BOTHALIA —

African Biod

10N

)
qu)
>
|
D)
0p)
(-
@)

O

&

>

IVETrSI

[ssue 1. 2023

/

Volume 53

SANBI
Biodiversity for Life

South African National Biodiversity Institute

8241

ISSN: 0006







BOTHALIA -

African Biodiversity & Conservation

Volume 53, Issue 1. 2023

A peer-reviewed publication of the
South African National Biodiversity Institute

SANB! [ A

South African National Biodiversity Institute




Bothalia — African Biodiversity and Conservation is published by the South African National Biodiversity Institute
(SANBI), a government funded entity under the Department of Forestry, Fisheries & the Environment.

Co-Editors-in-Chief: Anthony R. Magee & John R. Wilson
Managing Editor, Copyediting and Proofreading: Yolande Steenkamp

Assistant Managing Editor, Copyediting and Proofreading: Nicole Meyer

Design and Layout: Elizma Fouché

Cover photograph:
Elizma Fouché (SANBI)

Website: http://abcjournal.org
General enquiries: editorialboard@abcjournal.org
ISSN: 2311-9284 (Online)

ISSN: 0006-8241 (Print)

Printed by: Harry’s Printers Tshwane, 69 Pretorius Street, Pretoria, 0002 South Africa;
tel. no. +27 12 326 4514

Copyright © 2023 by South African National Biodiversity Institute (SANBI).
Tel.: +27 12 843 5000
Website: www.sanbi.org

All rights reserved. No part of this journal may be reproduced in any form without written permission of the
copyright owners.

The views and opinions expressed do not necessarily reflect those of SANBI. The authors and publisher have
made their best efforts to prepare this journal and make no representation or warranties of any kind with regard
to the completeness or accuracy of the contents herein. All images in this book have been reproduced with
the knowledge and prior consent of the artists concerned and no responsibility is accepted by the publisher or
printer for any infringement of copyright or otherwise arising from the contents of this publication.



SANBI EZ AR N .
v 1 ] = BOTHALIA — African Biodiversity & Conservation

Biodiversity for Life
South African National Biodiversity Institute ISSN: (Online) 2311-9284, (Print) 0006-8241

Table of Contents

Associate EAItOrs . . ... oo v
Plant Nomenclature Review Board. . . . ... ... . . v
Information for Authors and Readers . . ... ... . .. . vi
Reviewer Acknowledgement . . ... .. vii

Original Research, Reviews, Strategies, Case Studies

The relationship between mammalian burrow abundance and bankrupt bush (Seriphium plumosum)
ENCrOAChIMENt. . . o o 1
M. Oosthuysen, W.M. Strauss & M.J. Somers
Bothalia — African Biodiversity & Conservation, Volume 53, 17 July 2023

Restoration of diversity and regeneration of woody species through area exclosure: the case of Maun
International Airport in northern Botswana . ........... ... ... ... ... . ... 9
K. Kashe, D. Teketay, M. Mmusi & M.K. Galelebalwe
Bothalia — African Biodiversity & Conservation, Volume 53, 21 October 2022

Impact of poaching on the population structure and insect associates of the Endangered Encephalartos
eugene-maraisii from South Africa . . ...... ... ... . 21
PD. Janse van Rensburg, H. Bezuidenhout & J. van den Berg
Bothalia — African Biodiversity & Conservation, Volume 53, 13 September 2023

The non-acarine Arachnida of the Amathole Mountains, South Africa .. ....................... 55
C.R. Haddad, L. Prendini, J.-A. Neethling & A.S. Dippenaar-Schoeman
Bothalia — African Biodiversity & Conservation, Volume 53, 12 October 2023

Urban intensity and flower community structure drive monkey beetle assemblage in Cape Town. . . .. 89
PD. Brom, J.F. Colville, L.G. Underhill & K. Winter
Bothalia — African Biodiversity & Conservation, Volume 53, 11 July 2023

A Critically Endangered Proteaceae in the Cape Floristic Region threatened by an invasive pathogen . ... 105
T. Paap, M. Nndanduleni & M.J. Wingfield
Bothalia — African Biodiversity & Conservation, Volume 53, 29 March 2023

Evolutionary patterns in South African brambles (Rubus L.) — new insights from molecular markers ... 113
M. Sochor & J.C. Manning
Bothalia — African Biodiversity & Conservation, Volume 53, 14 April 2023

First record of Amaranthus crassipes subsp. warnockii (1.M.Johnst.) N.Bayén (Amaranthaceae) outside of
the Americas, with nomenclatural notes . . ......... ... . . . . . . . . . 155
D. lamonico & R. El Mokni
Bothalia — African Biodiversity & Conservation, Volume 53, 21 October 2022

A new species of Thilachium (Capparaceae) from the Analanjirofo Region, Madagascar . ........... 163
S. Fici
Bothalia — African Biodiversity & Conservation, Volume 53, 29 March 2023

http://abcjournalorg | iii | Open access



An online survey on user perceptions of natural science collections in South Africa . ..............
S. Ribeiro, T. Reynolds, B. Zipfel, M.S. Mothogoane & A. Magee
Bothalia — African Biodiversity & Conservation, Volume 53, 11 July 2023

Nomenclatural Changes

A nomenclatural correction in Colchicum L. (Colchicaceae: Colchiceae) in southern Africa: two new
combinations for C. coloratum J.C.Manning & Vinn., nom. superfl. .. ....... ... .. .. ... ...
J.C. Manning
Bothalia — African Biodiversity & Conservation, Volume 53, 29 March 2023

The new combination Coleus leemannii (N.H.Hahn) A.J.Paton for Rabdosiella leemanii N.Hahn (Lamia-
ceae: Nepetoideae: OCIMEA.) . .. .. ..ottt e
J.C. Manning & A.J. Paton
Bothalia — African Biodiversity & Conservation, Volume 53, 10 January 2023

New Distribution Records
First record of the North African Launaea arborescens in southern Africa .. .....................

A. Burke & C. Mannheimer
Bothalia — African Biodiversity & Conservation, Volume 53, 11 April 2023

Guidelines for AUTNOTS . . . . .

169

183

185

187

197

http://abcjournal.org | iv | Open access



Associate Editors

Opeyemi Adedoja, University of Central Arkansas, United States of America
Matthew Bird, University of Johannesburg, South Africa

Jessica Da Silva, South African National Biodiversity Institute, South Africa
David Ehlers-Smith, University of KwaZulu-Natal, South Africa

Yvette Ehlers-Smith, University of KwaZulu-Natal, South Africa

Michelle Greve, University of Pretoria, South Africa

Karin Jacobs, Stellenbosch University, South Africa

Charlene Janion-Scheepers, University of Cape Town, South Africa
Natasha Karenyi, University of Cape Town, South Africa

Tope Kehinde, Obafemi Awolowo University, Nigeria

Esther Kioko, National Museums of Kenya, Kenya

Ronell Klopper, South African National Biodiversity Institute, South Africa
Rhoda Malgas, Stellenbosch University, South Africa

John Manning, South African National Biodiversity Institute, South Africa
Caswell Munyai, University of KwaZulu-Natal, South Africa

Sheunesu Ruwanza, Rhodes University, South Africa

Ruan Veldtman, South African National Biodiversity Institute, South Africa
Ashton K. Welcome, University of Johannesburg, South Africa

Plant Nomenclature Review Board

Ronell Klopper, South African National Biodiversity Institute, South Africa
John Manning, South African National Biodiversity Institute, South Africa
Anatoliy Levanets, North West University, South Africa

Anthony Magee, South African National Biodiversity Institute, South Africa
Benny Bytebier, University of KwaZulu-Natal, South Africa

Cornelia Klak, University of Cape Town, South Africa

Dirk Bellstedt, Stellenbosch University, South Africa

Hlengiwe Mtshali, South African National Biodiversity Institute, South Africa
Janine Victor, South African National Biodiversity Institute, South Africa
Madeleen Struwig, North West University, South Africa

Marianne le Roux, South African National Biodiversity Institute, South Africa
Pieter Bester, South African National Biodiversity Institute, South Africa
Pieter Winter, South African National Biodiversity Institute, South Africa
Stephen Boatwright, University of the Western Cape, South Africa

http://abcjournal.org | v | Open access




Information for Authors and Readers

Focus and scope

The journal aims to disseminate, to a wide audience,
knowledge, information and innovative approaches
that promote and enhance the wise use and manage-
ment of biodiversity in order to sustain the systems and
species that support and benefit the people of Africa.

The journal publishes original research findings, as well
as reviews, commentaries or perspectives, strategies
and short communications. Special focus issues ema-
nating from symposia or conferences that fall within the
scope of the journal may also be published.

Authors should contextualise submissions within the
framework of the value chain of biodiversity knowledge
from its generation, to its application and use. We are
especially interested in articles that are written using
language and terminology that is accessible to a wide
audience.

Specifically, the scope of the journal covers the follow-
ing areas:

1.  Generation of new knowledge that provides a
foundation for assessment, planning or manage-
ment of biodiversity, including new taxonomic
discoveries within Africa, from across all King-
doms of organisms, documenting the abundance,
diversity and distribution of genes, species and
ecosystems in Africa (including temporal chang-
es in these), and understanding the interactions
among components of biodiversity that contribute
to the functioning of ecosystems.

2. Assessment of biodiversity, including the status of
populations, species and ecosystems, the impacts
of threats, harvesting and disturbance or of inter-
ventions on populations, species and ecosystems,
and the value of the goods and services provided
by biodiversity.

3. Innovation in science- or evidence-based deci-
sion-making for biodiversity in Africa. This in-
cludes the publication of case studies, best prac-
tices, tools and plans for the conservation, use
and management of biodiversity.

4. Cross-cutting fields specifically developments and
innovation in human capital development in the
biodiversity sector and innovation in biodiversity
information management and dissemination sys-
tems and tools for use of biodiversity information.

5.  Strategic frameworks that provide guidance and
direction for biodiversity research, assessment
and management at community, local, national,
regional or continental levels, especially those that
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integrate biodiversity management with local and
regional socio-economic systems.

Submissions from authors anywhere in Africa as well as
those based outside of Africa are invited if the content
relates to African biodiversity.

Peer review process

All' manuscripts submitted to Bothalia — African Biodi-
versity & Conservation will be reviewed by experts in

the field.

Publication frequency

Bothalia — African Biodiversity & Conservation publishes
manuscripts on its website on a rolling basis throughout
the year (i.e. as soon as they are ready for publication).
A hard copy version of the volume is published at the
end of the year.

Manuscript preparation and submission

All articles must be submitted online at https://abcjour-
nal.org/index.php/BothaliaABC.

Copyright

Copyright on published articles is retained by the
author(s).

Distribution

The journal is an online open access publication, avail-
able at https://abcjournal.org/index.php/BothaliaABC
to read. The hard copy is distributed to those individu-
als who order a copy from SANBI.

Bothalia — African Biodiversity & Conservation is includ-
ed in the Directory of Open Access Journals (DOAJ),
SciELO SA, Thomson Reuters Web of Science Core Col-
lection, Science Citation Index Expanded, SCIE (previ-
ously known as ISI).

Accreditation

The journal meets the criteria of the Department of
Higher Education and Training (DoHET). It is therefore
accredited and approved by the DoHET for its inclu-
sion in the subsidy system for being a research publica-
tion for South Africa.
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burrows were significantly lower in encroached areas than in non-encroached
areas (p = 0.011 and p < 0.001, respectively). The relationship between burrow
abundance and bankrupt bush encroachment was negative (rho = -0.456, p =
0.001). However, burrowing mammal diversity had no significant difference be-
tween encroached and non-encroached areas.
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Conclusion: Our data, therefore, suggest that with increasing bankrupt bush en-
croachment and a decreased abundance in burrowing mammal ecosystem ser-
vices, a negative effect will occur on burrowing mammal communities, leading
to the reduction in species-specific habitat heterogeneity and possibly animal
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Introduction

The Crassland Biome is the second largest biome in South Africa, encompass-
ing 28% of the land area, and supports a number of ecosystems inhabited by
diverse vertebrate and invertebrate communities (Mucina & Rutherford 2006;
Carbutt et al. 2011). For example, the small, medium and large burrowing
mammals that live in grasslands are ecosystem engineers that play a vital role
in sustaining the open habitats characterising grassland areas (Davidson et al.
2012; Jayadevan et al. 2018). Grasslands are of agricultural, ecological and
conservation management importance; however, due to an increase in CO,,
inadequate fire regimes and poor management, grasslands are threatened

Copyright: © 2023. The Authors.

Licensee: SANBI. This work is
licensed under the Creative
Commons Attribution 4.0
International License
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by an increase in shrub or bush encroachment (Ward
2005; Buitenwerf et al. 2011; Carbutt et al. 2011; So-
to-Shoender et al. 2018; Graham et al. 2020). Shrub or
bush encroachment is a phenomenon observed through
an increase in woody biomass and cover, which in turn
leads to a detriment in herbaceous layers (O’Connor et
al. 2014). Shrub encroachment can thus lead to changes
in ecological succession and ultimately influence biodi-
versity (O’Connor et al. 2014). Bankrupt bush, Seriphi-
um plumosum, is a native, encroaching woody plant
originating from the fynbos region in the Western Cape
of South Africa and belonging to the Asteraceae fam-
ily (Jordaan 2009; Snyman 2012; Van Zyl & Avenant
2018; Graham et al. 2020). The ability of S. plumosum,
to encroach grasslands has interested researchers since
the 1930s, as it reduces grazing potential of rangelands
(Roux 1969; Avenant 2015). Nevertheless, little work
has been done to examine the effect of shrub encroach-
ment generally, or S. plumosum encroachment specifi-
cally, on mammals and mammalian ecosystem engineers
(Avenant 2015; Rodgers et al. 2017; Jayadevan et al.
2018). This is despite S. plumosum being regarded as an
aggressive encroacher of the Grassland Biome of South
Africa (Mucina & Rutherford 2006). The encroaching
aetiology of S. plumosum is well documented (Jordaan
2009; Buitenwerf et al. 2011; Snyman 2012; Van Zyl &
Avenant 2018), with previous research indicating that
S. plumosum follows a pioneer plant growth strategy
by mainly encroaching grasslands after soil disturbance
through overgrazing and trampling (Roux 1969; Jordaan
2009; Snyman 2012; Avenant 2015). With a root sys-
tem ensconcing 1 m? of the soil surrounding the bush,
and reaching depths of 1.8 m (Jordaan 2009; Snyman
2012; Van Zyl & Avenant 2018), this shrub allows for
tight soil binding, which may limit the burrowing ser-
vices of ecosystem engineers in densely encroached ar-
eas (Vahrmeijer 2017; Uys 2018).

Ecosystem services provided directly or indirectly by eco-
system engineers include soil development, increased
soil fertility, reduction in soil erosion, an increase in nu-
trient cycling and even food provision (Laundré & Reyn-
olds 1993; Gabet et al. 2003; James & Eldridge 2007;
Martin 2017; Rodgers et al. 2017). Landscape develop-
ment by bioturbation (the movement or reworking of soil
by burrowing organisms) creates and transforms habitats
by physically altering the species and community spe-
cific distribution of resources within ecosystems (Gabet
et al. 2003; Martin 2017). However, soil characteristics
and the availability of suitable food sources influence
the abundance, ecology and behaviour of ecosystem
engineers such as semi-fossorial mammals. Medium
(15-30 c¢m) and large (34-100 cm) sized burrows creat-
ed by, for example, yellow mongoose, Cynictis penicil-
lata, suricates, Suricata suricatta, aardvark, Orycteropus
afer, and Cape porcupine, Hystrix africaeaustralis, create
microhabitats within their burrows (Ewacha et al. 2016;
Rodgers et al. 2017) providing refuge to many different
species such as invertebrates, rodents, birds and reptiles
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(Davidson et al. 2012; Rodgers et al. 2017). However, it
is speculated that the abundance of burrows and associ-
ated microhabitats decrease as shrub growth intensifies
and soils become less productive in open grassland hab-
itats (James & Eldridge 2007; Rodgers et al. 2017). With
a decrease in burrow abundance, it is expected that
burrowing mammal diversity would decrease as shrub
encroachment leads to a reduction in available resourc-
es such as productive soils and food sources (Iribarren
& Kotler 2012; Kgosikoma et al. 2012; Jayadevan et al.
2018).

The thickening of S. plumosum in grassland habitat and
its relationship with elusive burrowing mammals are
of interest to us. Here we investigate if there is a cor-
relation between burrow abundance and S. plumosum
density and if there is a difference between burrowing
mammal diversity in encroached and non-encroached
areas. We predict that a negative correlation will exist
between burrow abundance and S. plumosum density
and that encroached areas will have lower burrowing
mammal diversity than non-encroached areas.

Study area

The Telperion Nature Reserve (25°38'S, 29°01'E), mea-
suring some 7 350 ha, is located northeast of the town
Bronkhorstspruit on the border of the Gauteng and
Mpumalanga provinces of South Africa (Figure 1). The
vegetation on the Telperion Nature Reserve is described
as Mesic Highveld Grassland, comprising grass plains,
wooded areas and vegetated mountainous or rocky ar-
eas (Figure 1; Mucina & Rutherford 2006). The area
is characterised by having a mean annual precipitation
of 726 mm and a mean annual temperature of 14.7°C
(Mucina & Rutherford 2006). Telperion Nature Reserve
contains a variety of large mammal species, including
giraffe, Giraffa camelopardalis, eland, Tragelaphus oryx,
plains zebra, Equus quagga, waterbuck, Kobus ellip-
siprymnus and blue wildebeest, Connochaetes taurinus,
and carnivores such as leopard, Panthera pardus, and
brown hyaena, Parahyaena brunnea. Smaller mammal
species on the reserve include Cape porcupine, yellow
mongoose, South African springhare, Pedetes capensis,
and black-backed jackal, Canis mesomelas (Fagir et al.
2015).

Methods

Shrub density and burrow
abundance measurements

Sampling took place from April 2018 to July 2018. We
measured S. plumosum abundance in the northern and

| Open access
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Figure 1. The Telperion Nature Re-
serve is situated on the border of
the Gauteng and Mpumalanga
provinces of South Africa. The
enlarged area depicts the extent
of the Telperion Nature Reserve,
including the distribution of the
vegetation types defined by Mu-
cina and Rutherford (2006).

Grassland
Wooded areas
Vegetated rocky areas

southern grasslands of the Telperion Nature Reserve.
Here we classified the two grassland areas into two
categories based on the estimated cover of S. plumo-
sum. In doing so, we used an adapted Domin-Krajina
(DK) cover abundance scale to select ground cover
classes of the area occupied by S. plumosum in each
area (Mueller-Dombois & Ellenberg 1974; Herrick et
al. 2005). We demarcated 24 sampling plots, 12 en-
croached and 12 non-encroached plots, respectively,
each measuring 25 X 25 m (625 m?). All S. plumosum
individuals in the plot were visualised into the centre
of the plot and compared to the cover class (DK Class)
(Figure 2). If the ground cover of S. plumosum was 10%
or less, the area had little to no encroachment. The
area was classified as densely encroached when the
ground cover was estimated to exceed 10% (Westfall &
Panagos 1984; Herrick 2005). We randomly allocated
the centre position of each sampling plot within the
encroached and non-encroached areas. All sampling

plots were placed at least 50 m from the nearest road.
To estimate the abundance of S. plumosum, we divid-
ed each quadrat into 25 blocks, 5 X 5 m in size, and
counted the total number of adult shrubs in each sam-
ple plot. These data were expressed as the S. plumo-
sum density (shrubs/m?) per sampling plot. We did not
count any of the shrubs with less than 50% of their
base within the quadrat (Elzinga et al. 1998; Van Zyl &
Avenant 2018). Following the work by Avenant (2015),
we considered adult shrubs to have a stem height taller
than 45 cm.

We counted the medium (15-30 cm) and large (34—
100 cm) mammalian burrows in each sampling plot and
calculated burrow abundance and density. We mea-
sured the width and length of each burrow entrance
with a tape measure (model number 30-657, Stanley
Black and Decker, USA) to identify medium and large
mammalian burrows (Rodgers et al. 2017).

— 25m

Figure 2. Adapted Domin-Krajina
cover class (DK class) method

indicating the major cover per-
centage for a 25 x 25 m plot.
No encroachment is indicated by
less than 10% cover (cover class
of 1 to 3). Class 1 indicates a 0%
cover; Class 2 indicates a cover of

90%

Class Class Class ‘
1-3 i 4 —— 5 I
<10% - 25% . 30% -
[ e
Class 6 | | Class 7 Class 8 —
40% 50% 5% |
R
Class 9

L more than 0% but less than 10%;
Class 3 indicates a cover of 10%.
Encroached plots are represented
by classes 4 to 9, respectively, ac-
cording to the percentage cover
in the 25 x 25 m plot (Muel-
ler-Dombois & Ellenberg 1974;
Herrick et al. 2005).
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We placed one camera trap (Browning Strike Force HD
PRO, model BTC — 5HDP, Browning trail cameras, Al-
abama, USA) at the edge of each of the six plots in the
encroached and non-encroached areas. Cameras were
deployed from April 2018 to July 2018. Each camera
trap was fixed onto a metal fence pole 50 cm above
the surface of the ground and left to capture animal
activity within the selected plot. Cameras were set to
burst mode, with three pictures taken over 10 seconds
when triggered. Pictures within 30 minutes of the same
animals captured were not used in data analyses. The
locations of all camera traps were recorded with a
handheld GPS (Garmin eTrex® 10, Garmin Consumer
Electronics, USA). We classified burrowing mammals
into two categories based on their length and mass.
We considered mammals with a reported total length
< 90 cm and mass < 14 kg as medium sized, while
those with a total length = 100 cm and mass = 15 kg
were considered large burrowing mammals. We used
Skinner and Chimimba (2005) as our reference work
on burrowing mammal size.

Statistical analyses

Data were statistically analysed in R (version 3.4.0) and
RStudio (version 1.0.143, RStudio: Integrated develop-
ment environment for R, Boston, USA). We used paired
t-tests to determine if the mean shrub density and bur-
row abundance differed between the encroached and
non-encroached areas. We used Spearman’s rank cor-
relation to investigate the relationship between burrow
abundance and S. plumosum encroachment, and the
Shannon Wiener Index (H where H=3[(pi)xIn(pi)])
using the VEGAN package (version 2.4-3, RStudio (ver-
sion 1.0.143) (Oksanen et al. 2013) to assess species di-
versity in the two areas. We also conducted an Analysis
of Similarity (ANOSIM) (Jaccard) of the two areas using

Shrub density in encroached and non-encroached areas
2.0 u Medi

[] 25% - 75%
18 . T Non - outlier range:
e Quilier
16 * Exiremes
FERE .
5 H
a 12
=]
=
® 10
=
2 os
@
-l
2 06 T
=
D 04 [ ]
02
0.0 .
-0.2
Encroached MNon-encroached

Figure 3. The observed S. plumosum density (shrub/m?) recorded
in the encroached and non-encroached areas of the Telperion
Nature Reserve.
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the VEGAN package (version 2.4-3, RStudio (version
1.0.143) (Oksanen et al. 2013).

Results

Shrub and burrow density

In the encroached and non-encroached areas, the
S. plumosum shrub density ranged from 0.16 to 1.74
shrubs/m?and 0-0.04 shrubs/m?, respectively (Figure 3).
The recorded densities are equivalent to up to 17 400
S. plumosum shrubs in the encroached areas, while
the non-encroached areas had up to 400 S. plumosum
shrubs. The mean shrub density in the encroached ar-
eas (0.5 = 0.4 shrubs/m?) was significantly higher than
in the non-encroached areas (0.004 + 0.01 shrubs/m?;
t=6.59, p < 0.001).

We found three burrows (two medium and one large-
sized) spread across two (8.3%) of the 24 encroached
sampling sites. We found 57 burrows distributed across
15 (62.5%) of the non-encroached sampling areas. Of
these, 22 burrows were medium-sized and 35 were
large-sized. Overall, the mean burrow density in the
encroached areas (0.0002 = 0.0007/m?) was signifi-
cantly lower than in the non-encroached areas (0.004
+ 0.005/m?; t = -3.48, p = 0.002).

The mean abundance of medium sized burrows was
significantly lower in the encroached areas (0.083 =
0.408 per 625 m?) than in non-encroached areas (0.92
+ 2.02 per 625 m? t = -2.03, p = 0.05). Similarly,
the mean abundance of large burrows was lower in the
encroached (0.041 = 0.204 per 625 m? than in the
non-encroached areas (1.46 = 1.95 per 625 m?% t =
-3.47, p = 0.002). There was a significant moderate
negative correlation between total burrow abundance
and shrub density (Figure 4) (Spearman rank correlation
test: rho = -0.456, p = 0.001).

Diversity of burrowing mammals

The total number of camera trap days equalled 64 in
the encroached and 72 in the non-encroached areas.
We obtained images of burrowing mammals from sev-
en of 12 camera traps, i.e., from three of six camer-
as deployed in the encroached areas and from four of
six cameras deployed in the non-encroached areas.
The camera traps captured seven burrowing species,
including three species of medium sized burrowing
mammal and four species of large burrowing mammals
(Table 1). The common warthog, Phacochoerus afri-
canus, was the most sighted and the only burrowing
species recorded in both the encroached and non-en-
croached areas. Burrowing mammal species richness
was even for both areas, as four species were captured
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The relationship between burrow abundance and shrub density
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Figure 4. The negative relationship between burrow abundance
(number of burrows per 625 m?sampling plot; grey dots) and
S. plumosum density (shrubs/m?) depicted for all sampling
plots in both encroached and non-encroached areas in the
Telperion Nature Reserve.

in non-encroached areas and four in encroached areas.
The mean Shannon Wiener diversity index (H) for en-
croached and non-encroached areas was 0.45 + 0.3
and 0.12 = 0.22, respectively. Our ANOSIM indicated
that the diversity of burrowing mammals had no signif-
icant difference (R = -0.231, p = 0.933) between the
encroached and the non-encroached areas.

Discussion

Burrow and shrub relationship

Although absent in some of our sample plots, we found
a mean S. plumosum density ranging from 40 plants
per hectare in the non-encroached areas to 5 000

Original research

plants per hectare in the encroached areas. Our results
on S. plumosum density align with those of Graham
et al. (2020), who reported densities of up to 9 500
S. plumosum individuals per hectare on the Telperion
Nature Reserve. Both medium and large mammalian
burrows occurred at lower densities in the encroached
than non-encroached areas, and we found a negative
relationship between burrow abundance and shrub
density. Despite our limited sampling across the Telpe-
rion Nature Reserve, these results support our first pre-
diction. Moreover, our results correspond with earlier
studies that reported a higher prevalence of medium
and large sized burrows in open pastures and grasslands
compared to woody, bushy areas (Butynski & Mattingly
1979; Melton & Daniels 1986; Augustine et al. 1995;
Whittington-Jones 2006; Whittington-Jones et al. 2011;
Rodgers et al. 2017). Many burrowing mammals prefer
open grasslands to burrow in rather than dense shrub-
lands, presumably because open grasslands increase
predator detection and tend to have higher food and
spatial availability (Melton & Daniels 1986; Davidson
et al. 2012; Jayadevan et al. 2018).

Our camera trapping results revealed no significant
similarity in burrowing mammal diversity between the
encroached and non-encroached areas. Therefore, we
cannot accept our second prediction that an increase
in S. plumosum density would result in decreased bur-
rowing mammal diversity. Nevertheless, Rodgers et al.
(2017) recently reported higher burrowing mammal di-
versity on a non-encroached Namibian game reserve
compared to an encroached livestock farm. While shrub
and bush encroachment does not necessarily lead to
the loss of habitat heterogeneity, and the encroachment
effects are likely species, scale and environment specif-
ic (Eldridge & Soliveres 2014), some burrowing species
have been affected negatively by bush encroachment.
For example, shrub thickening in semi-arid parts of

Table 1. Burrowing species captured on the camera traps, reflecting where these species were sighted, the number of sightings for each
species, the relative survey effort, and the time of the burrowing animal’s activity

Species per sample area Size* Number of sightings  Relative survey effort Time of activity

Encroached areas 64 days

Orycteropus afer (aardvark) Large 2 Night

Proteles cristata (aardwolf) Large 1 Night

Mellivora capensis (honey badger) Large 1 Night

Phacochoerus africanus (warthog) Large 29 Day/Night

Non-encroached areas 72 days

Hystrix africaeaustralis (Cape porcupine) Medium 5 Night

Suricata suricatta (meerkat) Medium 10 Day

Cynictis penicillata (yellow mongoose) Medium 4 Day

Phacochoerus africanus (warthog) Large 37 Day/Night
*Based on Skinner and Chimimba (2005)
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North America has contributed to population declines
in prairie dogs Cynomys spp. (Weltzin et al. 1997);
shrub thickening in semi-arid regions of Australia has
had similar effects on burrowing bettongs, Bettongia le-
sueur (Noble et al. 2007). In our study, predators and
burrowing mammals were only captured together on
one camera in the non-encroached area. In the en-
croached areas, no camera trap yielded a picture of a
predator and a burrowing mammal in the same plot.
Even though we did not calculate for predators in the
vicinity of the burrowing mammal diversity, it was not-
ed that black-backed jackals were sighted more in the
non-encroached areas than in the encroached areas.
Predators play an important role in the distribution of
prey species such as ecosystem engineers, and we must
investigate how predators can influence the distribution
of ecosystem engineers in the Telperion Nature Reserve
(Melton & Daniels 1986; Davidson et al. 2012; Jaya-
devan et al. 2018).

On the Telperion Nature Reserve, where S. plumosum is
spread across an estimated 30% of the reserve (Brown,
unpublished data), it was interesting to note that the
less common burrowing species, such as aardvark and
aardwolf (Table 1), which prefer feeding in open areas
with termite mounds (Melton & Daniels 1986; Williams
& Richardson 1997; Whittington-Jones 2006; Stuart
2015; Rodgers et al. 2017), were only recorded in our
encroached sampling areas during the current study.
Although we have not consistently quantified termite
mound availability as part of this study, termite mounds
were prevalent in the encroached areas that we sam-
pled as part of this study. The presence of aardvark and
aardwolf in only the encroached areas may, therefore,
be an artefact of our sample site selection. Moreover,
the extent to which the S. plumosum encroachment,
which has not been quantified across the Telperion Na-
ture Reserve, has affected these less-common species is
not well-understood at present. However, elsewhere in
South Africa, simulations have predicted likely negative
effects of continued encroachment on local mammal
diversity and abundance (Soto-Shoender et al. 2018).
These predicted effects are in line with earlier work
reporting that shrub thickening negatively influenced
the abundance of medium sized burrowing carnivores
(Blaum et al. 2007). It is not inconceivable, therefore,
that increasing shrub cover and a decreased abun-
dance in burrowing mammal populations could lead
to a decrease in the ecosystem services that burrowing
mammals provide (Carbutt et al. 2011; Davidson et al.
2012).

These services include changes in soil structure and nu-
trients through the creation of burrow mounds, burrow
networks, and the presence of latrine sites close to bur-
row entrances (Melton & Daniels 1986; Davidson et al.
2012; Martin 2017; Rodgers et al. 2017), which could
allow for improved water infiltration, seed germination,
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increased nutrients and landscape heterogeneity to oc-
cur (James 2009; Whittington-Jones et al. 2011; David-
son et al. 2012; Haussmann 2017; Louw et al. 2017).
Burrowing mammals are vital in creating microhabitats
(Blanco-Perez et al. in prep.) and thermal refuges for a
range of other vertebrates (Weyer et al. 2020). There-
fore, the disappearance of keystone species, including
the burrowing ecosystem engineers, may result in the
structural change of grassland habitats and can lead
to cascading effects on burrowing mammal ecosystem
services, other taxa and possibly biodiversity (Davidson
& Lightfoot 2008; Martinez-Estevez et al. 2013; Meys-
man et al. 2006). In grassland areas it may, therefore,
be beneficial to monitor burrowing mammal density
and burrow occupancy to highlight potential changes in
the ecosystem services provided. Furthermore, this will
help elucidate how grassland structural changes occur
and may facilitate the development of new manage-
ment approaches to reduce the risk of grassland habitat
change (Davidson & Lightfoot 2008; Martinez-Estevez
et al. 2013; Meysman et al. 2006). Furthermore, quan-
tifying the encroachment of S. plumosum, as well as the
effects thereof on the burrowing mammal community,
is therefore essential in the effective management of S.
plumosum in the Telperion Nature Reserve.

A limiting factor of our study is that we did not con-
sider burrowing networks, which may have resulted in
us overestimating the number of burrows. Neverthe-
less, we have shown that S. plumosum encroachment,
if not controlled in grassland areas, can likely lead to
a loss in ecosystem services associated with burrowing
mammals, and reduce the state of the landscape in en-
croached areas. However, further investigation regard-
ing burrowing mammal populations, occupancy and
behaviour on the Telperion Nature Reserve must be
done to determine the influence of woody encroach-
ment on ecosystem engineers.
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Background and objectives: Deforested and degraded areas can be cheaply and
conveniently restored through establishment of exclosures. An area exclosure ex-
cludes animals and humans from accessing an area to promote natural regeneration
of plants and rehabilitate ecological condition of the area. The study was aimed at:
(1) determining the diversity (species richness, diversity and evenness); (2) assessing
the stand structure (densities); and (3) assessing regeneration status of woody spe-
cies inside and outside exclosed Maun International Airport, northern Botswana.

Methods: Vegetation sampling was conducted from April to May 2018. A total of
48 and 37 quadrats of 20 x 20 m were laid down at 50 m intervals along transect
lines inside and outside Maun International Airport, respectively. Identity, num-
ber of all live individuals and height of all woody species were recorded in all the
quadrats. The diversity of all woody species was analysed by using the Shannon
Diversity Index (H’) and regeneration status of each woody species was assessed
using frequency distribution of height class.

Results: The diversity, evenness and species richness were significantly higher in-
side than outside Maun International Airport. Colophospermum mopane was the
most abundant species both inside (75% of all woody species) and outside (96%
of all woody species) Maun International Airport. More species showed more
regeneration inside than outside Maun International Airport. The inside of Maun
International Airport recorded more alien invasive woody species compared with
the outside, owing to its original use as a residential area. The local communities
might have introduced these species as ornamental trees.

Conclusion: This study, while limited in scale, contributes to understanding of the
role of exclosures in enhancing woody species richness, diversity and evenness
as well as facilitating regeneration of woody species. Degraded woodlands and
other similar ecosystems could be cheaply and conveniently restored through
establishment of exclosures, but more research and monitoring are required to
fully understand the processes and impacts.

Keywords: density, evenness, population structure, regeneration.

Introduction

Tropical dry forests and woodlands, considered as savanna in Botswana, account
for about 42% of all tropical and sub-tropical forest area (Hasnat & Hossain
2020). Forests and woodlands provide a suite of valuable ecosystem services
that are important livelihood activities for most rural communities (Shackle-
ton & Shackleton 2004), particularly the poor and vulnerable communities
in sub-Saharan Africa (SSA) who strongly depend on forest and non-timber
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forest products (NTFPs) for sustenance (Kabubo-Mariara
2013; Van Passel et al. 2020). The ecosystem services
provided include provisioning services (e.g., fuelwood,
timber, food) (Boy & Witt 2013), regulating services
(e.g., carbon sequestration, erosion control and reduc-
tion of air pollution) (Morgenroth et al. 2016) and cul-
tural services (spiritual, religious, cognitive effects and
tree monuments) (Dallimer et al. 2012).

However, forests are being destroyed at an alarming
rate worldwide (Elliot et al. 2013), with an estimated
loss of about 1-4% of their current area per annum
(Naidu & Kumar 2016). The destruction is attributable
to increasing anthropogenic activities, deforestation
and natural factors (Chow et al. 2013; Siyum 2020).
The destruction of forests is largely driven by human
and livestock populations, which result in land-use
changes from forestry to agriculture and human set-
tlement (Neelo et al. 2013), owing to their favourable
climatic conditions (Ewel 1999). Moreover, climate
change and its associated impacts on temperature and
rainfall patterns are expected to affect dry woodlands
and forests (IPCC 2014), and forests are overexploited
for fuelwood, construction material and timber.

In Botswana unsustainable use and the ineffective man-
agement of mopane woodlands, as well as their con-
version to other land-use types, are depriving the local
communities of the full benefits that can be derived
from the mopane woodlands (Makhado et al. 2014;
Teketay et al. 2018). The reduction and degradation of
forests calls for strategies to conserve and maintain the
remaining forests and simultaneously restore deforest-
ed and degraded areas (Teketay et al. 2018). One such
strategy that has been used recently to reverse defor-
estation and degradation is the establishment of area
exclosures. An area exclosure is used as a fast, cheap
and convenient approach to restoring degraded forest
and woodland areas. The area exclosure is closed from
animals and human access to promote natural regener-
ation of plants and to rehabilitate the ecological condi-
tion of the area (Teketay et al. 2018; Atsbha et al. 2019).
Exclosures have been used in many countries across the
world, e.g., China (Park et al. 2013; Liu et al. 2019),
central America (Griscom & Ashton 2011), Australia
(Bastin et al. 2003; Silcock & Fensham 2013), Scotland
(Shaw et al. 2010), Iran (Ebrahimi et al. 2016), Ethiopia
(Cebregerges et al. 2018; Ubuy et al. 2018; Atsbha et
al. 2019; Asmare & Gure 2019), Kenya (Wairore et al.
2016) and South Africa (Mbatha & Ward 2010).

Various studies on the area exclosure have been con-
ducted in Botswana, including in Mokolodi Nature Re-
serve (MNR) in southern Botswana (Flyman 1999; Kaller
2003; Bengtsson-Sjors 2006; Teketay et al. 2016) and
also in northern (Neelo et al. 2015; Teketay et al. 2018)
parts of the country. In the case of the studies in MNR,
Flyman (1999) excluded herbivores to determine the fate
of seedlings of woody species, Kéller (2003) investigated
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growth pattern and reproduction of woody vegetation
and Bengtsson-Sjors (2006) studied establishment and
survival of woody seedlings. Recently, Teketay et al.
(2016) found that most woody species in MNR exhibit-
ed unstable population structure and hampered natural
regeneration following exposure to overgrazing and oth-
er heavy anthropogenic impacts. In northern Botswana,
studies on exclosure were conducted in sites close to the
current study area by Neelo et al. (2015) and Teketay et
al. (2018). Neelo et al. (2015) discovered that exclosure
had similar diversity and density values compared with
open areas and attributed such observations to heavy
over-grazing and cutting of trees before establishment of
the exclosure, as well as to seasonal flooding of a large
portion of the exclosed area owing to its proximity to
Thamalakane River. In the study reported by Teketay et
al. (2018), mean density, population structure and re-
generation status of woody species inside the exclosure
was better than outside. All these studies on area exclo-
sures in Botswana were conducted on formerly degrad-
ed grazing lands. Studies on the impact of exclosure on
areas formerly used as residential areas or human settle-
ment are limited in Botswana.

Therefore, this study aimed at conducting a compara-
tive study on woody species diversity, stand structure
of woodlands and regeneration status of the woody
species in a ten-year area exclosure (inside Maun In-
ternational Airport) and open area adjacent to Maun
International Airport, northern Botswana. The specific
objectives of the study were to: (1) determine the diver-
sity (species richness, diversity and evenness); (2) assess
the stand structure (densities and frequencies); and (3)
assess regeneration status of woody species inside and
outside the area exclosure.

Materials and methods
Study area

The study was conducted in Maun Village, Ngamiland
District, northern Botswana (Figure 1). The village is lo-
cated within the Okavango Delta, which is the distal
part of the Okavango River Basin. The Delta originates
in the Angolan highlands where the Cuito and Cubango
river catchments receive 876 and 983 mm of rain per
annum, respectively (Wolski & Murray-Hudson 2008).
The Okavango River then discharges 10 km? into the
alluvial fan of about 12 000 km? (McCarthy 2006). The
flood wave peak discharge at the Panhandle is between
April and May, and then meanders across 250 km of
seasonal floodplains to arrive at Thamalakane River in
Maun between July and August (McCarthy et al. 2000;
Mazvimavi & Mmopelwa 2006).

The Okavango Delta is a globally renowned Wetland
of International Importance and Ramsar site and was
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Figure 1. Map showing location of the study area.

inscribed as UNESCO’s 1000" World Heritage Site in
20714. The stunning scenery of the Delta, characterised
by an array of plant and animal life, swamps and islands,
attract thousands of tourists who visit every year (Mbaiwa
2018). The tourism sector is only surpassed by mining
and contributes about 4.5% to the country’s Gross Do-
mestic Product (Mbaiwa & Hambira 2020). The riparian
communities depend on the Delta’s ecosystem resourc-
es for their livelihoods. Common livelihood activities in-
clude dry and flood recession farming, fishing, collection
of veld products, harvesting of thatching grass and reeds,
basket making and tourism (Blackie & Casadevall 2019).

Study site

The first study site was Maun International Airport
(MIA) (Figure 1), located on Kalahari sandveld with >
90% sand (Veenendaal et al. 2008). Annual rainfall is
quite variable, averaging between 450 and 500 mm,
falling in one distinct season between November and
April (Moore & Attwell 1999). Maun is the fifth largest
village in Botswana with a population of 60 263 (Sta-
tistics Botswana 2014). MIA is the second busiest air-
port to Sir Seretse Khama International Airport (SSKIA)
in terms of the number of passengers (CAAB 2019). It
caters for both domestic and international flights. Owing
to its proximity to the Okavango Delta, it serves as the
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gateway for tourists visiting the delta. MIA traffic is dom-
inated by small single- and twin-engine aircrafts that fly
daily to and from airfields in the Delta. In 2014, there
were 24 864 landings, 24 870 departures and 234 896
passengers (Mmolai 2015). In response to an increase
in air traffic within MIA, the Government of Botswana
relocated 1 595 families within the vicinity of the airport
for expansion and upgrading of the airport in 2006. The
area has been a village settlement since 1985 (21 years)
when it was allocated for residential use. The area was
fenced in 2010, enclosing the formerly residential areas
(or human settlement) to be part of MIA. The study site
was therefore exclosed by a fence for ten years at the
time of the current study. The inside and outside sites
of MIA were adjacent and only separated by a fence.
The outside of MIA was a communal area that was used
for grazing and harvesting of fuelwood. At the time of
the study, the exclosure (inside MIA) represents a site
with low anthropogenic disturbances and outside the
exclosure (outside MIA) represents the site with high an-
thropogenic disturbances due to open access to grazing
animals and harvesting of woody species.

Data collection

The species, genera, family, diversity (richness and even-
ness) and regeneration status of the woody species was

| Open access



Page 4 of 12

Original research

Table 1. Comparison of diversity indices and total density of woody species inside and outside of Maun International Airport

Site Density (individuals ha™) E Species richness
Inside 2642 1.06 0.43 26
Outside 6 435 0.07 12

determined in March 2020 by laying six and five par-
allel line transects, 50 m apart inside and outside MIA,
respectively. The number of transect lines was informed
by the size of the area and spatial heterogeneity of the
vegetation. On the transect lines, quadrats measuring
20 x 20 m (400 m?) were laid down at 50 m intervals,
leading to a total of 48 quadrats inside and 37 quad-
rats outside MIA. The first quadrat was placed 20 m
away from the first transect line to minimise the bor-
der effect. Following the procedure adopted by Neelo
et al. (2013, 2015) and Teketay et al. (2016, 2018),
the following parameters were recorded in each of the
quadrats: identity of all woody species, number of all
live individuals of each woody species and height of all
woody species. A graduated 20 mm polyvinyl chloride
(PVC) conduit was used to measure plant height.

The woody species were identified directly at the sites
using books published on the flora of Botswana (Heath
& Heath 2009; Setshogo 2002, 2005; Setshogo & Ven-
ter 2003) and with assistance from the forest officers
and local communities familiar with the flora. Where
species could not be identified, herbarium specimens
were collected, and photographs were taken for later
identification at the Peter Smith University of Botswana
Herbarium (PSUB). In this article, woody species no-
menclature follows that of Setshogo and Venter (2003)
and Setshogo (2005).

Data analysis

The diversity of woody species was analysed using
the Shannon Diversity Index (H’). Evenness (E), or

equitability, measures similarity of the abundance of
the different woody species in the different habitats
and was analysed by using Shannon’s Evenness Index.
Its value ranges from 0 to 1, with 1 being complete
evenness.

Regeneration status of each woody species in the two
sites was assessed using frequency distribution of di-
ameter classes. Histograms were constructed by using
the density of individuals of each species categorised
into five height classes i.e., 0.0-0.5 m; 0.5-1.0 m;
1.0-2.0 m; 2.0-4.0 m and > 4.0 m. The woody spe-
cies were then grouped according to the pattern of the
histograms.

Results

Species diversity and density

Species accumulation curves show that all species were
likely to have been sampled in both areas (Figure 2).
The comparison of diversity (H'), evenness (E), species
richness and density are shown in Table 1.

The four most common woody species inside MIA
were Colophospermum mopane, Leucaena leuco-
cephala, Vachellia erioloba and Dodonaea angustifolia.
These four species dominated outside MIA (Table 2),
and C. mopane was found to be the most abundant
species both inside (75% of all woody species) and out-
side (96% of all woody species) MIA (Figure 3). Five
invasive alien plant species were recorded inside MIA.

——o—Inside —e—Qutside

30

Cumulative species richness

1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47
Number of quadrats

Figure 2. Species accumulation
curves for woody species inside
and outside MIA.
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Table 2. Mean density per hectare, life form and family names of woody species recorded inside and outside MIA

Species Life form Family Density (individuals ha') = SEM
Inside Outside
Colophospermum mopane Tree Fabaceae 1971 = 398 6201 = 872
Leucaena leucocephala* Shrub/small tree Fabaceae 266 = 64 0
Vachellia erioloba Tree Fabaceae 150 = 73 130 = 41
Dodonaea angustifolia** Shrub Sapindaceae 77 =20 5+4
Sclerocarya birrea Tree Anacardiaceae 56 = 31 0
Vachellia tortilis Tree Fabaceae 25 +18 44 = 32
Berchemia discolor Tree Rhamnaceae 15+9 2x2
Philenoptera nelsii Tree Fabaceae 14 =11 1+1
Grewia bicolor Shrub Malvaceae 8=x6 0
Phyllanthus reticulatus Shrub Phyllanthaceae 7+4 0
Ailanthus altissima* Tree Simaroubaceae 7x7 0
Combretum mossambicense Tree Combretaceae 6=*3 0
Combretum imberbe Tree Combretaceae 5=*4 0
Ricinus communis* Shrub/small tree Euphorbiaceae 5=*5 0
Senegalia mellifera Tree Fabaceae 5+5 2x2
Boscia albitrunca Tree Capparaceae 5=*4 19 =13
Jatropha curcas* Shrub/small tree Euphorbiaceae 4+3 0
Ziziphus mucronata Shrub/small tree Rhamnaceae 4=+3 18 =12
Dichrostachys cinerea Tree Fabaceae 3=3 66
Philenoptera violacea Tree Fabaceae 2+2 1+1
Hyphaene petersiana Tree Arecaceae 2x2 0
Combretum collinum Tree Combretaceae 1=1 0
Croton megalobotrys Tree Euphorbiaceae 1+1 0
Terminalia prunioides Small tree/shrub Combretaceae 1=1 6=*5
Terminalia sericea Tree Combretaceae 1+1 0
Jacaranda mimosifolia* Tree Bignoniaceae 1=1 0
Total 2642 = 281 6435 = 688

* = Invasive alien species; ** = Exotic species

Interestingly, the invasive woody species, L. leucoceph-
ala was the second most abundant species inside and
was absent outside MIA. Similarly, other invasive woody
species (Ricinus communis, Jatropha curcas, Ailanthus
altissima and Jacaranda mimosifolia) were encountered
inside, but not found outside MIA. Some indigenous
fruit-bearing woody species, such as Berchemia dis-
color, Boscia albitrunca and Ziziphus mucronata were
found both inside and outside MIA. Other indigenous
fruit-bearing species (Sclerocarya birrea, Grewia bicol-
or and Hyphaene petersiana) were only present inside
MIA.
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Regeneration status

Assessment of the regeneration structure of woody spe-
cies inside MIA produced four regeneration patterns (Fig-
ure 4). The first pattern showed a high number of indi-
viduals in the shorter height classes and a gradual decline
towards the tallest classes (Figure 4A, B, C and D). Such
a ‘reverse J-shaped’ pattern was evident for C. mopane,
V. erioloba, Grewia bicolor, Phyllantus reticulatus, D. an-
gustifolia and V. tortilis. The species in the second pattern
showed a lack of individuals in the shortest height class
and no individuals in the tallest height classes (Figure 4E,
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and F). This pattern was illustrated by B. albitrunca, Com-
bretum mossambicense, J. curcas, R. communis, Ziziphus
mucronata and Berchemia discolor. The third pattern was
composed of species that showed a high number of in-
dividuals in the short height class and a low number of
individuals in the tall height class, with no individuals in
the middle height class (Figure 4G and H). Species show-
ing this pattern were L. leucocephala and Sclerocarya
birrea. The fourth pattern showed hampered seedling
recruitment with no individuals in the taller height classes
(Figure 41 and )). This pattern was exemplified by Phile-
noptera nelsii and Senegalia mellifera. The fifth pattern
was found in rare species, and it showed species with
one middle or higher height class (Figure 4K and L). This
pattern was represented by A. altissima and D. cinerea.

The distribution of the woody species outside MIA was
categorised into four regeneration patterns. The first
group showed high numbers of individuals in the short-
est height classes and a progressive decline towards the
middle and upper height classes (Figure 5A, B, C and
D). This group was represented by D. cinerea, Z. mu-
cronata, V. erioloba and V. tortilis. The second group
showed interrupted ‘reverse J-shaped’ pattern, i.e., high
numbers of individuals in the shortest height class and
few or no individuals in the middle and upper height
classes (Figure 5E). This pattern was only exhibited by
C. mopane. The third group showed no individuals in
the shortest height classes (i.e., seedlings) and in the
taller height classes (Figure 5F, G and H). To this group
belong D. angustifolia, T. prunioides and B. albitrunca.
The species in the fourth group showed dominance of
individuals in a single height class (Figure 51, J, Kand L).
This group included B. discolor, C. hereroense, P nelsii,
S. mellifera, H. petersiana and P, violacea.

Discussion

The study revealed a substantial difference between the
inside and outside of MIA in terms of species diversity,
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evenness and regeneration status of the woody spe-
cies. The Shannon Diversity Index (H") of the woody
species inside was five times greater than outside MIA.
The difference in anthropogenic disturbances in the
two areas resulted in the differences in species richness
and evenness. The presence of five alien invasive plant
species also partly contributed to higher richness inside
MIA. There were more woody species and more even
distribution of individuals of different species inside
compared with outside MIA. Continuous harvesting of
woody species for fuelwood and construction as well as
annual fires may account for lower species richness and
diversity outside MIA. The site outside the exclosure is
part of communal rangelands, and therefore subjected
to heavy browsing, mainly by domestic animals, but also
by wild animals. Layers of grass were absent at both ar-
eas and are not likely to have influenced recruitment or
regeneration. Wildfires are common in Botswana (Maa-
bong & Mphale 2021), and therefore fire might have
influenced species diversity and richness at either site.

The diversity and evenness observed inside and outside
MIA are lower than those recorded from open areas in
Botswana, e.g., in Shorobe (H" = 2.18 and E = 0.6) and
Xobe (H" = 1.5 and E = 0.5) (Neelo et al. 2013) and
also from an exclosed woodland at Island Safari Lodge
(H" = 2.16 and E = 0.6) and Okavango Research Insti-
tute compound (H” = 2.42 and E = 0.75) (Teketay et
al. 2018). The lower diversity recorded for MIA could
be explained by its historical use for human settlement
or residential purposes. It can be argued that during its
time as a residential area, most woody species inside
MIA were frequently harvested for fuelwood and con-
struction. Regeneration of woody species subjected to
such disturbances is influenced by several factors (Te-
ketay et al. 2018). When a heavily harvested site is ex-
cluded from anthropogenic disturbances and herbivory
impacts, as was the case with MIA, vegetation regener-
ates quickly through seedling recruitment from the soil
seed bank and coppicing from stumps (Teketay 2005).
The soil seed bank is recognised as the main pathway of
regeneration of most woody species (Whitmore 1996).
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Figure 4. Population structure of woody species inside Maun International Airport. Height classes: 1 = 0-0.5; 2 = 0.5-1; 3 = 1-2; 4 =

2-4;and 5 =>4 m.

In the current study, large numbers of seedlings were
recorded for the dominant species (C. mopane) inside
and outside MIA, suggesting that seed rain is the major
regeneration strategy.

Woody species examined revealed substantial varia-
tions in their height class distributions, which indicates
different adaptation capacity of the species to the pre-
vailing environmental conditions and disturbances. Six
and four species inside and outside MIA, respective-
ly, exhibited a ‘reverse J-shape’ curve with continuous
height class distributions, which implies healthy regen-
eration (Inoussa et al. 2017; Teketay et al. 2018; As-
mare & Gure 2019). It also confirms the role of the ex-
closure in conservation of natural resources. However,
in a mopane woodland area, exclosure may facilitate
regeneration of C. mopane, resulting in thickets of mo-
pane with low herbaceous productivity and diversity.
This implies that the use of exclosures in rehabilitation
of degraded woodlands should be used with caution.
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The dominant species C. mopane displayed healthy re-
generation inside and hampered regeneration outside
MIA, even though there were very high densities of
seedlings outside the exclosure area, suggesting that hu-
man impacts, such as cutting and logging, are disrupt-
ing regeneration of this species. It is commonly used as
firewood because it burns slowly and produces good
charcoal (Tietema et al. 1991), as well as for construc-
tion and fencing due to its resistance to rotting, termite
and powderpost beetle ((https://www.wood-database.
com/mopane/ accessed on 02-07-2020).

Dichrostachys cinerea and two species of Vachellia, name-
ly V. erioloba and V. tortilis, exhibited healthy regenera-
tion outside MIA despite pressure from anthropogenic
activities and herbivory impacts. This may indicate bush
encroachment due to overgrazing (Neelo et al. 2015;
Teketay et al. 2016). The leaves of V. tortilis and V. eri-
oloba are nutritious (Tolsma et al. 1987; Moleele 1998),
but the presence of thorns limit browsing by herbivores
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Figure 5. Population structure of woody species outside Maun International Airport. Height classes: 1 = 0-0.5; 2 = 0.5-1; 3 = 1-2; 4
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and, as a result, the species proliferate into trees and
shrubs (Moleele & Perkins 1998). Dichrostachys cinerea
is an aggressive invader particularly in overgrazed areas
(Teketay et al. 2016). It is reported to be, most likely,
stimulated by disturbances, such as fire and browsing
(Wakeling & Bond 2007; Wigley et al. 2014).

Invasive woody species were only present inside MIA
and showed either hampered regeneration (L. leuco-
cephala) or hampered seedling recruitment (. curcas,
R. communis and A. altissima). The presence of inva-
sive species is not surprising as the site was previously
a residential area and local communities might have in-
troduced them as ornamental trees, whereas the area
outside the MIA was a communal area that was used
for animal grazing and harvesting of fuelwood. Ailan-
thus altissima (also known as prison tree and tree-of-
heaven) is planted in many countries as an ornamental
tree (Iverson et al. 2019). It is an aggressive invader that
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spreads from root sprouts and grows rapidly to produce
large quantities of seeds (Call & Nilsen 2005) that are
wind dispersed (Bory & Clair-Maczulajtys 1980). Ricinus
communis (also known as castor bean) is a fast-grow-
ing small tree that produces large quantities of toxic
seeds (Kuete 2014) and has been rejected for use as
biofuel crop due to its high invasive potential (Gordon
et al. 2011). Leucaena leucocephala is a nitrogen-fixing
tree-legume (Bageel et al. 2020) that grows vigorously to
colonise disturbed vegetation. It has spread aggressive-
ly around the world (De Sousa Machado et al. 2020),
and it is declared a Category 2 weed in South Africa
(Henderson 2001). Jatropha curcas has spread rapidly
in Asia and Africa where it is promoted as an ornamen-
tal and hedge plant (www.cabi.org/isc/data sheet). It is
classified as a high-risk plant (Gordon et al. 2011; Ne-
gussie et al., 2013). Its cultivation is prohibited in Aus-
tralia (PIER 2008), South Africa (GISP 2008) and Hawaii
(USDA-NRCS 2008).
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Edible fruit-bearing woody species displayed healthy
regeneration (C. bicolor), hampered seedling recruit-
ment (B. albitrunca and B. discolor) and regeneration
(S. birrea) in the exclosure. Lack of seedlings in B. al-
bitrunca and B. discolor may imply that fruits of these
species are consumed by birds and rodents. Fruits of
B. albitrunca and B. discolor are widely eaten by mam-
mals and birds as well as by humans (Heath & Heath
2009). The fruits of S. birrea and B. discolor are rich
in vitamin C, which is higher than that of exotic spe-
cies (Leakey, 1999; Chivandi et al. 2012), signifying
their importance as a source of food. Sclerocarya bir-
rea fruits have been traditionally used to make a beer
(Shackleton 2002) as well as other products (Wynberg
et al. 2002).

Conclusion

While the present study is limited in scale and requires
replication, preferably where the historical use of the
land inside and outside the exclosure is the same, it
has demonstrated that exclosure may play a role in en-
hancing woody species richness, diversity and evenness
as well as facilitating regeneration of woody species for
this particular area. The current study may indicate that
degraded woodlands and other similar ecosystems can
be cheaply and conveniently restored through estab-
lishment of exclosures. However, there are many fac-
tors that could influence the results, and a larger num-
ber of similar studies are recommended to verify the
findings. Based on our findings, the following recom-
mendations are provided for sustainable management
of woodlands inside MIA:
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Background: South Africa is an important centre of cycad diversity in Africa,
however, the country’s cycads face extinction. Among the primary causes is the
poaching of plants from the wild, even within protected areas.

Objectives: This study examined poaching patterns in a local population of the
Endangered Encephalartos eugene-maraisii |.Verd. and how it might affect the
population structure, sex ratios, as well as interactions with associated insects.

Methods: The population was surveyed in 2008 and 40% of this population was
resurveyed between 2021 and 2022. We mapped missing cycads and generated
heatmaps. Lastly, we investigated whether the proportion of stems from different
size classes, sex ratios and abundance of insect associates varied between areas
with a high and low poaching incidence.

Results: Poaching, defined as the illegal removal of individuals from the wild,
occurred 1.5 times more frequently along the border fence line than areas fur-
ther away. Medium-sized stems (21-80 cm) are primarily targeted (likely as they
can be carried more easily) and low proportions of these stems remain in areas
with a high poaching incidence. While E. eugene-maraisii exhibits some resilience
against poaching through basal suckering, it takes several decades for suckers to
mature and replace harvested stems. No effect on sex ratios were recorded in
areas with a high poaching incidence, suggesting poachers have not deliberately
selected female or male cycads at this site. No pollinating insects were detected
on E. eugene-maraisii, and no seedlings were observed.

Conclusion: Cone production may be too rare in diminished populations to sup-
port pollinators that utilise cones as brood sites. The presence of insects that use
other plant parts, including leaves, dried leaf stalks and cycad trunks, in the larger
population suggests that they are more resilient to diminishing host populations.
However, these insects were absent in smaller populations, and their abundances
were lower in low-density sites and smaller clump sizes of their host in the larger
population. This suggests these insects may be vulnerable to the decline of their
host populations due to poaching.

Keywords: cycads, conservation areas, herbivore-plant interactions, population
decline, impact.

Introduction

South Africa is a major centre of cycad diversity in Africa, with the monotyp-
ic Stangeria eriopus (Kunze) Baill. and 37 species of Encephalartos Lehm., of
which 29 species are endemic to South Africa (Calonje et al. 2023). However,
South Africa’s cycads face extinction. Many species have limited distributions
and small populations, and their numbers are continually declining (Table 1).
South African species include four that are already Extinct in the Wild, 11 that
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Table 1. Status and threats of South African Encephalartos species according to the IUCN Red List of Threatened species (IUCN 2023)

Species Status Individuals (N) Populations (N) Threats
E. brevifoliolatus Vorster EW 0 0 1

E. heenanii R.A.Dyer EW 0 0 1,2,5
E. nubimontanus PJ).H.Hurter EW 0 0 1

E. woodii Sander EW 0 0 7

E. inopinus R.A.Dyer CR (?EW) 1 1 1,4
E. dolomiticus Lavranos & D.L.Goode CR (2EW) 0-4 1 1,4
E. cerinus Lavranos & D.L.Goode CR (2EW) 0-5 1 1,4
E. hirsutus PJ.H.Hurter CR (?2EW) 0-10 1 1,4
E. laevifolius Stapf & Burtt Davy CR 6-11 3 1,4
E. cupidus R.A.Dyer CR 50 1 1,4
E. latifrons Lehm. CR 70 4 1,4
E. msinganus Vorster CR 100-200 1 1,2, 4
E. middelburgensis Vorster, Robbertse & S.van der Westh. CR 184-200 4 1,2,4,5
E. dyerianus Lavranos & D.L.Goode CR 350-400 1 1,4
E. aemulans Vorster CR 600 1 1

E. eugene-maraisii 1.Verd. EN 400-620 3 1,4
E. arenarius R.A.Dyer EN 850-1500 5 1,2
E. horridus (Jacq.) Lehm. EN Unknown Unknown 1

E. lebomboensis |.Verd. EN 5000 5 1,3,6
E. ngoyanus |.Verd. VU 2 500-5 000 10 1,2,5
E. paucidentatus Stapf & Burtt Davy VU 3 000-5 000 6 1,2
E. princeps R.A.Dyer VU 3 500-5 000 6 1,2,6
E. altensteinii Lehm. VU 4 000-10 000 10-15 1,2,3
E. ghellinckii Lem. VU 8 000-10 000 Unknown 1,5
E. senticosus Vorster VU 5 000-10 000 12 1,2
E. humilis 1.Verd. VU 4 500-9 500 10-12 1,5
E. lanatus Stapf & Burtt Davy VU 70 000-80 000 8 1

E. lehmannii Lehm. VU Unknown 12 1,2,6
E. natalensis R.A.Dyer & |.Verd. VU Unknown Unknown 1,3
E. trispinosus (Hook.) R.A.Dyer VU Unknown 8 1,2
E. friderici-guilielmi Lehm. NT 5 000-10 000 Unknown 1,3
E. ferox G.Bertol. NT >10 000 Unknown 1,2,5
E. caffer (Thunb.) Lehm. NT 10 000-30 000 12-20 1,2
E. transvenosus Stapf & Burtt Davy NT 20 000-50 000 Unknown 1,2,3
E. longifolius (Jacq.) Lehm. NT Unknown 11-20 1

E. cycadifolius (Jacq.) Lehm. LC Stable Unknown 5

E. villosus Lem. LC Stable Unknown 1,2

EW - Extinct in the Wild; CR - Critically Endangered; EN — Endangered; VU — Vulnerable; NT— Near Threatened; LC — Least Concern; 1 —
Over-collecting/poaching; 2 — habitat destruction for agriculture, livestock impact, etc.; 3 — Harvesting for traditional medicine; 4 — Reduced
recruitment; 5 — Natural system modification (e.g., altered fire regimes); 6 — Invasive plant species; 7 — Naturally rare? The last remaining stems

were all deliberately removed from the wild.
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are Critically Endangered, four that are Endangered, 11
that are Vulnerable, and five that are Near Threatened
(IUCN 2023). Relatively more cycads in South Africa
are Extinct in the Wild or Critically Endangered than in
other centres of cycad diversity (Donaldson 2008).

In most regions of the world, the primary cause of the
decline in cycad numbers is habitat loss, but in South
Africa the poaching of wild plants has played an even
greater role, affecting nearly all species (Okubamichael
et al. 2016; Table 1). Established cycads from the wild
are targeted because cycads are notoriously slow grow-
ing and can take decades to reach desirable sizes (Don-
aldson 2003). Consequently, many plants have been
collected for botanical gardens and private collections
(Osborne 1995). Those that become rare increase in
value, making them even more desirable to collec-
tors and increasing the pressure on species in the wild
(Courchamp et al. 2006; Okubamichael et al. 2016).
Some species have suffered dramatic declines; for ex-
ample, in Kaapsehoop, 1 700 Encephalartos laevifolius
Stapf & Burtt Davy plants were present in the 1970s, but
there are now fewer than five remaining (Government
Gazette 2017). Despite various conservation measures,
restrictive legislation, and the use of novel technologies
(such as microchips and microdots), poaching contin-
ues relentlessly because large, rare specimens are in
high demand (Donaldson 2003).

South African cycads are also harvested for tradition-
al medicine (Ravele & Makhado 2010; Cousins et al.
2011, 2012, 2013; Williamson et al. 2016; Ndou et al.
2021). Traditional medicine has experienced significant
commercialisation in recent years and there has been
an increase in the sale of stem sections and bark strips
of Encephalartos species at traditional markets, which
puts more pressure on wild Encephalartos populations
(Cousins et al. 2011). Intensive harvesting of bark strips
and stem sections can be destructive and often result
in the death of plants (Donaldson 2003; Bamigboye &
Tshisikhawe 2020).

Other threats include the destruction of habitats and in-
vasive plant species. Historically, habitat destruction has
contributed to a decline in South African cycad popu-
lations. For example, the clearing of dune thicket for
agriculture directly reduced E. arenarius R.A.Dyer pop-
ulations (Donaldson 2003). Alien plants such as Lanta-
na camara L. have invaded the habitat of cycads such
as E. princeps R.A.Dyer and E. lebomboensis 1.Verd.
and can potentially affect recruitment by smothering
young plants (Donaldson 2003; Government Cazette
2017).

Those involved in illicit trade with cycads often claim
that their goal is conservation, even though the illicit
collection is the main threat (Torgersen 2017). It is im-
portant to conserve cycads not only as part of South
Africa’s natural heritage but also as a component of
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ecosystem function. They provide food and shelter for
birds and animals (Donaldson 2008), host complex
mutualistic relationships with insects (Toon et al. 2020),
and host arbuscular mycorrhizae that shape biogeo-
chemical processes in their microhabitats (Marler &
Calonje 2020).

Cycads recover slowly from poaching due to their slow
growth (Raimondo & Donaldson 2003). Poaching can
affect the size of the cycad population, age structure
and sex ratio. For example, Cycas circinalis L. popu-
lations subjected to pith harvesting completely lacked
individuals greater than 50 cm tall (Krishnamurthy et al.
2013). The expected sex ratio for a healthy cycad pop-
ulation is 1:1 but in small populations, male-biased sex
ratios are often observed, and it has been speculated
that this results from selectively harvesting female plants
since they produce seeds (Donaldson 2008). The rarest
species are now often represented only by small pop-
ulations, making them vulnerable to stochastic events
(e.g., drought, fire), inbreeding depression and reduced
natural recruitment (Donaldson 2003). Cycads and
their pollinators exhibit brood-site mutualism, making
them vulnerable to coextinction (Toon et al. 2020).
There may be too few cones produced by diminished
cycad populations to support insect pollinators (Ober-
prieler 1995). South African species of Encephalartos
also have a high diversity of other specialised insects,
for example, female cone specialists and leaf consum-
ers, which are also threatened by declining host popu-
lations (Oberprieler 1995).

Encephalartos eugene-maraisii 1.Verd. is listed as En-
dangered under Red List criteria A2ad + 4ad; B1ab(v)
(IUCN 2023). This species has a limited distribution
in the Waterberg range and lacks natural recruitment,
making it extremely vulnerable to poaching (Bezuid-
enhout et al. 2020). The impact of poaching on this
cycad has not been studied before. A lack of scientific
information constrains decision support systems and
the development of management decisions that can ef-
fectively ensure the survival of E. eugene-maraisii in the
wild (Bezuidenhout et al. 2020). This study aimed to 1)
identify poaching patterns of E. eugene-maraisii in one
of its last remaining populations, 2) assess its impact on
the size class structure and sex ratio of the population,
and 3) how this might impact insects closely linked with
E. eugene-maraisii.

Materials and methods
Study site

Encephalartos eugene-maraisii is endemic to the Wa-
terberg range in Limpopo, South Africa (Bezuidenhout
et al. 2020). The majority of individuals remain in two
main conservation areas, located at either end of its
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geographical range. Marakele National Park (Marakele)
is located at the southwestern extreme of the Water-
berg cycad distribution. The Entabeni Safari Conservan-
cy (Entabeni) is at the northeastern edge of its range,
where the majority of E. eugene-maraisii plants still ex-
ist. There have been no reports of cycad poaching in
Marakele since its proclamation in 1994 (Bezuidenhout
et al. 2020). However, at that time, very few plants (<
50) remained in Marakele and they are extremely diffi-
cult to reach (Bezuidenhout et al. 2017). We have also
failed to record the presence of any cycad-associated
insects in Marakele. Therefore, sampling was confined
to Entabeni where the majority of plants remain.

Most plants grow on the rocky mountain plateaus and
scarps in the Waterberg-Magaliesberg Summit Sourveld
(Gm 29) at high altitudes (1500-1750 m.a.s.l.) (Mucina
et al. 2006). The vegetation is characterised by patch-
es of open woodland of Protea caffra Meisn. and open
shrubland of Englerophytum magalismontanum (Sond.)
T.D.Penn. and Ancylobotrys capensis (Oliv.) Pichon
(Steyn & Bezuidenhout 2020). The climate is warm in
summer and cold and prone to frost in winter. Histor-
ically, fires were frequent in the study areas due to the
very high frequency of lightning strikes, and fire scars
were visible on the cycads in both populations.

'“!f*. !
o |.}’<<

A L a0 i o

http://abcjournal.org |

Figure 1. Typical architecture of an Encephalartos eugene-maraisii plant. Photographer: PD. Janse van Rensburg.
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Study species

Encephalartos eugene-maraisii has aerial stems (up to 4
m long) that become procumbent as they age. Individ-
ual plants are multi-stemmed through the production
of basal suckers (Figure 1). Individual plants can persist
over long periods of time due to vegetative production
of suckers and stem longevity. Like all cycads, E. eu-
gene-maraisii is dioecious although cones are produced
infrequently.

Patterns of poaching

Poaching was assessed in Entabeni, where the majority
of plants remain. The main driver behind the poaching
in Entabeni is the horticultural trade, which requires
that whole stems are removed. We did not find evi-
dence that plant parts are being harvested for the tradi-
tional medicinal trade. This is also supported by previ-
ous authors (Bezuidenhout et al. 2020). Encephalartos
eugene-maraisii has also not been recorded in tradition-
al medicine markets (Cousins et al. 2011, 2012, 2013).

In 2008, Entabeni conducted a cycad census on its prop-
erty to determine the population size and distribution

L N

| Open access



Page 5 of 33

within the reserve (De Klerk, 2008). GPS coordinates
were provided to facilitate the retracing of individual
plants. Given the scattered distribution of plants, it was
unlikely to mistake them for those in similar locations.
The original census took months to complete and many
of the plants are in areas difficult to reach. Given time
limitations, we only re-surveyed the most densely pop-
ulated area between 2021 and 2022. Approximately
40% of the plants identified in the original census (De
Klerk 2008) were revisited. The studied plants occurred
in a small area (~8 km?), which accounted for approx-
imately 30% of the total area. We recorded plants as
present, dead or missing. Remains of dead cycads are
visible for a very long period. It was rarely possible to
determine the cause of mortality, but common causes
include stems falling over, baboon damage and poach-
ers damaging and excavating large stems to get to small-
er stems that they could carry. If no remains were found
they were classified as missing. Missing cycads were
mapped and heatmaps produced. We recorded the
number of stems for the plants present, and for each
individual stem, we measured its height. The survey
areas were also searched for seedlings to confirm the
presence or absence of natural recruitment.

Impact of poaching

The plants grew in areas along the fence line and ar-
eas further from the fence. The fence stretches over
a distance of approximately 3 km over rocky terrain
that is difficult to patrol. Other areas are more easily
visible and accessible from roads within the reserve. It
appears that plants have been poached from across the
entire population. However, poaching has historically
been more intense along the fence line (Entabeni re-
serve manager, pers. comm.). Therefore, analyses were
conducted by categorising areas along the fence line as
‘high poaching incidence” and areas further from the
fence line as ‘low poaching incidence’. A ridgeline di-
vides the two areas. The high poaching incidence area
consists of plants along the fence line and the western
slope of the ridgeline, which faces the fence. The low
poaching incidence area consists of plants on the east-
ern slope of the ridgeline and further away.

All analyses were done using SPSS version 28 (IBM
Corp 2021). To assess the impact of poaching on the
size structure of the population we compared the distri-
bution of stem height of individual stems in areas with
high and low poaching incidence using the Kolmogor-
ov-Smirnov test for goodness of fit (e.g., Botha et al.
2004a, 2004b). The studied plants occurred in a small
area and experienced similar climatic conditions and
fire regimes. Additionally, cycad stem growth is posi-
tively correlated with stem height, therefore shrinkage
of stems is ruled out (Griffiths et al. 2005; Marler et al.
2020).
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Medium-sized stems seemed to be primarily targeted
because large stems may be too heavy to carry over the
large distances that poachers need to cover over neigh-
bouring properties (Entabeni reserve manager, pers.
com.). To test this, we investigated whether the propor-
tion of stems from different size classes varied between
areas with high poaching incidence and low poaching
incidence. We classified all stems into five size classes
based on their length: suckers (no visible stem); visible
stems (> 0 cm); small stems (1-20 cm); medium-sized
stems (21-80 cm) and large stems (> 80 cm). The pro-
portion of each size class in the areas of high and low
poaching incidence was compared using Chi-square
analyses (%). Finally, to show how the clump size of in-
dividual plants might be affected by poaching we test-
ed for significant differences with a Kruskal-Wallis test,
between the mean number of stems per plant for each
category in areas with high vs low poaching incidence.

During the 2008 census, a small proportion of plants
were sexed. To gather more data, we examined cycad
plants for cone material to determine the sex of the
plants. A binomial test was conducted to see if the pro-
portion of male and female plants are different from
the expected 1:1 sex ratio in cycads. To test whether
poaching affects the sex ratio through selective har-
vesting of female plants, we compared the proportions
of male and female plants between areas with a high
poaching incidence and low poaching incidence using
Chi-square analysis. We also tested for significant dif-
ferences in the mean number of stems between male
and female plants using a Kruskal-Wallis test.

Insect abundance

We recorded three insect species associated with E. eu-
gene-maraisii in Entabeni (Figure 2), but, as per previous
extensive surveys, none of these are pollinators. Refer-
ence collections (accession numbers: PDJVR Morpho 6
and 7) are stored at the Biosystematics Division, South
African National Collection of Insects (SANC), Agricul-
tural Research Council, Pretoria, South Africa.

Amorphocerus cf. setosus Boheman, 1838 (Coleoptera:
Curculionidae) bore into the trunk of E. eugene-mara-
isii. The trunks exhibit characteristic emergence holes
made by beetles. All stems except those out of reach or
pinned between rocks were assessed for beetle emer-
gence holes. This was done by placing a 10 cm wide
piece of clear plastic, from top to bottom on each stem
and counting the number of exit holes made by A. cf.
setosus adults. The number of holes per square centi-
metre was calculated by dividing the number of holes
by the area recorded (the length of the stem x 10 cm).

Apinotropis verdoornae Jordan, 1945 (Coleoptera: An-
thribidae) breed in dead leaf stalks of E. eugene-mara-
isii. 1t has overlapping life history stages and so it is
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Figure 2. Insects associated with Encephalartos eugene-maraisii in Entabeni: A, B, Amorphocerus cf. setosus; C, D, Apinotropis verdoor-
nae; E, F, Zerenopsis lepida. Photographs: PD. Janse van Rensburg.

usually possible to find adults and larvae within the
same leaf stalk at any time of the year (personal ob-
servations). If dead leaf stalks were present, five dead
leaves were randomly selected from each stem, cut off
and dissected after which the numbers of larvae and
adults were determined.

Larvae of Zerenopsis lepida (Walker, 1854) (Lepidop-
tera: Geometridae) consume new leaf flushes (Janse
van Rensburg et al. 2023). Herbivory damage was used
as an estimate of the abundance of Z. lepida. To deter-
mine the level of damage, the percentage of leaf area
removed for each leaf was visually estimated using dif-
ferent damage classes: 0%, 1-25%, 26-50%, 51-75%,
and > 75%. We calculated the percentage of leaf area
consumed by larvae by multiplying the number of
leaves from each damage class with the midpoint of
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each damage class category, e.g., 13% for the 1-25%
class. The values of all classes were then summed and
divided by the total number of leaves per stem. Only
new leaf flushes are damaged and only a small portion
of plants flush leaves each season. For a more com-
plete sample of the entire population, we combined
leaf damage estimates from consecutive years, 2021
and 2022.

Kruskal-Wallis tests were used to determine wheth-
er there were significant differences in mean insect
abundances between plant sex, altitude and aspect.
Additionally, we recorded whether the stems had fire
scars and tested for significant differences between the
abundance of insects on the burned and unburned
stems. To assess the potential impacts of poaching we
compared insect abundance between high poaching
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incidence and low poaching incidence areas. Also, be-
cause poaching can lead to lower plant densities and
smaller clump sizes due to removed stems, we com-
pared insect abundance between different densities of
E. eugene-maraisii and analysed correlations between
the abundance of insects and the clump size (number
of visible stems) of E. eugene-maraisii using Spearman
rank correlation analysis. Using heat maps of existing
plants, we rated areas with dense plant density (dark
spots on the heatmap), sparse plant density (light spots
on the heatmap), and intermediate plant density (areas
between dense and sparse areas).

Ethical considerations

Ethics approval (no.: NWU-01552-20-A9) for this study
was granted by the North-West University, Faculty of
Natural and Agricultural Sciences Ethics Committee
(FNASREC). A permit (no.: ZA/LP/111179) to do re-
search on plants in the Limpopo province of South Africa
was granted by the Limpopo Department of Economic
Development, Environment and Tourism (LEDET).

Results

Patterns of poaching

We were unable to find any seedlings in the survey ar-
eas. A total of 297 plants recorded in 2008 were revis-
ited. Out of those, 246 (83%) plants were still present,

Original research

eight (~3%) plants were dead and 43 (~14%) plants
could not be relocated. This represents a reduction of
~17% (51 plants) in 14 years, equivelant to an annual
intrinsic population growth rate of -0.013. The estima-
tion is based only on completely missing plant indi-
viduals and does not include missing stems from plant
individuals that were still present. Most of the missing
plants were those that occurred adjacent to the border
fence of the conservation area and are assumed to have
been removed from the wild by poachers (Figure 3).

Impact of poaching

The Kolmogorov-Smirnov test for goodness of fit only
indicated a marginally significantly different stem size
distribution between areas with high poaching inci-
dence (n = 70) and low poaching incidence (n = 176)
(K-S = 1.443, p = 0.031). Chi-square analysis indicat-
ed that there was a higher proportion of stemless suck-
ers in areas with high poaching incidence (35.8%) com-
pared to areas with low poaching incidence (24.3%) (2
= 10.457, df = 1, p = 0.001) (Table 2). There was a
higher proportion of visible stems (> 0 cm) in the areas
with low poaching incidence (75.7%) than areas with
a high poaching incidence (64.2%) (x> = 10.805, df =
1, p = 0.001). Of the visible stems, the frequency of
medium-sized stems was lower in the areas with a high
poaching incidence (18.7%) compared to areas with a
low poaching incidence (28.5%) (y> = 5.596,df = 1, p
= 0.018). The proportions of small stems (y* = 0.454,
df = 1, p = 0.500) and large stems (y*> = 0.006, df =
1, p = 0.937) did not differ significantly between areas.

0 500 1000 1500m
— —

Figure 3. Distribution of Encephalartos eugene-maraisii in the Entabeni Safa-
ri Conservancy between 2021 and 2022, compared to 2008. A, heatmap
of E. eugene-maraisii plants re-recorded between 2021 and 2022; B, heat
map of E. eugene-maraisii plants that were not relocated. Lines indicate the
fence line. The map is given without a geographical reference because E. eu-
gene-maraisii is vulnerable to poaching.
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Table 2. The relative frequency of stems from different height classes of Encephalartos eugene-maraisii, and the mean number of stems
per plant for each height class, in areas with high poaching incidence and low poaching incidence

Stem length (cm)

Relative frequencies (%) of height classes

Mean (range) number of stems of height
class per plant

High Low Chi Squared High Low Kruskal-
poaching poaching poaching poaching Wallis
incidence incidence incidence incidence

Stemless suckers (0) 35.83 24.27 0.001 0.96 (3) 0.76 (4) 0.042
Visible stems (> 0) 64.17 75.73 0.001 1.73 (6) 2.38 (7) 0.003
Small stems (1-20) 15.51 17.70 0.500 0.41 (2) 0.55 4) 0.287
Medium-sized stems (21-80) 18.72 28.47 0.018 0.50 (3) 0.89 (3) < 0.001
Large stems (> 80) 29.95 29.56 0.937 0.80 (3) 0.92 4) 0.433
All 100 100 - 2.61 (6) 3.09 (7) 0.080

The range indicates the difference between the lowest and highest values.

This was further reflected by a significantly higher mean
number of medium-sized stems (21-80 cm) and lower
stemless suckers (0 cm) per plant in areas with a low
poaching incidence (Table 2).

Sex ratios

We were able to determine the sex of 90 (39.3%) of
the remaining plants, of which 52 were male and 38
were female. A two-tailed binomial test indicated that
the observed proportion of female plants did not differ
significantly from the expected value 0.50 (p = 0.142).
There were no differences in the frequency of male and
female plants between areas (y* = 0.552, p = 0.457).
We found no difference between the mean number of
visible stems and suckers between female (2.83) and
male plants (2.85) (H = 0.029, p = 0.865) and the
mean numbers of medium-sized stems (primarily tar-
geted for harvesting) between female (0.33) and male
plants (0.69) (H = 1.216, p = 0.270).

Insect abundance

There was no significant association between the abun-
dance of insects and aspect, altitude and the sex of
plants (Tables S1, S2; Supplementary material). A to-
tal of 78% of stems had visible fire scars. This did not
significantly affect the abundance of A. verdoornae
or herbivory by Z. lepida. However, the mean num-
ber of A. cf. setosus exit holes was significantly higher
on burned stems (0.018 holes/cm?) than on unburned
stems (0.005 holes/cm?) (p < 0.001).

The mean number of A. verdoornae individuals were
higher in areas with a low poaching incidence, but
not significantly so (Table 3). The abundance of A. ver-
doornae was significantly lower in areas with low plant
density, and plants with smaller clump sizes also had a
lower abundance of A. verdoornae (Table 3). The level
of herbivory from Z. lepida was significantly higher in
areas with a low poaching incidence and decreased sig-
nificantly with decreasing plant density and decreasing

Table 3. The relationship between density and clump size of Encephalartos eugene-maraisii and the abundance of Amorphocerus cf.
setosus (measured by the number of exit holes on the cycad trunk), Apinotropis verdoornae (measured by the number of individuals
in dead leaf stalks) and Zerenopsis lepida (measured by the level of herbivory)

Insects Mean (range) abundance between  Mean (range) abundance between plant Correlation
area density with clump size
High Low p Sparse Intermediate Dense p r, p
poaching poaching
incidence incidence

Amorphocerus  0.016 (0.05) 0.017 (0.06) 0.399 0.017 0.015 (0.06)  0.019 0.137 0.067 0.305

cf. setosus (0.05) (0.06)

Apinotropis 2.72 (13) 3.49 (22) 0.138 2.46 (11)* 2.81 (13)° 4.49 (22> 0.010 0.158 0.018

verdoornae

Zerenopsis 6.12 (50.29) 12.12 (88) < 5.57 10.50 (88)* 13.20 0.024 0406 <

lepida 0.001  (29.96)* (88)° 0.001

The range indicates the difference between the lowest and highest values.
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clump sizes of E. eugene-maraisii (Table 3). We did
not record any significant difference in the number of
exit holes of A. cf. setosus between the areas nor any
correlation with the density or clump sizes of E. eu-
gene-maraisii (Table 3).

Discussion

This is the first investigation into poaching patterns in
a local population of the Endangered E. eugene-marai-
sii and how it might affect its population structure and
interactions with associated insects. Supporting the
observations made by the reserve manager, a slightly
higher intensity of poaching was observed along the
border fence line of the conservation area. Areas along
the border fence line had a low proportion of medi-
um-sized stems (21-80 cm), which seems to be the pri-
mary target for poachers. We found no difference in the
sex ratios between areas with high poaching incidence
and low poaching incidence and found no evidence for
selective harvesting of female plants. The abundance of
A. verdoornae and herbivory by Z. lepida decreased in
lower densities and clump sizes of E. eugene-maraisii,
indicating they may be sensitive to the decline of their
host plant.

Poaching of E. eugene-maraisii has been a major prob-
lem for the past 30 years, with estimates suggesting a
50% reduction in the population (Government Gazette
2017). As a result, the distribution has shrunk, and the
remaining subpopulations can be found mostly in Ent-
abeni and Marakele (formally protected area managed
by SANParks) (Bezuidenhout et al. 2020). There have
been no reports of cycad poaching in Marakele since
its proclamation in 1994 (Bezuidenhout et al. 2020).
There were, however, very few plants left by then. Ent-
abeni’s plants were some of the most difficult to reach.
The eradication of cycads in most areas in the Water-
berg, caused by poaching, has led to an increase in
poaching incidents in Entabeni.

Although sampling only 40% of the population was a
limitation, we concentrated on the locations with the
highest density of plants that were most often targeted
by poachers. Other plants on the reserve are more ran-
domly distributed and harder to reach. In this study, a
slightly higher poaching rate (1.5 times) was observed
along the border fence line. Besides being the first cy-
cads encountered, it also falls in a difficult-to-patrol
area with many places for poachers to hide. The ma-
jority of medium-sized stems (21-80 cm) had been
intensively harvested. Cycads are generally removed
indiscriminately of size (Okubamichael et al. 2016).
While larger stems fetch higher prices, smaller stems
are also targeted because they are easier to transport
(Okubamichael et al. 2016). The reason for targeting
medium-size stems in Entabeni may be case specific.
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To reach cycads, poachers must walk long distances (up
to 12 km) through neighbouring properties, and larger
stem sizes are often too heavy to carry. However, large
stems are sometimes damaged or excavated to reach
the smaller stems that can be carried with relative ease
(Figure 4).

The selective harvesting of medium-sized stems, in this
case, has led to significantly different size class distri-
bution of stems between areas with a high poaching
incidence and low poaching incidence. Poachers often
only target a subset of individuals in a population, for
example, individuals with the largest tusks in the case
of elephants (Chiyo et al. 2015) or selective harvesting
of certain tree species in higher size classes (e.g., Botha
et al. 2004a, 2004b). Selective harvesting may result
in changes to the population structure, possibly caus-
ing declines. Poaching is the main threat to cycads in
South Africa (Table 1); however, it is also very difficult
to detect in populations that are not closely monitored.
The stem size structure may potentially be used as a
flexible and cost-effective indicator to track changes
in wild populations of cycads and provide insight into
the status of poaching. For example, C. circinalis pop-
ulations subjected to pith harvesting have resulted in a
complete absence of plant individuals taller than 50 cm
(Krishnamurthy et al. 2013).

As evidenced by the large number of stemless suckers
produced by plants in the areas targeted by poachers,
E. eugene-maraisii has been able to survive despite se-
vere poaching pressures and the absence of natural
recruitment because it reproduces vegetatively. Cycads
grow extremely slowly, with reports generally indicating
around 1-3 cm per year (Vovides 1990; Cabrera-Tole-
do et al. 2019; Marler et al. 2020). Consequently, cy-
cads are not particularly resistant to poaching because
suckers will take a long time to reach the size of their
poached counterparts. Modelling different poaching
scenarios for two South African species with contrasting
life histories revealed that poaching even small num-
bers of adult plants can cause rapid population declines
(Raimondo & Donaldson 2003).

Moreover, E. eugene-maraisii lacks natural recruitment
and has a complete lack of subadults, which suggests
that the absence of natural recruitment has been a
long-standing problem. Even in the presence of natu-
ral recruitment, species such as E. cycadifolius (Jacq.)
Lehm. that have highly persistent adult plants and
infrequent recruitment events are unable to recover
within a reasonable time frame (< 100 years) even
from small losses of adult plants (Raimondo & Don-
aldson 2003). Reinforcement (adding individuals to an
existing population) efforts have been made in a pro-
active attempt to limit the decline of E. eugene-mara-
isii (Bezuidenhout 2019; Bezuidenhout et al. 2020).
However, rare opportunities to hand-pollinate female
cones and the slow growth of reintroduced seedlings
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have not been able to stem the tide of poaching (Be-
zuidenhout et al. 2020).

Limited conclusions can be drawn on the sex ratios
because only 39% of the plants could be sexed. The
sex ratio was slightly male-biased; however, female
plants are less likely to be identified because they
cone less frequently. If a larger proportion of the pop-
ulation was sexed the sex ratio may have been closer
to 1:1. We found no evidence that female plants are
selectively harvested. Due to the slow coning rate of
E. eugene-maraisii, there is little material (live cones,
dry cone material and seeds) poachers can use to sex
plants. The destruction of cones, especially female
cones, by baboons also removes evidence of coning.
Moreover, individual stems are usually harvested rather
than whole multi-stemmed plants, which will maintain
the sex ratio.

No pollinators have been recorded on E. eugene-mara-
isii despite extensive surveys. Cycad pollinators are
dependent on cones for reproduction and the time
between coning events can become too long for pol-
linators to be sustained in diminished host populations
(Oberprieler 1995). The presence of other insects on
E. eugene-maraisii may indicate higher resilience to
decreasing host populations because they depend
on more abundant plant parts (Figure 2). However,
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herbivory by Z. lepida and abundance of A. verdoornae
decreased at lower plant densities and smaller clump
sizes of E. eugene-maraisii, indicating that they are still
sensitive to the decline of their host. South Africa hosts
a rich diversity of insects associated with cycads (Ober-
prieler 1995). However, several cycad species are now
only represented by single populations containing few
individuals (Table 1). Several cycad species also exhib-
it reduced reproductive success, which might indicate
rarity or absence of their pollinators (Table 1). Specialist
herbivores are often absent in small host populations
due to the higher probability of herbivore extinction
(Kéry et al. 2001; Colling & Matthies 2004). Chance
events (droughts, floods, fires, etc.) puts small insect
populations at greater risk of extinction (Thomas &
Jones 1993). Smaller ranges have fewer patches (refug-
es) that escape disturbance from where insect popula-
tions can recolonise cycad host plants.

Apinotropis verdoornae is of particular interest. It is a de-
tritivore that feeds on dead leaf stalks and dried cone ma-
terial. It is the only genus of Anthribidae exclusively as-
sociated with cycads (Oberprieler 1999). Entabeni is the
only known locality where A. verdoornae occurs, as we
have not recorded it from other E. eugene-maraisii popu-
lation or closely related species such as E. middelburgen-
sis Vorster, Robbertse & S.van der Westh. and E. dyerianus
Lavranos & D.L.Goode. To conserve E. eugene-maraisii
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and its associated insects, it is crucial to maintain as many
refuges of suitable habitat as possible.

Conclusion

This study examined poaching patterns in one of the
last remaining populations of E. eugene-maraisii and
its impact on population structure and insect interac-
tions. Higher poaching incidence was observed along
the border fence line, primarily targeting medium-sized
stems. These findings can inform decision making pro-
cesses, helping determine areas that require increased
patrolling and prioritise stem sizes for interventions like
micro-dotting. Lower insect abundance in areas with
lower host densities and smaller clump sizes of their
host highlights the potential impact of poaching, em-
phasising the need for protection against poaching.
Conserving E. eugene-maraisii in the wild will require
several actions that may include increased protection
from poaching, species recovery techniques (reinforce-
ment and reintroductions), identifying other threats
(e.g., climate change) and further research on the dis-
appearance and reintroduction of pollinators.

References

Bamigboye, S.O. & Tshisikhawe, M.P, 2020, ‘The impacts of
bark harvesting on a population of Encephalartos transve-
nosus (Limpopo cycad), in Limpopo Province, South Af-
rica’, Biodiversitas 21, 813, https://doi.org/10.13057/bio-
div/d210102.

Bezuidenhout, H., 2019, ‘Supplementation of the Enceph-
alartos eugene-maraisii populations in Marakele National
Park’, Internal report 02/2019, Scientific Services, Kimber-
ley, SANParks.

Bezuidenhout, H., Steyn, T., Van Staden, W., Hofmeyr, M. &
Froneman, W., 2017, ‘Monitoring the cycad population in
Marakele National Park’, Internal report 27/2017, Scientif-
ic Services, Kimberley, SANParks.

Bezuidenhout, H., Steyn, T., Mamatsharaga, T., Froneman,
W., Rodgers, S., Lessing J., Van den Berg, J. & Van Eeden,
W., 2020, ‘Management plan for the Encephalartos eu-
gene-maraisii (Waterberg cycad)’, Internal report 08/2020,
Scientific Services, Kimberley, SANParks.

Botha, J., Witkowski, E.T.F. & Shackleton, C.M., 2004a, ‘Har-
vesting impacts on commonly used medicinal tree species
(Catha edulis and Rapanea melanophloeos) under different
land management regimes in the Mpumalanga Lowveld,
South Africa’, Koedoe 47(2), https://doi.org/10.4102/koe-
doe.v47i2.77.

Botha, J., Witkowski, E.T.F. & Shackleton, C.M., 2004b, ‘The
impact of commercial harvesting on Warburgia salutaris
(‘pepper-bark tree’) in Mpumalanga, South Africa’, Bio-
diversity and Conservation 13, 1675-1698, https://doi.
org/10.1023/B:BIOC.0000029333.72945.b0.

http://abcjournal.org |

31

Original research

Acknowledgements

The Wild Cycad Conservancy contributed funding to
the project. We are thankful to Simphiwe Dubazane
for assisting us during field surveys. Beetle identifica-
tions were carried out by R.G. Oberprieler (Australian
National Insect Collection) and R. Stals (South African
National Collection of Insects (SANC)) and reference
collections are stored at SANC.

Author contributions

All authors contributed to the study’s conception and
design. Data collection and analysis were performed by
PDJvR with assistance from JvDB and HB. The first draft
of the manuscript was written by PDJvR and all authors
commented on previous versions of the manuscript. All
authors read and approved the final manuscript.

Disclaimer

The views expressed in the submitted article are our own
and not an official position of the institution or funder.

Cabrera-Toledo, D., Gonzalez-Astorga, )., Vovides, A.P, Casa,
A., Vargas-Ponce, O., Carrillo-Reyes, P, Nolasco-Soto,
J. & Vega, E., 2019, ‘Surviving background extinction:
inferences from historic and current dynamics in the
contrasting population structures of two endemic Mex-
ican cycads’, Population Ecology 61, 62-73, https://doi.
org/10.1002/1438-390X.1008.

Calonje, M., Stevenson, D.W. & Osborne, R, 2023, ‘The
world list of cycads, online edition’, http://www.cycadlist.
org, date accessed: 7 July 2023.

Chiyo, PI., Obanda, V. & Korir, D.K., 2015, ‘Illegal tusk har-
vest and the decline of the tusk size in the African Ele-
phant’, Ecology and Evolution 5, 52165229, https://doi.
org/10.1002/ece3.1769.

Colling, G. & Matthies, D., 2004, ‘The effects of plant pop-
ulation size on the interactions between the endangered
plant Scorzonera humilis, a specialised herbivore, and a
phytophagous fungus’, Oikos 105, 71-78, http://www.
jstor.org/stable/3547885.

Courchamp, F, Angulo, E., Rivalan, P, Hall, RJ., Signoret,
L., Bull, L. & Meinard, Y., 2006, ‘Rarity value and spe-
cies extinction: the anthropogenic Allee effect’, PLoS Bi-
ology 4, 2405-2410, https://doi.org/10.1371/journal.
pbio.0040415.

Cousins, S.R., Williams, V.L. & Witkowski, E.T.F, 2011,
‘Quantifying the trade in cycads (Encephalartos species)
in the traditional medicine markets of Johannesburg and
Durban, South Africa’, Economic Botany 65, 356-370,
https://doi.org/10.1007/s12231-011-9173-0.

| Open access


https://doi.org/10.13057/biodiv/d210102
https://doi.org/10.13057/biodiv/d210102
https://doi.org/10.4102/koedoe.v47i2.77
https://doi.org/10.4102/koedoe.v47i2.77
https://doi.org/10.1023/B:BIOC.0000029333.72945.b0
https://doi.org/10.1023/B:BIOC.0000029333.72945.b0
https://doi.org/10.1002/1438-390X.1008
https://doi.org/10.1002/1438-390X.1008
http://www.cycadlist.org
http://www.cycadlist.org
https://doi.org/10.1002/ece3.1769
https://doi.org/10.1002/ece3.1769
http://www.jstor.org/stable/3547885
http://www.jstor.org/stable/3547885
https://doi.org/10.1371/journal.pbio.0040415
https://doi.org/10.1371/journal.pbio.0040415
https://doi.org/10.1007/s12231-011-9173-0

Page 12 of 33

Cousins, S.R., Williams, V.L. & Witkowski, E.T.F, 2012, ‘Un-
covering the cycad taxa (Encephalartos species) traded for
traditional medicine in Johannesburg and Durban, South
Africa’, South African Journal of Botany 78l, 129-138,
https://doi.org/10.1016/j.sajb.2011.06.001.

Cousins, S.R., Williams, V.L. & Witkowski, E.T.F, 2013, ‘Sift-
ing through cycads: a guide to identifying the stem frag-
ments of six South African medicinal Encephalartos spe-
cies’, South African Journal of Botany 84, 115-123, https://
doi.org/10.1016/j.sajb.2012.10.004.

De Klerk, G.J., 2008, ‘Report on the census of Waterberg cy-
cad on the Entabeni Safari Conservancy’, An internal report
by Envirodel, Polokwane for Entabeni Safari Conservancy.

Donaldson, J.S., 2003, ‘Regional overview: Africa’, in J.S.
Donaldson (ed.), Cycads, status survey and conservation
action plan, pp. 9-19, IUCN/SSC Cycad Specialist Group:
Gland, Switzerland and Cambridge, UK.

Donaldson, J.S., 2008, ‘South African Encephalartos species’,
NDF workshop case studies: Case Study 4: Encephalartos,
Mexico.

Government Gazette, 2017, ‘Biodiversity management plan
for 11 Critically Endangered and 4 Endangered Enceph-
alartos species (Notice 315 of 2017)’, Government Gazette
40815, 28 April 2017.

Giriffiths, A.D., Schult, H.J. & Gorman, J., 2005, ‘Wild harvest
of Cycas arnhemica (Cycadaceae): impact on survival, re-
cruitment and growth in Arnhem Land, northern Austra-
lia’, Australian Journal of Botany 53,771-779, https://doi.
org/10.1071/BT04123.

IBM Corp., 2021, ‘IBM SPSS statistics for windows, version
28.0", Armonk, NY: IBM Corp.

IUCN, 2023, ‘The IUCN Red List of threatened species’,
https://www.iucnredlist.org, viewed 21 January 2023.

Janse van Rensburg, PD., Bezuidenhout, H. & Van den Berg,
J., 2023, ‘Impact of herbivory by Zerenopsis lepida (Lepi-
doptera: Geometridae) on the Endangered Encephalartos
eugene-maraisii under field conditions’, Biodiversity and
Conservation 32, 2451-2468, https://doi.org/10.1007/
s10531-023-02612-z.

Kéry, M., Matthies, D. & Fischer, M., 2001, ‘The effect of
plant population size on the interactions between the rare
plant Gentiana cruciate and its specialized herbivore Mac-
ulinea rebeli’, Journal of Ecology 89, 418-427, https://doi.
org/10.1046/j.1365-2745.2001.00550.x.

Krishnamurthy, V., Mandle, L., Ticktin, T., Ganesan, R.,
Saneesh, C.S. & Varghese, A., 2013, ‘Conservation status
and effects of harvest on an endemic multi-purpose cycad,
Cycas circinalis L., Western Ghats, India’, Tropical Ecology
54, 309-320.

Marler, T.E. & Calonje, M., 2020, “Two cycad species affect
the carbon, nitrogen and phosphorus contents of soil’,
Horticulture 6, 24, https://doi.org/10.3390/horticultur-
2e6020024.

Marler, T.E., Griffith, M.P. & Krishnapillai, M.V., 2020, ‘Height
increment of Cycas micronesica informs conservation deci-
sions’, Plant Signaling and Behavior 15: €1830237, https://
doi.org/10.1080/15592324.2020.1830237.

Mucina, L., Hoare, D.B., Lotter, M.C., et al., 2006, ‘Grassland
Biome’, in L. Mucina & M.C. Rutherford (eds), The vege-
tation of South Africa, Lesotho and Swaziland, Strelitizia
19, 349-437, South African National Biodiversity Institute,
Pretoria.

http://abcjournal.org |

32

Original research

Ndou, T.M., Stam, E.M., Tshisikhawe, M.P, Alabi, M.A. &
Adeeyo, A.O., 2021, ‘Poaching of Encephalartos transve-
nosus, in the Limpopo Province, South Africa’, Resources
10, 119, https://doi.org/10.3390/resources10120119.

Oberprieler, R.C., 1995, ‘The weevils (Coleoptera: Curcu-
lionoidea) associated with cycads. 2. Host specificity and
implications for cycad taxonomy’, in P. Vorster (ed.), Pro-
ceedings of the Third international Conference on Cycad
Biology, pp. 335-365, Cycad Society of South Africa: Stel-
lenbosch, South Africa.

Oberprieler, R.G., 1999, ‘Systematics and evolution of the
cycad-associated weevil genus Apinotropis Jordan (Cole-
optera: Anthribidae)’, African Entomology 7, 1-33, https://
hdl.handle.net/10520/AJA10213589 385.

Okubamichael, D.Y., Jack, S., Bosenberg, ).D., Hoffmann,
M.T. & Donaldson, J.S., 2016, ‘Repeat photography con-
firms alarming decline in South African cycads’, Biodiversi-
ty Conservation 25, 2153-2170, https://doi.org/10.1007/
s10531-016-1183x.

Osborne, R., 1995, ‘The world cycad census and a pro-
posed revision of the threatened species status for cy-
cad taxa’, Biological Conservation 71, 1-12, https://doi.
org/10.1016/0006-3207(95)91086-D.

Raimondo, D.C. & Donaldson, J.S., 2003, ‘Responses of
cycads with different life histories to the impact of plant
collecting: simulation models to determine important life
history stages and population recovery times’, Biological
Conservation 111, 345-358, https://doi.org/10.1016/
S0006-3207(02)00303-8.

Ravele, AM. & Makhado, R.A., 2010, ‘Exploitation of En-
cephalartos transvenosus outside and inside Mphaphuli
Cycads Nature Reserve, Limpopo Province, South Afri-
ca’, African Journal of Ecology 48, 105-110, https://doi.
org/10.1111/1.1365-2028.2009.01086.x.

Steyn, T. & Bezuidenhout, H., 2020, ‘Entabeni biodiversity
and conservation value’, Internal report for Entabeni Safari
Conservancy, Scientific Services, Kimberley, South African
National Parks.

Thomas, C.D. & Jones, M., 1993, ‘Partial recovery of a
skipper butterfly (Hesperia comma) from population ref-
uges: lessons for conservation in a fragmented landscape’,
Journal of Animal Ecology 62, 472-481, https://doi.
0rg/10.2307/5196.

Toon, A., Terry, L.I., Tang, W., Walter, G.H. & Cook, L.G.,
2020, ‘Insect pollination of cycads’, Austral Ecology 45,
1033-1058, https://doi.org/10.1111/aec.12925.

Torgersen, J.S., 2017, ‘Crime, culture and collecting: the illicit
cycad market in South Africa’, Unpublished MSc disserta-
tion, University of Cape Town, South Africa.

Vovides, A.P, 1990, ‘Spatial distribution, survival, and fecun-
dity of Dioon edule (Zamiaceae) in a tropical deciduous
forest in Veracruz, Mexico, with notes on its habitat’,
American Journal of Botany 77, 1532—1543, https://doi.
org/10.1002/j.1537-2197.1990.tb 11394 .x.

Williamson, J., Maurin, O., Shiba, S.N.S., Van der Bank, H.,
Pfab, M., Pilusa, M., Kabongo, R.M. & Van der Bank, M.,
2016, ‘Exposing the illegal trade in cycad species (Cyca-
dophyta: Encephalartos) at two traditional medicine mar-
kets in South Africa using DNA barcoding’, Genome 59,
771-781, https://doi.org/10.1139/gen-2016-0032.

Open access


https://doi.org/10.1016/j.sajb.2011.06.001
https://doi.org/10.1016/j.sajb.2012.10.004
https://doi.org/10.1016/j.sajb.2012.10.004
https://doi.org/10.1071/BT04123
https://doi.org/10.1071/BT04123
https://www.iucnredlist.org
https://doi.org/10.1007/s10531-023-02612-z
https://doi.org/10.1007/s10531-023-02612-z
https://doi.org/10.1046/j.1365-2745.2001.00550.x
https://doi.org/10.1046/j.1365-2745.2001.00550.x
https://doi.org/10.3390/horticulturae6020024
https://doi.org/10.3390/horticulturae6020024
https://doi.org/10.1080/15592324.2020.1830237
https://doi.org/10.1080/15592324.2020.1830237
https://doi.org/10.3390/resources10120119
https://hdl.handle.net/10520/AJA10213589_385
https://hdl.handle.net/10520/AJA10213589_385
https://doi.org/10.1007/s10531-016-1183-x
https://doi.org/10.1007/s10531-016-1183-x
https://doi.org/10.1016/0006-3207%2895%2991086-D
https://doi.org/10.1016/0006-3207%2895%2991086-D
https://doi.org/10.1016/S0006-3207%2802%2900303-8
https://doi.org/10.1016/S0006-3207%2802%2900303-8
https://doi.org/10.1111/j.1365-2028.2009.01086.x
https://doi.org/10.1111/j.1365-2028.2009.01086.x
https://doi.org/10.2307/5196
https://doi.org/10.2307/5196
https://doi.org/10.1111/aec.12925
https://doi.org/10.1002/j.1537-2197.1990.tb11394.x
https://doi.org/10.1002/j.1537-2197.1990.tb11394.x
https://doi.org/10.1139/gen-2016-0032

Page 13 of 33

Original research

Supplementary material

Table S1. Kruskal-Wallis results indicating the impact of aspect, altitude and plant sex on the abundance of Amorphocerus cf. setosus and
Apinotropis verdoornae, and level of herbivory by Zerenopsis lepida

Insect species Aspect Altitude Plant sex

H P H P H P
Amorphocerus cf. setosus 0.304 0.983 4.108 0.128 0.391 0.532
Apinotropis verdoornae 2.777 0.596 4.222 0.121 0.317 0.573
Zerenopsis lepida 8.237 0.083 0.113 0.945 0.116 0.734

Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/  verdoornae leaf herbivory
cm? per plant per plant per plant
1 1 148 2 F 0.007432 3 0
2 0
3 0
4 0
2 5 76 2 0.003947 2 0
6 69
3 7 145 2 F 0 0 46.4375
8 6
4 9 112 2 M 0.003571 5 27.27073
10 102
11 0
12 0
5 13 98 2 0.030612 3 0
14 0
15 0
6 16 146 2 0.024051 2.5 3.150327
17 156
18 150
19 14
20 6
21 39
7 22 187 2 M 0.017792 1 2.830688
23 60
24 32
8 25 107 2 0 4.5 25.42857
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)

intermediate and 3) dense (continued)

Plant Stem Stem Mean number of Mean Mean
number  number height Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/  verdoornae leaf herbivory
cm?per plant per plant per plant

26 6
27 0

9 28 197 0 4 0

10 29 78 0.003968 2.5 24.47869
30 242

11 31 200 0 3 50.28571
32 0

12 33 84 0.020238 0 0
34 0

13 35 57 0.026316 0 0
36 0

14 37 340 0 1 3171171
38 170
39 45

15 40 220 0.011818 6 0
41 15

16 42 260 0.000513 1 0
43 14
44 18

17 45 180 0.012222 1 0

18 46 236 0.029429 2 15.13499
47 62
48 0
49 0
50 61

19 51 62 0.022177 1.5 0
52 60

20 53 230 0.021014 3.5 22.37235
54 138
55 0

21 56 16 0 0 0
57 0

22 58 227 0 0 10.65688
59 0
60 0
61 0
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/ verdoornae leaf herbivory
cm?per plant per plant per plant

23 62 89 1 1 0.008989 4 12.95172
63 0

24 64 6 1 1 10.5 11.60455
65 0
66 3
67 0
68 0

25 69 14 1 1 0.011688 15.1
70 0
71 0
72 11
73 0

26 74 61 1 2 0.011475 0 17.95249
75 0
76 0

27 77 26 1 1 0 8.6875
78 0
79 0
80 0

28 81 31 1 1 0.041935 0
82 0

29 83 192 1 1 F 0.015104 0 0

30 84 114 1 1 M 0.05209 3.5 7.916667
85 17
86 0

31 87 150 1 1 M 0 2 711111
88 11

32 89 98 1 1 0.011224 0 0
90 0

33 91 249 1 1 0.035352 1.5 0
92 57
93 0

34 94 75 1 1 0 1 0
95 10

35 96 135 1 1 0 4 0

36 97 0 1 1 0
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/  verdoornae leaf herbivory
cm?per plant per plant per plant

98 0
99 0

37 100 12 1 1 0 0 0
101 0

38 102 99 1 1 0.037374 2 0
103 0

39 104 73 1 1 0.024658 3 0
105 0

40 106 30 1 1 0.013333 2 0
107 18

41 108 105 1 1 0.022024 6 0
109 16
110 8
111 0

42 112 132 1 1 M 0.023485 0 0
113 0

43 114 242 1 1 0 7 0

44 115 0 1 1 0

45 116 0 1 1 0

46 117 158 1 1 M 0.026461 3 1.857143
118 117
119 0

47 120 0 1 1 0

48 121 155 1 1 F 0.026452 6 0
122 0

49 123 171 1 1 F 0 10.82937
124 17
125 0
126 0

50 127 300 1 1 F 0.016667 1 3.320755
128 107
129 6
130 6

51 131 278 1 1 F 0.017648 4.5 0
132 97
133 20
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/ verdoornae leaf herbivory
cm?per plant per plant per plant
134 0
135 0
52 136 160 1 1 F 0.043072 3 6.45614
137 40
138 39
139 0
53 140 180 1 1 0.0175 5 0
141 60
142 0
143 8
144 2
54 145 19 1 1 0.036842 29.96591
146 0
147 0
148 0
55 149 202 1 1 F 0.011139 3 4.195652
150 6
56 151 181 1 1 0.024309 0 0
152 0
153 0
57 154 181 1 1 M 0.011602 2 9.087719
155 0
156 0
58 157 32 1 2 0.028125 6 0
59 158 39 1 2 0.020513 0 14.5294
60 159 53 1 2 M 0.032415 1.537879
160 66
161 0
162 18
61 163 55 1 2 0.02 3 0
164 0
62 165 109 1 2 0.010092 1 0
166 0
63 167 30 1 2 0.050417 13 2.043478
168 40
169 0
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/  verdoornae leaf herbivory
cm?per plant per plant per plant

64 170 149 1 2 0.020418 3 0
171 0
172 52

65 173 199 1 2 0.012141 9 19.75987
174 28
175 0

66 176 160 1 2 0.02211 1.5 12.2107
177 190
178 46
179 0

67 180 250 1 2 0.015733 3 0
181 70
182 30

68 183 108 1 2 0.00463 0 0

69 184 127 1 2 F 0 0 0
185 0

70 186 107 1 2 0.007477 0

71 187 100 2 2 F 0 0 0

72 188 0 2 2 0
189 0
190 6

73 191 160 2 2 M 0.010545 0 4.454586
192 26
193 17
194 35
195 48
196 310

74 197 112 2 2 0.017857 4 0

75 198 170 2 2 F 0.023855 5.423377
199 32
200 51
201 70
202 2

76 203 210 2 2 M 0 3.5 7.9375
204 67

77 205 62 2 3 M 0.035484 6 0
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/ verdoornae leaf herbivory
cm?per plant per plant per plant
78 206 285 2 3 F 0.02162 8.911974
207 112
208 41
209 6
210 40
211 170
212 114
213 20
214 0
79 215 160 2 3 0.020069 0 4.153846
216 15
217 12
80 218 98 2 3 M 0.010703 8.573775
219 87
220 86
221 17
222 50
223 0
81 224 74 2 3 0.010811 21 0
82 225 71 2 3 0.010664 7 67.99947
226 42
83 227 330 2 3 0.017652 1 4.605652
228 86
229 78
230 18
231 9
84 232 40 2 3 0.0075 10 0
233 0
85 234 144 2 3 0.020985 19.14874
235 104
236 60
237 85
238 98
86 239 147 2 3 0.002268 2 30.36134
240 6
241 3
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/ verdoornae leaf herbivory
cm?per plant per plant per plant

242 17

87 243 210 2 3 0.019538 12 11.36932
244 41
245 34
246 46

88 247 235 2 3 F 0.011874 2 0.597701
248 52
249 45

89 250 150 2 3 M 0.002972 0 1.588889
251 128
252 6

90 253 214 2 3 F 0.006128 3 4.656917
254 91
255 68

91 256 287 2 3 M 0.025784 0 0
257 112
258 17

92 259 146 2 2 0.015068 2 0
260 0
261 0
262 0
263 0

93 264 145 2 2 0.02069 4 27.5
265 0

94 266 148 2 2 M 0 2 13.14583
267 10
268 0

95 269 88 2 2 0 0 8.03268
270 0
271 0

96 272 30 2 2 0.013333 0 6.888889
273 0
274 0

97 275 50 2 2 0.046346 0 21.375
276 52

98 277 3 2 2 0.006522 4 0
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/ verdoornae leaf herbivory
cm?per plant per plant per plant
278 0
279 184
99 280 160 2 2 0 5 0
281 0
100 282 127 2 2 M 0.028346 0 3.203125
283 0
284 0
285 0
101 286 170 2 2 0.01794 12 11.45195
287 145
288 13
289 0
290 11
102 291 213 2 2 0.001408 0 3.478261
292 6
293 0
103 294 56 2 2 0.025794 4 0
295 6
296 3
104 297 112 2 2 0.002679 4 4.846154
298 0
299 25
105 300 90 2 3 F 0.022222 8.84783
106 301 37 2 3 0.035135 5 0
107 302 51 2 3 0.038133 5 4.041667
303 77
304 0
108 305 190 2 3 0.028889 2 10.40345
306 25
307 6
109 308 0 2 3 0.013656 0 0
309 0
310 0
311 0
312 227
110 313 130 2 3 0.006923 0
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/  verdoornae leaf herbivory
cm?per plant per plant per plant
111 314 124 2 3 0.022581 16.83333
315 0
316 0
112 317 211 2 3 0 0 0
113 318 50 2 3 0.020254 1.5 10.86275
319 21
320 15
114 321 219 2 2 M 0.017294 3.5 1.105263
322 59
323 12
115 324 76 2 2 F 0.019737 1 4.53333
116 325 24 2 2 0 16.00706
326 12
327 6
328 203
329 59
117 330 183 2 2 F 0.062061 7 0.727273
331 7
332 0
333 0
334 0
118 335 57 2 2 0.02807 1 0
336 0
119 337 57 2 2 F 0.007212 5 88
338 131
339 0
120 340 233 2 2 F 0.023646 2 3.984615
341 34
342 34
343 3
344 79
121 345 130 2 1 M 0.026355 4 20.38333
346 63
122 347 310 2 2 F 0 4 23.3383
348 110
349 15
http://abcjournalorg | 42 | Open access




Page 23 0f 33 | Original research

Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/ verdoornae leaf herbivory
cm?per plant per plant per plant
350 8
351 6
123 352 65 2 1 0.010769 6 0
124 353 46 2 1 0.027464 1.5 0
354 45
355 0
356 0
125 357 118 2 1 M 0.017797 0 4.573333
358 0
359 0
126 360 77 2 1 0 5 4511111
127 361 80 2 3 M 0.013276 0 1.039414
362 191
363 0
364 0
128 365 175 2 3 0.003354 9 34.39175
366 180
367 18
129 368 92 2 3 M 0.034783 2.5 0
369 0
130 370 137 2 3 0.023122 5 27.26236
371 17
131 372 165 2 3 0.024848 5 9.803571
373 0
132 374 170 2 3 0 6 88
133 375 61 2 3 0.034426 0
134 376 40 2 3 F 0.01 7 0
135 377 80 2 3 0.01625 0 0
136 378 118 2 3 0.018968 8 8.668023
379 12
380 17
381 0
382 0
137 383 197 2 3 0.03212 2.5 4.883721
384 74
138 385 150 2 3 M 0.005561 5 10.93401
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/ verdoornae leaf herbivory
cm?per plant per plant per plant
386 127
387 42
388 6
389 27
390 0
139 391 91 2 3 0.021978 4 29.1894
140 392 110 2 3 0.011096 16 0
393 17
141 394 127 2 3 0.013386 6 12.35021
395 12
396 6
397 17
142 398 68 2 3 0.019678 14 5.792683
399 193
143 400 30 2 3 0.026667 0 0
144 401 80 2 3 0.037222 8 6.428111
402 80
403 30
145 404 43 2 3 0.009432 3 9.3375
405 6
406 12
407 0
146 408 181 2 3 0 0 0
409 61
410 0
147 411 21 2 3 0.063571 1.5 43.25833
412 30
148 413 140 2 3 M 0.047527 8 1.894258
414 42
415 30
416 26
149 417 236 2 2 M 0.00374 6 9.736488
418 112
419 99
420 0
421 2
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/ verdoornae leaf herbivory
cm?per plant per plant per plant
150 422 107 2 2 0.043925 4 16.5385
151 423 120 2 2 0.002222 2 41.10632
424 17
425 0
426 40
152 427 115 2 2 M 0.023921 1 12.35606
428 56
429 0
430 0
431 0
432 0
153 433 278 2 2 0.033351 2 16.08912
434 31
435 15
436 17
154 437 33 2 2 0.004545 0 12.66667
438 6
155 439 136 2 2 0.009559 0 0
156 440 87 2 2 M 0.006897 4 5.263889
441 0
442 0
443 0
157 444 25 2 2 0.019783 5 0
445 46
158 446 135 2 2 M 0.00963 0
159 447 58 2 2 0.011207 4 0
448 0
449 6
450 12
160 451 97 2 2 F 0.018557 3 0
161 452 114 2 2 0 2 0
453 17
162 454 91 2 2 M 0.022955 3.66 6.595238
455 78
456 294
163 457 95 2 2 0.023158 2 0
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/ verdoornae leaf herbivory
cm?per plant per plant per plant
164 458 77 2 2 0.038961 4 11.17328
459 0
460 0
165 461 49 2 2 0.024567 0 21.17544
462 22
463 8
464 0
465 12
466 0
166 467 182 2 2 0.030769 9 0
167 468 55 2 2 0.016292 0 20.98148
469 0
470 5
471 55
472 95
473 28
168 474 119 2 2 0.012131 2 7.115217
475 65
476 12
169 477 40 2 3 0.045357 4 0
478 42
479 0
480 0
170 481 180 2 3 0.013653 4 6.728889
482 58
483 30
484 60
485 95
486 0
171 487 180 2 3 F 0.030556 1 0
488 0
172 489 170 2 3 0.000606 6 4.571429
490 0
491 0
492 0
493 0
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean
number  number height density sex  Amorphocerus cf. Zerenopsis lepida
(cm) setosus exit holes/ leaf herbivory
cm?per plant per plant
494 30
495 220
173 496 71 2 2 0.013651 23.15476
497 250
174 498 35 2 2 M 0.025714 0
175 499 180 2 2 M 0.02132 10.37517
500 44
501 0
502 0
503 0
504 0
505 12
506 65
176 507 118 2 2 0.011299 0
508 12
177 509 102 2 2 0.044608 25.97549
510 12
511 0
512 21
178 513 80 2 2 0.00875 0
179 514 370 2 2 M 0.01629 18.30393
515 135
516 160
517 24
518 34
519 0
180 520 148 2 2 F 0.018946 30.28832
521 100
522 0
181 523 91 2 2 0.005249 6.419815
524 82
525 0
526 2
527 0
182 528 253 2 2 0.020059 14.19576
529 46
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/ verdoornae leaf herbivory
cm?per plant per plant per plant
183 530 93 2 2 M 0.009005 3 0
531 12
184 532 185 2 2 0.011755 1 37.96697
533 57
534 17
535 15
536 8
185 537 68 2 2 0 6 0
186 538 141 2 2 F 0.030083 9 11.22222
539 12
540 6
187 541 125 2 2 0.0128 0 10.79279
542 0
543 0
188 544 49 2 3 0.013025 0 8.277778
545 17
189 546 251 2 3 0.01903 1.5 36.10498
547 40
548 54
190 549 170 2 3 F 0.028157 2 40.2472
550 75
551 0
191 552 25 2 3 0.056 0
192 553 115 2 3 0.011833 5 51.14618
554 34
555 0
556 0
557 6
193 558 282 2 3 F 0.024069 3 17.97643
559 145
560 48
561 48
194 562 242 2 3 0.05286 4 23.25926
563 21
564 18
195 565 78 2 3 0.014505 9 19.2381
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/ verdoornae leaf herbivory
cm?per plant per plant per plant
566 14
567 10
196 568 259 2 3 0.01945 10 75.43377
569 0
570 20
197 571 92 2 3 0.028125 6 2.5375
572 48
573 0
574 0
575 0
198 576 160 2 3 0.015 6 8.96774
199 577 127 2 3 M 0.006299 0 0
200 578 79 2 3 0.011392 2 0
579 0
580 0
581 0
201 582 226 2 3 F 0.027655 1.5 4.063889
583 22
584 16
202 585 245 2 3 0.004592 4 13.6667
586 105
587 12
588 98
589 0
590 0
203 591 81 2 3 0.024027 22 60.72222
592 26
593 0
204 594 67 2 1 M 0.01194 1 18.25
595 0
596 0
205 597 130 2 1 M 0 0 13.95833
598 0
206 599 125 2 2 M 0.0092 1.5 5.654828
600 125
601 6
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean
number  number height density sex  Amorphocerus cf. Zerenopsis lepida
(cm) setosus exit holes/ leaf herbivory
cm?per plant per plant

602 0
603 6

207 604 124 2 2 0.007279 22.96032
605 13
606 6

208 607 108 2 2 M 0.028704 0
608 6

209 609 148 2 2 F 0.017657 14.5976
610 88
611 50
612 5
613 24
614 17
615 6
616 7

210 617 54 2 2 0.009259 7.200311
618 6
619 0
620 0

211 621 293 2 2 M 0.016864 9.049829
622 149
623 25
624 60
625 12

212 626 143 2 2 0 17.29032
627 16
628 0

213 629 285 2 2 0.006316 6.97619
630 40

214 631 48 2 2 0.03125 0
632 0

215 633 69 2 2 F 0.002899 5.886364
634 12

216 635 125 2 2 M 0.011767 51.53628
636 86
637 70
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/  verdoornae leaf herbivory

cm?per plant per plant per plant
638 0
639 0

217 640 183 2 2 M 0 4.5 18.5625
641 30
642 0

218 643 73 2 2 0.014578 9 51.86147
644 54
645 54
646 0
647 0

219 648 170 2 2 0.007647 2 16.73529
649 0

220 650 230 2 1 F 0.011812 0 29.25556
651 42
652 0

221 653 78 2 2 0.020513 3 0

222 654 122 2 2 F 0.031987 3.33 23.38477
655 17
656 10
657 10
658 7
659 27

223 660 79 2 2 M 0.010127 4 3.960317
661 0
662 0

224 663 160 2 2 F 0.018826 0 21.05729
664 37
665 0
666 0

225 667 77 2 2 0.028571 4 0

668 0
669 0

226 670 137 2 3 0.026141 3 27.86111
671 21
672 12
673 0
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean Mean
number  number height density sex  Amorphocerus cf.  Apinotropis Zerenopsis lepida
(cm) setosus exit holes/  verdoornae leaf herbivory
cm?per plant per plant per plant
227 674 131 2 3 F 0.005344 1 28.6746
675 14
676 0
228 677 200 2 3 M 0.017158 2.970588
678 295
679 47
680 22
681 20
229 682 115 2 3 0.004348 2 6.41667
230 683 189 2 3 F 0 4 10.69231
684 0
231 685 250 2 3 0.0112 3 8.72
232 686 33 2 3 0.004545 7 0
687 6
233 688 113 2 3 0.002655 0 0
234 689 128 2 3 M 0.028013 1 26.08056
690 64
691 0
692 0
693 21
694 0
235 695 178 2 3 0.017301 2.5 7.275983
696 6
697 37
698 78
236 699 75 2 3 M 0.059333 3 31.4011
700 4
701 0
237 702 85 2 3 0.009412 4 0
238 703 59 2 2 0.011864 1 0
704 0
239 705 45 2 2 M 0 3 39.75
240 706 26 2 2 0.038462 0 0
707 0
241 708 128 2 2 0.001042 1.5 24.84286
709 32
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Table S2: Recorded plant traits and insect abundance data of Encephalartos eugene-maraisii between 2021 and 2022. Areas are cat-
egorised as 1) areas with a high poaching incidence and 2) low poaching incidence. Plant densities are classified as 1) sparse, 2)
intermediate and 3) dense (continued)

Plant Stem Stem Area Plant Plant  Mean number of Mean
number  number height density sex  Amorphocerus cf. Zerenopsis lepida
(cm) setosus exit holes/ leaf herbivory
cm? per plant per plant
710 0
711 0
712 26
242 713 0 2 1 0.015908 2.515152
714 54
715 56
716 0
717 0
718 60
243 719 41 2 1 0.026829 0
720 0
721 0
244 722 25 2 1 M 0.02 28.8333
245 723 107 2 2 M 0.004862 2.918154
724 25
725 223
726 108
246 727 225 2 2 0.01064 13.24661
728 82
729 112
730 160
731 4
732 30
733 0
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Background: The Eastern Cape province of South Africa has a rich floral diversity,
with seven of the country’s eight floral biomes represented in the province. The
non-acarine arachnid fauna of the province is largely understudied and consid-
erable gaps exist in our knowledge of the distribution, diversity and levels of
endemism of the arachnid fauna.

Objectives: To address this, non-acarine arachnids were sampled intensively in
the Afromontane forests and surrounding biotopes in the Amathole Mountains
over the course of a decade.

Methods: In the present contribution, comprehensive checklists of the non-
acarine arachnids (specifically, the orders Amblypygi, Araneae, Opiliones, Pseu-
doscorpiones and Scorpiones) of the region are presented, based on a combina-
tion of field sampling, provenance data from museum specimen databases, and
a review of the historical literature.

Results: In total, 398 species of non-acarine arachnids have been recorded from
the Amathole Mountains, with spiders (Araneae; 324 species from 51 families)
and harvestmen (Opiliones; 41 species from four families) the richest groups. The
region is exceptionally rich in harvestmen and pseudoscorpions (Pseudoscorpio-
nes; 24 species from 11 families), and might be considered a hotspot of biodiver-
sity and endemism for these taxa.

Conclusion: As the sampling was concentrated around Hogsback, and most
other areas remain undersampled, further efforts should be made to sample all
representative biotopes more comprehensively in the mountain range. This will
improve understanding of the distribution and endemism of the arachnid fauna
and assess the conservation significance of the region from a national perspective.

Keywords: Amblypygi, Araneae, conservation, forests, hotspot, Opiliones, Pseu-
doscorpiones, SANSA, Scorpiones.

Introduction

South Africa contains a particularly rich arachnid fauna, which has been well
studied compared to other parts of the continent (e.g., Starega 1992; Jocqué et
al. 2013). Since 1997, the South African National Survey of Arachnida (SANSA)
has co-ordinated research on the non-acarine arachnids in the country and
surveyed many undersampled areas. This greatly improved knowledge of the
distribution of described species, provided material for taxonomists to describe
new taxa, and offered insights into the community composition of different bio-
topes. The project resulted in the production of national checklists, catalogues
or taxonomic treatments of the Pseudoscorpiones (Dippenaar-Schoeman &
Harvey 2000), Scorpiones (Prendini 2005), Solifugae (Dippenaar-Schoeman
et al. 2006; Dippenaar-Schoeman & Gonzdlez Reyes 2006), Opiliones (Lotz
2009), Amblypygi (Prendini et al. 2005) and Araneae (Dippenaar-Schoeman
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et al. 2010). These works laid the foundation for un-
derstanding the biodiversity and biogeography of the
non-acarine arachnid fauna.

The Eastern Cape is South Africa’s second largest prov-
ince by area and contains the greatest representation of
the country’s floral biomes. Seven of the eight biomes
fall within its borders; only the Desert Biome is absent
(Mucina & Rutherford 2006). Nevertheless, the Eastern
Cape is among the most undersampled for non-acarine
arachnids (Janion-Scheepers et al. 2016; Foord et al.
2020). In reviews of the savanna (Foord et al. 2011)
and grassland (Haddad et al. 2013) spiders of the
country, gap analyses revealed that the Eastern Cape
was considerably undersampled. Although 13 protect-
ed areas in the Eastern Cape contain more than fifty
specimen records, checklists have only been published
for the Mountain Zebra National Park (Dippenaar-
Schoeman 1988, 2006), Addo Elephant National Park
(Dippenaar-Schoeman et al. 2020), Mkambati Na-
ture Reserve (Dippenaar-Schoeman et al. 2011), As-
ante Sana Nature Reserve (Midgley 2012), Silaka Na-
ture Reserve (Forbanka & Niba 2013), and Thyspunt
(Dippenaar-Schoeman & Wiese 2021). There is consid-
erable scope to conduct more intensive sampling in the
province to determine the non-acarine arachnid diver-
sity, particularly in highly threatened biotopes such as
Afromontane Forest.

The Amathole Mistbelt Forest of the Amathole Moun-
tains (at 642.2 km? remaining, the second largest forest
type in South Africa according to Berliner (2009)), is
regarded as an emblematic example of Afromontane
Forest due to its relatively large extent and its unique
fauna (Lawrence 1953). Unfortunately, most of the
sampling in the Amathole Mountains has concentrat-
ed on the forests near Hogsback, whereas other areas
are comparatively poorly sampled, particularly for spi-
ders. Consequently, the arachnid fauna is suggested to
consist of numerous endemic or near-endemic taxa,
although these may indeed be more widespread in
the nearby forests and adjacent biomes of the Eastern
Cape. Further, the considerable undersampling of grass-
land, fynbos, thicket and savanna biomes in the region
suggests that much of the regional species pool may
not yet have been sampled. For example, no Solifugae
have been sampled from the Amathole Mountains, de-
spite 28 species being recorded from the Eastern Cape
in more xeric biotopes to the south and west of this
mountain range (Dippenaar-Schoeman et al. 2006).

The first known spiders described from the Amathole
Mountains were Stasimopus insculptus Pocock, 1901,
described from King William’s Town (now Qonce) (Po-
cock 1901), Spiroctenus flavopunctatus (Purcell, 1903),
originally placed in Hermachastes Pocock, 1900, and
Thomisus weberi Lessert, 1923, later synonymised with
T. stenningi Pocock, 1900 by Dippenaar-Schoeman
(1983). Subsequently, ten harvestmen species were
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described from Hogsback by Lawrence (1931, 1934),
including the genus Amatola Lawrence, 1931, with the
type species A. dentifrons Lawrence, 1931. Species
were occasionally described from the area in later pa-
pers (e.g. Lawrence 1940; Criswold 1985), but most
new taxa from the area were described in the last two
decades (Supplementary Table 1). Hogsback was also
one of two South African sites included in the first stud-
ies of tree canopy arthropods in the country, as part
of comparative studies with the U.K. fauna (Moran &
Southwood 1982; Southwood et al. 1982).

In the present contribution, we provide a comprehen-
sive overview of the records of non-acarine arachnids
(specifically, the orders Amblypygi, Araneae, Opilion-
es, Pseudoscorpiones and Scorpiones) in the literature,
include records from museum specimen databases,
and incorporate all data on recently sampled arachnids
from the Amathole Mountains to prepare a checklist of
the fauna of the region. We further detail the biology
of the common taxa of the region and their habits, sup-
plemented by habitus photos of selected species. Last-
ly, we comment on the significance of the Amathole
Mountains as a biodiversity hotspot for particular taxa
within a national context.

Research method
and design

Study area

The Amathole Mountains are located in the south-
central part of the Eastern Cape and lie north of the pro-
vincial capital, Qonce (formerly King William’s Town).
The approximate limits of this mountain range are be-
tween the Kat and Esk rivers in the northwest and the
Keiskamma and Thomas rivers in the east. The northern
limits of the range fall south of the towns of Cathcart,
Whittlesea and Tarkastad, and its southern limits to the
north of the towns along the R63 road between Bed-
ford and Qonce, covering an area of approximately
900 km? (Phillipson 1987).

The Afromontane Forests of the Amathole Mountains
can be classified as Southern Mistbelt Forests (Mucina
& Geldenhuys 2006), or Amathole Mistbelt Forests (Von
Maltitz et al. 2003). These forests are regarded as be-
ing well conserved and classified as Least Threatened
(Mucina & Geldenhuys 2006). The indigenous forests of
South Africa have been widely exploited for fuel wood,
timber, traditional medicine, clearing for agriculture and
silviculture, and the florist industry (Mucina & Gelden-
huys 2006), and the Amathole Mountains are no excep-
tion. Large tracts of land have been converted to pine
and Eucalyptus plantations, bordering on indigenous
forests in the area, as well as causing loss of grassland,
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shrubland and fynbos vegetation. Most of the forests in Field Samp”ng
the Amathole Mountains are state-owned and managed

under a formal multiple-use system to ensure sustain- Many of the arachnid specimens on which the present
able utilisation of resources (Von Maltitz et al. 2003). contribution is based, were collected during student
The grasslands surrounding forest patches are also under field excursions to Hogsback between 2006 and 2013.
severe threat from silviculture and overgrazing by cattle Entomology third-year students from the University
(McMaster 2003). Although 1 215 plant species were re- of the Free State were divided into groups of two or
corded in the Amathole Mountains by Phillipson (1987), three students, with equal numbers of samples taken
the majority of these are associated with grasslands and by sweep-netting, beating and leaf litter sifting in Afro-
more open habitats, whereas Berliner (2009) indicat- montane forests, pine plantations, and the mixed forest
ed that only 161 species were found in the Amathole (with exotic trees) at the Hogsback Arboretum (Figure 1).
Mistbelt Forests, representing the lowest species richness Students sorted all arthropods from the samples, with
among the six mistbelt forest types in the country. the first author sorting, identifying and tallying the

Figure 1. Biotopes sampled in the Hogsback area of the Amathole Mountains, Eastern Cape, South Africa; A, Part of Tyume Forest on
a south-facing slope (Afromontane Forest); B, Understorey of Afromontane Forest; C, Open mesic grassland north of Hogsback; D,
Pine plantation; E, Hogsback Arboretum, mixed indigenous and exotic trees; F, Canopy fogging a yellowwood sapling at Hogsback
Arboretum. Photos: C. Haddad.
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Figure 2. Afromontane Forest sampled at Mpofu Fort Fordyce Nature Reserve (A, B) and Katberg State Forest (C, D) in the Amathole

Mountains, Eastern Cape, South Africa. Photos: C. Haddad.

non-acarine arachnids. Additional sampling was con-
ducted by hand collecting, sweeping and beating in
grassland and fynbos to the north and east of Hogs-
back, in gardens, and by tree canopy fogging (Figure
1F). Subsequently, the first and third authors also con-
ducted sampling at Mpofu Fort Fordyce Nature Reserve
and Katberg State Forest (Figure 2), including canopy
fogging (Figure 2D). Additional scorpion material was
collected by the second author over the course of sev-
eral visits to the area during larger field excursions in
the Eastern Cape.

Data mining

Additional records from the vicinity of the Amathole
Mountains were obtained from the arachnid databases
of the National Collection of Arachnida (Pretoria, NCA),
KwaZulu-Natal Museum (Pietermaritzburg, NMSA), Na-
tional Museum (Bloemfontein, NMBA), the Ditsong Na-
tional Museum of Natural History (Pretoria, TMSA) and
the Iziko South African Museum (Cape Town, SAMC).
When this work was undertaken, the Albany Museum
(Grahamstown) arachnid collection had not yet been
digitised, and material could not be obtained from the
California Academy of Sciences (San Francisco), pre-
venting the inclusion of data from these collections.

http://abcjournal.org |
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A thorough survey of the primary taxonomic literature
was also performed to source records for non-acarine
arachnids. The First Atlas of the Spiders of South Africa
(Dippenaar-Schoeman et al. 2010) served as the pri-
mary source for determining records of spiders, which
were checked against the existing literature for all re-
corded species. Starega (1992) and Lotz (2009) served
as the preliminary sources for harvestmen, with addi-
tional records identified by Leon Lotz incorporated into
the specimen database of the NMBA. Scorpions were
identified and data sourced by the second author, and
pseudoscorpions by the third author, with some identi-
fications provided by Mark Harvey (Western Australian
Museum, Perth, Australia) and Danilo Harms (Museum
der Natur, Hamburg, Germany).

Results and discussion

To date, 398 species of arachnids have been recorded
from the Amathole Mountains (Supplementary Table 1),
with spiders (324 species from 51 families) and harvest-
men (41 species from four families) the richest orders
(Table 1). A brief overview of the arachnid fauna of
the region, documenting some of the common species
likely to be encountered, identifying taxa for which the
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Table 1. Recorded species richness (# spp.) of arachnid orders (total number of species in parenthesis) and families in the Amathole
Mountains, Eastern Cape, South Africa

AMBLYPYGI (1) # spp. % of order

Phrynichidae 1 100.0

ARANEAE (324) # spp. % of order # spp. % of order
Agelenidae 1 0.3 Oecobiidae 1 0.3
Amaurobiidae 5 1.6 Oonopidae 4 1.2
Anapidae 1 0.3 Orsolobidae 2 0.6
Araneidae 26 8.0 Oxyopidae 3 0.9
Bemmeridae 2 0.6 Palpimanidae 1 0.3
Cheiracanthiidae 5 1.6 Penestomidae 1 0.3
Clubionidae 10 3.1 Philodromidae 5 1.6
Corinnidae 5 1.6 Pholcidae 3 0.9
Ctenidae 2 0.6 Phyxelididae 3 0.9
Cyatholipidae 3 0.9 Pisauridae 4 1.6
Cyrtaucheniidae 2 0.8 Salticidae 49 15.1
Deinopidae 1 0.3 Scytodidae 12 3.7
Dictynidae 3 0.9 Segestriidae 2 0.6
Entypesidae 1 0.3 Selenopidae 5 1.6
Euagridae 1 0.3 Sparassidae 4 1.2
Gallieniellidae 2 0.6 Stasimopidae 2 0.6
Gnaphosidae 15 4.6 Tetragnathidae 9 3.6
Hahniidae 4 1.2 Theraphosidae 1 0.3
Hersiliidae 1 0.3 Theridiidae 28 8.6
Linyphiidae 12 3.7 Thomisidae 28 8.6
Lycosidae 16 4.9 Trachelidae 16 4.9
Microstigmatidae 1 0.3 Trochanteriidae 2 0.6
Migidae 1 0.3 Uloboridae 5 1.6
Mimetidae 4 1.2 Zodariidae 3 0.9
Miturgidae 2 0.6 Zoropsidae 3 0.9
Nesticidae 1 0.3

OPILIONES (41) # spp. % of order # spp. % of order
Biantidae 5 12.2 Phalangiidae 8 19.5
Pettalidae 1 2.4 Triaenonychidae 27 65.9
SCORPIONES (8) # spp. % of order # spp. % of order
Buthidae 3 37.5 Scorpionidae 1 12.5
Hormuridae 4 50.0

PSEUDOSCORPIONES (24) # spp. % of order # spp. % of order
Atemnidae 1 4.2 Gymnobisiidae 3 12.5
Cheliferidae 6 25.0 Olpiidae 1 4.2
Chthoniidae 2 8.3 Pseudochiridiidae 1 4.2
Feaellidae 1 4.2 Pseudotyrannochthoniidae 2 8.3
Garypinidae 1 4.2 Withiidae 3 12.5
Geogarypidae 3 12.5
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region represents a biodiversity hotspot, and providing
information about their biology and endemism, is pre-
sented in Table 1 and Supplementary Table 1.

Amblypygi (whip spiders)

Only three whip spider species have been recorded
from South Africa, all belonging to Phrynichidae. One
of these, Damon annulatipes (Wood, 1869), has only
been recorded in the Qonce area (Weygoldt 1999;
Prendini et al. 2005), but probably occurs elsewhere
in the Amathole Mountains. Whip spiders are secretive
nocturnal arachnids that typically reside under logs or
in rock crevices, so they may have evaded past collect-
ing efforts.

Araneae (spiders)

South Africa has the richest known spider fauna on the
continent, with 2 268 described species currently re-
corded and many more awaiting description (Foord et
al. 2020). Much of the current knowledge benefits from
a rich collecting history, a well-developed museum in-
frastructure, and active local and international taxono-
mists that made sizable contributions to describing the
fauna (Dippenaar-Schoeman et al. 2015).

Overall, the levels of spider endemism in South Afri-
can forests are surprisingly low in terms of number of
species (< 10%), but when the area of each biome is
considered, then forests have the highest level of ende-
mism proportionally (Foord et al. 2020). The relatively
low number of endemic species is unusual, considering
the high levels of endemism reported for other inver-
tebrates, such as snails (Perera et al. 2021), millipedes
(Janion-Scheepers et al. 2016), harvestmen (e.g., De
Bivort & Giribet 2010) and velvet worms (e.g., Dan-
iels et al. 2009). This could possibly be attributed to:
1) the greater dispersal ability of spiders compared to
the other invertebrate groups, and 2) undersampling of
forests and other biomes in the Eastern Cape, which

Original research

when improved, could provide more accurate data on
spider biodiversity and levels of endemism. Despite its
small area (< 0.3% of South Africa), forests still possess
the fourth highest spider species richness (646 species)
among the eight South African biomes (Dippenaar-
Schoeman et al. 2015).

In total, 324 species of spiders were recorded from the
Amathole Mountains, with Salticidae (49 spp.), Theri-
diidae and Thomisidae (28 spp. each) and Araneidae
(26 spp.) the most species-rich families. In consider-
ing the various datasets used to assess the fauna of the
Amathole Mountains, there is a clear sampling bias to-
wards Hogsback (1 357 records), followed by Mpofu
Fort Fordyce Nature Reserve (188 records), Qonce (for-
merly King William’s Town) (105 records) and Katberg
(63 records), with the remaining sites all represented
by fewer than 30 records (Table 2). Hogsback has by
far the highest recorded species richness (254 species),
but even here the bulk of the records originate from
forest habitats and plantations, and the grassland and
fynbos biomes in the area remain comparatively poorly
sampled. Increased sampling effort in these biomes, as
well as the undersampled thicket and savanna biomes
to the south, will likely result in the discovery of many
new records for the area.

The Amathole Mountains fall within one of the areas
with a moderate number of endemic South African
spider species, none of which are considered rare or
endangered (Foord et al. 2020). However, the ap-
parent absence of certain ‘typical’ forest taxa from
these mountains is perplexing. For example, all South
African species of the family Archaeidae are endem-
ic to the country, with three endemic to the Eastern
Cape; most Afrarchaea Forster & Platnick, 1984 are
forest-dwellers (Dippenaar-Schoeman et al. 2021).
However, none have been sampled from Afromontane
forests or grasslands in the interior of the Eastern Cape,
despite several species occurring in these biomes in
the KwaZulu-Natal Drakensberg and eastern Free State
(Dippenaar-Schoeman et al. 2021). Similarly, the tiny

Table 2. Summary of collecting effort and species richness of spiders from localities in the Amathole Mountains, Eastern Cape, South
Africa [FB = Fort Beaufort; HB = Hogsback; KB = Katberg; MF = Mpofu Fort Fordyce Nature Reserve; QO = Qonce (formerly King
William’s Town); ST = Stutterheim; OT = other Amathole localities]

Collection FB HB KB MF QO ST oT Sum
National Collection of Arachnida 29 1249 61 188 102 10 11 1649
National Museum, Bloemfontein - 45 - - - - - 45
KwaZulu-Natal Museum - 14 - - 3 1 - 18
Ditsong National Museum of Natural History - 49 2 - - 5 19 75
Total records 29 1357 63 188 105 16 30 1788
Total species richness 21 254 49 95 82 12 10 324
Type locality 0 19 1 1 1 0 0 22
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litter-dwelling corinnid genus Hortipes Bosselaers &
Jocqué, 2000 is represented by 14 species in the coun-
try, most of which occur in forest and savanna habitats,
some in the Eastern Cape, but none have been record-
ed to date from the Amathole Mountains (Bosselaers
& Jocqué 2000). The web-building Eresidae are wide-
spread throughout the country but have not yet been
recorded from the region (Dippenaar-Schoeman et al.
2022).

Original research

Wandering spiders

More than two-thirds of the spiders from the Amathole
Mountains (219 species in 35 families) are wandering
species that actively search for prey or hunt from bur-
rows. The ground-dwelling species most commonly
collected in Afromontane forest litter include Copa kei
Haddad, 2013 (Corinnidae; Figure 3A), Drassodella am-
atola Mbo & Haddad, 2019 (Gallieniellidae; Figure 3D),

Figure 3. Selected wandering spiders from the Amathole Mountains, Eastern Cape, South Africa: A, Copa kei, female (Corinnidae); B,
Lepthercus mandelai, female (Entypesidae); C, Same, burrow opening among leaves; D, Drassodella amatola, female (Gallieniellidae);
E, Proevippa bruneipes, female (Lycosidae); F, Microstigmata amatola, female (Microstigmatidae); G, Asemonea amatola, male (Saltici-
dae); H, Myrmarachne lesserti, female (Salticidae); I, Myrmarachne sp., female (Salticidae); J, Rumburak hilaris, female (Salticidae); K,
Rumburak mirabilis, male (Salticidae); L, Thyenula alotama, female (Salticidae). Photos: C. Haddad.
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Microstigmata amatola Griswold, 1985 (Microstigmati- Some species are commonly associated with rocks and
dae; Figure 3F), tiny oonopid spiders of the genera Aus- logs in forest habitats and plantations, including Lepth-
traloonops Hewitt, 1915 and Opopaea Simon, 1890, ercus mandelai Rios-Tamayo & Lyle, 2020 (Entypesidae;
and the jumping spiders Rumburak hilaris Wesotowska Figure 3B), which build a silk-lined burrow often cov-

etal., 2014 (Figure 3)), Thyenula alotama Wesotowska et ered with dead leaves (Figure 3C), the flat wall spiders

al., 2014 (Figure 3L) and Euophrys bifida Wesotowska et Anyphops amatolae (Lawrence, 1940) (Selenopidae;

al., 2014 (Salticidae). Pachygnatha Sundevall, 1823 (Fig- Figure 4A) and A. gilli (Lawrence, 1940) (Figure 4B,

ure 4E) is among the few genera of tetragnathids that do C), and the scorpion spider Platyoides walteri (Karsch,

not build webs (Levi 1980), and is represented by a new 1886) (Trochanteriidae; Figure 4l).

species that is common in the litter of all forest types.

Many of the aforementioned species are also frequently A very rich fauna of arboreal spiders has been collect-

sampled in pine plantations and mixed forest. ed by beating vegetation and canopy fogging, including
various jumping spiders such as Asemonea amatola We-

In the grassland and fynbos biomes, a very different sofowska & Haddad, 2013 (Figure 3G), Dendryphantes

ground- and grass-dwelling fauna is encountered, purcelli Peckham & Peckham, 1903 and D. silvestris We-
which includes Chumma foliata Jocqué & Alderwei- sofowska & Haddad, 2013, species of Myrmarachne Ma-
reldt, 2018 (Amaurobiidae), various lycosids including cLeay, 1839 (Figure 3H, I), Rumburak mirabilis Wesotows-
Proevippa bruneipes (Purcell, 1903) (Figure 3E) and Tra- ka et al., 2014 (Figure 3K), and two species of Wandawe

bea Simon, 1876 spp., several species of Scytodes La- Azarkina & Haddad, 2020. Sac spiders of the families
treille, 1804 (Scytodidae), Heliophanus C.L.Koch, 1833 Clubionidae (10 spp.), Cheiracanthiidae (5 spp.) and Tra-
and Thyenula Simon, 1902 (Salticidae). chelidae (16 spp.) are especially species-rich compared to

_a =i g : PR e vl 4

Figure 4. Selected wandering spiders from the Amathole Mountains, Eastern Cape, South Africa: A, Anyphops amatolae, female (Sele-
nopidae); B, Anyphops gilli, male (Selenopidae); C, Same, female; D, Palystes superciliosus, female (Sparassidae); E, Pachygnatha
sp., female (Tetragnathidae); F, Oxytate ribes, female (Thomisidae); G, Thomisus australis, female (Thomisidae); H, Afroceto martini,
female (Trachelidae); 1, Platyoides walteri, female (Trochanteriidae). Photos: C. Haddad.
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other parts of South Africa. Species such as Afroceto marti- flexible habitat requirements, such as crab spiders of the
ni (Simon, 1897) (Trachelidae; Figure 4H) are some of the genus Thomisus Walckenaer, 1805 (Thomisidae; Figure
most abundant wandering spiders on shrubs and in trees. 4G), which occur in grasses, herbs, shrubs and trees.

Two species of rain spiders, Palystes perornatus Pocock,

1900, and P superciliosus L. Koch, 1875 (Figure 4D), can ,

be easily recognised by their large size and by their nests, Web-builders
comprising a ball of leaves, woven together with silk, to

accommodate their egg sacs. Certain taxa prefer particu-  Approximately one-third of the spiders (105 species
lar kinds of trees, such as Oxytate ribes (Jézéquel, 1964) in 17 families) are web-builders. Species of Agelena
(Thomisidae; Figure 4F), which was only collected from Walckenaer, 1805 (Agelenidae; Figure 5A) and Hippa-
broad-leaved trees and shrubs, whereas others have very sa Simon, 1885 (Lycosidae) build funnel-webs close to

Figure 5. Selected web-building spiders from the Amathole Mountains, Eastern Cape, South Africa; A, Funnel-web of Agelena sp.
(Agelenidae); B, Caerostris sexcuspidata, female (Araneidae); C, Cyclosa insulana, female in web (Araneidae); D, Neoscona subfusca,
female (Araneidae); E, Trichonephila fenestrata, female (Araneidae); F, Menneus camelus, female, with net-casting web (Deinopidae);
G, Same, male (above) and female (below), resting on a twig; H, Microlinyphia sterilis, female (Linyphiidae); I, Themacrys sp., female
(Phyxelididae); J, Leucauge decorata, female (Tetragnathidae); K, Leucauge festiva, female (Tetragnathidae). Photos: C. Haddad.
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the ground in open grassy areas that are obvious when
covered by dew-drops in the mornings. Other species
common in grassy areas include various hammock-web
spiders (Linyphiidae; Figure 5H), Neoscona subfusca
(C. L. Koch, 1837) (Araneidae; Figure 5D), and tetrag-
nathid orb-weavers of the genera Leucauge White,
1841 (Figure 5K, L) and Tetragnatha Latreille, 1804.

Araneid orb-weavers are a diverse group (26 species),
with several large and charismatic species that can be
seen in the forests, constructing orb-webs often 50 cm
or more in diameter. These include the bark spider
Caerostris sexcuspidata Fabricius, 1793 (Figure 5B),
species of Neoscona Simon, 1885 (Figure 5D), and
the golden orb-web spider Trichonephila fenestrata
(Thorell, 1859) (Figure 5E). Garbage-line spiders, Cy-
closa insulana (Costa, 1834) (Araneidae; Figure 5C),
build fine orb-webs with a vertical line of prey remains
down the centre among which the spider rests. How-
ever, the most common orb-weavers seen in the for-
ests are undoubtedly the species of Leucauge (Figure
5K, L), which construct obliquely orientated orb-webs
in low foliage and the herbaceous layer, and are bright-
ly coloured in shades of green, silver, orange and red.

Original research

Few web-building species are encountered on bark,
predominantly including mesh web-building species of
Themacrys Simon, 1906 (Phyxelididae; Figure 5I) and
tiny Cyatholipidae, which construct small orb-webs in
the buttresses and crevices of trees.

The assemblage of forest litter web-builders is dominated
by Amaurobiidae, a group of small spiders < 4 mm in
length that build mesh-webs between dead leaves. Sev-
eral web-builders construct webs under rocks and logs,
including Vidole capensis (Pocock, 1900) and species of
Xeviosa Lehtinen, 1967 (Phyxelididae), Steatoda Sunde-
vall, 1833, and Theridion Walckenaer, 1805 (Theridiidae).

Opiliones (harvestmen)

In total, 41 species representing 16 genera and four
families of harvestmen have been collected in the Am-
athole Mountains (Table 1; Supplementary Table 1).
Consistent with overall patterns in southern Africa
(Lotz 2009), the most genus- and species-rich family
is Triaenonychidae, followed by Phalangiidae. Most
harvestmen sampled are associated with leaf litter, but
species of Rhampsinitus Simon, 1879 (Figure 6A, B)

S

Figure 6. Selected harvestmen and scorpions from the Amathole Mountains, Eastern Cape, South Africa; A, Rhampsinitus sp., male
(Phalangiidae); B, Rhampsinitus aff. silvaticus, female (Phalangiidae); C, possible Adaeum sp., female (Triaenonychidae); D, Parabuthus
planicauda, female (Buthidae); E, Uroplectes formosus, female (Buthidae); F, Uroplectes triangulifer, male (Buthidae); G, Hadogenes
trichiurus, juvenile (Hormuridae); H, Opistacanthus validus, male (Hormuridae); 1, Opistophthalmus latimanus, female (Scorpioni-
dae). Photos: A-C, G, H, C. Haddad; D, C. Hobson; E, |, S. Christie; F G. Diedericks.

http://abcjournal.org |

64

| Open access



Page 11 of 33

and Biantidae occasionally wander onto the foliage of
grasses, herbs and shrubs, where they may be collected
by sweeping or beating vegetation. Triaenonychids are
mainly slow-moving cryptic species that blend in with
the colour of the soil and litter (Figure 6C).

Surprisingly, harvestmen appear to be minimally impact-
ed by silviculture (pines and Eucalyptus) near Hogsback
and were more abundant there than in the indigenous
forests. Preliminary indications suggest that harvestmen
would be an ideal candidate taxon to include in studies
evaluating the effects of silviculture on different animal
groups, particularly given their high abundance in for-
est habitats, exceptionally high species richness in the
Amathole Mountains (Supplementary Table 1), and the
restricted ranges of many of the species (Lotz 2009).

Scorpiones (scorpions)

Eight species, representing six genera and three fam-
ilies of scorpions have been recorded in and around
the Amathole Mountains (Table 1; Supplementary Ta-
ble 1). These include three species of thick-tailed scor-
pions (genera Parabuthus Pocock, 1890 and Uroplectes
Peters, 1861) in the family Buthidae, one species of
flat rock scorpion (genus Hadogenes Kraepelin, 1894),
three species of creeping scorpions (genera Chelocto-
nus Pocock, 1892 and Opisthacanthus Peters, 1861) in
the family Hormuridae, and one species of burrowing
scorpion (genus Opistophthalmus C. L. Koch, 1837) in
the family Scorpionidae.

The scorpions of the Amathole Mountains may be
classified into three ecomorphotypes (Table 3) based
on their morphology and microhabitat requirements
(Prendini 2001, 2005). The thick-tailed scorpions of
the genus Uroplectes (Figure 6E, F) are lapidicolous,

Original research

sheltering under stones, logs and other surface debris.
These morphologically generalist scorpions are ecolog-
ically eurytopic. All other scorpion taxa occurring in
and around the mountain range are morphologically
specialist and ecologically stenotopic. The thick-tailed
scorpion, Parabuthus planicauda (Pocock, 1889) (Fig-
ure 6D), is also fossorial and pelophilous, construct-
ing scrapes or shallow burrows, usually under stones.
The flat rock scorpion, Hadogenes trichiurus (Gervais,
1843) (Figure 6G), and one of the creeping scorpions,
Opisthacanthus validus Thorell, 1876 (Figure 6H), are
lithophilous, inhabiting the narrow cracks and crevices
of rock outcrops. The burrowing scorpion, Opistoph-
thalmus latimanus C. L. Koch, 1841 (Figure 6l), and
the creeping scorpions of the genus Cheloctonus are
fossorial and pelophilous, constructing burrows in
hard, clayey soil, usually in open ground [Cheloctonus
crassimanus (Pocock, 1896) and O. latimanus] or un-
der stones (C. glaber Kraepelin, 1896). The burrows of
Opistophthalmus are usually constructed at an angle to
the ground surface, with a semi-circular entrance open-
ing, whereas the burrows of Cheloctonus are usually
vertical, with a more slit-like entrance opening.

The method of burrow construction differs among the
four fossorial scorpion taxa. The scorpionid, O. latima-
nus, is a cheliceral burrower, which uses the chelicer-
ae to loosen the soil, and the legs and, to a lesser ex-
tent, the metasoma, to scrape it away. The hormurids,
C. crassimanus and C. glaber, are pedipalpal burrowers,
which use the pedipalps to loosen and scrape the soil
away. The buthid, P planicauda, is a metasomal bur-
rower, which uses the metasoma to loosen the soil and
the legs and metasoma to scrape it away.

Different scorpion taxa inhabit distinct geographical
areas in and around the Amathole Mountains. Three
species with lower tolerance for aridity occupy mesic

Table 3. Habitat preferences of scorpions occurring in and around the Amathole Mountains, Eastern Cape, South Africa (Eco =

ecomorphotype)
Eco Habitat Elevation Location

Buthidae
Parabuthus planicauda (Pocock, 1889) pelophilous  savanna low valleys, N/S slopes
Uroplectes formosus Pocock, 1890 lapidicolous  grassland, thicket high summit, N/S slopes
Uroplectes triangulifer (Thorell, 1876) lapidicolous  savanna low valleys, N/S slopes
Hormuridae
Cheloctonus crassimanus (Pocock, 1896) pelophilous  savanna, thicket low valleys, S slope
Cheloctonus glaber Kraepelin, 1896 pelophilous  grassland high summit, N slope
Hadogenes trichiurus (Gervais, 1843) lithophilous  savanna low valleys, N slope
Opisthacanthus validus Thorell, 1876 lithophilous  forest, thicket high summit, S slope
Scorpionidae
Opistophthalmus latimanus C.L. Koch, 1841 pelophilous  savanna, thicket low valleys, S slope
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habitats at higher elevations on the mountain range.
Opisthacanthus validus inhabits forests and thicket on
the summit and southern slopes whereas C. glaber in-
habits grasslands on the summit and northern slopes.
Uroplectes formosus Pocock, 1890 inhabits grasslands
and thicket on the summit, northern and southern
slopes. Five species with higher tolerance for aridity
occupy xeric habitats, primarily savanna, thicket and,
in places, Nama Karoo, in the warm, dry valleys in-
tersecting the mountains. Parabuthus planicauda and
U. triangulifer (Thorell, 1876) occur in valleys intersect-
ing both the northern and southern slopes of the moun-
tain range, whereas C. crassimanus and O. latimanus are
restricted to valleys intersecting the southern slopes and
H. trichiurus to valleys intersecting the northern slopes.

Pseudoscorpiones (false scorpions)

Pseudoscorpions are a morphologically homogenous
group, with small differences in body shape, propor-
tions and fine structures often determining their taxo-
nomic placement (Figure 7). There are currently 165
species of pseudoscorpions described from South Af-
rica (Dippenaar-Schoeman & Harvey 2000; Harvey
et al. 2016; Neethling & Haddad 2016; Neethling &
Neethling 2023), with the Amathole Mountain range
containing 18 described species, representing 16 gen-
era and nine families. An additional three species and
two families are represented by possibly undescribed
species (Table 4; Supplementary Table 1).

As elsewhere in South Africa, data on pseudoscorpi-
on diversity are somewhat limited for the Amathole
Mountains. The area is of particular historical signifi-
cance with regard to South African pseudoscorpion
taxonomy, however, as many of the earliest species de-
scriptions came from material collected by Reverend
Robert Godfrey, a missionary and naturalist stationed
at the Pirie Mission near Qonce, then known as King
William’s Town (Ellingsen 1912). Indeed, eight of the
area’s described species have type localities at, or
around, the Pirie Mission (Supplementary Table 1). For
the Amathole region, historical records are concentrat-
ed around the Pirie Forest area, whereas modern sam-
pling has only recently been conducted in the forests
around Hogsback, Fort Fordyce, Katberg and Stutter-
heim. Barely any data are available on the presence of
species outside these forests.

The indigenous forests around Hogsback are of partic-
ular interest. Not only do 11 described species occur
there, but recent sampling has yielded as of yet uniden-
tified species of Ectactolpium Beier, 1947 (Olpiidae),
Ectromachernes Beier, 1944 (Withiidae), and Paral-
lowithius Beier, 1955 (Withiidae). Another three new
species of Gymnobisium Beier, 1931 (Gymnobisiidae)
(Figure 7D, E) were recently described (Neethling &
Neethling 2023).
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Table 4. Habitat preferences (Hab) of pseudoscorpions occurring
in and around the Amathole Mountains, Eastern Cape, South
Africa (AR = arboreal; BE = associated with beehives; FA =
facultative arboreal; LL = leaf litter)

Species Hab
Atemnidae

Cyclatemnus globosus Beier, 1947 LL
Cheliferidae

Aperittochelifer minusculus (Ellingsen, 1912) AR
Beierius walliskewi (Ellingsen, 1912) LL
Ellingsenius sculpturatus (Lewis, 1903) BE
Hansenius torulosus (Tullgren, 1907) LL
Lophochernes mucronatus (Tullgren, 1907) AR
Microchelifer minusculoides (Ellingsen, 1912) AR
Chthoniidae

Anaulacodithella mordax (Tullgren, 1907) LL
Tyrannochthonius contractus (Tullgren, 1907) LL
Feaellidae

Feaella mucronata Tullgren, 1907 LL
Garypinidae

Garypinidius capensis (Ellingsen, 1912) AR
Geogarypidae LL
Afrogarypus excelsus (Beier, 1964) LL
Afrogarypus impressus (Tullgren, 1907) LL
Afrogarypus triangularis (Ellingsen, 1912) FA
Gymnobisiidae

Gymnobisium cuneatum Neethling & Neethling, LL
2023

Gymnobisium hogsbackense Neethling & FA
Neethling, 2023

Gymnobisium prionotogladiatum Neethling & FA
Neethling, 2023

Olpiidae

Ectactolpium sp. AR
Pseudochiridiidae

Pseudochiridium lawrencei Beier, 1964 FA
Pseudotyrannochthoniidae

Afrochthonius godfreyi (Ellingsen, 1912) LL
Selachochthonius serratidentatus (Ellingsen, 1912)  LL
Withiidae

Afrowithius paradoxus (Ellingsen, 1912) FA
Ectromachernes sp. LL
Parallowithius sp. LL
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As forest-dwellers, most pseudoscorpions occur in leaf families Chthoniidae, Feaellidae, Pseudotyrannoch-
litter, under dead logs or stones. Others are arboreal, thoniidae and Tridenchthoniidae, are ecologically ste-
hiding in holes or crevices in the trunks or under loose notopic, having adapted to the humid environment
bark. Many of the species, in particular those of the of the forest floor, whereas Ellingsenius sculpturatus

b8

Figure 7. Selected Pseudoscorpiones from the Amathole Mountains, Eastern Cape, South Africa; A, Catatemnus sp., female (Atemidae);
B, unidentified species of Cheliferidae, female; C, Afrogarypus triangularis, female (Geogarypidae); D, Gymnobisium cuneatum, fe-
male (Gymnobisiidae); E, Cymnobisium hogsbackense, male (Gymnobisiidae); F, Afrochthonius godfreyi, female (Pseudotyrannoch-
thoniidae); G, Afrochthonius aff. inequalis, female (Pseudotyrannochthoniidae); H, Anaulacodithella mordax, female (Tridenchthonii-
dae); I, unidentified species of Withiidae, female. Photos: C. Haddad.
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(Lewis, 1903) (Cheliferidae) are found exclusively on
bees or in beehives (Hewitt & Godfrey 1929). Arbore-
al or semi-arboreal species, such as the families Atem-
nidae, Cheliferidae, Olpiidae, Pseudochiridiidae and
Withiidae, are more widespread, as many have thicker
cuticles and can tolerate a greater range of environ-
mental conditions (Beier 1947). Some pseudoscorpions
disperse via phoresis, enabling them to establish popu-
lations in a greater variety of habitats.

Amathole Mountains as a
hotspot for Arachnida

The Amathole Mountains appear to be a hotspot for
particular arachnid taxa, based on the data available,
but the importance of conserving this mountain range
will only be fully appreciated when many of the species
in poorly studied taxa have been described and the fau-
na more comprehensively sampled. Although the cur-
rent spider diversity for the area is 324 species (Table 1),
many more species may occur there. For comparison,
276 species in 47 families were recorded from the Addo
Elephant National Park (Dippenaar-Schoeman et al.
2020), the northern limit of which is about 80 km south
of the western margin of the Amathole Mountains, and
which has five biomes represented within its borders.

Among spiders, Hogsback is the type locality for 19 spe-
cies, nine of which have not been recorded elsewhere:
Chumma foliata, Spiroctenus flavopunctatus (Bemme-
ridae), Lepthercus mandelai, Drassodella amatola and
D. tolkieni Mbo & Haddad, 2019, Afraflacilla imitator
(Wesotowska & Haddad, 2013), Asemonea amatola
and Thyenula splendens Wesotowska & Haddad, 2018
(Salticidae), and Anyphops amatolae. Chumma sub-
ridens Jocqué & Alderweireldt, 2018 has only been
recorded from its type locality, Mpofu Fort Fordyce Na-
ture Reserve, and Stasimopus insculptus Pocock, 1901
(Stasimopidae) is only known from Qonce. Sampling
at various sites in the Amathole Mountains also pro-
vided considerable range extensions for many species
(Dippenaar-Schoeman et al. 2010), particularly in the
family Salticidae (Wesotowska & Haddad 2013, 2018).

Several groups are understudied taxonomically, and
a large proportion of the Amathole species are new,
e.g., both species of Parapostenus Lessert, 1923 (Mitur-
gidae), 11 of 12 species of Scytodes, 10 of 16 species
of Trachelidae, six of 10 species of Clubiona Latreille,
1804 (Clubionidae), and most Theridiidae. Only with
additional taxonomic effort can these taxa be described
and a more accurate representation of their distribution
in South Africa be presented.

Despite the taxonomic shortfall for spiders, it is somewhat
surprising that the Amathole Mountains were not identi-
fied as an area of endemism in Griswold’s (1991) analysis
of Afromontane biogeography. This could be explained
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by inclusion of only three currently recognised spider
families, Microstigmatidae, Migidae and Phyxelididae, in
his analysis. Microstigmata amatolae and two new species
of Phyxelididae belonging to the genera Themacrys and
Xevioso Lehtinen, 1967 may be endemic to the region,
but only the former was known at the time of Griswold's
(1985) study and neither of the latter two species was
recorded in his revision of Phyxelididae (Griswold 1990).
The Amathole Mountains may have emerged as an area
of endemism if these or other spider taxa had been in-
cluded in Griswold’s (1990) analysis.

The Amathole Mountains have by far the richest Opil-
jones fauna of any part of South Africa, with more
than 40 species already recorded, representing more
than 20% of the species known from the country (Lotz
2009, 2010; De Bivort & Giribet 2010). A remarkable
27 species of Triaenonychidae and eight species of the
phalangiid genus Rhampsinitus have been recorded, an
exceptional diversity. Although most of the records (32
spp.) are concentrated around Hogsback, suggesting a
very strong sampling bias, other sites, particularly for-
est biotopes, will probably have a similarly rich fauna if
sampled thoroughly.

Hogsback is the only place in the Amathole Moun-
tains that is a type locality for harvestmen; 11 species,
of which one was subsequently synonymised (Starega
1984), were described from material collected there
(Lawrence 1931, 1934; De Bivort & Giribet 2010). Six
of these have been recorded elsewhere in the Amathole
Mountains and beyond (Lotz 2009), but four remain
known only from Hogsback: Parapurcellia amatola De
Bivort & Giribet, 2010 (Purcellidae), and Adaeulum
brevidentatum Lawrence, 1934, Larifuga mantonae
Lawrence, 1934 and Roewerania lignicola Lawrence,
1934 (Triaenonychidae).

Outside the Afromontane Forests, the pseudoscorpions
of the Amathole Mountains are poorly studied. The re-
gion appears to possess a high degree of endemism, with
some species, such as the Gymnobisiidae, occurring ex-
clusively within the isolated forest patches, though, due
to the lack of sampling in the region, the true extent of
the distributions of many species is unknown.

The other two arachnid orders, Amblypygi and Scorpi-
ones, are represented by species more widespread in
the Eastern Cape or South Africa. None of these species
is endemic to the Amathole Mountains, although the
hormurid scorpion, Cheloctonus glaber may be consid-
ered near-endemic, with a distribution restricted to the
Amathole and ranges to the north.

Conclusions

The Amathole Mountains contain an impressive arach-
nid biodiversity and are a hotspot for several taxa,
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particularly harvestmen, pseudoscorpions and the spi-
der families Clubionidae, Salticidae, Scytodidae and
Trachelidae. Although the levels of endemism presently
appear low, numerous undescribed species from the
region may potentially be endemic. Arachnids may be
important for informing conservation management de-
cisions in the region, once their distributions are better
known and the many new taxa have been described.
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Supplementary material

Supplementary Table 1. Checklist of the non-acarine arachnids of the Amathole District, Eastern Cape, South Africa (FB = Fort Beaufort;
HB = Hogsback; KB = Katberg; MF = Mpofu Fort Fordyce Nature Reserve; QO = Qonce; ST = Stutterheim; OT = other Amathole
localities; X = present; XT = type locality; T = new species)

FB HB KB MF QO ST OT References

AMBLYPYGI
Phrynichidae

Damon annulatipes (Wood, 1869) X Weygoldt (1999)
ARANEAE
Agelenidae
Agelena sp. X
Amaurobiidae
Chresiona sp. X
Chumma foliata Jocqué & Alderweireldt, XT Jocqué & Alderweireldt (2018)
2018
Chumma subridens Jocqué & XT Jocqué & Alderweireldt (2018)
Alderweireldt, 2018
Amaurobiidae sp. 1 X X X
Amaurobiidae sp. 2 X X
Anapidae
Pseudanapis sp.t X
Araneidae
Acanthepeira sp. X
Acusilas africanus Simon, 1895 X
Araneus nigroquadratus Lawrence, 1937 X X X X Dippenaar-Schoeman et al.
(2010)
Araneus sp. X
Argiope australis (Walckenaer, 1805) X Dippenaar-Schoeman et al.
(2010)
Argiope trifasciata (Forskal, 1775) X Dippenaar-Schoeman et al.
(2010)
Bijoaraneus legonensis (Grasshoff & X
Edmunds 1979)
Caerostris sexcuspidata Fabricius, 1793 X X X X Dippenaar-Schoeman et al.
(2010); Gregoric et al. (2015)
Chorizopes sp. X X
Cyclosa insulana (Costa, 1834) X Dippenaar-Schoeman et al.
(2010)
Cyclosa sp. 2 X X X
Cyphalonotus larvatus (Simon, 1881) X
Cyrtophora citricola (Forsskal, 1775) X Dippenaar-Schoeman et al.
(2010)
Gasteracantha versicolor (Walckenaer, X
1841)
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Araneidae (continued)
Hypsosinga sp. X X
Ideocaira transversa Simon, 1903 X
Isoxya cicatricosa (C.L. Koch, 1844) X X Dippenaar-Schoeman et al.
(2010)
Isoxya stuhlmanni (Bésenberg & Lenz, X Dippenaar-Schoeman et al.
1885) (2010)
Isoxya tabulata (Thorell, 1859) X Dippenaar-Schoeman et al.
(2010)
Nemoscolus elongatus Lawrence, 1947 X
Neoscona hirta (C. L. Koch, 1844) X X Dippenaar-Schoeman et al.
(2010)
Neoscona subfusca (C. L. Koch, 1837) X X Dippenaar-Schoeman et al.
(2010)
Pararaneus cyrtoscapus (Pocock, 1898) X
Prasonica seriata Simon, 1895 X Dippenaar-Schoeman et al.
(2010)
Pycnacantha tribulus (Fabricius, 1781) X Dippenaar-Schoeman et al.
(2010)
Trichonephila fenestrata (Thorell, 1859) X X Dippenaar-Schoeman et al.
(2010)
Bemmeridae
Homostola abernethyi (Purcell, 1903) X
Spiroctenus flavopunctatus (Purcell, XT Purcell (1903); Dippenaar-
1903) Schoeman et al. (2010);
Opatova et al. (2020); Montes
de Oca et al. (2022)
Cheiracanthiidae
Cheiramiona ansiae Lotz, 2002 X Dippenaar-Schoeman et al.
(2010)
Cheiramiona filipes (Simon, 1898) X
Cheiramiona hogsbackensis Lotz, 2015 X XT X Lotz (2015)
Cheiramiona silvicola (Lawrence, 1938) X X Dippenaar-Schoeman et al.
(2010)
Cheiracanthium furculatum Karsch, 1879 X X X
Clubionidae
Clubiona biaculeata Simon, 1897 X X
Clubiona capensis Simon, 1897 X X X
Clubiona pupillaris Lawrence, 1938 X X Dippenaar-Schoeman et al.
(2010)
Clubiona sigillata Lawrence, 1952 X Dippenaar-Schoeman et al.
(2010)
Clubiona sp. 5t X X
Clubiona sp. 6t X X X
Clubiona sp. 7t X X
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Clubionidae (continued)
Clubiona sp. 8t X X X
Clubiona sp. 9t X
Clubiona sp. 10t X
Corinnidae
Cambalida fulvipes (Simon, 1896) X Haddad (2012a)
Copa flavoplumosa Simon, 1885 X X Haddad (2013)
Copa kei Haddad, 2013 X X Haddad (2013)
Echinax sp. imm. X Haddad (2012b)
Pronophaea natalica Simon, 1897 X X Dippenaar-Schoeman et al.
(2010)
Ctenidae
Ctenus parvoculatus Benoit, 1979 X Dippenaar-Schoeman et al.
(2010)
Ctenus pulchriventris (Simon, 1896) X Dippenaar-Schoeman et al.
(2010)
Cyatholipidae
Cyatholipus sp. X
Isicabu sp.t X
Ulwembua sp.t X
Cyrtaucheniidae
Ancylotrypa sororum (Hewitt, 1916) X
Homostola abernethyi (Purcell, 1903) X
Deinopidae
Menneus camelus Pocock, 1902 X Dippenaar-Schoeman et al.
(2010)
Dictynidae
Archaeodictyna sp. X
Dictyna sp. X X X
Mashimo leleupi Lehtinen, 1967 X
Entypesidae
Lepthercus mandelai Rios-Tamayo & XT Rios-Tamayo & Lyle (2020)
Lyle, 2020
Euagridae
Allothele australis (Purcell, 1903)
Gallieniellidae
Drassodella amatola Mbo & Haddad, XT Mbo & Haddad (2019)
2019
Drassodella tolkieni Mbo & Haddad, XT Mbo & Haddad (2019)
2019

Gnaphosidae

Ammoxenus sp.

Dippenaar-Schoeman et al.
(2010)
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Gnaphosidae (continued)

Aphantaulax signicollis Tucker, 1923 X X

Camillina capensis Platnick & Murphy, X
1987

Camillina cordifera (Tullgren, 1910) X Dippenaar-Schoeman et al.
(2010)

Drassodes sp. X X

Echemus sp. X

Micaria beaufortia (Tucker, 1923) X Booysen & Haddad (2021)

Nomisia sp. X

Poecilochroa sp. X

Scotophaeus sp. X

Trichothyse africana (Tucker, 1923) X

Xerophaeus aurariarum Purcell, 1907 X

Xerophaeus communis Purcell, 1907 X X

Zelotes fuligineus (Purcell, 1907) X

Zelotes sp. 2 X
Hahniidae
Hahnia clathrata Simon, 1898 X X

Hahnia laticeps Simon, 1898 X

Hahnia tabulicola Simon, 1898 X X X

Hahnia sp.t X X
Hersiliidae

Neotama corticola (Lawrence, 1937) X X
Linyphiidae

Ceratinopsis sp.

Limoneta sirimoni (Bosmans, 1979)

Mecynidis sp.t

Meioneta sp.

Microlinyphia sterilis (Pavesi, 1883)

X X X X X X

Ostearius melanopygius (O. Pickard-
Cambridge, 1879)

>
>
>

Pelecopsis sp.

Typhistes sp. X

Linyphiidae sp.1 X X

Linyphiidae sp. 2 X

Linyphiidae sp. 3

< X X X

Linyphiidae sp. 4
Lycosidae

Allocosa sp. X

Arctosa promontorii (Pocock, 1900) X
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Lycosidae (continued)
Foveosa foveolata (Purcell, 1903) X
Hippasa australis Lawrence, 1927 X
Hippasa funerea Lessert, 1925 X X X
Hogna bimaculata (Purcell, 1903) X
Lycosa sp. X X
Pardosa crassipalpis Purcell, 1903 X
Pardosa sp. X X X
Proevippa bruneipes (Purcell, 1903) X
Pterartoria sp. X
Trabea nigriceps Purcell, 1903 X
Trabea ornatipalpis Russell-Smith, 1982 X
Trabea purcelli Roewer, 1951 X X X
Trabea rubriceps Lawrence, 1952 X X
Lycosidae sp. 1 X
Microstigmatidae
Microstigmata amatola Griswold, 1985 XT X Griswold (1985); Dippenaar-
Schoeman et al. (2010);
Opatova et al. (2020); Montes
de Oca et al. (2022)
Migidae
Poecilomigas abrahami (O. Pickard- X X Dippenaar-Schoeman et al.
Cambridge, 1889) (2010); Opatova et al. (2020)
Mimetidae
Anansi natalensis (Lawrence, 1938) X X Dippenaar-Schoeman et al.
(2010); Benavides et al. (2017)
Anansi sp. 2t X X X X
Anansi sp. 3t X
Ero lawrencei Unzicker, 1966 X
Miturgidae
Parapostenus sp. 1+ X X Wheeler et al. (2017); Haddad
(2022)
Parapostenus sp. 2t X
Nesticidae
Nesticus sp.t X
Oecobiidae
Oecobius navus Blackwall, 1859 X Stahlavsky et al. (2020)
Oonopidae
Australoonops granulatus Hewitt, 1915 X Dippenaar-Schoeman et al.

(2010); Platnick & Dupérré
(2010)
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Oonopidae (continued)
Australoonops skaife Platnick & Dupérré, X Platnick & Dupérré (2010);
2010 Dippenaar-Schoeman et al.
(2010)
Opopaea speciosa (Lawrence, 1952) X X Dippenaar-Schoeman et al.
(2010)
Orchestina sp.t X
Orsolobidae
Afrilobus sp.t X X
Azanialobus sp.t X X
Oxyopidae
Oxyopes bothai Lessert, 1915 X
Oxyopes sp. X X
Peucetia maculifera Pocock, 1900 X X Dippenaar-Schoeman et al.
(2010)
Palpimanidae
Palpimanus sp. X
Penestomidae
Penestomus prendinii Miller, Griswold & X
Haddad, 2010
Philodromidae
Gephyrota glauca (Jézéquel, 1966) X
Philodromus brachycephalus Lawrence, X
1952
Philodromus spp. X X X X X
Thanatus sp. X X
Tibellus minor Lessert, 1919 X X
Pholcidae
Quamtana sp.t X X X X
Smeringopus ubicki Huber, 2012 X
Spermophora sp.t X
Phyxelididae
Themacrys sp.t X
Vidole capensis (Pocock, 1900) X X Dippenaar-Schoeman et al.
(2010)
Xevioso sp.t X
Pisauridae
Cispius kimbius Blandin, 1978 X
Euprosthenopsis lamorali Blandin, 1977 X X
Nilus massajae (Pavesi, 1883) X X Dippenaar-Schoeman et al.
(2010)
Rothus auratus Pocock, 1900 X
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Salticidae

Afraflacilla imitator (Wesotowska & XT Wesolowska & Haddad (2013)

Haddad, 2013)

Asemonea amatola Wesotowska & XT Wesolowska & Haddad (2013,

Haddad, 2013 2018)

Baryphas ahenus Simon, 1902 X

Brancus mustelus (Simon, 1902) X

Dendryphantes purcelli Peckham & X Dippenaar-Schoeman et al.

Peckham, 1903 (2010)

Dendryphantes silvestris Wesotowska & XT X X Wesolowska & Haddad (2013)

Haddad, 2013

Euophrys bifida Wesotowska, Azarkina & XT X X X Wesolowska et al. (2014)

Russell-Smith, 2014

Evarcha denticulata Wesotowska & X Haddad & Wesolowska

Haddad, 2013 (2013); Wesolowska &
Haddad (2013)

Hasarius adansoni (Audouin, 1826) X X Wesolowska & Haddad (2013)

Heliophanus aberdarensis Wesotowska, X Wesolowska & Haddad (2018)

1986

Heliophanus debilis Simon, 1901 X

Heliophanus demonstrativus X Dippenaar-Schoeman et al.

Wesotowska, 1986 (2010)

Heliophanus deserticola Simon, 1901 X Wesolowska & Haddad (2018)

Heliophanus gramineus Wesotowska & XT X X Wesolowska & Haddad (2013,

Haddad, 2013 2018)

Heliophanus hastatus Wesotowska, 1986 X X Dippenaar-Schoeman et al.
(2010)

Heliophanus nanus Wesotowska, 2003 X Dippenaar-Schoeman et al.
(2010)

Heliophanus orchesta Simon, 1886 X Dippenaar-Schoeman et al.
(2010)

Heliophanus sororius Wesotowska, 2003 X Wesolowska & Haddad (2018)

Hispo georgius (Peckham & Peckham, X Haddad & Wesolowska (2013)

1892)

Langona sp.t X

Massagris honesta Wesotowska, 1993 X Dippenaar-Schoeman et
al. (2010); Wesolowska &
Haddad (2013); Maddison
(2015)

Massagris mirifica Peckham et Peckham, X X Haddad & Wesolowska

1903 (2013); Wesolowska &
Haddad (2013, 2018)

Myrmarachne lesserti Lawrence, 1938 X X

Myrmarachne sp. X X X

Natta horizontalis Karsch, 1879 X X

Nigorella hirsuta Wesotowska, 2009 X
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Salticidae (continued)

Oviballus vidae Azarkina & Haddad, X X Azarkina & Haddad (2020)

2020

Phintella aequipes (Peckham & X

Peckham, 1903)

Phlegra nuda Préchniewicz & Heciak, X

1994

Planamarengo bimaculata (Peckham & X Azarkina & Haddad (2020)

Peckham, 1903)

Pseudicius africanus Peckham & X

Peckham, 1903

Pseudicius maculatus Haddad & X Wesolowska & Haddad (2013)

Wesotowska, 2011

Rhene biguttata Peckham & Peckham, X Wesolowska & Haddad (2018)

1903

Rhene timidus Wesotowska & Haddad, XT Wesolowska & Haddad (2013,

2013 2018)

Rumburak hilaris Wesotowska, Azarkina XT X X Wesolowska et al. (2014)

& Russell-Smith, 2014

Rumburak mirabilis Wesotowska, XT X Wesolowska et al. (2014)

Azarkina & Russell-Smith, 2014

Stenaelurillus sp. X

Thyene aperta (Peckham & Peckham, X Dippenaar-Schoeman et al.

1903) (2010)

Thyene natalii Peckham & Peckham, X

1903

Thyene ogdeni Peckham & Peckham, X Dippenaar-Schoeman et al.

1903 (2010)

Thyene thyenioides (Lessert, 1925) X

Thyenula alotama Wesotowska, Azarkina XT X Wesolowska et al. (2014)

& Russell-Smith, 2014

Thyenula aurantiaca (Simon, 1902) X Dippenaar-Schoeman et al.
(2010)

Thyenula juvenca Simon, 1902 X X X

Thyenula leighi (Peckham & Peckham, X

1903)

Thyenula splendens Wesotowska & XT Wesolowska & Haddad (2018)

Haddad, 2018

Tusitala barbata Peckham & Peckham, X X Azarkina & Foord (2015)

1902

Wandawe australe Azarkina & Haddad, XT Azarkina & Haddad (2020)

2020

Wandawe benjamini (Wesotowska & XT X Wesolowska & Haddad

Haddad, 2013) (2013); Azarkina & Haddad
(2020)

Scytodidae
Scytodes triangulifera Purcell, 1904 X
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Scytodidae (continued)
Scytodes sp. 2+ X
Scytodes sp. 3t X
Scytodes sp. 4+ X
Scytodes sp. 5t X
Scytodes sp. 61 X
Scytodes sp. 7+ X
Scytodes sp. 8+ X
Scytodes sp. 9t X X
Scytodes sp. 10t X X
Scytodes sp. 11t X
Scytodes sp. 12t X X
Segestriidae
Ariadna sp. 1 X X
Ariadna sp. 2 X
Selenopidae
Anyphops amatolae (Lawrence, 1940) XT Lawrence (1940); Dippenaar-
Schoeman et al. (2010)
Anyphops gilli (Lawrence, 1940) X Dippenaar-Schoeman et al.
(2010)
Anyphops whiteae (Pocock, 1902) X Lawrence (1940)
Anyphops sp. X X
Selenops sp. X
Sparassidae
Olios sp. X X
Palystes perornatus Pocock, 1900 X Dippenaar-Schoeman et al.
(2010)
Palystes superciliosus L. Koch, 1875 X X Dippenaar-Schoeman et al.
(2010)
Parapalystes lycosinus (Pocock, 1900) X
Stasimopidae
Stasimopus insculptus Pocock, 1901 XT Pocock (1901); Dippenaar-
Schoeman et al. (2010)
Stasimopus schoenlandi Pocock, 1900 X
Tetragnathidae
Diphya simoni Kauri, 1950 X X Omelko et al. (2020)
Leucauge decorata (Blackwall, 1864) X
Leucauge festiva (Blackwall, 1866) X Dippenaar-Schoeman et al.
(2010)
Leucauge levanderi (Kulczynski, 1901) X Dippenaar-Schoeman et al.
(2010)
Leucognatha sp. X
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Tetragnathidae (continued)

Meta sp. X

Pachygnatha sp.t X

Tetragnatha keyserlingi Simon, 1890 X Dippenaar-Schoeman et al.
(2010)

Tetragnatha subsquamata Okuma, 1985 X X X

Theraphosidae
Harpactira tigrina Ausserer, 1875 X
Theridiidae

Achaearanea sp.t X

Anelosimus sp.t X

Argyrodes sp.t X

Chorizopella tragardhi Lawrence, 1947 X X

Coscinida sp.t X

Crustulina guttata (Wider, 1834) X Dippenaar-Schoeman et al.
(2010)

Dipoenata sp.t X

Episinus bilineatus Simon, 1894 X X X X

Episinus sp. 2t X

Euryopis sp. T X X X X

Latrodectus cinctus Blackwall, 1865 X Dippenaar-Schoeman et al.
(2010)

Latrodectus geometricus C.L. Koch, 1841 X X Dippenaar-Schoeman et al.
(2010)

Parasteatoda sp. X

Phoroncidia sp. X X X X

Ruborrhidion sp. 1t X

Ruborrhidion sp. 2t X

Ruborrhidion sp. 3t X

Ruborrhidion sp. 4t X

Steatoda capensis Hann, 1990 X

Steatoda erigoniformis (O. Pickard- X

Cambridge, 1872)

Steatoda foravae Dippenaar-Schoeman X X

& Muller, 1992

Theridion sp. 1 X X X X

Theridion sp. 2 X

Theridula sp. X

Thymoites chopardi (Berland, 1920) X Dippenaar-Schoeman et al.
(2010)

Theridiidae sp. 1 X X X X X X

Theridiidae sp. 2 X X X
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Theridiidae (continued)
Theridiidae sp. 3 X
Thomisidae
Ansiea tuckeri (Lessert, 1919)
Diaea puncta Karsch, 1884 X Dippenaar-Schoeman et al.
(2010)
Firmicus bipunctatus Caporiacco, 1941 X
Geraesta congoensis (Lessert, 1943) X
Hewittia gracilis Lessert, 1928 X
Misumenops rubrodecoratus Millot, X
1941
Monaeses austrinus Simon, 1910 X
Monaeses paradoxus Lucas, 1864 X Dippenaar-Schoeman et al.
(2010)
Oxytate concolor (Caporiacco, 1947) X
Oxytate ribes (Jézéquel, 1964) X X
Pactactes obesus Simon, 1895 X
Pactactes trimaculatus Simon, 1895 X X
Phaenopoma nigropunctatum (O. X
Pickard-Cambridge, 1883)
Pherecydes ionae Dippenaar-Schoeman, X X
1980
Phrynarachne melloleitaoi Lessert, 1933 X X X Dippenaar-Schoeman et al.
(2010)
Runcinia erythrina Jézéquel, 1964 X
Synema decens Karsch, 1878 X X
Synema langheldti Dahl, 1907 X
Synema marlothi Dahl, 1907 X
Synema imitatrix (Pavesi, 1883) X
Thomisops bullatus Simon, 1895 X X
Thomisus australis Comellini, 1957 X X Dippenaar-Schoeman et al.
(2010)
Thomisus blandus Karsch, 1880 X X Dippenaar-Schoeman et al.
(2010)
Thomisus stenningi Pocock, 1900 X X Lessert (1923); Dippenaar-
Schoeman et al. (2010)
Tmarus comellinii Garcia-Neto, 1989 X Dippenaar-Schoeman et al.
(2010)
Tmarus cameliformis Millot, 1942 X X X Dippenaar-Schoeman et al.
(2010)
Xysticus mulleri Lawrence, 1952
Xysticus sp. 2 X
Trachelidae
Afroceto africana (Simon, 1910) X Haddad (2019)
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Trachelidae (continued)

Afroceto martini (Simon, 1897) X X X X Dippenaar-Schoeman et al.
(2010); Lyle & Haddad (2010)
Capobula montana Haddad et al., 2021 X Haddad et al. (2021)
Fuchiba sp.t X
Jocquestus schenkeli (Lessert, 1923) X X Dippenaar-Schoeman et al.
(2010); Lyle & Haddad (2018)
Poachelas montanus Haddad & Lyle, X
2008
Thysanina transversa Lyle & Haddad, X X X
2006
Thysanina sp. 2t X X
Thysanina sp. 3t X
Thysanina sp. 4t X
Trachelas sp. 11 X X X
Trachelas sp. 21 X
Trachelas sp. 3 + X
Trachelas sp. 41 X
Trachelas sp. 5t X
Trachelas sp. 6t X X X X
Trochanteriidae
Platyoides pusillus Pocock, 1898 X Dippenaar-Schoeman et al.
(2010)
Platyoides walteri (Karsch, 1886) X X Dippenaar-Schoeman et al.
(2010)
Uloboridae
Hyptiotes akermani Wiehle, 1964 X X X Dippenaar-Schoeman et al.
(2010)
Miagrammopes sp. X X X X X
Philoponella angolensis (Lessert, 1933) X
Uloborus plumipes Lucas, 1846 X X
Uloborus sp. X
Zodariidae
Chariobas lineatus Pocock, 1900 X X Dippenaar-Schoeman et al.
(2010)
Cydrela sp. X
Diores annetteae Jocqué, 1990 X
Zoropsidae
Griswoldia sp. X X X
Phanotea xhosa Griswold, 1994 X X Griswold (1994)
Phanotea sp. 2t X
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OPILIONES
Biantidae
Metabiantes hanstroemi Kauri, 1961 X
Metabiantes pusulosus (Loman, 1898) X X Starega (1992); Lotz (2009,
2010)
Metabiantes urbanus Kauri, 1961 X
Metabiantes zuurbergianus Kauri, 1961 X Lotz (2009)
Metabiantes sp. X X
Pettalidae
Parapurcellia amatola De Bivort & XT De Bivort & Giribet (2010);
Giribet, 2010 Svojanovska et al. (2016)
Phalangiidae
Rhampsinitus brevipes Kauri, 1961 X
Rhampsinitus capensis (Loman, 1898) X Lotz (2009, 2010); Stahlavsky
etal. (2018)
Rhampsinitus crassus Loman, 1898 X
Rhampsinitus fissidens Lawrence, 1933 X X
Rhampsinitus ingae Kauri, 1961 X
Rhampsinitus lalandei Simon, 1879 X
Rhampsinitus leighi (Pocock, 1902) X Lotz (2009)
Rhampsinitus silvaticus Lawrence, 1931 X Lotz (2009)
Triaenonychidae
Adaeulum brevidentatum Lawrence, XT Lawrence (1934); Starega
1934 (1992); Lotz (2009, 2010)
Adaeulum godfreyi Lawrence, 1931 X X X Lotz (2009, 2010)
Adaeum squamatum Lawrence, 1931 X X
Amatola dentifrons Lawrence, 1931 X XT X X Lawrence (1931); Starega
(1992): Lotz (2009, 2010)
Biacumontia elata Kauri, 1961 X X
Biacumontia paucidens Lawrence, 1931 X
Biacumontia truncatidens Lawrence, X Starega (1992); Lotz (2009,
1931 2010)
Biacomontia sp. X
Ceratomontia irregularis Lawrence, 1931 X X Lotz (2010)
Ceratomontia pusilla Lawrence, 1934 X
Ceratomontia reticulata Lawrence, 1934 XT X X Lawrence (1934); Starega
(1992); Lotz (2009, 2010)
Ceratomontia rumpiana Lawrence, 1937 X X Lotz (2010)
Ceratomontia sanguinea Lawrence, 1934 X
Ceratomontia setosa Lawrence, 1931 X Lotz (2009, 2010)
Graemontia bifidens Lawrence, 1931 X X X Lotz (2009)
Graemontia dentichelis Lawrence, 1931 XT X X X Lawrence (1931); Starega

(1992); Lotz (2009, 2010)
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Triaenonychidae (continued)
Larifuga mantonae Lawrence, 1934 XT Lawrence (1934); Starega
(1992); Lotz (2009, 2010)
Larifugella afra Lawrence, 1933 X
Larifugella sp. X
Mensamontia morulifera Lawrence, X Lotz (2009)
1931
Monomontia atra Lawrence, 1931 XT X Lawrence (1931); Starega
(1992); Lotz (2009, 2010)
Monomontia montensis Lawrence, 1938 X
Monomontia rattrayi Lawrence, 1931 X X Lotz (2009, 2010)
Paramontia sp.* X Lotz (2010)
Roewerania guduana Kauri, 1961 X X X Lotz (2010)
Roewerania lignicola Lawrence, 1934 XT Lawrence (1934); Starega
(1992); Lotz (2009, 2010)
Paradaeum rattrayi Lawrence, 1931 XT X Lawrence (1931); Starega
(1992): Lotz (2009, 2010)
PSEUDOSCORPIONES
Atemnidae
Cyclatemnus globosus Beier, 1947 X X
Cheliferidae
Aperittochelifer minusculus (Ellingsen, X XT Ellingsen (1912); Hewitt &
1912) Godfrey (1929)
Beierius walliskewi (Ellingsen, 1912) X X Ellingsen (1912); Hewitt &
Godfrey (1929)
Ellingsenius sculpturatus (Lewis, 1903) X Hewitt & Godfrey (1929)
Hansenius torulosus (Tullgren, 1907) X X Hewitt & Godfrey (1929)
Lophochernes mucronatus (Tullgren, X X Ellingsen (1912); Hewitt &
1907) Godfrey (1929)
Microchelifer minusculoides (Ellingsen, XT Ellingsen (1912); Hewitt &
1912) Godfrey (1929)
Chthoniidae
Anaulacodithella mordax (Tullgren, 1907) X X Ellingsen (1912)
Tyrannochthonius contractus (Tullgren, X X X X Ellingsen (1912)
1907)
Feaellidae
Feaella mucronata Tullgren, 1907 X X
Garypinidae
Garypinidius capensis (Ellingsen, 1912) X XT Ellingsen (1912)
Geogarypidae
Afrogarypus excelsus (Beier, 1964) X X Neethling & Haddad (2016)
Afrogarypus impressus (Tullgren, 1907) X Ellingsen (1912)
Afrogarypus triangularis (Ellingsen, 1912) X XT Ellingsen (1912); Neethling &
Haddad (2016)
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Gymnobisiidae

Gymnobisium cuneatum Neethling &
Neethling, 2023

Neethling & Neethling (2023)

Gymnobisium hogsbackense Neethling &
Neethling, 2023

Neethling & Neethling (2023)

Gymnobisium prionotogladiatum
Neethling & Neethling, 2023

Olpiidae

Ectactolpium sp.
Pseudochiridiidae

Pseudochiridium lawrencei Beier, 1964
Pseudotyrannochthoniidae

Afrochthonius godfreyi (Ellingsen, 1912)

XT

XT

Neethling & Neethling (2023)

Beier (1964)

Ellingsen (1912)

Selachochthonius serratidentatus
(Ellingsen, 1912)

Withiidae

Afrowithius paradoxus (Ellingsen, 1912)

XT

XT

Ellingsen (1912)

Ellingsen (1912)

Ectromachernes sp.

Parallowithius sp.
SCORPIONES
Buthidae

Parabuthus planicauda (Pocock, 1889)

Uroplectes formosus Pocock, 1890

Uroplectes triangulifer (Thorell, 1876)
Hormuridae

Cheloctonus crassimanus (Pocock, 1896)

Cheloctonus glaber Kraepelin, 1896

Hadogenes trichiurus (Gervais, 1843)

Opisthacanthus validus Thorell, 1876
Scorpionidae

Opistophthalmus latimanus C.L. Koch,
1841
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Background: Urban landscapes present an important opportunity for pollinator
conservation, but little is known about the status and distribution of pollinator
populations in urban habitats in Africa. This represents a major gap in the devel-
opment of a global understanding of urban pollinators — particularly from the rap-
idly urbanising context. This study uses a speciose clade of flower-visiting beetles
(Coleoptera: Scarabaeidae: Hopliini) to explore patterns of pollinator distribution
in a major metropolitan area in South Africa.

Objectives: We investigated community composition across gradients of urban
intensity (defined according to the percentage of soil-sealing within 1 km?of each
sampling location) and socio-economic status to determine pollinator responses
to these urban landscape effects.

Methods: A selection of 142 sites were surveyed twice in the austral spring sea-
sons of 2018 and 2019. Data were collected on habitat structure, flower diversity,
and pollinator diversity.

Results: The study found that different feeding guilds of monkey beetles favoured
different levels of urban intensity and that beetle richness significantly correlated
with flower richness. It did not, however, correlate with diversity indicating that
abundance is less impacted than the number of species present. Monkey beetles
with moderate sensitivity to urban intensity benefitted from the presence of pre-
ferred species of flowers.

Conclusion: Overall, the findings demonstrate the importance of plant commu-
nity assemblage in supporting urban monkey beetles. We recommend landscap-
ing with preferred flower species in urban parks to support urban pollinators.

Keywords: Hopliini; Coleoptera; community assemblage; pollinators; urban
ecology; South Africa.
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Introduction

Urban environments are important for the conservation and stewardship of
healthy pollinator populations (Hall et al. 2017). Globally, studies that investi-
gated the response of pollinators to urban gradients found that certain guilds
and taxa can take advantage of the resources and habitat conditions available
in cities (Glaum et al. 2017; Theodorou 2020a; Wenzel et al. 2020). Others
can do well when particular conditions are met, such as the provision of small
scale floral patches or the introduction of preferred plants (Leveau 2013; Si-
mao et al. 2018). Another group is negatively impacted by urban intensity
(soil-sealing) and is intolerant of urban environments (Theodorou 2020b; Wen-
zel et al. 2020). A recent global systematic review found a taxonomic and geo-
graphic bias. Most studies conducted on urban pollinators reported findings
for Hymenoptera, temperate regions, and the global north (n = 99, 117 and
120 studies, respectively). A smaller number reported findings from tropical
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regions and the global south (n = 24 and 21, respec-
tively) (Wenzel et al. 2020). There is still much to be
learned about the responses of other pollinating taxa;
cities in the global south; and in under-studied climatic
regions, such as tropical, arid and Mediterranean eco-
systems (Wenzel et al. 2020). Africa is the most poorly
represented continent and offers an opportunity to add
to the body of knowledge from a rapidly urbanising
perspective (United Nations, Department of Economic
and Social Affairs 2018).

Monkey beetles (Scarabaeidae: Hopliini) are diverse in
southern Africa and therefore provide adequate richness
to observe patterns of change in community composi-
tions. South Africa is a centre of diversity for monkey
beetles, where 65% of the world’s species and 40% of
the genera are concentrated (Colville et al. 2018). The
greatest density of monkey beetle species is found in the
winter-rainfall region of Namaqualand and the Cape Flo-
ristic Region (CFR), where they are important pollinators
of several plant families (Bernhardt 2000; Goldblatt &
Manning 2011; Mayer et al. 2006). This includes many
of the popular flowers that attract local and internation-
al tourists during the austral spring season (Kruger et al.
2015). Monkey beetles are especially suitable for study in
urban environments because there is existing evidence,
which shows that they respond with shifts in feeding guild
structure and host plant use in response to human-driv-
en disturbance (Colville et al. 2002, 2018). Additionally,
they are easy to collect due to their use of flowers as
breeding platforms (Bernhardt 2000; Dafni et al. 1990).

Existing studies have established that biodiversity in ur-
ban landscapes is driven by urbanisation (measured by
percentage of soil sealing in the surrounding landscape,
where soil sealing is the amount of soil under buildings,
roads and paving) (McDonnell & Hahs 2008), local
habitat characteristics such as dominant land-use or lo-
cal habitat structure (Theodorou et al. 2017; Theodor-
ou et al. 2020b); and social factors such as socio-eco-
nomic status and societal norms (Aronson et al. 2016;
Lepczyk et al. 2017).

Cape Town is a rapidly urbanising city with a long his-
tory of spatially planned social segregation, and land
dispossession (Cilliers & Siebert 2012; Lubbe et al.
2010; Rebelo et al. 2011). Until recently, tracts of land
remained as natural islands due to their use as buffers
between racially divided historical neighbourhoods un-
der Apartheid urban planning (although many of these
patches now face encroachment from both planned
and unplanned urban expansion), in which neighbour-
hoods were spatially divided according to race and
economic standing (Turok 2011). This legacy remains
spatially entrenched.

Economic equality is typically measured by the Gini-co-
efficient. The closer it is to 1, the more unequal the
society, the closer it is to 0, the smaller the difference
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between the individuals with the highest income and
the lowest income. In 2016, Cape Town’s Gini-coef-
ficient was estimated at 0.62 (Western Cape Govern-
ment 2020), slightly more equal than the national value
of 0.63, which ranked the country as the most unequal
society in the world (World Bank 2014). As such, Cape
Town presents steep socio-economic gradients across
the city. Cape Town is an important city in which to
consider the social and spatial drivers of urban biodi-
versity because of the mega-diversity of the Cape Flo-
ristic Region (CFR) (Rebelo et al. 2011), rapid urbani-
sation (United Nations, Department of Economic and
Social Affairs 2018), and socio-economic inequality.

This study investigates the community composition and
distribution of monkey beetles across several environ-
mental gradients in Cape Town, namely: income, urban
intensity, and historical soil and vegetation. It compares
these data with monkey beetle assemblage response to
local habitat and flower community structure. It tests
three hypotheses: 1. Monkey beetle feeding guilds
will change along environmental gradients (urban-
agricultural, urban-natural, and socio-economic gradi-
ents); 2. They will associate with specific flower com-
munities (preferred flowers); 3. Beetle and flower di-
versity are linked.

Study area

Cape Town is the largest city in the Western Cape, South
Africa, and has a population of = 4.5 million citizens
(Statistics South Africa 2011). It falls within the CFR, a
global biodiversity hotspot with two centres of ende-
micity (Mittermeier et al. 1999; Rebelo et al. 2011).
Within the city metropole, there are 19 vegetation eco-
systems (Rebelo et al. 2011). Neighbourhood dwelling
density varies from 1 dwelling unit per hectare (du/ha),
to 160 du/ha in informal settlements (Mittermeier et al.
1999; Rebelo et al. 2011).

Methods

An environmental gradient is a change in environmen-
tal condition across space. Examples of commonly stud-
ied gradients include moisture and altitude. Studying
environmental gradients help us to understand habitat
requirements and species and community responses to
changes in abiotic conditions. Urban intensity gradients
have been used extensively to monitor the impacts and
drivers of biodiversity in cities (Blair 1996; Dubois &
Cheptou 2017; Hirzel & Le Lay 2008; Jongman et al.
2006; Lizée et al. 2011).

Sampling locations were thus selected across a range
of conditions along an urban intensity gradient at
= 1 km intervals. The largest proportion of sites were
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Figure 1. Monkey beetle sampling locations (n = 142) in Cape Town'’s city parks, vacant lots, farmland and islands of natural patches from
which data were collected during the austral springs of 2018 and 2019.

community or district recreational parks, followed by
vacant lots and road verges (Figure 1). Protected areas
and cultivated farmland were included to represent un-
urbanised landscapes. To mitigate the effects of poten-
tially conflicting environmental gradients and underly-
ing heterogeneity, the sampling locations were stratified
by historical vegetation type, income, and urban inten-
sity in the second year of sampling. In 2018, 72 sites
were visited. In 2019, the location of observation sites
was adjusted to reduce the impact of variations in un-
derlying vegetation and soil types across the city (a con-
textual adjustment that was required due to the under-
lying heterogeneity), resulting in 70 sites in 2019. The
sites in the second year remained in similar locations
to the first year. The second year’s sampling had great-
er representative evenness across the urban intensity
and economic gradients and corrected oversampling
that had occurred in the suburban part of the gradients.
In 2018, there were eight urbanisation gradients (five
short gradients on the west of the city, two in the north
and one to the east); in 2019, there were five gradients
(two longer, rationalised gradients to the west, one in
the east, one in northeast, one in the north of the city).
Each blocked part of the gradient (urban, rural, natural,
peri-urban, suburban) had at least six sampling loca-
tions within the corresponding block. Each block was
sampled at least four times across the duration of the
two years. Even though there were minor adjustments
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to the locations, there were very similar conditions
between the years and sites included in each blocked
category. Counted without any statistical blocking, the
total number of sites was 142. Each of these was in-
dependently visited at least twice during 2018-2019
(August-December).

Five sets of blue, yellow and white fluorescent-painted
pan traps of 75 mm diameter X 40 mm depth were
laid out at 1.5-3.0 m distance from each other in a
linear or zig-zag pattern depending on the layout of the
site. Pan trap colours were selected for Coleoptera in
accordance with the findings of Shrestha et al. (2019)
and Vrdoljak and Samways (2012). Each trap received
+ 75 ml of 2:1 dilute propylene glycol. Because of per-
mit conditions, traps placed at sites in the South African
National Parks (SANParks) properties contained only
soapy water. The traps were left in place for 48 hours,
allowing at least one clear, warm, sunny day. On col-
lection, the contents of like-coloured pan traps were
pooled rendering one sample per trap colour (three
samples) per sampling event at each site. Each pooled
sample was labelled with the collection date, the loca-
tion code and the pan trap colour.

Local habitat data were sampled in ten quadrats of T m?
in a transect across each site at 2 m intervals (or in a ran-
domised grid if the area of the site was too narrow for a

| Open access



Page 4 of 16

linear transect). Counts of open flowers were recorded
within each quadrat. Capitulate flowers were counted
as one to the first joint with the main stem. Notes were
made of species that were uncommon but present out-
side of the sampled quadrats on the site. Flowers in the
surrounding 30 m radius of the traps were searched
for monkey beetles for 15 minutes. As far as possible,
three pairs of each species in copula were collected to
provide a reference for the identification of sexual di-
morphism. The flowers from which the monkey beetles
were collected were identified to genus or species lev-
el, to provide evidence of the preferences of monkey
beetles for colours and for flower species.

Laboratory and desk-top processing

Monkey beetles were separated from the by-catch and
were identified to morphospecies level. Representa-
tives of each morphospecies at each site were pinned
and an overall representative sample was pinned for
cross-checking identification. Where possible, individ-
uals were identified to species level and cross-checked
using reference samples in the Iziko Museum of Natural
History, Cape Town.

Soil-sealing is the quantity of ground that is covered
with buildings and hard surfaces, thereby preventing
infiltration and soil penetration by living organisms. The
amount of soil-sealing in the surrounding area was used
as a proxy for urban intensity. Landscape level patterns
were quantified from aerial photographs. Photographs
of 1 km? were extracted from the Google Earth Engine
by loading the GPS co-ordinates of sampling locations
into a semi-automated urban intensity scoring tool that
runs on machine learning and was developed by Seress
et al. (2014). The GPS points entered into the database
were centralised to the position where pan traps were
placed at each observation site. The semi-automated
urban scoring tool requires a minimum of three training
points per image (captured by the researchers). It quan-
tifies the area under building, vegetation and roads; it
next conducts Principal Components Analysis (PCA) to
generate an urban index score. The output file contains
data on vegetative cover, buildings, roads and a total
PCA urbanisation score (Seress et al. 2014).

Historical vegetation information was extracted by im-
porting the national vegetation map (Mucina & Ruth-
erford 2006) into QCGIS (version 3.6.1) and using the
point-picker tool to select the data that correspond
with the GPS co-ordinates at each sampling location.
The shapefile used for this was the South African Veg-
map (Mucina & Rutherford 2006) downloaded from
the South African National Biodiversity Institute’s
(SANBI) biodiversity GIS web portal (www.bgis.sanbi.
org). Site size was extracted in QGIS (version 3.6.1)
from the Cape Town City Council’s 2016 Integrated
Zoning Map (City of Cape Town 2017). Sites were
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post-coded to small (< 0.5 ha), medium (0.5-40 ha)
and large ( > 40 ha). Income data was sourced from
the 2011 census (Statistics South Africa 2011), which
reported mean household income by suburb. Values
were post-classified into low = RO-R17 246, medium
= R17 246-34 492, and high > R34 492, using the
equal interval method.

Two separate data matrices consisting of counts of
monkey beetle and flowers at each site were construct-
ed. The matrix for the monkey beetles had 142 rows
(sites) and 30 columns (Hopliini morphospecies) and
the flowers contained 140 rows (sites) and 81 columns
(flower species). Two sites had no flowers in bloom due
to recent mowing. The elements of the matrices were
square-root transformed and two dissimilarity matri-
ces constructed using the Bray-Curtis index in Primer
v 6.1.16 (Bray & Curtis 1957; Clarke & Gorley 2006).
The one dissimilarity matrix contained dissimilarities
between flower species (81 x 81), and the other one
between beetle species (30 x 30). Hierarchical clus-
ter analysis (group averages algorithm) were performed
on both dissimilarity matrices (Kruskal 1964). Then
non-metric multi-dimensional scaling (NMDS) was per-
formed for both. The cluster analysis was overlain over
the two-dimensional configuration generated by the
NMDS (Everitt et al. 2011). Monkey beetle and flower
species that were seen to be outliers in the NMDS and
cluster analysis were mostly species which were seldom
recorded (< 5 locations) and these rare species were
removed from the dataset, so the dimensions of the dis-
similarity matrices became smaller.

The NMDS and cluster analyses identified communities
of co-occurring monkey beetles in the one matrix, and
communities of co-occurring flowers in the other ma-
trix. The groups generated by the hierarchical cluster
analysis were added to the NMDS configuration as sets
and subsets. Species-sets were grouped into a data vec-
tor (i.e., abundance was summed into one column) for
each set and subset. Thus analysis was performed on
groups of co-occurring monkey beetles and co-occur-
ring flowers. Tests were run to determine what caused
the beetle communities to cluster at different locations
(i.e., was it the presence of specific flower communities
or environmental factors?).

For economic and environmental factors, Kruskal-
Wallis tests (Kruskal & Wallis 1952) were performed to
test the null hypothesis that the species were random-
ly distributed across the categorical levels. Spearman’s
rank correlations (Glasser & Winter 1961) were calcu-
lated between the ranked sets and aggregated by each
of the environmental factors to understand the direc-
tion of those relationships for which the null hypothesis
could be rejected.

To examine the relationship between flowers and mon-
key beetles, the null hypothesis that monkey beetle
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species would be randomly distributed across flower
species was tested. A contingency table was generated
for each monkey beetle species with cells containing
the count of the number of sites at which each mon-
key beetle species was present or absent for each of
the flower species. The chi-squared test of indepen-
dence was performed on each table (Fisher 1922). If
the test for a particular monkey beetle was significant,
the frequency of co-occurrence with each flower spe-
cies was ranked; this provided an indication of which
flower species are associated with each monkey beetle.
Because the data collection was done at the site lev-
el, there is a risk of producing misleading results in the
context in which two flower species co-occur, but only
one is attractive to monkey beetles. Hence, results were
corroborated with field collections of monkey beetles
collected off flowers and by examining the clustering
of flower communities in the non-metric multi-dimen-
sional scaling plots.

To investigate the relationship between the flower diver-
sity and beetle diversity, two diversity indices (Shannon
H-index, Inverse Simpson) (Hill 1973) were calculated
at each of the 140 sites for both flowers and beetles,
using the ‘vegan’ package (Oksanen et al. 2020) in R
(RStudio version 3.6.0). Additionally, species richness
(number of species) was calculated. Spearman’s cor-
relation was calculated for each diversity index and
for species richness. In all statistical hypothesis testing,
Bonferroni corrections were made if appropriate (Bon-
ferroni 1936).

Results

A total of 19 387 individuals of monkey beetles were
collected across 30 morpho-species. Non-metric

Original research

multi-dimensional scaling and clustering produced
two sets with 20% similarity (Set A and Set B) of com-
monly co-occurring monkey beetles (Figure 2). Set A
included Lepithrix ornatella and Heterochelus rufima-
nus. The abundance of the species in Set A decreased
with urban intensity and increased with site area. Set
B incorporated eight species of monkey beetles. The
abundance of individuals of each species in Set B in-
creased with soil-sealing and decreased with site size,
however when the subsets of Set B were assessed (40%
similarity), only Subset 1 incorporating Heterochelus cf.
sexlineatus and Heterochelus hybridus showed any re-
lationship with soil-sealing. The underlying ecosystem,
(soil and historical vegetation) was the main driver for
the clustering of Subsets 2 and 3 (Table 1; Figure 3).

Flowers and beetles

Monkey beetle species composition was influenced
by flower species assemblage at the local habitat scale
for most species. The null hypothesis that beetles were
randomly distributed across flower communities was
rejected for all species except for Lepithrix ornatella,
Heterochelus gonager and Heterochelus rufimanus.
(Table 2). These species clustered in the NMDS results
in Set A and were found in peri-urban areas and larger
green areas, and indicate that the monkey beetle spe-
cies L. ornatella, H. gonager and H. rufimanus have a
generalist preference for flowers but require a greater
percentage of green cover. For all other species, the
flower species assemblage attracted specific monkey
beetles to the site.

In the cluster analysis, the flower communities formed
four co-occurring sets (10% similarity) and a further
four subsets (20% similarity). Their clustering is attrib-
utable both to growth form and to location (Figure 4).
For flowers, Set A consisted of ruderal species including

Transform: Square root

Resemblance: 517 Bray Curlis similarity

-———

SetB

2D stress: 0.07 | | Similarity
——=20
-=== 40
el 1) Figure 2. Non-metric multidimen-
sional scaling with clustering
overlaid showing the sets and
G o= subsets of monkey beetle com-

munities in Cape Town. Set A
\ (20% similarity): Lepithrix ornatel-
' la and Heterochelus rufimanus.
! Set B incorporated three subsets
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Subset 1: Heterochelus cf. sexlin-
eatus and Heterochelus hybridus;
Subset 2: Heterochelus gonager
and Peritrichia pistinaria; Subset
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Lepithrix ornatella.
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exotic and invasive weeds and the most common in-
digenous annuals. Set B was a combination of annuals
and indigenous perennials. Apart from Conicosia pu-
gioniformis, which is a disturbance tolerant species that
resprouts from its taproot, Set C contained indigenous

Original research

annuals. Set D contained indigenous geophytes. Mon-
key beetle collections made from flowers provided in-
sights into which of the flower species within subcom-
munities were most preferred by each of the monkey
beetles species (Table 3).
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Figure 3. Plots of the means of ranked abundance of co-occurring monkey beetle species grouped by environmental gradients for which
statistically significant relationships were observed. The plots are made to infer the direction of the relationships established in Table
1. Set A (20% similarity) contained Lepithrix ornatella and Heterochelus rufimanus. Set B incorporated three subsets that were at least
40% similar, including Subset 1: Heterochelus cf. sexlineatus and Heterochelus hybridus; Subset 2: Heterochelus gonager and Per-
itrichia pistinaria; Subset 3: Khoina bilateralis, Chasme jucunda, Anisochelus neglectus and Lepithrix ornatella. For the environmental
factors, soil-sealing is aggregated by the groups: ex-urban (Ex), peri-urban (P), suburban (S) and urban (U). Site size is aggregated to
small (S < 0.5 ha), medium (M = 0.5-40 ha) and large (L > 40 ha). Income is aggregated to low (Lo), medium (Me) and high (Hi)
using the equal interval method from the 2011 national census data; and historical vegetation type is assessed for Cape Flats Sand
Fynbos (CFSF), Peninsula Granite Fynbos (PGF) and Swartland Shale Renosterveld (SSR).

Table 2. Results of chi-squared tests on the contingency of Hopliini presence against flower presence. The null hypothesis was that each
of 17 species of monkey beetle was distributed at random across 19 species of flowers. To counteract multiple hypothesis testing
concerns, the Bonferroni correction was applied, so that the p-value for each individual test needs to be 0.05/17=0.0029 to achieve

overall significance at the 5% level

Chi-square  p-value

Chi-square  p-value

Lepithrix ornatella 21.02 0.0034 Lepithrix lineata (dark morph)  113.66 <0.0001
Heterochelus cf. sexlineatus 224.84 <0.0001 Heterochelus gonager (dark

Heterochelus hybridus 42.12 <0.0001 morph) 88.03 =0.0001
Khoina bilateralis 57 11 <0.0001 Heterochelus rufimanus 24.74 0.0062
Heterochelus gonager 22.70 0.0139 Pachycnema crassipes 90.38 <0.0001
Anisochelus neglectus 52.94 <0.0001 Dicranocnemus sp. 85.67 =0.0001
Lepithrix lineata 64.52 <0.0001 Heterochelus sp. 1 72.09 <0.0001
Peritrichia pistinaria 49.98 <0.0007 Heterochelus sp. 2 79.29 =0.0001
Dolichiomicroscelis gracilis ~ 107.62 <0.0001 Chasme jucunda 82.61 =0.0001
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Table 3. Number of monkey beetle morphospecies collected off each species of flower in Cape Town

Flower species Flower guild No. of monkey beetle species
Arctotheca calendula Indigenous, annual 5
Cotula turbinate Indigenous, annual 2
Dimorphotheca pluvialis Indigenous, annual 3
Senacio sp. Indigenous, annual 4
Ursinia nana Indigenous, annual 3
Pauridia capensis Indigenous, geophyte 1
Moraea miniate Indigenous, geophyte 3
Heliophila sp. Indigenous, annual 2
Echium sp. Invasive, annual 1
Conicosia pugioniformis Indigenous, perennial 4
Carpobrotus edulis Indigenous, perennial 2
Pelargonium sp. Indigenous, perennial 1

There was no relationship between overall floral diver-
sity and beetle diversity (p>0.05). Monkey beetle and
flower species richness (number of species), however,
showed a positive correlation (rho=0.31, p<0.001).

Discussion

This study revealed patterns in pollinator assemblage in
response to urban landscape environmental gradients.
It also identified species of flowers favoured by monkey
beetles. Monkey beetle guilds, environmental gradients
and flower preference are discussed below.

Divergent responses
according to guilds

In response to urban intensity, the findings of this study
were consistent with those done in other parts of the
world for Hymenoptera. Some species exploit urban
conditions, some species avoid them, and others de-
pended on connected flower communities to move
through the urban landscape (Wenzel et al. 2020). The
divergence in bees is associated with differences in
nesting requirements, body size and life histories (e.g.,
ground-nesting bees decline with an increase in urban
intensity, and cavity nesters increase) (Brom et al. 2022;
Cane et al. 2006; Merckx et al. 2018; Shwartz et al.
2014).

Not much is known about the life histories of monkey
beetles, but some understanding of their behaviour and
feeding differences is known (Colville et al. 2018; Kar-
olyi et al. 2016; Mayer et al. 2006; Picker & Midgley
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1996). Existing studies have demonstrated a shift in
feeding guilds along disturbance gradients towards
the embedding guild, which favours ruderal species
(Colville et al. 2002). Monkey beetles utilise flowers as
a breeding platform during the austral spring floral flush
(Coldblatt & Manning 2011). The mechanism for polli-
nation is the presence of hair-like setae on the backs and
bodies of the beetles, which collect and deposit pollen
loads during their movement across and between flow-
ers (Bernhardt 2000; Mayer et al. 2006; Mayer & Pufal
2007). Three feeding and breeding guilds have been
identified according to feeding and behaviour (Colville
et al., 2002; Karolyi et al. 2016; Picker & Midgley
1996). Monkey beetle behaviour is classified either as
embedding or non-embedding, where females in the
embedding guild bury their heads into the centre of the
flower while males compete over them to mate. Thus
the males are predominantly responsible for the pol-
lination because they fly between flowers looking for
females (Bernhardt 2000). Embedding guilds eat pollen
and nectar and are attracted to flowers with long-wave
colours (red, orange and yellow). The non-embedding
guilds are split into two groups, by colour attraction.
One non-embedding guild is attracted to short-wave
(blue, pink and violet) coloured flowers, and the other
is attracted to long-wave colours (Colville et al. 2018;
Picker & Midgley 1996). Lepithrix, Anisonyx and Per-
itrichia are recorded as feeding on pollen and do not
embed themselves, whereas species in the genus Het-
erochelus tend to embed themselves (Picker & Midgley
1996). The non-embedding group are characterised
by being hairy and mobile, moving around between
flowers more frequently than their embedding counter-
parts. For this reason, they are considered to be more
effective pollinators (Goldblatt & Manning 2011).
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Response to urban
environmental gradients

Comparisons between natural and agricultural land-
scapes revealed that monkey beetle species composi-
tion changes along gradients of disturbance where a
‘shift away from perennial and bulb pollinator guilds
towards those favouring weedy annuals’ has been ob-
served (Colville et al. 2002). The findings of this study
were consistent with those earlier studies in that there
was a shift towards species favouring ruderal annu-
als as soil-sealing (disturbance) increased. Specifical-
ly, the embedding Heterochelus cf. sexlineatus and
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Heterochelus hybridis were associated with ephemeral
plants, including ruderal asters and indigenous annuals,
and were abundant in urban landscapes in suburbs and
close to commercial centres. Chasme jucunda, Khoina
bilateralis, Anisochelus neglectus, Lepithrix liniata and
Peritrichia pistinaria are species of the ‘non-embed-
ding’ guild (Picker & Midgley 1996). They are typically
sensitive to disturbance, associate with somewhat es-
tablished floral communities containing perennials and
geophytes (Colville et al. 2002), and, in this study, were
found in large (> 30 ha), relatively undisturbed islands
in the city. These findings are consistent with earlier
studies along disturbance gradients in agricultural land-
scapes (Colville et al. 2002).
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The phenomenon of an increase in biodiversity with
wealth is known as the ‘luxury effect’ (Wu et al. 2014)
and has been demonstrated across several studies and
taxonomic groups (Aronson et al. 2016; Lubbe et al.
2010; Ossola & Hopton 2018; Venter et al. 2020).
This can be attributed to the fact that the number and
size of community parks decreases as income decreas-
es (Venter et al. 2020), but poverty is also associated
with an increase in population density and urban cover,
thereby representing a particularly dense form of ur-
banism (Turok 2011; Wilkinson 2000), particularly in
areas of unplanned expansion and informality (Gémez-
Baggethun et al. 2013). It is therefore unsurprising that
the guilds of monkey beetles that respond negatively
to urban densification, also respond negatively to a de-
crease in income, and vice-versa, and the correlation
with income is not necessarily causative, but rather can
be seen as a driver of other intervening processes (e.g.,
loss of green infrastructure). A study conducted on
weedy species in okra cultivation in West Africa found,
for example, that morphological plant traits were most
affected by agricultural practices that were influenced
by farmers” socio-economic background and market
orientation (i.e., for sale vs for personal consumption),
however more critical changes in functional guilds were
observed due to a decrease in animal grazing along the
rural to urban gradient: weed species reliant on animal
dispersal were more present in rural and peri-urban
study sites (Stenchly et al. 2017). In this study, parks
in poorer communities were either benignly neglected
or over-used, while those in wealthier neighbourhoods
appeared to have larger, more frequently maintained
lawns, unless there was an active strategic spring mow-
ing suspension during the sampling period. Further-
more, the density of poorer neighbourhoods means
that there is less available private green infrastructure
in the form of gardens. Additional research on the ef-
fects of socio-economic status on factors such as actual
maintenance frequency, foot traffic volumes and grass
length during sampling would likely provide a more de-
tailed and meaningful interpretation of the habitat dy-
namics driving plant and pollinator assemblages across
the socio-economic gradient.

The role of flower preference

Monkey beetles are generalist pollinators and most spe-
cies will visit at least two species of flowers (Mayer et
al. 2006; Steiner 1998). Records of flower visitations by
monkey beetles to date have peaked at a maximum of
five monkey beetle species per flower species (Mayer et
al. 2006). Determining the relative preference and at-
tractiveness of different flowers to monkey beetles was
outside of the scope and objectives of this study, how-
ever the results of collections from flowers and field ob-
servations provide preliminary indications of the ways
in which flowers are being used by monkey beetles
in urban habitats within Cape Town. Further research
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investigating visitation rates is needed to confirm and
clarify the relative importance of these species, however,
when Table 3 and Supplementary Tables 1 and 2 are
read together, co-occurrence data and the number of
monkey beetle species collected off flower species point
to the relative preferences for certain flowers. Of those
observed, the most popular species were Heliophila afri-
cana and Heliophila coronopifolia, which were preferred
by non-embedding monkey beetles who favour short-
wave colours (visited by two species); Conicosia pugion-
iformis was preferred by the non-embedding guilds who
favour long-wave colours (visited by four species); Di-
morphotheca pluvialis, and Ursinia nana were visited by
the embedding guild (three species); and Arctotheca ca-
lendula and Senecio sp., which are both mass-flowering
spring annuals, and which can cover entire parks, were
favoured by the embedding guild (three and four species
respectively), but were also visited by the more sensitive
non-embedding guild that were limited to peri-urban
areas. These rates of ‘most popular’ are similar to other
studies conducted in natural landscape settings (Mayer
et al. 2006), indicating the viability of supporting mon-
key beetles through the introduction (or preservation) of
targeted species of preferred flowers.

The occurrence of short-wave, non-embedding guilds
was less common and associated with fewer flower spe-
cies, which were relatively isolated across the city. Sites
where floral communities included the most popular-
ly visited species from all guilds, including D. pluvialis,
C. pugioniformis and species of Heliophila, supported
greater monkey beetle richness as reflected in the cor-
relation between monkey beetle and flower species
richness. It is therefore not only floral richness, but the
presence of species preferred by the various guilds that
drives monkey beetle richness.

Worth noting is that there was a relationship between
richness but not abundance (diversity indices include
calculations based on abundance), and that beetle spe-
cies have preferred flowers; they are found where their
preferred flowers occur. Some of the natural islands
supported groups of flowers that were preferred by
different species of beetles, but the abundance counts
were hugely variable so we could not reject the null
hypothesis that monkey beetle abundance was driven
by flower abundance. One explanation could be based
on temperatures. Weather in spring time is highly vari-
able. Possibly, abundance was more directly affected by
temperature on a given day.

Several studies conducted on urban pollinators have
previously discussed the role of supplementary planting
in urban landscapes and investigated the relative attrac-
tiveness of different species of plants in order to compile
lists of recommended ‘pollinator friendly” plants, or to
assess the availability of foraging resources (Baldock et
al. 2015; Garbuzov & Ratnieks 2014, 2015; Lowenstein
et al. 2019; Martins et al. 2017; Michotap et al. 2018).
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Garbuzov et al. (2017) tested if plants being advertised
as ‘pollinator friendly’ by garden centres were accu-
rately reflecting pollinator preferences and compared
relative attractiveness of garden plants to generate a list
of preferred species for their city (Garbuzov & Ratnieks
2014, 2015). Pauw and Louw (2012) considered the
distribution of nectarivorous birds in Cape Town and
suggested that the functional diversity of this bird guild
could be restored across the city with strategic garden
planting and the introduction of favoured plants. Intro-
ducing preferred species at regular intervals throughout
the city can aid monkey beetle mobility and provide
stepping stones between larger fragments. This could
potentially be achieved by strategically identifying suit-
able pathways and implementing targeted landscaping
along those routes (Cranmer et al. 2012; Simao et al.
2018). In addition to benefitting monkey beetles, other
pollinators would be able to make use of the flower re-
sources for foraging and as stepping stones (Brom et al.
2022). Collections from Conicosia pugioniformis con-
sistently hosted the greatest number of monkey beetle
species at any one site and was often found growing
together with Carpobrotus edulis, a popular road verge
plant for its hardiness, ease of propagation and brightly
coloured flowers. Conicosia pugioniformis can easily be
introduced as a co-plant to C. edulis along road verg-
es and city parks. Further research is needed to deter-
mine the extent to which the introduction of favoured
short-wave plants (e.g., Heliophila spp.), could restore
the connectivity of landscapes for the non-embedding
guild favouring blue and pink coloured flowers.

Conclusion

In this study, the distribution of monkey beetles was
sampled in a metropolitan city in the Cape Floris-
tic Region of southern Africa. It aimed to determine
how monkey beetles were responding to urban en-
vironmental gradients and local habitat conditions. It
found an established community of monkey beetles
was responding in different ways to urban gradients.
Embedding species were more tolerant of soil-sealing,
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Background: Sorocephalus imbricatus (Thunb.) R.Br. is a range-restricted species
endemic to the Cape Floristic Region (CFR), South Africa. It is currently classified
as Critically Endangered in accordance with the IUCN criteria. Like many other
species endemic to the CFR, S. imbricatus is subjected to several major threats in-
cluding habitat loss, habitat degradation and the impacts of invasive alien species.
Sorocephalus imbricatus was recently identified as a species requiring improved
representation in ex-situ collections. During field work undertaken to collect
germplasm for this purpose, a concerning number of dead and dying plants were
observed.

Objectives: To determine the cause of rapid death of individuals in a remnant
subpopulation of S. imbricatus.

Method: A field visit to a subpopulation of the only extant population, Elands-
kloof, was conducted to examine the symptoms associated with S. imbricatus mor-
tality, and to collect samples for isolation and identification of putative pathogens.

Results: Dead and dying plants showed clear symptoms of root and collar rot,
with Phytophthora cinnamomi Rands recovered from all samples. The collections
highlighted the severe impact of P cinnamomi on S. imbricatus, with the size of
the subpopulation being reduced from 62 to 37 individuals (a 40% reduction)
between October 2021 and May 2022.

Conclusion: This study describes, for the first time, rapid mortality of the Criti-
cally Endangered Proteaceae species, S. imbricatus, likely caused by the invasive
pathogen P cinnamomi. This concerning discovery highlights the urgent need for
greater recognition of the threat P cinnamomi poses not only to S. imbricatus, but
to the broader floristic diversity of the CFR. Importantly, it illustrates a need for a
substantial body of work to be undertaken to address a significant lack of knowl-
edge regarding the relative threat that P cinnamomi poses to species of the CFR.

Keywords: Proteaceae; Phytophthora cinnamomi; root rot; susceptibility contin-
uum; threatened species.

Introduction

The Cape Floristic Region (CFR) contains more than 9 300 species of vascular
plants, 68% of which are endemic to the region (Manning & Goldblatt 2012).
The exceptionally high level of species diversity and endemism, together with
having one of the highest concentrations of threatened plants in the world,
has led to the recognition of the CFR as one of the ‘hottest hotspots’ of bio-
diversity globally (https://whc.unesco.org/en/list/1007/). Habitat loss (due to
infrastructure development, urban expansion, crop cultivation, timber plan-
tations and mines), habitat degradation (by overgrazing and inappropriate fire
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management) and the impacts of invasive alien plant
species have all been identified as major threats to the
biodiversity of the CFR (Richardson et al. 1996; Bom-
hard et al. 2005; Manning & Goldblatt 2012). Impor-
tantly, climate change is also likely to be a major future
threat (Bomhard et al. 2005).

Target 8 of the Clobal Strategy for Plant Conservation
(GSPC; a programme adopted under the Convention on
Biological Diversity) sets a goal for ‘at least 75 per cent
of threatened plant species in ex-situ collections, pref-
erably in the country of origin, and at least 20 per cent
available for recovery and restoration programmes’. In
2017, a full gap analysis of South African Proteaceae
held in documented ex-situ collections (both living and
seed), was undertaken by institutional members of Bo-
tanic Gardens Conservation International (BGCl), guid-
ed by Target 8 of the GSPC and the [UCN/SSC (2014)
Guidelines on the Management of Ex-situ Populations
for Conservation. Members of the genus Sorocephalus
R.Br. were among those that stood out as horticulturally
difficult to maintain (Blackhall-Miles 2020). Sorocepha-
lus is a small genus, containing 11 species, five of which
are Endangered and four that are Critically Endangered
(IUCN 2022). At the time of the gap analysis, only two
species of Sorocephalus were being conserved in ex-
situ collections (Blackhall-Miles 2020).

One of the species for which the development of con-
servation measures was prioritised was Sorocephalus im-
bricatus (Thunb.) R.Br. Commonly known as the tile-leaf
powder puff, S. imbricatus is a slender, single stemmed,
sparsely branched shrub growing to 1.5 m, flowering
from spring to midsummer (September to December)
(Goldblatt & Manning 2000). Endemic to the CFR, with
a limited distribution in mountains of the Western Cape,
it occurs on sandstone fynbos and montane shale bands
at 330-860 m altitude (Rebelo & Raimondo 2020).
Historically, S. imbricatus occurred at three localities:
Piketberg, Groot Winterhoek and Elandskloof moun-
tains. Today, however, only the Elandskloof population
remains extant, with a declining number of patches of
plants occurring over a 14 km range (Rebelo & Raimon-
do 2020). Now Critically Endangered, several threats to
the survival of this species have been identified. These
include habitat loss due to dam construction and forest-
ry plantations, and ongoing habitat degradation due to
inordinately frequent fires and invasion by alien plants
(Rebelo & Raimondo 2020).

In October 2021, one of the remaining Elandskloof
patches of S. imbricatus was visted by members of the
South African National Biodiversity Institute (SANBI),
Cape Nature and the Millennium Seed Bank (MSB)
(Figure 1B). The team monitored size and status of the
population, collected cuttings for vegetative propagation
trials, and hand pollinated and bagged flowers of sev-
eral plants. Sixty-two individual plants were counted at
the site. A follow-up visit to collect seed took place in
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February 2022. During this visit, it was noted that several
S. imbricatus plants were dead, and others were dying,
with the number of surviving plants reduced to 51 indi-
viduals. In May 2022, a site visit was conducted to deter-
mine the cause of death of individuals in this population.
Symptoms of root and collar rot were immediately obvi-
ous, with plants appearing to have died rapidly. The ob-
served symptoms appeared typical of Phytophthora in-
fection. The aim of this study was to determine the cause
of the root disease seriously threatening S. imbricatus.

Material and methods

Disease description, sample
collection and isolations

The assessed Elandskloof S. imbricatus subpopulation
was restricted to an area of approximately 2 500 square
metres of the Witzenberg Local Municipality, Western
Cape, South Africa (-33.389801, 19.100955). The area
where the subpopulation occurs is surrounded by a
plantation of Pinus (Figure 1A). The plants appeared
to have died rapidly, with leaves still attached to stems
and minimal decomposition of plant parts observed
(Figure 1E).

Three dead plants were carefully removed from the
ground and there was evidence of root and collar rot
in all individuals. The diseased plants were collected to-
gether with rhizosphere soil, to determine the cause of
their death in the laboratory. An additional two living but
symptomatic plants were inspected (Figure 1C). Bark tis-
sue of these two individuals was scraped back, revealing
necrotic lesions in the collar and stem of both plants,
typical of Phytophthora infection (Figure 1D). Root and
soil samples were collected from these two plants.

Sorocephalus imbricatus root pieces were washed in
distilled water, blotted dry and plated onto Phytoph-
thora selective media, NARPH (50 mg nystatin, 200 mg
ampicillin, 10 mg rifampicin, 25 mg pentachloronitro-
benzene, and 50 mg hymexazol per 1 L deionised wa-
ter and 17 g cornmeal agar, as described by Huberli
et al. 2000). Plates were kept in the dark at 22°C and
examined daily. Preliminary identifications were made
using microscopy. After three to five days, coralloid hy-
phae with hyphal swellings, typically characteristic of
P cinnamomi, emerged from root tissues of three of the
five samples. Single hyphal tip isolations were made
and transferred onto fresh half strength potato dextrose
agar (Y, PDA; 19.5 g PDA powder, Merck, South Africa,
7 g Difco™ agar, 1 L deionised water).

The soil and root samples from which Phytophtho-
ra was not recovered by direct plating were flooded
with distilled water and ‘baited’ to further determine

| Open access
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Figure 1. A, Study site — Elandskloof subpopulation of Sorocephalus imbricatus, surrounded by a Pinus plantation; B, healthy S. imbricatus
in full flower, October 2021; C, symptomatic S. imbricatus; D, bark of plant in C removed to expose collar lesion; E, dead S. imbri-

catus, May 2022.

the presence of Phytophthora. Approximately 300 g of
soil and roots was placed in a plastic tray containing
1 L of non-sterile distilled water. The floating plant litter
was discarded and leaves of Bauhinia galpinii N.E.Br.,
Hedera helix L. and Quercus suber L., and petals of
Rosa hybrida L. cv. ‘Iceberg’ were placed on the wa-
ter surface as baits. The baits were maintained at room
temperature and monitored regularly for lesion devel-
opment over five days. Symptomatic baits with lesions
were plated onto NARPH. Plates were stored, inspect-
ed and subcultured as described for the direct plated
roots. Purified cultures were maintained on 10% clar-
ified V8-agar (V8A; 0.1 L clarified V8 juice, Campbell
Soup Company USA, 0.1 g CaCO,, 15 g Difco™ Agar,
Becton, Dickinson and Company, Sparks, USA, 0.900 L
deioniszed water), and ', PDA, at 22°C.

DNA extraction, sequencing
and phylogenetic analysis

DNA was extracted from seven-day-old isolates grown
on ', PDA using Prepman® Ultra Sample Preparation
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Reagent (Thermo Fisher Scientific, Waltham, MA,
USA), following the manufacturer’s protocols. The
internal transcribed spacer regions 1 and 2 (ITS), in-
cluding the 5.8S rRNA region, were amplified using
primers ITS6 (Cooke et al. 2000) and ITS4 (White et
al. 1990). PCR reactions were prepared following the
protocols described by Bose et al. (2021). Amplified
fragments were treated with ExoSAP-IT™ PCR Product
Cleanup Reagent (Thermo Fisher Scientific, Waltham,
MA, USA). The forward and reverse sequences were
separately sequenced using the BigDye Terminator
Cycle Sequencing Ready Reaction Kit (Applied Bio-
systems, Thermo Fisher) following the manufactur-
er’s protocol. The obtained products were cleaned
and sequencing of the products was carried out at
the Bioinformatics and Computational Biology Unit,
University of Pretoria. CLC Main Workbench v. 8.0.1
(https://digitalinsights.qiagen.com/products-overview/
discovery-insights-portfolio/analy sis-and-visualization/
giagen-clc-main-workbench/) was used to assemble
and trim the raw sequences, which were deposited in
GenBank (Table 1). Consensus sequences were aligned
to P cinnamomi strain Ex-type CPHST BL 12 internal

| Open access
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transcribed spacer 1, partial sequence; 5.8S ribosomal
RNA gene and internal transcribed spacer 2, complete
sequence; and large subunit ribosomal RNA gene, par-
tial sequence (length 866 bp) MG865473.

Permitting

Permission to collect samples was provided by the
Western Cape Nature Conservation Board. Collections
were made under permit number CN35-28-14709.

Results

Disease description and isolations

During the May 2022 visit, the number of surviving
plants was further reduced from 51 in February 2022 to
37 individuals. Phytophthora was isolated from direct
plated roots of the two living plants, and roots of one
of the dead plants. Baiting confirmed the presence of
Phytophthora in the remaining two samples. The mor-
phology of the Phytophthora isolates recovered from
the S. imbricatus root and rhizosphere samples was
consistent with that known for P cinnamomi Rands.
Five isolates, one originating from each of the sampled
S. imbricatus plants, were purified and have been pre-
served in the culture collection (CMW) of the Forestry
and Agricultural Biotechnology Institute (FABI), Univer-
sity of Pretoria, South Africa (Table 1). The five isolates
were further identified by DNA sequencing.

Pathogen identification

For all five Phytophthora isolates, amplicons of approx-
imately 840 bp were generated for the ITS region. The
five isolates had identical sequences, and were iden-
tical to the sequence of the ex-type isolate of P cin-
namomi (CPHST BL 12). The molecular identification
thus supported the morphological identification of
P cinnamomi.

Original research

Discussion

A site visit to investigate rapid death in a subpopula-
tion of S. imbricatus identified root and collar rot as
the cause of mortalility. The symptoms were typical of
Phytophthora infection. Laboratory isolation and sub-
sequent DNA sequencing identified isolates as P cin-
namomi. It was not possible to undertake pathogenicity
tests due to the Critically Endangered status of S. imbri-
catus in its natural habitat and a lack of plants currently
growing in ex-situ sites. However, despite the inability
to conduct Koch’s postulates, the consistent recovery
of the invasive soilborne pathogen R cinnamomi from
dead and dying individuals, together with the observa-
tion of symptoms typical of those known to be caused
by this pathogen, provide convincing evidence that it
was the causal agent of the observed deaths.

The Global Invasive Species Database lists P cinnamomi
as one of the 100 worst invasive alien species (GISD
2022). It is a globally important plant pathogen, causing
root and crown rot, cankers, dieback and mortality of
approximately 5 000 woody plant species (Hardham
& Blackman 2018). The association of P cinnamomi
with death of a species in the Proteaceae is not surpris-
ing. The first report of mortality in natural ecosystems
of South Africa was by Van Wyk (1973), who provid-
ed an account of P cinnamomi causing ‘quick decline’
of Leucadendron argenteum (L.) R.Br. in the Western
Cape. Subsequent studies highlighted the importance
of R cinnamomi as a root rot pathogen of numerous na-
tive species (Von Broembsen 1984; Von Broembsen &
Brits 1985; Von Broembsen & Kruger 1985; Hulbert et
al. 2019). Despite this initial evidence for P cinnamomi
being a notable threat to the flora of the CFR, particu-
larly members of the Proteaceae, very few studies have
investigated the relative susceptibilities of the Cape flo-
ra to this pathogen by artificial inoculation. Much of
the limited pathogenicity work that has been conduct-
ed dates back to the 1970s and 1980s (Van Wyk 1973;
Von Broembsen 1984; Von Broembsen & Brits 1985).

The identification of P cinnamomi as a disease-caus-
ing agent is an important component regarding the

Table 1. GenBank accession numbers of Phytophthora cinnamomi isolates obtained from Sorocephalus imbricatus

Species Isolate® Host Substrate ITS

Phytophthora cinnamomi CMW58750 S. imbricatus dead rhizosphere soil & roots (baited) OP748937
Phytophthora cinnamomi CMW58751 S. imbricatus dead rhizosphere soil & roots (baited) OP748938
Phytophthora cinnamomi CMW58752 S. imbricatus living roots (direct plated) OP748939
Phytophthora cinnamomi CMW58753 S. imbricatus living roots (direct plated) OP748940
Phytophthora cinnamomi CMW58754 S. imbricatus dead roots (direct plated) OP748941

ACMW: Culture collection of the Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria, South Africa
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management of threatened species such as S. imbrica-
tus. Like South Africa’s CFR, the Southwest Australian
Floristic Region (SWAFR) is a global biodiversity hotspot,
characterised by a Mediterranean climate and old,
weathered, nutrient-deficient landscapes (Hopper &
Gioia 2004). Similar to the CFR, the biodiversity of the
region is threatened by habitat loss, habitat degradation,
the impacts of invasive alien plant species and climate
change (Monks et al. 2019). In addition, P cinnamomi
is considered to be one of the most significant threats
to the conservation of the floral diversity of the SWAFR
(Shearer et al. 2007; Cahill et al. 2008; Barrett & Rath-
bone 2018). Several of the plant families most severely
impacted by P cinnamomi in the SWAFR (e.g. Ericaceae,
Fabaceae and Proteaceae), are families that are import-
ant components of the CFR (Goldblatt 1997; Barrett &
Yates 2015). There is a pressing need to assess the risk
P cinnamomi poses to conservation of the Cape flora.

Rebelo et al. (2019) noted high mortality of immature
and mature individuals in remaining subpopulations of S.
imbricatus. They highlighted the threats posed by affor-
estation, alien plant invasion, too frequent fire and dam
construction. It seems plausible, however, that P cinnam-
omi has been overlooked as the cause of the observed
mortality. Similarly, while the IUCN assessment of Re-
belo and Raimondo (2020) lists threats by invasive spe-
cies, this is limited to the impacts of invasive plants, and
disease threats by invasive pathogens (including P cin-
namomi) are not currently considered. The presence of
this pathogen represents a very concerning threat to the
viability of this subpopulation, as demonstrated by the
rapid and substantial (40%) reduction in population size
observed between October 2021 (n=62) and May 2022
(n=37). Left unchecked, P cinnamomi will likely contin-
ue to cause mortality of S. imbricatus individuals within
this subpopulation. A hygiene plan should be developed
to minimise the risk of further spread of R cinnamomi
within the area where the population occurs. Ideally, the
health status of additional S. imbricatus subpopulations
should be determined.

The use of the systemic biodegradable fungicide, phos-
phorous acid (phosphite), may assist in maintaining the
health of remaining S. imbricatus individuals. While
this treatment cannot eradicate Phytophthora from the
soil, it induces a defence response in Phytophthora-
challenged plants and has been shown to increase the
resistance of susceptible plant species to infection by
P cinnamomi (Hardy et al. 2001; Shearer et al. 2012;
Eshraghi et al. 2014). The application of phosphite
could buy time to allow the collection of additional
S. imbricatus germplasm to be stored in seed banks, or
propagated and grown in botanical gardens for future
translocation programs.

In 1975, Knox-Davies warned of the potential suscep-
tibility of many components of the fynbos vegetation
to P cinnamomi. Importantly, he emphasised the need

http://abcjournal.org |

109

Original research

for an intensive local research programme to, among
other things, determine the relative susceptibilities of
fynbos species to P cinnamomi. Today, near 50 years
on, very little progress has been made in this regard.
Considering the alarmingly high number of rare and
threatened taxa occurring in the CFR, and with many
of these taxa such as S. imbricatus belonging to families
known to be susceptible to P cinnamomi, it is impera-
tive that a research programme similar to that proposed
by Knox-Davies (1975), be established. Methods to po-
sition taxa on a R cinnamomi resistance-susceptibility
continuum have been well developed by researchers
working with threatened flora of the SWAFR (Shearer
et al. 2013). Understanding the relative susceptibility
of taxa can inform strategies for in-situ conservation,
as well as informing where conservation priorities and
recovery efforts should be directed. Substantial efforts
have been made to identify and address many of the
threats to the CFR. However, the rapid decline in popu-
lation numbers of the Critically Endangered S. imbrica-
tus highlights the urgent need to better understand the
role of the invasive pathogen, P cinnamomi, as a key
threatening process to the flora of this region.
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(Weber 1996; Kurtto et al. 2010). On the other hand,
the genus has been relatively neglected in other regions
(e.g., North America or the Caucasus: Alice et al. 2015;
Sochor &Travnicek 2016). This uneven distribution of
knowledge is reflected not only in the taxonomy but
also in the phylogenetics, phylogeography and evolu-
tionary biology of the group (biosystematics in a wide
sense).

The African continent belongs among the understudied
regions of the world. None of the native African Rubus
taxa (disregarding North Africa, which is home to a few
species of predominantly European distribution) were
included in the two worldwide phylogenetic studies
(Alice & Campbell 1999; Carter et al. 2019), and just
a single DNA sequence from a native sub-Saharan Af-
rican Rubus species is present in the NCBI GenBank
nucleotide database (R. rigidus Sm., accession number
U95229). Cenetic diversity in African accessions has
been analysed only among selected Kenyan specimens
(unfortunately mostly undetermined and thus of un-
known primary origin) using morphological and mi-
crosatellite markers with the aim of characterising po-
tential breeding material (Ochieng et al. 2018, 2019).
The evolution and phylogeny of African brambles are
therefore unexplored.

Within the African continent, the taxonomy and funda-
mental biological properties (reproduction mode, poly-
ploidy) are best explored in the South African Rubus
taxa owing to recent advances in our understanding of
the species in the region (Sochor et al. 2018, 2022; Van
de Beek 2021). Applying a very narrow morphology-
based (micro-)species concept, inspired by the one used
for European Rubus apomicts, Van de Beek (2021) dis-
tinguished 16 native species in six series in the Cape Flo-
ristic Region alone and commented on the existence of
a number of other ‘species’, so far insufficiently studied.

Original research

On the other hand, Sochor et al. (2022) incorporated
ploidy level and reproductive mode data, and identi-
fied six native South African Rubus species in total (see
Table 1 for overview), all of them sexual di-, tetra- or
hexaploids (2n = 14, 28, 42, respectively), and some
of them phenotypically highly variable. In addition, 12
introduced taxa and 12 hybrids were identified, which
indicated potential ongoing evolution in South African
brambles via hybridisation, introgression and apomixis.
However, the real effect of these processes on natural
populations could not be evaluated properly based on
phenotypic and cytometric data only.

In this work, we used the Rubus material that was stud-
ied in recent biosystematic/taxonomic investigations
(Van de Beek 2021; Sochor et al. 2022) and analysed
the sampled individuals by employing three types of
DNA markers to address South African Rubus evolu-
tion from two perspectives. First, plastid and ribosomal
nuclear sequence data were used for phylogenetic and
phylogeographic reconstructions, and for identifying/
confirming the identity of hybrids and potential intro-
gressants. Specifically, we aimed at revealing not only
phylogenetic relationships among taxa, but also at de-
tecting any signatures of potential ancient or ongoing
gene flow between native species or between native
and introduced taxa. Second, simple sequence repeats
(SSR, microsatellites) were used for primary evaluation
of genotypic diversity and microevolutionary processes
in a model group of R. bergii (Cham. & Schltdl.) Eckl. &
Zeyh., R. rigidus, R. pinnatus Willd. and their hybrids. In
particular, we aimed at detecting clonal duplications and
quantifying the degree of apomixis at a regional scale,
and thus evaluating the evolutionary and invasive poten-
tial of the hybrids. The new DNA data helped us under-
stand the evolutionary history and phenotypic patterns
in this relatively young and species-poor (in the context
of the Cape flora) but evolutionary complex plant group.

Table 1. Overview of Rubus taxa occuring in South Africa with their distribution, ploidy level and reproductive mode (all from Sochor et
al. 2022) and plastid haplotypes (detected in this study); LP = Limpopo; MP = Mpumalanga; G = Gauteng; FS = Free State; KZN =

KwaZulu-Natal; EC = Eastern Cape; WC = Western Cape

Taxon/hybrid Distribution in South DNA ploidy Reproduction Plastid
Africa (provinces)' level haplotype

Native taxa

R. apetalus Poir. LP MP. KZN, EC 4x sexual Apel, Ape2

R. ludwigii Eckl. & Zeyh. MP FS, KZN, EC, WC 2x sexual Lud1

R. pinnatus subsp. pinnatus Willd. ~ WC 4x sexual Pin1

R. pinnatus subsp. pappei (Eckl. &  MP, KZN, EC 4x sexual Pin3, Rigb

Zeyh.) Sochor

R. rigidus Sm. All except Northern Cape 6X sexual Rig1-11

R. thaumasius A.Beek EC 4x sexual That

R. transvaalensis Gust. MP, KZN 6X sexual Rig5
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Table 1. Overview of Rubus taxa occuring in South Africa with their distribution, ploidy level and reproductive mode (all from Sochor et
al. 2022) and plastid haplotypes (detected in this study); LP = Limpopo; MP = Mpumalanga; G = Gauteng; FS = Free State; KZN =
KwaZulu-Natal; EC = Eastern Cape; WC = Western Cape (continued)

Taxon/hybrid Distribution in South DNA ploidy Reproduction  Plastid
Africa (provinces)' level haplotype

North American taxa

R. sect. Arguti (Rydb.) L.H.Bailey LP MP, G, FS, KZN, EC 4x apomictic Argl
R. sect. Cuneifolii (L.H.Bailey) KZN, EC 4x apomictic Cun2
L.H.Bailey

R. titanus L.H.Bailey wWC 6X sexual Urs1
R. trichogynus A.Beek LP. MP, FS, KZN, EC, WC 7x sexual Urs1

European/Caucasian taxa

R. armeniacus Focke EC, WC 4x apomictic Dol1

R. bergii (Cham. & Schltdl.) Eckl. EC, WC 4x apomictic Ulm1

& Zeyh.

R. aff. bergii KZN 4x apomictic Ulm2

R. ulmifolius Schott MP, KZN 2X sexual Ulm1, Ulm2

Asian taxa

R. ellipticus Sm. KZN 2x sexual Eli1

R. niveus Thunb. LP MP, KZN, EC 2x sexual Niv1

R. phoenicolasius Maxim. KZN, EC 2x sexual Phet

R. rosifolius Sm. KZN, (WC) 2x sexual Ros1

Hybrids

R. apetalus X R. ludwigii MP 3x not analysed Lud1

R. apetalus X R. pinnatus MpP 4x sexual Ape2

R. sect. Arguti X R. pinnatus MP 4x apomictic Rig6

R. sect. Arguti X R. rigidus M, KZN, EC 5x, 8x sexual Rig1, Rig4, Rig5,
Rig9

R. bergii x R. pinnatus wC 4x Pin1, Rig6

R. bergii X R. rigidus EC, WC 5x sexual Rig2, Rig3, Rig4,
Rig6, Rig9

R. bergii x R. thaumasius EC 4x apomictic Tha

R. ludwigii x R. pinnatus KZN 3x not analysed Lud1

R. niveus X R. transvaalensis MP 4x not analysed  Niv7

R. pinnatus X R. rigidus WC, EC 5x, 8x sexual Rig3

R. rigidus x R. ulmifolius MP 4x not analysed Rig5

R. pinnatus X R. thaumasius EC not analysed not analysed ~ ThaT
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Materials and methods
Sampling and DNA extraction

DNA samples (see Supplementary Table S1) were col-
lected during fieldwork for a biosystematic treatment of
South African Rubus (see Sochor et al. 2022 for details).
The specimens were simultaneously thoroughly stud-
ied morphologically and mostly also analysed for ploidy
level and reproduction mode. Of the available collec-
tions, 224 specimens (particularly from non-apomictic
taxa and hybrids) were used for sequencing, whereas
only a selection of 45 specimens of R. bergii, R. rigi-
dus, R. pinnatus and their hybrids, mostly from Western
Cape (see Supplementary Table S1), was used for SSR
analysis for primary evaluation of genotypic and allelic
diversity, confirmation of phenotypic determinations,
as well as assessment of the suitability of the markers
for further studies. Six specimens of R. bergii from its
native range in Western Europe were included as well.
DNA was extracted from silica gel-dried leaves using
the CTAB method (Doyle & Doyle 1987). Eight spec-
imens, four of them being the type specimens, were
provided by A. van de Beek, which represented his
new species or his conception of old species (Supple-
mentary Table ST1; Van de Beek 2021; see also Sochor
et al. 2022 for further discussion and revised taxonomic
concepts); their DNA was extracted from two seeds per
specimen using GenElute™ Plant Genomic DNA Mini-
prep kit (Sigma-Aldrich, USA).

Sequencing

Two plastid regions were analysed: the matK intron was
amplified and sequenced with primers XFA and AST R
(Dunning & Savolainen 2010) and the trnl-trnF inter-
genic spacer with primers c and f (Taberlet et al. 1991).
The ribosomal nuclear locus ITS (internal transcribed
spacer) was amplified and sequenced with primers
ITST and ITS4 (White et al. 1990). Polymerase chain
reactions (PCRs) were performed using EliZyme FAST
Tag mix (Elisabeth Pharmacon, Czechia) according to
the manufacturer’s protocol in reaction volume of 15
uL. PCR products were checked on agarose gel elec-
trophoresis, purified by precipitation with polyethylene
glycol (10% PEG 6000 and 1.25 M NaCl in the precip-
itation mixture) and sequenced using the Sanger meth-
od at Macrogen Europe (the Netherlands). In selected
specimens, the ITS amplicon was cloned into a bacte-
rial vector to obtain sequences of different ITS alleles
(ribotypes) within one individual. In these cases, PCR
was performed using EliZyme HIFI polymerase (Elisa-
beth Pharmacon) with proofreading activity. The PCR
product was purified, its concentration estimated by
Nanodrop 2000, and 18 ng of the PCR product was
ligated in the total volume of 10 uL ligation mixture
into pJET1.2/blunt cloning vector using CloneJET PCR
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Cloning Kit (Thermo Scientific, USA). The plasmid was
further used for transformation of Escherichia coli strain
DH5a using TransformAid Bacterial Transformation Kit
(Thermo Scientific) following the overnight bacterial
culture protocol, with a modification that the initial cul-
tivation in C-medium was not longer than six hours and
the colony used for its inoculation was not older than
one day. Transformed bacterial colonies were used as a
template in a colony PCR with primers pJET1.2 forward
and reverse (supplied with the cloning kit). PCR prod-
ucts were checked, purified and sequenced with the
amplification primers similarly to direct sequencing as
described above.

SSR analysis

Ten microsatellite loci (Graham et al. 2004, 2006;
Woodhead et al. 2008) were selected based on am-
plification efficiency and variability in a selection of
samples, and amplified using the EliZyme FAST Taq
(Elisabeth Pharmacon) in 10ulL reaction volume with
7.5 ng template DNA following the standard manufac-
turer’s protocol (see Supplementary Table S2 for further
details). Fluorescent labelling was performed using a
nested PCR containing three primers: a template-com-
plementary forward primer with M13 tail at its 5" end
(final concentration 0.1 uM), a template-complementa-
ry reverse primer (concentration 0.4 uM), and a fluores-
cently 5’-modified M13 primer (5’-TGTAAAACGACG-
GCCAGT; NED™, PET®, VIC™ or FAM™ modification;
concentration 0.4 uM). To facilitate annealing of the
universal M13 primer the annealing temperature was
lowered to 53°C in the last nine PCR cycles. Such la-
belled PCR products were separated together with the
GeneScan 600LIZ® size standard on an ABI 3730XL
capillary sequencer at Macrogen Europe.

Data analysis

DNA sequence editing, alignments and haplotype/
ribotype identification were performed in Geneious 8
(Biomatters, New Zealand). Plastid haplotypes were
compared with the sequences of Sochor et al. (2015)
and Sochor and Travnicek (2016), and their codes as-
signed accordingly. A median-joining algorithm was
used to create a phylogenetic haplotype network in
Network 10.1.0.0 (Bandelt et al. 1999). All sequences
were deposited in NCBI GenBank (accession numbers
0OL899048-0OL899299 [ITS], OL954095-OL954503
[matK and trnL-trnf]). ITS data were checked for the
presence of contaminations by microorganisms,
pseudogenes and PCR recombinants as in Sochor et
al. (2015). The filtered alignment was analysed in Net-
work using star contraction (number of mutations set
to three) and median-joining algorithms, and in Splits-
Tree 4 (Huson & Bryant 2006) using NeighbourNet al-
gorithm with uncorrected P character transformation.
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SSR chromatograms were analysed and scored manu-
ally in Peak Scanner 1.0 (Applied Biosystems). Alleles
were coded according to their length in bp and saved
as both codominant and binary data. Shannon infor-
mation index was computed and principal coordinate
analysis (PCoA) using the distance method with stan-
dardisation was performed in GenAlEx 6.5 (Peakall &
Smouse 2012) based on the binary data matrix. Histo-
gram of genetic distances and genotype identification
were performed in Genotype 2.0b23 (Meirmans & Van
Tienderen 2004).

Results

Patterns in plastid DNA variation

Plastid DNA data were obtained for 219 specimens.
Among native South African Rubus taxa, 18 plastid
haplotypes were distinguished when both single nu-
cleotide polymorphisms (SNPs) and indels were con-
sidered, and 14 haplotypes when indels were rejected
(Figure 1). Two haplotypes characterised R. ludwigii
and R. thaumasius, respectively, and grouped sepa-
rately from other native species. The other haplotypes
formed two mutually related groups shared mainly by
R. pinnatus and R. rigidus. The haplotype of R. trans-
vaalensis (haplotype Rig5) was shared with R. rigidus,
and two haplotypes (Apel, Ape2) were found only
in R. apetalus and its hybrid. Each of the Asian spe-
cies bore a single unique haplotype. Tetraploid Euro-
Caucasian taxa were also characterised by their hap-
lotypes, but two haplotypes were detected in the dip-
loid R. ulmifolius — one shared with R. bergii and one
with R. aff. bergii. Four haplotypes were distinguished
among North American taxa, one borne by at least
three morphotypes of R. sect. Arguti, one by R. sect.
Cuneifolii, one by two undetermined morphotypes
(one of them possibly belonging to R. sect. Alleghe-
nienses), and one haplotype was shared by R. titanus
and R. trichogynus (Urs1; presumably derived from the
western North American R. sect. Ursini).

The haplotypes of Rubus rigidus and R. pinnatus ex-
hibited clear patterns in geographic distribution. Rubus
rigidus bore only three haplotypes in the westernmost
part of the range, all from the A group (Figure 1D),
whereas only haplotypes of the C group (with one ex-
ception of the Rig6 haplotype detected once near Alex-
andria, EC) were detected in eastern regions outside of
the Cape Floristic Region, and the highest diversity was
discovered in KwaZulu-Natal (KZN). A roughly similar
pattern (Figure 1C) was detected in R. pinnatus and
corresponded to its subspecific classification, in which
western R. pinnatus subsp. pinnatus bore only the Pin1
haplotype or its derivative Pin4, whereas R. pinnatus
subsp. pappei had mostly the Rig6 haplotype shared
with western R. rigidus, or one haplotype from the C
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group differing from the eastern R. rigidus haplotypes
only in one indel (Pin3).

All of the studied hybrids of R. rigidus [R. bergii X rigi-
dus — 22 individuals (ind.); R. sect. Arguti X rigidus —
11 ind.; R. rigidus X ulmifolius — 3 ind.; R. rigidus x
pinnatus — 1 ind.] exhibited haplotypes derived from
that species. Similarly, R. thaumasius served as the pis-
tillate parent of all of its studied hybrids (with R. ber-
gii — 3 ind.; and with R. pinnatus — 1 ind.), as did R.
ludwigii (with R. apetalus — 1 ind.; and R. pinnatus — 1
ind.). Rubus pinnatus served as pistillate parent in all of
the studied hybrids with R. bergii (6 ind. representing
4 genotypes) but not in the hybrids with R. apetalus,
whose pistillate parent was the latter species (1 ind.).
The hybrid R. niveus X transvaalensis shared the haplo-
type with the first species.

Variation in ITS

ITS data were generated from 118 individuals in to-
tal, of which 90 were sequenced directly (individuals
without length variation in the amplicon) and 28 were
cloned (Supplementary Table S1). One to eight cloned
sequences (185 in total, 6.6 on average) were obtained
per individual after the exclusion of contaminants (10
sequences in total) and recombinants (14 sequences).
275 sequences were included in the final analyses. ITS
exhibited more variation than plastid DNA, but part of
it was not shared among individuals and was thus unin-
formative. The cloned sequences from hybrids always
confirmed their hybrid origin. Similarly, two or more
divergent orthologous ITS alleles were detected in alien
apomictic polyploids. Except for the (putatively prima-
ry) hybrids, no gene flow/introgression was detected
between native and introduced taxa.

Among native taxa, R. thaumasius and R. ludwigii
formed distinct phylogenetic lineages, while the oth-
er species formed three groups (A, B, C, correspond-
ing to the plastid haplotype groups according to their
presumed origin), two of which could be subdivided
into three subgroups each (Figure 2A). Rubus apetalus
formed a separate distinct branch diverging from the
base of the A group. Rubus transvaalensis was restrict-
ed to the C1 subgroup, which was not shared by any
other species, but was placed at the split of C2 and C3
subgroups belonging to R. rigidus. Specimens of R. pin-
natus subsp. pinnatus had only B2 ribotypes, but spec-
imens from the transitional zone in the eastern parts of
WC, as well as R. pinnatus subsp. pappei from MP bore
mostly B1 ribotypes, and the remaining eastern popu-
lations had B3 ribotypes (Figure 2B). The B1 subgroup
was the only one shared with R. rigidus, although only
rarely in KZN and MP. Rubus rigidus was otherwise rep-
resented in A and C groups (Figure 2C): A was detected
almost throughout the studied area, C3 dominated the
lowlands of KZN and C2 was detected in MP always as
an ortholog together with B1.
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Figure 1. Plastid haplotype diversity patterns in South African Rubus taxa. A, haplotype network based on SNPs; B, haplotype network
based on SNPs and indels (number of SNP mutations or indels shown above branches, forward and reverse mutations at the same
position indicated by asterisks; symbol size corresponds with the frequency of the haplotype in the dataset); C and D, geographic
distribution of haplotypes in R. pinnatus and R. rigidus (including their hybrids), respectively, in South Africa (symbol shapes and co-
lours correspond with A and B). Rubus apetalus (haplotypes Ape, Ape2) and R. transvaalensis (Rig5) are not included in the maps.
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Figure 2. ITS ribotype diversity patterns in South African Rubus taxa. A, SplitsTree phylogenetic network based on cloned and directly
sequenced ITS amplicons. B and C, geographic distribution of ribotypes in R. pinnatus and R. rigidus (including their hybrids), respec-
tively, in South Africa (symbol colours correspond with A). Note that the C1 group is exclusive for R. transvaalensis and is not included
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Figure 3. PCoA analysis of SSR
data; the two axes explain 43%
and 18% of the whole variation,

respectively.

Variation in microsatellites

Ten SSR loci were selected following our previous work
(e.g., Kirdly et al. 2017), but Rubus123a was excluded
due to poor amplification efficiency. In total, 99 alleles
were detected in the studied sample set of 45 individ-
uals across the nine loci (3-21 alleles per locus, mean
+ standard deviation 11.0 = 5.8; Supplementary Table
S3). However, only null alleles (no PCR products) were
detected at two loci (Rubus26a and ERubLR_SQO1 _
G16) in R. bergii and relatives. Distribution of genetic
distances among individuals indicated the threshold
between within-genotype and among-genotype varia-
tion to be set at three mutations (not shown). Applying
this threshold, genotype assignment was almost identi-
cal to analysis with the threshold of zero (i.e., no muta-
tion within a genotype allowed; Table 2); only R. bergii
exhibited three different mutations in three individuals
(one per individual; Supplementary Table S3). Despite
that, this species was clearly monoclonal in both its na-
tive and secondary range (Table 2). Besides R. bergii,
clonality was detected in the hybrid R. bergii X pinna-
tus. In contrast, R. rigidus, R. pinnatus and R. bergii x
rigidus exhibited no clonal duplication. PCoA analysis
supported identification of the parents in all of the pre-
sumed hybrids (Figure 3).

Discussion

Evolutionary history is
complex in native species

Both the ITS and cpDNA confirm that R. ludwigii and
R. thaumasius are distinct native species that diverged
from the common ancestor of all South African Rubus
taxa. This finding is contrary to previous interpretations
of the origin of R. thaumasius, which was originally
presumed to be a hybrid of R. rigidus and some other
taxon (Gustafsson 1934) or even of purely European or-
igin (Stirton 1981; Henderson 2011). However, its pre-
sumed relationship with tropical African species, such
as R. runssorensis Engl. and R. friesiorum Gust. (Van
de Beek 2021; Sochor et al. 2022), needs to be con-
firmed, as no material from tropical Africa was available
for this study.

A different pattern was observed in the other four na-
tive species. Rubus apetalus is well differentiated for
both ITS and cpDNA data and is not participating in the
current evolution of the other species. It is undoubt-
edly closely related to both R. pinnatus and R. rigidus.
Rubus transvaalensis is even more closely related to

Table 2. Summary statistics of SSR data; N = number of individuals; G = number of genotypes identified at different mutation thresholds
(th = 0 or 3 allowing no or up to three mutations within a genotype, respectively); Alleles = average number of observed alleles per
individual across all nine loci (= standard deviation); Shannon index = Shannon information index computed in GenAlEx from a

binary matrix (+ standard error)

Taxon N G (th = 0) G (th = 3) Alleles (+ S.D.) Shannon index (= S.E.)
R. pinnatus 3 3 3 15 (% 3.454) 0.092 (+ 0.022)

R. rigidus 6 6 6 19.5 (% 2.950) 0.285 (+ 0.026)

R. bergii 17 4 1 17 (0) 0.012 (+ 0.005)

R. bergii X rigidus 11 11 11 22.8 (= 1.940) 0.195 (= 0.025)

R. bergii x pinnatus 5 2 2 23.8 (+ 0.448) 0.082 (£ 0.018)

R. pinnatus X rigidus 1 1 1 20 (NA) NA

R. aff. bergii 1 1 1 18 (NA) NA
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Figure 4. Scheme of proposed evo-
lutionary relationships between
modern species of the R. rigi-
dus—pinnatus—-apetalus group and
their hypothetical ancestors; see

R. rigidus as inferred from phenotype (see Sochor et
al. 2022) and DNA sequences (Figures 1, 2). Relation-
ships between R. pinnatus and R. rigidus appear to be
complex due to shared haplotypes and ribotypes, but
in relation to the geographic distributions, this pattern
cannot be explained simply by free recurrent gene
flow. Taking into account the phylogenetic relationships
among haplotypes and ribotypes and taxonomic and
geographic distribution patterns, the following scenario
can be hypothesised (Figure 4).

Three ancestral species, possibly already tetraploid or
even hexaploid, migrated through the coastal regions
from northeast to southwest, occasionally hybridised
and further evolved into the species as currently rec-
ognised, although the ancestral species themselves
disappeared. The first ancestor, ‘R. archaeapetalus’,
is represented in our data as the basal ribotypes and
haplotypes of the A group (Figures 1A & 2A). This an-
cestor evolved directly into R. apetalus but must have
contributed to the formation of R. rigidus, as implied
from the A ribotypes throughout its range and the A
haplotypes in the west (which, however, may have been
derived also from the second ancestor despite the fact
that the current geographic patterns rather contradict
this possibility; Figures 1C & 1D). A second ancestor,
‘R. archaepinnatus’ (B alleles) gave rise to R. pinnatus
with considerable geographic genetic variation between
the winter-rainfall and summer-rainfall zones but also
contributed to the genome of R. rigidus to some extent,
at least in the east (see ITS; Figure 2). A third ancestor,
‘R. archaerigidus’ (C groups), must have had an identical
ribotype (C1) and haplotype (Rig5) as R. transvaalensis
and may have therefore also been very similar to this
modern species in other respects (e.g., in hexaploidy?).
This ancestor probably did not spread to westernmost
South Africa as no traces of it have been detected in any
modern taxon there. It must, however, have contributed
to the formation of R. rigidus (mainly in eastern regions),
of R. transvaalensis, and to a lesser degree also R. pin-
natus. However, as far as we know, R. pinnatus only
bears one haplotype derived from ‘R. archaerigidus’
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(Pin3). This haplotype differs from Rig5 in the absence of
one 6-bp repetition, which makes Pin3 the basal-most
haplotype within the C group. Therefore, the Pin3 hap-
lotype can only be a result of an ancient chloroplast
capture, rather than a continuous gene flow from ‘R.
archaerigidus’ to R. pinnatus.

Similar reticulate evolution pathways are often ob-
served in polyploid complexes. For example, Fehrer
et al. (2009) revealed very complex evolutionary pat-
terns in both diploid and polyploid accessions of Eu-
ropean Hieracium s.str. (Asteraceae). Highly reticulate
evolution associated with late Quaternary phylogeog-
raphy of sexual ancestors was reconstructed in Europe-
an blackberries, among which more than 750 species
are recognised, but these originate in just around six
ancestral diploids, some of them extinct (Sochor et al.
2015, 2017). However, hybridisation has long been
recognised as an important process in plant evolution
and speciation in general, not only in apomictic genera
(Rieseberg 1995; Nolte & Tautz 2010).

Current gene flow among
taxa seems to be limited

In our previous paper (Sochor et al. 2022), we reported
on the occurrence of 12 hybrid combinations in South
African brambles, some of which are locally even more
frequent than their parents (e.g. R. bergii X R. rigidus).
The hybrid origins of all of these taxa were supported
by the molecular data presented here (Figure 3; see
also Supplementary Table S1 for plastid haplotypes).
The frequent occurrence of hybrids and the successful
production of seeds and even the occurrence of fac-
ultative apomixis in some of them made us consider
the evolutionary potential of hybridisation in South
African brambles. Furthermore, two octoploid fertile
sexual hybrids derived from R. rigidus (with R. pinnatus
or R. sect. Arguti) were also discovered, which implies
that such hybrids are not rare (the two specimens rep-
resented 4.5% of the 44 hybrid individuals with known

| Open access



Page 10 of 41

ploidy in our dataset). Hypothetically, these octoploids
could backcross with the tetraploid parent (2x gamete)
due to the formation of regular reduced 4x gametes
(see Sochor et al. 2022). The offspring (6x) would then
share ploidy level and + 50% of the genome with the
first parent. Therefore, only two generations can be
sufficient to overcome the ploidy reproduction barrier
between tetra- and hexaploids.

Although potentially very effective and explanatory for
the extraordinary phenotypic variability of R. rigidus
(see Sochor et al. 2022), this ‘octoploid bridge’ (par-
allelism of triploid bridge sensu Ramsey & Schemske
1998) does not appear to be a common evolutionary
mechanism, because no shared alleles have so far been
detected between native and introduced taxa (except
for the apparent hybrids), and only a few shared alleles
were detected among native species. An example is the
Rig6 haplotype in R. rigidus near Alexandria, EC, where
this haplotype is shared with R. pinnatus, but R. rigidus
bears it in regions much further west (because of shared
ancestry) and a transition zone was only documented
in the eastern parts of WC (Figure 1D). Another possi-
ble example are the B1 ribotypes, which seem to orig-
inate from the R. pinnatus/‘archaepinnatus’ lineage but
were found also in R. rigidus in KZN and MP in all cases
together with the C ribotypes in each individual. This
last fact could imply that the five R. rigidus individuals
(all confirmed hexaploids) can actually be early-gener-
ation introgressants, because the ribosomal cistron has
not yet been homogenised. However, due to the rather
limited sample set, we cannot rule out the possibility
of ancient gene flow between the two species and the
local preservation of genes of R. pinnatus/‘archaepinna-
tus” in R. rigidus.

Genetic diversity is
geographically structured in
R. pinnatus and R. rigidus

Genotypic and allelic diversity and its structuring are
crucial information for the management of both intro-
duced and native taxa (especially those of conservation
concern), and for understanding their evolutionary
behaviour. Our data provide two perspectives. While
DNA sequences from the conservative markers provide
a wide and superficial overview, the population-genetic
data from microsatellites enable much finer and deep-
er insights, but were restricted in this study to a single
model system of R. bergii, R. rigidus, R. pinnatus and
their hybrids.

From the wider, phylogeographic perspective, our se-
quence data imply relatively low genetic diversity in
R. thaumasius, R. apetalus, R. transvaalensis, and also
R. ludwigii. The latter was, however, included only mar-
ginally in this study and its geographic variation may not
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have been sampled. In contrast, R. pinnatus and par-
ticularly R. rigidus exhibit high diversity in plastid DNA
and ITS, which is clearly geographically structured.
This structuring appears to reflect not only the retic-
ulate evolution discussed above, but also a long-term
isolation of populations and limited gene flow among
regions. The most conspicuous genetic differences are
between the summer-rainfall and winter-rainfall zones
(Figures 1 & 2), implying that the haplotypic/ribotypic
geographical differentiation may have been accompa-
nied by niche shift, which in turn may be associated
with a slight phenotypic shift in R. pinnatus. These geo-
graphically linked differences justify its subdivision into
two subspecies (Sochor et al. 2022).

In R. rigidus, on the other hand, major phenotypic traits
(e.g. structure of leaves, fruit colour, leaf indumentum)
do not correspond with haplotypes or ribotypes. Conse-
quently, putatively distinct morphotypes (or species sen-
su Van de Beek 2021) are widespread across South Af-
rica, but are obviously composed of diverse genotypes
of different phylogenetic/genealogical history. In other
words, taxonomic treatment of such morphotypes on
the species level is contradicted not only by their obli-
gate sexuality (Sochor et al. 2022), but also their diverse
polytopic origin. A narrow species concept, such as that
used in Europe for apomictic genotypes, is, therefore,
clearly inapplicable in South African native taxa.

Clonality implies apomictic spread
in R. bergiiand R. bergii x pinnatus

Originally, we suspected the R. bergii X R. rigidus hy-
brids to be partly apomictic and able to persist and
spread without recurrent formation of new genotypes
via hybridisation (Sochor et al. 2018). This would result
in the presence of the same genotype at different loca-
tions, and later in the dominance of one or a few suc-
cessful hybrid genotypes within each region. However,
no clonal (i.e., apomictic) duplication was detected
among the 11 hybrid individuals in our dataset, despite
the fact that the sampling was focused on a small area
in westernmost WC (see Supplementary Table S3). This
fact supports our later conclusion (Sochor et al. 2022)
that these pentaploid hybrids are possibly exclusively
sterile and can persist and spread only via vegetative
means. On the other hand, the high frequency of oc-
currence of the hybrid in some regions implies its easy
and common recurrent formation.

Surprisingly, clonal duplications were identified in the
hybrid R. bergii X pinnatus, although this was not in our
primary focus and was therefore represented by only
five individuals in our SSR data set. Four of the indi-
viduals turned out to belong to a single genotype (Ta-
ble 2; Supplementary Table S3). The sampled area was
very small with distances between the individuals of the
clone being 0.33-1.36 km. Such distances, however,
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seem to be too long to be explained by the spontaneous
vegetative spread. As human-mediated propagation can
be most likely excluded, the most probable explanation
for our finding is asexual dispersal via seeds — apomix-
is. We have reported on apomictic seeds in two other
homoploid hybrids between native and introduced Ru-
bus taxa (R. bergii X thaumasius and R. pinnatus X sect.
Arguti; Sochor et al. 2022) but it was not clear whether
these seeds were viable and able to secure dispersal.

Similarly, Clark and Jasieniuk (2012) detected (rare) hy-
bridisation among native and introduced Rubus taxa in
western United States, as well as apomixis at the level
of the embryo. However, seedlings derived from the
hybrids exhibited higher allelic variation than would be
expected for apomictic offspring, and apomixis, there-
fore, was not confirmed on the level of seedlings. In
contrast, the frequent occurrence of hybrids between
Taraxacum officinale (alien) and T. japonicum (native)
(Asteraceae) was reported in western Japan despite a
very low hybridisation rate (Matsuyama et al. 2018).
The number of hybrid genotypes detected in that study
in natural populations was surprisingly high but still in-
dicated their apomictic spread. A combination of apo-
mixis, high genotypic diversity, and hybrid origin from
a native species seemed to promote effective natural
selection and propagation of well-adapted genotypes,
and thus enhanced invasiveness.

Rubus bergii X pinnatus, as well as the other two hy-
brids with apomictic seeds, is only locally common and
of rather low importance as an invader at this moment.
However, these hybrids may potentially pose an initial
phase of new invasion that can take advantage of local
adaptations of the native parent (Pfennig et al. 2016),
clonal multiplication of a superior genotype (Parepa et
al. 2014), potential hybrid vigour (Ayres 2004) or simply
of being an evolutionary novelty (Ellstrand & Schieren-
beck 2006). Targeted sampling of the tetraploid hybrids
with subsequent assessment of genotypic diversity and
invasive potential is required to evaluate this hypothesis.

High genotypic and allelic diversity were detected in
R. rigidus (Table 2), three or four alleles per locus and
individual being no exception, which is consistent with
its sexual mode of reproduction and allopolyploid or-
igin. In contrast, R. bergii was confirmed to be mono-
clonal with no signs of recombination or introgression
from other taxa, yet with relatively high allelic diversi-
ty (reflecting its allopolyploid origin; Table 2). Mono-
clonality in our dataset also confirmed the identity of
South African R. bergii and European plants usually
treated under the name R. vigorosus PJ).Mdll. & Wirtg.
(Kurtto et al. 2010; Van de Beek 2014). Such extreme-
ly low genotypic diversity is consistent with data from
other apomictic Rubus microspecies (Kiraly et al. 2017;
Sarhanova et al. 2017). Although the monoclonality is
contradictory to the relatively high proportion of sex-
ually derived embryos as detected by flow cytometric
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seed screen in the demonstrably monoclonal microspe-
cies (cf. Sarhanova et al. 2012; Sochor et al. 2022), this
paradox appears to be a common phenomenon in Ru-
bus, so far without explanation (see also Sarhanova et
al. 2017). Similar patterns are therefore presumed to
occur in other South African alien apomictic blackber-
ries such as R. armeniacus and R. sect. Cuneifolii (both
likely monoclonal in South Africa), and R. sect. Arguti
with two widespread clones and several genotypes of
local occurrence (Sochor et al., 2022).

Conclusion

South Africa is not a hotspot for Rubus diversity, but
the genus is taxonomically challenging and has been
rather overlooked in this region (Van de Beek 2021; So-
chor et al. 2022). A combination of traditional pheno-
type-based, molecular, and cytometric methods have
improved our understanding of its diversity and evolu-
tionary behaviour.

Contrary to previous concerns and notions that the
group (or at least some of the taxa) is a hardly intelligi-
ble tangle (Sochor et al. 2018; Van de Beek 2021), the
biosystematics of South African Rubus is not intractable.
Despite frequent hybridisation, gene flow among mod-
ern species appears to be weak, as the hybrids mostly do
not contribute to further evolution via hybridogenesis or
introgression. However, clonal duplications and asexual-
ly derived seeds detected in tetraploid hybrids of native
and introduced taxa may indicate incipient new plant
invasions, and this process deserves further attention.

High phenotypic variability in some species, which has
caused much confusion, can readily be explained by
their allopolyploid origin and phylogeographic patterns.
For example, the extreme variability in R. rigidus seems
to be caused by: 1) its hexaploidy; 2) its origin in (at
least) three ancestral species (Figure 4); 3) among-pop-
ulation isolation and subsequent differentiation par-
ticularly between winter-rainfall and summer-rainfall
zones but also within the zones to some extent; and 4)
probably weak but possibly continuous gene flow from
other species, such as R. pinnatus and R. transvaalensis.

The data presented here and in our previous papers are
not exhaustive and should be regarded rather as a foun-
dation for further studies. Besides the invasive potential
of the tetraploid hybrids, the most challenging task for
the future is to unearth evolutionary links between the
South African and tropical African Rubus flora, as well
as better characterise the diversity of alien, particularly
North American taxa, which seem to be quite rich, yet
underexplored in the eastern regions of South Africa.
However, our experiences show that new and often
surprising discoveries can be expected around every
corner of (not only) South African batology.
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Supplementary Table S3. Samples used for SSR analyses, allelic data and genotype assignment as determined by GENOTYPE

Genotype assignment at differ- | Detected alleles
ent thresholds
o )
. 2 g
3 g . 3 2 2
£|: i = s 2 =) N AT " !
: 3 Z g & (Lorpoploi)g 3
= O S 5 S F  F F F F |2 &
R. bergii x RSA05/17 SA, WC, Newlands, -33.985 18.445 | 1 1 1 1 1 1 169+209+221 163+167+181+193
pinnatus Riverside Road
R. bergii x RSA09/17 SA, WC, Kirstenbosch -33.989 18.437 | 1 1 1 1 1 1 169+209+221 163+167+181+193
pinnatus arboretum, SW
margin
R. bergii x RSA11/17 SA, WC, Kirstenbosch ~ -33.988  18.440 | 1 1 1 1 1 1 169+209+221 163+167+181+193
pinnatus arboretum, central
part
R. bergii x RSA15/17 SA, WC, at the road -34.007 18.418 | 2 2 2 2 2 2 209 163+169+181+193
pinnatus Kirstenbosch - Hout
Bay
R. bergii x RSA32/17 SA, WC, Kirstenbosch ~ -33.985  18.430 | 1 1 1 1 1 1 169+209+221 163+167+181+193
pinnatus Bot. Garden, 200 m
NW of the N entrance
R. pinnatus  RSA04/17 SA, WC, Table Mt., -33.975 18.407 | 3 3 3 3 3 3 209 163+181
Woodhead Dam
R. pinnatus  RSA06/17 SA, WC, Rondebosch,  -33.951 18.456 | 4 4 4 4 4 4 209 163+181
300 m NW of the
Rhodes Memorial
R. pinnatus ~ RSA13/17 SA, WC, Hout Bay, NE  -34.015  18.384 | 5 5 5 5 5 5 209 163+181
end of the town
R. rigidus RSA27/17 SA, WC, at the road -34.304  19.135 | 6 6 6 6 6 6 209 163+173+181+200
X pinnatus R44 (Kleinmond - Bot
River)
R. rigidus RSA40/17 SA, WC, at the road -34.306 19.146 | 7 7 7 7 7 7 209 163+173+202
R43, 6.2 km NNE of
Fisherhaven
R. rigidus MS04/18 SA, KZN, Royal Natal, -28.715 28.935 | 8 8 8 8 8 8 209 163+173+196
Tugela Valley
R. rigidus MS37/18 SA, KZN, Drakens- -29.123  29.440 | 9 9 9 9 9 9 209 163+173+198
berg, 0.5 km S of
Injasuti Camp
R. rigidus MS46/18 SA, M, Graskop, edge ~ -24.944 30.841 | 10 10 10 10 10 10 | 209+215 163+177+198
of the kloof
R. rigidus MS13/18 SA, KZN, Assagay -29.784  30.739 |11 11 11 11 11 11 | 209+215 163+177+200+204
R. rigidus MS17/18 SA, KZN, N of Hill- -29.752  30.778 | 12 12 12 12 12 12 | 209 163+171+177+179+193
crest, Ngwele Rd.
R. bergii x RSA20/17 SA, WC, Kylemore -33.912 18944 | 13 13 13 13 13 13 | 209+221 163+167+185+198
rigidus
R. bergii x RSA21/17 SA, WC, between -33.858 18972 | 14 14 14 14 14 14 | 209 163+173+185+198
rigidus Simondium and
Drakenstein
R. bergii x RSA28/17 SA, WC, at the road -34.304 19.135 |15 15 15 15 15 15 | 209+221 163+167+173+181+185
rigidus R44 (Kleinmond - Bot
River)
R. bergii x RSA30/17 SA, WC, Elgin -34.254 19.054 |16 16 16 16 16 16 | 209+221 163+173+193
rigidus Valley, 10 km NNE of
Kleinmond
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Detected alleles

3 3 <
2 3 & S 0 S ~
N o) @ A <] i =i
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L'L N N © + & = o !
o &z > & &z 2 =)
) ) ) ) 7D o« =l wn O
7,] (7.} (7.} (7.} 7 ez w»v »n
140+160+248 165+199 176 145+154+156+163 215+244 233+237+244+250 222
140+160+248 165+199 176 145+154+156+163 215+244 233+237+244+250 222
140+160+248 165+199 176 145+154+156+163 215+244 233+237+244+250 222
144+160+178+248 161+180+197 162 145+154+156+163 215+244 223+233+244 222
140+160+248 165+199 176 145+154+156+163 215+244 233+237+244+250 222
140+164 161+199 160 145+154 215 244 222
140+144+168 161+165+197+201 160+176 145+151+154 215 233+244 222
144+162+164 201 158 145+154 215 244 222
134+152+162 167+188 158+182 145+151 215+242 233+244 222+231
134+162 167 158 145 215+242 233+244 231
138+148+156 165+174 148 145+151+156 215+242 221+235+244 231
134+148+158 167+178+180 148 145+151+156 215+242 221+235+244 231
146+152+158 163+184+188 156+178 145+149+156 244 235+241+246 233+235
128+238+144+152  187+189 158 145+156 215 233+235+244 233
128+140+152 165+191+203 154+158 145+148+156 215 235+239+244 233
148+160 167+176+180 158 145+156+163 215+242+244 231+235+237+244 231
148+162+178+248  167+172+180 158 145+156 215+242+244 223+233+235+237+244 231
134+160 167+180+186 158 145+163 215+242+244 231+233+244 231
136+160+178 167+186 158 145+156 242+244 231+233+244 231
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Supplementary Table S3. Samples used for SSR analyses, allelic data and genotype assignment as determined by GENOTYPE
(continued)

Genotype assignment at differ-

Detected alleles

ent thresholds
o= 2
= i E 2
= s o 2 & )
= 3 £ i £ ° ~ < | .
g = i £ 28 T A A T - 2
g 8 3 § 3 |E EE & £ E|Z 2
R. bergii RSA31/17 SA, WC, Grabouw, -34.216  19.055 | 17 17 17 17 15 15 | 209+221 163+167+173+181+185
rigidus Highlands Road
R. bergii RSA39/17 SA, WC, between -34.192  19.110 | 18 18 18 18 17 17 | 209 163+173+185+200
rigidus Patryslaagte and
Houhoek
R. bergii RSA41/17 SA, WC, between -34.333 19331 |19 19 19 19 18 18 | 209+221 163+167+173+185+204
rigidus Sandbaai and Cale-
don, Creation
R. bergii RSA42/17 SA, WC, SW margin -34.049 19553 | 20 20 20 20 19 19 | 209+221 163+173+185+200
rigidus of Genadendal
R. bergii RSA44/17 SA, WC, between -34.062 19.438 | 21 21 21 21 20 20 | 209+221 163+167+171+193+200
rigidus Genadendal and
Helderstroom
R. bergii RSA45/17 SA, WC, Helder- -34.066 19.370 | 22 22 22 22 21 21 | 209+221 163+173+193+200
rigidus stroom
R. bergii Beek2018.15  SA, WC, Stellenbosch ~ -33.912 18942 | 23 23 23 23 22 22 | 209 163+167+173+185+198
rigidus
R. bergii RSA29/17 SA, WC, ca 8.7 km -34.280 19.086 | 24 24 24 24 23 23 | 209+221 167+185+193
NE of Kleinmond,
Elgin Valley
R. bergii RSA35/17 SA, WC, Table Mt., -33.978  18.399 | 24 24 24 24 23 23 | 209+221 167+185+193
Disa Gorge
R. bergii RSA38/17 SA, WC, Table Mt., -33.975 18.407 | 25 25 24 24 23 23 | 209+221 167+185+193
Woodhead Dam
R. bergii RSA43/17 SA, WC, Genadendal -34.036  19.556 | 26 26 24 24 23 23 | 209+221 167+185+193
R. bergii RSA08/17 SA, WC, Rondebosch,  -33.953  18.451 | 24 24 24 24 23 23 | 209+221 167+185+193
750 m W of the
Rhodes Memorial
R. bergii RSA16/17 SA, WC, Stellenbosch,  -33.948  18.819 | 24 24 24 24 23 23 | 209+221 167+185+193
Devonvallei
R. bergii RSA17/17 SA, WC, Stellenbosch,  -33.940  18.845 | 24 24 24 24 23 23 | 209+221 167+185+193
base of Pappegaaiberg
R. bergii RSA19/17 SA, WC, Kylemore, at  -33.912  18.944 | 24 24 24 24 23 23 | 209+221 167+185+193
the road Stellenbosch
- Pniel
R. bergii RSA22/17 SA, WC, between -33.816  18.951 | 24 24 24 24 23 23 | 209+221 167+185+193
Simondium and Cillie
R. bergii RSA23/17 SA, WC, Paarlsberg -33.735 18947 | 24 24 24 24 23 23 | 209+221 167+185+193
R. bergii RSA24/17 SA, WC, Paarlsberg, -33.759 18948 | 24 24 24 24 23 23 | 209+221 167+185+193
under Victoria Dam
R. bergii R151/11 Germany, Lower 52.430 7.753 24 24 24 24 23 23 | 209+221 167+185+193
Saxony, Voltlage
R. bergii Vi—Vig1 Germany, Hessen, 50.035 8.903 24 24 24 24 23 23 | 209+221 167+185+193
Rotgau
R. bergii szVigZ Germany, Hessen, 49.956 8.773 24 24 24 24 23 23 | 209+221 167+185+193
Urberach
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Detected alleles

] < ~
R 2 S ] 0 5 o'
N oA ) oA < i =
) I = I a @0 7] =
= = 2 = = g 3 =
) E = = = =2 &
E & & & = 2 oo
] Il Il s I o
L'L N N © + & < o !
o & & & 2 2 ) )
7] 7] 7] 7] v o« S »n O
n 7] 7] (7.} » o= ez w»
134+160+178+248 167+186 158 145+156+163 215+242+244 231+233+244 231
134+162+178 167+184 158 145+163 215+242+244 233+237+244 231
134+162+248 167+188 158 145+156+163 215+242+244 231+233+235+237+244 231
134+160+178 167+174 158 145+156+163 215+242+244 233+237+244 231
148+160 167+174+180 162 135+145+156+163 215+242+244 223+231++233+244 225
152+160 167+174+180 138 135+145+156+163 215+242+244 231+235+237+244 231
158+162+178 165+176 158 145+156+163 215+242+244 233+235+237+244 231
160+178+248 180 null 156+163 244 223+233+4237 null
160+178+248 180 null 156+163 244 223+233+237 null
160+178+248 182 null 156+163 244 223+233+237 null
162+178+248 180 null 156+163 244 223+233+237 null
160+178+248 180 null 156+163 244 223+233+237 null
160+178+248 180 null 156+163 244 223+233+237 null
160+178+248 180 null 156+163 244 223+233+237 null
160+178+248 180 null 156+163 244 223+233+237 null
160+178+248 180 null 156+163 244 223+233+237 null
160+178+248 180 null 156+163 244 223+233+237 null
160+178+248 180 null 156+163 244 223+233+237 null
160+178+248 0 null 156+163 244 223+233+237 null
160+178+248 180 null 156+163 244 223+233+237 null
160+178+248 180 null 156+163 244 223+233+237 null
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Supplementary Table S3. Samples used for SSR analyses, allelic data and genotype assignment as determined by GENOTYPE
(continued)

Genotype assignment at differ- | Detected alleles
ent thresholds
<
g 2
[} 1 —
=} 1] w
=S 5 g & =3
= T Z 2 2 - a - 1 I
- = o= - LN
: s : S T £
= © 2 3 S F  FF F F F | I~
R. bergii V2—Vig4 Germany, Hes- 49.980 8.929 24 24 24 24 23 23 | 2094221 167+185+193
sen, Babenhausen
R. bergii VZ-Vig5 Germany, Lower 52.430 7.753 27 27 24 24 23 23| 209+221 167+185+193
Saxony, Voltlage
R. aff. MS24/18 SA, KZN, Ingelabant- -29.725 29.744 | 28 28 25 25 24 24 | 209 165+169+193
bergii wana Forest, N of
Bulwer
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160+178+248 180 null 156+163 244 223+233+237 null

160+178+248 176 null 156+163 244 223+233+237 null

138+148+160 165+172 null 156+163+165 244 215+233+244 null
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First record of Amaranthus crassipes subsp.

warnockii (I.M.Johnst.) N.Bayon (Amaranthaceae)
outside of the Americas, with nomenclatural notes

Authors

"Duilio lamonico Background: The genus Amaranthus is taxonomically complex because of its

**Ridha E| Mokni high morphological variability, which led to nomenclatural confusion, misappli-
cation of names and misidentifications. Unfortunately, floristic and taxonomic

Affiliations

studies on this genus are still incomplete. A population of Amaranthus crassipes
subsp. warnockii was discovered in Monastir Governorate, Tunisia, representing
the first record for both the Tunisian and the African floras, as well as the first one
outside of its American native distribution area.
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Objectives: The main aim of the present study was to record Amaranthus cras-
sipes subsp. warnockii (1.M.Johnst.) N.Bayon in Tunisia and Africa for the first
time. Morphological characters and ecological data were provided. Clarifica-
tion about the typification of the names Amaranthus crassipes, A. warnockii and
Scleropus amaranthoides was also presented.

Methods: The work was based on field surveys, analysis of relevant literature and
examination of specimens preserved in the herbaria GH, HAL, P RO, NY, US and

Carthage, Ariana-2080, Tunisia. the Herbarium of the Faculty of Pharmacy of Monastir (Monastir University).
Corresponding Author Results: Nomenclatural notes were provided for Schlechtendal’s A. crassipes (lec-
E-mail address: totype at HAL, designated by Henrickson in 1999 but here corrected according
d.iamonico@yahoo.it to Art. 9.10 of the ICN); Schrader’s Scleropus amaranthoides [a superfluous and
illegitimate name (Arts. 52.1 and 52.2 of the ICN) and regarded as a homotypic
Dates synonym of A. crassipes s.str.]; and Moquin-Tandon'’s Scleropus amaranthoides [an

Submitted: 10 September 2021 invalid name (Art. 36.1a of the ICN)].
Accepted: 6 May 2022

Published: 21 October 2022 Conclusion: Amaranthus crassipes subsp. warnockii is an alien species in Tunisia,
growing in human-made habitat on clayey and sandy substrates within ruder-
al vegetation where it can be considered a casual. We hope that in the future
continuous monitoring of the population will take place, to verify the possible
naturalisation and spread of this taxon in Tunisia. If the latter happens, actions for

eradication of the plants are needed.
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Introduction

The genus Amaranthus L. (Amaranthaceae Juss.) comprises 65-70 species of
which approximately half are native to the Americas (see e.g., Mosyakin &
Robertson 1996; lamonico 2015a). Some American species are used as orna-
mentals, food or medicines and are able to escape from cultivation, negatively
impacting the agricultural systems through a reduction in both productivity and
crop quality (see lamonico 2010, 2015a; Das 2016).

Amaranthus is a taxonomically complex genus due to its high phenotypic
variability, which has resulted in the current nomenclatural confusion and
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misapplication of several names (see e.g., Costea et al.
2001; Bayén 2015; lamonico 2014a, 2014b, 2016a,
2016b, 2016¢, 2020a, 2020b, 2020c; lamonico &
Palmer 2020).

According to Le Floc’h et al. (2010) and lamonico
(2015b) nine Amaranthus species occurred in Tuni-
sia. More recently two further species were found, i.e.
A. palmeri S.Watson (lamonico & El Mokni 2017) and
A. spinosus L. (lamonico & El Mokni 2019) and a new
species — A. tunetanus lamonico & El Mokni — was de-
scribed from Monastir Governorate, central Tunisia (la-
monico & El Mokni 2018). The total number of Tunisian
species belonging to the genus Amaranthus is now 12.

As part of an ongoing investigation on the Tunisian
Amaranthaceae sensu lato (Sukhorukov et al. 2016;
lamonico & El Mokni 2016, 2017, 2018, 2019), we
found a population identifiable as Amaranthus crassipes
Schitdl. subsp. warnockii (I.M.Johnst.) N.Bayén, which
represents the first record for both the Tunisian and the
African floras, as well as the first indication of the spe-
cies out of the Americas. Morphological notes and data
on the habitat are presented here and the typification
of the linked names is clarified.

Material and Methods

The work is based on field surveys, analysis of relevant
literature and examination of specimens preserved at
GH, HAL, P RO, NY and US (acronyms according to
Thiers 2022) and in the personal collection of one of
the authors (R. El Mokni) deposited in the herbarium of
the Faculty of Pharmacy of Monastir, Monastir Univer-
sity (not listed in Index Herbariorum). The articles cited
throughout the text follow the Shenzen Code (Turland
et al. 2018).

Results and Discussion

Notes on the typification of
Amaranthus crassipes sensu stricto

Amaranthus crassipes was validly described by Schlech-
tendal (1831: 757-758) through a detailed description
and a morphological comparison with A. polygonoides
L., which was considered by Schlechtendal (1831) as
the most similar species. The provenance (‘In locis palu-
dosis ad rivulos insulae Sti. Thomae’) was also provided.

Henrickson (1999: 787) indicated the holotype for Am-
aranthus crassipes sensu stricto in a specimen preserved
at HAL collected by C. Ehrenberg. Bayén (2015: 318)
specified the barcode of this specimen (HAL076208), as
well as the locality and date of collection (‘Isla Virgenes:
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St. Thomas Island, 1826-1828’). However, Schlechten-
dal (1831: 757-758) did not cite any holotype and, ac-
cording to Arts. 9.1, 9.3 and 9.4 of the ICN, a lectotypi-
fication would be necessary (see also the considerations
given by McNeill 2014). On the basis of Art. 9.10 of the
ICN, Henrickson’s use of the term ‘holotype’ (which
precedes Bayon's publication, see Art. 10.5 of the ICN)
is an error to be corrected to lectotype.

Notes on the typification of
Amaranthus warnockii

Johnston (1944: 153-154) validly proposed Amaran-
thus warnockii by a detailed description (in Latin), a
morphological comparison with the related A. cras-
sipes, and a list of examined specimens. In particu-
lar, the author reported ‘COAHUILA: 1 mi. [1.6 km]
southeast of Ocampo, silty plain near mogote, Johnston
8886 (TYPE, Gray Herb.)’. According to HUH Index of
Botanists (2013 onwards), Grey Herbarium and types
are preserved at GH, whereas further material is kept
in many other American and European herbaria. John-
ston’s statement ‘Gray Herb.” would therefore refer to
a GH specimen. We traced just one specimen at GH
(barcode GH00037034) bearing three plants and the
following original label: ‘"MEXICO: western Coahuila |
.M. Johnston no. 8886 | Sept. 8, 1941 | Amaranthus
warnockii n sp | a mile S.E. of Ocampo low place near
mogote on plain’. Since no further sheets were found
at GH, GH00037034 is the holotype of the name Am-
aranthus warnockii, as correctly reported by both Hen-
rickson (1999: 788) and Bayé6n (2015: 319).

Notes on the name Scleropus
amaranthoides

Schrader (1835: 5) proposed Scleropus amaranthoides
as a replacement name of Amaranthus crassipes, which
was listed as synonym. A short diagnosis was given in
a note (‘Character essentialis. Flores monoici. Mas. Cal.
5phylli foliola ovato-oblonga, inaequalia, exteriora cari-
nata. Cor. 0..."). According to Arts. 52.1 and 52.2 of the
ICN, Scleropus amaranthoides is a superfluous and ille-
gitimate name since the valid Amaranthus crassipes was
cited in synonymy. Therefore, the type of Scleropus am-
aranthoides is that of Amaranthus crassipes (homotypic
synonyms). Note that Henrickson (1999: 787) listed the
name Scleropus amaranthoides as synonym of Amaran-
thus crassipes var. crassipes stating ‘Type: unknown’; so,
he probably did not examine Schrader’s protologue
and wrongly considered Scleropus amaranthoides as a
heterotypic synomyn.

Moquin-Tandon (1849: 271-272) listed Scleropus am-
aranthoides as a synonym of the new proposed com-
bination Scleropus crassipes (Schrad.) Moq. reporting
‘Scleropus amaranthoides Schrad. I.c.” where ‘l.c.’ (=
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loco citato) refers to the previous listed name, i.e. ‘Am-
aranthus crassipes Schlecht. in Linnaea 6: 757, n. 278
(1831)". However, Schlechtendal (1831: 757-758) did
not cite the name Scleropus amaranthoides. Moquin-
Tandon (1849) intended to synonymyse S. amaran-
thoides with S. crassipes, but he inadvertently pub-
lished a new name (‘Scleropus amaranthoides Schrad.
ex Moq."). According to Art. 36.1a, this name is invalid
from a nomenclatural point of view.

Taxonomic Treatment

Amaranthus crassipes

Amaranthus crassipes Schltdl. in Linnaea 6: 757-758
(1831) subsp. crassipes = Euxolus crassipes (Schlt-
dl.) Hieron. in Bol Acad. Nac. Sci. 4: 13 (1881) =
Scleropus amaranthoides Schrad. in Index Sem.
Hort. Acad. Gottingen.: 5 (1835), nom. superfl. et
illeg. (Arts. 52.1 and 52.2 of the ICN) = Scleropus
crassipes (Schltdl.) Mog. in Prodr. [DC.] 13(2): 271
(1849). Type: U.S.A., Virgin Islands: ‘in locis paludo-
sis ad rivolus ins. [insulae] St. Thomas, 18261828/,
Ehrenberg s.n. (HALO76208, lecto.!, designated
by Henrickson 1999: 787 as ‘holotype’, here cor-
rected according to Art. 9.10 of the ICN). Image
of the lectotype available at http://141.48.4.202/
djatoka/jacq-viewer/viewer.html?2rft_
id=hal_0076208&identifiers=hal_0076208.

— Scleropus amaranthoides Schrad. ex Moq. in
Prodr. [DC.] 13(2): 271 (1849), nom. inval. pro
syn. of Scleropus crassipes (Art. 36.1a of the
ICN).

Description

Herbs 100-400(-500) mm tall, monoecious, annual
(therophyte). Stems erect, ascending or decumbent, gla-
brous, green or reddish, branched. Leaves green, orbicu-
lar or ovate, 10-50 x 10-15 mm, glabrous, margins usu-
ally entire, apex obtuse to slightly emarginate with apical
mucro, base cuneate, petiolate, with veins more or less
prominent on the abaxial surface. Synflorescences ar-
ranged in axillary glomerules 4-10-flowered, 4-10 mm
in diameter, with axes much thickened becoming in-
durate at fruiting stage. Floral bracts 1, ovate-deltoid,
0.5-1.5 X 0.5—1.0 mm, about half the length of the
perianth, membranaceous with median vein light green,
apex acute-mucronate, margin entire, glabrous. Stami-
nate flowers with 5 tepals, equal to each other, lanceo-
late, 1.0-1.5 X 0.5-1.0 mm, with median vein visible,
apex acute; stamens 3(5). Pistillate flowers with usually
5 tepals, lanceolate (1.2-2.0 x 0.2-0.4 mm), connate
in the proximal '/s, spatulate with the distal part expand-
ed, hyaline distally; stigmas 2(3), 0.7-0.8 mm long. Fruit
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indehiscent, subglobose to ellipsoidal, 1.4-2.0 x 1.2—
1.7 mm, shorter than the perianth, verrucose at maturity
in the distal part. Seeds ovoid to lenticular, 0.9-1.4 mm
in diameter, dark brownish to reddish (often reddish at
the margins), shiny.

Iconography

Bayon (2015: 320, Fig. 28).

Vernacular names

Clubfoot amaranth, spreading amaranth, tropical
spreading amaranth (Mosyakin & Robertson 2003).

Distribution

Native to Colombia, the Caribbean (Aruba, Bahamas,
Cayman Islands, Cuba, Dominican Republic, Haiti, Ja-
maica, Leeward Island, Netherland Antilles, Puerto Rico,
Turks and Caicos Islands, Winward Island), North Méx-
ico, southern U.S.A. (Alabama, Arizona, Florida, Louisi-
ana, New Mexico, South Carolina, Texas), and Venezu-
ela; alien to South México, Perti and Trinidad & Tobago
(see POWO 2022 and literature therein). Outside of the
Americas, the taxon is recorded in Europe in Great Brit-
ain (Clement & Foster 1994), and in Asia in Japan (Ran-
dall 2017) and Pakistan (Jamshed et al. 2018); there is
also a doubtful record for southern Italy, but it was never
confirmed (see lamonico 2015a). Concerning Pakistan,
Jamshed et al. (2018) did not specify the subspecies but,
on the basis of the picture given (Jamshed et al. 2018: 3,
Fig. 2), the leaves are clearly ovate and green, and the
plant is identifiable as the subsp. crassipes.

Taxonomic notes

On the basis of the classification proposed by Mosyakin
and Robertson (1996), Amaranthus crassipes sensu lato
is a species belonging to the subgen. Albersia (Kunth)
Gren. & Godr. sect. Pentamorion (G.Beck) Mosyakin &
K.R.Robertson, which would include taxa with indehis-
cent fruits and five tepals. A. crassipes sensu lato can be
easily distinguished from all the other members of the
sect. Pentamorion by its peculiar axes of the synflores-
cences, which appear much thickened and becoming
indurate at fruiting stage. The more similar Amaranthus
species is A. scleropoides Schrad., which was included
by Mosyakin and Robertson (1996) in the sect. Pyxid-
ium Moq. (this section comprises taxa of subgen. Al-
bersia with dehiscent fruit). In fact, the main difference
between A. crassipes sensu lato and A. scleropoides re-
fers to the fruit, which is, respectively, indehiscent with
surface verrucose in the distal part, and dehiscent with
surface smooth or verrucose in the proximal part (see
Bayon 2015: 319, 357).
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Representative specimens examined

ANTIGUA. North Sound: weed in fallow, 6 Apr. 1937,
Box 573 (NY1373779). BAHAMAS. Little Exuma: Mr
Bowe’s farmland on south edge of William town, 23 Apr.
1975, Correll & Correll 44848 (NY01373732). BARBA-
DOS. Christ Church: Chaucery Lane, 30 Jul. 1906, Dash
360 (US01884380). COLOMBIA. La Guajira: Uribia, en
los bordes y cauce del arroyo en la salida hacia Maicao,
29 Mar. 1962, Saravia et Johson 324 (US03541795).
CUBA. La Habana: Cojimar, 24 Aug. 1910, Britton 154
(NY1036594). DOMINICAN REPUBLIC. Valverde: El
Maguenal, Jaibon, Mao, alt. 100 m, 2 Feb. 1974, Liogier
21195 (NY1373790). GUADALUPE. Anse-Bertrand: alt.
10m, 7 Nov. 1937, Stehlé 2515 (P05002553). HAITI. Dep.
du Sud: Trémé, 30 Jun. 1980, Peeters 80/60 (P04944386);
Plaine d’Aquin, début route 44 vers Flamand, en zone pa-
turée, 6 Jul. 1980, Sastre et Polynice 7341 (P04944385).
Massif de la Selle: 2 km al este de Petionville, alt. 200-
240 m, 14 Jun. 1985, Zanoni et al. 35236 (NY1373768).
JAMAICA. Grounds of St. Benedict’s School east of Har-
bour View, open waste ground, alt. 25-50 ft. [7.6-15.3
m], 13 Aug. 1963, Proctor 23937 (NY1373776). PUERTO
RICO. Montalva: roadside, 2—4 Mar. 1915, Britton et al.
4876 (US00707046); Island of Celebra: waste places,
3-12 Mar. 1906, Britton 154 (NY1036594). TURKS AND
CAICOS ISLANDS. South Caicos: 14-16 Dec. 1907,
Wilson 7643 (NY1373730). VENEZUELA. Lara: Savanas
around Barquisimeto, May 1925, Saer 206 (US 0354180).
U.S.A. Arizona: Pima County, Cabeza Prieta National
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Wildlife Refuge, José Juan Tank (Represo), and artificial
dirt charco on San Cristobal Wash, 1.2 km W of the west-
ern boundary of Organ Pipe Cactus National Monument,
14 Sept. 1992, Felger 92-713 (US03540276); Florida:
1842-1849, Rugel 37 (US03540289). VIRGIN ISLANDS.
St. Thomas Island: shore of harbour, 8-9 Feb. 1913, Brit-
ton et al. 475 (US00707047). SAINT CROIX. West Indies
Lab Compound, open bare rocky soil, alt. 5 m, 11 Jan.
1972, Fosberg 53930 (NY1373756).

Amaranthus crassipes

Amaranthus crassipes Schltdl. subsp. warnockii (1.M.
Johnst.) N.Bay6n in Ann. Missouri Bot. Gard. 101:
319 (2015). Type: México, Coahuila, W. Coahuila,
1 mi. [1.6 km] SE of Ocampo, silty plain near mog-
ote, 8 Sept. 1941, Johnston 8886 (GH-00037034,
holo.!). Image of the holotype at https://plants.
jstor.org/stable/viewer/10.5555/al.ap.specimen.
gh000370342loggedin=true.

Diagnostic features

Subsp. warnockii differs from subsp. crassipes by the
leaves, which are obovate to oblanceolate, 6-10 mm
wide (vs T0-15 mm), and green-glaucous on the abaxi-
al surface (vs green, never glaucous) (Figure 1).

Figure 1. Amaranthus crassipes subsp.
warnockii from Monastir Governo-
rate; A, plant; B, details of two floral
glomerules. Photographs: R. EI Mokni.
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Figure 2. Distribution of Amaranthus crassipes subsp. warnockii
in Tunisia.

Vernacular name

Warnock’s amaranth.

Phenology in Tunisia

Flowering time October-November; fruiting time
November-December.

Distribution

U.S.A. (SE Texas) and Mexico (E Chihuahua, E Coahu-
lia). Not recorded outside of the Americas up to the
present paper (see e.g., Bojian et al. 2003; Mosyakin
& Robertson 2003; Palmer 2009; POWO 2022 and lit-
erature therein; African Plant Database version 3.4.0).

Habitat and distribution in Tunisia

Human-made habitat on clayey and sandy substrates
within ruderal vegetation (almost similar to native hab-
itat and vegetation, which consists of open areas and
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matorral, see Bayén 2015: 319). Amaranthus crassipes
subsp. warnockii is restricted in Tunisia to one locality of
Monastir city at alt. 8 m (Figure 2). The population found
covers an area of about 100 m*. The taxon is an alien for
Tunisia and Africa and can be considered as casual.

Representative specimens examined

MEXICO. Coahuila: W. Coahuila, 1 mi. [1.6 km] SE of
Ocampo, silty plain near mogote, 8 Sept. 1941, John-
ston 8886 (GH00037034). TUNISIA. Monastir: Mo-
nastir city, 35°45'39”N, 10°49'52"E, on clayey and sandy
substrates in ruderal vegetation, alt. about 8 m, 8 Oct.
2019, El Mokni s.n. (HFLA!, Herb. R. El Mokni). U.S.A.
Texas: Hudspeth Co. Gypsum Flat: 10 Oct. 1944, Wa-
terfall 5842 (NY3363738); near Rio Grande, common
and abundant, low places, 8 Aug. 1919, Hanson 822
(US03540282).
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Madagascar is a centre of speciation for the genus Thilachium Lour., which in-
cludes several species of small trees and shrubs occurring in a wide range of hab-
itats. A new species of Thilachium, T. latifolium Fici, from the Analanjirofo Region
of northeastern Madagascar is here described and illustrated. It is characterised
by 1-foliolate leaves, leaf blades widely ovate or elliptic with shortly acuminate
or acute apices, flowers in terminal, dense subumbels or corymbs, short pedicels
and ellipsoid, ribbed fruit. The new species is related to T. madagascariense Fici,
a species recently described from eastern Madagascar, differing in the wider, co-
riaceous leaves with shorter, mucronulate tip, flowers in terminal, 7-16-flowered
subumbels or corymbs, shorter pedicels and longer anthers. The distribution, au-
tecology and affinities of the new species are discussed, its conservation status is
assessed, and an updated key is provided for the species of the genus Thilachium
known from Madagascar.

Keywords: Capparoideae, conservation status, endemism, historical collections,
Mananara, Masoala National Park, Thilachium latifolium.

Introduction

The classification of the tropical and subtropical family Capparaceae Juss.,
traditionally split into the three subfamilies Cleomoideae Pax, Dipterygioi-
deae Pax and Capparoideae Pax, has undergone several changes due to new
evidence from phylogenetic analyses (Hall et al. 2002; Hall 2008; Cardinal-
McTeague et al. 2016). In addition, various genera in the neotropical area have
been described or reinstated (Cornejo 2017; Cornejo & lltis 2008a, 2008b,
2008c¢, 2008d, 2009; lltis & Cornejo 2007, 2010, 2011). Based on these con-
siderations, the Cleomoideae and Dipterygioideae are now referred to family
Cleomaceae Horan., with 34 genera currently recognised within the Cappara-
ceae (Fici 2020).

In Madagascar and the Comoro Islands the Capparaceae are represented by
six genera, i.e. Crateva L., Capparis L., Cadaba Forssk., Boscia Lam., Maerua
Forssk. and Thilachium Lour. After the treatment in Flore de Madagascar et
des Comores (Hadj Moustafa Haddade 1965), little attention has been paid
to these genera in the area, apart from the description of two new species of
Capparis and Thilachium (Fici 2011, 2021a), while several studies were carried
out during the last decades in southern Asia (Viswanathan 2000; Srisanga &
Chayamarit 2004; Sy et al. 2013, 2015, 2016, 2017, 2020; Fici et al. 2018,
2020; Souvannakhoummane et al. 2018, 2020; Fici & Souvannakhoummane
2020; Murugan et al. 2020; Julius 2022), Indonesia (Fici 2012, 2021b) and
New Caledonia (Fici 2017). The genus Thilachium includes 15 species of trees
or shrubs (with a single herbaceous species), with 1- or 3-foliolate leaves, oc-
curring in eastern Africa, Madagascar and Mauritius along a wide range of
habitats (Elffers et al.1964; Thulin 1993; Harvey et al. 1995; POWO 2019; Fici
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2021a). The genus is characterised by the absence of
petals and by the connate sepals rupturing transversally
with a conical calyptra often remaining attached at one
side. De Wolf (1962) regarded Thilachium as ‘some-
what anomalous’ within the African Capparaceae and
hypothesised an affinity with Ritchiea R.Br. and Maerua,
a relationship which has been confirmed by molecu-
lar phylogenetic data (Hall et al. 2002; Su et al. 2012;
Cardinal-McTeague et al. 2016; Tamboli et al. 2018).

While studying the collections of Thilachium at the
Muséum National d’Histoire Naturelle (P), flowering
material collected in 1912 by Perrier de La Bathie in
the coastal forest of Mananara, in the Analanjirofo Re-
gion of northeastern Madagascar, was examined. This
collection was formerly studied by Hadj Moustafa
Haddade (1965), who regarded it as an undescribed
species ‘insuffisamment connu’, characterised by large,
coriaceous, 1-foliolate leaves and white flowers with
short pedicels, arranged in compact inflorescences. The
occurrence in the same herbarium (P) of a more re-
cent fruiting specimen, collected in the same region, al-
lowed for the completion of the morphological charac-
terisation of this new species, which is here described.

Materials and methods

Herbarium investigations were carried out on historical
and recent collections from Madagascar kept at P To
my knowledge the new species has been collected two
times, in October 1912 (Perrier de La Bathie 5029) and
in April 1996 (Aridy et al. 260). The description and illus-
tration are based on this herbarium material. The species
concept follows the one adopted by Elffers et al. (1964)
and Hadj Moustapha Haddade (1965). The main diag-
nostic characters among the new species and related taxa
are based on the same treatments (Elffers et al. 1964;
Hadj Moustapha Haddade 1965) and on Fici (2021a).
The herbarium acronyms follow Thiers (continuously
updated), while authors and plant names are based on
the International Plant Names Index (IPNI) (2020). The
examination of the type specimens of other species was
carried out through electronic images available at JSTOR
GClobal Plants (n.d.). The available online collections at
MO and the Catalogue of the Vascular Plants of Mada-
gascar (Anon 2022) were also consulted. The conserva-
tion status was provisionally assessed according to IUCN
Red List Categories and Criteria (IUCN 2012).

Taxonomic treatment

Thilachium latifolium Fici, sp. nov.

TYPE: MADACASCAR, Analanjirofo Region, Ma-
nanara, Coéte Est, [16°10’S / 49°46'E], Oct. 1912,
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Perrier de La Bathie 5029 (P 05457228!, holo.; P
05457229!, iso.).

Description

Shrub up to + 3.5 m tall. Branches reddish or brown-
ish, beset with sparse lenticels; twigs glabrous. Leaves
1-foliolate, alternate; blade coriaceous, persistent,
widely ovate or elliptic, (60-)70-140(-160) X (30-)40-
93 mm, with entire margins; base attenuate or obtuse;
apex acuminate, with tip up to = 8 mm long, or acute,
mucronulate; surfaces glabrous; nerves (4-)5-6(-8) on
each side of the midrib; petiole (7-)12—41(50) mm long,
glabrous, articulate at the top. Flowers in 7-16-flowered
terminal, subsessile, dense subumbels or corymbs; ped-
icels 8—12 mm long, glabrous; bracts = 0.5 mm long or
lacking; flower buds (5.0-)5.5-8.0 X (4-)5-8 mm, with
whitish, ovoid or ellipsoid calyx at maturity rupturing
transversally, the calyptra often remaining attached at
one side; petals 0; androgynophore * 1.0-1.5 mm
long; stamens = 51 to 72, filaments 22-28 mm long,
anthers 2.5 mm long; gynophore = 25-26 mm long,
glabrous; ovary oblong, + 3—-4 mm long, glabrous. Fruit
ellipsoid, 45-63 X 29-45 mm, 8-ribbed; seeds ovoid,
brownish, = 13-18 x 10-11 mm. Figure 1.

Distribution and habitat

The new species is known from two localities of the
Analanjirofo Region (Figure 2), at 16°10’S / 49°46’E
and 15°40’S / 49°57'E, where it has been collected in
coastal forest and in dense evergreen, humid forest,
from sea level up to = 300 m elevation. Based on the
available material, flowering occurs in October, fruiting
in April.

Etymology

The specific epithet is composed of the Latin words la-
tum, meaning wide, and folium, meaning leaf.

Diagnosis and relationships

The new species is related to Thilachium madagascar-
iense Fici, from which it differs in the coriaceous, widely
ovate or elliptic, (30-)40-93 mm wide leaf blade (leaf
blade chartaceous, narrowly obovate or elliptic, (20-)
33-50 mm wide in T. madagascariense); leaf apex with
tip up to = 8 mm long, mucronulate (tip up to 15 mm
long, not mucronulate in T. madagascariense); inflores-
cence a 7-16-flowered terminal, dense subumbel or
corymb (2 or 3 flowers conferted at the top of lateral
twigs in T. madagascariense); pedicels 8-12 mm long
(12-18 mm long in T. madagascariense); and anthers
2.5 mm long (1.5-2.0 mm long in T. madagascariense).

With regard to other species with 1-foliolate leaves
from Madagascar, T. latifolium shows also affinities with
T. laurifolium Baker, which differs from the former in the
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0.5cm

2cm

Figure 1. Thilachium latifolium. A, flowering branch; B, flower bud; C, flower; D, fruit and stipe. A, B, C from Perrier de La Bathie 5029

(holotype), D from Aridy et al. 260. Artist: Silvio Fici.

smaller, subemarginate leaf blade, 25-75 x 25-30 mm;
inflorescence a 4-6-flowered terminal, loose corymb;
pedicels (30-)35-50 mm long, stamens = 30-46 with
filaments 31-35 mm long; and gynophore + 50-
70(-=80) mm long. Among the 1-foliolate species of the
genus recorded from eastern Africa, T. latifolium is clos-
er to T. thomasii Gilg, a species widespread in Kenya
and southern Somalia (Elffers et al. 1964), which is dis-
tinguished by the petiole (4-)5-9(-14) mm long; leaf
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blade with apex obtuse or rounded, not acuminate;
inflorescence a 1-10-flowered terminal, loose corym-
bose raceme; pedicels up to 20 mm long; and stamens
* 18-25.

Conservation status

Lacking information to assess its risks, Thilachium latifo-
lium is assessed here as Data Deficient (DD). However,

| Open access
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it is to be underlined that one of the known locali-
ties falls within a conservation area (Masoala National
Park).

Other material examined

MADAGASCAR, Analanjirofo Region: Park National
de Masoala, Andranobe, Fok. Ambanizana, Fir. Anjah-
ana, Fiv. Maroantsetra, 15°40'S / 49°57E, 200-300 m,
17 Apr. 1996, Aridy et al. 260 (MO, P 04746459).

Notes

Apart from the widely ovate or elliptic leaves with apex
shortly acuminate, Thilachium latifolium is mainly dif-
ferentiated from the other 1-foliolate species of the
genus in Madagascar by its terminal, dense subumbels
or corymbs. The inflorescence in Thilachium is com-
monly reported as a terminal, axillary or on short lateral
branches, corymbose raceme (Elffers et al. 1964; Kers
2002), or more rarely 2 or 3 flowers are conferted at
the apex of lateral twigs (Fici 2021a). Among the known
species a dense, many-flowered corymb is reported
only for T. densiflorum Gilg & Gilg-Ben., a 3-foliolate
species from Tanzania, with buds up to 5 mm in diam-
eter and receptacle elongating to = 8 mm at anthesis
(Elffers et al. 1964). As mentioned above T. latifolium
shows some affinities with T. madagascariense, a spe-
cies recently described from eastern Madagascar, and
with T. laurifolium, known from the central and eastern
parts of the island (Hadj Moustapha Haddade 1965;

Original Research
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Figure 2. Distribution of Thilachium latifolium.

Fici 2021a; Anon 2022). A key to the species of Thila-
chium known from Madagascar is here provided.

Madagascar constitutes a centre of speciation of the ge-
nus Thilachium, which is represented here by nine en-
demic species, besides one species also native to eastern
Africa and one to Mauritius; among these, five species
have 1-foliolate leaves and six species 3-foliolate leaves.
The description of this new species confirms that the
historical herbarium collections still represent a remark-
able and inspiring source of data for plant taxonomists
(Fici 2021a) in areas such as eastern Madagascar.

Key to the species of Thilachium in Madagascar

Ta. Leaves always simple or 1-foliolate:

2a. Inflorescence dense subumbel or corymb up to 16-flowered; pedicels 8-12 mmlong. .. ...........

T. latifolium Fici, sp. nov.

2b. Inflorescence loose corymbose raceme up to 10-flowered, or 2 or 3 flowers at the top of lateral twigs or

on the branches; pedicels = 12 mm long:

3a. Petioles = 80 mm long; leaf blade < 10 mm wide
3b. Petioles < 40 mm long; leaf blade = 18 mm wide:
4a. Petioles 8-12 mm long; inflorescence 8-10-flowered; stamens 25-30; anthers 2.5 mm long

T. pouponii Aubrév. & Pellegr.

.......................................................... T. monophylum Hadj-Moust.
4b. Petioles (11-)19—40 mm long; inflorescence 2—6-flowered; stamens = 30; anthers 1.5-2.0 mm long:
5a. Leaf blade subemarginate, 25-75 mm long; 4-6 flowers in terminal corymbs; pedicels (30-)35-

50mmilong . ...

T. laurifolium Baker

5b. Leaf blade acuminate (75-)100-153 mm long; 2 or 3 flowers at the top of lateral twigs; pedicels

1218 mmloNng . . oo

T. madagascariense Fici

1b. Leaves 3-foliolate, rarely with simple leaves intermixed or on fertile branches:
6a. Leaflets linear or narrowly oblong, 2—12 mm wide; fruit 8-10 mmwide ... .......... T. angustifolium Bojer
6b. Leaflets elliptic, lanceolate, oblanceolate, ovate, obovate or panduriform, (6-)10-53 mm wide; fruit

12—40 mm wide:

7a. Leaflets heteromorphic, lanceolate and panduriform

7b. Leaflets not heteromorphic:

8a. Pedicels 6-8 mmilong. ... ... ... . ...

8b. Pedicels 10-21 mm long:

9a. Gynophore 23-32 mm long; filaments 27-36 mm long
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T. panduriforme Juss.

T. sumangui Bojer

T. africanum Lour.

Open access



Page 50f 6

Original Research

9b. Gynophore 7-20 mm long; filaments = 10 m long:
10a. Pedicels = 10-13 mm long; stamens * 15; fruit 40-50 mmlong.......... T. humbertii Hadj-Moust.

10b. Pedicels 15-20 mm long; stamens 30—40; fruit 7-8 mm long
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Background: In South Africa, and globally, the value of natural science collec-
tions for scientific research is not widely recognised and has led to its marginalisa-
tion, which in turn has resulted in low funding, staffing and use of the collections.

Aim & objectives: To this end, as part of the effort to increase understanding and
appreciation of the collections, a cross-sectional web-based survey was adminis-
tered to users of natural science collections (NSCs) in South Africa. The objectives
of the study were to identify the perceived value of NSCs to the research commu-
nity; perceived or experienced barriers in accessing NSCs and associated data for
use in research; perceptions of NSCs’ current performance in serving the needs
of stakeholders; and how performance is judged and what the expectations are
to improve future performance of NSCs to better serve the needs of stakeholders.

Methods: The survey consisted of 26 questions, distributed by email to relevant
researcher community mailing lists, and posted on relevant social media groups.
The survey was completed by 131 respondents.

Results & conclusion: The study indicated the overall perception of the impor-
tance of NSCs and their accessibility to the student and researcher community
in South Africa and internationally to be extremely important to their research.
Lack of funding for operations and staff impedes the ability of researchers and
other users alike in using NSCs to optimise their research and contribute to issues
of societal concern. A sustained commitment is required from NSC institutions
to work together to solve various challenges, including improvement in serving
stakeholder needs, which will in turn assist with demonstrating the value of NSCs
to policymakers, in order to lobby for support and funding. Improved recognition
of the importance of NSCs for research by the scientific community will assist
NSCs in demonstrating their impact. Political priority should also be given to the
long-term upkeep and ongoing assistance of institutional infrastructures.

Keywords: natural history collections, natural science collections, natural history
museums, collections management.

Introduction

South Africa has an estimated 100 natural science collections at approximately
40 institutions (NSCF 2019). Together they provide over 18 million objects or
specimens representing about 100 000 different species of plants, animals and
fungi, which have been accumulated over the last 200 years and represent life
on earth since its origins (NSCF 2019).

The documentation and study of natural science specimens underpin our under-
standing and further research into the diversity of life, its origins and evolution,
and its distribution in space and time. This contributes to biodiversity conserva-
tion, pest and disease control, solving crime, public health, food security; and al-
lows for future predictions, including for climate change impacts, that can inform
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decision-making by policymakers (Suarez & Tsutsui
2004; Figueira & Lages 2019; Jacobs 2020). The collec-
tions also constitute an invaluable record of the natural
heritage of the subcontinent (Davison 1994). Museum
exhibitions, events and lectures based on biological col-
lections contribute to a greater public understanding and
appreciation of nature, both local and worldwide, and
why it needs to be conserved. NSCs directly contribute
to the success of a museum by providing knowledge to
local communities but could also indirectly contribute to
the growth of tourism and the local economy (NatSCA
2005; Powers et al. 2014; Proa & Donini 2019).

The impacts or outcomes of research and data ema-
nating from collections, however, are generally indirect
or downstream, which means that their significance is
often not well understood or recognised, resulting in a
lack of appreciation of this infrastructure. This in turn
has resulted in low funding, staffing and use of the
collections in South Africa and globally (Drew 2011;
Hamer 2012). Several initiatives have been directed
towards addressing dwindling capacity and resources
for NSCs and associated research in South Africa. The
establishment of the Southern African Society for Sys-
tematic Biology (SASSB) in 1999 and the South African
Biosystematics Initiative (SABI) in 2002, both aimed to
address the country’s declining capacity in biological
systematics and taxonomy, and to increase public ap-
preciation of the value of systematics and natural sci-
ence collections (SASSB 2023). Despite these efforts,
capacity and resource challenges persist for NSCs.

An assessment of South African zoological research
collections (Hamer 2012) recommended two actions
required to improve engagement with collections: 1)
multilateral discussions between relevant government
departments under which the collections’ institutions
are governed; and 2) making use of the collections to
address questions of societal relevance. These recom-
mendations are currently being addressed by the Nat-
ural Science Collections Facility (NSCF) project, funded
by the Department of Science and Innovation through
the establishment of a virtual network of South African
institutions housing NSCs. This virtual network is di-
rected towards collaboratively dealing with challenges
faced by the South African NSC community.

One of the objectives of the NSCF is to research and
demonstrate the importance and use of the collections
and data by the global research community in solving
issues of societal relevance and protecting the systems
that sustain life. This is critical to ensure the long-term
sustainability of the collections.

A survey by Astrin and Schubert (2017) captured a
snapshot of the values and opinions regarding natural
history collections from 525 poll participants from pre-
dominantly North America and Europe, mostly based
in academia (41%) and at natural history institutions
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(32%), or students (10%). It was found that natural his-
tory collections are intriguing or interesting places for
almost all respondents. Fundamental research, collec-
tion care and educating the public were the three most
often selected natural history collections’ core roles.
The general importance of vouchering and the treat-
ment of type specimens were considered to be satis-
factory. Molecular vouchers, data accessibility, sample
documentation and taxonomic expertise at the natural
history collections were considered to deserve more
attention, with less satisfaction expressed. Insufficient
funding was the strongest concern of most survey par-
ticipants. Such a study has, to date, not been carried
out on South African NSCs.

To this end, as part of the effort to increase understand-
ing and appreciation of the collections, a survey of the
stakeholder community’s perceptions of the value and
current performance of South African NSCs was con-
ducted. The study aimed to identify the perceived val-
ue of NSCs to the stakeholder community; perceived or
experienced barriers in accessing NSCs and associated
data for use in research; perceptions of NSCs’ current
performance in serving the needs of stakeholders; how
NSC performance is judged and what the expectations
are to improve future performance of NSCs to better
serve the needs of stakeholders.

Research method
and design

Target group

The target group of the survey consisted of the user
community who access and use specimens, images of
specimens and specimen data from South African NSCs
to conduct research or related work. This included stu-
dents, taxonomists, Environmental Impact Assessment
experts, citizen scientists, and scientists in the fields
of climate change, ecology, ethnobotany, evolution,
nature conservation, pest and disease control, and
agriculture.

Study design

A cross-sectional web survey design was employed for
the study. The survey collected responses for a period
of two months.

The survey link was distributed by email to relevant re-
searcher community mailing lists, and to collections cu-
rators and managers at the NSCF partner institutions, to
share with users of their respective collections. A link to
complete the survey was also posted on natural science
and researcher community Facebook pages and groups.

| Open access
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Methods

The survey, adapted from Astrin and Schubert (2017),
consisted of 26 questions (Annexure A), and was set up
and administered through the Survey Monkey website.
The first seven questions constituted of background
questions and only two of these were compulsory. The
compulsory questions prompted participants to state
in which discipline/s they conduct their research, and
whether they were a South African resident. This en-
abled analysis of data based on the type of researcher,
and analyses of perceptions from both the local and
international communities.

The remainder of the survey questions were not com-
pulsory and were divided into the specific objectives
of the research. Eight questions related to Objective
1: perceived value of NSCs to the research commu-
nity; two questions related to Objective 2: perceived
or experienced barriers in relation to access to natu-
ral science collections and associated data for use in
applied research; six questions related to Objective 3:
perceptions of NSCs’ current performance in serving
the needs of applied research, and three questions re-
lated to Objective 4: how performance is judged and
what future expectations for performance are.

Data analysis

The results from the survey were analysed using the
Survey Monkey (www.surverymonkey.com) outputs
summary tool and Microsoft Excel. The filter tool was
applied to determine: a) types of respondents based on
residency status, employment sector, relevant research
discipline, and b) the different types of services that
collections offer. The two open-ended questions, relat-
ing to barriers to access experienced and the area that
NSCs can improve on most, were analysed by grouping
answers according to themes.

Ethical considerations

Ethical clearance

The survey study was approved by the South African
National Biodiversity Institute Animal Research Eth-
ics and Scientific Committee, with reference number
SANBI/RES/P2021/21.

Risks or negative impacts associated
with research and mitigation

To ensure no harm came to participants, the respon-
dents were able to complete the survey anonymously.
In the case where respondents had chosen to provide

http://abcjournal.org |

171

Original research

their names, the risk to participants was reduced by not
naming any individual or their affiliation in the survey
results.

Recruitment and informed consent

An informed consent form (Annexure B) including the
aim of the study and details regarding the protection of
participants’ personal information was prepared for this
study and was distributed to participants to complete
and sign. Participation was voluntary and participants
were free to withdraw from the study at any time with-
out consequence.

Data protection

The raw data from the study is stored in a password-
protected file, and the password is only available to the
first author. The raw data, which includes participant de-
tails, will be deleted upon completion of the research.

Results

Profile of respondents

Of the 131 responses received, 74% of respondents
were South African residents and 26% were interna-
tional. Respondents mostly indicated that they worked
in more than one discipline, with most national and
international respondents working in the disciplines of
taxonomy and ecology (as depicted in Figure 1).

The disciplines listed on the ‘other” option by respon-
dents included geomorphology, biodiversity infor-
matics, soil science, plant virology, biogeography and
genetics.

Of those respondents who indicated their place of
work, 47 indicated they were employed at universities,
25 at science and research councils, 13 at museums,
10 as consultants at private companies, three at conser-
vation trusts/councils, and two were employed in gov-
ernment departments. Eleven respondents indicated

WNATIONAL RESFONDENTS

INTERNATIONAL RES!

Figure 1. Respondents’ field of research.
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that they were students. The majority of international
respondents were employed at universities. Responses
from those employed at government departments were
underrepresented. This suggests that either government
departments were not sampled adequately, or only a
small number of government departments use basic
taxonomic outputs.

The value of NSCs to the
researcher community

Access to specimens and data

The results indicate that respondents access natural sci-
ence specimens or data for their research daily (23%),
weekly (15%), monthly (13%), biannually (16%), annu-
ally (11%), and less frequently (22%). These respondents
indicated that they worked with one or more of the fol-
lowing types of specimens and data: animal specimens
and data (52%), followed by plant specimens and data
(23%), fossil specimens and data (10%), and fungi spec-
imens and data (1%). Fourteen per cent of respondents
indicated that they worked with other specimens, which
included soil, shells and bacteria. The majority (97%)
of international respondents worked with animal and
plant specimens and data.

Contribution of access to specimens
and data to research

For Question 14 respondents were asked, ‘How im-
portant is access to NSCs (specimens, associated data
and collaboration with NSC staff) to your research?’
Responses were indicated on a Likert scale (1 — not at
all, 2 —slightly, 3 — moderately, 4 — very, 5 - extremely).
Seventy-one per cent (71%) and 17% of respondents
indicated access to NSCs as ‘extremely” and ‘very im-
portant’, respectively.

Eighty-nine per cent (89%) of respondents indicated
that access to NSC specimens directly contributed to
their research, with access to NSC specimens refer-
ring to loans of physical specimens and tissue/DNA
samples; images of specimens; laboratory space and
equipment; specimen data; expertise and advice from
curators/researchers; identification services; depositing
collected specimens; and/or collaborations with associ-
ate researchers.

Respondents indicated that their research using NSCs
contributed to one or more of the fields listed in Table 1.

Seventy per cent (70%) of respondents indicated that
access to NSC specimens and data contributed to the
curation process of the collection and/or led to the for-
mation of collaborations with NSC staff. Sixty-four per
cent (64%) of respondents indicated that they inform
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Table 1. Use of natural science collection’s contribution to fields
of research

Field of research Response
count

Documentation and classification of 86
biodiversity

Nature conservation 57
Evolution 40
Agriculture 24
Pest and disease control 24
Environmental impacts of climate change 23
Other 16
Food security 5
Solving crime 2
Public health 2

the NSC once their research has been published and/or
send the NSC a copy of the published paper.

Perceived or experienced
barriers to access

For Question 17 ‘Do you find the access request pro-

cedure overly onerous?’, 77 respondents answered no,

11 indicated yes and 27 were uncertain. Twenty-one

respondents (18%) indicated that they have been de-

nied access to specimens or data. Responses to the

open-ended question on how access was denied, or-

ganised according to themes, included:

o Staff shortages — seven responses.

e Institutional policy (on destructive sampling, loaning
of physical type specimens) — three responses.

e Collection closed (due to renovations or Covid-19) —
three responses.

e Institution access committee decision — two responses.

¢ Perceived bias by collection curator — two responses.

e Embargo on specimens due to pending research —
one response.

A comparison of national and international respon-
dents indicated that 14% of national respondents and
21% of international respondents experienced barriers
to access.

Perceptions of NSCs’ current
performance in serving
the needs of research

Responses to the six questions dealing with the per-
ceptions of NSCs’ current performance in serving the
needs of applied research are summarised below:
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Figure 2. South African natural science collections’ performance
in providing services compared to other countries.
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Figure 3. Satisfaction with services offered by natural science
collections.

Al eellactions _
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Figure 4. The physical curation of specimens is to an acceptable
standard.

The majority of respondents (43%) indicated that South
African NSCs perform ‘average’ in providing services
compared to NSCs in other countries. Twenty-six per
cent (26%) of respondents indicated that the NSCs per-
formed ‘above average’, and 19% of respondents indi-
cated that NSCs performed ‘excellent’ in providing ser-
vices compared to NSCs in other countries (Figure 2).

The majority of respondents (43%) indicated that they
were ‘very happy’ with services offered by South Afri-
can NSCs, 14% of respondents indicated that they were
‘extremely happy’ with services offered and 39% of re-
spondents indicated that they were ‘moderately happy’
(Figure 3).

Forty-seven per cent (47%) of respondents indicat-
ed that ‘all’ collections’ physical curation was to an

Table 2. Perceived performance according to the type of collection

Figure 5. The data associated with specimens are accurate, up to
date and usable.

acceptable standard, and 46% indicated that ‘some’
collections’ physical curation was to an acceptable
standard (Figure 4).

The majority of respondents (47%) indicated that the
data associated with the specimens were up-to-date,
accurate and usable for ‘some’ collections. Forty-two
per cent (42%) of respondents indicated that the data
associated with the specimens were up-to-date, accu-
rate and usable for ‘all’ collections (Figure 5).

Perceived performance according to collection type is
summarised in Table 2. The majority of respondents
were ‘moderately happy’ with the services offered
for animal collections, ‘very happy’ with services of-
fered for plant collections and ‘extremely happy’ with
services offered for fossil collections. The majority of

Highest response count per type of collection  Animal Plant Fossil Fungi Other
collections  collections collections collections

Overall, how happy are you with the services Moderately ~ Very Extremely  Too few Moderately

offered by NSCs? (not at all - slightly — moderately responses (<3)

— very — extremely)

Physical curation to an acceptable standard? (few  Some Some All Too few Some

— some — all collections) responses (<3)

Data associated with specimens up-to-date, Some Some Some Too few Some

accurate and usable? (few — some — all collections)

responses (<3)
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Figure 6. Natural science collection resources.

respondents indicated that the physical curation of
some animal collections, some plant collections and all
fossil collections were to an acceptable standard. Most
respondents indicated that the data associated with
specimens were up-to-date, accurate and usable for
some plant, some animal, and some fossil collections.

The majority of respondents (76%) indicated that NSCs
were not funded appropriately in their opinion and
most respondents (74%) indicated that NSCs were not
staffed appropriately in their opinion (Figure 6).

Performance: how is it judged, and
what are the future expectations

The five most important roles of NSCs, as identified by
114 respondents, were: collection care and conser-
vation; documenting biodiversity; availability of taxo-
nomic expertise; collecting new specimens; and mak-
ing data openly accessible.

National and international respondents rated NSC
performance in the below-mentioned service areas as

Table 3. Performance of natural science collections in service
areas

Service area/role Rating (indicated
by highest

response count)

Collection care and conservation Above average

Documenting biodiversity Average
Availability of taxonomic expertise Average
Collecting new specimens Average
Making data openly accessible Average
Providing accurate datasets Average
Making specimens digitally accessible ~ Average
Conducting basic research Average
Supporting biological surveys Average
Educating the public Average
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average, except for collection care and conservation per-
formance, which was rated as above average (Table 3).

The majority of respondents believed that the areas
in which NSCs should improve on most were an in-
creased staff complement (25), followed by collection
care and conservation (19) and availability of taxonom-
ic expertise (19) (Figure 7).

Discussion
Outline of the results

Perceived value of NSCs to
the research community

A mutually beneficial relationship exists between the
users and the collections (including staff expertise and
access to specimens and data), with a large percentage
of respondents indicating that access to NSC specimens
directly contributed to their research and/or the curation
process of the collection, which often leads to the forma-
tion of collaborations with staff. This is supported by the
wide use of the collections as reported by the 16 NSCF
partner institutions reporting an average of 1 157 nation-
al visitors using the collections per year, 204 international
visitors using the collections per year and an average of
479 454 data records provided to external users per year
over a five-year period from 2017 to 2021 (NSCF 2022).

To encourage and support increased funding for NSCs,
there is an argument that the scientific community must
improve recognition of the role of NSCs in research so
that NSCs can more effectively demonstrate their im-
pact (Miller et al. 2020). While a large percentage of
the respondents (64%) indicated that they inform the
NSC once their research has been published and/or
send the NSC a copy of the published paper, there is
a lack of a standardised method of citation for collec-
tions and institutions for tracking publications. This has
been one of the challenges associated with attribution
for NSCs and a possible solution is to acknowledge
NSCs along with their specimens through citation of the
institutions (or their individual departments) by Digital
Object Identifier (DOI, found in GBIF) in concert with
complete voucher lists containing sample accession
numbers (Miller et al. 2020).

Perceived or experienced barriers in
relation to access and current performance
in serving the needs of research

Many collections are understaffed or not staffed at all,
and the loss of even a single staff member frequently re-
sults in a collection being neglected and unused (Hamer
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Funding {for staff, equipment and infrastr = . 1
Educating the public [N 1
Making specimens digitally accessible [ I
Making data openty accessible | '

Availability of taxonomic expertise

Response count

Figure 7. Areas in which natural sci-
ence collections should improve.

2012). Staff shortages slow the distribution of specimen
loans and provide fewer resources for visitors at a time
when collections are being used by more researchers in
increasingly diverse fields (Schindel & Cook 2018). Al-
though the majority of respondents did not find the ac-
cess procedure to specimens and data overly onerous
and did not experience barriers to access, the majority
of respondents indicated that very few collections fared
extremely well (Table 1) in serving the needs of research
and indicated that NSC current performance was linked
to a lack of staffing and funding.

Institutions that hold NSCs have indeed experienced
insufficient funds for operations and staffing from gov-
erning bodies to care for the collections under their
control (Herbert 2001). The 1997 White paper on the
conservation and sustainable use of South Africa’s bio-
logical diversity stated that South Africa’s museums and
other collection-based institutions were facing serious
funding problems, endangering existing collections
and the professional staff of these institutions (Herbert
2001). A comprehensive inventory and review of South
African NSCs commissioned by the National Research
Foundation in 2011 also highlighted several significant
challenges with the collections, which meant that their
full potential as a national research infrastructure was
not being realised and several important collections
were at risk (Hamer 2012). The establishment of the
NSCF is geared toward collaboratively addressing the
challenges that NSCs face, with investment in infra-
structure and research equipment upgrades, capacity
development and appointment of short-term staff to
address collections at risk. However, funding for oper-
ations and appointment of permanent staff at NSCs do
not fall within the NSCFs ambit, but rather the national,
provincial and municipal departments from which the
collections receive the core of their funding.

Many (if not all) South African institutions housing NSCs
that are accessible to external researchers have suffered
further financial losses during the COVID-19 period.
The impact of the pandemic on the South African
economy has resulted in subsidy cuts from the national,
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provincial and municipal departments, which has ex-
acerbated the financial constraints (NSCF 2022). Thus,
the challenges of sustainability from a funding and staff-
ing point of view have indeed worsened and will have
a negative impact on the service delivery of NSCs to the
research community. NSCF partner institutions report
that these budget cuts inevitably result in the ‘freezing’
of what the government perceives to be non-critical
vacancies, even though they are critical to the perfor-
mance of NSCs in serving the needs of research. Exam-
ples of such vacancies include natural science curators,
collection managers and research assistants.

How performance is judged and what the
future expectations for performance are

The results indicated that respondents believed that
the most important roles of NSCs were also the areas
in which they should focus and improve on in future.
These included collection care and conservation, doc-
umenting biodiversity, availability of taxonomic exper-
tise, collecting new specimens and making data openly
accessible. This echoes the views of curators who see
‘the collections as serving a scientific and research pur-
pose rather than a cultural or historical purpose, with
taxonomic research and reference collection or iden-
tification value rated as the most important functions
of the collections, and cultural, aesthetic, and tourism
value rated as the least important’ (Hamer 2012:2).

To improve and address gaps in collection care and
conservation, the NSCF partner institutions have col-
laboratively produced policy guidelines, standards and
procedures for collections and data management, pub-
lished as a freely available Collections Management and
Conservation Manual (NSCF 2021). The NSCF also de-
veloped a Collections Management and Conservation
course linked to the manual, with webinars and tutorials
accessible on the NSCF website at https://nscf.org.za/
resources/collections-management/, in an effort to im-
prove collection and data management practices across
NSC institutions.
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One of the main criteria for participation of collection
institutions in the NSCF is that the collections and data
are openly accessible to external researchers and stu-
dents. This was agreed upon and accepted by the insti-
tutions that are participating in the NSCF (NSCF 2022).
For data, the NSCF objective is that the specimen data
sets of NSCF partner institutions will be made acces-
sible through a single portal. While the development
of this portal is under way, submission of data to the
Global Biodiversity Information Facility (GBIF) platform
is encouraged and technical support for this is provided
for institutions that require this (NSCF 2022).

Although ‘educating the public’ scored low on overall
importance compared to other roles, respondents be-
lieved that NSCs should improve in this area. This can
be linked to the fact that collections are kept behind
the scenes and, while NSCs have an underestimated
value to society in terms of providing the foundation-
al information to promote national/global economic,
historic and scientific prosperity, communicating their
value to society has not been given adequate attention.
Although some NSCF partner institutions have made
a concerted effort to focus on improving learner edu-
cation and public understanding of the importance of
NSCs, more work is required in this area (NSCF 2022).
Specimens and natural history collections typically offer
a perfect platform for the public to engage in science
and support the collections through volunteer programs
and community science activities (Sforzi et al. 2018).
Through public education and outreach, training pro-
grammes and research collaborations, NSCs have the
potential to increase participation of historically under-
represented groups in museum sciences, which can in-
crease public investment, while benefiting participating
communities (Miller et al. 2020). Promoting and collab-
orating with citizen science initiatives also hold, often
untapped, opportunities for promoting the collections.
Citizen science programmes like iSpot and iNaturalist
encourage scientific enquiry and raise public awareness
of the value of protecting the environment (Silvertown
et al. 2015).

Practical implications

Lack of funding for operations and staff impedes the
ability of researchers and other users alike in using
NSCs to optimise their research and contribute to is-
sues of societal concern. Political priority should be giv-
en to the long-term upkeep and ongoing assistance of
institutional infrastructures by national, provincial and
municipal government departments.

Limitations of the study

Due to the varied state of NSCs in the country, the
study aimed to capture the general perceptions and
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experiences of users of NSCs, and not at an individual
collection or institution level. The NSCF, through fund-
ing received from the Department of Science and In-
novation, will be conducting comprehensive collection
assessments during 2023, with an aim to address issues
and challenges, and lobby for support at an individual
collections level. Future research linking user percep-
tions and the outcomes of the assessments holds the
potential to provide a three-hundred-and-sixty-degree
view of the state of collections and recommendations
for specific targeted interventions.

Limitations that could have affected the response rate
negatively might be the limited period that the survey
was available online (two months), as well as the distri-
bution of the questionnaire by email and through so-
cial media only. Given the average number of users of
NSCF partner NSCs of 1 192 per year (NSCF 2022), the
response rate of the survey was 11%. This was compa-
rable with the finding of an examination of response
rates for web-based surveys conducted by Saunders et
al. (2016), which revealed that online surveys received
rates of response of 10 to 20 per cent.

Recommendations

e The scientific community should improve recogni-
tion of the importance of NSCs in research for NSCs
to successfully demonstrate their influence. This
would promote and support more funding for NSCs.

e A sustained commitment from partner NSCF insti-
tutions to work together to solve various challeng-
es is required. This includes improvement in serv-
ing stakeholder needs, which will in turn assist with
demonstrating the value of NSCs to policymakers in
order to lobby for support and funding.

e NSCs should improve their outreach efforts and col-
laborations with stakeholders, including the public,
learners and citizen science initiatives, to encourage
appreciation and support of NSCs.

Conclusion

This study indicated the overall perception of the im-
portance of NSCs and their accessibility to the student
and researcher community in South Africa and inter-
nationally to be extremely important to their research.
Access to physical specimens, associated data, staff
expertise and formation of collaborations all directly
contribute to research in the fields of taxonomy, nature
conservation, evolution, agriculture, pest and disease
control, environmental impacts of climate change, food
security, solving crime and public health. In turn, users
contribute to the curation process at NSCs and form
research collaborations with collection staff. The scien-
tific community can further support NSCs by improving
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recognition of the role of NSCs in research so that NSCs
can more effectively demonstrate their impact.

Lack of funding for operations and staff impedes the
ability of researchers and other users alike in using
NSCs to optimise their research and contribute to is-
sues of societal concern. Political priority should be
given to the long-term upkeep and ongoing assistance
of institutional infrastructures. The establishment of the
NSCF through the Department of Science and Innova-
tion has made considerable strides in forming a net-
work of institutions, which enable sharing of resources
and expertise, working towards implementing interna-
tional curation and data management standards across
institutions, and advocating for open access data poli-
cies, as well as conducting research that answers ques-
tions of societal concern. The NSCF project is still in
its infancy and will require a sustained commitment
from partner NSC institutions to work together to solve
various challenges, including improvement in serv-
ing stakeholder needs, which will in turn assist with
demonstrating the value of NSCs to policymakers in
order to lobby for support and funding. This is espe-
cially true within a country with competing priorities
for basic service delivery, alleviation of poverty and
high unemployment rates.

References

Astrin, J.J. & Schubert, H.C., 2017, ‘Community perception
of natural history collections—an online survey’, Bonn Zo-
ological Bulletin 66, 61-72, https://bonn.leibniz-lib.de/de/
forschung/publikationen/community-perception-of-natu-
ral-history-collections-an-online-survey.

Davison, P, 1994, ‘Museum collections as cultural resourc-
es’, South African Journal of Science, 90(8-9), 435, 436,
https://hdl.handle.net/10520/AJA00382353_7799.

Drew, J., 2011, ‘The Role of Natural History Institutions and
Bioinformatics in Conservation Biology’, Conservation Bi-
ology 25(6), 1250-1252, https://doi.org/10.1111/j.1523-
1739.2011.01725.x.

Figueira, R. & Lages, F, 2019, ‘Museum and Herbarium Col-
lections for Biodiversity in Angola’, in B. Huntley, V. Russo,
F. Lages & N. Ferrand (eds.), Biodiversity of Angola, Springer,
Cham, https://doi.org//10.1007/978-3-030-03083-4_19.

Hamer, M., 2012, ‘An assessment of zoological research col-
lections in South Africa’, South African Journal of Science
108(11-12), https://sajs.co.za/article/view/9769.

Herbert, D.G., 2001, ‘Museum natural science and the
NRF: crisis times for practitioners of fundamental biodi-
versity science: science policy’, South African Journal
of Science, 97(5), 168-172, https://journals.co.za/doi/
pdf/10.10520/E)C97331.

Jacobs, A., 2020, ‘The importance of natural science col-
lections in South Africa’, South African Journal of Science
116(11-12), https://sajs.co.za/article/view/8145.

http://abcjournal.org |

177

Original research

Acknowledgements

We would like to thank Ms Fulufhelo Tambani, the
NSCF Science Communication Officer, for distributing
the survey on the relevant social media platforms, and
Prof. Michelle Hamer, the NSCF Lead, for reviewing
and providing comments that improved the manuscript.

Competing interests

The authors declare that they have no financial or per-
sonal relationship(s) that may have inappropriately in-
fluenced them in writing this article.

Authors’ contributions

S.R. (South African National Biodiversity Institute) con-
ducted the data analysis and prepared the first draft of
the paper. T.R. (Iziko Museums of South Africa), B.Z.
(University of the Witwatersrand), M.S.M. (South Af-
rican National Biodiversity Institute) and A.M. (South
African National Biodiversity Institute) reviewed and
edited the paper for final publication. All authors con-
tributed to the development of the study.

Miller, S.E., Barrow, L.N., Ehlman, S.M., Goodheart, J.A.,
Greiman, S.E., Lutz, H.L., Misiewicz, T.M., Smith, S.M.,
Tan, M., Thawley, C.J. & Cook, J.A., 2020, ‘Building natural
history collections for the twenty-first century and beyond’,
BioScience 70(8), 674-687, https://doi.org/10.1093/bios-
ci/biaa069.

NatSCA, 2005, ‘A Matter of Life and Death. Natural Science
Collections: Why Keep Them and Why Fund Them?’,
viewed 9 August 2021, from https://www.natsca.org/col-
lections-publications.

NSCF, 2019, NSCF Overview [Online], viewed 9 August
2022, from https://nscf.org.za/wp-content/uploads/2021/
01/2019_11_26-NSCF-brochure-1.pdf.

NSCF, 2021, Collection Management & Conservation Manual,
viewed 25 November 2022, from https://nscf.org.za/col-
lection-management-and-conservation-manual/.

NSCF, 2022, 5-year Review Report, Pretoria, viewed 25 No-
vember 2022, from https://nscf.org.za/wp-content/up-
loads/2022/11/NSCF-Self-Evaluation-July-2022-V02.pdf.

Powers, K.E., Prather, L.A., Cook, J.A., Woolley, J., Bart Jr,
H.L., Monfils, A.K. & Sierwald, P, 2014, ‘Revolutionizing
the use of natural history collections in education’, The
Science Education Review 13(2), 24-33, https://files.eric.
ed.gov/fulltext/E)1057153.pdf.

Proa, M. & Donini, A., 2019, ‘Museums, nature, and soci-
ety: The use of natural history collections for further-
ing public well-being, inclusion, and participation.

| Open access


https://bonn.leibniz-lib.de/de/forschung/publikationen/community-perception-of-natural-history-collections-an-online-survey
https://bonn.leibniz-lib.de/de/forschung/publikationen/community-perception-of-natural-history-collections-an-online-survey
https://bonn.leibniz-lib.de/de/forschung/publikationen/community-perception-of-natural-history-collections-an-online-survey
https://hdl.handle.net/10520/AJA00382353_7799
https://doi.org/10.1111/j.1523-1739.2011.01725.x
https://doi.org/10.1111/j.1523-1739.2011.01725.x
https://doi.org//10.1007/978-3-030-03083-4_19
https://sajs.co.za/article/view/9769
https://journals.co.za/doi/pdf/10.10520/EJC97331
https://journals.co.za/doi/pdf/10.10520/EJC97331
https://sajs.co.za/article/view/8145
https://doi.org/10.1093/biosci/biaa069
https://doi.org/10.1093/biosci/biaa069
https://www.natsca.org/collections-publications
https://www.natsca.org/collections-publications
https://nscf.org.za/wp-content/uploads/2021/%0A01/2019_11_26-NSCF-brochure-1.pdf
https://nscf.org.za/wp-content/uploads/2021/%0A01/2019_11_26-NSCF-brochure-1.pdf
https://nscf.org.za/collection-management-and-conservation-manual/
https://nscf.org.za/collection-management-and-conservation-manual/
https://nscf.org.za/wp-content/uploads/2022/11/NSCF-Self-Evaluation-July-2022-V02.pdf
https://nscf.org.za/wp-content/uploads/2022/11/NSCF-Self-Evaluation-July-2022-V02.pdf
https://files.eric.ed.gov/fulltext/EJ1057153.pdf
https://files.eric.ed.gov/fulltext/EJ1057153.pdf

Page 10 of 13

Theory and Practice’, The Museum Scholar, Volume 2,
https://articles.themuseumscholar.org/2019/07/01/tp_
vol2proadonini/.

SASSB, 2023, ‘History’, viewed 22 February 2023, from
http://sassb.co.za/.

Saunders, M., Lewis, P. & Thornhill, A., 2016, Research Meth-
ods for Business Students, 7th edition, Pearson, Essex.

Schindel, D.E. & Cook, J.A., 2018, ‘The next generation of
natural history collections’, PLoS Biology 16(7), €2006125,
https://doi.org/10.1371/journal.pbio.2006125.

Sforzi, A., Tweddle, J., Vogel, J., Lois, G., Wagele, W., Lake-
man-Fraser, P, Makuch, Z. & Vohland, K., 2018, ‘Citi-
zen science and the role of natural history museums’, in

http://abcjournal.org |

178

Original research

S. Hecker, M. Haklay, A. Bowser, Z. Makuch, J. Vogel &
A. Bonn (eds.), Citizen Science: Innovation in Open Sci-
ence, Society and Policy, pp. 429-444, UCL Press, Lon-
don, https://doi.org/10.14324/111.9781787352339.

Silvertown, J., Harvey, M., Greenwood, R., Dodd, M., Rosewell,

J., Rebelo, T., Ansine, J. & McConway, K. 2015, ‘Crowd-
sourcing the identification of organisms: A case-study of
iSpot’, Zookeys 480, 125-146. https://doi.org/10.3897/
zookeys.480.8803.

Suarez, A. & Tsutsui, N., 2004, ‘The Value of Museum Col-

lections for Research and Society’, BioScience 54, 66—74.
https://doi.org/10.1641/0006-3568(2004)054[0066:T-
VOMCEF]2.0.CO;2.

Open access


https://articles.themuseumscholar.org/2019/07/01/tp_vol2proadonini/
https://articles.themuseumscholar.org/2019/07/01/tp_vol2proadonini/
http://sassb.co.za/
https://doi.org/10.1371/journal.pbio.2006125
https://doi.org/10.14324/111.9781787352339
https://doi.org/10.3897/zookeys.480.8803
https://doi.org/10.3897/zookeys.480.8803
https://doi.org/10.1641/0006-3568%282004%29054%5B0066:TVOMCF%5D2.0.CO%3B2
https://doi.org/10.1641/0006-3568%282004%29054%5B0066:TVOMCF%5D2.0.CO%3B2

Page 11 of 13

Original research

Supplementary Material

Annexure T — Survey Questions

Background information

1. Name: (will not be shared)

2. Email address: (only if you would like feedback on
survey results)

3. Job title:

4. Where do you work:

5. South African resident (yes/no)

6. Other Affiliations, i.e. higher learning institute:

7. In which discipline do you work/conduct your re-

search? (taxonomy, evolution, ecology, molecular bi-
ology, conservation biology, other — please specify)

Survey questions relating to Objective 1: perceived
value of natural science collections (NSCs) to research-
er community.

8. When required in your research, do you have ac-
cess to museum specimens and associated data

(physical or digital access)? (yes/no)

How often do you have access to or have contact
with NSCs? (daily/weekly/monthly/biannually/annu-
ally/less frequent)

10. What type of specimens do you routinely work with?

(@nimal, plant, fossil, fungi, other — please specify)

11. Has access to museum specimens directly con-
tributed to your research? (yes/no — specify how:
loans, using lab space/equipment, students, images

of types, associate researchers, other)

12. If access to the museum specimens has directly con-
tributed to your research, do you inform the mu-
seum once the research has been published and/or

send them a copy of the manuscript? (yes/no)

13. To which of the following fields does/did your re-
search that used natural science collections contrib-
ute? (documentation and classification of biodiver-
sity, evolution, nature conservation, environmental
impacts of climate change, pest and disease control,
solving crime, public health, food security, agricul-

ture, if other, please specify)

14. On a scale from 1 to 5 how important is access to
NSCs (specimens, associated data and collabora-
tion with NSC staff) to your research? (rate on scale
from 1 to 5: not at all — slightly — moderately — very

— extremely)

15. Has your access to the NSCs specimens contribut-
ed to the curation process and/or formed collabo-

ration with NSC staff? (yes/no/uncertain)
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Survey questions relating to Objective 2: perceived
or experienced barriers in relation to access to natural
science collections and associated data for use in ap-
plied research.

16. Have you ever been denied access to museum
specimens? (yes/no/l don’t know, if yes reason: text
answer)

17. Do you find the access request procedure overly
onerous? (yes/no/uncertain)

Survey questions relating to Objective 3: perceptions
of NSCs current performance in serving the needs of
applied research:

18. How do South African NSCs perform in providing
services compared to other countries? (Rate perfor-
mance from 1 to 5: very poor — below average — av-
erage — above average — excellent)

19. Are the collections you use for your research main-
tained properly? The physical curation of spec-
imens are to an acceptable standard (few collec-

tions, some collections, all collections)

20. Are the collections you use for your research main-
tained properly? The data associated with the spec-
imens are accurate, up to date and usable (Few col-

lections, some collections, all collections)

21. In your opinion are NSCs funded appropriately?

(yes/no/uncertain)

22. In your opinion are NCSs staffed appropriately?

(yes/no/uncertain)

23. Overall, how happy are you with the services of-
fered by NSCs? (Rate from 1 to 5: not at all - slightly

— moderately — very — extremely, comments:)

Survey questions relating to Objective 4: how per-
formance is judged and what future expectations for
performance are:

24. What are the most important roles of NSCs? (Choose
up to 4: collection care and conservation, docu-
menting biodiversity, collecting new specimens, sup-
porting biological surveys, preservation of molecular
samples, providing accurate datasets, making data
openly accessible, making specimens digitally acces-
sible, conducting applied research, conducting basic
research, training students, availability of taxonomic
expertise, contributing to science policy, educating
the public, other (please specify)

25. How do NSCs perform in the following areas? (Rate
performance from 1 to 5: very poor — below aver-

age — average — above average — excellent):
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collection care and conservation, e conducting applied research, conducting basic
documenting biodiversity, research,

collecting new specimens, e training students,

supporting biological surveys, e availability of taxonomic expertise,

preservation of molecular samples, e contributing to science policy,

providing accurate datasets, * educating the public.

making data openly accessible, 26. In which areas/services should NSCs improve on
making specimens digitally accessible, most? (open ended text answer)
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Annexure 2 — Research Consent Form

An online survey on user perceptions of natural science collections in South Africa

Please read and complete this form carefully. If you are willing to participate in this study, tick the appropriate boxes,
sign with your full name and date the declaration at the end. If you do not understand anything and would like more
information, please contact Shanelle Ribeiro (shanelle@nscf.org.za).

Note:

1. All information about participants will be treated in strict confidence and participants will not be named in any
written work arising from this study.

2. Any data collected will be used solely for research purposes and will be erased on completion of the research.

| confirm that:

¢ | have read and understand the information contained in the Survey Research Proposal Page for the above study.
| have had the opportunity to consider the information, ask questions and have had these answered satisfactorily.

| understand that my participation is voluntary and that | am free to withdraw from this study at any time without
giving any reason and without any consequences to me.

¢ | understand that all information about me and my organisation will be treated in strict confidence and that par-
ticipants and organisations will not be named in any written work arising from this study.

e | understand that any data collected will be used solely for research purposes and personal data of survey partic-
ipant will be erased on completion of the research.

« | freely give my consent to participate in this research study and have been given a copy of this form for my own
information.

Name and sUrnName: . . . ... e
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The new combinations Colchicum burchellii (Baker) J.C.Manning & Vinn. and
C. burchellii subsp. pulchrum (Schltr. & K.Krause) J.C.Manning & Vinn. are pro-
vided for the taxa currently known respectively under the names C. coloratum
subsp. burchellii (Baker) J.C.Manning & Vinn. and C. coloratum J.C.Manning &
Vinn., nom superfl.

Keywords: Africa; Androcymbium Willd.; nomenclature; taxonomy.

Introduction

The circumscription of the genus Colchicum L. (Colchicaceae: Colchiceae) was
substantially enlarged by Manning et al. (2007) to include the largely sub-Saha-
ran Androcymbium Willd. on the basis of their molecular phylogenetic analysis
showing that Colchicum (including Bulbocodium L. and Merendera Ramond)
constituted a clade that was deeply nested within Androcymbium. This rela-
tionship and its taxonomic implications have been confirmed by subsequent
analyses (Nguyen et al. 2013). At the time, Manning et al. (2007) provided
the necessary combinations in Colchicum for the taxa previously treated in
Androcymbium. It has emerged, however, that they erred in their treatment of
the species A. burchellii Baker and A. latifolium Schinz (= A. pulchrum Schltr.
& K.Krause) and this is corrected here.

Nomenclature

Androcymbium burchellii Baker and A. latifolium Schinz (= A. pulchrum Schltr.
ex K.Krause) were treated as two distinct species in A. series Therocymbia
U.Miill.-Doblies & D.Mull-Doblies (Miller-Doblies & Miiller-Doblies 1998,
2002). The two taxa appear to differ, however, solely in the colouring of the
foliage leaves and the bracts, and A. latifolium was subsequently treated as
a subspecies of A. burchelli under the name A. burchellii subsp. pulchrum
(Schlitr. & K.Krause) Pedrola et al. (2003). This taxonomy was followed by
Manning et al. (2007) when they proposed new combinations for these taxa
in Colchicum.
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The two earlier names Colchicum latifolium Sibth. &
Sm. (Sibthorp 1823) and C. pulchrum Herb. ex Baker
(Baker 1879) preclude the transfer of both of these epi-
thets to Colchicum (Turland et al. 2018: ICN, Art. 53.7)
and Manning et al. (2007) accordingly proposed the
replacement name C. coloratum J.C.Manning & Vinn.
for the taxon, with the two subspecies coloratum and
subsp. burchellii (Baker) J.C.Manning & Vinn. The re-
placement name C. coloratum for the combined taxon
is, however, nomenclaturally superfluous if this subspe-
cific taxonomy is followed since the name A. burchellii
Baker (Baker 1874), as a synonym, is available as an
earlier epithet and should have been used (Turland et
al. 2018: ICN, Art. 717.4). The combination A. burchellii
subsp. pulchrum (Pedrola et al. 2003) establishes the
priority of this epithet at subspecific rank (Turland et
al. 2018: ICN, Art. 77.2). The correct combinations are
provided below.

Should the two taxa be treated as distinct species, how-
ever, then the combination C. coloratum J.C.Manning
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& Vinn. is available for the component that includes the
type of A. pulchrum.

Colchicum burchellii (Baker) J.C.Manning & Vinn.,
comb. nov. Androcymbium burchellii Baker in J.
Bot. (British & foreign) 12: 246 (1874). Colchicum
coloratum subsp. burchellii (Baker) J.C.Manning &
Vinn. in Taxon 56: 879 (2007).
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Androcymbium pulchrum Schltr. & K.Krause
in Krause in Notizbl. Bot. Gard. Berlin 7: 522
(1921). A. burchellii subsp. pulchrum (Schltr. &
K.Krause) Pedrola et al. in Bot. Macaron. IV Ci
24: 113 (2003). Colchicum coloratum J.C.Man-
ning & Vinn. in Taxon 56: 879 (2007), nom.
superfl. [as a new name for A. pulchrum Schiltr.
& K.Krause].
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The new combination Coleus leemannii (N.Hahn) A.J.Paton is provided for Rab-
dosiella leemannii N.Hahn (Lamiaceae: Ocimeae) from South Africa, a species
that was overlooked in the recent synopsis of subtribe Plectranthinae.

Keywords: new combination; nomenclature; South Africa; taxonomy

Introduction

The genus Rabdosiella Codd (1984) was established for two species of Lami-
aceae: Ocimeae that differed from other genera in the tribe in their densely
paniculate synflorescences with ascending branches; erect, shortly cylindrical
and distinctly 10-nerved fruiting calyx with suberect or incurved teeth; and
declinate, basally saccate corolla. Rabdosiella was considered to be allied to
both Plectranthus L'Hér. and Isodon (Schrad. ex Benth.) Spach (Codd 1975,
1985). In addition to the type species R. calycina (Benth.) Codd from southern
Africa, the genus also included the southeast Asian R. ternifolia (D.Don) Codd.

A later morphological and cytological analysis (Ryding 1993) concluded not
only that Rabdosiella was polyphyletic, but that its continued recognition was
not justified; the southern African species being best returned to Plectranthus
as P calycinus Benth. and the Asian species readily accommodated in the ge-
nus Isodon under the name |. ternifolius (D.Don) Kudé.

These findings were supported by the subsequent molecular phylogenetic
analyses of plastid DNA regions in Ocimeae by Paton et al. (2004) and Paton
etal. (2018), which retrieved I. ternifolius deeply embedded among other spe-
cies of Isodon and R calycinus nested in the genus Plectranthus sensu lato in a
subclade that included species of Pycnostachys Hook. and Holostylon Robyns
& Lebrun. It was clear from these analyses that substantial changes in generic
circumscriptions in Ociminae—Plectranthinae were required to render the gen-
era monophyletic. As a result of these findings, Paton et al. (2018) proposed
that Coleus be expanded to include all species in the clade containing the
type of the genus, Plectranthus be restricted to the clade sister to Thorncroftia
N.E.Br. plus Tetradenia Benth., and the new genus Equilabium Mwany., A.J.Pa-
ton & Culham be described for the clade containing the mainly tropical African
species and Indian species formerly included in Plectranthus.

This taxonomic proposal was followed by a nomenclatural synopsis of the
genera Coleus, Equilabium and Plectranthus (Paton et al. 2019). Rabdosiel-
la (type species only) was among several genera that were included in the
expanded circumscription of Coleus, and the new combination C. calycinus
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(Benth.) A.J.Paton for R. calycina was among the 130
new combinations that were provided in that genus. In
its expanded circumscription, Coleus is a genus of 295
species of the Old World tropics and subtropics, diag-
nosed by an oblique-based calyx with the pedicel at-
tached asymmetrically to the base of the tube opposite
the posterior lip, and a strongly zygomorphic corolla
with the upper lip mostly shorter than the cymbiform
lower lip enclosing the declinate stamens (Paton et al.
2019).

Paton et al. (2019), however, overlooked the exis-
tence of a third species of Rabdosiella that had been
described from southern Africa several decades after
the revision of the genus by Codd (1985). Rabdosiella
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leemannii N.Hahn (Hahn & Bredenkamp 2007) is a
narrow endemic of quartzitic substrates on the Sout-
pansberg and Blouberg in Limpopo, South Africa. It is
morphologically very close to R. calycina and the two
species are evidently an edaphic-allopatric species-pair.
It falls within the currently expanded circumscription of
Coleus, and we provide the necessary new combina-
tion for R. leemannii in Coleus here.

Coleus leemannii (N.Hahn) A.J.Paton, comb. nov. Rab-
dosiella leemannii N.Hahn in Hahn & Bredenkamp
in Bothalia 37(1): 37 (2007). Type: South Africa,
Limpopo, 2329 (Polokwane): Soutpansberg, Le-
juma, (-AB), 13 Apr 2005, N. Hahn 2086 (ZPB,
holo.; PRE!, PRU, iso.).
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The first record of the non-native, naturalised Launaea arborescens (Batt.) Murb.
in the Namib Desert raised questions of its origin and whether or not it could
pose a threat to the indigenous vegetation. The North African plant was intro-
duced in a forestry nursery in the Kuiseb Delta, and some individuals were also
planted outside the nursery in the early 1970s. They have maintained a likely vi-
able population for nearly 50 years but have so far not been observed elsewhere
and thus appear not to be spreading.

Keywords: exotic plant; forestry; invasive alien; Kuiseb Delta; Namib Desert.

Introduction

Invasive alien plants displace native vegetation and change ecosystems all
around the world (Chapin et al. 2000). Because of their harsh environments,
deserts have so far been spared the deluge of invading plants typically encoun-
tered on islands and other ecosystems that are easy to invade (e.g. Duarte et
al. 2005; Davies et al. 2011). However, even deserts are not immune to these
invasions, and particularly habitats that are moister and receive water regularly
such as ephemeral rivers, seeps and fountains can provide suitable habitats
for invaders. All western-flowing rivers of the Namib Desert, for example, are
locally invaded by numerous exotic species such as Datura, Prosopis, Nicotiana
and Ricinus species (e.g. Boyer & Boyer 1989; Auala et al. 2014). The level of
infestation varies and is currently localised, but the invasives are nevertheless
there. The densest infestations are usually in the vicinity and downstream of
settlements where human activities such as woodcutting and overgrazing have
disturbed the natural balance.

However, exotic, non-native plants also turn up in unexpected places — for
example, in the northwest corner of the Kuiseb Delta, far from settlements and
in an area hardly ever touched by the infrequent Kuiseb River floods. This was
not recognised for decades, though the spiky desert shrub Launaea arborescens
(Batt.) Murb. was found here recently and this raised numerous questions:
How did it get there? As this plant is not known in Namibia, has it been
reported elsewhere in southern Africa and in similar habitats? Has it estab-
lished a viable population, and does it pose a threat as an invader? Whether
Launaea arborescens has established a viable population in the Kuiseb Delta
was investigated by posing two subquestions: What is the extent and size of
the population, and what is the size distribution of the plants. These questions
are addressed and background information on the plant is presented in this
article.
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Materials and methods

The study area

The study area is situated in the central Namib Desert,
in the Erongo Region of Namibia, just south of Wal-
vis Bay (Figure 1). The central Namib lies between the
ephemeral Ugab and Kuiseb rivers, and is bounded by
the Atlantic Ocean in the west and the escarpment in
the east. It falls into the Desert Biome (Irish 1994; Ruth-
erford & Westfall 1994). The coastal zone at Walvis Bay
lies within a ‘cool desert’ region of Namibia, an envi-
ronment influenced by the South Atlantic Anticyclone,
the cold, northward-flowing Benguela current and the
divergence of the southeast trade winds along the coast.
According to Mendelsohn et al. (2002), average daily
temperatures vary between a minimum of 10°C in the
coldest month and a maximum of 24°C in the warmest
month in the area, although temperatures as low as 2°C
have been recorded (Jiirgens et al. 2013). Temperatures
are variable both daily and seasonally, with the highest
temperatures recorded during ‘berg wind’ episodes,
when cold air from the interior flows towards the coast
and is heated by compression (catabatic wind), result-
ing in temperatures of up to 40°C or more. Southerly,
westerly, and southwesterly winds are prevalent, and
are usually strongest between late afternoon and early
evening (Mendelsohn et al. 2002).

Rainfall in the Namib Desert is highly variable, unpre-
dictable and patchy. It varies from 0 to approximately
100 mm per annum, increasing from west to east. In
the west, where precipitation from rain is lowest, fog is
carried inland by wind passing over the cold Benguela
current of the Atlantic Ocean. It is a vital source of
moisture for many desert organisms. Walvis Bay has a
mean annual rainfall of 13.5 mm, with most rain falling
in summer between January and April, and the wettest
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month being March when about 50% of annual rainfall
is recorded (Atlas of Namibia Team 2022).

Coastal dune hummaocks are the prevalent habitat in the
study area. They are important components of coastal
ecosystems and are formed mainly by the shrub Salsola
nollothensis Aellen, which traps windblown sand and
results in the vertical formation of dune hummocks.
These sand-stabilising hummocks are ecologically im-
portant, providing shelter, forage and habitats for the
local fauna and flora.

The study plant

Launaea arborescens is growing in a dune hummock
area, where hummocks are of medium size (1-2 m
high). Most of the other plants in this area grow on
these hummocks, but also in valleys in between. How-
ever, they are absent in valleys where the ground seems
to be wet regularly (i.e. closer to the water table and
likely saline conditions).

Vegetation cover in the dune hummocks averages
approximately 20% and includes, in addition to L. ar-
borescens, the shrubs Salsola nollothensis and Lycium
tetrandrum, as well as the herb Crotalaria colorata, the
grass Odyssea paucinervis and the sedge Scirpus dioi-
cus. Phragmites australis reed beds adjoin the area to
the west. A few isolated trees such as Tamarix usneoi-
des, the exotic Acacia cyclops, Myoporum serratum and
Eucalyptus camaldulensis appear to have escaped from
the forestry nursery at Wortel and are also found in the
hummock area nearby.

The plant was originally identified by recognition of its
similarity in flower structure to its closest indigenous
relatives in Namibia, namely Launaea intybacea (Jacq.)
Beauverd and Lactuca inermis Forssk. They all belong

Namibia

Walvis Bay

300" 23°00

L] 10 Kilometers
—
A

‘Wonel nursery

Figure 1. A, Position of the study area near Walvis Bay in Namibia; B, Extent of field survey of Launaea arborescens (outline), survey
transects (lines), and area of occupancy of population (grey polygons) in the Kuiseb Delta in Namibia.
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Figure 2. Launaea arborescens in the Kuiseb Delta; A, flower; B, leaves; C, general habitat with Wortel nursery in background; D, plant

in habitat. Photographs: A, C. Mannheimer; B-D, A. Burke.

to the Tribe Cichorieae within the daisy family (Astera-
ceae), which is characterised by the presence of milky
latex and (in most species) bisexual ligulate florets with
five teeth at the tips (i.e., strap-shaped ‘petals’ with
toothed tips. This tribe includes many edible, medicinal
and weedy species, in genera such as Lactuca (lettuce),
Cichorium (chicory/endive), Sonchus (milk thistle) and
Taraxacum (dandelion). L. arborescens is native to Al-
geria, Baleares, Canary Islands, Cape Verde, Madeira,
Mauritania, Morocco, Saudi Arabia and Spain (GBIF,
January 2021; https://www.gbif.org).

Launaea arborescens (Batt.) Murb.
(adapted from Kilian 1997)

Dense, intricate, spinescent, irregularly hemispherical
shrub, usually up to 1T m high, almost leafless (Figures
2 and 3). Branches terete, divaricately and intricately
branched, with distinct joints and spinescent terminal
segments; young branches stiff, green, smooth, waxy,
becoming greyish brown with age. Latex whitish with
unpleasant smell. Leaves clustered at the bases of the
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lower branches, somewhat succulent, blue-green,
mostly narrowly spathulate to linear in outline, soon
deciduous, higher up the shoots reduced to inconspic-
uous, ovate-acute bracts. Capitulae (‘flowers’) bright
yellow, up to 16 mm in diameter, always terminal and
single on the peduncles, which persist as spines after
shedding of the capitulae. Capitula with 7-19 florets
(‘petals’), each with five ‘teeth” at the tip. Involucre up
to 15 mm long, cylindrical to conical. Achenes with 5
main ribs accompanied by 2 secondary ribs, with trans-
verse, roundish, and tuberculate wrinkles, often some-
what powdery-papillose, brown. Pappus 5-8 mm long,
comprising numerous white, setaceous rays.

A specimen (Antje Burke AB20007) was deposited at
the National Botanical Research Institute in Windhoek,
which is the first record of the plant in southern Africa.

Review of information

To establish whether this plant is recorded for the first
time in southern Africa, global biodiversity databases

| Open access
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B - o
Figure 3. Launaea arborescens in the Kuiseb Delta near Walvis
Bay. Photograph: A. Burke.

(GBIF, GloNAF), citizen science databases (iSpot, iNat-
uralist), Namibia’s National Botanical Research Institute
records and the authors” own records of over 30 years
of plant survey work across the entire Namibia were
consulted.

Extent of the population

The extent of the population was established by map-
ping the occurrence of the plant in the field. The lo-
cality of all plants encountered was recorded with a
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Figure 4. The distribution of mean height measurements of 51
random individuals of Launaea arborescens in the Kuiseb
Delta.
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geographic positioning device (GPS). These were then
plotted, and the apparent centre determined, which
appeared to be just outside the entrance to the nursery.
From this centre transects were walked in all compass
directions and the distribution boundary recorded.
Seven transects of 150-320 m length were walked. The
plants were counted along the transects and in the ar-
eas between these transects, which were also searched
thoroughly. The nursery area was also surveyed (Fig-
ure 1B). The GPS positions of recorded individuals
and groups of individuals were plotted and the area
of occupancy (i.e., the habitat where the plant grows)
mapped (Figure 1B).

Size distribution of the population

The dimensions of 51 haphazardly selected plants
(by walking backwards and throwing a bottle over the
shoulder and then selecting the nearest plant to where
the bottle landed) were measured. At each plant, height
and diameter of the plant was measured three times,
resulting in six measurements for each individual. Re-
peated measurements were used to accommodate the
irregularity of plant shape and the irregular surface.
Height measurements were averaged per individual
and plotted in a histogram (Figure 4). The data are pro-
vided in the supplementary (Appendix 1).

Results

The species’ history in Namibia

This species’ history in Namibia is directly linked to the
forestry nursery at Wortel, which was established in the
early 1970s to raise and test plants for dune stabilisa-
tion around Walvis Bay (Piet le Roux, pers. comm. Jan-
uary 2021). Considerable research was undertaken by
Mr le Roux at the time, and plants from other deserts
were tested as suitable candidates to stabilise the dunes
around Walvis Bay (Le Roux 1974). As seawater irriga-
tion was planned, only plants with a high salt tolerance
were used. Seeds of selected species were obtained
from North Africa and Australia, and this included the
North African desert shrub Launaea arborescens (Le
Roux 1974). Initially plants were raised at the forest-
ry nursery in Grootfontein (19°30’S and 18°15’E) and
then transplanted into the Walvis Bay dunes. However,
a small nursery was eventually established in the Kuiseb
Delta at Wortel (23°05’S and 14°45E), and plants were
also raised there and planted out in pilot sites around
the nursery, on dunes in the delta and along the road
between Wortel and Walvis Bay. Initially the plants
were irrigated with treated sewage water or seawater
(Le Roux 1974), but no watering has taken place for
decades now. The current Launaea arborescens popu-
lation originates from these trials.
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Considering that this plant was introduced some 50 years
ago and still likely maintains a sizable population, it is
clear that the plant is well adapted to the conditions in
the Kuiseb Delta (Figure 3). However, the question arises
whether these are still the original plants that were plant-
ed in trials, or if the species has established a self-sus-
taining, or perhaps even an invading population. Unfor-
tunately, Mr le Roux could not enlighten us on the exact
number of plants per species used in the trials, nor the
precise localities where these were planted in the study
area. However, this is not surprising after such a long time.

Extent of population

The plants are growing to the west and north of the
former forestry nursery at Wortel in three distinct lo-
cal populations. The three mapped areas amount to
approximately 3.49 ha. Some 360 individuals were
counted. Although the survey aimed to count all indi-
viduals, there are possibly more plants as some may
not have been discovered in the uneven terrain and
between the other plants present. However, the survey
provides a reasonably good estimate.

Size distribution of the population

The extent and size of the population contribute to
determining whether a population can be considered
self-sustaining and therefore viable. Isolated individuals
of a species far from other individuals of the same spe-
cies can hardly present a viable population, particularly
if these are out-crossers and therefore rely on genetic
exchange with other individuals (Harper 1977; Drew
& Kaufman 2013). The size distribution of the plants
provides an indication of the population status (Figure
4). A healthy population contains individuals of all size
classes, usually with the majority in the medium range
of sizes measured (Harper 1977; Barbour et al. 1987).

To facilitate incorporation of this new record into glob-
al databases (e.g., the Global Naturalized Alien Flora
database (GloNAF) (Pysek et al. 2017), we provide
the available information on this species in Appendix
2. The parameters proposed by Zengeya and Wilson
(2020) were used to structure the data as well as the
criteria provided by the IUCN (2020), with adaptations
to the terminology suggested by Groom et al. (2019).

Other observations

Launaea arborescens was not the only plant tested for
dune stabilisation in Walvis Bay (Le Roux 1974) and
other non-native plants in the study area were also not-
ed. Outside the nursery area a few individuals of Acacia
cyclops, Eucalyptus camaldulensis and Myoporum ser-
ratum were observed. Whether these had been planted
originally at their current position or escaped from the
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nursery and established new plants, could not be es-
tablished. There were also more trials along the road to
Walvis Bay where various non-native Atriplex species
had been planted. These have persisted for some 50
years without management intervention.

Discussion

Does Launaea arborescens
form a viable population?

The current area of occupancy of the plant of over 3 ha
and the well over 300 individuals suggest that this may
be a viable population. Also, a bell-shaped size-class
distribution of plant sizes is considered indicative of a
healthy population in long-lived species such as trees
and shrubs (Cousins et al. 2014). L. arborescens size
class distribution in the Kuiseb Delta is close to this bell-
shaped slope with a peak in the medium-sized height
class (Figure 4).

Furthermore, the fact that this plant has been present
in the Kuiseb Delta for several decades without irriga-
tion or any other management, suggests that these now
form a viable population. Although the plants were
initially introduced and irrigated (Le Roux 1974), no
maintenance has taken place for at least 40 years. This
supports the notion that they may have established a
self-sustaining population.

|s there a threat of invasion?

Because no detail was available regarding the num-
ber of plants initially planted on a trial basis, or exact-
ly in which areas, it is impossible to establish whether
the population has grown or spread. The question of
whether the plant has invaded natural areas and re-
placed indigenous species, or whether they have only
maintained their presence in the area where they were
initially planted, cannot be answered. Although the
plant has not been found in the broader area, moni-
toring of the population is required over several years
(likely decades) to establish whether the plant does
form a threat. This study provides a baseline against
which future monitoring could be evaluated. However,
the fact that the plant has to date also not been found
further afield, suggests that it has not spread. Howev-
er, there have been disturbances in the area since the
field survey in the form of widening the two-spoor track
to the nursery and beyond with a dozer to more than
double the original width, which opens new areas to be
occupied by the plant. Human disturbances such as the
creation of roads often provide convenient pathways
for invasive species (e.g. Higgins et al. 1999; Kumschick
et al. 2020; Zengeya & Wilson 2020) and monitoring
the plant now may be opportune timing.
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Regarding the aspect of potential displacement of in-
digenous species, the dominant native plants in the
surrounding area, which Launaea arborescens could
have displaced, are Salsola nollothensis and Lycium
tetrandrum. They occupy the same habitat and possi-
bly the same niche, both being shrubs and in the case
of L. tetrandrum, with a very similar growth form. The
Namib-endemic Crotalaria colorata is a multi-seasonal
herb and occupies a different niche. It grows in be-
tween the L. arborescens shrubs and is unlikely to have
been displaced by L. arborescens.

The effect this exotic plant has on the environment (e.g.,
soils, water availability) and animals associated with
(potentially displaced) indigenous plants in the area, is
unknown and may deserve study. It is well known that
exotic plants have the potential to alter the environment
in many ways (e.g., Chapin et al. 2000) and this aspect
should thus not be dismissed. In terms of potential path-
ways, like many Asteraceae, the diaspores are wind dis-
persed and this could potentially enable the plants to
spread to new habitats.

At present monitoring rather than eradiation is pro-
posed as management. As the risk of the plant spread-
ing is currently considered low, the plant presents an
interesting historic record of past forestry management
practices and should thus not be eradicated, unless it
can be shown that it does spread and presents a threat
to the natural vegetation. Also the number of plants and
extent of area occupied are small and thus eradication
would be easy, if necessary.

Conclusions

It has taken 50 years for some 360 plants to establish
and maintain a population in a very localised (3.49 ha)
area and launaea arborescens has so far not been
found anywhere else in the Kuiseb River or other rivers
or habitats in the Namib, or even southern Africa.

At present we consider the occurrence of the North
African Launaea arborescens in the Kuiseb Delta an
interesting record and testimony of the efforts that
were made some 50 years ago to find solutions to the
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Supplementary Material

Appendix 1

Position and dimension measurements (in cm) of Launaea arborescens individuals in the Kuiseb Delta in Namibia
(LAT S= latitude south, LON E= longitude east, H1-H3= height measurements in cm, L1-L3= length measure-
ments in cm).

NO. LAT S LON E H1 H2 H3 L1 L2 L3
1 -23.05808 14.45993 26 21 23 34 28 31

2 -23.05806 14.45994 64 53 58 70 67 68

3 -23.05804 14.45993 63 54 42 84 54 69

4 -23.05805 14.45992 67 42 43 86 71 62

5 -23.05803 14.45993 118 110 108 168 124 157

6 -23.05804 14.45989 40 39 32 43 58 45

7A -23.05802 14.4599 57 47 50 72 79 86
7B -23.05802 14.4599 56 50 45 58 48 56

8 -23.05801 14.4599 67 52 58 125 107 85

9 -23.05798 14.4599 27 20 18 34 32 30

10 -23.05799 14.45991 53 56 54 56 60 48
11 -23.05799 14.45991 54 53 41 74 95 78
12 -23.05799 14.45992 27 27 29 26 31 24
13 -23.05796 14.45996 98 80 85 109 117 109
14 -23.05798 14.45996 48 50 42 48 36 60
15 -23.05798 14.45998 34 30 27 52 26 42
T6A -23.05795 14.45999 64 56 58 132 80 78
16B -23.05795 14.45999 42 39 34 32 39 42
17 -23.05795 14.45998 76 92 82 112 112 77
18 -23.05793 14.45998 48 45 42 48 54 52
19 -23.05794 14.45998 78 67 64 98 96 105
20 -23.05793 14.45998 77 80 90 100 107 100
N-01 -23.056073 14.460591 49 45 44 58 35 54
N-02 -23.056095 14.460461 68 56 48 136 95 132
N-03 -23.0561 14.460515 107 104 100 132 170 150
N-04 -23.056119 14.460367 97 88 77 138 77 132
N-05 -23.056119 14.460367 53 37 44 63 39 28
N-06 -23.056119 14.460367 83 92 78 116 121 106
N-07 -23.056271 14.460307 47 45 38 57 58 46
N-08 -23.056277 14.460316 45 32 40 36 23 21
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NO. LAT S LON E H1 H2 H3 L1 L2 L3
N-09 -23.05627 14.460281 53 47 42 63 57 62
N-10 -23.056283 14.460289 53 42 40 65 67 74
N-11 -23.056436 14.460311 65 68 62 68 50 69
N-12 -23.056382 14.46035 82 94 99 195 160 165
N-13 -23.056366 14.460312 57 56 58 96 80 74
N-14 -23.056322 14.460399 75 64 73 170 106 110
N-15 -23.056649 14.46024 65 50 50 63 67 54
N-16 -23.056708 14.460389 74 77 63 97 82 60
NT19A -23.057196 14.460645 36 27 36 40 47 39
N-16A -23.057622 14.462044 53 38 49 49 54 41
N-17 -23.057575 14.461987 106 95 92 164 135 154
N-18 -23.057418 14.461989 60 59 50 73 65 64
N-19 -23.057142 14.461618 49 44 38 33 35 39
N-20 -23.057799 14.460538 108 93 112 186 180 160
N-21 -23.057669 14.460744 92 81 83 154 117 15
N-22 -23.057588 14.461224 142 120 124 202 215 172
N-23 -23.057582 14.46127 52 54 49 53 41 47
N-24 -23.057616 14.461241 36 22 27 35 33 23
N-25 -23.057627 14.46127 34 32 30 41 48 42
N-26 -23.057681 14.461358 15 17 14 16 14 12
N-27 -23.05774 16.461307 70 65 68 115 107 110
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Appendix 2

Summary statistics of the first record of Launaea arborescens in Namibia.

Scientific name Launaea arborescens
Taxon ID AB20007
Vernacular name mol-albina (Algerian Arabic); wicked dandy, barbed wire brush (English); aulaga, cardaviejo,

jadionda, rascavieja, volavientos (Spanish)

Regulatory listing Unlisted"
Is native False
Occurrence status Present

Degree of establishment | C3?

Introduction status Naturalised
Pathway Forestry planting
First record 1974

Range Broad Admin Erongo Region
Range QDSC 1qds: 2314AB
Range Exact 3.49 ha
Organism Quantity ~360

Impact EICAT Data deficient
Risk assessment No

Realm T

1 New record for Namibia — so not listed on national plant species list, which also provides the status of each taxon.
2 Individuals surviving outside of captivity or cultivation in a location, reproduction occurring, and population self-sustaining.
3 T= terrestrial
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of taxa. If maps will be reduced to column width
(80 mm), the symbols and numbers used must be
large enough to accommodate the reduction. The
maps should show: numbered grid lines of latitude
and longitude; the provinces of South Africa; and a
scale line. Maps of neighbouring countries should
be treated in the same way, with bordering states
clearly labelled. For orientation purposes, a small
inset map should appear in a corner of the figure.

Submit maps electronically as either TIF or JPG files,
600 dpi or higher.

ArcView GIS maps are acceptable. The layout rep-
resenting all the appropriate themes (including grid
lines) should be submitted as an encapsulated post-
script file (.EPS).

If maps are submitted in colour, please ensure that
the shading used is easily discernible once the file
converted to grayscale.

Tables:

e Tables should be drawn up in MS Word and not
copied and pasted from other software such as MS
Excel.

Avoid copying and pasting text into the table as this

often results in nested tables that are problematic to
format and edit. Type in all text from scratch.
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e Do not submit tables as text with separators such as
tabs or commas, submit as MS Word standard tables.

e Do not include text boxes in table cells, type text
directly in the primary table cell.

e Use Times New Roman 12pt if possible. However,
should the width of the columns and the amount of
text make this difficult, the size of the font may be
reduced to no less than 9pt.

e |If possible, present tables in portrait format. How-
ever, if tables must be presented in landscape for-
mat, use section breaks before and after the tables
to separate it from the main text.

e Do not stretch the table to beyond the size of the
paper on screen.

e Use the background fill function to shade cells if
necessary. Do not use text highlights.

STRUCTURE OF YOUR ARTICLE
Page 1:

The format of the compulsory cover letter forms part of
your submission and is on the first page of your manu-
script and should always be presented in English. You
should provide all of the following elements:

e Atrticle title: Provide a short title of 50 characters or
less.

o Full author details: Provide title(s), full name(s),
position(s), affiliation(s) and contact details (postal
address, email, telephone and cellular number) of
each author.

e Corresponding author: Identify to whom all corres-
pondence should be addressed to.

e Authors’ contributions: Briefly summarise the na-
ture of the contribution made by each of the authors
listed.

e Summary: Lastly, include a list containing the num-
ber of words, pages, tables, figures and/or other sup-
plementary material with the submission.

Page 2 and onwards:

Title: The article’s full title should contain a maximum
of 95 characters (including spaces).

Abstract: The abstract, written in English, should be no
longer than 250 words and must be written in the past
tense. The abstract should give a succinct account of
the background, objectives, methods, results and signifi-
cance of the findings/conclusion

Do not cite references in the abstract and do not use
abbreviations excessively in the abstract.

The following points serve as a guide for presenting your
manuscript in a well-structure format:

Introduction: The introduction contains two subsections,
namely the background section and the literature review.

e Background: This section should be written from the
point of view of the readers, including those without
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specialist knowledge in that area and must clearly

state and illustrate the introduction to the research

and its aims in the context of previous work bearing
directly on the subject. The Background section to the
article normally contains the following five elements:

o Key focus: A thought-provoking introductory
statement on the broad theme or topic of the
research.

o Context: Provide the context to the study, which
can include the conceptual framework or ex-
plain the role of other relevant key variables in
this study.

o Trends: Cite the most important published
studies previously conducted on this topic or
that have any relevance to this study (provide a
high-level synopsis of the research literature on
this topic).

o Objectives: Indicate the most important contro-
versies, gaps and inconsistencies in the literature
that will be addressed by this study. In view of
the above trends, state the core research prob-
lem and specific objectives that will be address-
ed in this study.

o Contribution to field: Explanation of the study’s
academic (theoretical and methodological) or
practical merit and its importance (provide the
value-add or rationale for the study).

o Literature review: The literature review is the sec-
ond subsection under the Introduction and provides
a brief and concise overview of the literature under
a separate second-level heading, e.g. literature re-
view. A synthesis and critical evaluation of the litera-
ture (not a compilation of citations and references)
should at least include or address the following
elements (ensure these are in the literature review):
o Definitions of all key concepts.

o A critical review and summary of previous re-
search findings (theories, models, frameworks,
etc.) on the topic.

o Aclear indication of the gap in the literature and
for the need to address this void.

o Aclearly established link that exists between for-
mulated objectives and theoretical support from
the relevant literature.

Research method and design (first-level heading):

The methods should include:

e Materials (second-level heading): Describe the
type of organism/s or material/s involved in the study.

o Study site (second-level heading): Describe the site
and setting where your study was conducted.

e Design (second-level heading): Describe your ex-
perimental design clearly. Note: Additional details
can be placed in the online supplementary location.

e Procedure or Methods (second-level heading):
Describe the protocol for your study in sufficient de-
tail (with a clear description of all interventions and
comparisons) so that other scientists could repeat
your work to verify your findings.
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e Analysis (second-level heading): Describe how the
data were summarised and analysed. Additional de-
tails can be placed with the online supplementary
information. Do not include lists here as they will be
published as supplementary material.

Ethical considerations (first level heading):

e Ethical clearance (second-level heading): Articles
based on the involvement of animals and/or humans
must have been conducted in accordance with rele-
vant national and international guidelines. Approval
must have been obtained for all protocols from the
author’s institutional or other relevant ethics com-
mittee and the institution’s name and any ethics cer-

tificate number/s should be provided at submission.

Risks or negative impacts associated with research
and mitigation (second-level heading): This section
should consider any risks or negative impacts to the
subjects caused by the project (the subject may be
a human individual or a population of plants or ani-
mals). What precautions were taken to minimise any
negative impacts of the research on the subject/s?

Permitting (second-level heading): Projects that re-
quired permits for collection, transport or provision
of material must provide all relevant permit details.

Recruitment and informed consent (second-level
heading): In the case where human subjects were
involved, how were subjects recruited? Was there
any sense in subjects being obliged to participate
or were volunteers recruited. Authors must include
how informed consent was handled in the study.

Data protection (second-level heading): Authors
must include, in detail, the way in which data pro-
tection was handled.

Results (first-level heading):

Results should be presented as follows:

e Present the results of your experiment(s) or research
data in a sequence that will logically support (or pro-
vide evidence against) the hypothesis, or answer the
questions / address the objectives, as stated in the

introduction.

Present the body of the results section in text with
the key findings that include references to each of
the tables and figures. Report statistical test summa-
ries (test name, p-value) parenthetically (that is, in-
serted as a parenthesis in brackets) together with the
biological results they support. Use the SI unit.

All units should conform to the SI convention and
be abbreviated accordingly. Metric units and their
international symbols are used throughout, as is the
decimal point (not the decimal comma).

Discussion (first-level heading):

This section normally contains the following four ele-
ments. It is suggested that subheadings are used in this
section:
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e Outline of the results (second-level heading):
Restate the main objective of the study and reaffirm
the importance of the study by restating its main con-
tributions; summarise the results in relation to each
stated research objective or research hypothesis; link
the findings back to the literature and to the results
reported by other researchers; provide explanations
for unexpected results.

Practical implications (second-level heading): Re-
affirm the importance of the study by restating its
main contributions and provide the implications for
the practical implementation your research.

Limitations of the study (second-level heading):
Point out the possible limitations of the study and
provide suggestions for future research.

Recommendations (second-level heading): Pro-
vide the recommendations emerging out of the cur-
rent research.

Conclusion (first-level heading):

This should state clearly the main conclusions of the
research and give a clear explanation of their impor-
tance and relevance, with a recommendation for future
research (implications for practice). Provide a brief con-
clusion that restates the objectives, the research design
and the results with their meaning.

Acknowledgements (first-level heading):

If, through your study, you received any significant help
in conceiving, designing or carrying out the work, or
received materials from someone who did you a fa-
vour by supplying them, you must acknowledge their
assistance and the service or material provided. Authors
should always acknowledge outside reviewers of their
drafts and any sources of funding that supported the
research.

o Competing interests (second-level heading): A
competing interest exists when your interpretation
of data or presentation of information may be influ-
enced by your personal or financial relationship with
other people or organisations that can potentially
prevent you from executing and publishing unbi-
ased research. Authors should disclose any financial
competing interests, but also any non-financial com-
peting interests that may cause them embarrassment
were they to become public after the publication of
the manuscript.

Where an author gives no competing
interests, the listing will read:

‘The authors declare that they have
no financial or personal relations-
hip(s) that may have inappropriately
influenced them in writing this
article.’

e Authors’ contributions (second-level heading):

This section is necessary to give appropriate cre-
dit to each author, and to the authors’ applicable
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institution/s. The individual contributions of authors
should be specified with their affiliation at the time
of the study and completion of the work. An ‘au-
thor” is generally considered to be someone who
has made substantive intellectual contributions to a
published study. Contributions made by each of the
authors listed, can follow the example below (please
note the use of author initials):

J.K. (University of Pretoria) was the
project leader, L.M.N. (University of
KwaZulu-Natal) and A.B. (Stellen-
bosch University) were responsible
for experimental and project design.
L.M.N. performed most of the
experiments. PR. (Cape Peninsula
University of Technology) made
conceptual contributions and S.T.
(University of Cape Town), U.V.
(University of Cape Town) and C.D.
(University of Cape Town) performed
some of the experiments. S.M. (Cape
Peninsula University of Technology)
and V.C. (Cape Peninsula University
of Technology) prepared the samples
and calculations were performed by
C.S. (Cape Peninsula University of
Technology).

References (first-level heading):

Begin the reference list on a separate page with no more
than 60 references for full length articles and 30 referen-
ces for short notes. The Bothalia — African Biodiversity
& Conservation Journal uses the Harvard referencing
style. Note: no other style will be permitted.

If you use any reference editor to add citations in the
text, remove all data fields and replace with normal text
before submission.

For journal articles, provide DOlIs for as many as pos-
sible (usually all papers published in or after 2000). The
DOI reference can be provided after a comma at the
end of each reference.

TAXONOMIC PUBLICATIONS

Bothalia — African Biodiversity & Conservation publishes
taxonomic findings where these align with the scope
and focus of the journal (see Scope and Focus of Botha-
lia — African Biodiversity & Conservation). For such works
the following headings should be used:

The Abstract and Introduction must follow the guide-
lines for full length articles, as described above.

Research method and materials
(first-level heading):

e Materials (second-level heading): Briefly explain
from which institutions material was studied, and
whether any fresh material was collected as part of
the study. If field collecting did take place explain
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where this was carried out, over what time period
and how samples were collected.
Procedure (second-level heading): Explain how

observations, measurements and illustrations were
done, and what equipment was used.

Taxonomic treatments (first-level heading):

This section serves as a guide to understand and stan-
dardise the presentation of taxonomy in research ar-
ticles and short communications.

More details of rules that must be adhered to can be
obtained from:

The International Plant Names Index at
http://www.ipni.org/

International Association for Plant Taxonomy at
http://www.iapt-taxon.org/

The International Commission for Zoological No-
menclature (http://www.iczn.org)

The following sequence and format must be followed
for taxonomic treatments in Bothalia — African Biodiver-
sity & Conservation:

Species treatments:

e Basionym (the first name validly published, which
has priority over other names later given to the same
species): Name (bold, not italicised), author citation
(italicised), author/s of paper in which basionym sta-

ted (if different from original author, not italicised).

Name of the journal/publication written out in full
(not italicised), volume: page number/range (date of
publication), fig/s.

Type locality: COUNTRY (upper case), as provided
in the original description. Type specimen/s: date
of collection, collector (italicised), collector number
(italicised) (where available), institution code (using
global acronym), catalogue number (where availa-
ble), status (holotype, isotype/syntype, lectotype). If
specimen was examined, this is indicated by a ‘!’
after the specimen status.

Additional references, in chronological order, with
author: page (year of publication), figure number/s
reflected (e.g. Boris et al.: 14 (1966); Boris: 89
(1967), fig. 9.).

List of synonyms in chronological order, arranged in
groups of nomenclatural synonyms (i.e. homotypic
synonyms (based on the same type), followed by
heterotypic synonyms (based on a different type),
arranged chronologically), with references cited as
author, page (year of publication), and figure num-
ber/s listed in chronological order.

Identification of illegitimate names in the nomen-
clatural component must be accompanied by an
appropriate indication of the reason for their illegi-
timacy. The type details for each heterotypic syno-
nym should be included (institution code followed
by catalogue number where available and type stat-
us), and those specimens examined by the author/s
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must be indicated by an exclamation mark. The full
reference for citations must be included in the Ref-
erence List.

Examples:

1. Eremiolirion amboense (Schinz)
J.C.Manning & C.A.Mannheimer
in Bothalia 35: 117 (2005), fig. 4.
Type: South West Africa [NAMIBIA],
Amboland [Ovamboland], Ongangua
[Ondongwa], without date, Ruatanen
344 (Z.holo!).

Walleria gracilis (Salisb.) S.Carter in
Kew Bulletin 16: 189 (1962). Andro-
syne gracilis Salsb.: 61 (1866). Type:
SOUTH AFRICA, Western Cape,
William Marsden [BM, holo!; drawing
in Salisbury mss.8: 818 (BM)].

W. armata Scltr. & K.Krause in Krause:
235 (1921). Type: SOUTH AFRICA,
[Western Cape, near Klawer], [Farm]
Windhoek, 8 July 1896, R. Schlechter
8074 (B, holo [not seen]; BM!, BR!,
COl!, GRA!, K, MO!, PRE!, S!. iso).

Plagiotaphrus improvisus (Attems
1934) Hoffman in Revue de Zoologie
et de Botanique Africaines, 83 (3—-4):
209 (1971), fig. 2. Megaskamma
improvisa: Attems: 16: 13 (1934), figs
14-17. Type: ANGOLA, near Cuanza
River, Biéi District, Jan. 1932, F. Haas
(SMF 1694, holo. [not seen] 1T male).

e Lectotypes or neotypes should be chosen for correct

names without a holotype. It is not necessary to lec-
totypify synonyms. When a lectotype or neotype is
newly chosen, this should be indicated by using the
phrase “here designated”. If reference is made to a
previously selected lectotype or neotype, the name
of the designating author and the literature reference
should be given. In cases where no type was cited,
and none has subsequently been nominated, this
may be stated as “not designated”.

Description of new taxa:

e All newly described taxa and newly proposed syn-

onyms and new combinations should be explicitly
designated as such, e.g. fam. nov., trib. nov., gen.
nov., sp. nov., nom. nud., syn. nov., comb. nov.

Name (bold, not italicised) sp. nov.
authority (if different to the authors of
the manuscript)

TYPE/S: (holotype followed by
paratype/s) (COUNTRY (upper case),
province (bold), locality as given

by original collector (if in foreign
language or using archaic or outdated
place names then these must be
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placed in inverted commas, with
modern equivalent of collecting
locality in square brackets (if rele-
vant)), geographic co-ordinates (if
the geographic co-ordinates were
not provided on the specimen label
or provided by the collector, and
were identified by the author using a
gazetteer or Google Earth, this must
be indicated by including the co-
ordinates in square brackets, altitude,
habitat or other available, relevant
collecting details, date of collection,
collector’s name (italicised), collec-
tor’s number (italicised) (if available),
(institution where specimen is housed
(using global acronyms for these),
catalogue number (if available),
number of specimens by male and
female (where relevant)).

Examples

1. Lasiosiphon rigidus J.C.Manning &
Boatwr., sp. nowv.

TYPES: SOUTH AFRICA, Northern
Cape, Tankwa [Tangua] Karoo
National Park, SW foot of Leeuberg,
along drainage lines, [32°18,2'S /
20°0.3’E, 414 masl], 20 Jun. 2012,
Manning 3363 (NBG, holo., MO,
PRE, iso).

Doratogonus microsetus sp. nov.

TYPES: SOUTH AFRICA, Mpuma-
langa: Wakkerstroom, 27.36670°S
/30.01670° E, 20 Dec, 2000, D.
Forbes (NMSA 21786, 1 male holo.;
NMSA 21787, 2 males, 1 females,
para.).

Second-level headings for taxonomic treatments:

202

Description (with third-level headings if required,
and according to diagnostic characters for the par-
ticular taxon)

Distribution and habitat
Ecology

Etymology

Local name/s

Uses / economic value
Diagnosis and relationships

Conservation status — comment on whether includ-
ed in existing Red Lists, or whether the species
would potentially qualify as threatened and describe
current and potential threats.

Other material examined (country (upper case),
province (bold): locality as given by original collec-
tor, modern equivalent of collecting locality in square
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brackets (if relevant), co-ordinates (degrees, minutes
decimal) (in square brackets if gazetteer or Google
Earth used by author), approximate altitude, date of
collection, collector’s name (italics), collector’s num-
ber (italics) (if available) (institution where specimen
is housed (using international acronym or code for
these), catalogue number (if available), number of
specimens by male and female (where relevant)).

List of specimens must be arranged alphabetical-
ly by country, and within countries, by province in
alphabetical order, and within provinces, alphabeti-
cally by locality name, and as far as possible keeping
those specimens from the same locality together,
then in chronological order by collection date.

Herbarium acronyms follow Index Herbariorum
[Thiers, B. [continuously updated]. Index Herbari-
orum: A global directory of public herbaria and as-
sociated staff. New York Botanical Garden’s Virtual
Herbarium. http://sweetgum.nybg.org/ih/]. The ac-
cepted acronyms for other institutions can be ob-
tained from the Clobal Registry of Biorepositories
(CRBio) (http://grbio.org).

Original locality information in a foreign language or
using archaic/outdated place names should be indi-
cated using inverted comas, with any relevant cor-
rections for modern usage, including conversions to
metric units, added in square brackets.

The date of collection is to be presented as day,
month of the year (abbreviated as Jan., Feb., Mar.,
Apr., May, Jun., Jul., Aug., Sept., Oct., Nov., Dec.),
and year in full.

Geographic co-ordinates must be presented as
taken from a GPS, or from an online gazetteer or
georeferencer in degrees, decimal minutes (DDM).
Records must also indicate the hemisphere (E or W
and N or S, and the estimated/approximate altitude.
If the geographic co-ordinates and approximate al-
titude were not provided on the specimen label or
provided by the collector, and were identified by
the author, this must be indicated by including the
co-ordinates in square brackets.

For species that may be threatened by over-collec-
ting, the co-ordinates can be degraded to reflect
only the degrees and minutes. In the case of old
specimens where the exact locality is unknown the
degree and minutes or equivalent, or the degree or
quarter degree grid square can be provided.

Examples:

1. SOUTH AFRICA. Western Cape:
Near Eendekuil, western foot of
Piekenierskloof Pass, [32°37.136'S
/ 18°57.525’E 476masl], 28 Aug.
2009, Magee, Boatwright, Manning
and Goldblatt 161 (NBG, PRE,

K, BOL); roadside near Gouda,
[33°37.136’S/ 19°2.044'E, 85masl],
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09 Sept. 1951, Esterhuysen 18840
(BOL [3 sheets], K, PRE).Tulbagh,
33°17.126'S / 19°8.257"E, 162masl,
Sept. 1919, Bolus 16734 (BOL);

. SOUTH AFRICA: KwaZulu-
Natal: Nkandhla Forest, in forest
along dirt road, 28°43'38.592"S /
31°07’58.281"E, 1121 masl, 19 Noy,
2001, A. Armstrong & H. Murray
(NMSA 21970 [1 male, 1 female]).

Language for these sections must be as concise as pos-
sible, using principles instead of verbs.

The remaining first-level headings (Discussion, Con-
clusions, Acknowledgements, Competing interests,
Authors’ contributions and References) must follow the
same format as for full length articles, as detailed above.

Images — low resolution version in the text file; high res-
olution files — correctly labelled — as separate JPG, TIF
or EPS files.

Identification keys: Dichotomous keys must use se-
quential numbering, with the two parts of the couplet
numbered 1a, b; 2a, b etc. New species included in
keys must be bolded and not italicised, and sp. nov.
must be stated, while other species names must not be
bolded, must be italicised, and must include the species
authority in the correct format.

lllustrations for taxonomic works: Descriptions of
new plant species should include a photograph of the
holotype specimen, unless there is a good reason for
not providing this. For all taxa, descriptions of new spe-
cies and taxonomic revisions should include annotated
illustrations that clearly show and indicate diagnostic
characters.

Nomenclatural changes

Bothalia — African Biodiversity & Conservation will ac-
cept notes on nomenclatural changes. Authors are
encouraged to include all name changes into a single
manuscript and not to split these into separate manu-
scripts. Note that where a nomenclatural changes are a
formality, and not based on research findings presented,
the manuscript may not be subjected to a full review
process. In such cases the publication will clearly state
that the paper has not been peer reviewed.

Range extensions / new distribution records

Bothalia — African Biodiversity & Conservation will accept
new distribution records where these have an impact on
the conservation status of a species, or they represent a
new country record. Single new distribution records will
only be considered for publication where these are of
major significance, and authors are encouraged to com-
pile all new distribution records into a single manuscript
and not to split these into several papers.
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SANBI

Biodiversity for Life
South African National Biodiversity Institute

BIODIVERSITY KNOWLEDGE
INTO POLICY AND ACTION

The South African National Biodiversity Institute (SANBI) is a state

entity under the Department of Forestry, Fisheries and the Environment,

whose mission is to champion the exploration, conservation, sustainable
use, appreciation and enjoyment of South Africa's exceptionally rich
biodiversity for all people. SANBI uses basic information on biodiversity and
builds on this foundation through assessments, experiments, models and tools
to provide evidence-based advice. In this way we influence policymakers and
citizens and contribute to government's higher objectives of resilient biodiversity
for poverty alleviation, job creation and improving human wellbeing. SANBI
provides knowledge for ecosystem restoration and rehabilitation, leads the human
capital development strategy of the sector, and manages eleven national botanical ]
gardens and two zoological gardens as windows to South Africa's biodiversity for *Q
enjoyment and education. <

FOUNDATIONS OF BIODIVERSITY

Our work starts with a strong foundation through surveying, classifying and mapping South Africa's
ecosystems and species.

STATE OF BIODIVERSITY

We build on this foundation through assessments and monitoring, to answer questions about the status of our biodiversity
and the best ways to protect it and its benefits to society.

SCIENCEINTOPOLICY AND ACTION

Using this knowledge we translate science into policy and action by creating tools and information resources, and giving policy
advice that assists those who make decisions about land use and natural resources, while aiming for objectives such as poverty
alleviation, job creation and improved human wellbeing. Biodiversity sustains us through providing water and energy; nourishes
us through providing food; inspires us through education and art; protects us through providing shelter; connects us through
our heritage; and empowers us in terms of development and economic growth. Through all of this biodiversity and natural
resources provide opportunities for job creation, improved service delivery and a better life.

https://www.facebook.com/SouthAfricanNationalBiodiversityInstitute/ https://www.instagram.com/sanbi_za/

m https://www.linkedin.com/in/sa-biodiversity-sanbi-9444b7140/ https://www.threads.net/@sanbi_za @sanbi_za
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The SANBI Bookshop is located at the National Herbarium in the Pretoria National Botanical Garden.
Come and visit the Bookshop for all your popular and scientific biodiversity publications in one place.The
Bookshopis open from 08:00 to 16:00, Monday to Friday (excluding public holidays).

For more information,
e-mail sanbibookshop@sanbi.org.za
or call +27 12 843 5099
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