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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 

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 Biodiver-
sity & Conservation will be reviewed by experts in the 
field and will undergo a double-blind review process.

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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Background and objectives: Long-term studies of woody plants in South Africa 
are scarce. This study, initiated in the late 1970s, therefore aids understanding of 
vegetation dynamics in the southern Kalahari by investigating woody vegetation 
change at and away from a watering point.

Methods: At three sites, all woody individuals were counted by species in plots 
0.5 or 1 ha in size. Seedlings were noted separately from the >0.2 m group of 
individuals. 

Results: Vachellia erioloba and shrub density decreased over time whereas dwarf 
shrub species’ numbers fluctuated markedly. Additionally, no increase in density 
of known bush encroaching species (e.g. Grewia  flava, Rhigozum  trichotomum 
and Senegalia mellifera) was found in this large conservation area.

Discussion and conclusion: The changes in density of the woody species seem 
to point to the importance of particular rainfall patterns or sequences of events 
over different years that are responsible for these changes in the southern Kalahari, 
and the evident lack of bush encroachment in this conservation area supports the 
notion that bush encroachment in arid savannas is driven primarily by land-use 
practices and not by elevated carbon dioxide levels that are sometimes provided 
as cause for encroachment.

Key words: bush encroachment, conservation area, Kgalagadi Transfrontier Park, 
southern Kalahari, Vachellia erioloba, vegetation dynamics, watering point.

Introduction
Detecting environmental change at multiple spatial and temporal scales 
through biotic and abiotic research is of crucial importance not only to pol-
icymakers and scientists, but also to natural resource managers (Haase et al. 
2018; Parr et al. 2002; Peters et al. 2014). Long-term monitoring can be used 
as a tool to assess the past management of natural resources, but also provides 
an understanding of ecological patterns and processes, which can improve de-
cisions on the management of ecosystem assets (Lindenmayer & Likens 2009).

Lindenmayer and Likens (2010) identified three broad, long-term monitor-
ing approaches, these are: (i) curiosity-driven or passive monitoring; (ii) man-
dated monitoring; and (iii) question-driven monitoring. The first type, passive 
monitoring, usually has no specific questions or underlying study design and 
has limited rationale other than curiosity, while the second type, mandated 
monitoring, is a requirement of government legislation or a political directive. 
Question-driven monitoring, the third type, generally tests predictions that are 
guided by a conceptual model and rigorous design. The categories are, how-
ever, not mutually exclusive.
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There are still relatively few biodiversity time-series that 
span decades (Magurran et al. 2010) and this is particu-
larly true for woody species (Moustakas et al. 2008). In 
the southern hemisphere, observational networks and 
research investment are largely lacking, and therefore 
even relatively short-term current and archived his-
torical data sets can provide baselines for investigating 
change (Chambers et al. 2016). 

Numerous surveys were initiated in the Kalahari Gems-
bok National Park (KGNP) [now part of the Kgalakga-
di Transfrontier Park (KTP)] to document vegetation 
change from 1978 onwards. The aim of this paper is 
to report on the monitoring that was initiated at three 
sites after a number of years with above-average rain-
fall, and follows a passive monitoring approach. The 
principal questions asked at the time were: how does 
the woody vegetation change at and away from a wa-
tering point, and what is the rate of survival at each 
of the sites? Although the research was not hypothesis 
driven (Lindenmayer & Likens 2010), monitoring was 
conducted over nearly four decades and therefore the 
data warrant exploration and reporting.

Study area
The study was conducted in the KGNP in South Af-
rica. The KGNP covers about 9 600 km² and is situ-
ated between 24°15’  S and 26°30’  S and 20°00’  E, 
and 20°45’ E in the southwestern corner of the Kala-
hari region (Van Rooyen et al. 2008). Monitoring was 
conducted at three sites in the vicinity of the Dankbaar 
watering point, which was opened in 1959 (Figure S1). 
The study sites were situated within the Acacia (Vach­
ellia) erioloba–Schmidtia kalahariensis Low Duneveld 
(Van Rooyen et al. 2008). This open tree savanna oc-
curs in the interior duneveld in the northern part of the 
park. The vegetation is dominated by V. erioloba and 
S.  kalahariensis (grass), with other prominent woody 
species being Boscia albitrunca, Rhigozum trichotomum 
and Senegalia mellifera. 

Rainfall is received mainly in late summer with a mean 
of 194 mm/yr recorded from 1976 to 2015 at Nossob 
Rest Camp (Figure S2). The rainfall is highly erratic 
(standard deviation ± 88.8 mm) and occurs primarily 
from January to April, with a peak in March. Tempera-
tures show a large amplitude with winter lows reaching 
-10.3°C and summer highs reaching 45.4°C (Van Rooy-
en & Van Rooyen 1998).

Methods
Study sites
Three study sites were established in the interior dune
veld between 1978 and 1982. The first site was 5 km 

to the east of the watering point (25°03’39.13” S and 
20°07’17.37”  E) (hereafter referred to as EoWP) and 
monitoring commenced in 1978. The second site, 
at the Dankbaar watering point, (25°04’10.90”  S and 
20°05’47.50” E) (hereafter referred to as WP), was mon-
itored for the first time in 1980. At the third site, 5 km 
to the north of the watering point, (25°01’39.45” S and 
20°05’0.30” E) (hereafter referred to as NoWP), mon-
itoring started in 1982. At the time when monitoring 
commenced, WP was dominated by a dense stand of 
V. erioloba saplings; NoWP had an intermediate den-
sity of relatively young V. erioloba individuals; where-
as EoWP was a mixed stand of mature V. erioloba and 
Vachellia luederitizii individuals at a low density. The 
plots at WP and NoWP were 0.5 ha in size, while the 
plot EoWP was 1 ha in size. In each plot, all woody indi-
viduals were counted by species. Additionally, seedlings 
(individuals <0.2 m tall) were noted separately from the 
sapling and mature group of individuals (>0.2 m indi-
viduals). All three plots were monitored intermittently, 
i.e. WP sampled 16 times, NoWP 14 times and EoWP 9 
times, including the initial and 2016 surveys. 

Statistical analysis
To visualise change in density over time at the differ-
ent sites, we used linear regressions with the natural 
log (=ln) density (number of individuals/ha) per spe-
cies over time (survey years), in the package Graphpad 
Prism (version 5, graphpad.com). Data for each site 
were analysed separately. Only species that occurred 
in the plots on four or more occasions were included in 
the analyses i.e. a minimum of four data points.

A linear regression of (a) seasonal; (b) annual; or (c) the 
cumulative annual rainfall of the previous three years 
against the annual change in tree density between two 
survey years was investigated.

Results
Generally, the density of tree species declined over the 
monitored period (Table 1). Furthermore, this decline 
was significant for Vachellia erioloba individuals (>0.2 
m) at WP and NoWP (Figure 1a). Additionally, the seed-
lings (< 0.2 m) of V. erioloba decreased significantly at 
WP (Figure 1b). 

For the numerous shrub species counted in the plots 
during the monitoring period (Table 1), shrub density 
declined significantly for only three shrub species i.e. 
Ehretia alba, Lycium bosciifolium and Rhigozum tri­
chotomum. Densities of E.  alba showed a significant 
decrease at WP and EoWP (Figure 2a). Lycium bosciifo­
lium density decreased significantly at WP (Figure 2b). 
Rhigozum trichotomum density also declined signifi-
cantly NoWP (Figure 2c).
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Table 1: Equations, r²- and p-values of the polynomial regressions fitted to the density data at three sites (watering point, north of watering 
point and east of watering point) illustrated in figures 1, 2 and 3. Only species with a minimum of four data points were used in the 
analyses.

Species Watering point (WP) 5 km north of watering 
point (NoWP)

5 km east of watering point 
(EoWP)

Trees

Boscia albitrunca y = 0.0069x + 17.323, r² = 
0.015, p = 0.650

y = 0.002x – 3.684, r² = 
0.011, p = 0.730

y = -1.4E-05x + 3.301, r² = 
1.11E-07, p = 0.999

Vachellia erioloba (sapling/
mature)

y = -0.040x + 84.232, r² = 
0.383. p = 0.011*

y = -0.040x + 84.711, r² = 
0.0.907, p = 1.52E-07***

y = -0.033x + 68.864, r² = 
0.272, p = 0.1499

Vachellia erioloba (seedlings) y = -0.377x + 752.291, r² 
= 0.617, p = 0.021*

y = 0.022x – 42.021, r² = 
0.025, p = 0.801

y = -0.002x + 5.338, r² = 
0.005, p = 0.972

Vachellia haematoxylon y = 0x + 0.693, r² = 1 y = 0.017x – 32.452, r² = 
0.137, p = 0.293

-

Vachellia luederitzii (sapling/
mature)

y = -0.065x + 122.126, r2 
= 0.439, p = 0.007

- y = -0.020x + 43.232, r² = 
0.679, p = 0.006**

Vachellia luederitzii 
(seedlings)

- - y = -0.503x + 1000.157, r² 
= 0.600, p = 0.124

Shrubs

Ehretia alba y = -0.079x + 159.184, r² 
= 0.697, p = 0.0001***

- y = -0.030x + 62.889, r² = 
0.0.527, p = 0.027*

Grewia flava y = -0.012x  + 25.484, r² = 
0.0.018, p = 0.633

- y = 0.0167x – 30.388, r² = 
0.118, p = 0.406

Grewia retinervis y = 0.065x – 127.501, r² = 
0.206, p = 0.365

- y = -0.008x + 18.888, r2 = 
0.002, p = 0.916

Lycium bosciifolium y = -0.067x + 136.606, r² 
= 0.390, p = 0.013*

- y = -0.038x + 79.961, r² = 
0.331, p = 0.233

Rhigozum trichotomum y = -0.0258x + 55.088, r² 
= 0.189, p = 0.093

y = -0.051x + 104.018, r² 
= 0.534, p = 0.001**

y = -0.019x + 44.091, r² = 
0..398, p = 0.093

Searsia tenuinervis - - y = 0.028x – 55.349, r² = 
0.397, p = 0.130

Senegalia mellifera (mature) - - y = -0.010x + 19.963, r² = 
0.091, p = 0.429

Senegalia mellifera (seedlings) - - -

Dwarf shrubs

Aptosimum albomarginatum - - y = -0.114x + 232.37, r² = 
0.978, p = 0.011*

Asparagus nelsii - y = -0.028x + 59.187, r² = 
0.378, p = 0.019*

-

Chrysocoma obtusata y = 0.091x – 178.253, r² = 
0.376, p = 0.059

- -

Hermannia burchelli - - -

Hermannia tomentosa - - -

Justicia incana y = -0.095x + 193.492, r² 
= 0.474, p = 0.013*

- y = -0.111x + 227.312, r² 
= 0.754, p = 0.005**

Plinthus sericeus y = 0.038x + 73.733, r² = 
0.217, p = 0.293

y = 0.069x – 135.134, r² = 
0.247, p = 0.100

-

Pollichia campestris y = -0.034x + 71.169, r² = 
0.190, p = 0.119

y = -0.038x + 79.328, r² = 
0.395, p = 0.016

-
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Overall, the dwarf shrub species showed large fluctu-
ations in density over the monitored period, with no 
clear trends evident (Table 1). The density of Asparagus 
nelsii (EoWP), Aptosimum albomarginatum (NoWP), 
Justicia incana (WP, EoWP) and Pollichia campestris 
(NoWP) decreased significantly over the monitoring 
period (Figure 3). 

No relationship between tree density and seasonal or 
annual rainfall or the cumulative annual rainfall of the 
previous three years was found. This does not exclude 
rainfall as driving factor, but seems to point towards 
the effect of a particular rainfall pattern or sequence of 
events over different years that is responsible for chang-
es in tree densities. 

Discussion 
The authors acknowledge that this study was limited by 
the number of sites lacking replication and the possibil-
ity that individuals were missed during the field surveys, 
however the length of the study warrants exploration of 
the data set. 

The most outstanding feature of this long-term data 
set is the significant decrease in density of V. erioloba 

(>0.2m) individuals at two sites (WP, NoWP) (Figure 
1). The most prominent decline was for V. erioloba at 
WP from the early 1980s until the mid-1990s, a period 
when the mean annual rainfall was below average for 
most years (Figure S2). This dry period followed on a 
wet cycle in the late 1970s that preceded the surveys. 
The large numbers of seedlings could have been the af-
termath of the wet cycle and their demise as a result of 
the following dry cycle in the 1980s. Numerous authors 
have reported large numbers of V.  erioloba seedlings 
following above average rainfall periods (Barnes 2001a, 
Moustakas et al. 2008, Seymour 2008), however, sur-
vival of V. erioloba seedlings is very low (Barnes 2001b, 
Seymour & Milton 2003, Steenkamp et al. 2008, Van 
der Merwe et al. 2019) due to either drought, frost, 
herbivory or fire. The low survival of seedlings was sup-
ported by the results of this study.

When monitoring commenced, the density of the  
V. erioloba >0.2 m individuals was approximately five-
fold higher at WP than to the north thereof and 36-fold 
higher than at EoWP. Such high densities of saplings are 
quite uncommon in the interior duneveld (pers. obs. 
N.v.R) and this raises the question as to whether the 
high densities are in some way associated with the wa-
tering point opened in 1959, 21 years prior to the com-
mencement of vegetation monitoring. Vachellia erioloba 

Figure 1. Linear regressions of the natural 
logarithm of the number of individuals 
per hectare, indicating significant trends 
in density of Vachellia erioloba over 
time. (a) >0.2 m individuals, and (b) 
seedlings. WP = Watering point, NoWP 
= North of watering point. 
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is often perceived by landowners as an encroaching 
species in the Kalahari (Seymour & Milton 2003) and it 
could be speculated that this species encroached at the 
watering point after it was opened and before monitor-
ing started. However, the speculated encroachment did 
not continue during the monitoring period. 

In 2016, the density of V. erioloba at WP was 29% and 
NoWP 19% of the initial density. It is therefore un-
likely that borehole drawdown (Shadwell & February 
2017) led to the dieback of trees at WP, since a similar 

decrease also occurred away from the watering point. 
The large decrease in density in young individuals at 
WP and NoWP could largely be ascribed to density- 
dependent self-thinning, whereby density decreases 
with a concomitant increase in biomass of the remain-
ing individuals (Silvertown & Charlesworth 2001). 

At the three sites shrub densities generally decreased 
significantly or remained relatively constant. Three of 
these tall shrubby species are often associated with 
bush encroachment on heavily utilised farmland in the 

B

A

C

Figure 2. Linear regressions of the natural 
logarithm of the number of individuals 
per hectare indicating significant trends 
in density of shrub species over time. 
(a) Ehretia alba; (b) Lycium bosciifolium; 
and (c) Rhigozum trichotomum. WP = 
Watering point, NoWP = North of wa-
tering point, EoWP = East of watering 
point. 
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Figure 3. Linear regressions of the natural loga-
rithm of the number of individuals per hect-
are indicating significant trends in density of 
dwarf shrub species over time. WP = Water-
ing point, NoWP = North of watering point, 
EoWP = East of watering point. (a) Aptosim­
um albomarginatum; (b) Asparagus nelsii; (c) 
Justicia incana; and (d) Pollichia campestris. 
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Kalahari i.e. Grewia flava, Rhigozum trichotomum and 
Senegalia mellifera (Joubert et al. 2013, Moleele et al. 
2002, Moore et al. 1988, Tews et al. 2004, Van Rooyen 
et al. 1994). However, densities of these known en-
croachers remained relatively constant (G. flava at WP 
and EoWP, S. mellifera at EoWP) or decreased signifi-
cantly for R. trichotomum (NoWP) over the monitoring 
period at all sites.  

The dwarf shrub densities showed large variability, as 
large as ten-fold, across the survey period. These fluc-
tuations between high and low densities occurred at 
shorter time intervals than for the tree species. 

Overall, the changes in density of the woody species 
seem to point to the importance of particular rainfall 
patterns or sequences of events over different years 
that are responsible for these changes in the south-
ern Kalahari (Van Rooyen et al. 1990, 1994). Further-
more, the lack of evidence of bush encroachment in 
this conservation area at the three sites, one of which 

is situated at a watering point, supports the notion that 
bush encroachment in arid savannas is driven primarily 
by land-use practices and not by elevated carbon di-
oxide levels that are sometimes provided as cause for 
encroachment (Nackley et al. 2018).

Conclusions 
Monitoring was initiated based on a simple passive 
monitoring question of ‘How does vegetation change 
over time?’ The authors acknowledge that such re-
search may be limited in usefulness as cautioned by 
Lindenmayer and Likens (2010), however, due to the 
length of the data set, investigation was justified. A 
similar decline in density of V. erioloba tree seedlings 
and >0.2 m individuals was found at and away from 
the watering point. Furthermore, the density of known 
bush encroaching species at the watering point did not 
increase over the monitored period. 
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Supplementary Material

FIGURE S1: Location of the Dankbaar ar-
tificial watering point and two sites sit-
uated 5 km to the north and east of the 
watering point in the Kalahari Gemsbok 
National Park.

FIGURE S2: Seasonal rainfall (Au-
gust of one year to July of the 
next year) at Nossob Rest Camp 
from 1976 until 2016. Orange 
line represents the mean annu-
al rainfall of 194 mm (standard 
deviation ±88.8 mm). Data 
provided by the South African 
National Parks. 
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Background: Deforestation is a complex and dynamic process of widespread 
concern in sub-Saharan Africa that is influenced by a range of social, economic 
and biophysical factors. 

Objectives: The aim of this study was to analyse patterns of deforestation and its 
potential drivers in the Licuáti Forest Reserve, a biodiversity hotspot in southern 
Mozambique, between 1990 and 2016. 

Method: We performed image classification on Landsat imagery at six time steps 
and interviewed local community members to understand the spatial pattern and 
rate of forest cover loss over time. We also examined changes in the incidence 
of fire.  

Results: A substantial increase in the rate of deforestation since 1990 was de-
tected in this vulnerable thicket vegetation. The probability of deforestation was 
significantly higher near the major roads, where houses are located. This suggests 
that the proximity of human settlements to the forest, and access to charcoal 
markets in urban areas, influenced the spatial pattern. Two key factors, charcoal 
production and the establishment of settlements and agricultural lands, were 
identified as proximate causes of deforestation. In addition, fires associated with 
these two causes might amplify the loss of forests in the area. 

Conclusions: Complex interactions between the drivers of deforestation and socio- 
economic factors were suggested, as most of the charcoal produced in the re-
gion is transported to Maputo. Ongoing road improvements and infrastructural 
development in the region will likely accelerate the decline in forest cover in the 
future. This has implications for the biodiversity of the region as well as for the 
sustainability of local livelihoods, as they often depend on forest products for 
their daily uses.

Keywords: charcoal production; deforestation; Maputaland; remote sensing; tra-
ditional authority

Introduction
Deforestation is a major environmental concern in sub-Saharan Africa. How-
ever, it is a complex and dynamic process influenced by many different so-
cial, economic and biophysical factors (Geist & Lambin 2002; Kleemann et al. 
2017; Woollen et al. 2016). In addition, the sustainability of forest resources is 
influenced by the type of disturbance, the ability of different species to regrow, 
and by climatic conditions (Tredennick & Hanan 2015; Wollen et al. 2016). 
While some of the drivers of deforestation (e.g. population growth and rapid 
urbanisation) might be common within a region or continent (Geist & Lambin 
2002; Hosonuma et al. 2012; Rudel 2013), its impact on local livelihoods is 
likely to be case specific (Woollen et al. 2016).

Long-term changes in forest cover in a global 
biodiversity hotspot in southern Mozambique
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Because of the various functions and roles of forests, the 
effect of deforestation can result in a decline in essential 
ecosystem services (Ryan et al. 2016). These include the 
provision of timber and water, climate regulation, carbon 
sequestration, and the safeguarding of biodiversity (Han-
sen et al. 2013; Millennium Ecosystem Assessment 2005; 
Turner, Lambin & Reenberg 2007). In sub-Saharan Africa, 
a reduction in forest cover can also directly affect the live-
lihoods of millions of people. Rural households often de-
pend on many different goods and services from forests, 
including fuelwood, food, and medicine for their domes-
tic use or as a source of income (e.g. Bandyopadhyay, 
Shyamsundar & Baccini 2011; Cavendish 2000). Further-
more, in urban areas, charcoal derived from forest trees 
is still a major energy source used for cooking (Zulu & 
Richardson 2013). Past studies have suggested that char-
coal production, fuelwood extraction, timber harvesting 
and the expansion of agricultural fields are key proximate 
causes of deforestation. These factors, in turn, are influ-
enced by several important socio-economic changes in a 
country or region, such as population growth, urbanisa-
tion and economic growth (Ahrends et al. 2010; Burgess 
et al. 2017; Hosonuma et al. 2012; Mayaux et al. 2013; 
Rudel et al. 2009). The effects of these socio-economic  
changes on deforestation have been investigated mainly 
at national scale (e.g. DeFries et al. 2010; Rudel 2013), 
and regional scale studies are still limited in sub-Saharan 
Africa (Ryan, Berry & Joshi 2014). 

This study focused on the Licuáti Forest Reserve in 
southern Mozambique. We investigated the historical 
pattern and rate of deforestation and its potential driv-
ers using remote sensing techniques and an interview 
survey undertaken with local inhabitants. Due to a di-
verse biota and high endemism of species, the region 
has been recognised as a global biodiversity hotspot 
(Siebert et al. 2002; Steenkamp et al. 2004; Van Wyk 
1996). At the same time, the prevalence of extreme 
poverty is an important social issue, with more than 
40% of the rural population living below the poverty 
line (Alfani et al. 2012; Direcção Nacional de Estudos e 
Análise de Políticas 2010). Many of the rural households 
in the study area depend on natural resources from the 
surrounding forests for their livelihoods (Kloppers 2001; 
Soto, Munthali & Breen 2001). Furthermore, people’s 
livelihoods and forest uses have changed substantial-
ly since 1992 when the decades-long civil war ended. 
The end of conflict triggered rapid economic growth in 
the country and has led to important changes in land-
use practices, such as land and infrastructure develop-
ment, and increased harvesting of natural resources in 
the region (Kloppers 2001; McGregor 1998; Siebert et 
al. 2002). One of the major consequences of the socio- 
economic and demographic changes in post-civil  
war Mozambique has been the rapid loss of forest 
cover, which declined by 0.58% per annum between 
1990 and 2002 (Sitoe, Salomão & Wertz-Kanounnikoff 
2012). Although information about deforestation is 
available globally since 2000 (Hansen et al. 2013), little 

is known about the reasons for forest cover change, 
especially at local-level. Long-term analyses of forest 
cover change, therefore, need to be contextualised in 
terms of how anthropogenic pressures might have influ-
enced such changes. 

Our aim in this study was to: 1) map and quantify the 
historical pattern of deforestation in rural southern Mo-
zambique after the civil war to the present (1990–2016); 
2) identify potential drivers of deforestation and discuss 
their effects in a socio-ecological context; and 3) provide 
future perspectives on how the use of natural resources 
impacts further on the environment. The results provide 
fundamental information to better plan and conserve 
natural resources and livelihoods in the region, as well 
as to help anticipate potential future changes.

Method
Study area

The Licuáti Forest Reserve (LFR) is located in Matutu-
ine District in southern Mozambique, approximately 
50 km south of Maputo, the capital city of Mozambique 
(Figure 1A). In southern Mozambique, mean annual 
rainfall declines from east to west with approximate-
ly 1 100 mm falling along the coastline and 600 mm 
further inland in the LFR (Izidine, Siebert & Van Wyk 
2003; Van Wyk 1996). The land is mostly flat and com-
prises predominantly of aeolian sand. Along the Ma-
puto and Tembe rivers, however, alluvium clayey soils, 
which are more suitable for farming, are also common 
(Izidine et al. 2003). 

The LFR contains floristically unique Licuáti Thicket 
(also known as Short Sand Forest) and Licuáti Forest 
(Tall Sand Forest), and forms the core of the Maputa-
land Centre of Endemism. This is a region within the 
Maputaland–Pondoland–Albany biodiversity hotspot 
where high levels of endemism and biodiversity have 
been recognised (Izidine et al. 2003; Van Wyk 1996). 
At least 35 Maputaland endemic species have been re-
corded in the LFR, and among these, 20 species have 
restricted distributions in the reserve (Izidine 2003). 
Licuáti Thicket is a particularly important habitat for 
many endemic species in the region. It is characterised 
by dense woody vegetation in the shrub layer, which 
occurs to a height of 5–6  m (Gaugris & Van Rooyen 
2008). Common species in the shrub layer include 
Psydrax locuples, P.  fragrantissima and Warneckea par­
vifolia, while Balanites maughamii and Afzelia quanzen­
sis emerge above the canopy. Licuáti Forest has similar 
species composition but has a taller structure up to 15 m 
in height. These two vegetation types, Licuáti Thicket 
and  Licuáti Forest, are typically located in a matrix of 
open woodland dominated by Terminalia sericea, Albi­
zia versicolor, Albizia adianthifolia var. adianthifolia or 
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grassland, which is structurally and floristically different 
(Izidine 2003; Siebert et al. 2002) and does not form 
part of this analysis. 

Historically, the Licuáti Thicket and Licuáti Forest have 
been considered sacred with logging controlled by tra-
ditional leaders (Izidine 2003; Izidine et al. 2008). In 
1943, the colonial government designated the area as a 
forest reserve to protect the commercially valuable Af­
zelia quanzensis, which was common in the LFR at the 
time. The boundary of the LFR is not clearly defined, but 
widely recognised among local people as the area be-
tween Tembe and Maputo rivers and the Bela Vista–Bo-
ane and Bela Vista–Catuane roads (Izidine et al. 2009).

During the period of Mozambican civil war (1976–
1992), rural areas in southern Mozambique were de-
populated. Many people evacuated to the neighbouring 
countries or cities, and 72% of the current population of 
Matutuine District had lived elsewhere during this pe-
riod (Kloppers 2001; McGregor 1998). The vegetation 
appeared to have recovered over this period as a result 
of the lower population and less intense pressure from 
human activities (Siebert et al. 2002), although char-
coal production, which started as early as 1979, con-
tinued throughout the war (McGregor 1998). After the 
ceasefire in 1992, people returned from refugee camps 
and neighbouring countries and agricultural lands were 
quickly reopened (Sitoe et al. 2012; Smith et al. 2008). 

It has been a concern in recent years that intensi-
fied human pressure has caused degradation and 

deforestation in the LFR. It was reported that the LFR 
has not been functioning as a reserve due to the lack of 
effective management and monitoring in recent years 
(Izidine et al. 2009). The potential direct threats not-
ed were the selective logging of commercially valuable 
timber species, charcoal production, and land develop-
ment (Izidine et al. 2003; Siebert et al. 2002). Fires also 
pose a direct threat to the vegetation of the LFR (Izidine 
2003), particularly if they increase in frequency. 

Deforestation mapping

Data and pre-processing

A total of six cloud-free and terrain-corrected (L1T) 
Landsat TM, ETM+ and OLI images were downloaded 
from USGS Earth Resources Observation and Science 
(EROS) Center Science Processing Architecture (ESPA) 
system (https://espa.cr.usgs.gov/) (Supplementary Infor-
mation, Table 1). Top of atmosphere radiance imagery 
was used. To reduce error caused by phenological vari-
ation, all the images selected were from the late grow-
ing season (April to June), when cloud cover was also 
relatively low. The floodplain along the Maputo River 
(approximately 15 m in elevation) was excluded from 
the analysis, because discussions with members of the 
surrounding communities indicated that most of the 
land had been used for the cultivation of rice prior to 
1990. The images were clipped to encompass the study 
area, and then six bands were used for the following 
analysis: RGB, NIR, SWIR1 and SWIR2.

Figure 1. (A) Location of the Licuáti  
Forest Reserve in southern Mo
zambique, and (B) deforestation 
map for the study area between 
1990 and 2016. The Core Licu
áti Forest Reserve is shown as 
the two patches of almost conti
guous green vegetation outlined 
in black, running from north to 
south and slightly left of centre 
in the image. Green colour indi-
cates the extent of forest cover 
in 2016.
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Analysis

A map of deforestation over the period 1990 to 2016 
was produced using a combination of unsupervised and 
supervised image classification techniques. A flowchart 
of the procedure followed in this analysis is provided in 
Supplementary Information, Figure 1. Firstly, six bands 
of each time step of the Landsat image were classified 
into 30 spectral classes, which could adequately differ-
entiate forest cover across the study site, applying the 
k-means algorithm of unsupervised classification. Next, 
the 30 spectral classes were merged into three informa-
tion classes: forest, not forest, and unknown, based on 
user knowledge of the area and image interpretation to 
true-colour composited from the same set of the Land-
sat images. In this study, we defined forest as the areas 
covered by more than 70% by woody plants, and treat-
ed Licuáti Thicket and Licuáti Forest as one class (forest). 
This differentiated the structure of Licuáti Thicket and 
Licuáti Forest from the other vegetation types (e.g. open 
woodland). Secondly, a training dataset was generated 
from the images produced by the previous step. The 
pixels labelled as ‘unknown’ at the previous step were 
excluded from the training dataset. The rest of the pixels 
were assigned to one of six classes; persistent not forest, 
deforestation between 1990 and 2001, deforestation 
between 2001 and 2007, deforestation between 2007 
and 2013, deforestation between 2013 and 2016, or 
persistent forest. For example, a pixel identified as ‘for-
est’ in 1990 and then ‘not forest’ over the period 2001 
to 2016 was classed as ‘deforestation between 1991 and 
2001’, and a pixel classified as ‘forest’ for all five time 
steps was categorised as ‘persistent forest’. This study 
assumed that after deforestation, the transition from 
‘not forest’ to ‘forest’ did not occur during the period 
over which our study took place and pixels indicating 
regrowth (transition from ‘not forest’ to ‘forest’) were ex-
cluded from the training data set. This assumption was 
based on the understanding that Licuáti Thicket and 
Licuáti Forest are very stable over time (Izidine 2003; 
Matthews et al. 2001) and has not expanded during the 
period of analysis. It is also based on our observations 
in the field of the irreversibility of deforestation and the 
unidirectional nature of land use change. After this, 300 
pixels were randomly selected for each class, and then 
split into 200 training pixels and 100 validation pixels. 
Finally, all the Landsat images (six bands, five time steps) 
were stacked together and a direct supervised classifi-
cation was performed with a support vector machine 
(SVM) using ‘rasclass’ package (Wiesmann & Quinn 
2016) in R (ver 3.1.0, R Core Team 2014).

The forest extent and deforested area were estimated 
from the deforestation map produced following the ap-
proach outlined above. The mean annual deforestation 
rate was calculated using the compound interest for-
mula (Puyravaud 2003, Supplementary Information). 
The pattern of deforestation was analysed for the entire 
study area and the floristically important Core Licuáti 

Forest Reserve (CLFR) separately. The CLFR was de-
fined as comprising the two biggest patches of the mo-
saic of Licuáti Thicket and Licuáti Forest, and followed 
the approach of Izidine (2003) who identified these 
patches by visual interpretation of aerial photos (Figure 
1B). To understand the influence of the roads, the dis-
tance from the major roads to each pixel was measured 
in QGIS (ver 2.10.1 Pisa). From this, the probability of 
forest loss (response variable) was tested against the dis-
tance from the major roads (explanatory variable) using 
the logistic regression model for each time step. Statisti-
cal analysis was implemented in R (R Core Team 2014). 

An assessment of accuracy was performed comparing 
the classified deforestation map and validation dataset. 
In addition, forest cover in 2013 and 2016 was vali-
dated independently using very high resolution imagery 
from Google Earth (ver 7.1.7.2606, Google Inc) and a 
true colour composite Sentinel-2 image from the Sen-
tinel Scientific Data Hub (https://scihub.copernicus.eu) 
captured within four months from the date of the Land-
sat imagery. 

Visual interpretation of very 
high resolution images

To understand the causes of deforestation in the LFR, vis-
ible disturbances, including fire, charcoal kilns, roads and 
tracks, were interpreted from very high resolution images 
from Google Earth and then marked on the map in se-
lected locations. The imagery used for this analysis was 
taken in early 2000s and September 2015. In addition, 
the locations of all houses in the study area were record-
ed from Google Earth images obtained from August to 
September 2015. In this study a house was defined as an 
artificial roofed structure larger than 3 m × 3 m. No dis-
tinction was made between schools, hospitals, and other 
public buildings because those were indistinguishable 
from other dwellings in the satellite images. Then, the 
point data indicating the locations of houses was raster-
ised at 30 m spatial resolution, and the distance from the 
major roads to each pixel in which a house or group of 
houses was located, was measured in QGIS (ver 2.10.1 
Pisa). To test if the proximity of roads influenced the spa-
tial distribution of houses, the presence or absence of 
houses in each pixel was regressed against the distance 
from the major roads using a logistic regression model.

Fire history 

A fire history map was produced using MODIS burned 
area monthly product (MCD45A1). The data for the pe-
riod January 2001 to December 2015 were download-
ed from Earth Explorer (http://earthexplorer.usgs.gov/), 
following which burned areas were mapped across the 
study area. The number of fire occurrences and the size 
of the burned area were estimated at five year intervals 
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for the study area, for a 1 km buffer area around the 
CLFR, as well as for the CLFR separately.

Interviews with leaders, government 
representatives and resource users 

Semi-structured interviews were conducted in March 
2016 with 30 members of the local community to un-
derstand the uses, current regulation, and enforcement 
of resource use protocols within the LFR. Interviewees 
included three traditional leaders, one government 
representative, seven community officials, eight char-
coal producers, and 11 other members of the local 
community. The traditional leaders were selected from 
Pochane, Jabula and Tinonganine, which are all local-
ities within the LFR. The interviews were undertaken 
with each community member separately or in small 
groups of two to five people, depending on the atten-
dance of the interviewees.

Field observations

Fallen trees, charcoal kilns and other processes related to 
charcoal production were recorded in the field. The lo-
cation and the number of charcoal bags were also count-
ed along the major roads during the course of traversing 
the region. Field surveys were undertaken on two sepa-
rate occasions; in October 2015 and March 2016.

Results 
Pattern of deforestation 

The extent of forest cover in the study area has de-
creased from 772.7 km2 in 1990 to 549.1 km2 in 2016. 
The annual rate of deforestation has increased from 
0.8% in 1990–2001 to 2.3% in 2013–2016, suggest-
ing intensified deforestation in recent years (Table 1). 
In the Core Licuáti Forest Reserve (CLFR), the annual 
rate of deforestation was relatively low and stable be-
fore 2007, but has increased since this date to match 
that of the wider study area. The CLFR has lost 13% of 
its extent over the past 25 years. 

The pattern of deforestation illustrated in Figure 1B 
shows that more severe deforestation has occurred in 
the western and northern part of the study area, espe-
cially within the area along the Tembe River and the 
Bela Vista–Boane Road. There was a significant effect 
of the distance from the major roads on the probabil-
ity of deforestation for all the periods (p < 0.001, see 
Table 2 for the details). The deforestation hotspots (i.e. 
areas of greatest loss in forest cover) have also shifted 
over the past 25 years. Between 1991 and 2001, for-
est loss occurred mostly in the area near the Tembe 

River. However, since 2001, forest loss has taken place 
at multiple locations near the major roads and has been 
advancing further from the roads over time (Figure 2). 

The overall accuracy of the classification approach used 
was estimated at 98% while the kappa coefficient was 
0.98. An independent accuracy assessment for forest 
cover based on Google Earth high resolution imagery 
and Sentinel-2 imagery resulted in an overall accuracy 
of 86% in 2013 and 91% in 2016 (see Supplementary 
Information, Tables 2–4 for the details).

Visual interpretation of 
the disturbances

Multiple human disturbances, including charcoal pro-
duction, fire, establishment of new settlements and 
small scale agriculture, were observed in the satellite 

Table 1. Changes in the extent of forest (km2) and in the annual 
rate of deforestation (%) in the wider study area as well as the 
Core Licuáti Forest Reserve (CLFR) in southern Mozambique 
estimated by an analysis of Landsat imagery between 1991 
and 2016

Area

Period Study 
area 

Core Licuáti 
Forest Reserve 

Forest extent 
(km2)

1990 772.7 159.0

2001 706.4 156.9

2007 663.0 154.5

2013 588.6 145.8

2016 549.1 137.7

Annual 
deforestation 
(%)

1990–2001 0.8 0.1

2001–2007 1.1 0.3

2007–2013 2.0 1.0

2013–2016 2.3 1.9

Table 2. Statistical summary of logistic regression models testing 
the effect of distance from the major roads (explanatory vari-
able) on the probability of forest loss in four time steps and 
distribution of houses (response variables)

Response 
variables

Period χ2 df p value

Forest loss 1990–2001 50323 858550 < 0.001

2001–2007 9291 784867 < 0.001

2007–2013 35672 736702 < 0.001

2013–2016 12594 653972 < 0.001

Houses - 3529 1445474 < 0.001

df: degrees of freedom
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images (Figure 3). Small scale agriculture and houses 
were normally found within a short distance from the 
major roads (Figure 3A, B). Charcoal kilns were mostly 
located in the CLFR, notably around former emerging 
trees (Figure 3C). Commonly, charcoal kilns were found 
prior to the occurrence of larger scale forest clearing 
(Figure 3A, B). Fires of various sizes were observed from 
the edge of the forest and thicket as well as near the 
deforested area. 

The causes of the fire were not visible from the im-
ages, but the location of the burned area implied that 
charcoal production and land clearing to create open 
space for agriculture were the major causes of the fires. 
Typically, the network of roads and tracks penetrated 
into the CLFR to connect the charcoal kilns, agricultural 
fields, houses and major roads. 

Houses were distributed throughout the study area 
but were significantly confined to locations near the 
major roads (p < 0.001, Table 2) (see Supplementary 

Information, Figure 2). Of the 6,008 houses counted, 
51.3% were located within 500 m of a major road. The 
location of villages and larger settlements overlapped 
with deforestation hotspots. 

Fire history

Frequent fires were observed near the Maputo and 
Tembe rivers where lands are used predominantly for 
agricultural production (see Supplementary Informa-
tion, Figure 3). Fire was recorded only occasionally in 
the CLFR between 2001 and 2005, and relatively infre-
quently in the surrounding 1 km buffer during this time 
step. Over time, however, the trend has been for an 
increase in fire frequency, especially in the northeast-
ern part of the study area (Table 3). However, many of 
the relatively small scale fires were not detected in this 
product, as burned areas observed by the visual inter-
pretation of high resolution images (Figure 3) were not 
recorded by the MODIS burned area product.

Figure 2. Changes in the mean annual area (ha) of deforestation in the wider study area around the Licuáti Forest Reserve in southern 
Mozambique in different distance classes from the major roads between 1990 and 2016. Distance classes were segmented in 1 km 
intervals.

Table 3. Size of burned area and the number of fires within a 1 km buffer area around the Core Licuáti Forest Reserve (CLFR) as well 
as in the CLFR itself in southern Mozambique estimated by MODIS burned area product (MCD45A1) in three time steps between 
2001 and 2015

Period

2001–2005 2006–2010 2011–2015

Area burned (km2)

Study area 131.6 133.7 194.1

Buffer (1 km from CLFR) 0.7 13.9 25.0

Core Licuáti Forest Reserve (CLFR) 0.0 2.1 11.7

Number of fires

Study area 133 130 166

Buffer (1 km from CLFR) 2 15 26

Core Licuáti Forest Reserve (CLFR) 0 7 17
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Interviews with leaders, government 
representatives and resource users 

Local inhabitants of the study area indicated that they 
are allowed to extract resources from the forest includ-
ing medicinal plants, building material, firewood and 
charcoal. Many of the respondents suggested that ex-
ploitation of forest resources in the study area started 
before independence in 1975. Resources were mainly 
exploited to fulfil the basic needs at local level and, be-
cause of this, the impacts had been relatively low. How-
ever, the rapid increase in human population in both 
rural and nearby urban areas, together with shortages 
of food resulting from long periods of drought, has led 
to the overexploitation of natural resources, particularly 
wood for charcoal production. Respondents indicated 
that charcoal produced in the study area is often sold 
to dealers and transporters from the nearby cities of 
Matola and Maputo. Currently, the extraction of wood 
for charcoal production is turning into a small industry. 

Local inhabitants also suggested that many people who 
do not reside in the area have invaded the LFR with 
more sophisticated equipment, including vehicles and 
chainsaws, to produce charcoal from the woody plants 
in the study area. 

The Mozambican government has worked closely with 
local communities within the LFR area in the past to 
ensure the sustainable exploitation of natural resources. 
Certain members of the communities were appointed 
as ‘community rangers’ and were tasked with patrolling 
the forest to control fire and illegal timber exploitation, 
and to avoid the cutting of non-authorised tree species. 
Trees with edible fruits such as Dialium schlechteri as 
well as timber species such as Afzelia quanzensis were 
not allowed to be harvested for the production of char-
coal. This regulation is widely recognised among the 
surrounding communities. For more than 10 years, 12 
members of the community from the Pochane area, 
for example, worked to patrol the forest. However, at 
present none of them is still active primarily because 

A

B

C

2002 2015

2002 2015

2004 20151 km

Figure 3. Examples of high resolution Google Earth images of selected areas located primarily within the Core Licuáti Forest Reserve 
and where forest loss has been prominent since 1991. Images in the left columns were obtained in 2002 and 2004, and the middle 
column in 2015, while images in the right column show a deforestation map produced from Landsat images. For each of the histor-
ical images, the disturbances were visually interpreted and outlined as reflecting a road or path (white line, with dotted line for the 
narrower paths), fire (orange polygon), charcoal kiln (red triangle), houses (yellow circle and area) and agriculture land (green area). 
Note that colour and contrast of the historical images were enhanced to improve visibility. 

A
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of a lack of incentives. The absence of community 
rangers has enabled outsiders to access the CLFR to ex-
ploit trees for the production of charcoal regardless of 
whether they are edible or timber species. 

The three traditional leaders interviewed suggested that 
the sacred sites within the LFR had historically always 
been respected by local communities. However, the 
presence of outsiders has meant that the beliefs and 
practices that preserved some of the forest patches 
within the CLFR are becoming less effective. 

Field observations 

Charcoal kilns were frequently observed in the LFR. 
Typically, tall trees such as Afzelia quanzensis, Balanites 
maughamii, Dialium schlechteri and Newtonia hildeb­
randtii, with stems larger than 50 cm in diameter were 
the prime target for the production of charcoal. Usually, 
all vegetation growing within 10–15 m radius from the 

target tree was cleared, and all trees with stem diam-
eters larger than 15 cm were cut to produce charcoal 
(Figure 4A). Cut trees were stacked in mounds 5 to 10 m 
in diameter and then covered with soil and set alight to 
create a kiln, which burned for several days (Figure 4B, 
C). Little recruitment of vegetation was found around 
the kilns even after several years.

The bags of charcoal collected from the kilns were sold 
along the main roads, which extend from the large 
cities (Maputo and Matola) to LFR (Figure 4D; Sup-
plementary Information, Figure 4). A total of 937 and 
1 074 bags of charcoal were counted along the major 
roads around LFR in October 2015 and March 2016 
respectively. One bag of charcoal was usually made up 
of two polypropylene woven bags (each of which is 50 
× 120 cm and commonly used for the containment 
of 30  kg of grain) stitched together to pack charcoal 
(Figure 4D). The price of charcoal in March 2016 was 
250 MT (approximately USD 5) per bag near the LFR 
and 600 MT per bag in the urban markets. 

Figure 4. Photos showing the process of charcoal production and trading around the Licuáti Forest Reserve in southern Mozambique. 
(A) A large Newtonia hildebrandtii harvested for charcoal; (B) a charcoal kiln, comprising piled-up, recently-cut timber, which is then 
covered with twigs and set alight to produce charcoal; (C) an old charcoal kiln (front) and a burning kiln with smoke (back); and (D) 
bags of charcoal sold on the road side.
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Evidence of the use of other natural resources was also 
observed, including the harvesting of timber for com-
mercial sales, poles for construction materials, and 
the removal of bark for dye and medicinal purposes. 
However, the observed uses for these purposes were 
far less frequent and on a much smaller scale. Thus, 
their impact on the vegetation in the LFR is considered 
relatively minor compared to the impact caused by the 
removal of trees for the production of charcoal.

Discussion
Pattern of deforestation

Forest cover has been continuously reduced in southern 
Mozambique in the past 25 years as human pressure 
on the land and on its natural resources has been grow-
ing. The rate of deforestation has been accelerating, 
especially over the past ten years. Although direct com-
parison is difficult due to differences in methodology 
and survey periods, our estimates of past (1990–2001) 
rates for deforestation of 0.1% per annum for the Core 
Licuáti Forest Reserve  (CLFR), and 0.8% per annum for 
the study area as a whole, were lower than the defor-
estation rates calculated for the Maputo province be-
tween 1990 and 2002, which were recorded as 1.67% 
per annum (Sitoe et al. 2012). Recent (2013–2016) 
estimated rates for deforestation of 1.9% per annum 
for the CLFR and 2.3% per annum for the study area, 
however, exceeded those figures.

The pattern of deforestation exhibited considerable 
spatial variation over time. The distribution and shifts in 
deforestation hotspots suggest that both social and eco-
logical factors influence this pattern. For example, the 
proximity to major roads, settlements and distribution of 
alluvial soil along the rivers affect the pattern of defor-
estation as does the distribution of tall, emergent trees 
in the Licuáti Thicket. The effects of the social and eco-
logical factors strongly relate to the key proximate causes 
of deforestation, especially charcoal production, estab-
lishment of settlements and increase in agriculture lands. 

A series of accuracy assessments confirms overall good 
matches in the remote sensing analysis.  However, the 
estimated loss in forest cover might either be overesti-
mated, because this study assumed that little regrowth 
had occurred during the study period, or underestimated 
because small scale deforestation and degradation may 
not be sufficiently detected due to limitations in the spa-
tial resolution of the Landsat imagery used in the analysis.

Drivers of deforestation

Charcoal production is the major driver of deforestation 
in the broader study area as well as within the CLFR. 

Large trees have been selectively logged and turned 
into charcoal on site, and then transported to the cities, 
such as Maputo and Matola, where many of the house-
holds use charcoal as a major source of energy (Puná 
2008; Sitoe et al. 2012). Working on the basis that one 
traditional kiln produces 10–20 bags of charcoal, the 
volume of charcoal recorded at the roadside alone at 
one point in time is enough to account for 50–100 kilns 
(Ellegård et al. 2002; Puná 2008). More serious defor-
estation in the area near the major roads and at closer 
proximity to the settlements suggests that accessibility 
to these major charcoal markets influences the rate and 
extent of deforestation. Similar patterns have also been 
observed in other areas in Mozambique (Jansen, Bag-
noli & Focacci 2008; Sedano et al. 2016), as charcoal 
is usually transported to the cities by trucks, often a few 
hundred kilometres away from the forests where it is 
produced (Ellegård et al. 2002). On the other hand, 
the effect of other local uses of natural resources is con-
sidered minor. For example, local people who collect 
firewood for cooking usually do not fell large trees in 
the process (Cuvilas, Jirjis & Lucas 2010; Ellegård et al. 
2002; Sitoe et al. 2012).

Land use/land cover change has occurred mostly at 
the edges of the forest, especially around the villages, 
major roads and along the Tembe River. The alluvi-
al clayey soil along the Tembe River is more suitable 
for agriculture (Siebert et al. 2002; Smith et al. 2008), 
which probably accounts for why the riverine forest 
along the Tembe River was the first forested area to be 
transformed into agricultural land after the ceasefire in 
1992. In the CLFR, current land use practices suggest 
that deforestation due to the establishment of settle-
ments and agricultural lands has been limited to the 
northwestern part of the reserve. The low agricultural 
potential of the infertile and water repellent soils of the 
Licuáti Thicket and Licuáti Forest (Kirkwood 2002; Sie-
bert et al. 2002), may prevent its large-scale conversion 
to agricultural fields. Land already transformed prior to 
1990 was likely used for small scale agriculture, grazing 
for cattle and housing.

Fires have become more frequent in the study area and 
could have a significant impact on the vegetation in 
the CLFR. The results suggest that most of the fires ob-
served were initiated in the process of charcoal produc-
tion, or during the clearing of land either for agriculture 
or settlements, and then spread causing further loss of 
forest cover. However, Licuáti Thicket and Licuáti For-
est are characterised by having a relatively narrow mar-
gin of bare soil extending a few metres from the edge 
of the vegetation (Matthews et al. 2001). This naturally 
occurring bare area acts as a fire break and because of 
this the CLFR has been less impacted by fire than areas 
outside of the reserve. The long-term effect of fire on 
the Licuáti Thicket and Licuáti Forest is still unknown. 
Fire affects seed germination of certain species in the 
Licuáti Thicket (Kirkwood 2002), but destructive fires 
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in this vegetation type have also been reported (Izidine 
2003; Matthews et al. 2001). 

While charcoal production and land use/land cover 
change directly affect the extent and rate of deforesta-
tion, indirect effects may facilitate further degradation 
and deforestation. For example, to enable the transpor-
tation of the charcoal, a network of roads and tracks 
connect recently opened areas. The creation of road 
networks leads to the further removal of vegetation, 
and can facilitate the establishment of an agricultural 
field along the road (Sitoe et al. 2012). Also, as the dis-
tance to the large, target trees increases, second-tier, 
less profitable remaining trees, which are initially over-
looked by producers, can be harvested and even rel-
atively degraded forest may be further cleared (Sitoe 
et al. 2012). These findings highlight the multiple and 
inter-related causes of deforestation, while the complex 
linkages make it difficult to isolate the specific influenc-
es of different drivers.

The spatiotemporal patterns of deforestation imply that 
there is an increasing demand for land and for the in-
come that can be derived from the exploitation of nat-
ural resources and further points to the unsustainable 
practice of deforestation. The charcoal producers now 
migrate further away from cities and roads than ever 
before to harvest trees and produce charcoal (Ellegård 
et al. 2002; Puná 2008), while farmers travel further 
to clear vegetation to start farming. Many trees in the 
region grow slowly at rates of only 2–5 mm in diameter 
per year (Gaugris, Van Rooyen & Bothma 2008; Kirk-
wood 2002) and once large trees have been harvested, 
it will take hundreds of years for saplings to grow to the 
same size. This unsustainable practice will damage the 
natural resources of the area and may result in a reduc-
tion in the supply of necessary products and services for 
rural livelihoods, such as fuelwood and medicine, from 
Licuáti Thicket and Licuáti Forest.

As is the case elsewhere in Mozambique (Ryan et al. 
2014; Sitoe et al. 2012), these findings emphasise the 
importance of socio-economic factors as the underly-
ing causes of deforestation in the region. For example, 
the demand for charcoal has been boosted by a rapidly 
growing urban population. From the charcoal supplier 
side, prevailing poverty in the rural areas and lack of 
employment have encouraged people to become in-
volved in the charcoal business (Puná 2008; Ryan et al. 
2014; Sitoe et al. 2012). People returning home after 
the civil war, coupled with population growth in the 
rural areas of southern Mozambique, increased anthro-
pogenic pressure on natural resources in the study area. 
In addition, a lack of effective management, monitoring 
and law enforcement, together with the weakened in-
fluence of traditional leaders on natural resource use, 
particularly by outsiders, has also had an effect on these 
dynamics (Izidine et al. 2008).

Future perspectives

The projected population growth in cities and the prov-
inces in southern Mozambique (Instituto Nacional de 
Estatística 2010) suggests that there will be continuous 
and intensifying anthropogenic pressure on natural re-
sources in the future. Moreover, the recently completed 
road upgrade between the Mozambique–South Africa 
border and Boane through the Licuáti Forest Reserve, 
and the completion of the bridge over Maputo Bay, 
may accelerate deforestation in southern Mozambique 
by providing better market access to the cities. Without 
an affordable alternative for charcoal for urban house-
holds, the waves of deforestation described by Ahrends 
et al. (2010) for Dar es Salaam are likely to expand 
south from Maputo into the wider LFR area as well. 

Changes in socio-economic conditions in the future will 
increase anthropogenic impact on the remaining for-
ests, and may further increase the threats to biodiver-
sity and cause the possible deterioration of rural liveli-
hoods. Deforestation will reduce the habitats of several 
endemic plant species that have strong affinities with 
thicket vegetation such as Empogona maputensis, Psy­
drax fragrantissima and Warneckea parvifolia. As shown 
in other studies, tall emerging trees play a dispropor-
tionately important ecological role in these forests and 
will disappear as a result of the selective logging of large 
individuals. For example, pods of Afzelia quanzensis are 
known to be a key food source of mammals (Gathua 
2000). If deforestation leads to the depletion of the re-
sources, local people will not only lose the source of 
income, but access to other forest products such as fire-
wood and medicinal plants will also be affected. The 
forest is also a sacred site, which, if lost, will also affect 
the cultural identity and practices of the surrounding 
communities (Izidine et al. 2008, 2009).

Conclusion
The results suggest that the rate of deforestation in the 
study area is influenced strongly by outsiders who sup-
ply the energy needs of the neighbouring urban areas 
(especially Maputo) with charcoal produced from trees 
within the wider Licuáti Forest Reserve (LFR) and in-
creasingly, from the Core Licuáti Forest Reserve itself. 
To slow this impact there is an urgent need to return 
control of the LFR resources to the surrounding com-
munities themselves and to those responsible for the 
wise stewardship of the resources of the reserve. The 
successful community-based forest management strat-
egies, which have worked so successfully to protect the 
resources of LFR in the past, should be supported and 
enhanced. There is also a need for new initiatives, such 
as the provision of solar and gas-generated sources of 
energy, particularly in the neighbouring cities, to min-
imise the need for charcoal itself. To inform this, more 
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ecological and socio-economic studies should be un-
dertaken. These include an evaluation of the role of fire 
in the dynamics of the Licuáti Thicket and Licuáti Forest 
vegetation as well as an understanding of the livelihood 
activities that rely on the production and trade of char-
coal. A full assessment of the impact of the charcoal 
trade on local communities will guide effective, equita-
ble and realistic planning in the region.
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Supplementary information
Calculation of deforestation rate

To calculate r, mean annual rate of change of forest cover, we used the following 
formula after Puyavaud (2003)

where A1 and A2 are the forest cover at time t1 and t2, respectively.

Landsat images used in the study
SI Table 1. Details of the Landsat images used in this study

Sensor Date ID

Landsat 5 TM 1990 June 02 LT51670781990153JSA00

Landsat 7 ETM+ 2001 May 08 LE71670782001127SGS00

Landsat 5 TM 2007 April 30 LT51670782007120JSA00

Landsat 8 OLI 2013 May 16 LC81670782013136LGN01

Landsat 8 OLI 2016 May 24 LC81670782016145LGN00

Accuracy assessment
SI Table 2. Confusion matrix of direct classification using a support vector machine algorithm (NF: persistent non forest, FL1990–2001: 

forest loss 1990–2001, FL2001–2007: forest loss 2001–2007, FL2007–2013: forest loss 2007–2013, FL2013–2016: forest loss 2013–
2016, PF: persistent forest)

Validate dataset Row 
total

User’s 
accuracyNF FL1990–2001 FL2001–2007 FL2007–2013 FL2013–2016 PF

M
ap

pe
d 

cl
as

sif
ic

at
io

n NF 98 4 0 0 0 0 102 96.1%

FL1990–2001 1 95 0 0 0 0 96 99.0%

FL2001–2007 1 1 97 1 0 0 100 97.0%

FL2007–2013 0 0 3 99 0 0 102 97.1%

FL2013–2016 0 0 0 0 100 0 100 100.0%

PF 0 0 0 0 0 100 100 100.0%

Column total 100 100 100 100 100 100 600 -

Producer’s accuracy 98.0% 95.0% 97.0% 99.0% 100.0% 100.0% - -

Overall accuracy: 98.2%    Kappa coefficient: 0.98

SI Table 3. Confusion matrix of independent accuracy assessment comparing Google Earth 
imagery with the extent of forest estimated by a support vector machine algorithm in 2013

Validate dataset
Totals User’s 

accuracyNon forest Forest

Mapped classification Non forest 43 7 50 86.0%

Forest 7 43 50 86.0%

Column total 50 50 100

Producer’s accuracy 86.0% 86.0%

Overall accuracy: 86.0%    Kappa coefficient: 0.72
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SI Table 4. Confusion matrix of independent accuracy assessment comparing Google Earth 
imagery and Sentinel-2 with the extent of forest estimated by a support vector machine 
algorithm in 2016

Validate dataset
Totals User’s 

accuracyNon forest Forest

Mapped classification Non forest 47 3 50 94.0%

Forest 6 44 50 88.0%

Column total 53 47 100

Producer’s accuracy 88.7% 93.6%

Overall accuracy: 91.0%    Kappa coefficient: 0.82

SI Figure 1. Flowchart of de-
forestation analysis used in 
this study. Each grey square 
represents one image at one 
time step, while each dotted 
square represents selected 
pixels in a raster file.
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SI Figure 2. The location of human 
settlements in the wider study 
area in southern Mozambique. 
Dotted lines indicate the Core 
Licuáti Forest Reserve, while 
red dots indicate the distribu-
tion of houses identified by high 
resolution Google Earth imagery 
taken over the period August to 
September 2015.

SI Figure 3. Fire history map of the study area in southern Mozambique estimated by MODIS burned area product (MCD45A1) in three 
time steps between 2001 and 2015. The Core Licuáti Forest Reserve is outlined in black as is a 1 km buffer area (red line) around 
the CLFR. 
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SI Figure 4. Distribution of charcoal bags sold along the road side in southern Mozambique in October 2015 (left) and March 2016 
(right).
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Background and objectives: Species composition and distribution in seasonal 
floodplain plant communities are influenced by variation in flooding. Howev-
er, the influence of intra-flooding variation phases on the diversity of seasonal 
floodplain plant communities has not been studied in the Okavango Delta. The 
objective of this study was to investigate environmental factors that influence 
species composition and distribution of seasonal floodplain communities before 
and after flooding. It was hypothesised that environmental factors that influence 
the species composition and distribution in seasonal floodplain communities will 
vary with intra-flooding seasons. 

Methods: Flooding depth was measured in May (before flooding) and Septem-
ber (flood recession/after flooding) in forty 25 m2 plots. Flooding duration was 
recorded as the number of weeks in which the plots were inundated. The soil 
was sampled before and after floods and analysed for pH, extractable P, K, Mg, 
Ca and Na. Plant identification and estimation of percentage cover were done 
in the 25 m2 plots in which environmental variables were sampled. The relation-
ship between environmental variables and seasonal floodplain plant community 
composition and distribution was sought using Non-metric Multi-dimensional 
Scaling. Paired Student’s t test was used to compare the means of environmental 
variables before and after flooding. 

Results: Factors that influenced the distribution of species before flooding were 
Na, K, water depth and flooding duration. After flooding, the factors that influ-
enced species composition and distribution were K, Na, Mg, pH, water depth 
and flooding duration. 

Conclusion: These results suggest that during flooding K and Mg are deposited in 
the floodplains due to lateral water flow. Our results also suggest that any water 
abstraction from the Okavango River Basin should take into consideration the 
importance of flooding duration and depth in sustaining species composition and 
distribution of seasonal floodplain plant communities so that such developments 
do not disturb the ecological functioning of the Delta.

Key words: Environmental factors, flooding, flood plain, Okavango Delta and 
vegetation.

Introduction
Seasonal floodplain plant communities are an important component of the 
ecology of the wetland ecosystems. They are dynamic and heterogeneous (Ben-
stead et al. 1997; Toogood et al. 2008) with their species composition and 
distribution influenced by the variation in seasonal flooding, which is a function 
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of topography (Merritt et al. 2009; Oliveria-Filho et al. 
1994; Toogood, Joyce & Waite 2008). Lowly elevated 
floodplains usually have higher water levels and longer 
flooding duration than highly elevated ones (Growing, 
Spoor & Mountford 1998). This results in the lowly el-
evated floodplains being dominated by flood tolerant 
species such as Hydrilla verticillata (L.f.) Royle, which 
grows well when fully submerged and Typha angustifo­
lia L. (Cronk & Fennessy 2000). Highly elevated flood-
plains are dominated by flood intolerant species such as 
Chrysopogon nigritanus (Benth.) Veldkamp, Sporobolus 
spicatus (Vahl) Kunth and Imperata cylindrica (L.) Raeus-
ch. (Bonyongo, Bredenkamp & Veenendaal 2000).

The influence of flooding on plants is reflected in sea-
sonal floodplain vegetation community composition 
and distribution (Oliveria-Filho et al. 1994). Each plant 
species is morphologically and physiologically adapted 
to a range of flooding depth and duration conditions 
(Cronk & Fennessy 2001; Edwards & Kollman 2002; 

Merritt et al. 2009). Morphological adaptation to flood-
ing such as growth of hytrophied lenticels, aerenchyma 
tissue and adventitious roots enhance oxygen transport 
in plants, enabling them to survive flooding conditions 
(Kozlowski 1984). Physiological adaptations to flooding 
include germination inhibition, glycolysis and ethylene 
production (Naiman & Decamps 1997).

The influence of environmental factors that influence 
the plant species composition and distribution in sea-
sonal floodplain communities has been studied in sev-
eral wetland ecosystems such as the Pantanal (Pinder 
& Rosso 1998; Ponce & Da Cunha 1993), the Amazon 
(Junk 1997; Parolin et al. 2006), the Everglades (Davis 
& Ogden 1993), the Kafue (Rees 1978), including the 
Okavango Delta (Biggs 1976; Bonyongo et al. 2000; 
Ellery, Ellery & McCarthy 1993; Ellery & Tacheba 2003; 
Murray-Hudson 2009; Smith 1976; Tsheboeng, Bon-
yongo & Murray-Hudson 2014). In these wetlands 
flooding has been identified as the primary driver of the 

Figure 1. Map showing location of Nxaraga where the study was conducted. From Tsheboeng et al. (2014).
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plant species composition and distribution in seasonal 
floodplain communities (Pinder & Rosso 1998; Ponce 
& Cunha 1993; De Oliveira et al. 2014). 

In the Okavango Delta, previous studies have also at-
tributed plant species composition and distribution 
in seasonal floodplain communities to flooding depth 
(Bonyongo et al. 2000; Murray-Hudson 2009). It has 
also been found that other environmental factors, in-
cluding distance from the water source, ground water 
electrical conductivity, pH, soil chemistry (Ellery et al. 
1993), timing of inundation, soil salinity, and nutrient 
and sediment supply (Ellery & Tacheba 2003) were re-
sponsible for controlling the species composition and 
distribution in seasonal floodplain plant communities. 
However, these conclusions were based on studies con-
ducted during low flood. As a result they do not pro-
vide information on significant environmental factors 
determining seasonal floodplain vegetation community 
composition and distribution during a high flood. 

Furthermore, the previous studies on the species compo-
sition and distribution of seasonal floodplain communi-
ties did not consider the intra-flooding variation phases of 
middle of rainfall season, before flooding and after flood-
ing. To address this, the current study aimed to investigate 
environmental factors determining seasonal floodplain 
vegetation community composition and distribution be-
fore flooding and after flooding during a high flood year 
in the Okavango Delta. It was hypothesised that envi-
ronmental factors that influence the species composition 
and distribution in seasonal floodplain communities in 
the Okavango Delta will vary with flooding phases.

Materials and methods
Study site
This study was conducted in the Okavango Delta in the 
Nxaraga lagoon area (Figure 1). 

The Okavango Delta is fed by local rainfall and sea-
sonal floods from the Angolan highlands (Gumbricht, 
McCarthy & McCarthy 2004), which are asynchronous 
(McCarthy & Ellery 1998). The total flooded area in 
the Okavango Delta ranges between 4  000  km2 and 
13  000  km2 (McCarthy 2006). This variation is influ-
enced by the seasonal variation in the local rainfall and 
flood discharge (Gumbricht et al. 2004). The Delta re-
ceives the lowest inflow between September and No-
vember and receives the highest inflow between March 
and April (McCarthy & Ellery 1998). Mean maximum 
rainfall in the Okavango Delta ranges between 300 
and 550 mm/year (Wilson & Dincer 1976). The annual 
mean flood discharge ranges between 6.0 × 109 m3 
and 16.4 × 109 m3 (Gumbricht et al. 2004) of which 
approximately 96% is lost through evapotranspiration 
while 2% is lost through infiltration (Wilson & Dincer 
1976). Another 2% is lost as outflow through Thamal-
akane River (Wilson & Dincer 1976). 

There are three hydrological regions in the Delta name-
ly: permanent swamp, seasonally flooded floodplains 
(primary and secondary floodplains) and occasionally 
flooded floodplains (tertiary floodplains) (Gumbricht et 
al. 2004). Each hydrological region is characterised by 
a particular range of hydroperiod (Wolski et al. 2006) 
and associated vegetation communities (Bonyongo et 
al. 2000) (Table 1).

The Delta experiences mean monthly maximum and 
minimum summer temperatures ranging from 30.5°C 
to 40°C and 14.8°C to 19.2°C respectively (Ellery 
1991). During winter mean monthly maximum tem-
perature ranges from 25.3°C to 28.7°C and minimum 
temperature ranges from 7.0°C to 10.0°C (Ellery 1991).

Hydrology and vegetation sampling
Flooding depth (in centimetres) was measured using a 
calibrated 2 m PVC pipe in mid-May 2010 (flood prop-
agation) and end of September 2010 (flood recession). 

Table 1: Hydrological regions in the Okavango Delta

Region Area covered (km2) Hydroperiod characteristics Common plant species

Permanent swamp 2 500 Flooded all year round Phragmites australis (Cav.) Trin. ex Steud, 
Cyperus papyrus L and P. mauritianus Kunth

Primary floodplain 690 Flooded every year for 6 to 8 
months. May be flooded for 
12 months during high flood

Cyperus articulatus L, Schoenoplectus 
corymbosus (Roth ex Roem. & Schult.) 
J.Raynal and Miscanthus junceus (Stapf) 
Pilg.

Secondary floodplain 1 347 Flooded up to 5 months Panicum repens L, Setaria sphacelata 
(Schumach.) Stapf & C.E.Hubb. ex Moss 
and Eragrostis inamoena K.Schum.

Tertiary floodplain 7 100 Variable hydroperiod Sporobolus spicatus (Vahl) Kunth and 
Cynodon dactylon (L) Pers.

Adapted from Gumbricht et al. (2004).
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It was measured in 25 m2 permanent plots in each of 
the hydrological regions (Table 1) per flooding season 
(before flooding and flood recession) where vegetation 
and soil were also sampled. A total of 40 plots were 
sampled. The soils were collected from the centre of 
each permanent plot using a soil auger at a maximum 
depth of 30 m. Flooding duration was recorded as the 
number of weeks in which the permanent plots re-
mained inundated. 

Vegetation was sampled from randomly selected plots 
during the same period when flooding parameters were 
sampled. The plots were placed in different floodplains 
of primary (10 plots), secondary (15 plots) and tertiary 
(15 plots) (Bonyongo et al. 2000; Gumbricht et al. 2004; 
Table 1). The dimension for the vegetation plots were 
5 × 5 m. This is the minimal sampling plot area that 
was determined by Bonyongo et al. (2000) for sampling 
the seasonal floodplain vegetation in this study area. In 
each plot, plant percentage cover was estimated follow-
ing the modified method by Braun-Blanquet (Mueller- 
Dombois & Ellenberg 1974). The Braun-Blanquet 
method was used to estimate plant species percentage 
cover using an ordinal scale (Table 2). Percentage cover 
was estimated for the emergent plant species only.

Measured environmental variables

The soil was sampled before and after floods and an-
alysed for pH, extractable P, K, Mg, Ca and Na at the 
University of Botswana Okavango Research Institute 
Laboratory. They were collected at a depth of 30 cm 
from the same 25 m2 plots where plant species were 
sampled. A detailed analysis of soil samples is given in 
Tsheboeng et al. (2014).

Statistical data analysis

The relationship between environmental variables and 
seasonal floodplain vegetation community composition 
and distribution was sought using Non-metric Multi- 
dimensional Scaling (NMS) (Kruskal 1964; Mather 1976) 
in PC-ORD version 6. NMS was used to relate soil nutri-
ents, flooding depth and duration to vegetation commu-
nity composition and distribution. The following param-
eters were used in the NMS: Sorensen distance measure, 
random starting configuration, 50 runs with real data, 
3 dimensions and 100 iterations. Monte Carlo test was 
performed with 20 runs. The total number of iterations 
was 70 in the final solution. NMS does not require as-
sumptions about the underlying distribution of vegetation 
communities. It does not assume linear relationships be-
tween environmental variables (McCune & Grace 2000), 
hence it was suitable for analysing the relationship be-
tween seasonal floodplain vegetation communities and 
environmental variables in the Okavango Delta. The 
paired Student’s t test was used to compare means of 
environmental variables before and after flooding. 

Results
Flooding depth was significantly (p < 0.05) higher in all 
hydrological zones after flooding than before flooding 
(Table 3). The content of K, Ca and flooding duration 
were significantly higher (p < 0.05) before than after 
floods (Table 3). 

Table 2: Modified Braun-Blanquet percentage cover/abundance 
scale

Level Description

5 75–100% plot cover

4 50–75% plot cover

3 25–50% plot cover

2B 15–25% plot cover

2A 5–15% plot cover

2M 1–5% plot cover, over 50 individuals

1 1–5% plot cover, 6–50 individuals

+ Less than 1% plot cover, 3–5 individuals

R Less than 1% plot cover, 1–2 individuals

Table 3: Mean (± standard error) soil nutrient content before flooding and after flood recession in seasonal floodplain zones (N = 40)

Environmental variables Before flooding After flooding p value

Na 246.92 ± 218.91 mg/kg 177.73 ± 103.29 mg/kg 0.159

Mg 405.87 ± 389.24 mg/kg 297.59 ± 188.0 mg/kg 0.284

K 487.53 ± 367.68 mg/kg 322.05 ± 170.59 mg/kg 0.042*

Ca 1297.30 ± 1173.43 mg/kg 560.94 ± 378.53 mg/kg 0.028*

P 2380.45 ± 546.78 mg/kg 2565.64 ± 723.06 mg/kg 0.488

pH 6.87 ± 0.95 6.74 ± 0.77 0.565

Flooding duration (weeks) 68 54 0.0001*

Mean flooding depth 36.5 ± 15.01 cm 73.65 ± 22.64 cm 0.137

*Significant difference at p < 0.05.
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Factors that influence 
floodplain plant community 
composition and distribution

Before floods factors

NMS ordination showed that before flooding, import-
ant factors that influence the distribution of seasonal 
floodplain communities were Na, K, flooding depth 
and flooding duration (Figure 2).

Before flooding Na, Mg, K, Ca and pH were negatively 
correlated with species along Axis 1, but positively cor-
related to those along Axis 2. Flooding duration and P 
were negatively correlated with species oriented along 
Axis 2 while flooding depth was positively correlated to 
both axes (Table 4 and Figure 2). 

After flooding 

After flooding the significant factors that influenced the 
species composition in seasonal floodplain communities 

Figure 2. A biplot showing the interaction between Na, K, flooding depth (WD) and flooding duration (FD) and seasonal floodplain 
species before flooding.
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were K, Na, Mg, pH, flooding depth and flooding du-
ration (Figure 3). 

After flooding Na, Mg, K and Ca were negatively cor-
related with species distributed along axes 1 and 2. 
Flooding duration and pH were negatively correlated 
to axes 1 and 2 respectively. Flooding depth was pos-
itively correlated to both axes, while P was negatively 
correlated to species along axis 2 (Table 5 and Figure 3). 

Discussion
This study showed that there was variation in environ-
mental factors that influence species composition and 
distribution of seasonal floodplain plant communities 
in the Okavango Delta. Factors that significantly influ-
enced plant species composition before flooding are 
Na, K, water depth and flooding duration. However, 

Figure 3: A biplot showing the interaction between Na, K, Mg, pH, flooding depth (WD) and flooding duration (FD) and seasonal flood-
plain species after flooding.
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after flooding there were additional factors of K, Mg 
and pH. This suggests that during flooding these cations 
are deposited on floodplains due to lateral water flow 
resulting in their increased concentration in these hab-
itats. Another explanation of this could be evapo-con-
centration of K and Mg as the flood recedes, which 
results in increased concentrations of these elements. 
As a result their influence on the composition and dis-
tribution of seasonal floodplains becomes significant. 

Species whose distribution was influenced by Na, Mg, K 
and pH include Sporobolus spicatus, Sporobolus acini­
folius Stapf, Cynodon dactylon and Imperata cylindrica. 
These species are generally adapted to saline conditions 
that are associated with these chemicals. Sporobolus spe-
cies are adapted to salinity through increased area of the 
root; stem, leaf blade and leaf sheath (Hameed, Ashraf 
& Naz 2011). Enlargement of these organs enhance 
the excretion of saline ions such as Na+ and Cl- in large 
quantities (Flowers & Colmer 2008). To further enhance 
the excretion of saline ions, Sporobolus species have 
increased vesicular hair density and developed aeren-
chyma tissue (Hameed, Ashraf & Naz 2011). Cynodon 
dactylon survives saline conditions through exclusion of 
toxic ions through leaves enhanced by increased density 
of vesicular hairs on both adaxial and abaxial leaf sur-
faces (Marcum 1999). Imperata cylindrica has also been 
found to survive saline conditions in wetland ecosystems 
(McDonald 2004). This plant copes with salinity through 
anatomical adaptations such as increased succulence of 
the midrib and cortical parenchyma, which may help in 
the sequestration of ions (Hameed, Ashraf & Naz 2009). 
In addition to this, Hameed, Ashraf & Naz (2009) found 
that Imperata cylindrica develops enlarged bulliform 
cells, which help in folding the leaves to minimise water 
loss during salt stress. Other anatomical adaptation strat-
egies in Imperata cylindrica include reduced root area, 
which helps it to absorb Na+ and Cl- in lower quantities 
and development of aerenchyma tissue to enhance ion 
excretion (Hameed, Ashraf & Naz 2011). 

Flooding duration and depth influenced species com-
position and distribution before flooding and after 
flooding. This may have implications for their survival 
during drought conditions caused by climate change. 
It is predicted that hydrological changes resulting from 
climate change will affect species composition and 
distribution such that only species that are tolerant of 
drought conditions survive during low water levels (Mid-
dleton 2009). The influence of flooding duration and 
depth is important from a management point of view in 
the Okavango Delta. Flooding can be manipulated from 
upstream impoundments of the Okavango River Basin, 
which will reduce the inflow into the distal regions such 
as the Okavango Delta in Botswana, which in turn may 
result in changes in floodplain species community com-
position and distribution. This suggests that any water 
abstraction from the Okavango River Basin should take 
into consideration the fact that flooding duration and 
depth are important in sustaining the species composi-
tion and distribution of seasonal floodplain plant com-
munities such that those developments do not disturb 
this. However, experimental studies are still needed to 
give accurate predictions of seasonal floodplain plant 
communities to flooding duration and depth. In this 
study, species that were influenced by water depth in-
clude Oryza longistaminata A.Chev. & Roehr, Nymphaea 
lotus L., Leersia hexandra Sw., Eleocharis dulcis (Burm.f.) 
Trin. ex Hensch and Nymphaea nouchali Burm.f. These 
species are tolerant of prolonged flooding duration and 
high depth. They survive flooding conditions through 
development of fleshy, hollow stems and adventitious 
roots that grow from the submerged nodes (Ellenbroek 
2012). These adaptations help in the absorption of oxy-
gen and carbon dioxide for the processes of respiration 
and photosynthesis respectively. For the absorption of 
light they have developed large leaves to increase the 
surface area (Ellenbroek 2012). 

The findings of this study also agree with results from 
studies conducted elsewhere (e.g. Gregory et al. 1991; 

Table 4: The relationship between environmental variables and 
species distribution along ordination axes before flooding (N 
= 40)

Environmental factor 1 2

r r

Na -0.474 0.314

Mg -0.306 0.148

K -0.448 0.239

Ca -0.288 0.067

P 0.137 -0.154

pH -0.357 0.210

Flooding duration (weeks) 0.660 -0.035

Flooding depth 0.701 0.039

Table 5: The relationship between environmental variables and 
species distribution along ordination axes after flooding (N = 
40)

Axis 1 2

r r

Na -0.521 -0.139

Mg -0.540 -0.027

K -0.565 -0.217

Ca -0.353 -0.237

P 0.142 -0.148

pH -0.774 0.091

Flooding duration (weeks) 0.660 -0.314

Flooding depth 0.660 0.035
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Junk 1997; Rees 1978; Zeilhofer & Schessl 1999). How-
ever, it should be noted that these studies did not inves-
tigate the intra-annual variation of environmental factors 
that influence the species composition and distribution 
in seasonal floodplain communities. In a study in the 
Pantanal seasonal floodplains, Zeilhofer and Schessl 
(1999) found that seasonal floodplain vegetation com-
munity composition and distribution were influenced 
by flooding depth and duration gradient. A short grass-
land vegetation community dominated by flood tolerant 
Vochysia divergens Pohl was found in longer-duration, 
deeply flooded sites, whereas a medium tall grassland 
vegetation community occurred in areas experiencing 
short flooding duration and shallow flooding depth. The 
influence of flooding depth and duration on seasonal 
floodplain plant communities was also observed in the 
Amazon seasonal floodplains (Gregory et al. 1991; Junk 
1997; De Simone et al. 2003). The findings of Rees 
(1978) from a study conducted in the Kafue seasonal 
floodplains also agree with the observation made in this 
study. In that study, floodplain plant communities were 
distributed according to their tolerance to flooding du-
ration and depth gradient. Regions that were frequent-
ly flooded with high flooding duration and depth were 
dominated by Vossia cuspidata (Roxb.) Griff and Echi­
nochloa stagnina (Retz.) P.Beauv. In the Okavango Delta 
past studies also found that flooding duration and depth 
influence vegetation community composition and dis-
tribution (e.g. Biggs 1976; Bonyongo et al. 2000; Ellery 
& Tacheba 2003; Ellery et al. 1993; Murray-Hudson 
2009; Smith 1976; Tsheboeng et al. 2014). 

Conclusion and 
implications for 
management of floodplain 
plant communities in 
the Okavango Delta
This study has shown that there are seasonal variations 
in the environmental factors that influence the species 
composition and distribution of seasonal floodplain 
plant communities in the Okavango Delta. Factors that 

influenced plant species composition and distribution 
before flooding were Na, K, water depth and flooding 
duration. After flooding there were additional factors 
of K, Mg, pH. From a management perspective, this 
study suggests that the influence of these environmen-
tal factors should be considered before any major de-
velopments such as impoundments are implemented 
so that the species composition and distribution are not 
disturbed. To make accurate quantitative projections 
on the changes of species composition and distribution 
that may result from changes in hydrological regime, 
future experimental studies are needed. Those studies 
should quantify the quantity of water needed to sustain 
the seasonal floodplain plant communities in the Oka-
vango Delta. Future studies should also investigate the 
changes in soil nutrient content and toxic substances 
associated with extended flooding duration. Such stud-
ies should also investigate the influence of flooding on 
primary production of seasonal plant communities. 
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Supplementary Information

Supplementary Table 1: Full plant species names for Figures 2 and 3. *Please note that some of these names are no longer considered to 
be current (e.g. Acacia erioloba), however, since these are the names that were entered into the software used for the analyses, they 
are provided here for reference purposes. 

Abbreviation Full name

Aca eri Acacia erioloba

Aca heb Acacia hebeclada

Acr mac Acroceras macrum

Ber ere Berula erecta

Chl gay Chloris gayana

Com imb Combretum imberbe

Cyc tub Cycnium tubulosum

Cym exc Cymbopogon excavatus

Cyn dac Cynodon dactylon

Cyp art Cyperus articulatus

Cyp den Cyperus denudatus

Cyp div Cyperus dives

Cyp lon Cyperus longus

Cyp pap Cyperus papyrus

Dig deb Digitaria debilis

Dig sca Digitaria scalarum

Ele dul Eleocharis dulcis

Era ina Eragrostis inamoena

Era lap Eragrostisl appula

Era rig Eragrostis rigidior

Fim com Fimbristylis complanata

Fui pub Fuirena pubescens

Gis afr Gisekia africana

Gom fru Gomphocarpus fruticosus

Hyp pef Hyphaene petersiana

Imp cyl Imperata cylindrica

Lee hex Leersia hexandra

Abbreviation Full name

Lud lep Ludwigia stolonifera

Mis jun Miscanthus junceus

Nid res Niderolla resedifolia

Nym ind Nymphoides indica

Nym lot Nymphoides lotus

Nymnou Nymphoides nouchali

Ory lon Oryza longistaminata

Oxy cub Oxycaryum cubense

Pan rep Panicum repens

Pas obt Paspalidium obtusifolium

Pec-loe Pechuel-loeschea leubnitziae

Per lim Persicaria limbata

Per sen Persicaria senegalensis

Pot thu Potamogetum thunbergii

Pyc fla Pycreus flavescens

Sac typ Sacciolepis typhura

Sch cor Schoenoplectus corymbosus

Set sph Setaria sphacelata

Sid cord Sida cordifolia

Sor fri Sorghastrum friesii

Sph fri Sphaeranthus friesii

Spo aci Sporobolus acinifolius

Spo spi Sporobolus spicatus

Ver gla Vernonia glabra

Vet nig Vetiveria nigritana

Vos cusp Vossia cuspidata

Ziz muc Ziziphus mucronata
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Abstract: A checklist of genera and species of the Pimeliinae (Tenebrionidae: 
Coleoptera) of the Vhembe Biosphere Reserve is provided. A total of 36 species 
are recorded. We provide brief biological notes on the tribes recorded from the 
Vhembe Region.

Keywords: Darkling beetles, biological notes, Savanna Biome, Limpopo Prov-
ince, Soutpansberg

Introduction
Of the ground-living beetles, Tenebrionidae Latreille 1802 (darkling beetles) 
rank as the seventh most speciose group of beetles (Kergoat et al. 2014). They 
are important detritivores and granivores, and constitute a significant food 
source for reptiles and small mammals, especially in arid and semi-arid envi-
ronments (Polis et al. 1998). 

The darkling beetles of Africa are poorly known, with few taxonomists avail-
able to describe new species, revise groups and offer assistance in determi-
nation of specimens. Yet these beetles show possibly higher levels of diversity 
in the southern hemisphere than in the northern hemisphere, and latitudinal 
gradients in diversity do not quite follow trends observed north of the equator 
(Platnick 1991). The Cape Floristic Region is abundant in tenebrionid tribes 
that have few or no representatives in the sub-tropical savannah (Botes, Mc-
Geoch & Chown 2007; Endrödy-Younga 1988; Kaminski 2016), inadvertently 
giving the impression that this family is species poor in the rest of South Africa 
(Gerlach, Samways & Pryke 2013). 

The Tenebrionidae are remarkably diverse in the arid and semi-arid western 
regions of southern Africa (Koch 1962a) including the Northern Cape, Namibia 
and southern Angola; some groups, such as Caenocrypticus, are restricted to 
this region (Endrödy-Younga 1996). Nevertheless, arid associated taxa (Koch 
1962a) are encountered in the northern bushveld, especially the Limpopo 
Valley north of the Soutpansberg. At least 40 tribes are known to occur in 
sub-Saharan Africa (Heyns 1959). Many of the southern African Pimellinae 
were reviewed earlier by Koch (1955) as part of his delineation of the sub-
family ‘Tentyriinae’, according to which the abdomen has an intersegmental 
membrane between the distal segments, a still useful morphological feature in 
separating members of the subfamily from others. The largest tribe in South 
Africa is the Sepidiini Eschscholtz, 1829, or toktokkies, which can be distin-
guished from other tribes by the presence of a trochantin on the meso-coxae. 
Koch (1955) provides a key to the tribes. 
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This checklist covers only the pimeliine darkling bee-
tle fauna of the Vhembe Biosphere Reserve, which 
is known to have rich plant (Hahn 1994) and spider 
(Foord, Dippenaar-Schoeman & Van der Merwe 2002) 
diversity, but with significant gaps in our knowledge of 
other hyper-diverse taxa in the region. The classifica-
tion is that of Bouchard et al. (2005). 

Methods and Materials
Twenty sites in the VBR Vhembe Biosphere Reserve 
(VBR), situated in Limpopo Province, South Africa were 
sampled using pitfall traps (maps were drawn using vec-
tor layers from DIVA-GIS) (Figure 1). These sites were 
located in the following vegetation units (Mucina & 
Rutherford 2006): Makhado Sweet Bushveld (3 sites), 
Soutpansberg Summit Sourveld (4 sites), Northern 
Mistbelt Forest (4 sites), Roodeberg Bushveld (2 sites), 
Soutpansberg Mountain Bushveld (4 sites), Musina Mo-
pane Bushveld (2 sites), and Limpopo Ridge Bushveld 
(1 site) (Figure 2). Pitfall traps (7 cm diameter, 12 cm 
deep) were dug into the ground and a quarter filled 
with propylene glycol. Left out for seven days, as was 
done here, it is possible to attain inventory completion 
for each point. After collection, the contents of each 
trap were washed using a fine net, and stored in 96% 
ethanol. Thereafter, the specimens from each trap were 
sorted into pill vials with acquisition numbers placed in 
each. 

Darkling beetles were then sorted to morphospecies 
and where possible identified to the tribe level using 
Koch (1955). Tenebrionidae identifications were then 
confirmed to genus and species level by Ruth Müller 
(Ditsong National Museum of Natural History), and 
Mary Louise Penrith (retired entomologist). Vouchers of 
each species are housed in the Coleoptera Collection 
of the Ditsong Museum of Natural History and in the 
UNIVEN Natural History Collection. 

In this paper we present photos, depicting 26 species of 
Tenebrionidae found in the VBR (Figure 3), and repre-
senting 16 genera. The photos were taken with a Can-
on 450D camera with a F2.8 100 mm lens by Dawn 
Cory Toussaint, who also edited the images to remove 
shadows and increase clarity and contrast.

This checklist of the pimeliine darkling beetles of the VBR 
is the first published record of a major ground-dwelling 
beetle family for the region. Infraspecific taxa are not 
distinguished in the checklist presented here. We in-
clude suspected species (designated with cf.) and mor-
phospecies (identified to genus and tribe) in the check-
list, highlighting future taxonomic research needs. 

Results and 
Biological Notes
A total of 36 Pimeliine darkling beetles were sampled 
distributed in seven tribes. Provided is a quick overview 
of each tribe occurring in the VBR. 

The Adesmiini are pear-shaped beetles with slender, 
spindly mid- and hind-legs, often longer than the ante-
rior legs, and distinctive elytral sculpturation. They are 
sun-loving, flightless, fast running beetles that occupy 
the savannah, grassland and desert biome. Their centre 
of diversity is Namibia and Botswana. Adesmiini were 
treated by Koch (1951), and Penrith (1979a, 1986) who 
provides keys to the genera and species. Three species 
were sampled in the VBR. 

Most sub-Saharan genera of Asidini are endemic to 
southern Africa and Madagascar (Koch 1962b). The 
head is partly hidden from above, the pronotum has 
prominent lobes located antero-laterally, while the ely-
tra are strongly convex with ridges and tubercles pres-
ent, sometimes with a pair of sharply elevated costae. 

Figure 1. Map of the Vhembe 
Biosphere Reserve showing dis-
tribution of existing core and 
buffer zones and transition ar-
eas; current core areas in dark 
green and buffer zones in light-
er green, and outline of the re-
serve in blue. The remainder of 
the area outlines in blue is tran-
sition area.
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Figure 2. Representative sites of the vegetation units. A, Musina 
Mopane Bushveld; B, Makhado Sweet Bushveld; C, Roode-
berg Bushveld; D, Northern Mistbelt Forest; E, Soutpansberg 
Summit Sourveld; F, Soutpansberg Mountain Bushveld; G, 
Limpopo Ridge Bushveld.
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C D

E F

G
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Figure 3. A, Renatiella reticulata; B, Amachla schmidti; C, Amachla sulcicollis; D, Amachla echinoderma; E, Amachla sp. A; F, Machlo­
morpha cf. evanida; G, Machlomorpha cf. mossambica; H, Himatismus sp. A; I, Eurychora barbarta; J, Eurychora sp. A; K, Pogonobasis 
ovatus; L, Serrichora fahraei; M, Amiantus cf. gibbosus; A–M, scale = 1 cm
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Figure 3 (continued). N, Amiantus pusillus; O. Dichtha cubica; P, Moluris discoidea; Q, Psammodes rowleianus; R, Ocnodes (Ocnodes) scro­
bicolle; S, Psammodes cf. janitor; T, Psammodes cf. ventricosus; U, Psammophanes sp. A; V, Somaticus (Trichotrichus) angulatus; W, Somat­
icus (Trichotrichus) varicollis; X, Somaticus (Somaticus) aeneus; Y, Ossiporis terrena fragilis; Z, Zophosis (Oculosis) sp. A.; N–Z, scale = 1 cm.
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Koch (1962b) revised the sub-Saharan genera, of which 
there are seven: Amachla, Machla, Asidomorpha, 
Machlomorpha, Machleida, Afrasida and Cryptasida. 
They are found predominantly in montane habitat and 
afromontane forest in undergrowth and may be hard to 
collect (Koch 1955). A total of six species are recorded. 

The Adelostomini, referred to by Koch (1955) and Scholtz 
and Holm (1985) as Eurychorini Solier, 1837, are special-
ised tenebrionids with approximately 20 endemic South 
African genera (Koch 1955). The vertex of the head is 
slightly concave in dorsal view, with a narrow neck, the 
pronotum has broad lateral flanges. The elytra are also 
very broad. Several genera have stridulatory organs on 
the inner surface of the middle femora (Schawaller 2007). 
They often bear soil particles and other debris held by 
long hairs on the dorsal surface, which may be indica-
tive of myrmecophyly (Schawaller 2007). Koch (1952) 
provides keys to the different genera. Brown (1958) sum-
marises information on the distribution of the genera in 
South Africa. Genera recorded from the VBR are Eury­
chora, Pogonobasis and Serrichora. Other genera that 
may occur in the Vhembe region (not sampled for this 
study) include Geophanus, Prunaspila and Phytolostoma.

The Sepidiini, refered to by Koch (1955) and Scholtz 
and Holm (1985) as Molurini Solier, 1834 are flightless 
beetles, usually strongly convex and globular; the elytra 
are extremely variable in shape, and loosely attached to 
the pronotum. The presence of a membrane between 
the distal sternal segments, of a trochantin on the me-
socoxae, and a very broad scutellum above the elytra 
serve to differentiate the Sepidiini, or toktokkies, from 
other Tenebrionidae. Sepidiini generally show a smooth, 
punctate or costate type of elytral sculpturation in which 
raised longitudinal costal elements dominate the sculp-
ture patterns – these may be smooth, denticulate or ir-
regular (Koch 1955). Their common name derives from 
the habit of rapidly tapping the ground with the abdo-
men to attract a mate. About 1000 species and many 
genera occur over the African continent. The Sepidiini 
are a mostly sub-Saharan group, but with representatives 
in the Sahara and the Middle-East. Koch (1955) provides 
a key to subtribes. Kaminski et al. (2019) has produced a 
catalogue of the world fauna of this tribe. This was by far 
the most diverse tribe with 16 species sampled. 

Zophosini or coffee-bean beetles are often seen run-
ning very rapidly over bare ground (Picker, Griffiths & 
Weaving 2004). When caught they are usually covered 
with a fine yellow dust, which rubs off when handled. 
The tribe is monogeneric, but there are many sub-gen-
era and species and they are often the most abundant 
beetles in pitfalls (Penrith 1977). The elytra may dis-
play small pits, raised costae, or be completely smooth. 
Their centre of diversity is the arid western part of 
southern Africa, including Angola (Koch 1958). Penrith 
(1977, 1979b–1983) revised the tribe. 

The tribe Cryptochilini is very poorly represented in the 
VBR, as their centre of diversity is the arid southwest 
of Africa, occurring especially in the Northern Cape, 
Namibia and Angola. Penrith & Endrödy-Younga (1994) 
revised the tribe. 

Discussion
Subsets of the Tenebrionidae community of the VBR 
show strong regional associations, influenced not just 
by environmental variables, but by biogeography, such 
as the psammophylous Sepidiini associated with the 
mega-Kalahari deep-sands (Koch 1962a), and Platy-
notina radiations associated with the Bushveld Igne-
ous complex (Endrödy-Younga 1988, Kaminski & Iwan 
2013). Otherwise summer-rainfall faunas dominate the 
taxonomic composition, even at tribal level, with distri-
butions extending into the tropics: a trend observed in 
other families as well (Davis, Frolov & Scholtz 2008). 

There is a need to generate data on species turnover 
affected by broad scale environmental variables (Haw-
kins et al. 2003), beetle biogeography and zoogeo-
graphic provinces in the light of new data (Holm et al. 
1984; Wharton & Robert, 1982). Furthermore, very 
little has been done on studying the ecosystem services 
provided by Tenebrionidae and Carabidae, especially 
in arid ecosystems where these taxa are particularly 
prominent. 

The major purpose of this study is to highlight the ne-
cessity of continuing to sample and compare faunal 
assemblages between major biogeographic regions 
or biomes, focusing on poorly sampled regions. The 
South African National Survey of Arachnida (Dippe-
naar-Schoeman et al. 2015) provides a tried and tested 
protocol that can be emulated to catalogue and pro-
mote the beetle diversity of South Africa, generating 
biodiversity data that can provide valuable information 
to the scientific community. 

Checklist
TENEBRIONIDAE Latreille, 1802

PIMELIINAE Latreille, 1802

Adesmiini Lacordaire, 1859
Cephaladesmia arachnoides Gerstaecker (?) LUD
Renatiella reticulata (Gerstaeker, 1854) Fig. 3A, MAR, 

BAR, BLN, GON, LUD, NWA
Stenocara aenescens Haag, 1875 LUD
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Asidini Fleming, 1821
Amachla schmidti Wilke, 1924 Fig. 3B, BEN, BLS, MAS
Amachla sulcicollis (Fåhraeus, 1870) Fig. 3C, MAR, 

BLS, MAA
Amachla echinoderma Fairmaire, 1899 Fig 3D, VM, LM
Amachla sp. A, Fig. 3E. BLS
Machlomorpha cf. evanida Wilke, 1924 Fig. 3F, BEN, 

LM, VM
Machlomorpha cf. mossambica Péringuey, Fig. 3G, 

1899 EF, VM

Epitragini 
Himatismus sp. A, Fig. 3H, BRI, LM, LUD

Adelostomini Solier, 1834 
Eurychora barbarta Olivier, 1795 Fig. 3I, MAR, BRI
Eurychora sp. A, Fig. 3J, RM, GON
Pogonobasis ovatus Fåhraeus, 1870 Fig. 3K, GOR, 

LM, LF
Serrichora fahraei (Haag 1872) Fig. 3L, GON, LM, RM

Sepidiini Eschscholtz, 1829
Amiantus cf. gibbosus Fåhraeus, 1870 Fig. 3M, BLN, 

BRI
Amiantus pusillus Péringuey, 1904 Fig. 3N, BLS, BRI

Dichtha cubica (Guérin-Méneville, 1845) Fig. 3O, BEN, 
BGM, BRI, GON, GOR, MAS, NWA

Moluris discoidea (Guérin-Méneville, 1845) Fig. 3P, 
BAR, BEN, BLN, BLS, BRI, GON, GOR, MAA

Euphrynus carinatus (Fåhraeus, 1870) BLN
Psammodes rowleianus (Westwood, 1864) Fig. 3Q, BRI
Ocnodes (Ocnodes) scrobicolle (Fåhraeus, 1870) Fig. 

3R, BGM, BLN, BLS, BRI, GON, GOR, LUD, MAS, 
NWA

Psammodes cf. janitor Koch, 1953 Fig. 3S, BRI, MAA
Psammodes cf. ventricosus Fåhraeus, 1870 Fig. 3T, 

MAS
Psammodes vialis (Burcell, 1822) BLN, GON, GOR
Psammophanes sp. A Fig. 3U, RM, LM
Somaticus cf. (Trichotrichus) metropolis Koch, 1955 

RM
Somaticus (Trichotrichus) angulatus (Fåhraeus, 1870) 

Fig. 3V, MAS
Somaticus (Trichotrichus) varicollis Koch, 1955 Fig. 

3W, RM
Somaticus (Somaticus) aeneus (Solier, 1843) Fig. 3X, TV
Ossiporis terrena fragilis (Fåhraeus, 1870) Fig. 3Y, BLS

Zophosini Solier, 1834
Zophosis (Zophosis) sp. A Deyrolle, 1867 BAR, BLS
Zophosis (Hologenosis) sp. A Fåhraeus, 1870 LUD, 

MAR, BLS

Table 1. Index of geographical names and abbreviations used in the checklist

Abbreviation Site Vegetation type Latitude Longitude

BAR Barries Farm Musina Mopane Bushveld -22.48 29.41

BEN Ben Lavin Nature Reserve Makhado Sweet Bushveld -23.13 29.92

BGM Bluegumspoort (Farm) Soutpansberg Summit Sourveld -22.96 29.89

BLN Blouberg NR North Roodeberg Bushveld -22.98 29.12

BLS Blouberg NR South Roodeberg Bushveld -23.02 29.09

BRI Bristow Farm Makhado Sweet Bushveld -23.17 29.76

EF Entabeni State Forest Northern Mistbelt Forest -23.01 30.24

GON Gondeni (Communal land) Soutpansberg Mountain Bushveld -22.91 30.06

GOR Goro Game Reserve Soutpansberg Mountain Bushveld -22.93 29.42

HLF Hanglip State Forest Northern Mistbelt Forest -22.99 29.88

LF Lajuma Forest Northern Mistbelt Forest -23.03 29.44

LM Lajuma Mistbelt Soutpansberg Summit Sourveld -23.02 29.43

LUD Ludwig’s Lust Farm Limpopo Ridge Bushveld -22.25 29.78

MAA Mara Research Station Makhado Sweet Bushveld -23.14 29.55

MAR Maremani Game Reserve Limpopo Ridge Bushveld -22.39 30.23

MAS Mashovela Lodge Soutpansberg Mountain Bushveld -22.93 29.89

NWA Nwanedi Game Reserve Soutpansberg Mountain Bushveld -22.64 30.37

RM Happy Rest Soutpansberg Summit Sourveld -23.01 29.75

TV Thatevondo State Forest Northern Mistbelt Forest -22.91 30.33

VM Vhuvha (Communal land) Soutpansberg Summit Sourveld -22.99 30.18
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Zophosis (Oculosis) sp. A Solier, 1834 Fig. 3Z, BAR, BLN
Zophosis (Oculosis) sp. B Gerstaecker, 1854 BAR
Zophosis (Oculosis) sp. C Penrith, 1983 BAR, BEN

Cryptochilini Solier, 1840
Cychrochile pluricostata Penrith, 1994 LM
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Background: Mimosa diplotricha is an emerging or established weed in many 
parts of the world, including many countries in Africa, where it is impacting on 
biodiversity, crop and pasture production, and driving socio-ecological change.

Objectives: To establish the current distribution of M. diplotricha in eastern and 
southern Africa and its impacts on livelihoods in northern Malawi.

Methods: Records on current distribution were collected from roadside surveys, 
literature reviews and herbarium data. Household surveys were conducted in the 
Karonga District, Malawi, to understand its impacts on local livelihoods.

Results: Mimosa diplotricha is abundant in western Ethiopia, southern Tanza-
nia, and northern and southeastern Malawi with isolated populations in western 
Rwanda, Burundi, Mozambique, and on the northern shores of Lake Victoria in 
Uganda. Most respondents said that M. diplotricha invasions were reducing the 
amount of grass and shrubs in rangelands, with over half saying it reduced crop 
yields. This invasive plant is also reducing the availability of medicinal plants and 
other natural resources.

Conclusions: Mimosa diplotricha has the potential to significantly expand its 
range in eastern Africa, and parts of southern Africa, and as such there is an 
urgent need to develop and implement an integrated management strategy, in-
cluding biological control, to reduce the negative effects of this invasive plant on 
local livelihoods.

Disclaimer: These are the authors’ views and not those of any institution/organ-
isation

Introduction
People have been moving plants around the world for centuries for ornamen-
tal, medicinal, agro-forestry and other purposes (Pimentel et al. 2001). Only a 
small percentage of these introduced species have become invasive, having a 
negative impact on, among others, biodiversity, crop and/or pasture produc-
tion, human and/or animal health, and water resources (Pimentel et al. 2001; 
Singh 1996; Tamado & Milberg 2000; Van Wilgen et al. 2008). Economic de-
velopment can even be curtailed by the presence of invasive plant species, es-
pecially waterweeds, which can hamper hydro-electricity generation, bringing 
economic activity to a virtual standstill. As such, biological invasions are now 
considered to be among the most pressing issues facing the planet, especially 
in developing countries where the natural resource base on which millions of 
people depend is rapidly being eroded by the rapid proliferation of many inva-
sive species (Shackleton et al. 2017a,b,c; Witt & Luke 2017; Witt et al. 2018). 
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The situation is exacerbated in developing countries 
because the rural poor don’t have the means to control 
these rapidly expanding species (Witt & Luke 2017). 
To reduce the impacts of invasive species and contain 
their further spread, it is imperative that management 
interventions be developed and implemented. Failure 
to do so will make it virtually impossible for countries to 
meet many of their Sustainable Development Goals. In 
fact, Target 15.8 focusses only on invasive alien species; 
requiring countries to ‘introduce measures to prevent 
the introduction and significantly reduce the impacts 
of invasive alien species on land and water ecosystems 
and control or eradicate the priority species by 2020’. 
One of the plant species having a significant impact on 
biodiversity and crop and pasture production at a glob-
al level, including Africa, is Mimosa diplotricha Sauvalle 
(Fabaceae; creeping sensitive plant), hereafter referred 
to as ‘mimosa’. 

Mimosa diplotricha as 
a global invader

Mimosa diplotricha is native to much of South and 
Central America, as well as the Caribbean (Holm et al. 
1977; Parsons & Cuthbertson 1992). It has been intro-
duced, either intentionally or accidentally, to a host of 
countries in Asia and Africa. It is a major weed in pas-
tures, plantations and roadsides, and in some situations 
a serious pest in crops (Caunter & Shibayama 1999; 
Ogbe & Bamidele 2006; Sulaiman et al. 2004).  More 
than 40 years ago it was already considered to be one 
of the 76 worst weeds in the world, having been re-
corded as a weed of 13 crops in 18 countries (Holm 
et al. 1977). Holm et al. (1979) regarded it as either a 
‘serious’ or ‘principal’ weed in Borneo, Fiji, Malaysia, 
Melanesia, New Guinea, West Polynesia, Philippines, 
Taiwan, Australia and Indonesia. It is also a serious 
weed in the Pacific islands, South-East Asia, Mauritius 
and Nigeria (Waterhouse & Norris 1987). 

In the Philippines, Malaysia, Thailand and Vietnam, 
mimosa is considered to be an important weed in up-
land rice (Caunter & Shibayama 1999). It is also one of 
the three main weed species of kale in Nakhon Path-
om Province, Thailand (Pomprom et al. 2002) and a 
major weed of cornfields in Malaysia (Sulaiman et al. 
2004). Mimosa densities of 630 000 plants per hectare 
reduced cassava root yield, 12 months after planting, 
by 80% in one study area in Nigeria (Alabi et al. 2001). 
In Benin City metropolis, Nigeria, where it has invaded 
farms, fallow fields and vacant land, it is regarded as the 
most noxious of all weeds (Ogbe & Bamidele 2006). In 
Papua New Guinea, mimosa has a direct negative im-
pact on the growth, yield and harvesting of sugarcane. 
Harvesting crops by hand in fields invaded by mimosa 
is also particularly difficult and even harmful, especially 
in developing countries where this is a common prac-
tice and farmers have no protective gear, as the ‘thorns 

can cause serious sores on humans’ (Waterhouse & 
Norris 1987). Mechanical crop harvesters can also be 
jammed when used in invaded croplands (Parsons & 
Cuthbertson 1992).

Mimosa invasions also have a negative impact on pas-
tureland, reducing livestock carrying capacities. Cat-
tle ranches in the Markham Valley, Papua New Guin-
ea (PNG), spend up to US$130 000 annually on the 
chemical control of this weed (Kuniata 1994), because 
it not only displaces valuable forage species but is also 
considered to be toxic to livestock (Gibson & War-
ing 1994; Waterhouse & Norris 1987). In Thailand, 
22 swamp buffaloes died 18–36 hours after eating  
M. diplotricha var. inermis (Tungtrakanpoung & Rhien-
panish 1992). There is also a report of M. diplotricha 
var. inermis poisoning of a two-year-old Jersey-cross 
heifer in India (Alex et al. 1991). Trials in Australia have 
demonstrated that this variety of mimosa is also toxic 
to sheep, and a report from Flores, Indonesia, suggests 
that it is toxic to pigs (Parsons & Cuthbertson 1992).

Mimosa can also change the structure and composition 
of natural vegetation by climbing over and smothering 
other plants (Schultz 2000). In western Australia, dense 
stands are adversely affecting the growth of native 
plant species (Werren 2001), posing a serious threat to 
the ecology of native plants and animals if allowed to 
spread further (Wilson 2004). It also constitutes a se-
rious fire hazard, especially during dry periods when 
plants tend to die back (PIER 2008). 

Very little is known about the distribution of mimosa in 
eastern and southern Africa, and particularly its socio- 
ecological effects in Malawi. This type of information 
is critical in guiding management decisions, especial-
ly with regard to preventing the further spread of this 
noxious weed and implementing control where it is al-
ready well established. This paper contributes to a bet-
ter understanding of the distribution of mimosa and its 
impacts on livelihoods in northern Malawi. 

Methods
Distribution of Mimosa diplotricha 
in eastern and southern Africa

Broad-scale distribution mapping of naturalised and in-
vasive plants was undertaken across eastern and parts 
of southern Africa (Figure 1) from 2008 to 2018, in 
a similar manner to those undertaken by Henderson 
(2007), Rejmánek et al. (2016), Shackleton et al. (2017 
a,b,c), Witt (2017), Witt & Luke (2017) and Witt et al. 
(2018). Roadside surveys are a relatively cost-effective 
way of producing a rapid and broad understanding of 
the distributions of invasive species, especially where 
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current information is scarce or absent. During these 
roadside surveys, the presence and status (naturalised 
or invasive) of M. diplotricha was mapped in Ethiopia, 
Kenya, Malawi, Eswatini, Tanzania, Rwanda, Uganda, 
Zambia, and parts of Botswana and Zimbabwe. 

Lack of resources, insecurity and poor road access in 
some parts of these countries limited the extent of sur-
veys. The presence of invasive alien plants (including 
mimosa) was noted in half-degree grid cells (~55 km 
× 55 km; Figure 2), but recorded presence does not 
imply full coverage, as the whole cell was not neces-
sarily covered in the survey. It would also be extreme-
ly difficult and time consuming to record the exact 
location of every invasive plant seen, especially if it is 
growing some distance from the road. As such, coor-
dinates, at or within 1 km of each locality where mi-
mosa was found to be present, naturalised or invasive, 
as defined by Blackburn et al. (2011), were recorded 
using a hand-held GPS unit (Figure 2). We assumed that 
if mimosa was not seen within a grid square, during 
our surveys, that it was not present there. As such, it 
is therefore highly likely that we have under-repre-

sented the true distribution of mimosa in eastern and  
southern Africa.

Socio-ecological study site

To assess people’s insights, understanding, and attitudes 
to the invasion by mimosa, we interviewed  community  
members in Karonga District in northern Malawi (Fig-
ure 3). This district (9o to 10o S; 33o to 34o E), covering 
an area of 3 355 km², is bordered by Lake Malawi in 
the east, the Songwe River and floodplain in the north 
(border with Tanzania) and the Central African plateau 
and Nyika escarpment in the west and south (Chilima 
et al. 2006). The months from December to April are 
typically warm and wet with an average temperature of 
24oC; cool and dry from May to August; and hot and 
dry from September to November (Chilima et al. 2006). 
The mean annual rainfall is more than 1 600 mm in the 
north and 800–1 200 mm in the south (Chilima et al. 
2006). Soils are generally loamy and acidic to neutral 
in the north, and sandier and more acidic to alkaline in 
the south (Chilima et al. 2006).  

Figure 1: Map showing in red (~55 km × 55 km/half degree 
grid cells) the areas surveyed between 2008 and 2018 for 
Mimosa diplotricha species in eastern and southern Africa. 
Areas surveyed by others in eastern and southern Africa are 
not included.

Figure 2: Map showing the current known distribution of Mimosa 
diplotricha in eastern and southern Africa (~55 km × 55 km/
half degree grid cells) using data collected in this study and 
other sources of information. Grey grid cells show areas sur-
veyed; red grid cells indicate areas where Mimosa diplotricha 
was found to be invasive (widespread and/or abundant); or-
ange cells where it was present and/or naturalised; and yellow 
cells where it was recorded with no other information. 
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The terrain is variable, with a flat coastal plain along 
the lake, which is dominated by croplands and mimosa  
invasions, rising to hills and the plateau (±  2 600 m 
a.s.l.) to the west. Despite high rates of deforestation, 
Karonga District is still largely dominated by miombo 
woodlands, which are dominated by trees in the genera 
Brachystegia, Julbernardia and Isoberlinia, with other 
tree species such as Pterocapus angolensis DC. (Faba-
ceae), Albizia spp. (Fabaceae) and Afzelia quanzensis 
Welw. (Fabaceae) (Missanjo et al. 2014). Rivers, which 
arise on the plateau in the west, are associated with 
dense vegetation and with swamps where they flow 
into Lake Malawi (Denys et al. 1999). 

The people of Karonga District include several lan-
guage groups, predominantly Tumbuka in the south 
and Nkhonde in the north, with a total population of 
about 365 000 people. The majority of residents are 
small-scale farmers with approximately 79 000 farming 
households (Government of Malawi/Ministry of Agri-
culture, Irrigation and Water Development 2016). An 
assessment of a community living in the south of the 
district found that only 3% of homes have electricity, 
16% have piped water; the most common construc-
tion materials are burnt brick walls (59%), grass thatch 
roofs (57%) and mud flooring (76%) (Unknown 2019). 
The main sources of household income are farm-
ing (43%), regular employment (15%), trading (11%), 

casual labour (9%) and fishing (7%). A radio is owned 
by 62% of households, 52% own a clock or a watch, 
44% have a bicycle and 19% own cattle (Unknown 
2019). We are assuming that these figures will be sim-
ilar for other communities living in Karonga District. 

Livelihoods survey on local 
knowledge and perceptions 
of Mimosa diplotricha

We conducted interviews in 151 randomly select-
ed households in areas with mimosa invasions, using 
semi-structured questionnaires. Surveys were conduct-
ed in 32 villages across Karonga District, to obtain as 
broad a representation as possible. We make the as-
sumption that the impacts of mimosa in this area will 
be similar to those experienced elsewhere. All house-
holds on randomly selected roads in each village were 
interviewed by one of the co-authors. The head of 
the household or next oldest member of the family 
was interviewed in their local language. The question-
naires had four sections that covered (1) demograph-
ics of the respondent, (2) aspects of his/her knowledge 
and perceptions about the introduction and spread 
of mimosa, (3) perceptions and knowledge on the 
negative impacts and benefits of mimosa with a par-
ticular focus on crop and pasture production, and (4) 

Figure 3: Map showing the loca-
tion of Malawi in Africa (inset) 
and Karonga District in Malawi 
where the socio-economic sur-
veys were undertaken.
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perceptions and practices relating to the management  
of mimosa.

Results
Current distribution of M. diplotricha 
in eastern and southern Africa

Based on our surveys, mimosa is abundant in western 
Ethiopia, southern Tanzania on the northern shores of 
Lake Malawi, and northern and southeastern Malawi, 
with localised invasions on the northern shores of Lake 
Victoria in Uganda and in southeastern Rwanda (Figure 
2). It has been recorded in Burundi, on the border with 
Rwanda (GBIF 2017), Madagascar (GBIF 2017) and 
Mozambique (Flora of Mozambique 2017; GBIF 2017; 
M. Hyde pers. comm., 19 December 2018), with no re-
cords for South Africa (Henderson 2007; GBIF 2017; L. 
Henderson pers. comm., 10 January 2019), Zimbabwe 
or Zambia (Flora of Zimbabwe and Zambia 2017; GBIF 
2017; M.  Hyde pers. comm., 19 December 2018), 
Angola (Rejmánek et al. 2016; GBIF 2017), Botswana 
(GBIF 2017; K. Keotshepile [Peter Smith University of 
Botswana Herbarium], pers. comm., 15 January 2018), 
and Namibia (GBIF 2017; C. Mannheimer [Consultant 
Botanist], pers. comm., 20 January 2018). It was first 
recorded as present in East Africa in 1943 (Witt & Luke 
2017), and in southern Africa, in Mozambique, in 1949 
(Figueira 2017).

Based on the Köppen Climate Classification it is cur-
rently present in areas with a Tropical Savanna (Aw) 
(southwestern Ethiopia, Rwanda, Burundi, Mozam-
bique and southeastern Malawi), Tropical – Rainforest 
(Af) and Tropical – Monsoon (Am) (northern shores 
of Lake Victoria), and Temperate – Dry winter – Hot 
summer (Cwa) (northern Malawi) climates (Peel et al. 
2007). Invasions in southern Tanzania are a mix of Aw 
and Cwa (Peel et al. 2007). 

Socio-demographic characteristics 
of the surveyed households

Of the 151 individuals interviewed, 91% were male, 
and the mean (± SD) age of respondents was 43 ± 
14 years. Just over half (57%) of respondents had a 
primary school education and the majority were farm-
ers (84%). Every household owned livestock, with the 
majority owning at least two or more cattle while only 
62 households owned goats, none had sheep and only 
two had pigs. Most (62%) farmers grazed their livestock 
within 1 km of their homes. Depending on the avail-
ability of grazing some farmers would move their live-
stock to grazing lands further afield but then only once 
in every three or more months. All respondents were 

also involved in crop production with the primary crops 
grown being rice (100%), cassava and maize. Just over 
a quarter (26%) of respondents had fields between 2 
and 3 acres (0.8–1.2 ha.) in extent, followed by 23% 
who had 1 to 2 acres (0.4–0.8 ha.) of land under crop 
production.

Local knowledge of Mimosa diplotricha 
presence and introduction in Malawi

About 58% of respondents said that mimosa was first 
seen in the area where they live more than ten years 
ago, while 22% noticed it three to five years ago, and a 
smaller percentage (6%) for the first time in 2018. This 
supports the view of most (71%) respondents who claim 
that mimosa density and distribution is increasing, with 
97% saying that it is already present in areas where they 
graze their livestock. According to 61, 31 and 8% of the 
respondents less than 25, 26–50 and 51–75% of grazing 
land is currently invaded, respectively, with most inva-
sions occurring along rivers, in croplands and on road-
sides. Most (86%) of those interviewed were unsure 
as to why mimosa was introduced with just over 41% 
saying that it was spreading naturally, with 30% having 
no idea as to how it found its way to the areas where 
they reside. Some (8%) felt that it had been accidental-
ly introduced with machinery during road construction 
while others (20%) thought that livestock were spread-
ing the seeds. The fact that 63% of respondents did not 
find any use for the plant is an indication that intentional 
spread by people is unlikely or very low based on the 
fact that only 19% of those interviewed used the plant 
for medicinal purposes. 

Socio-ecological stressors

Residents of Karonga District, Malawi, face a number 
of challenges. Livestock production is severely compro-
mised by the prevalence of diseases and insufficient 
grazing, of which the latter could be further compro-
mised by the prevalence of unpalatable plants, includ-
ing weeds. However, only 14 respondents were of the 
opinion that weeds and other poisonous plants were 
having a significant impact on grazing. Mimosa diplotri­
cha was considered to be the worst weed in rangelands, 
closely followed by its congener, Mimosa pigra L. (Faba-
ceae) another introduced invasive plant native to South 
America (Table 1). In crop production areas M. diplotri­
cha was also considered to be the worst weed, followed 
by Striga spp. (Orobanchaceae), M.  pigra and Bidens 
pilosa L. (Asteraceae) (Table 1).

Impacts of Mimosa diplotricha 

Based on responses, mimosa has a significant impact on 
livelihoods. All respondents said that mimosa hampered 

55



| Original research

| Open accesshttp://abcjournal.org |

Page 6 of 13  

the movement of people and livestock. In addition, the 
majority of those interviewed said that invasions re-
duced the abundance of grasses and shrubs, while 50% 
of respondents said that it had a negative impact on 

trees (Table 2; Box 1). In contrast, only 8% of respon-
dents said that mimosa was reducing the abundance 
of medicinal plants, with the majority (89%) being un-
aware of any negative impacts. Despite its negative im-
pacts on livestock fodder (grass and shrubs) only 48 and 
25% of respondents felt that invaded rangelands had a 
negative impact on cattle or goats, respectively, with 
only 25% saying it resulted in weight loss in their cattle. 
Just over 50 and 73% of respondents said that they had 
seen cattle eat mimosa flowers and leaves, respectively, 
with a much lower figure recorded for goats (flowers, 
33%; leaves, 38%). Over half (56%) of the respondents 
said that mimosa had a negative impact on crop yields 
while only 21% felt that it increased yields. 

Management of Mimosa diplotricha 

Just over one-quarter of respondents actively managed 
mimosa in grazing lands while 97% tried to control it in 
croplands. Slashing (16%) was the most common control 
method used in rangelands followed by burning (7%). 
In croplands just over half (54%) used a hoe or pick to 
remove mimosa, followed by slashing (21%) and hand 
pulling (18%). Over half (59%) of respondents said that 
they paid individuals to help them clear mimosa from 
their croplands. Of these 39% said they paid others be-
tween US$14 and US$28 to clear an acre (0.405 ha.) of 
land while 11% said that they paid around US$56 per 
household. Fifty-seven per cent of those that use herbi-
cides spend between US$14 and US$70 on chemicals 
per year. If mimosa were not controlled, maize and rice 

Table 1: The percentage of respondents (n = 151) who selected a particular weed species as having the largest negative impact on either 
rangelands or crops in Karonga District, Malawi

Species Family Rangelands (%) Croplands (%)

Ageratum conyzoides Asteraceae 2 1

Bidens pilosa Asteraceae 14 7

Tithonia diversifolia Asteraceae 2 1

Xanthium strumarium Asteraceae 2 1

Trichodesma zeylanicum Boraginaceae 3 3

Sedges and grasses Cyperaceae and Poaceae - 9

Mimosa diplotricha Fabaceae 28 33

Mimosa pigra Fabaceae 22 15

Hyptis suaveolens Lamiaceae 9 5

Striga spp. Orobanchaceae 6 22

Argemone mexicana Papaveraceae 3 1

Datura stramonium Solanaceae 5 1

Lantana camara Verbenaceae 1 -

Stachytarpheta spp. Verbenaceae 1 -

Box 1: Quotes from villagers 
on the impacts of Mimosa 
diplotricha invasions in Malawi

‘Mimosa is a very serious weed, fast spreading and 
if not removed timely cause huge losses in crops, it 
can be so helpful if ways of eradicating it completely 
can be found.’

‘If mimosa is cut and burnt it improves soil fertility 
and any crop grown in those soils grows with vigour. 
However, it is a serious weed if left uncontrolled.’

‘If chemicals to eradicate mimosa could be found it 
would be very helpful.’

‘Mimosa has caused a lot of challenges; it grows fast 
and needs to be controlled almost every day, if you 
fall sick you won’t harvest anything.’

‘Mimosa causes a lot of losses in crops and our live-
stock have difficulties in finding pasture as it has cov-
ered most valuable pasture lands.’

‘In 2015, I was in hospital with my son, mimosa took 
over my rice garden and I harvested nothing.’
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losses would be greater than 75% according to 72% 
and 79% of respondents, respectively. The majority of 
respondents all felt that their lives would be better if mi-
mosa was not present, with over 80% saying that there 
would be increased grazing, improved livestock health 
and improved crop yields.

Discussion
Mimosa diplotricha occurrence

The field surveys, literature reviews and questionnaires 
indicate that M.  diplotricha is relatively widespread 

with localised invasions in a number of countries in 
eastern Africa but less so in southern Africa, with signif-
icant invasions only in the north and southeast of Ma-
lawi with some records from Mozambique, although 
the latter was never surveyed during this study, so its 
current status there is unknown. In Ethiopia, the plant 
is abundant along roadsides from Wolisso to Jimma in 
the southwest. In many areas the plant is scrambling 
over the edge of the road, blocking footpaths and 
waterways (Wakjira 2011). According to community 
members in Merewa Kebele in Kersa Woreda, Ethiopia, 
the plant has been invading roadsides for the past three 
to five years with road construction contributing to its 
spread (Wakjira 2011). In our study only eight per cent 
of respondents said that road construction contributed 
to the spread of mimosa with 41% saying that it was 
spreading naturally and with 31% being unsure.

Respondents to the questionnaire indicated that it is 
still spreading in Malawi, an indication that it has the 
potential to spread even further in the region as a 
whole, especially into tropical and sub-tropical regions 
within eastern and southern Africa. A CLIMEX eco- 
climatic model developed by T. Beale (unpublished) in-
dicates that most of Uganda, Rwanda and Burundi have 
climates suitable for mimosa invasions while northern 
Tanzania and its coastline, extending across much of 
the interior towards Malawi, also appear to be a good 
climatic match. Our surveys further support the model 
by indicating that the southwest of Ethiopia and north-
ern and southeastern Malawi are climatically suitable. 
Areas in which no mimosa was seen during surveys, 

Table 2: The percentage of respondents (n = 151) who regarded the effect of Mimosa diplotricha on a particular issue as either positive 
or negative, or who had no opinion on the issue, in Karonga District, Malawi

Issue Percentage who regarded 
effect as a cost (%)

Percentage who regarded 
the effect as a benefit (%)

Percentage who thought it had no 
effect, or who did not know (%)

Grass 99 1 -

Shrubs 72 1 27

Trees 50 37 13

Water 7 3 90

Wildlife - 1 99

Useful plants 8 3 89

Movement 96 0 4

Crop production 56 21 23

Cattle health 48 0 52

Goat health 25 0 75

Drive human relocation 32 0 68

Green manure - 7 93

Medicinal plant - 19 81

Garden plant - 5 95

Hedge plant - 5 95

Table 3: The percentage of respondents (n = 151) who used par-
ticular management practices to control Mimosa diplotricha 
in rangelands and croplands in the Karonga District, Malawi

Management practice Rangelands 
(%)

Croplands 
(%)

Burning 7 1

Chemical control 0 3

Hand pulling 0 18

Hoeing 0 54

Nothing 72 3

Slashing or cutting 16 21

Ploughing 5 1
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such as the southwest of Kenya and its coastline are 
also a climatic match and as such likely to be invad-
ed should mimosa be introduced and establish there. 
Much of the coastline of Mozambique, extending in-
land to southern Malawi, and the northeastern coast 
of South Africa also appear to be climatically suitable, 
together with the whole of the eastern Madagascan 
seaboard (T. Beale unpublished). It is unlikely to estab-
lish and proliferate in Zimbabwe, Botswana, Namibia 
and Zambia, but much of northern Angola appears to 
be a good climatic match. Low temperatures are also 
likely to limit the species, which means that high-lying 
areas/regions are unlikely to be invaded although it has 
been found at 1500–2000 m above sea level (Henty & 
Pritchard 1973; Kostermans et al. 1987). 

Impacts of Mimosa diplotricha

Malawi is one of the poorest countries in the world with 
50.7% of the population living below the poverty line, 
and 25% of those living in extreme poverty (Ministry of 
Finance, Economic Planning and Development 2017). 
More than 80% of the population live in rural areas and 
are dependent on subsistence agriculture to survive. 
Food security is compromised by a number of factors, 
such as frequent droughts and crop pests. The impacts 
of crop pests such as the fall armyworm (Spodoptera 
frugiperda J.E.Smith, 1797; Noctuidae) are well docu-
mented, but there is little data on the impacts of invasive 
plants, which are often ignored because their impacts 
on rangelands or crop production are not that direct or 
conspicuous. This study has suggested that an invasive 
plant such as M. diplotricha can have significant nega-
tive cross-cutting impacts on a range of sectors includ-
ing biodiversity, and crop and pasture production.

Impacts of M. diplotricha on biodiversity have not been 
well documented with the exception of a few studies in 
India (Jayasree 2005; Vattakavan et al. 2002). Jayasree 
(2005) found that the smothering efficiency of mimosa 
increased from about 14 to 38% over a three-year pe-
riod contributing to a 21% decline in grass cover, and 
a reduction in the occurrence of other broad-leaved 
weeds. Similar impacts on grass cover were reported 
by Basu & Ghosh (2003) with Vasu (2003) finding that 
mimosa inhibits the growth of especially grasses. This 
supports the findings of our study where the majori-
ty of respondents reported a significant decline in the 
abundance of grasses and shrubs in invaded areas. The 
absence of wildlife in most areas outside of protected 
areas meant that almost all respondents in Malawi did 
not know of any impacts on wildlife. However, mimosa 
invasions in the Kaziranga and Orang National Parks 
in India are displacing important forage species for the 
endangered greater one-horned rhino and other wild-
life species (Lahkar et al. 2011; Vattakavan et al. 2002). 
Mimosa also blocks the trails used by elephants and 
rhinos (Vasu 2003). Invasion of protected areas in India 

by mimosa and other weeds ‘is the biggest challenge in 
terms of habitat conservation’ and as such poses a sig-
nificant threat to protected areas in Malawi. As in India, 
invasions may threaten black rhinos, which were re- 
introduced to Liwonde National Park and Majete Wild-
life Reserve, after the last rhino in Malawi disappeared 
from the Mwabvi Game Reserve in the late 1980s.

A reduction in the amount of forage will obviously also 
contribute to a reduction in livestock carrying capaci-
ties. It is considered a major threat to livestock pastures 
in Australia (Groves 1991), some Pacific islands (Swar-
brick 1989), Papua New Guinea (Henty & Pritchard 
1973), and the Philippines (Holm et al. 1977). In Viet-
nam, respondents also said that mimosa displaced 
other valuable forage species, reducing the amount of 
grazing available for livestock (Ta Thi Kieu Anh [Bio-
diversity Conservation Agency, Vietnam], pers. comm., 
15 January 2015). However, 52 and 28% of respon-
dents in Malawi said that its presence in grazing lands 
had no impact on goats and cattle respectively, while 
approximately one-quarter of respondents were unsure 
of its impact. That said, 25 and 19% of respondents 
said that its presence did result in weight loss in cattle 
and goats respectively, which we assume is a result of 
a reduction in the amount of available forage. On the 
other hand mimosa may be consumed by livestock and 
as such could be an alternative fodder source.

In our study respondents said that they had seen cattle 
and goats eat the mimosa flowers and leaves with no ill 
effects, with the exception of a few who noticed that 
livestock developed diarrhoea after consumption. This 
is contrary to other studies, which found mimosa to be 
toxic to livestock (Alex et al. 1991; Gibson & Waring 
1994; Li et al. 1996; Rajan et al. 1986; Shridhar 2017; 
Tungtrakanpoung & Rhienpanish 1992; Waterhouse & 
Norris 1987). Shridhar (2017) reported on 16 cows and 
ten buffaloes that had accidentally consumed mimosa 
leaves. Of the 26 animals, 22 exhibited perineal oede-
ma and died within 14 days of consumption (Shridhar 
2017). Mimosine, which is present in mimosa and 
other legumes such as Leucaena leucocephala (Lam.) 
de Wit (Fabaceae) is said to be the cause of toxicity in 
animals (Mishra et al. 2002). Immature leaves, mature 
leaves and stems, flowers, and seeds of M. diplotricha 
contain 9.88, 6.32, 5.01, and 3.3% mimosine respec-
tively, which is similar to that found in L.  leucocepha­
la although the seeds of leucaena contain significantly 
more mimosine (Jayasree 2005). There can also be sig-
nificant differences in mimosine content among differ-
ent cultivars of leucaena (Chathurvedi & Jha 1992; For-
rajes, Chongo & Seull 2003), although this has not been 
determined for invasive M. diplotricha sub-species or 
varieties. Ubani et al. (2000) found that mimosine at 
more than 1% concentration in livestock feed is toxic 
to livestock. This was confirmed by Yami et al. (2000) 
who found that that diets containing 0.75% mimosine 
could be fed to goats without adverse effects. Kumar 
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and Sharma (1997) found that 1.6% mimosine in live-
stock feed is safe for goats. Consumption of mimosa 
leaves and flowers by cattle and goats in Malawi, as 
reported by respondents, may be at levels below this, 
hence the fact that no significant livestock deaths have 
been reported in our survey. However, as mimosa in-
vasions increase in extent and density, displacing more 
valuable forage species, consumption of mimosa by 
livestock is bound to increase, which may result in a 
significant increase in livestock deaths. However, the 
recurved spines/thorns on mimosa mean that livestock 
are often reluctant to feed on it anyway, and they usu-
ally avoid the large stands (Waterhouse & Norris 1987), 
which may also limit consumption.

Mimosa diplotricha also has a significant impact on crop 
production (Figure 4). Rajkowa et al. (2003) reported 
serious negative impacts of the weed on crop ecosys-
tems and plantations such as tea, coffee, coconut, rub-
ber and pineapple. It is considered to be one of the 
most important weeds of rubber in Indonesia, Malaysia 
and Papua New Guinea (PNG); coconut in Sri Lanka 
and PNG; sugarcane in Taiwan, Australia, India and the 
Philippines; tomato in the Philippines; lychee in Thai-
land; cassava, soyabeans, maize, apple, citrus and tea 

in Indonesia; banana and tea in India; and abaca (Musa 
textilis Née; Musaceae) and pineapple in the Philip-
pines (Aliudin & Kusumo 1978; Groves 1991; Holm 
et al. 1977; Muniappan & Viraktamah 1993; Suwana-
rak 1988; Wong 1975). It is a weed of lowland rice in 
Indonesia, the Philippines, Thailand and Vietnam; of 
dry-seeded rice in the Philippines; and of upland rice 
in Indonesia, Laos, the Philippines, Thailand, and Viet-
nam (Kostermans et al. 1987; Moody 1989). It is poten-
tially the worst weed in plantations and arable lands of 
Fiji, and the Philippines (Holm et al. 1977). It has also 
been recorded as having a negative impact on cassa-
va root yield (Alabi et al. 2001), and on the height of 
okra (Abelmoscus esculentus (L.) Moench (Malvaceae) 
plants in Nigeria (Alabi & Makinde 2002). This agrees 
with our findings with more than 50% of respondents 
reporting a reduction in crop yields as a result of mi-
mosa invasions, especially on the yields of the three 
most commonly grown crops, namely rice, cassava and 
maize. This reduction in yields can be ascribed to the 
smothering habit of mimosa, and the fact that it is al-
lelopathic. Jayasree (2005) reported that incorporation 
of mimosa, at increasing concentrations, either directly 
into the soil, as a mulch, or as a water extract appli-
cation, all significantly reduced rice and cowpea seed 

Figure 4: Mimosa diplotricha invasions in southern Tanzania (top row), northern Malawi (middle row), and western Ethiopia (bottom 
row).
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germination. Although rice heights were enhanced with 
increasing rates of mimosa concentrations incorporated 
into the soil, the opposite was true for mulching and 
water extraction while all three methods of applica-
tion had negative impacts on cowpea height (Jayasree 
2005). 

Management of Mimosa diplotricha

Mimosa diplotricha has the potential to spread over 
much of the region and as such there need to be in-
creased efforts to stop or inhibit further spread, and to 
reduce densities where it is already present. In Malawi 
there is little current effort to manage mimosa in range-
lands, with manual removal being the most commonly 
used methodology in croplands. Cutting or slashing of 
plants in croplands is a practice used by 21% of the re-
spondents despite this practice being largely ineffectual 
because plants vigorously regrow from the root crown 
(Parsons & Cuthbertson 1992; Waterhouse & Norris 
1987). Hand pulling of young plants is practiced by 
18% of respondents in croplands, just like farmers do 
in Indonesia (Suryatna & McIntosh 1982), despite the 
tiny thorns having the potential to cause injuries (Wa-
terhouse & Norris 1987; Alabi et al. 2001). Just over 
54% of respondents in Malawi said that they used a 
hoe or similar to uproot/remove plants in croplands. 
This practice appears to be very effective, consistently 
giving the highest cassava root yield in Nigeria (Alabi et 
al. 2004). In Vietnam 96% of landowners use sickles or 
similar to remove the above-ground parts of the plant 
and hoes to remove the root crown following by drying 
and burning (Ta Thi Kieu Anh [Biodiversity Conserva-
tion Agency, Vietnam], pers. comm., 15 January 2015).  
Many of these interventions were not seen to be effec-
tive, and often merely stimulated seed germination.

Mimosa diplotricha can also be effectively controlled us-
ing herbicides (Parsons & Cuthbertson 1992) although 
very few respondents in Malawi said that they used her-
bicides because of the associated costs. A similar survey 
in Vietnam revealed that only 4% of respondents used 
chemicals, despite it being the only effective control 
method (Ta Thi Kieu Anh [Biodiversity Conservation 
Agency, Vietnam], pers. comm., 15 January 2015). An-
other issue, which applies to much of Africa and even 
Asia, is the fact that no herbicides are registered for use 
against mimosa. For example, in Nigeria there are no 
effective herbicides for control of mimosa in cassava 
fields (Alabi et al. 2004). However, in countries such 
as Australia, foliar applications of herbicides containing 
the active ingredients picloram, clopyralid and fluroxy-
pyr are known to be effective although they need to be 
applied on a regular basis to control seedlings (Parsons 
& Cuthbertson 1992). Dicamba (500g/L) is also rec-
ommended and should be applied in a foliar spray at 
2g/L of water, fluroxypyr (333g/L) at 1g/L of water and 
glufosinate ammonium (200g/L) also at 1g/L of water 

(J. Vitelli pers. comm., Department of Agriculture and 
Fisheries, Queensland Government, Australia, 12 June 
2016; Witt & Luke 2017). Pre-emergence chemicals 
such as atrazine + 2,4-D mixtures or tebuthiuron can 
be used, but they only remain active for a few months 
(Waterhouse & Norris 1987). 

Biological control remains the most cost-effective inter-
vention for resource poor farmers. Heteropsylla spinulo­
sa Muddiman, Hodkinson & Hollis (Psyllidae), an agent 
collected on M.  diplotricha in Brazil in 1982, causes 
stunting and distortion of the leaves and may prevent 
flowering due to the toxic effects of its saliva. Soon after 
its release in Australia there was a dramatic reduction 
in the growth of M.  diplotricha and seed production 
was reduced by over 88% (Lockett & Ablin 1990). It 
has subsequently been released in Western and PNG 
(Kuniata 1994) where it is now established, and should 
be considered for release in Malawi. Despite the suc-
cess of this agent elsewhere, any management strategy 
should incorporate the biocontrol agent in combination 
with other methodologies such as physical and chemi-
cal control, and in some cases also fire.

To further enhance the management of mimosa, con-
certed efforts need to be made to build additional 
awareness as to the negative impacts of this serious 
weed in the region. This should include further re-
search on its negative impacts, especially with regard 
to livestock production, where its apparent toxicity has 
not yet been reported by the majority of livestock own-
ers. There also needs for increased awareness as to best 
management practices, and support from local com-
munities and government officials for the introduction 
of the biocontrol agent H. spinulosa. It should also be 
noted that areas cleared of M diplotricha may be invad-
ed by other invasive species already present in Malawi. 
These may include M. pigra, Prosopis juliflora, Lantana 
camara and Hyptis suaveolens (L.) Poit. (Lamiaceae). 
In fact, H.  suaveolens, an emerging weed in Malawi, 
is regarded as one of the world’s most noxious weeds 
(Padalia, Kudrat & Sharma 2013) and was ranked very 
highly in our surveys in terms of its negative impacts. In 
Australia it is considered to pose the greatest threat to 
rangeland biodiversity. In order to be more effective in 
managing these and other invasive species we need to 
develop coordinated national and regional integrated 
management strategies. Failure to address current bar-
riers to invasive species management will exacerbate 
poverty in Malawi, and the region as a whole. 

Conclusions
Mimosa diplotricha is already present in a number of 
countries in eastern and southern Africa and likely to 
expand its range, exacerbating biodiversity loss and fur-
ther reducing crop yields and rangeland productivity. 
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To inhibit its further spread, it is imperative that com-
munities be informed as to its negative impacts and 
best management practices.
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Background: The effectiveness of invasive alien species man-
agement in South Africa, and elsewhere, can be improved by 
ensuring there are strong links and feedbacks between science 
and management. The CAPE Invasive Alien Animals Working 
Group (CAPE IAAWG) was established in 2008 to enhance co-
operation among stakeholders such as implementing agencies 
and researchers, and thereby improve the management of inva-
sive animals in the Greater Cape Floristic Region.

Objectives: In this article we highlight where and how the 
working group has advanced our understanding of research and 
the implementation of management objectives and consider 
the working group’s successes and failures.

Methods: We analyse the attendance of meetings by different 
stakeholders and the frequency of discussion topics on meeting 
agendas throughout the sequence of meetings from 2008 to 
2019. We document insights based on published accounts or 
the experiences of the authors from eight different management 
projects.

Results: Meetings are attended by stakeholders from NGOs, 
universities, and local, provincial and national government agen-
cies as well as private individuals. Topics of discussion ranged 
from details of specific alien animal invasions (e.g. the House 
Crow in Cape Town), to considering the risks posed by broad 
groups (e.g. earthworms), to specific management techniques 
(e.g. guidelines for trapping invasive alien birds). Through the 
eight projects described here the CAPE IAAWG has: (i) con-
tributed to capacity building through funding and advising on 
post-graduate research projects; (ii) provided ad hoc support 
to staff of agencies that implement invasive alien animal con-
trol; (iii) acted as a focal point for a community of practice that 
is supportive of decision making and policy development; and  
(iv) played a vital role in linking research, management and pol-
icy in a manner accessible to a broader range of stakeholders. 
The projects undertaken by the group reveal several lessons 
for managing invasive animals: (i) the importance of logistics 
and contract efficiency, (ii) the need for effective stakeholder 
engagement by the project team, (iii) the need to effectively 
address conflicts between role players, and (iv) the importance 
of including ethical and animal rights considerations in the de-
cision making processes.

Conclusion: The CAPE IAAWG has been a valuable forum to 
improve management effectiveness and support implemen-
tation decisions. Due to its small cost and time footprint, the
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Introduction
The gaps between scientific research, development of 
policy and implementation of management measures 
are often significant, and can negatively affect conser-
vation outcomes (Knight et al. 2008; Catalano et al. 
2019). This issue has been analysed specifically in terms 
of how society responds to biological invasions (Esler et 
al. 2010; Foxcroft et al. 2020). Weak links and feed-
back loops between research and implementation are a 
major factor reducing the effectiveness of invasive alien 
species management in South Africa (van Wilgen & Wil-
son 2018). Various mechanisms and frameworks have 
been proposed to strengthen such links [also termed 
‘translational ecology’ (Schlesinger 2010; Enquist et al. 
2017)]. Different approaches to linking research, policy 
and implementation have several features in common; 
of particular interest in this work is the need to ensure 
that stakeholders are engaged and work together to 
co-produce knowledge that is meaningful and accessi-
ble to a broad range of stakeholders.

One approach to achieve the co-production of knowl-
edge is to establish multi-stakeholder working groups 
that deal with specific or cross-cutting issues – these 
become communities of practice in which different 
role players interact intentionally to produce integrat-
ed environmental solutions that take ecological, social 
and political contexts into account. However, there is 
a consistent knowing–doing gap regarding such work-
ing groups (Esler et al. 2010; Foxcroft et al. 2020), and 
reducing this disjunction requires the analysis and doc-
umentation of the structure, functioning and outputs 
of existing groups to provide insights and ensure the 
continuation of working knowledge and communities 
of practice. 

In this article, we provide a case study of the forma-
tion and continuation through more than ten years of 
a working group established to provide science- and 
evidence-based decision making support to the man-
agement of invasive alien animals in the Cape region. 
Specifically, we review the history of the Cape Action 
for People and the Environment Invasive Alien Animals 
Working Group (hereafter CAPE IAAWG or the work-
ing group), and consider its successes and failures. We 
outline a number of projects tackled by the working 

group, the key decisions made and the progress of each 
project to date, with the goal of highlighting where and 
how the working group has advanced our understand-
ing of research and the implementation of manage-
ment objectives.

Since its establishment in 2008, the members of the 
working group have engaged in collective identifica-
tion of priority invasive animal species in the Greater 
Cape Floristic Region (GCFR), devised species-specific  
strategies for managing populations, and provided a 
platform for collaborative management. By integrating 
new and existing research findings, the working group 
has advanced its understanding of invasive alien spe-
cies management through applied research and adap-
tive management and the sharing of these lessons with 
the working group. We argue that the working group 
model has been successful in facilitating work on inva-
sive alien animals in the GCFR, and aim to document 
not only project successes, but also challenges and fail-
ures that provide direction for future alien animal con-
trol projects.

Methods of analysis
The authors analysed the agendas and minutes of all 
meetings of the working group since 2008. Attendees 
of meetings were classified by their host organisations, 
and organisations were clustered into sectors (local, 
provincial or national government agencies, non- 
government organisations (NGOs), private sector (e.g. 
a consultancy company) or research (e.g. university or 
research council). We used content analysis to analyse 
the frequency of discussion of taxonomic and select-
ed other topics at full working group meetings and 
sub-group meetings. All analyses were conducted in 
R (R Core Team 2018) and plots produced using the 
tidyverse and ggplot packages (Wickham et al. 2019). 
Insights from management projects were based on pub-
lished accounts or the experiences of the authors.

Background to the 
working group
The Greater Cape Floristic Region (GCFR) (Born et al. 
2007) is a region of extraordinary floral diversity and 
endemism defined broadly by the winter rainfall ar-
eas of the southwestern Cape, which mostly overlaps 
with the Western Cape Province, South Africa (Figure 
1). High levels of endemism are also present in sev-
eral faunal groups [e.g. aquatic invertebrates (Colville 
et al. 2014)], making much of this region a UNESCO 
Natural World Heritage Site (https://whc.unesco.org/
en/list/1007). Communities of practice have been 

working group has remained viable and retained a core 
of committed members, ensuring ongoing institution-
al buy-in. The working group will remain successful so 
long as the group is supported by its members and their 
organisations.

Keywords: Status reporting; invasive alien species 
management; invasive alien species control; commu-
nity of practice.
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integral to the conservation of the GCFR for over 40 
years (Gelderblom & Wood 2018). Starting in 2000, 
the Cape Action Plan for the Environment (CAPE, later 
renamed Cape Action for People and the Environment) 
produced a 20-year plan to conserve the biomes of the 
GCFR. The planning process involved more than 100 
organisations and individuals who worked together to 
draft a plan to ensure the conservation of the ecosys-
tems of the Cape Floristic Region by integrating and 
coordinating the management of the landscapes and 
biodiversity in the long term. Since 2000, the CAPE 
plan has provided context, justification, funding and 
material resources for many conservation actions in the 
region. One of the major aims has been to integrate the 
work of organisations involved in conservation and bio-
diversity research in the GCFR and management of the 
GCFR, ensuring that they do not duplicate each other’s 
work. In this paper, we argue that the CAPE IAAWG is 
a good example of the kind of impact the programme 
has had, and provides lessons of local, regional and in-
ternational relevance.

In 2003, the Global Environment Facility (GEF) ap-
proved a grant to CAPE to develop a strategy for inva-
sive alien species management in the GCFR. The strat-
egy was developed under the auspices of CapeNature, 
by the CAPE Invasive Alien Species Task Team leader 
employed at CapeNature, who then joined the City of 
Cape Town in 2007 and continued to coordinate the 
development of the strategy. The overall goals of the 
strategy were to: (i) conserve ecosystems through col-
laborative efforts in combating the damaging impacts 
of invasive alien species in the region; (ii) develop early 
detection and rapid response capability; and (iii) in-
crease awareness and understanding, by organisations 
and the public of the potential negative impacts of in-
vasive organisms (see Appendix 1 for details). The CAPE 

Invasive Alien Species Strategy was finalised in 2008 
with the vision that ‘by 2020, the GCFR’s economic, 
environmental and social assets are secure from the 
negative impacts of invasive alien species’.

The CAPE IAAWG was established by the CAPE Inva-
sive Alien Species Task Team leader early in 2008. The 
group meets two to four times a year on average (Figure 
2) for approximately four hours. In parallel, the CAPE In-
vasive Alien Plants Working Group was established (also 
in 2008), but that forum was dissolved after a few years 
due to overlap with other fora such as the Department of 
Environmental Affairs Working for Water Programme im-
plementation fora. In contrast, the CAPE IAAWG brought 
together a range of animal taxon experts and institutions 
that did not otherwise interact closely and were enthu-
siastic about the potential for collaboration. The working 
group rapidly developed a novel and productive way of 
working, and the participants put in considerable effort 
to maintain their involvement (Adelle 2019).

The working group does not replace or duplicate activ-
ities under existing institutional arrangements or man-
dates, but is intended to address coordination of knowl-
edge sharing; research, monitoring and evaluation; 
awareness, institutional arrangements and capacity- 
building; prevention, early detection and rapid re-
sponse; policy and best practice (Appendix 2).

Composition

The CAPE IAAWG is composed of representatives of (i) 
national, provincial and local government agencies that 
have mandates related to invasive alien species control 
and management; (ii) private sector consultancies that 
take on contracts for invasive alien species control and 
management; (iii) tertiary education institutions and 

Figure 1. Boundaries of the Greater 
Cape Floristic Region, in which 
the CAPE Invasive Alien Animals 
Working Group functions.
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science councils that conduct research on alien and 
invasive animals; and (iv) NGOs with a regulatory or 
advocacy interest in alien and invasive animals (Figure 
2; Appendix 3). The individual members have a diver-
sity of roles in their home organisations, including local 
authority and provincial officials, national parks staff 
and environmental ministry officials, nature conserva-
tion scientists, university academic staff, post-doctoral 
researchers, post-graduate students, NGO staff, animal 
welfare officers and private consultants. The working 
group has a core of organisational representatives (Fig-
ure 2; Appendix 3) and other members are co-opted 
as and when required to represent specific interests or 
provide input on a particular subject or taxon. There-
fore, the structure at a particular time reflects the work-
flow of specific projects and any issues being addressed 
by the working group. However, this structure also en-
sures a high level of continuity, with the group develop-
ing a common understanding and shared experience. 
The co-option of additional participants means that 
the core of member organisations and individuals has 
grown substantially over the years due to strong interest 
in the work of the group and the increase in number 
and complexity of the projects addressed by the group 

(Figures 2, 3). Permanent members sign the TOR on 
behalf of their organisations, which commit to imple-
menting the recommendations of the CAPE IAAWG 
(Appendix 2). In turn, members are responsible for dis-
seminating information from the working group to their 
structures or stakeholders.

The working group is formally located within the CAPE 
Programme, and its links to that programme are main-
tained through the co-chairperson of the working 
group who is employed by City of Cape Town and is a 
member of CAPE’s Executive Committee. This linkage 
through the co-chair position ensures that the work of 
the group is integrated with other activities in the CAPE 
conservation programme. The CAPE IAAWG was orig-
inally chaired by the City of Cape Town Invasive Spe-
cies Coordinator, but since 2017 it has been chaired 
jointly by senior staff at CapeNature and City of Cape 
Town’s Biodiversity Management branch. The secretar-
iat is supported by the City of Cape Town. This means 
that two of the largest implementers of invasive animal 
control projects in the GCFR have a shared official role 
in the working group.

Figure 2. Time-line and turnover of sector participants in the CAPE Invasive Alien Animals Working Group. Since 2008 there have been 
24 meetings, with between one and four meetings a year except for a hiatus in 2016. The number of participants has fluctuated 
between 8 and 30 people per meeting, and includes 102 unique individuals over time. The relative representation from six main 
sectors is shown here.
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Membership of the working group spans the Western 
and Eastern Cape provinces of South Africa, as both are 
host to significant areas of the GCFR (a small portion 
also enters the Northern Cape, but there have been no 
representatives from that province).

Expert sub-groups, such as the Guttural Toad Working 
Group, were formed when members felt it necessary 
to discuss issues in more depth than the broader group 
would be interested in or have time for, in particular 
to address particular problems or technical issues on a 
particular invasive alien species management project. 
These sub-groups meet separately when necessary and 
report back to the working group on their discussion 
and decisions.

Funding

The working group requires limited funding for its activ-
ities, as partner organisations cover the personnel and 
meeting costs. Although this has not been quantified, the 
continuity and regular attendance of the CAPE IAAWG 
indicates that member organisations experience ben-
efits of participation (e.g. knowledge sharing, advice 
and information on best practice) that offset the costs 

of participation. The costs of the projects discussed at 
CAPE IAAWG meetings are, however, often substantial 
(Table 1). These projects have generally been funded by 
the South African government through its Department 
of Environment, Forestry and Fisheries (DEFF; formerly 
the Department of Environmental Affairs).

Links to legislation

When the CAPE IAAWG was inaugurated, there was no 
legislative framework that dealt with specific invasive 
alien animals and their control. Control projects carried 
out at the time were based on general commitments in 
high-level documents regarding a duty of care and the 
need to protect the environment for future generations 
(National Environmental Management Act, 1998 and 
the Constitution of South Africa, 1996); the legislative 
requirement to manage biological invasions (National 
Environmental Management: Biodiversity Act (NEM: 
BA), 2004; and provincial conservation ordinances). 
The need to actively control specific invasive animals 
was codified with the promulgation of the NEM: BA 
Alien & Invasive Species Regulations, 2014 and the 
accompanying Alien and Invasive Species Lists, which 
provide explicit requirements to control listed invasive 

Figure 3. Taxa and topics discussed over time at the CAPE Invasive Alien Animals Working Group meetings. The bars span the period over 
which a species appeared on the agenda for discussion. Ticks on the X-axis represent the dates that meetings took place.
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species. Category 1a and 1b species are prohibited from 
use and must be controlled [Category 1a species re-
quire compulsory control, which has been interpreted 
to mean that the goal is nation-wide eradication (Wil-
son et al. 2013)]; permits can be issued to use Category 
2 species, although outside of the specified permits or 
conditions these are regarded as Category 1b; Category 
3 species can be kept without the need for a permit 
under certain conditions, but further breeding is pro-
hibited, and outside of captivity or cultivation they are 
also regarded as Category 1b. Proposed revisions to the 
regulations and lists were published in 2018 for public 
comment, but as of July 2020 these had not been pro-
mulgated, and so throughout this paper we focus on 
the lists and regulations as last amended in 2016.

Overview of 
projects tackled
This section describes eight projects established under 
the auspices of CAPE IAAWG, identifying key decisions 
and factors affecting the success of the project. Further 
details of the projects undertaken are shown in Table 1.

House Crows

A decision was made in 2003 to extirpate the expand-
ing population in Cape Town, and a pilot project was 
initiated. The project soon stopped due to lack of fund-
ing, then restarted with a three-year grant from the 
United National Development Programme and then 
halted a second time due to concerns raised by the So-
ciety for the Prevention of Cruelty to Animals (SPCA) 
and the need to register the control agent DRC1339 
(Starlicide) for use in South Africa (Yeld 2010). Two 
years of stakeholder engagement ensued before stake-
holders could agree to attempt to extirpate the House 
Crows, and during this period (2009–2010) the popu-
lation grew from an estimated 2 600 to 10 000 birds. 
However, the hiatus also proved to be a useful trial 
period for testing DRC1339 (Starlicide) and gathering 
the data necessary for the registration of this corvicide 
in South Africa. Support was also mobilised through 
media campaigns, petitions and complaints from res-
idents in Nyanga, the high density residential area of 
Cape Town where House Crows were concentrated 
(see Measey et al. 2020). In 2011, the City Council ap-
proved ZAR200 000 to control House Crows and sent 
the project manager to Dar es Salaam, Tanzania for 
training on trapping techniques.

The ongoing campaign has significantly reduced the 
House Crow population with an estimated 310 crows 
remaining in October 2019. Implementation has cost 
over ZAR8 500 000, as the House Crows have proved 

to be very difficult to control; a number of approaches 
(mass baiting at roosting sites, spot baiting at feeding 
areas, trapping in pre-selected areas) yielded initial 
success, followed by diminished returns as populations 
shrank and House Crows learned to avoid each control 
approach. Alternative methods such as nest removal, 
egg collection and shooting have not yet been used due 
to high costs and security risks in the areas where the 
House Crows are found. At a CAPE IAAWG meeting in 
2018, the group decided that additional funds should 
be sourced to increase the effort to reduce the House 
Crow population and investigate new techniques such 
as egg collection, egg substitution and falconry. On this 
basis, the City of Cape Town applied for and was grant-
ed additional funds from the National Resource Man-
agement Programme (NRMP) of the DEFF.

Guttural toads

The CAPE IAAWG was first made aware of the rapid 
expansion of the guttural toad population in Constan-
tia, Cape Town, at a meeting in 2008. A mapping effort 
showed toads were present along a 3 km stretch of the 
suburban green belt in Constantia. The working group 
then made a decision to attempt eradication, in part as 
it was thought that guttural toads may pose a threat to 
indigenous Endangered western leopard toads (Sclero­
phrys pantherina) through competition or hybridisation 
(Measey et al. 2014, 2017, 2020). The eradication pro-
gramme was coordinated by the City of Cape Town 
Invasive Species Unit. The first service provider was ap-
pointed by the City for the 2009/2010 breeding season, 
however, sustained control efforts only commenced in 
the 2011 breeding season. Initial efforts at awareness 
raising and control were met with both resistance and 
enthusiasm from residents who resented nightly calls 
as an invasion of privacy, or appreciated the help to 
remove noisy invaders, respectively (see Novoa et al. 
2017). Access to residential properties was a major is-
sue that required persistent efforts by service providers 
to win over property owners.

In 2014, the working group members initiated a 
post-graduate research project and various investiga-
tions in support of the guttural toad control project took 
place between 2014 and 2018. Population modelling 
by Vimercati et al. (2017a) showed that the extirpa-
tion of this population from Cape Town would require 
access to over 99% of residential properties. Between 
2010 and 2019, guttural toad control teams in Cape 
Town were only able to access a fifth of the low-density 
residential properties located in Constantia and Bishop-
scourt (783 out of 3 935). At the time the toads were 
detected, there was no legal basis on which to access 
properties and remove toads if the owners were reluc-
tant to allow or refused access. The NEM: BA Alien and 
Invasive Species Regulations of 2014 provides the legal 
basis to compel access to identified properties, but this 
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facility has not been used yet and legal precedent still 
needs to be established. In all cases due process will 
need to be followed before access can be obtained and 
this increases the difficulty for the service providers. 
Concern has been expressed that access to properties 
will continue to limit the guttural toad control pro-
gramme. While the need to access private property has 
been problematic in several other control campaigns 
[notably Mallard Ducks, Anas platyrhynchos, and House 
Crows] it has not formed as significant a barrier to oper-
ations as found in the guttural toad project (Vimercati et 
al. 2017a). The CAPE IAAWG has recognised the need 
for ongoing communication with initial stakeholders if 
eradication programmes are to succeed in the future.

Another important finding of the guttural toad research 
was that, in modelled populations, the removal of eggs 
and tadpoles had minimal impact on population num-
bers, and that it was more effective to remove juve-
nile and adult toads (Vimercati et al. 2017b). Thus, as a 
result of the research, project personnel have stopped 
removing eggs and tadpoles and focussed their efforts 
entirely on removal of juveniles and adults.

On 13 June 2018, the CAPE IAAWG acknowledged 
that extirpation of this population is currently unlike-
ly, given the restricted access to private properties and 
insufficient removal rates. The CAPE IAAWG took the 
view, however, that containing the invasive population 
(i.e. focussing on monitoring and control at the known 
edge of the population) was worthwhile. Control mea-
sures during the breeding season are ongoing with 
some 10 517 adult toads having been removed to date 
(2010–2019) from 783 properties. City of Cape Town is 
committed to either containing or extirpating this pop-
ulation and received ZAR1 800 000 from DEFF: NRMP 
for this purpose in 2019.

Mallard Ducks

Mallard Ducks have been observed to mate with native 
Yellow-billed Ducks (A. undulata), and are considered 
a potential threat to the genetic integrity of this spe-
cies (Dean 2000; Owen et al. 2006; Stafford 2010). 
The City of Cape Town and CapeNature for many years 
have recognised the importance of controlling Mallard 
Ducks. The Mallard Strategy for South Africa was draft-
ed and a formal control campaign was started by the 
City of Cape Town following a decision at the CAPE 
IAAWG in November 2008. The campaign received 
a lot of public opposition from residents who enjoyed 
feeding the Mallard Ducks and considered them as 
pets. There was a lack of public awareness of the threat 
that Mallard Ducks pose to native birds (Stafford 2010) 
until the ‘Save our indigenous water fowl’ initiative 
was developed by the working group. This public ed-
ucation campaign shifted the focus of controlling Mal-
lard Ducks to saving our indigenous duck species and 

thereby increased public understanding of the project’s 
aims. The control project has experienced several de-
lays in control efforts as a result of funding delays due 
to supply chain issues; for example, attempts to appoint 
a particular consultant as a sole provider of a specialist 
service in which they are very experienced often chal-
lenges financial rules and leads to extensive delays in 
project continuity. These disruptions allow population 
numbers to increase, reducing the efficiency of the 
control project. To date over 474 birds have been re-
moved, and an estimated 200 remain in the target ar-
eas of Cape Town. The finally agreed method used to 
remove Mallard Ducks from residential areas involves 
the following step-wise methodology:

•• Systematically traversing the target water bodies by 
rowboat and surrounding open natural space on foot 
to count all Mallard Ducks observed.

•• Mapping and recording densities and distribution of 
Mallard Ducks observed per location in and around 
the target water bodies and surrounding open natu-
ral space.

•• Habituating the ducks through prior baiting with 
bread.

•• Hand-feeding the ducks with bread dosed with a 
sedative (Alphachloralose).

•• Collecting the ducks once they had been sufficiently 
sedated (O’Hare et al. 2007); and

•• Taking the ducks to an offsite location for euthanasia 
by a veterinarian (American Veterinary Medical As-
sociation 2013). 

This process is monitored by the SPCA to ensure ethical 
treatment.

Samples from these Mallard Ducks were used to exam-
ine the degree and direction of genetic introgression 
with Yellow-billed Ducks (Stephens et al. 2020), which 
was shown to be primarily from Yellow-billed Ducks 
into Mallard Ducks, but is likely to lead to a hybrid pop-
ulation that is able to disperse widely.

Feral pigs

The potential control of the feral pig populations in the 
Western Cape was presented to CAPE IAAWG at its sec-
ond meeting in November 2008 (Figure 3). Several pop-
ulations of boars and hybrids between boars and feral 
domestic pigs are present in the province and those in 
the Kasteelberg and Porseleinberg districts of the Bo-
land region are of most concern since they overlap the 
distribution of the geometric tortoise. CapeNature, the 
provincial conservation authority, produced a Feral Pig 
Management Strategy in 2011 with funding from DEFF: 
NRMP. The strategy covered effective control measures, 
monitoring the effects of control, and prevention of 
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reintroduction, and presented a comprehensive commu-
nication strategy to raise awareness of the presence and 
negative impacts of feral pig populations. In 2014 feral 
pigs were listed as Category 1b invaders under NEM: BA.

Starting in 2014, CapeNature, with support and ad-
vice from the CAPE IAAWG, conducted a pilot trial of 
feral pig control by using baited traps and Judas pigs 
(collared sows that establish contact with and attract 
other pigs for trapping or hunting – McIlroy & Gifford 
1997). This programme resulted in the removal of over 
1 200 feral pigs from two populations in Kasteelberg 
and Porseleinberg, in addition to the feral pigs removed 
by land owners. The working group provided expert in-
put and advice to the project manager during the plan-
ning and pilot project stages, and monitored project 
achievements during the operational phase. The over-
sight and involvement from the CAPE IAAWG resulted 
in additional funding being secured from DEFF: NRMP.

Invasive freshwater fishes

South Africa is one of six global invasive fish hotspots 
(Leprieur et al. 2008) and invasive fishes are the great-
est threat to the native fishes of the Cape Fold Aquatic 
Ecoregion of South Africa, a conservation hotspot for 
freshwater fishes in southern Africa (Tweddle et al. 
2009; Ellender et al. 2017; Weyl et al. 2020). The in-
vasive alien species with the most severe impacts have 
been predatory species, especially three black bass 
species [smallmouth bass (Micropterus dolomieu), spot-
ted bass (M. punctulatus) and largemouth bass (M. sal­
moides) (Weyl et al. 2014)], and rainbow trout (Onco­
rhynchus mykiss) in several headwater streams (Shelton 
et al. 2015). All four are native to North America, were 
imported into the Western Cape for angling purposes 
and are popular with the recreational angling sector 
and, hence, of significant socio-economic value (Ellen-
der et al. 2014; see Weyl et al. 2020).

The river rehabilitation project, with its Rondegat River 
pilot project, was discussed at the first meeting of the 
CAPE IAAWG in 2008, and thereafter remained on the 
agenda as the project developed into a programme and 
gained further momentum after the successful treat-
ment of the Rondegat River with rotenone in 2012 and 
2013 (Impson et al. 2013). The project was the subject 
of an environmental impact assessment in 2007/8 and 
during this phase there was considerable controversy 
regarding the control of invasive fishes and the use of 
rotenone (Marr et al. 2012) including a number of crit-
ical articles in magazines, newspapers and blogs. Most 
criticism came from fly fishermen targeting O. mykiss, 
as one of the other four priority rivers had this species.

The support of this project by the CAPE IAAWG has 
played a major role in allowing it to proceed and 
achieve its goals, which included removal of the  

M. dolomieu from the treatment area followed by rap-
id recovery of the threatened native fish and aquatic 
invertebrate communities (Weyl et al. 2014; Bellingan 
et al. 2019). Due to the success of this initial project, 
CapeNature has since undertaken further invasive fish 
control projects and more are planned in the near fu-
ture. The cost of the project, including co-funding and 
monitoring the ecological outcomes was estimated at 
ZAR3 300 000 (Impson et al. 2013). It is now consid-
ered a flagship restoration project in South Africa (Ellen-
der et al. 2017; Zengeya & Wilson in press).

Marine invasions, including 
European shore crabs

The European shore crab (Carcinus maenas) was first 
discussed at the CAPE IAAWG in October 2014. In June 
2014, a pilot management programme targeting the 
crab was initiated in Hout Bay harbour. Management 
ran until July 2015 and then the population was moni-
tored for a further six months. The population was not 
extirpated, as there were several logistical challenges 
experienced during management including a hiatus in 
control efforts due to work contracts and research per-
mits lapsing during the intervention, and because a mo-
lecular study (Mabin et al. 2020) showed the size of the 
population to be much larger than initially expected.

By providing links both to animal welfare organisations 
and to facilities for the disposal of carcasses run by the 
City of Cape Town, the CAPE IAAWG supported the 
project. However, with the formation of a National Ma-
rine Alien and Invasive Species Working Group, it is 
anticipated that the CAPE IAAWG will not have a major 
role in marine projects in future other than to note that 
research and implementation are continuing, and pro-
vide advice and support as appropriate.

Social wasps

The European paper wasp (Polistes dominula) and the 
German wasp (Vespula germanica) both have wide na-
tive distributions including Europe, North Africa and 
temperate Asia as far east as China. Records of V. ger­
manica from Cape Town date back to 1974 when it was 
first recorded in the suburb of Newlands. Both wasp 
species were first discussed at a meeting of the CAPE 
IAAWG in May 2013, and thereafter both the City of 
Cape Town and Stellenbosch Municipality initiated a 
nest removal programme as a service to homeowners 
who were experiencing a problem with invasive wasps. 
By March 2019, a total of 12  375 P.  dominula nests 
and 57 V. germanica nests had been removed. German 
wasps build nests in sites with more greenery, more 
readily available food and a more reliable water source, 
which are scarce within the urban boundaries. Thus, 
the bulk of German wasp removals have been in the 
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south of the City; nests removed from the central urban 
areas have been much smaller as the resources in the 
area cannot support large nests. European paper wasps 
are less selective with regard to nest sites and thousands 
of nests have been reported and removed from the 
City. European paper wasps therefore pose a significant 
threat to human safety and have affected agricultural 
production and tourism by making some areas unsafe 
for humans. The CAPE IAAWG decided in 2017 that as 
the wasps cause more of a problem to human health 
than to the natural environment they should be man-
aged by the Department of Health, in the same way 
that vermin control is carried out in the City. However, 
despite efforts to contact Department of Health repre-
sentatives, and suggestions of initiatives, no resolution 
has been reached, and the problem continues to be 
managed by the City of Cape Town’s Environmental 
Management Department. The CAPE IAAWG has sup-
ported applications for funding to the Departments of 
Agricultural and Health of the Western Cape, though as 
yet most funding is still either ultimately from the DEFF: 
NRMP and private landowners. 

Currently, it is not feasible to eradicate P. dominula or 
V.  germanica unless breakthrough technology such as 
gene drive mechanisms (currently being investigated in 
New Zealand) are developed into a viable control tech-
nique (Lester & Beggs 2019). The working group has 
suggested that there is reason to continue monitoring 
both species on the fringes of their invasive distribu-
tions to prevent further spread into other urban and 
rural areas.

Earthworms

Around 7.7% of global earthworm diversity is found in 
South Africa (Janion-Scheepers et al. 2016), but only 
alien species are used commercially in South Africa for 
waste recycling (i.e. vermi-composting), as bait for fish-
ing, or for soil remediation. Several queries were raised 
with committee members as to the invasion risk posed 
by using alien earthworms for composting, particular-
ly given the desire of many stakeholders to use worms 
as an ‘environmentally acceptable’ option for fertiliser 
production and waste disposal. The issue was discussed 
at consecutive meetings from late 2009 to 2012 and 
from 2015 to 2017, and a presentation was hosted on 
research on earthworms. The working group concluded 
that the spread of alien earthworms from vermi-compos-
iting is not currently a major concern in the GCFR as 
most of the earthworms that are used for vermi-compos-
iting thrive only in very wet, humic soils that are quite 
different from the nutrient poor, acid sands of the GCFR 
(except perhaps for the Afromontane Forest patches in 
some riverine areas). However, the working group not-
ed that there is not enough information to adequately 
quantify the risk and recommended that, as a precau-
tionary measure, alien earthworms should not be used 

in protected areas in the GCFR until such time as there is 
clear evidence that the risks of invasions are acceptable.

The requests for information from the CAPE IAAWG 
provided impetus for ongoing research on earthworms 
in South Africa. An earthworm sub-group was set up as 
a result of discussions at the CAPE IAAWG and SERG 
(Soil Ecosystem Research Group: SERG; http://sergsa. 
org/), which led to the development of standardised 
sampling protocols (e.g. Nxele et al. 2015), and now 
forms part of a larger collaboration on soil health. Earth-
worms continue to be discussed by the working group 
from time to time.

Other taxa

During the meetings of the CAPE IAAWG, many other 
taxa have been discussed (see Figure 3). Some discus-
sions did not progress to action because the taxa were 
native (e.g. striped skink, Trachylepis striata), and/or 
had increased their ranges through anthropogenic hab-
itat modification – see Essl et al. (2019) (e.g. Hadeda 
Ibis, Bostrychia hagedash, painted reed frog, Hypero­
lius marmoratus and Egyptian Goose, Alopochen ae­
gyptiaca). Other discussions have not been followed up 
because the group decided that the benefit of control 
would be outweighed by opposition or a lack of sup-
port from the general public (e.g. Rock Dove, Colum­
ba livia and eastern grey squirrel, Sciurus carolinensis). 
Over time, changes in public opinion or the Regula-
tions might mean there will be more support for con-
trol of such invasive animals in future. In future, novel 
techniques (like gene-drives) might change decisions by 
presenting inexpensive and effective management op-
tions. Based on the impacts that such species have, the 
CAPE IAAWG might then have a role to play (e.g. see 
Novoa et al. 2018).

Discussion and 
learning points
Logistical and contract difficulties

Local and provincial level implementing organisations 
(e.g. municipalities, provincial nature conservation 
agencies) have experienced challenges with imple-
menting invasive alien species control projects due to 
limited funding availability and constraints due to fund-
ing cycles, as well as delays in procurement arising from 
internal supply chain management procedures. These 
issues have adversely affected the House Crow, guttural 
toad, invasive fishes and European shore crab projects 
(see above). Funds not being available at the beginning 
of the financial year when needed by the projects have, 
on several occasions, delayed control efforts. Flexibility 
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and understanding from the working group and con-
tractors have often ensured that the projects do not lose 
impetus, but the solution to such issues is essentially 
outside the scope of the working group. This situation is 
not unique to South Africa: Dana et al. (2019) analysed 
the factors that contributed to unsuccessful control op-
erations conducted in Andalusia (southern Spain) from 
2004 to 2018. The top factor determining project fail-
ure was the absence of funding at a crucial time for 
operational purposes, which occurred in 82% of cases 
analysed. Combined with other factors that frequently 
crop up in invasive species control operations (e.g. li-
cencing of new control drugs), the unpredictability of 
funding renewals frequently leads to decreased oper-
ational efficiency. The question of whether funding is 
available at the time it is needed or whether contractors 
comply with supply chain management processes can 
halt the progress of a project during the onset of the 
breeding season when the animal is most detectable 
and demographically vulnerable. Clearly, a better align-
ment between the activities of the working group and 
relevant procurement policies is required. To give a spe-
cific example from the CAPE IAAWG projects, in 2011 
and 2012, the lack of a signed contract or available 
funding at the beginning of the guttural toad breeding 
season between August and October, led to the loss of 
productive time (i.e. person days on the control oper-
ation), with concomitant feedbacks to operational ef-
ficiency. This could lead to the loss of skilled staff and 
to increased resources spent on training new operators 
and overall lengthened duration of the project.

Another area of concern is that the funding of projects 
is somewhat haphazard, more limited by bureaucrat-
ic processes than strategic prioritisation based on risk 
and impact. The National Invasive Alien Animals Forum 
was established in 2013 to assist DEFF with such issues. 
While the forum developed detailed recommendations 
for a funding allocation process (Jackson et al. 2015), 
these have not been implemented and the forum 
ceased activities in 2015.

Stakeholder engagement

Stakeholder engagement is a very important issue in 
the management of invasive alien animals. The CAPE 
IAAWG has applied the latest research to communica-
tion campaigns, checking that the message is scientifi-
cally defensible. The working group benefitted from the 
appointment of a communications expert who regular-
ly attended meetings to ensure that projects were ef-
fectively communicated to stakeholders, including the 
media. The working group attempts to identify all im-
portant stakeholders for each project and involve them 
to decide on project feasibility or improve the opera-
tions of the project. In this way, a representative sample 
of local stakeholders is consulted early in the process to 
assess issues of concern and information regarding the 

history and nature of the particular biological invasion 
being investigated.

Stakeholder engagement is frequently perceived as 
too difficult to implement, too costly or too slow for 
management timeframes (Caceres-Escobar et al. 2019). 
However, systematic engagement processes have now 
been documented and have been employed with 
some success (Novoa et al. 2018). The initial phase of 
stakeholder identification does not replace the formal 
engagement process that occurs as part of most of the 
invasive species control projects. Formal engagement 
through focused meetings and invitations to partici-
pate in working group meetings has been exception-
ally successful and has ensured that conflicts between 
stakeholders are resolved early on in the project life 
cycle. For example, regular participation of SPCA staff 
in the working group has improved project design and 
brought credibility to the programmes undertaken. 
Cape of Good Hope SPCA staff were present at the 
early Mallard Duck and House Crow control operations 
to ensure that the agreed upon procedures were imple-
mented, and the ongoing interaction at working group 
meetings maintains an effective working relationship 
between the SPCA and the implementing agents.

Conflict between stakeholders

Conflict between stakeholders is a theme that has re-
curred with many of the invasions, and while some 
conflicts are commonplace and predictable, they have 
often surprised the working group members in their di-
versity (Shackleton et al. 2020; Gaertner et al. 2016). 
For example, conflicts have occurred around control 
options for invasive freshwater fish (smallmouth bass, 
rainbow trout); ownership of carcasses that result from 
a control programme (feral pigs); rights to own invasive 
alien species as domestic stock or pets (Mallard Ducks, 
guttural toads); the right to stock, hunt and fish alien 
species on private land (invasive freshwater fish, feral 
pigs); and the environmental benefits of invasive alien 
species (e.g. alien earthworms).

Input to regulations

The working group has not, to date, been formally in-
volved in the identification and engagement of stake-
holders, as such processes are the prerogative of indi-
vidual organisations and projects. However, the working 
group offers a safe space to discuss issues and strategies, 
and by connecting multiple institutions it provides a 
route for communication in the initial stages of stake-
holder engagement (Davies et al. 2020). We note that 
stakeholder engagement can shift not just opinions but 
the power of different stakeholders. In the case of the 
House Crow, it became clear through extension work 
that the crows were having significant negative impacts 
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on less affluent communities in Cape Town, and this 
fact was used to counter-balance arguments that con-
trol of House Crows was ethically unacceptable (cf. Fig-
ure 7.3 in Wilson et al. 2017).

The control of invasive alien animals can be highly con-
troversial and emotive, to the extent that project work-
ers are physically threatened both when carrying out 
their jobs and in their private lives. The CAPE IAAWG 
cannot, of course, resolve this, but does offer a space 
to learn from previous experiences in the region and 
globally as to how to limit conflicts arising and diffuse 
them as necessary.

Ethics and animal rights

The control of animal species often relies on euthanis-
ing individual animals, although alternatives exist. For 
example, sterilisation and relocation can be an option, 
particularly for larger mammals. However, such options 
need to be weighed against the costs, and the difficulty 
and distress caused by trapping individuals, the cost of 
a veterinarian to conduct the procedure, and the sub-
sequent logistical difficulty of relocating and rehabili-
tating animals in a way that ensures a continuing life of 
sufficient quality.

Many potentially effective campaigns have been ham-
pered by concerns over ethical issues and the difficulty 
of reaching agreement on the correct method of eu-
thanasia to be used. Appreciation that the health and 
welfare of individual animals are often compromised in 
the alien range raises the question whether these pop-
ulations should be allowed to persist any longer. In the 
case of House Crows, ethical issues resulted in exten-
sive delays (1–2 years) during which the population was 
exposed to the ongoing stresses of their novel environ-
ment, as well as the stress of the eventual control pro-
gramme. In addition, the impacts of the crows on native 
birds via competition were extended in time. These two 
aspects demonstrate the increase in net harms (Fraser 
& MacRae 2011; Allen et al. 2019) attributable to proj-
ect delays. Whether such debates can be reduced to an 
equation is a broad philosophical matter for society, but 
environmental management and conservation staff have 
to make hard decisions about how to act (or not act) to 
achieve environmental goals in the context of how dif-
ferent actions will affect both native and alien animals.

The representation of the national SPCA body on the 
CAPE IAAWG has significantly improved the appreci-
ation of ethical methods that exist around the control 
of animals. The need to be alerted to these early on 
in the planning of any control operation is imperative, 
as is the rapid establishment of consensus on control 
options. When control methods e.g. drugs or pesti-
cides that are not commonly used in the country are 
chosen, there can be considerable delay in registering 

and obtaining them (e.g. Starlicide; tricaine methane-
sulfonate [TMS]). Such issues could be avoided by a 
nationally agreed document describing best practice on 
how to euthanise different categories of animals. Such 
documents exist in other countries, and could easily be 
adapted for South Africa by the national environmental 
authority (i.e. DEFF).

The CAPE IAAWG has, to date, not been directly in-
volved in determining which species should be listed 
and regulated under the NEM: BA A&IS Regulations. 
It did, however, provide written comments to DEFF on 
the proposed 2018 changes to the regulations and lists, 
as it is important for the CAPE IAAWG to speak for the 
particular community of practice that it represents. As 
the process for developing recommendations for listing 
is becoming clearer and more transparent [in particular 
through the Alien Species Risk Analysis Review Pan-
el and the development of a risk analysis framework 
(Kumschick et al. 2018, 2020)], the CAPE IAAWG will 
in future play a more direct role in providing scientif-
ic advice to underpin whether and how invasive alien 
animal species should be controlled. Risk analyses that 
provide supporting evidence for the listing of several 
species have been discussed by the working group af-
ter approval by the Alien Species Risk Analysis Review 
Panel (e.g. the Pacific oyster, Crassostrea gigas, and the 
Rose-ringed Parakeet, Psittacula krameri), and several 
risk analyses have been tabled at meetings before these 
were submitted and approved by the Alien Species Risk 
Analysis Review Panel (e.g. coypu, Myocastor coypus, 
Mallard Duck (SANBI, unpublished) and Red-vented  
Bulbul, Pycnonotus cafer). It is envisaged that such 
documents will in future be routinely tabled at CAPE 
IAAWG before recommendations are submitted to the 
decision making body (DEFF).

The CAPE IAAWG has also not, as yet, been substan-
tially involved in the discussion of the implementation 
and enforcement of the Regulations. There is an op-
portunity for the CAPE IAAWG to assist in trying to find 
the appropriate balance between incentive-based and 
penalty-based approaches. The proposed White Paper 
on Biological Invasions in South Africa will hopefully 
provide an opportunity for the CAPE IAAWG to influ-
ence the vision of how the control of alien animal pop-
ulations is conducted in the future (Lukey & Hall 2020).

Success stories

The Mallard Strategy for South Africa was formulated 
by the working group’s founder in 2008 and was sub-
sequently adopted by Birdlife SA. Today this strategy 
guides the Mallard Duck project in the City of Cape 
Town and lays the foundation for similar projects as 
prescribed by national legislation (Mallard Ducks are 
listed as Category 2 in NEM: BA, though cf. SANBI 
unpublished).
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The successful implementation of the Invasive Fish Proj-
ect, including scientific credibility through a range of 
peer reviewed publications, culminated in two Water 
Research Commission reports that provided national 
guidelines for monitoring such projects and their eco-
logical outcomes (Weyl et al. 2014; Marr et al. 2019).

The working group’s discussions and interactions with 
stakeholders resulted in increased funding for invasive 
animal projects through the Natural Resources Man-
agement Programme of the DEFF (formerly Working 
for Water of the former Department of Environmen-
tal Affairs). To date four projects have been funded by 
DEFF: NRMP.

The working group was approached by the Wildlife 
and Environment Society of South Africa in 2009 to as-
sist with a policy on earthworm cultivation using alien 
earthworms. In view of the scarcity of information on 
earthworm taxonomy and distributions in South Afri-
ca, the popularity of earthworm cultivation for com-
post, and accidental introductions through trade in 
soil and soil products, the group took a precautionary 
approach and declined to provide support to this en-
terprise. These discussions led to: (i) group members 
conducting an intensive sampling and mapping project 
of earthworm distributions in the Western Cape and 
KwaZulu-Natal; (ii) the formation of the Soil Ecosystem 
Research Group, a distributed network of South Afri-
can researchers working on soil ecosystem and health; 
and (iii) the commissioning of a post-graduate research 
project on the threats, opportunities, costs and benefits 
of earthworm cultivation in South Africa. Unfortunate-
ly most of the research questions remain unanswered, 
and there is still a pressing need for foundational work 
to be conducted on alien earthworms in South Africa.

A vibrant, productive 
community of practice

It is important to note that many of the questions posed 
to the CAPE IAAWG needed to be answered through 
original research, for example by post-graduate stu-
dents as part of their degree projects. In some cases 
the time taken to complete these projects is perceived 
as slowing down control operations, but it also ensures 
that the approaches that are finally used are fully tested 
and documented before they are implemented. This 
was a critical factor in the Invasive Fish Project, as the 
high output of scientific research projects confirmed 
that the Rondegat River rehabilitation project had been 
a conservation success, not a conservation disaster as 
some project critics feared it would be.

The diversity of perspectives in the working group pro-
vides those working in implementing agencies with 
the chance to solicit feedback on operational issues 
and discuss and consider bigger picture issues beyond 

their day-to-day concerns. In some cases, the feedback 
from working group members confirms that decision 
makers were already making appropriate and valued 
decisions, which is a very important, though hard to 
measure, component of building an effective commu-
nity of practice. Pivotal to this was the development 
of trust between group members, and how this led to 
respect of the pressures and challenges of their different 
roles, facilitated by the person-to-person meetings of 
the group.

For researchers in the working group, the discussions 
provide valuable material for identifying research proj-
ects and anchoring them in real-world needs and prior-
ities. When students working on invasive alien animal 
projects attend CAPE IAAWG meetings in person, they 
receive input, feedback and suggestions on the ap-
plied aspects of their work, as well as exposure to real 
world issues and insight into policy and management. 
Students also realise the importance of practical issues 
that need to be considered when research results are 
implemented. Their perspective on their work is broad-
ened to include issues that many researchers do not be-
come aware of until much later in their careers. Three 
post-graduate student research projects [Mallard Duck 
hybridisation with the native Yellow-billed Duck in 
Cape Town (Stephens et al. 2020); spread and adapta-
tions of the guttural toad in the Western Cape (Vimerca-
ti et al. 2017a; 2017b; 2018; 2019); and the feasibility 
of marine eradications in South Africa with European 
shore crabs as a case study (Mabin et al. 2015; 2017; 
2020)] have arisen from the working group. These proj-
ects were supervised by working group members and 
the students participated in the working group for the 
duration of their projects.

According to Dana et al. (2019), unsuccessful invasive 
alien animal control projects showed five character-
istics: (i) the absence of funding during the necessary 
time to achieve the goals; (ii) the risk of reinvasion; (iii) 
an insufficient removal rate to achieve the specific ob-
jective; (iv) the absence of evidence reporting that the 
methodology applied is effective; and (v) the lack of 
adaptation of methodology to the expected population 
changes. The activities of the CAPE IAAWG helped to 
mitigate items (iii), (iv) and (v), but items (i) and (ii) are 
more challenging and lie partly beyond its remit. Bios-
ecurity personnel working at a provincial and national 
level are increasingly involved in the working group, 
and this will ultimately help to address new invasions 
and the risk of re-invasion. Funding levels remain a seri-
ous challenge, as do the procedures required to release 
funds continuously and/or at short notice.

Support to implementers

The working group plays an important role in pro-
viding knowledge-based and logistical support to 
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implementing agents (CapeNature, City of Cape Town, 
SANParks). For example, several of the control projects 
mentioned above (e.g. guttural toad control) were un-
dertaken by private consultants, who, though skilled, do 
not always have an in-depth knowledge of the species 
being tackled at the commencement of a project. Con-
tact with researchers and students who work on the tar-
get species provides a network of contacts that the im-
plementers can draw on through the project life cycle. 
In turn, the information gathered by implementers has 
been valuable for later research on the species, which 
in turn improved outcomes. The CAPE IAAWG has also 
been involved with prioritisation of work programmes, 
helping implementers to identify the best approaches. 
Having the backing of an evidence-base is invaluable to 
decision makers. Personnel who have worked on this 
suite of projects are piloting the new techniques for the 
control of invasive alien populations of House Crow, 
guttural toads and Mallard Ducks. The City of Cape 
Town is planning to appoint a permanent professional 
officer to manage the House Crow and other invasive 
animal species projects, such as the guttural toad and 
mallard projects. This step aims to ensure the long-term 
sustainability of project activities, including monitoring 
invasion pathways and detecting new invasions.

Conclusion
The CAPE IAAWG has played a key role in facilitating 
the control of a variety of invasive alien animal species, 
and its members feel it has played a vital role in linking 
research, management, and policy in a manner acces-
sible to both researchers and implementers. The CAPE 
IAAWG is not unique in South Africa, and there are a 
variety of working groups that link research, policy and 
management at national and regional levels (Davies et 
al. 2020). For example, the Marine Alien and Invasive 
Species Working Group, the KwaZulu-Natal Invasive 
Alien Species Forum, and the Eastern Cape Invasive 
Alien Species Forum have specific taxon or geograph-
ic mandates, and a variety of working groups focus on 
specific plant taxa such as invasive grasses, Australian 
trees and shrubs, and Cactaceae at national levels (Ka-
plan et al. 2017; Visser et al. 2017). The Fynbos Forum 
(Gelderblom & Wood 2018) is a GCFR community of 
practice with a much broader mandate that includes 
natural scientists, researchers, planners, land managers, 
landowners and stakeholders and ‘meets annually to 
discuss the collaborative production of knowledge that 
underpins regional conservation efforts in the fynbos 
biome, South Africa’ (https://fynbosforum. org. za/). 
Each working group is designed around its particular 
context and working arrangements.

While formal quantification of value of the CAPE 
IAAWG is presently difficult to achieve, several broadly 
applicable lessons are evident: 

1.	 Funding delays can have serious and long-term 
consequences for projects that are time-bound; 
to some extent the delay between the decision to 
control and implementation of a project is normal 
as there are inevitable processes that need to be 
followed, e.g. to prepare funding applications, to 
register drugs or obtain ethical and public approv-
al. However, excessive delays during implementa-
tion are often detrimental. 

2.	 Stakeholder identification and engagement 
should be conducted as early as possible and 
should have a broad reach to ensure that proj-
ects are correctly designed and employ the most 
suitable methods. This is closely linked to point 
1 because unnecessary delays during the project 
need to be avoided. 

3.	 Ethical and animal welfare are important factors 
that should be taken seriously and collaboratively 
in the design phase of projects (see points 1 and 
2 above). 

4.	 Stability of working group membership both in 
terms of organisations and individuals is a key at-
tribute of a successful working group. Each project 
needs successful drivers or champions that need 
support at difficult times. The model of a stable 
core with a larger rotating periphery, who partici-
pate as needed, has worked well for this working 
group.

A successful community of practice for inter-disciplinary 
work such as invasive species control and management 
must have benefits for all parties involved—govern-
ment agencies, NGOs, university researchers and stu-
dents. Specifically, this working group has played an 
important role in research becoming translational, in 
policy development and implementation and has im-
proved the efficiency and effectiveness of invasive alien 
species control projects in the Cape Floral Region. If a 
working group is perceived as only serving or contribut-
ing to one institution’s mandate it will quickly dissolve. 
Similarly, if there is substantial overlap with other work-
ing groups or forums, it will not be valued. The CAPE 
IAAWG fills an important gap between the generation 
and application of knowledge as shown by the con-
tinued participation and enthusiasm of members and 
support from their employer organisations to do so.

Based on the experiences as outlined in this paper, 
working groups like the CAPE IAAWG can help to less-
en the gap between the production of science, the 
development of policy, and the implementation of 
adaptive management (learning and doing; Knight et 
al. 2008), and so have a vital positive impact on con-
servation outcomes. The accumulated insights will be 
useful for establishing, building, and maintaining more 
such communities of practice.
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Supplementary material
Appendix 1: Goals and objectives of the CAPE invasive species strategy

Goal 1: Invasive Alien Species in the Great-
er CFR managed within appropriate policy 
and legislative frameworks. 

Objective: Ensure that the management of invasive species in the 
Greater CFR is consistent with the relevant legislation. 

Goal 2: Actions of all role-players harmon-
ised through strategic planning. 

Objective: Provide a framework for a coherent regional action plan 
through the prioritisation of invasive species management at appro-
priate scales. 

Goal 3: Appropriate awareness raising, 
institutional arrangements and capacity 
building implemented. 

Objective: Raise awareness and increase buy-in to combat the in-
vasive species problem; improve institutional arrangements for in-
vasive species management in the Greater CFR; build institutional 
capacity in the Greater CFR to address invasive species problems 
and improve invasive species management. 

Goal 4: Introduction and establishment of 
new invasive species prevented through 
early detection and rapid response. 

Objective: Prevent the intentional and/or unintentional introduc-
tion of invasive species and prevent new invasive species establish-
ing or spreading through early detection and rapid 

Goal 5: Impact of existing invasive species 
reduced through the implementation of in-
tegrated control measures. 

Objective: Give effect to the obligations on landowners i.t.o. NEM-
BA Chapter 5; incorporate invasive species management into all 
land use decisions. 

Goal 6: Adaptive management is informed 
by research, monitoring and evaluation.

Objective: Implement invasive species monitoring, evaluation and 
research programmes to enhance invasive species management. 
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Appendix 2: CAPE Invasive Alien Animal Working 
Group Terms of Reference (2018)

1. 	 Preamble

A Memorandum of Understanding (MoU) was entered 
into in September 2001 with government depart-
ments, municipalities, statutory bodies and accredited 
non-governmental organisations that will carry out the 
vision of C. A. P. E. This TOR is entered into under the 
CAPE MOU and establishes the C. A. P. E. Invasive An-
imal Working Group (C. A. P. E. IAA WG), the Terms of 
Reference (TOR) of which is elaborated here. Provision 
is also made here for the future of this working group 
after the expiry of the CAPE project as it fulfills a func-
tion that is not time bound.

2. 	 Purpose

The C. A. P. E. IAA WG was established to enhance 
cooperation and synergy amongst stakeholders and 
implementing agents through strategic planning, mon-
itoring progress and developing case studies to inform 
best practice of invasive alien animal species (IAAS) 
management in the Greater CFR. Until the end of 2020 
the scope of the WG includes the Greater CFR but will 
expand to cover the Western Cape Province thereafter. 
The C. A. P. E. IAA WG will endeavor to monitor the 
impact of IAS control operations based on information 
provided by implementing agents.

The business of the C. A. P. E IAA WG includes the co-
ordination of activities covering the following areas as 
they relate to IAAS and IAAS management:

•• Knowledge sharing;

•• Research, monitoring and evaluation;

•• Awareness and capacity-building;

•• Information dissemination;

•• Prevention;

•• Early detection and rapid response;

•• Policy and best practice;

•• Funding;

•• Prioritizing projects.

The C. A. P. E IAA WG provides a forum for the ex-
change of views on the means of implementing best 
practice in the field of IAAS management for the pur-
pose of facilitating and improving IAAS management.

Specific collaborative activities shall be carried out in 
accordance with the C. A. P. E. MOU and relevant 
legislation.

The C. A. P. E IAA WG is not intended to replace, in-
hibit or duplicate activities of other organizations or 
agreements.

3. 	 Objectives

The C. A. P. E. IAA WG aims to achieve the following 
objectives:

•• Share expert IAAS knowledge amongst institutions to 
improve implementation and alignment;

•• Mobilise and/or lobby support for IAAS management 
programmes;

•• Identify and prioritise research requirements and 
priority management interventions;

•• Communicate research outcomes for implementa- 
tion;

•• Monitor implementation of IA strategic actions;

•• Facilitate development and standardization of IAAS 
Policy;

•• Harmonize policy towards dealing with IAAS with 
other provinces and working groups through rele-
vant forums.

4. 	 Structure

The C. A. P. E IAA WG consists of stakeholder represen-
tatives from appropriate tertiary, conservation, institu-
tions and organs of state.

Membership of the C. A. P. E IAA WG will be issued to 
appropriate stakeholders who must send and appoint 
representatives for each meeting or activity of the WG.

There shall be a chairperson elected every two years by 
the members.

The election shall take place via an electronic ballot. 
Members will be given ten working days to cast their 
votes. After his period the person receiving the greatest 
number of votes will appointed chairperson.

The importance of consultation with other agencies 
and organisations is recognised. Representatives from 
specific academic institutions and conservation agen-
cies may be invited to participate in technical discus-
sions but will not become members of the C. A. P. E 
IAA WG. They may, however, become members of a 
working group established for a specific area of exper-
tise or project.

The participating institutions commit to implementing 
decisions of the C. A. P. E IAA WG.
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Meetings of the CAPE IAA WG

The chairperson shall be responsible for organising 
meetings of the IAA WG and appointing meeting chairs 
when required.

The IAA WG shall endeavor to meet at least twice a 
year.

Minutes shall be prepared and provided to C. A. P. 
E IAA WG members within two weeks following the 
meeting. Secretarial support for these meetings is the 
responsibility of the chairperson.

5. 	 Exchange of Information

Information shall be exchanged during IAA WG meet-
ings by means of discussions, presentations, documenta-
tion attached to the minutes, or formalised and focused 
workshops to address particular issues of concern. The 
participants are responsible for disseminating informa-
tion to their organisations and local stakeholders.

6. 	 Status

This TOR constitutes guiding principles to coordinate 
C. A. P. E IAA WG activities between the participants. 
Any collaborative activities identified for investigation 
by the C. A. P. E IAA WG will be pursued in accordance 
with the terms and provisions of the C. A. P. E. MOU.

7. Effective Date.

This updated and amended TOR for the C. A. P. E IAA 
WG becomes effective on 1st of June 2018 and remains 
in effect until April 2022, unless terminated or extended 

by the by mutual written consent of the C. A. P. E IAA 
WG participants to accommodate the termination of 
the CAPE MOU and new priorities that may arise.

8. 	 Definitions and Acronyms.

Definitions

Participants: Individuals representing their institutions 
in sharing and participating in the activities of the 
WG.

Partnership: A formal agreement between two or more 
parties that have agreed to work together in the 
pursuit of common goals.

Implementing agents: Government institutions imple-
menting Invasive Animal projects in the Greater 
CFR.

Acronyms and abbreviations

C. A. P. E. IAA WG	�����CAPE Invasive Animal Working 
Group

C. A. P. E.	�������������������Cape Action Plan for People 
and the Environment

CFR 	���������������������������Cape Floristic Region
CIB	����������������������������DSI-NRF/Centre of Excellence 

Centre for Invasion Biology
Greater CFR 	��������������Cape Floristic Region including 

the rest of the Western Cape 
Province

IAAS	���������������������������Invasive Animal Species
IAS 	����������������������������Invasive Alien Species
MOU 	������������������������Memorandum of Understanding
SANBI 	�����������������������South African National Biodi-

versity Institute
TOR	���������������������������Terms of Reference
WG 	���������������������������Working Group

PARTICIPANTS

Institution	 Signature	 Date

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

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

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

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

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

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

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

….…………………………..….………	 ….………………………………………………..	 ……………….
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Appendix 3: Institutional attendance at CAPE IAAWG meetings.

Institution codes: 1. CapeNature; 2. Centre for Invasion Biology; 3. City of Cape Town; 4. Dept. Environment Affairs (now Dept. Envi-
ronment, Forestry and Fisheries); 5. Department of Agriculture; 6. Eastern Cape Parks & Tourism Agency; 7. Intaka Island; 8. NCC 
Environmental Services; 9. Nelson Mandela University; 10. Private; 11. Robben Island Museum; 12. South African Institute for Aquat-
ic Biodiversity; 13. South African National Biodiversity Institute; 14. South African National Parks; 15. SPCA; 16. University of Cape 
Town; 17. University of the Western Cape; 18. Visiting Scientist; 19. Wildlife and Environment Society of South Africa.

88



BOTHALIA – African Biodiversity & Conservation
ISSN: (Online) 2311-9284, (Print) 0006-8241

| Open accesshttp://abcjournal.org |

Page 1 of 5  | Short communication

Background and objective: African vultures are under pressure from various, 
well-known anthropogenic threats. Here we describe and aim to highlight a little- 
known source of mortality to two Critically Endangered vulture species (Gyps afri­
canus and Necrosyrtes monachus), as well as the Endangered Cape Vulture (Gyps 
copropheres) in southern Africa – that of captive big cats killing vultures that land 
in their enclosures to feed on food scraps or faeces or to bathe in drinking water. 

Methods: Personal observations, reports from public, interviews with current and 
former staff from predator parks and lion hunting ranches.

Discussion: While the spatial and numerical extent of this mortality has not yet 
been quantified, if it is found to be widespread then failure to address it may 
present a risk to the regions’ vulture populations. 

Conclusion: We encourage captive breeding facilities and regulatory authorities 
to take appropriate action to prevent free-roaming vultures from coming into 
contact with captive big cats, and we highlight the need for further research to 
determine the spatial extent and magnitude of this threat to African vultures.

Keywords: captive big cats, Gyps africanus, Hooded Vulture, Necrosyrtes mona­
chus, Panthera, threat, vulture, White-backed Vulture.

Introduction
Africa’s vultures are facing an extinction crisis (Ogada et al. 2016a) similar to 
that experienced by Asia’s vultures (Oaks et al. 2004), and both result from 
anthropogenic factors. The main anthropogenic threats to African vultures are 
deliberate poisoning by poachers, secondary poisoning, the illegal trade in 
vulture body parts for belief-based use, and mortalities caused by energy infra-
structure (Ogada et al. 2016a,b). One of the least known anthropogenic threats 
to African vultures is mortality caused by captive big cats, Panthera spp. (Mun-
dy et al. 1992). Here we describe a case of captive big cats (lions, Panthera 
leo, and leopards, P. pardus) killing Critically Endangered vultures when they 
land in enclosures at a predator breeding tourist facility in South Africa close 
to protected areas where vultures occur. In light of rapid population declines 
(Thiollay 2006; Virani et al. 2011; Buechley & Şekercioğlu 2016), and the dire 
conservation status of most African vulture species (IUCN 2018), we aim to 
highlight this source of mortality in Critically Endangered vultures. We hope 
that this record will serve as motivation for further investigation into the spatial 
extent and magnitude of this source of mortality and, if necessary, mitigation 
of this potential threat.
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Observations
On 13 October 2016, Lindy Thompson observed a 
dead Cape Vulture (Gyps coprotheres) in a supple-
mentary feeding site at an endangered species centre 
in South Africa’s Limpopo Province (Figure 1). Since 
Thompson did not know how the bird came to be 
there, she emailed an enquiry to the centre, asking 
them to remove the bird to reduce the spread of possi-
ble pathogens or poison to other scavengers. The same 
day, Thompson received a reply from one of the cen-
tre’s staff members, saying that the vulture had been 
killed by one of their predators and the carcass dis-
posed of at the feeding site.

On 4 January 2018, John Davies received a report from 
a member of the public who had visited the same fa-
cility on the previous day that said that two of the cen-
tre’s captive leopards were killing free-ranging vultures 
that landed in their enclosure. Note that we wish to 
highlight a source of mortality to vultures, rather than 
condemn a particular facility, and so we do not men-
tion the property by name nor its exact geographical 
location. Thompson immediately arranged to meet a 
staff member at this facility, who stated that the centre’s 
big cats were killing vultures at a rate of approximately 
one per month. A few days later, at a second meeting, 

the facility’s manager told Thompson that the big cats 
in two enclosures (each 1 hectare) were exhibiting this 
behaviour: the first enclosure housed two lions, and the 
second housed two leopards. These particular big cats 
were repeatedly catching and killing (but not eating) 
vultures that landed in their enclosures to bathe in the 
cats’ drinking water and to feed on food scraps (and 
possibly also faeces, in the case of Hooded Vultures 
(Necrosyrtes monachus) (Mundy et al. 1992; Reading 
et al. 2017)). A former staff member of the centre later 
told Thompson that lions at this facility used to kill two 
to three vultures (Hooded and White-backed) a month, 
and, while those lions were now deceased, the lions 
currently at the facility also display this behaviour. The 
two aforementioned vulture species are classified both 
globally and regionally as Critically Endangered (Taylor 
et al. 2015; IUCN 2018).

In an attempt to determine how widespread this phe-
nomenon is, we interviewed staff at 11 predator parks 
and lion hunting ranches in South Africa, and obtained 
responses from seven facilities. The people we inter-
viewed had worked at these seven facilities for an av-
erage 17.3 ± 18.7 years (mean ± standard deviation, 
n = 6), with a combined work experience of at least 
104 years. Three of these seven individuals had never 
encountered their captive predators chasing or killing 
birds (at predator parks in Gauteng, the Eastern Cape 

Figure 1. A Cape Vulture killed by a captive predator at a facility in Limpopo Province, South Africa, and placed at the centre’s supple-
mentary feeding site. Photographed on 13 October 2016, by L.J. Thompson.
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and Limpopo). The remaining four people we spoke 
to had observed the following: leopards and cheetahs 
(Acinonyx jubatus) rarely killing Yellow-billed Kites (Mil­
vus aegyptius) and Helmeted Guineafowl (Numida me­
leagris) (at a tourist facility in Limpopo); a lion catch-
ing (but not killing) a juvenile Verreaux’s Eagle (Aquila 
verreauxii) (at a tourist facility in KwaZulu-Natal), lions 
killing White-backed Vultures and crows (Corvus sp.) 
(at an unrecorded frequency at a lion hunting ranch in 
North West Province); and lions killing one vulture (spe-
cies unknown) and one crow (at a lion hunting ranch in 
North West Province). These observations suggest that 
captive predators may kill wild vultures and other birds 
at other facilities, and this behavior may be widespread 
across various provinces, but that it is also rare.

Discussion
Large mammalian scavengers and predators such as 
lion, leopard, cheetah and African wild dog (Lycaon 
pictus) do not tolerate vultures approaching too closely 
(or feeding) when they are feeding (Attwell 1963). Wild 
lions and African wild dogs frequently chase vultures 
(including Hooded and White-backed vultures) off car-
casses, but it seems that vultures are rarely caught and 
killed (Attwell 1963; Mundy 1997). Hooded Vultures 
may be drawn to the lions’ enclosure for food scraps 
(including moist lion droppings), and White-backed 
Vultures have previously been observed visiting the en-
closures of captive lions to scavenge on food remains 
(Mundy et al. 1992). We could find little evidence of 
an association between wild leopards and vultures 
in the scientific literature (Kendall et al. 2012), other 
than leopards killing and predating on Lappet-faced 
and White-backed vulture nestlings (Pennycuick 1976; 
Mundy et al. 1992; Pringle 2016; Grobler 2018). Leop-
ards usually consume small prey animals immediately 
after killing them, and cache larger prey in dense trees 
where they cannot be found by vultures and mamma-
lian scavengers (Kruuk & Turner 1967). Therefore, the 
captive leopards at this facility seem to be displaying an 
unusual behaviour when they kill vultures. 

The reported current loss of at least one individual vul-
ture per month at this facility equates to a conservative 
estimate of 12 White-backed and/or Hooded vultures 
killed at this centre per year. In South Africa, there are 
an estimated 100–200 mature Hooded Vultures and 
3 435 breeding pairs of White-backed Vultures (Taylor 
et al. 2015). The annual loss of vultures at this facility is 
therefore significant, and represents an additional and 
ongoing threat to the region’s vulture populations. This 
facility is 30 km from a core Hooded Vulture breeding 
area (Thompson et al. 2017), 2.9 km from the nearest 
known Hooded Vulture nest (Davies, pers. obs.), and 
13 km from the Kruger National Park, which holds an 
internationally significant population of White-backed 

Vultures (Murn et al. 2013). These distances of source 
vulture areas to the facility are well within the daily dis-
tances travelled by Hooded and White-backed vultures 
(Phipps et al. 2013; Reading et al. 2019), the two vul-
ture species commonly being killed at this centre. 

Thompson’s suggestion of installing roofs over the big 
cats’ enclosures to prevent vultures from landing, was 
dismissed by the centre’s management for being too ex-
pensive, and because roofs would make the enclosures 
‘look too much like cages’, which would be unsightly 
for paying guests. Our repeated requests to spend a day 
observing the big cats in question, aiming to better un-
derstand the problem, were denied by the facility. The 
centre’s policy of discarding leftover meat and bones at 
two sites on the property, for free-roaming vultures to 
consume, may be compounding this problem. One of 
these sites is a dump, and the other is a supplementary 
feeding site that is open for public viewing. The daily 
congregation of hundreds of Endangered and Critical-
ly Endangered vultures at this property’s feeding sites 
(Thompson pers. obs.) may be a ‘source’, facilitating an 
ongoing supply of highly threatened birds to the ‘sinks’ 
that are the big cat enclosures. 

Conservation recommendations

It is imperative that owners and staff of centres such 
as this, where captive big cats are killing highly threat-
ened vultures, recognise the conservation implications 
of this phenomenon. Such cases should be reported 
to the relevant local wildlife authorities by anyone (in-
cluding researchers, staff members, managers, owners, 
veterinarians, volunteers, tradesmen and members of 
the public) who becomes aware of it, so that it can be 
swiftly and effectively dealt with. The simplest solu-
tion may be for facility staff to make use of the smaller 
feeding enclosures within the big cat enclosures. These 
smaller feeding enclosures have doors and roofs, which 
prevent vultures from entering these designated feed-
ing areas. While the big cats feed in the small, con-
tained feeding enclosures, staff could remove all food 
scraps and faeces from the rest of the enclosures, mi-
nimising the attraction for vultures and preventing the 
problem. At the facility in question, staff do not make 
use of the feeding enclosures, instead they allow the big 
cats to drag their food out into the larger, uncovered 
enclosures, where it attracts vultures. Other manage-
ment tools could include a variety of environmental en-
richment techniques for captive big cats (Powell 1995; 
Bashaw et al. 2003; Clark & King 2008; Sutherland et al. 
2018), coupled with exclusion techniques and/or visual  
deterrents, such as human disturbance, to prevent vul-
tures from landing in big cats’ enclosures (Bishop et al. 
2003). We further recommend that centres place sup-
plementary feeding sites for vultures as far as possible 
from uncovered big cat enclosures, to reduce the pos-
sibility of attracting vultures to these enclosures. As a 
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last resort, we suggest the relocation of the problem big 
cats to another facility outside of vulture foraging range. 

We suggest that regulatory authorities who are respon-
sible for issuing permits to allow such facilities to op-
erate (provincial conservation agencies in the case of 
South Africa) should impose permit conditions to mi-
nimise the risk of vulture mortality at predator facili-
ties. This could include measures such as requiring the 
covering of enclosures if other effective management 
options cannot be implemented. It may also include 
prohibition of additional facilities within the foraging 
range of Critically Endangered and Endangered vulture 
species, unless clear measures are taken to reduce such 
anthropogenically induced mortality.

Finally, we encourage researchers to assess the spatial ex-
tent of this problem and the frequency with which it oc-
curs, to determine the potential population-level impact 
of this poorly documented threat to African vultures. 
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Background: Ongoing systematic studies in the African flora necessitate periodic 
nomenclatural adjustments and corrections.

Objectives: To effect requisite nomenclatural changes.

Method: Relevant literature was surveyed and type material located and examined.

Results: The combination Senecio sonchifolius (L.) J.C.Manning & Magoswana 
(2017), based on Othonna sonchifolia L., is an illegitimate later homonym for  
S. sonchifolius (L.) Moench (1802).

Conclusions: The name Senecio cymbalarifolius (L.) Less. is the earliest legitimate 
name in Senecio for the taxon previously known as S. sonchifolius (L.) J.C.Man-
ning & Magoswana, nom. illeg. On internal evidence, we conclude that S. son­
chifolius (L.) Moench was intended as a combination based on Cacalia sonchifolia 
L. and that the citation of the basionym as Cineraria sonchifolia L. was an error.

Introduction
The combination Senecio sonchifolius (L.) J.C.Manning & Magoswana was re-
cently published as the avowed correct name for Senecio cymbalarifolius (L.) 
Less., resulting from the conclusion that the basionym O. sonchifolia L. rep-
resented the earliest validly published name for the taxon (Magoswana et al. 
2017). Unfortunately it now emerges that this combination is preoccupied by 
the earlier, heterotypic combination S. sonchifolius (L.) Moench (1802), ren-
dering S. sonchifolius (L.) J.C.Manning & Magoswana an illegitimate later hom-
onym (Turland et al. 2018: Art. 53.1). The next available name for the species 
in Senecio is S. cymbalarifolius (L.) Less. (Lessing 1832) (Turland et al. 2018: 
Art. 11.4, Ex. 17), which therefore continues to be the correct name for the 
taxon in that genus. Should the taxon be treated in another genus, however, 
the earlier O. sonchifolia L. (Linnaeus 1753) remains available.

There is, however, a slight complication in the status of Senecio sonchifolius (L.) 
Moench [currently treated as Emilia sonchifolia (L.) DC.], which was published in 
the Supplementum ad Methodum Plantas… (Moench, 1802) with a reference to 
‘Cineraria, sonchifolia Murray Comment. Goett. Nov. T. III. p. 79. icon. t. 7’ (Fig. 
1). This is a reference to J.A. Murray’s Observationes… (Murray 1773). The entry 
in question in Murray (1773) is, however, actually to Cacalia sonchifolia L. (Fig. 
2), with an indirect reference to this name in the Species plantarum (Linnaeus 
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1753) (Fig. 3). The simplest interpretation is that Moench 
(1802) intended his name to be a combination in Se­
necio based on Cacalia sonchifolia L. (1753) but erred 
in citing Murray’s (1773) entry as Cineraria instead of 
Cacalia. This interpretation is consistent with the descrip-
tion of the taxon by Moench (1802) as having erect ca-
pitula, with nodding florets in the detached capitulum 
[‘capitulis floriferis erectis, defloratis nutantibus.’]. The 
apparently nodding florets in the detached capitulum, 
which match the illustration in Murray (1773) perfectly, 
are evidently an abnormality resulting from damage as 
they are not seen in the representation of the intact ca-
pitula. This is compelling internal evidence that Moench 
(1802) intended his name to apply to the plant depicted 
by Murray (1773). His error in the citation of the gener-
ic name does not affect the validity of the combination 
(Turland et al. 2018: Art. 41.3).

An alternative interpretation is that the citation by  
Moench (1802) of ‘Cineraria, sonchifolia …’ consti-
tutes an indirect reference to the name Cineraria son­
chifolia (L.) L., a combination published by Linnaeus 
(1763) based on Othonna sonchifolia L. (1753). While 
this interpretation would be nomenclaturally arguable, 
it is untenable in our opinion, given both the precise 
pagination of the Murray (1773) citation and the exact 
correspondence between the description by Moench 
 (1802) and the illustration published by Murray 
(1773). On this basis we are confident that Moench 
 (1802) intended his name to apply to the disciform 
taxon figured by Murray (1773) under the name Ca­
calia sonchifolia and not to the radiate Cineraria son­
chifolia. We therefore accept the name published by 

Moench (1802) as a combination based on Cacalia 
sonchifolia L. (1753). 

Should there have been no internal evidence favouring 
one of the interpretations over the other, i.e. that there 
was no single clear reference to a basionym, then the 
name Senecio soncifolia published by Moench (1802) 
would have been validly published as a new species. 
Any of the three possibilities still renders the later com-
bination S. sonchifolius (L.) J.C.Manning & Magoswana 
illegitimate. 

Materials and methods
All relevant literature and type material was examined. 
Herbarium acronyms after Thiers (2015).

Nomenclature
Senecio cymbalarifolius (L.) Less., Syn. Gen. Compos.: 
391 (1832). Othonna cymbalarifolia L., Pl. Rar. Afr.: 24 
(1760). Cineraria cymbalarifolia (L.) L., Sp. Pl. ed. 2, 2: 
1242 (1763). Brachyrhynchos cymbalarifolius (L.) DC., 
Prodr. 6: 438 (1838). Type: South Africa, ‘Cap Bonae 
Spei’, without date, Oldenland s.n. (G–herb. Burm. 
G00818194—image!, lecto., designated by Magoswa-
na et al. in Bothalia 47(1)-a2213: 4 (2017). 

Othonna sonchifolia L., Sp Pl. 2: 924 (1753) [non O. 
sonchifolia DC., Prodr. 6: 482 (1838), nom. illeg. = O. 
bulbosa L. (1753)]. Cineraria sonchifolia (L.) L., Sp. Pl. 
ed. 2, 2: 1243 (1763). Doria sonchifolia (L.) Thunb., 
Nov. Gen. Pl.: 167 (1800). Senecio sonchifolius (L.) 
J.C.Manning & Magoswana in Bothalia 47(1)-a2213: 
4 (2017), nom. illeg. [non S. sonchifolius (L.) Moench, 
Suppl. Meth.: 223 (1802)]. Type: South Africa, without 
precise locality or date, Oldenland s.n., illustration in 
Breyne, Prodr. Fasc. Rar. Pl.: 31 t. 21, f.1 (1739).

Emilia sonchifolia (L.) DC. in Wight, Contr. Bot. India: 
24 (1834). Cacalia sonchifolia L., Sp. Pl. 2: 853 (1753). 
Senecio sonchifolius (L.) Moench [basionym incorrect-
ly cited as Cineraria sonchifolia], Suppl. Meth.: 231 
(1802). Type: ‘habitat in Zeylona, China’, [BM, herb. 
Hermann 2: 25, 4: 36, 4:66, no. 305 (multiple sheets 
of a single gathering), lecto., designated by Grierson in 
Dassanayke, Revised Handb. Fl. Ceylon 1: 252 (1980)].
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Figure 1. Senecio sonchifolius from Moench, Supplementum ad 
Methodum Plantas…: 231 (1802).

Figure 2. Cacalia sonchifolia L. from Murray, Novi commentarii 
Societatis Regiae Scientiarum Gottingensis 3: 79 (1773).

Figure 3. Cacalia sonchifolius from Linnaeus, Species plantarum 
2: 835 (1753).
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Abstract: The invalidly published name Massonia sect. Whiteheadia (Harv.) 
J.C.Manning is validated.

Keywords: Africa; invalid name; nomenclature; taxonomy.

Introduction 
The genus Massonia Thunb. ex Houtt. (Hyacinthaceae: Scilloideae) comprises 
± 30 species of southern African geophytes, concentrated in the winter-rainfall 
parts of the region. In the recent account of the species for the Cape Floristic Re-
gion, Manning (2019) divided the genus into three sections. Due to a page-setting 
error one of these sectional names was not validly published and is validated here.

Nomenclature 
The combination Massonia sect. Whiteheadia was published by Manning 
(2019) for the single species Massonia bifolia (Jacq.) J.C.Manning & Goldblatt. 
Unfortunately the basionym citation was partially ommitted, rendering the 
name invalidly published according to Art. 41.5 of the International Code of 
Nomenclature for fungi, algae and plants (Turland et al. 2018), which states 
that ‘On or after 1 January 2007, a new combination, name at new rank, or 
replacement name is not validly published unless its basionym or replaced 
synonym is cited.’ The full, validating citation is provided here.

Massonia sect. Whiteheadia (Harv.) J.C.Manning, stat. et comb. nov. White­
headia Harv., The Genera of South African Plants, edn. 2: 396 (1868).
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The correct author citations for several names in the genera Drimia (Hyacintha-
ceae) and Eriospermum (Ruscaceae) that were invalidly published by N.J. Jacquin 
are provided. The later validation dates for these names do not have implications 
for their nomenclatural priority.

Keywords: Africa; invalid name; nomenclature; taxonomy; Willdenow

Introduction 
The recent account of Drimia (Hyacinthaceae: Urgineoideae) in southern Af-
rica by Manning and Goldblatt (2018) recognised 70 species in the first com-
plete regional review of this ethno-botanically important genus since the earli-
er partial reviews of species by Nordenstam (1970) and Jessop (1977). As such, 
it will certainly be treated as a primary resource for the taxonomy of the group 
for some time. It is thus especially unfortunate that the authors erred in their 
interpretation of the validating authors for the generic name and some associ-
ated species described by Jacquin (1795). A similar error made by Perry (1994) 
in her monograph of the genus Eriospermum (Ruscaceae), which comprises 
some 104 species distributed throughout sub-Saharan Africa, has remained 
undetected until now. These errors are corrected here.

Nomenclature 
The name Drimia was first published by Jacquin (1795) in his Icones planta­
rum rariorum for five species of southern African Hyacinthaceae with reflexed 
tepals. Although the individual species were described, no separate generic 
description or diagnosis was included, either then or later in his Collectaneo­
rum supplementum (Jacquin 1797). This lack of a diagnosis for his new genus, 
which included more than a single species at the time, renders the generic 
name invalid (Turland et al. 2018: Art. 38.1, 38.5), and this in turn renders the 
names of the five species published by him under that genus also invalid (Tur-
land et al, 2018: Art. 35.1). The attribution by Manning and Goldblatt (2018) 
of the generic name Drimia and its five original species to Jacquin as the author 
is thus incorrect. All these names were in fact only validated by Willdenow 
(1799) in Species plantarum, ed. 4 through his provision of a descriptions for 
the genus as well as the individual species.

In like manner, Jacquin (1795) published three species in the new genus Erio­
spermum in Icones plantarum rariorum and subsequently in Collectaneorum 
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supplementum (Jacquin 1797), followed by a further 
two species in Plantarum rariorum horti caesarei schoen­
brunnensis (Jacquin 1798). Once again no separate ge-
neric description or diagnosis was provided in any of 
these publications, rendering the generic name invalid 
(Turland et al. 2018: Art. 38.1, 38.5), and thus in turn 
the names of the five species published by him under 
that genus (Turland et al. 2018: Art. 35.1). As in Drimia, 
the genus Eriospermum and its initial three species were 
validated by Willdenow (1799) in the Species planta­
rum, ed. 4, and these names are thus to be attributed 
to Willdenow. The remaining two species described by 
Jacquin (1798) were not included in Willdenow (1799) 
and their validation dates from their publication by Ker 
Gawler (1811) in The Botanical Register. Although Per-
ry (1994) correctly attributed the genus Eriospermum 
to Willdenow (1799), she overlooked the nomencla-
tural complications for the five species described by  
Jacquin.

The correct author citations for all of these names are 
provided here. Currently accepted names are given in 
bold. Fortunately the slightly later dates for the valida-
tion of these names have no implication on nomencla-
tural priority for the taxa concerned.

Drimia Jacq. ex Willd., Sp. Pl. 2: 165 (1799).

[Drimia Jacq., nom. inval., without description, 
Icones Pl. Rar. 2 (1795); Collect. Suppl. (1797).]

Drimia elata Jacq. ex Willd., Sp. Pl. 2: 165 (1799).

[Drimia elata Jacq., nom. inval., without generic de-
scription, Icones Pl. Rar. 2: 15, t. 373 (1795); Col-
lect. Suppl.: 38 (1797).]

Drimia ciliaris Jacq. ex Willd., Sp. pl. 2: 165 (1799).

[Drimia ciliaris Jacq., nom. inval., without generic 
description, Icones Pl. Rar. 2: 15, t. 377 (1795); Col-
lect. suppl.: 41 (1797).]

Note: This taxon is considered to be conspecific with 
D. elata Jacq. ex Willd. (Manning & Goldblatt 2018).

Drimia pusilla Jacq. ex Willd., Sp. pl. 2: 165 (1799).

[Drimia pusilla Jacq., nom. inval., without generic 
description, Icones Pl. Rar. 2: 15, t. 374 (1795); Col-
lect. Suppl.: 42 (1797).]

Note: This taxon is considered to be conspecific with 
D. elata Jacq. ex Willd. (Manning & Goldblatt 2018).

Drimia media Jacq. ex Willd., Sp. pl. 2: 166 (1799).
[Drimia media Jacq., nom. inval., without generic 
description, Icones Pl. Rar. 2: 15, t. 375 (1795); Col-
lect. Suppl.: 40 (1797).]

Drimia undulata Jacq. ex Willd., Sp. pl. 2: 166 (1799).
[Drimia undulata Jacq., nom. inval., without generic 
description, Icones Pl. Rar. 2: 15, t. 376 (1795): Col-
lect. Suppl.: 41 (1797).]
Note: This is the basionym of Ledebouria undulata 
(Jacq. ex Willd.) Jessop (Jessop, 1970).

Eriospermum Jacq. ex Willd., Sp. pl. 2: 110 (1799).
[Eriospermum Jacq., nom. inval., without descrip-
tion, Icones Pl. Rar. 2 (1795); Collect. Suppl. (1797).] 

Eriospermum lanceifolium Jacq. ex Willd. [as ‘lanceae­
folium’], Sp. Pl. 2: 111 (1799). 

[Eriospermum lanceaefolium Jacq., nom. inval., with-
out generic description, Icones Pl. Rar. 2: 19, t. 421 
(1795); Collect. Suppl.: 72 (1797).]

Eriospermum lanuginosum Jacq. ex Ker Gawl. in Cur-
tis’s Bot. Mag. 34: sub. t. 1382 (1811); [Edwards] Bot. 
Reg. 7: sub. t. 578 (1821).

[Eriospermum lanuginosum Jacq., nom. inval., with-
out generic description, Pl. Rar. Hort. Schoenbr. 3: 
7, t. 264 (1798).]

Eriospermum latifolium Jacq. ex Willd., Sp. pl. 2: 110 
(1799).

[Eriospermum latifolium Jacq., nom. inval., without 
generic description, Icones Pl. Rar. 2: 18, t. 420 
(1795); Collect. Suppl.: 73 (1797).]
Note: This taxon is considered to be conspecific with 
E. capense (L.) Thunb. (Perry, 1994). 

Eriospermum parvifolium Jacq. ex Willd., Sp. pl. 2: 
111 (1799).

[Eriospermum parvifolium Jacq., nom. inval., with-
out generic description, Icones Pl. Rar. 2: 19, t. 422 
(1795); Collect. Suppl.: 74 (1797).]

Eriospermum pubescens Jacq. ex Ker Gawl. in Curtis’s 
Bot. Mag. 34: sub. t. 1382 (1811); [Edwards] Bot. Reg. 
7: t. 578 (1821).

[Eriospermum pubescens Jacq., nom. inval., without 
generic description, Pl. Rar. Hort. Schoenbr. 3: 8, t. 
265 (1798).]

Jacquin, N.J., 1795, Icones plantarum rariorum, vol. 2, Wap-
pler, Vienna etc. 

Jacquin, N.J., 1797, Collectaneorum supplementum, Wap-
pler, Vienna.
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These guidelines provide an overview of the structure 
and style of articles to be submitted to the South African 
National Biodiversity Institute (SANBI)’s peer-reviewed 
journal: 
Bothalia – African Biodiversity & Conservation. 

Types of articles
Full length articles report on complete, comprehensive 
pieces of original research, as well as reviews, strategies 
or innovative case studies in any field of work aligned 
with the scope of the journal. Full length articles include 
a maximum of 8 000 words and 60 references.

Short communications are concise reports on narrow 
investigations. These include new species descriptions. 
They have a maximum of 2 000 words and 30 references.

In the case of reviews, strategies and short communica-
tions, not all of the headings and subheadings specified 
below may be relevant. In such cases authors will need 
to use their discretion in selecting appropriate headings. 

Formatting
Manuscripts must be submitted as a MS Word docu-
ment. Documents compiled in other software, including 
Google Documents, cannot be accepted. 

Low resolution versions of figures and tables can be 
inserted into the document. High resolution of figures 
must, however, also be included separately, with each 
figure as a separate, appropriately labelled file (see de-
tails of requirements for figures below).

Please do not use hidden formatting, including charac-
ter styles in the manuscript. Also avoid nested tables 
and text boxes. Many of these cause corruptions in the 
design software, and can usually be avoided if authors 
refrain from copying and pasting from various sources, 
including other MS Word documents. 

zz Language: Manuscripts must be written in British 
English. Avoid Americanisms (e.g. use ‘s’ and not 
‘z’). Consult the Oxford English Dictionary when in 
doubt and remember to set your version of Micro-
soft Word to UK English.

zz Line numbers: Insert continuous line numbers.
zz Font:

{{ Font type: Times New Roman
{{ General font size: 12pt 

zz Line spacing: 1.15
zz Headings: E nsure that formatting for headings is 

consistent in the manuscript.
{{ First headings: normal, bold and 14pt
{{ Second headings: normal, bold and 12pt
{{ Third headings: normal, underlined and 12pt
{{ Fourth headings: normal, bold, running-in text 

and separated by a colon, and 12pt.

Scientific names: Names of genera and infrageneric 
taxa are italicised, with the author citation not italici-
sed. Exceptions include specific cases in taxonomic 
treatments (see details of such manuscripts below); 
new taxa in the abstract; and in checklists where the 
position is reversed – correct names are not italicised 
and synonyms are italicised. Names above generic le-
vel are not italicised. The complete scientific name of a 
species as well as the author citation should be given at 
the first mention in the text. The generic names should 
be abbreviated to the initial thereafter, except where 
references to other genera with the same initial could 
cause confusion.

Authors of botanical names are abbreviated according 
to Authors of Plant Names (Brummitt & Powell 1992, 
Royal Botanic Gardens, Kew).

In names covered by the International Code of Zoologi-
cal Nomenclature, the date of publication should be se-
parated from the authority by a comma (e.g. Anthomyza 
bellatrix Roháçek, 1984). When a species or subspecies 
is transferred to a genus other than that in which it was 
first classified, the original authority, including the date, 
is placed in parentheses.

Adjectives and nouns derived from genus names beco-
me Roman with a lower case initial (e.g. Felis→feline, 
Libellula→libellulids, Streptococcus→streptococcal in-
fection).Those derived from higher taxonomic groups 
also begin with a lower case letter and are presented in 
Roman (e.g. Ostracoda→ostracods, Cactaceae→cacti).

A scientific name given at its first mention after a verna-
cular name should be separated from it by a comma if 
the two names are exact synonyms (e.g.…the two-spot-
ted cricket, Gryllus bimaculatus,…), but not if the ver-
nacular name may apply to more than one species (e.g. 
the starfish Asterina pectinifera, the medaka Oryzias 
latipes).

Abbreviations should be used sparingly but consistently. 
No full stops are placed after abbreviations ending with 
the last letter of the full word, after units of measure, 

Guidelines for authors
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after compass directions, after countries and after well-
known institutions.

Figures and tables
The word Figure should be written out in full and should 
begin with a capital F, in both the text and captions.

Figures (original or electronic submissions):

zz Figures should be planned to fit, after reduction, into 
a width of either 80, 118 or 165 mm, with a ma-
ximum vertical length of 230 mm. Allow space for 
the caption in the case of figures that will occupy a 
whole page.

zz Graphics, i.e. drawings, graphs or photographs, 
should be submitted as separate files. Low resolu-
tion copies of the figures should be included in the 
manuscript for review purposes.

zz If extensive changes to image files are proposed by 
the editor, the author will be contacted and the spe-
cific image file will have to be re-submitted after the 
indicated corrections have been implemented.

zz Scale bars or scale lines should be used on figures 
where relevant.

zz Captions should not be added as part of the figu-
re file. Number captions clearly and correctly and 
include either in the main text close to where the 
figure should be inserted or as a list of captions at the 
end of the text; not as a separate document.

zz Authors wishing to use illustrations already publis-
hed elsewhere must obtain written permission befo-
re submitting the manuscript and provide this to the 
editor at the time of submission, along with approp-
riate acknowledgements.

zz Do not resample low resolution images to a higher 
resolution.

zz Mosaics should be submitted as separate photogra-
phs as TIF/JPG files at 600 dpi or higher. A mockup 
of the layout should also be submitted. Final layout 
of the mosaic will be done by our graphics depart-
ment. Do not number the original images, but do 
include a scale bar. Indicate the lettering on the mo-
ckup and not on the original photographs.

zz Manuscripts for which the figures, including line 
drawings, photographs, graphs and histograms, and 
maps, do not comply will be rejected for design 
and layout, even though the paper was accepted 
for publication, until such time that the authors can 
provide suitable images. This can significantly delay 
publication.

Line drawings: 

zz The original artwork should be in jet-black Indian 
ink, on fine art paper, 200 gsm. Lines should be cle-
ar enough to accommodate reduction. Do not use 
draughtman’s film.

zz Drawings in pencil will not be accepted.

zz Provide original drawings electronically as bitmap 
TIF files, 1200 dpi.  

zz At the request of the author, the Graphic Design 
Section of SANBI will assist with the scanning of ori-
ginal material. Authors wishing to have the originals 
of figures returned must inform the editor in writing 
and mark each original ‘To be returned to author’.

Photographs:

zz Provide photographs electronically as either TIF or 
JPG files, 600 dpi or higher.  

Graphs and histograms: 

zz The typeface for all graphs and histograms is Arial.

zz Provide graphics originated in CorelDraw (version 
16 or lower), as a .CDR file. 

zz Graphs and histograms generated in MS EXCEL or 
MS Word, should be provided as is. File conversion 
into the correct format will be accommodated by 
SANBI Graphics.

zz Images generated in other programmes should be 
submitted as TIF or JPG files at a resolution of 600 
dpi or as encapsulated postscript files (.EPS). If gra-
phs and histograms are submitted in colour, please 
ensure that the shading used is easily discernible 
once the file is converted to grayscale.

Maps:

zz It is strongly recommended that taxonomic articles 
include dot maps as figures to show the distribution 
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 tre-
ated in the same way, with bordering states clearly 
labelled. For orientation purposes, a small inset map 
should appear in a corner of the figure.

zz Submit maps electronically as either TIF or JPG files, 
600 dpi or higher.

zz ArcView GIS maps are acceptable. The layout re-
presenting all the appropriate themes (including 
grid lines) should be submitted as an encapsulated 
postscript file (.EPS).

zz If maps are submitted in colour, please ensure that 
the shading used is easily discernible once the file 
converted to grayscale.

Tables:

zz Tables should be drawn up in MS Word and not 
copied and pasted from other software such as MS 
Excel.

zz Avoid copying and pasting text into the table as this 
often result in nested tables that are problematic to 
format and edit. Type in all text from scratch.
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zz Do not submit tables as text with separators such as 
tabs or commas, submit as MS Word standard tables. 

zz Do not include text boxes in table cells, type text 
directly in the primary table cell.

zz 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. 

zz If possible, present tables in portrait format. Howe-
ver, if tables must be presented in landscape format, 
use section breaks before and after the tables to se-
parate it from the main text. 

zz Do not stretch the table to beyond the size of the 
paper on screen. 

zz 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:

zz Article title: Provide a short title of 50 characters or 
less.

zz 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.

zz Corresponding author: Identify to whom all corres-
pondence should be addressed to.

zz Authors’ contributions: Briefly summarise the na-
ture of the contribution made by each of the authors 
listed.

zz 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 significan-
ce 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.

zz Background: This section should be written from the 
point of view of the readers, including those without 

specialist knowledge in that area and must clearly sta-
te and illustrate the introduction to the research and 
its aims in the context of previous work bearing di-
rectly on the subject. The Background section to the 
article normally contains the following five elements: 

{{ Key focus: A thought-provoking introductory 
statement on the broad theme or topic of the 
research.

{{ Context: Provide the context to the study, which 
can include the conceptual framework or exp-
lain the role of other relevant key variables in 
this study.

{{ Trends: Cite the most important published stu-
dies 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).

{{ 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 addres-
sed in this study.

{{ 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). 

zz Literature review: The literature review is the se-
cond subsection under the Introduction and pro-
vides a brief and concise overview of the literature 
under a separate second-level heading, e.g. litera-
ture review. A synthesis and critical evaluation of the 
literature (not a compilation of citations and referen-
ces) should at least include or address the following 
elements (ensure these are in the literature review): 

{{ Definitions of all key concepts.
{{ A critical review and summary of previous re-

search findings (theories, models, frameworks, 
etc.) on the topic.

{{ A clear indication of the gap in the literature and 
for the need to address this void.

{{ A clearly 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:
zz Materials (second-level heading): Describe the 

type of organism/s or material/s involved in the study.
zz Study site (second-level heading): Describe the site 

and setting where your study was conducted.
zz Design (second-level heading): Describe your ex-

perimental design clearly. Note: Additional details 
can be placed in the online supplementary location.

zz 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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zz 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):

zz 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. 

zz 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?

zz Permitting (second-level heading): Projects that re-
quired permits for collection, transport or provision 
of material must provide all relevant permit details. 

zz 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.

zz 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:
zz 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. 

zz 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.

zz 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:

zz 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.

zz 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.

zz Limitations of the study (second-level heading): 
Point out the possible limitations of the study and 
provide suggestions for future research.

zz Recommendations (second-level heading): Provi-
de 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 import-
ance 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.

zz 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 unbia-
sed 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.’

zz Authors’ contributions (second-level heading): 
This section is necessary to give appropriate credit to 
each author, and to the authors’ applicable instituti-

http://www.bipm.org/en/si/si_brochure/chapter2/
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on/s. The individual contributions of authors should 
be specified with their affiliation at the time of the 
study and completion of the work. An ‘author’ is ge-
nerally considered to be someone who has made 
substantive intellectual contributions to a published 
study. Contributions made by each of the authors lis-
ted, 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. P.R. (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 DOIs 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):

zz 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 

where this was carried out, over what time period 
and how samples were collected. 

zz 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: 

zz The International Plant Names Index at  
http://www.ipni.org/ 

zz International Association for Plant Taxonomy at  
http://www.iapt-taxon.org/ 

zz 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:

zz 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).

zz Name of the journal/publication written out in full 
(not italicised), volume: page number/range (date of 
publication), fig/s. 

zz 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.

zz 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.).

zz 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. 

zz 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 sta-
tus), and those specimens examined by the author/s 

http://www.ipni.org/
http://www.iapt-taxon.org/
http://www.iczn.org
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must be indicated by an exclamation mark. The full 
reference for citations must be included in the Re-
ference 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!).

2.	 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!, 
COI!, GRA!, K, MO!, PRE!, S!. iso).

3.	 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, Biėi District, Jan. 1932, F. Haas 
(SMF 1694, holo. [not seen] 1 male).

zz 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:

zz 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. nudem., 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 langua-
ge or using archaic or outdated place 
names then these must be placed 

in inverted commas, with modern 
equivalent of collecting locality in 
square brackets (if relevant)), geogra-
phic 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), collector’s number 
(italicised) (if available), (institution 
where specimen is housed (using 
global acronyms for these), catalogue 
number (if available), number of spe-
cimens by male and female (where 
relevant)).

Examples

1.	 Lasiosiphon rigidus J.C.Manning & 
Boatwr., sp. nov.

TYPES: SOUTH AFRICA, Northern 
Cape, Tankwa [Tangua] Karoo Natio-
nal 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).

2.	 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:

zz Description (with third-level headings if required, 
and according to diagnostic characters for the par-
ticular taxon)

zz Distribution and habitat

zz Ecology

zz Etymology

zz Local name/s

zz Uses / economic value

zz Diagnosis and relationships

zz Conservation status – comment on whether inclu-
ded in existing Red Lists, or whether the species 
would potentially qualify as threatened and describe 
current and potential threats. 

zz Other material examined (country (upper case), pro-
vince (bold): locality as given by original collector, 
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)). 

zz List of specimens must be arranged alphabetically by 
country, and within countries, by province in alpha-
betical order, and within provinces, alphabetically 
by locality name, and as far as possible keeping tho-
se specimens from the same locality together, then in 
chronological order by collection date.

zz 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 Global Registry of Biorepositories 
(GRBio) (http://grbio.org).

zz 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 appro-
ximate altitude were not provided on the speci-
men 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], 

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); 

2.	 SOUTH AFRICA: KwaZulu-Na-
tal: Nkandhla Forest, in forest 
along dirt road, 28º43’38.592”S / 
31º07’58.281”E, 1121 masl, 19 Nov, 
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 re-
solution 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. 

Illustrations 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. 

http://sweetgum.nybg.org/ih/
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