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ABSTRACT: Extinction crisis in South African cycads has been very high in recent times. This study
used comprehensive distribution records of cycads that occurred in South Africa. The records obtained
from the South African national herbarium named South African National Biodiversity Institute (SANBI)
through the herbarium sheets were used to determine the regions of higher extinction crisis in South
Africa. The threat status of the herbarium taxa was obtained from 1UCN 2019 version and was analysed.
Threats to these taxa were extracted from IUCN and the numbers of taxa facing each threat were
determined to unravel the prominent threats. The herbarium records were used to construct a species
distribution map for all the cycads in South Africa and another map for Critically Endangered and
Extinct South African cycads. This study revealed that regions of high species richness for South
African cycads are not the same as regions with highly threatened and extinct South African cycads.
Prominent threats found in this plant group are also the major threats causing extinction crisis in the
highly threatened and extinct cycads that occurs in few provinces in South Africa. This study therefore
recommends that conservation efforts for South African cycads should be intensified in the hotspots of
highly threatened and extinct South African cycads identified in this study to further mitigate

extinction crisis of South African cycads.
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INTRODUCTION

Cycads are ancient plants with long evolutionary
history dated back to about 300 million years ago
(Stevenson, 1990; Klavins et al.,, 2003; Makhegu,
2007; Crisp and Cook 2011; Davis and Schaefer
2011; Nagalingum et al., 2011). They are members
of two recognized plant families which are
Cycadaceae, and Zamiaceae (Donaldson, 2003
Rousseau, 2012). The genera represented in
Zamiaceae are Bowenia Hook ex. Hook f.,
Ceratozamia Brongn., Dioon Lindl., Encephalartos
Lehm., Lepidozamia Lehm., Macrozamia Miq.,
Microcycas (Miquel) A. DC., Stangeria T.Moore,
and Zamia L., while Cycadaceae has only one
genus which is Cycas L. (Christenhusz et al.,2011).
Cycadaceae geographical distribution is along the
coast of Africa, Madagascar, and Australasia
(Donaldson, 2003; Hill et al.,, 2003). Zamiaceae is
more diverse geographically compared to
Cycadaceae with its distribution spanning between
North and South America, Australia, and Africa
(Donaldson, 2003; Hill et al., 2003).

Although cycad species are found in 59
nations of the world, over 70% of them are
represented from Australia, Mexico and South
Africa (Stevenson et al. 2003). South Africa
contains the third largest number of cycad taxa
next to Australia and Mexico (Osborne ef al., 2012).
There are two cycad genera in South Africa which
are Encephalartos and Stangeria (Osborne et al.,
2012). Encephalartos contains 37 species represented
in South Africa, while Stangeria contain only one
species represented in South Africa (Osborne et al.,
2012).

Cycads are the most threatened plant taxa
globally (International Union of Conservation of
Nature 2010). Factors threatening their existence

include illegal harvest to be traded for
horticultural purpose (poaching), harvest for
medicinal wuses, habitat destruction, invasive

species presence in areas of cycad populations
(Donaldson, 2003: Hill et al., 2003) and climate
change (Yessoufou et al., 2017). These ecological
forces have contributed immensely to decline of
these endangered species in the past years.

The International Union of Conservation of
Nature (IUCN) Red List categories can be used to
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evaluate extinction risk in species that their Red
List status have been determined based on IUCN
assessments (Hoffman et al., 2008; 1UCN, 2001; Mace
et al., 2008; Rodrigues et al., 2006). This evaluation
of extinction risk can guide conservation planning
in the area of determining factors contributing to
the risk of extinction of threatened species and to
what extent these factors are responsible for
extinction crisis in certain taxonomic groups (e.g
Tingley et al., 2013, 2016). Bamigboye et al. (2016)
used the TUCN to evaluate extinction risk in African
cycads where they discovered an increase in
number of African cycads that have gone extinct
and also the ones that have become more
threatened in between the space of one decade.
Some studies have also integrated the IUCN data to
evaluate extinction patterns in the Cycadales (e.g
Marler and Marler 2015; Mankga andYessofou
2017; Yessoufou et al., 2017).

Herbarium records provide relevant data for
many biological research due to information they
provide based on taxonomy and geographical
locations of plant species (Pyke and Ehrlich 2010;
Gairola et al., 2013). These records are used for
biodiversity conservation studies in areas of
determining species distribution range and regions
demanding conservation attention in relation to
certain plant taxonomic groups (MacDougall et al.,
1998; Greve et al, 2016). Modelling range
expansion and contraction of threatened species
are also important research that are based on
herbarium records (Laidlaw and Forster 2012).

This study combined the herbarium records
of all South African cycads from the South African
National herbarium with the IUCN Red List to
determine region of higher extinction occurrences
in South African cycads.

Study Area and Study Species

South Africa is made up of nine provinces
which are Eastern Cape, Free State, Gauteng,
KwaZulu-Natal, Limpopo, Mpumalanga,
Northern Cape, North West and Western Cape
(Figure 1). It is a country of high level of floral
diversity (Mkwevho, 2014) with many centre of
floral endemism (Bamigboye, 2019). But flora
extinction risk in South Africa is very high with
many vascular plant taxa already at the brink of
extinction (Mkwevho, 2014). There are 38 cycad

taxa in South Africa which consist of 37
Encephalartos spp and 1 Stangeria sp. According to
IUCN classification of these species, 3 are classified
as Extinct in the wild (Ex), 12 are Critically
Endangered (CR), 4 are Endangered (EN), 9 are
Vulnerable (VU), while 7 are Near Threatened (NT)
and 3 are Least Concern (LC) (International Union
of Conservation of Nature 2019). All threatened
cycads in South Africa are scattered among some
provinces but extinct cycads on the geographic
range of TUCN are more distinct with these species
occurring in only two provinces which are
Limpopo and Kwazulu-Natal (Figure 1).

Methodology

Comprehensive herbarium records of 38
South African cycads were obtained from the
South African National Biodiversity Institute
(SANBI) herbarium. The IUCN status of all the taxa
was obtained from the IUCN red list 2019 version.
Also the threats to each species were obtained
from IUCN red list 2019 version. Percentages of
South African cycads facing each threat found on
IUCN were calculated. ArcGis 10.1 was used to
construct a species richness map for all the South
African cycads using coordinates of all South
African cycads obtained from the above-
mentioned herbarium database. A map was also
constructed using the SANBI records for South
African cycads that are Extinct in the wild and
Critically Endangered. The reason for focusing on
these two categories of South African cycads was
to determine the spatial distribution of highly
threatened and extinct cycads in South Africa.
Extinct in the wild species are taxa that can no
longer be found in their natural habitat and also
Critical Endangered taxa are the most threatened
taxa at the brink of extinction based on IUCN
categories. These two groups are good
representation of taxa that are experiencing and
have experienced higher extinction crisis. The
percentages of South African cycads that are
critically endangered and that are Extinct in the
wild that are facing different categories of threats
were calculated. This is to determine the cause of
extinction crisis of these extinct and highly
threatened (Critically Endangered) South African
cycads.
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Figure 1. Map showing the number of Extinct in the wild cycad species in South Africa.

RESULTS

A total of 85 records were gotten from the SANBI
herbarium for all South African cycads while only
17 records were found for Critically Endangered
and Extinct in the wild cycads in South Africa.
Species richness map based on herbarium records
in South African cycads revealed there are more
species record in Eastern Cape decreasing towards
Kwazulu-Natal and north to Limpopo Province
(Figure 2). But map of the herbarium records of the
Critically Endangered and Extinct in the wild
cycads showed that these categories of cycads in
South Africa are more in Limpopo decreasing
down southward direction to Mpumalanga,
Gauteng and Kwazulu-Natal with only one record
in Eastern-Cape (Figure 3). The two maps
constructed showed trends that are in opposite
direction in terms of the species records increase
(Figure 2 and 3). There are 7 categories of threat to
South African cycads obtained from IUCN 2019
version (Figure 4). These are individual’s collection
from the wild, ornamental uses, uses for medicinal
purposes, habitat destruction, reproductive failure,

drought and fire occurrences, and damages done
to cones, leaves and stems of these plants by
animals such as baboons and porcupines (Figure
4). But out of these seven categories, four that are
more prominent are individual’s collection, habitat
destruction, ornamental purpose and reproductive
failure (Figure 4). Also the four prominent threats
among all South African cycads are also prominent
among the extinct and critically endangered South
African cycads (Figure 3 and 5). This showed a
strong correlation between these prominent threats
and extinction crisis in South Africa cycads which
occurred at the upper regions in opposite direction
to region of high species richness (Figure 3 and 5).
It can therefore be inferred that these regions of
Extinct and highly threatened (Critically
Endangered) South African cycads are more prone
to these prominent threats than regions with
higher species richness. Vulnerability of these
regions to these threats might have made them
hotspots of Extinct and the most threatened
(Critically Endangered) cycad taxa in South Africa
hence becoming regions of cycads higher
extinction crisis in South Africa
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Figure 2: Map of species richness for 38 species of cycads in South Africa using herbarium records (coordinates) from South
African National Biodiversity institute (SANBI). All species (colours in legend represent number of species per grid).
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Figure 3: Map showing records for 15 Critically Endangered and Extinct South African cycads using herbarium record from
South African National Biodiversity Institute.
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DISCUSSION AND CONCLUSION

Cycads are experiencing decline in every regions
they occur (Donaldson, 2003; Mankga and
Yessoufou 2017: Yessoufou et al, 2017) which
makes all taxa in this plant order require
conservation efforts to decrease their extinction
risk. This same extinction crisis is also posing
threats to cycads in South Africa (Bamigboye and
Tshisikhawe  2020). Although cycads are
threatened everywhere they occur in South Africa,
it is important to look at geographic areas where
extinction crisis are more concentrated so that this
might give directional support to where much
efforts is needed to be channelled to decrease
extinction crisis in South African cycads in the face
of limited conservation resources. Combination of
Herbarium records and IUCN Red List for South
African cycads revealed that out of nine provinces
in South Africa, this study identified three
provinces which are Limpopo, Mpumalanga and

GES OF SOUTHAFRICANCYCADS

PERCENTA

Kwazulu-Natal as provinces that are experiencing
and have experienced higher extinction crisis in
South Africa cycads than the rest of the provinces
(Figure 2, 3). Limpopo province was detected as
the province with the highest extinction crisis in
South Africa based on the evidence provided in
this study (Figure 3). This correlates with the study
of Okubamicheal et al. (2016) which detected that
the largest decline in South African cycads based
on repeated photograph study of cycads
population occurred in Limpopo province. It is
therefore recommended that conservation of South
African cycads be strengthened in Limpopo
province than the rest of South African provinces.
Minimizing prominent threats (individual’s
collection, habitat destruction, ornamental purpose
and reproductive failure) (Figure 4, 5) identified in
this study should be targeted in cycads
conservation in Limpopo province than the rest of
the provinces in South Africa.

Figure 4: Figure showing percentages of South African cycads facing each threats based on data obtained from IUCN red list 2019

version.
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PERCENTAGES OF CRITICALLY ENDANGERED AND EXTINTSOUTH
AFRICAN CYCADS
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THREATS TO CRITICALLY ENDANGERED AND EXTINCT SOUTH AFRICAN CYCADS

Figure 5. Figure showing percentages of Critically Endangered and Extinct South African cycads facing each threats based on
data obtained from IUCN red list 2019 version.
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Table 1. Showing the list of total number of South African cycads obtained from SANBI records, their IUCN status and their threats on IUCN.

Species

IUCN Status 2019 version

Threats to South African cycads on IUCN for each
species obtained from IUCN 2019 version

Encephalartos aemulans Vorster
Encephalartos altensteinii Lehm

Encephalartos arenarius R.A.Dyer
Encephalartos brevifoliolatus Vorster
Encephalartos caffer (Thunb.) Lehm.
Encephalartos cerinus Lavranos

& D.L.Goode

Encephalartos cupidus R.A.Dyer
Encephalartos cycadifolius (Jacq.) Lehm.

Encephalartos dolomiticus Lavranos
& D.L.Goode

Encephalartos dyerianus Lavranos

& D.L.Goode

Encephalartos eugene-maraisii Verd.
Encephalartos ferox G.Bertol.
Encephalartos friderici-guilielmi Lehm.
Encephalartos ghellinckii Lem.
Encephalartos heenanii R.A .Dyer
Encephalartos hirsutus P.J.H. Hurter
Encephalartos horridus (Jacq.) Lehm.
Encephalartos humilis Verd.
Encephalartos inopinus R.A. Dyer

Encephalartos laevifolius Stapf & Burtt Davy

Encephalartos lanatus Stapf & Burtt Davy
Encephalartos latifron Lehm.
Encephalartos lebomboensis Verd.

Encephalartos lehmannii Lehm.

Encephalartos longifolius (Jacq.) Lehm.
Encephalartos Middleburgensis
Vorster, Roobbertse &

S.van der Westh

Encephalartos msinganus Vorster

Critically Endangered
Vulnerable

Endangered

Extinct in the wild
Near Threatened
Critically Endangered

Critically Endangered
Least Concern

Critically Endangered
Critically Endangered

Endangered

Near Threatened
Near Threatened
Vulnerable

Critically Endangered
Critically Endangered
Endangered
Vulnerable

Critically Endangered

Critically Endangered
Near Threatened
Critically Endangered
Endangered

Near Threatened
Near Threatened

Critically Endangered

Critically Endangered

Illegal collection of individuals.

Habitat destruction, Illegal collection of individuals,
harvest for medicinal purposes.

Illegal collection of individuals, habitat destruction.
Illegal collection of individuals.

Habitat destruction, Ornamental use.

Ornamental use, reproductive failure.

Ornamental use, drought and fire, reproductive failure.

Cone and newly emerged leaves damage by baboons and
porcupines, Fire occurrences.
Illegal collection of individuals.

Reproductive failure.

Ornamental use, reproductive failure.

Ornamental use, habitat destruction.

Ornamental use, use for traditional medicine.

Ornamental use, fire occurrences.

Ornamental use, habitat destruction, reproductive failure.
Ornamental use.

Illegal collection of individuals, habitat destruction.
Ornamental use.

Illegal collections of individuals, cone damage due to
presence of baboons.

Use for traditional medicine, Ornamental use, habitat
destruction.

Habitat destruction.

Illegal collection of individuals, habitat destruction.
Illegal collection of individuals, traditional medicine use,
habitat destruction.

Drought, illegal collection of individuals, Stem leaves
destruction by porcupines and goats.

Illegal collection of individuals.

Illegal collection of individuals, habitat destruction, fire
occurrences, reproductive failure.

Ornamental use, habitat destruction, reproductive failure.
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Encephalartos natalensis R.A.Dyer
& Verdoorn

Encephalartos ngoyanus Verd.
Encephalartos nubimontanus
P.J.H. Hurter

Encephalartos paucidentatus
Stapf & Burtt Davy
Encephalartos princeps R.A. Dyer
Encephalartos senticosus Vorster
Encephalartos transvenosus

Stapf & Burtt Davy
Encephalartos trispinosus
(Hook.) R.A.Dyer

Encephalartos villosus Lem.
Encephalartos woodii Sander
Stangeria eriopus (Kunze) Baill.

Near Threatened

Vulnerable
Extinct in the wild

Vulnerable
Vulnerable
Vulnerable
Least Concern
Vulnerable
Least Concern

Extinct in the wild
Vulnerable

Illegal collection of individuals, use for traditional

medicine.

Illegal collection of individuals, fire occurrences.

Illegal collection of individuals.

Illegal collection of individuals, habitat destruction.

Illegal collection of individuals, habitat destruction.

Illegal collection of individuals.

Illegal collection of individuals, habitat destruction.

Illegal collection of individuals.

Ornamental use, habitat destruction.

Illegal collection of individuals.

Illegal collection of individuals, habitat destruction, use

for traditional medicine.




