threatened with extinction [10–12]. Private collectors are prepared to pay up
to R100,000 (US $15,000 – $20,000) per meter of stem height [13], and about twenty-five
species of Encephalartos are known to be sold at Durban and Johannesburg markets for
medicinal purposes. Almost all human interactions with this group of plants are reportedly
deleterious and the cycad populations are declining globally [3]. Encephalartos transvenosus
has a localized distribution in Limpopo province, South Africa [6]. It is locally known as
“Tshifhanga” in Tshivenda language or the “Modjadji cycad” in Balobedu. Encephalartos
transvenosus was listed as a rare species by Hilton-Taylor et al. [14]. There is an observed
consistent reduction in the number of cycads in South Africa and this has been attributed
to the partial or complete removal of cycads for human use [15]. It is so severe in South
African populations that it has been referred to as the ”cycad extinction crisis” [2,12].

The continuous harvest of cycads will not only affect their availability and distribution
but can also contribute to the hydrological imbalance of the affected area thus impacting
water conservation and watershed, hence the need for their continued existence. The
main aim of the study was to evaluate and suggest possible solutions to the poaching
of Encephalartos transvenosus within three cycad nature reserves in the Limpopo province
(Figure 1). The specific objectives include investigating the impact of rangers’ experience
and other parameters on poaching activities, evaluating the challenges faced by the nature
reserves and mapping the distribution of poached cycads in the reserves towards better
conservation.
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Figure 1. Study area map.

2. Materials and Methods
2.1. Study Area

The three selected areas for this study include Mphaphuli (MNR), Lekgalameetse
(LNR) and Modjadji (MoNR) nature reserves in Limpopo province, South Africa. Lek-
galameetse Nature Reserve is the largest of the three studied with an area of 18,718 ha
followed by Mphaphuli Nature Reserve with an area of 1300 ha and the least in size is Mod-
jadji Nature Reserve with an area of 350 ha. The Mphaphuli, Lekgalameetse and Modjadji
nature reserves are in Thohoyandou (22◦48’18.2” S, 30◦40′39.0” E), Northern Drakens-
berg of Limpopo province (20◦08′8′′ S, 30◦ 12′01′′ E) and Modjadjiskloof (23◦37′25.19” S,
30◦21′28.79′′ E) respectively [15–17].

2.2. Study Population and Sample Size Determination

The sample size of 15 respondents for questionnaire administration (Appendix A) was
calculated based on Equation (1). The population size of poached cycads was validated by
literature [18–21]. Purposive sampling was combined with rangers’ knowledge to locate
poaching sites and to establish the distribution of poached cycads. Poaching was catego-
rized according to the part of the plant poached: the roots, the fruits and seeds, bark, leaves,
or the whole plant. A handheld Global Positioning System (GPS) was used to record the
geolocations of poached cycads. Open-ended questionnaires were administered to rangers
from all three nature reserves to establish the relationship between the challenges of rangers
and poaching activities occurring inside the reserve. The questionnaire contained questions
about the reason for poaching, the plant parts usually removed, the control measures used
in reserves and the problems encountered by the rangers. Seven (7) questionnaires were
distributed to rangers from Mphaphuli nature reserve and four (4) each were distributed to
rangers from Modjadji and Lekgalameetse nature reserves. Slovin’s formula Equation (1)
was used to establish the population size of rangers needed for the study, which was
informed by the total number of rangers (16) available in the reserves at the time of the
study.

Sz =
N

1 + Ne2 (1)

where Sz = Required sample size of the total population
N = Total population size
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e = Margin of error set at 95% confidence level as 0.05

2.3. Analysis

Data collected through an open-ended questionnaire were analysed using descriptive
analyses. Data were cleaned and captured using an Excel spreadsheet. Frequency and
percentages were used in the analyses of the questionnaires from the rangers. Charts were
used for further presentation and interpretation of the data. The map reference coordinates
collected using the GPS were recorded in an Excel spreadsheet and imported into QGIS
software to create a distribution map of poached cycads in the reserves.

3. Results
3.1. Demography of Rangers

There were no female rangers in Mphaphuli and Lekgalameetse nature reserves
(Table 1). In MNR, 72% of rangers have primary education only (Table 1). However, these
rangers have extensive experience in patrolling and conservation of cycads. The results
from MoNR shows that 50% of rangers have high education levels while 25% have primary
education and others have a secondary education. The results from the questionnaire show
that most of the rangers that work inside the reserve are above the age of 53 years. The
benefit of having field rangers who have been working in a reserve for a long time is that
they are experienced, which aids in proper patrolling and arrest of poachers.

Table 1. Demography of rangers.

Demography of the
Rangers.

Mphaphuli Nature
Reserve (%)

Modjadji Nature
Reserve (%)

Lekgalameetse
Nature Reserve (%)

Gender
Female 0 50 0

Male 100 50 100
Educational status
No formal Education 0 0 0

Only Primary 72 25 25
Only secondary 14 25 25
Higher education 14 50 50
Age of the Rangers
25–31 14 25 0

32–38 0 25 50
39–45 0 0 0
46–52 29 0 25
53 and above 57 50 25

3.2. Alleged Causes of Poaching

A total of 26 cycads (E. transvenosus) were reportedly poached in the three study sites
(15 in MNR, 8 in MoNR and 3 in LNR). The alleged causes of poaching from the three
nature reserves are presented in Figure 2. Based on the percentage frequency, trade is the
leading cause of poaching in Modjadji and Lekgalameetse nature reserves with 37% and
60% attributed values, respectively. Medicinal application appears as another leading cause
for poaching as drug manufacturing and trado-medical applications also account for a
high percentage of poaching in MoNR and LNR. Medicinal use in Lekgalameetse accounts
for 40% of poaching activities. It appears that unemployment (46%) and inadequate
maintenance (18%) are other contributing factors to poaching as observed in MNR. It could
be reasoned that the demand for cycads in the study area is fueled by health issues and
current interest in the green economy(trado-medical and drug manufacturing applications)
while unemployment and inadequate fencing are major contributors to reasons why people
are easily recruited (engaged) into the poaching business.



Resources 2021, 10, 119 5 of 15

Figure 2. Alleged causes of poaching from all three Nature Reserves studied. Key: A = Drug
manufacturing; B = Inadequate fencing; C=Unemployment; D= Traditional medicine; E= Pedestrian
route inside the reserve; F= Trade; NR = Nature Reserve.

3.3. Characteristics of Poaching

The method of poaching observed depends on the topographical location of the cycads.
In reference to Table 2, it could be opined that protection of areas and difficulty of access
are factors contributing to the preservation of cycads. The geolocations were coded to
prevent further exposure of cycads to poaching. The results from the study showed that
complete removal of cycads occurred in easily accessible areas (A1) while cycads with
difficult accessibility were less attractive for poaching and few completely removed cycads
were reported in these areas. Easy accessibility resulted in higher frequency for completely
removed cycads within the three nature reserves (A1, B1-B7, C1&C3). Cycads that were
completely removed were easier to access by the poachers.

Table 2. Coded Geolocations of poached cycads in three nature reserves studied.

Nature Reserve
Total Poaching

Poached Cycads Terrains Accessibility

Completely
Removed Debarked Hilly Gentle Steep Easy Difficult

Mphaphuli
(15; A1–A15) 1 (A1) 14 (A2–A15) 13 (A2–A14) 1 (A1) 1 (A15) 1 (A1) 14 (A2–A15)

Modjadji
(8; B1–B8) * 8 (B1–B8) 0 8 (B1–B8) 0 0 7 (B1–B7) 1 (B8)

Lekgalameetse
(3; C1–C3) 3 (C1–C3) 0 1 (C2) 2 (C1 & C3) 0 2 (C1& C3) 1 (C1)

Note: Code A (A1–A15) represents geolocations of poached cycads from Mphaphuli Nature Reserve, Code B (B1–B8) represents poached
cycads from Modjadji Nature Reserve and code C (C1–C3) represents poached cycads from Lekgalameetse Nature Reserve. *; poaching
outside the protected portion of the reserve.

3.4. Distribution of Poached Cycads

Figure 3 shows the distribution of poached cycads in the Mphaphuli and Lekgalameetse
nature reserves where poaching occurred within the reserves. In MNR, poached cycads
were clustered close to the edge of the reserve which may account for the easy exposure of
this population of E. transvenosus. Both debarking and complete removal of cycads were
observed at this site. In LNR, though poached cycads are not clustered as observed in
MNR, there was also complete removal of cycads close to the edge of the reserve which con-
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firms the contribution of easy accessibility to poaching. With regards to MoNR, poaching
occurred outside the reserved area and all cycads poached were completely removed.

Figure 3. Distribution of poached cycads within Mphaphuli and Lekgalameetse nature reserve.

3.5. Challenges Faced within the Reserve

The three nature reserves studied are characterized by different challenges as pre-
sented in Figure 4. All three nature reserves indicated safety (eight respondents) and a
shortage of rangers (seven respondents) as challenges faced in the reserve (Figure 3). Only
in the Mphaphuli nature reserve were lack of electronic equipment and non-availability
of a patrol vehicle stated as challenges. A suitable uniform is a challenge in Modjadji and
Mphaphuli nature reserves. Proper walking trails and patrol vehicles were the least reasons
cited for poaching. In the Lekgalameetse nature reserve, safety and shortage of rangers
were the challenges encountered, while walking trails and uniforms were not reported as
challenges in this reserve. The total number of challenges listed for the reserves were in the
order 7 (MNR) > 4 (MoNR) > 3 (LNR).

3.6. Measures Taken to Protect the Cycads

Figure 5 shows the various measures put in place for the preservation of E. transvenosus
cycads in the three nature reserves. Planting of seedlings has not been adopted in the
Modjadji nature reserve but was reported in the Mphaphuli and Lekgalameetse nature
reserves as a preservation measure. Rangers cited visiting of households with cycads as
a prevention measure in Mphaphuli and Modjadji, but not in Lekgalameetse. All nature
reserves also reported law enforcement (Law enforcement implemented by the Limpopo
Department of Economic Development Environment and Tourism; LEDET) as a way of
preventing the poaching of cycads. Patrolling and law enforcement seems to be the agreed
means by which poaching can be addressed as indicated by all the respondents from the
three nature reserves.
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Figure 4. Challenges faced in the nature reserves as indicated by rangers. NR = Nature Reserve.

Figure 5. Measures taken to protect Encephalartos transvenosus cycads. Key: NR = Nature Reserve.

4. Discussion

As the human population increases, there is a consequent impact on the health sector.
This has led to the current interest in traditional medicine and the green economy causing
medicinal plants to receive more attention [22]. More than half of South Africans use
traditional medicine [23] and traditional healers need to harvest more plants to meet the
need of the growing client base. This has a major effect on both the local and global
availability of medicinal plants [23]. Ravele and Makhado [15] highlighted that 68% of
South African cycads have been harvested for medicinal purposes.
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Illegal trading, the use of plant parts for medicine, inadequate fencing, unemployment,
and the presence of pedestrian routes in the reserves were reasons stated for the poaching of
E. transvenosus (Figure 2), which agrees with the findings of Margulies et al. [24]. Poaching
in Lekgalameetse was observed in the most accessible parts of the reserve. In Modjadji
NR, poaching was not documented within the reserve. However, the rangers indicated
complete removal of cycads which were easily accessible next to the road and located
outside the reserve. This may be associated with the easy transport of the cycads by
poachers [21]. Appropriate fencing aids the conservation of cycad species by limiting the
access of poachers to them [25]. Forster and Holland [3] had noted that areas around major
developments, townships, those not protected, those occurring on freehold, vacant crown
land, road reserve or state forest pine plantations are those most immediately under threat.

Unemployment was mentioned as a factor contributing to poaching in agreement
with the study of Bamigboye et al. [26]. Poaching for medicinal use of the root, leaves
and bark of the cycads was reported by Ndawond’e et al. [27]. Mander et al. [28] found
that the bark of E. transvenosus is being sold as traditional medicine by vendors in various
districts across the country, and exponential growth of cycad’s business in markets has
been recorded in literature [29]. Although the ornamental use of E. transvenosus was not
mentioned by respondents, it is sold as an ornamental at a price ranging from R6000 to
R7000 [30].

The cycads in Mphaphuli nature reserve are generally big and located at higher ter-
rains, making them difficult to access. Thus, they are usually debarked and not completely
removed, meaning they are easy to transport. Distances from roads and the edges of nature
reserves have been associated with human access and poaching in the literature [31]. The
complete removal of plants has been discussed as threatening their continuous existence,
while removal of plant bark disrupts the energy flow within the plants [21,32]. Both have a
negative effect on plant life and existence. In a similar manner, the disruption of energy
flow during the debarking of cycads may lead to bark damage, slow repair or ultimate
mortality which could cause a population reduction [28,33]. Cycads are slow-growing
plants, usually taking two to three years to germinate, and any disturbance to their life
process by debarking constantly renders them vulnerable to extinction [7,34].

The education of rangers is an important factor and results obtained revealed that
rangers at least have primary education and there was no employee with no formal
education. The education level of the rangers is important as this enables suitability for
the use of technical equipment such as computers and consequently increases working
efficiency [35]. Female rangers are fewer in the studied nature reserves with only Modjadji
having female rangers (Table 1). Studies focusing on gender transformation in South
Africa have confirmed that there is a slow but gradual growth of women employed in
male-dominated sectors [36].

Of all measures for preventing poaching that were mentioned by rangers, patrolling
can be tagged as the most effective measure having the maximum number of responses
and is also supported in literature [7,34]. Due to certain limitations, surveillance was not
sufficient in this study with regard to the peculiarities of the study area. Accessibility
was limited in some points where cycads were located such as in mountainous areas
and there is the absence of night surveillance. Though poaching was not reported in the
mountainous areas, rangers could also not conduct proper surveillance services in these
areas of the reserves due to the lack of necessary equipment. Lack of equipment like drones
and helicopters are a major challenge impeding the accurate monitoring of cycads in the
reserves. Aside from this, an insufficient number of rangers, inadequate patrol cars or a
lack of them entirely, and safety devices are other challenges encountered by the rangers
complicating matters of patrolling and surveillance.

To predict the hotspots for poaching, there is a need for effective security measures
in reserves [37] and this study revealed that poaching takes place in locations that are
easily accessible. The relationship between the number of rangers and the effectiveness
of reserve conservation was described by Christensen [38]. In this study, MNR had more
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rangers and cycads but complete removal activity was reported less (Table 2). Of the three
nature reserves involved in this study, Mphaphuli and Lekgalameetse have large areas and
should have sufficient rangers for effective conservation work. With more rangers, there
will be more effective patrols. The mere movement of rangers in nature reserves can keep
harvesters away from the reserves and this will result in less poaching of cycads.

Rangers also reported the lack of electronic and safety devices against armed poachers
and wild animals as challenges. Electronic equipment such as computers, radio phones,
GPS, cameras, drones and anti-poaching systems (APS) would also help in better mon-
itoring and prevention of illegal harvesting on cycads. Anti-poaching systems such as
the perimeter intruder detection system (PIDS) would help in the detection of poachers
as they enter the reserve and this would further help the prevention of poaching [12].
As reported by Cambron et al. [39], proper fencing of reserves with the installation of
a motion sensor and laser curtains will aid in the detection of poachers and thus limit
poaching. Mulero-Pázmány et al. [40] opined that upgrading surveillance with the use of
drones equipped with heat-sensing and camera devices will help in detecting the location
of poachers. However, the cost of purchase and maintenance, as well as the technicality of
operation, need to be addressed for this approach, though these devices are very effective
in conservation.

5. Conclusions

In the present study, unemployment, medicinal use of cycads, inadequate fencing,
and pedestrian routes in the reserve were identified as contributory factors to the poaching
of cycads. The topographical location and terrains of cycads is a factor influencing their
rate of poaching. Cycads are both debarked and completely removed, depending on their
location and size. Challenges faced by rangers in the nature reserves affect the efficiency of
rangers and the rate of poaching observed. Based on the challenges reported, there is a
need for erection, re-construction, or maintenance of proper fences in the studied nature
reserves. Patrolling of the reserves by experienced rangers, combined with the provision of
security equipment and surveillance cars, will also be advantageous to the conservation of
important forest resources such as the endangered cycad species. Enactment and awareness
of anti-poaching laws, and their enforcement, are other approaches that will curb illegal
poaching. The peculiarity of the study area showed that the provision of cheap health
services will reduce the market for cycads while employment opportunities will decrease
the number of people engaging in the poaching business. Additionally, planting cycads
in spots not easily accessible could result in better conservation, the preservation of rare
plant and animal species, the protection of important ecosystem services, the regulation of
water cycle and other biogeochemical processes, the prevention of adverse hydrological
events, the preservation of watersheds by nature, and the contribution to the stoichiometric
balance of nitrogen-carbon in soil chemistry and fertility.
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reserves. The confidentiality of respondents was respected. Where respondents could not understand
English, the questions were translated from English to Tshivenda or Sepedi.

Appendix A. Questionnaire

Participants: Rangers from Mphaphuli, Modjadji and Lekgalameetse nature reserve

1. Gender (?)
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Appendix A. Questionnaire 
Participants: Rangers from Mphaphuli, Modjadji and Lekgalameetse nature 

reserve 
1. Gender (?) 

Female  

Male  

2. Educational status (?) 

3. What age do you fall under? 

18–24 

25–31 

32–38 

39–45 

46–52 

53 and above 

4. How long have you been working in the 
reserve? …………………………………………………………………………………….………
……………….. 

5. What are your working hours? 

….……………………………………………………………………………………………………
…….. 

6. What are the causes of poaching in the nature reserve? 

 ……………………………………………………………………………………………….. 

 ………………………………………………………………………………………………. 

4. How long have you been working in the reserve? .........................................................
.....................................................................

5. What are your working hours?

..............................................................................................................................

6. What are the causes of poaching in the nature reserve?
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 ………………………………………………………………………………………………. 

7. Which part of the Cycad species is being poached the most? 

………………………………………………………………………………………………………
………. 

8. What is the method of poaching that poachers mostly use? 

Harvesting 
Method 

Mark 
(X/✔) 

 

Stripping  

Debarking  

Root 
harvesting 

 

Others (please 
specify) 

 

9. What is the number of poachers you have arrested? 

………………………………………………………………………………………………………
…………………………………… 

10. What tools are mostly used by the poachers? 

………………………………………………………………………………………………………
………………………………….. 

11. What is the government doing to reduce poaching of cycads species? 

………………………………………………………………………………………………………
…………………………………….. 

 ……………………………………………………………………………………………………
………………………………………. 

..............................................................................................................
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.............................................................................................................
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7. Which part of the Cycad species is being poached the most?

...............................................................................................................................

8. What is the method of poaching that poachers mostly use?
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9. What is the number of poachers you have arrested? 

………………………………………………………………………………………………………
…………………………………… 

10. What tools are mostly used by the poachers? 

………………………………………………………………………………………………………
………………………………….. 

11. What is the government doing to reduce poaching of cycads species? 

………………………………………………………………………………………………………
…………………………………….. 

 ……………………………………………………………………………………………………
………………………………………. 

9. What is the number of poachers you have arrested?

...................................................................................................................................................

............................................

10. What tools are mostly used by the poachers?

...................................................................................................................................................

.............................

11. What is the government doing to reduce poaching of cycads species?

...................................................................................................................................................

..................................

...................................................................................................................................................

.....................................

12. What are the conservation policies inside the reserve?

...................................................................................................................................................

...................................................................................................................................................

..................................................................................................................

13. What are the measures that are taken to protect the cycads?

...................................................................................................................................................

...................................................................................................................................................

..................................................................................................................

14. What are the challenges you face in the Nature Reserve when conserving the cycads?

...................................................................................................................................................

...................................................................................................................................................

..................................................................................................................

15. What can you recommend to the following?

(a) The government

...................................................................................................................................................

...................................................................................................................................................

..................................................................................................................
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(b) The community

...................................................................................................................................................

...................................................................................................................................................

..................................................................................................................

(c) Researchers

...................................................................................................................................................

...................................................................................................................................................

..................................................................................................................

Appendix B

Figure A1. Ethical Clearance from the University of Venda.
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Appendix C

Figure A2. Permit from LEDET.
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