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A B S T R A C T

The growing interest in commercial cultivation of bamboos (Poaceae subfamily Bambusoideae) has led to the
introduction of new alien species into South Africa. The rate at which bamboos are being planted in South
Africa is a cause for concern because of the impacts of bamboo invasions in other parts of the world. To
understand the risks associated with new introductions and new plantings, we assess the outcomes of past
introductions of bamboos into South Africa. To this end we: (1) produce an inventory of alien bamboo taxa;
(2) assess the distribution of bamboos; (3) determine the rate of spread of bamboo at a site with a high den-
sity of naturalised stands; and (4) evaluate the current regulatory status of alien bamboos in South Africa.
We used a combination of expert opinion, literature, historical records of populations, and public participa-
tion to produce a species list and locate populations of alien bamboos. We also attempted to confirm species
identities using DNA barcoding. We found that 28 currently-accepted species of bamboo have been recorded
in South Africa. However, we have little confidence in this estimate, as 20 of the species could not be con-
firmed or identified as present in the country. Bamboos are an inherently challenging group to identify using
vegetative material, and DNA barcoding was inconclusive. The distribution of bamboos across the country
varied with the type or lineage (e.g. herbaceous, tropical or temperate) and the source of information (e.g.
herbarium records, in-field observation or public contribution). Although alien bamboos are naturalised at
several sites, we found no large invasive stands nor evidence of widespread negative environmental impacts.
Nonetheless, we recommend caution regarding future introductions of bamboos for commercial cultivation,
as the nature of the plantings will likely differ from the historical situation in both the location, configuration,
and the scale of cultivation, and as new species are likely to be introduced. We propose several changes to the
current listing of bamboo taxa in national legislation pertaining to alien and invasive species.

© 2020 SAAB. Published by Elsevier B.V. All rights reserved.
Keywords:

Biological invasions
Invasion science
Plant invasions
Risk analysis
Tall-statured grasses
iversity of Florida, Gainesville,

ights reserved.
1. Introduction

In the last decade, there has been a major drive to promote the
cultivation of bamboo species (taxa in Poaceae subfamily Bambusoi-
deae) in South Africa. As South Africa only has one native bamboo
species, Bergbambos tessellata (Nees) Stapleton, non-native bamboos
are being sought for various horticultural and agricultural purposes.
In particular, fast-growing and hardy bamboo species from Asia are
being used as feedstock for bioenergy and biofuels, for pulp and
paper production, for phytoremediation, and to provide general con-
struction material (Scheba et al., 2017). However, widespread bam-
boo introductions and plantings have resulted in damaging invasions
elsewhere in the world (Canavan et al., 2016, 2019a). Therefore, an
assessment of the current status of bamboos is urgently needed as
part of a comprehensive analysis of risks associated with bamboo cul-
tivation in South Africa. Despite the country’s long history with bam-
boo introductions (Visser et al., 2017; Canavan et al., 2019b), there
has been no detailed assessment to determine which species have
been introduced, whether any species have become invasive, what
the current distribution of species is or which species should be regu-
lated.

A clear understanding of the status of alien taxa is fundamental
to projecting future risks and the role of invasion debt in driving
invasions of the future (Rouget et al., 2016). Even well-studied
taxa of alien plants in South Africa, e.g. Australian acacias
(genus Acacia Martius), have been found to have outdated, inaccurate
or incomplete species lists (Magona et al., 2018). Alien grasses tend
to have been poorly studied compared to other taxa in South Africa

http://crossmark.crossref.org/dialog/?doi=10.1016/j.sajb.2020.11.027&domain=pdf
mailto:sucanavan@gmail.com
https://doi.org/10.1016/j.sajb.2020.11.027
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(Visser et al., 2017). Milton (2004) published the first review of alien
grasses in South Africa; this included a list of 114 grass taxa known to
be present in the country, including one species of bamboo (Bambusa
sp.). In an updated assessment, Visser et al. (2017) listed an additional
143 alien grass species (a total of 256 species), including 17 species of
bamboo. These authors concluded that 11 of the 17 species of bam-
boos were probably introduced prior to the 1950s, some as early as
1866 (e.g. Bambusa balcooa Roxb.).

As of October 2020, only one bamboo taxon � listed as Sasa
ramosa (Makino) Makino & Shibata — is recorded as present in the
country and requiring control under South Africa’s Alien and Invasive
Species Regulations of the National Environmental Management:
Biodiversity Act (NEM:BA, Act 10 of 2004, hereafter the NEM:BA A&IS
Regulations and Lists). It is listed as category 3 which means that
propagation and selling is prohibited, although, existing plantings
can remain until they die out. Another taxon —the genus Arundinaria
Michx — is included in the NEM:BA A&IS Lists of 2016 as being absent
from South Africa and prohibited from being imported. Two different
species (Bambusa balcooa and Olyra latifolia L.) were listed among
759 taxa of naturalised plants for the country (Richardson et al.,
2020). There are several possible reasons for the low representation
of bamboos on these lists. It may be because the current levels of
impacts do not reflect the potential future impact [there is often a lag
of several decades between introductions, invasions, and impacts
(Rouget et al., 2016)]; bamboos do not pose a significant invasion risk
to South Africa; or that alien bamboos have simply been under-
studied.

To provide baseline information to analyse the risks associated
with alien bamboos and their cultivation in South Africa this paper
sets out to: (1) compile an updated inventory of the alien bamboo
species present in South Africa; (2) assess the distribution of bamboos
in South Africa from historical records and field observations; (3)
determine invasive status at a key site with a high density of bam-
boos; and (4) provide recommendations as to which species should
be regulated and how.

2. Methods

2.1. Compiling a list of alien species and their distribution

Various sources were used to compile a list of alien bamboo taxa
present in South Africa (Fig. 1), including: (1) records obtained from
online literature searches in Google Scholar (terms searched: Bamboo
OR Bambusoideae AND South Africa); (2) herbarium records and data
from the Southern African Plant Invaders Atlas (date accessed: 20
June 2020) � a national atlas project on the distribution of invasive
alien plants (Henderson and Wilson, 2017); (3) the National Herbar-
ium Computerised Information System [PRECIS online database
http://newposa.sanbi.org/; Morris and Glen (1978)]; (4) herbarium
records for South Africa listed on the Global Biodiversity Information
Facility (GBIF, 2016), an open access source of global biodiversity
data; and (5) iNaturalist (http://www.inaturalist.org), a citizen sci-
ence project (See Supplementary Material 1). We removed duplicate
data and filtered incomplete information. Synonyms were corrected
using The Plant List (www.theplantlist.org accessed in October 2019).

We also undertook field surveys across South Africa (see Fig. 1a)
to identify species and populations not previously recorded. To locate
populations we: (1) sought advice from local and regional conserva-
tion managers or experts working with invasive species; (2) compiled
information from herbaria records (from the sources mentioned
above); (3) posted articles in agricultural magazines appealing to the
public for information on sites where bamboos were growing; and
(4) distributed an online questionnaire on social media (See
Canavan et al., 2019b and Supplementary Material 2 for more infor-
mation). At each sampling site photographs were taken of the site
and of key morphological features of the bamboo recorded. Where
34
possible, herbarium samples and fresh undamaged leaves were col-
lected for genetic analysis (see below). Sampling was conducted
intermittently between 2014 and 2016.

Bamboos belong to three evolutionary lineages that are reflected
in the modern taxonomic classification (Bamboo Phylogeny
Group, 2012): tribe Bambuseae (‘tropical'), tribe Arundinarieae (‘tem-
perate'), and tribe Olyreae (‘herbaceous'). Although there are some
exceptions, the three tribes can generally be distinguished by growth
form: ‘clumping’ (tropical), ‘running’ (temperate, with leptomorph
rhizomes), and herbaceous, which lack ‘woodiness’ and are of low
stature. For the purpose of this paper, we use these classifications
(temperate, tropical, and herbaceous) to group South African bam-
boos into ‘lineages’.

2.2. Identification and DNA barcoding of species

DNA barcoding is an increasingly important component of biose-
curity to identify alien species and is particularly useful for taxa that
are not easily identifiable using morphological characteristics alone
(Armstrong and Ball, 2005), as is the case with bamboos. The use of
morphological characteristics in bamboo taxonomy is challenging as
morphological identification is usually dependent on reproductive
features and as inflorescence and seed production are infrequent in
many woody bamboos.

Therefore, to aid the identification of our collected samples, we
used DNA barcodes from one chloroplast region. We used the primer
set D4 which was developed for amplification across flowering plant
groups and was specifically tested on bamboos (Watts et al., 2008).
The D4 primers target a highly variable rpl16 intron chloroplast
region which is well represented for bamboos in the online GenBank
repository (https://www.ncbi.nlm.nih.gov/genbank/). It has good, or
higher, resolution in bamboos than the commonly used trnD-trnT
intergenic spacer (Watts et al., 2008).

DNA extractions of collected leaf material were done using a mod-
ified version of the cetyltrimethylammonium bromide (CTAB)
method as described by Doyle and Doyle (1990). Preserved and dried
leaf tissue samples (~ 300 mg) were ground using a TissueLyser. 1 ml
of CTAB extraction buffer was added to each sample and held at 65 °C
for 60 min. To extract DNA, 200 ml of chloroform:isoamyl alcohol
(24:1) was added (2 x), and precipitated using 600 ml of chilled iso-
propanol. DNA pellets were drained and washed using 1 ml of 70%
ethanol. Samples were dried overnight and then re-suspended in
50 ml of MilliQ water. DNA concentrations were determined using a
NanoDrop spectrometer (ND1000).

The rpl16 intron was amplified using the primers R1516 and
sak16F (Watts et al., 2008) with the following polymerase chain reac-
tion (PCR) conditions: Initial denaturation at 80 °C for 5 min, followed
by 35 cycles of denaturation at 95 °C for 1 min, annealing (1 min
ramp of 0.3 °C/s starting at 50 °C), and extension (1.5 min at 65 °C),
and a final extension (4 min at 65 °C).

Each 30 ml reaction contained ca. 300 ng of genomic DNA,
200 mM of each dNTP (Thermo Scientific, supplied by Inqaba Biotec,
Pretoria, South Africa), 3 pmoles of each primer, 1 U Taq DNA poly-
merase (supplied by Separation Scientific SA), 1X PCR reaction buffer
and 2 mMMgCl2.

PCR products were run on a 1% agarose gel and visualised under
UV light. Amplified DNA fragments were purified using the QIAquick
PCR Purification kit (Qiagen, supplied by Whitehead Scientific, Cape
Town, South Africa), and sequenced using the ABI PRISM BigDye Ter-
minator Cycle Sequencing Ready Reaction kit (forward only) and an
automated ABI PRISM 377XL DNA sequencer (PE Applied Biosystems,
Foster City, CA, USA) and the forward primer used for PCR amplifica-
tion.

To determine taxonomic resolution, we did an initial BLAST search
of three test samples that represented three different genera (from
both temperate and tropical bamboo lineages).

http://newposa.sanbi.org/
http://www.inaturalist.org
http://www.theplantlist.org
https://www.ncbi.nlm.nih.gov/genbank/


Fig. 1. The distribution and time line of introductions of different types of bamboos in South Africa. (A) Observed populations of alien bamboo species (Poaceae subfamily Bambusoi-
deae) in South Africa from 1896 to 2017 displayed according to data sources (herbarium records, personal observations, and responses from an online questionnaire in 2017) and
the lineage type (herbaceous, temperate, tropical, and unspecified; for details of these categories see the methods). (B) Number of populations of different bamboo lineage types
recorded in South Africa between 1940 and 2016. Information comes from herbaria records and observations made during this study (grey shaded area).
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2.3. Assessing invasion rates of bamboos along the Nonoti river

During field surveys, the only site where we observed dense
clumps of bamboo was along from the Nonoti river in KwaZulu-Natal,
from about ten kilometres inland to its estuary (Fig. 2). These clumps
likely originated from historic plantings by sugarcane farmers for
windbreaks and erosion control [this part of KwaZulu Natal is a pro-
ductive sugarcane growing region (Platford 1988)]. The river itself is
small but leads to the Nonoti estuary, one of eight estuaries of the
35
KwaDakuza river system, which supports unique biodiversity. If bam-
boos are spreading in this area, the functioning and diversity of this
important ecosystem could be threatened.

To assess changes in the extent of the bamboo clumps, we com-
pared satellite images on Google Earth taken in 2006 with images
taken in 2017. Tropical bamboos at this site are easily distinguishable
from the background vegetation due to their large size, colouration,
and rounded form. We could therefore identify and draw polygons
around clumps or groups of clumps (n = 96). We measured all clumps



Fig. 2. (A) The location of Bambusa clumps (n = 97; red filled circles) along the Nonoti river in 2017. Circles do not reflect the shape or size of the clumps. (B) A large monoculture
population of bamboo (left) along the Nonoti that extends down the river, growing adjacent to sugarcane fields (in photo: Vusi Mkhize and Gerald Cebekhulu; photo: Susan Cana-
van).
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that were within 160 m of both sides of the Nonoti River. We identi-
fied and marked bamboos from the base of the estuary until popula-
tions became sparse (less than one observation per kilometre along
the river way). The last bamboo clump measured was roughly 10 km
36
inland from the coast, where the Gunqu river joins the Nonoti river
(�29.257242°, 31.307501°). We used Google Street View to confirm
that some mapped clumps were indeed bamboos. We additionally
referenced images of sites that were physically sampled with those
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on Google Earth to confirm they matched. We used the website Earth
Point (www.earthpoint.com) to calculate the area of all measured
polygons. The total area occupied by bamboos is likely a conservative
estimate, as we might have missed smaller nascent clumps and other
clumps that occur under dense tree cover. Although manual delinea-
tion of bamboo clumps using the polygon tool provides crude esti-
mates, the level of error is likely to be similar for the sets of images
taken in 2006 and 2017.

Data for both the 2006 and 2017 images were not normally dis-
tributed according to a Shapiro-Wilk normality test (W = 0.15521,
p<0.001). We therefore used a paired Wilcoxon Signed-Rank Test to
determine whether the areas of the different populations differed sig-
nificantly in 2006 compared to 2017. All analyses and data visuals
were done in R 3.4.3 (R Core Team 2015).

2.4. Developing regulatory recommendations

Because the reasons for listing taxa in the NEM:BA A&IS Regula-
tions are not clearly documented (Kumschick et al., 2020a), we re-
evaluated currently listed bamboo species. We also assessed Phyllos-
tachys aurea Rivi�ere & C.Rivi�ere, which is not listed but poses a threat
as it is present in South Africa and invasive in many parts of the world
(Canavan et al., 2016). Moreover, P. aurea was observed to escape
perimeters of gardens across the country, more so than other bam-
boos. Landowners also complained about this bamboo being more
problematic (like other “running” bamboos that have leptomorphic
rhizomes) than clumping (pachymorph) species, which are considered
less weedy (Canavan et al., 2019b). We, therefore, conducted species-
level risk analyses on Sasa ramosa and Phyllostachys aurea using the
framework developed by Kumschick et al. (2020b). A genus-level risk
analysis was not conducted on Arundinaria as proposed amendments
to the NEM:BA A&IS Regulations also published in 2018 (and due to
come into force on 1 March 2021) removed the prohibited list.

3. Results

3.1. Introduction and presence of bamboo

The literature search and herbarium records revealed 28 species
of bamboos (Table 1) that are recorded as having been introduced to
South Africa (Platford 1988). The actual number of alien bamboos in
the country is, however, probably higher given the recent upsurge in
species being imported for experimentation by private growers, and
as many of these introductions have not been documented or
declared (S. Canavan, pers. obs.). We also observed that the species
and lineages that have been recorded and introduced have changed
over time (Fig. 1b). Specifically, there have been more historical intro-
ductions of large tropical species, whereas recently there are more
records of invasive temperate species.

We recorded 66 sites across South Africa with alien bamboo popu-
lations (Fig. 1). Bamboos are currently distributed in all provinces of
the country except the Northern Cape, although there were only a
few records from the Eastern Cape. Some sites were sampled multi-
ple times as several species were present. A large number of sites
(56%) were located through suggestions from the public and experts
who responded to postings about the project on social media, maga-
zines and email chains (Fig. 1a; see Canavan et al., 2019b); specifi-
cally, 16 sites were suggested by local and regional conservation
managers or experts working with invasive species and 19 sites were
from the general public. 35% (n = 23) of sites were located during
sampling efforts but were non-targeted, and eight sites were found
after consulting herbarium records. One site was excluded as the spe-
cies found there was determined to be the native bamboo species
Bergbambos tessellata.

Almost half (48%; n = 32) of the sites were on a private land such
as smallholdings, farms or business premises; 47% (n = 31) were on
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public land such as road verges, waterways or government-owned
sites including nature reserves and forestry plantations. Another
three sites were established commercial bamboo plantations. More
than half of the sites (54%; n = 36) had populations that had escaped
cultivation (found beyond the property perimeter of the original
planting site) or appeared to be naturalised in that they had self-sus-
taining populations beyond cultivation. The remaining populations
were in gardens or farms and appeared to be planted and cultivated
(46%; n = 31). When we grouped the sampled populations by lineage
(Fig. 1a) as designated by Kellogg (2015), half of the populations com-
prised tropical species (49%; n = 33), and 39% were temperate
(n = 26), one site had a herbaceous bamboo, and the remaining sites
had multiple lineages (n = 3) or the lineage was unknown (n = 4).
Responses from the online questionnaire, and from our sampling
efforts, indicated the prevalence of temperate species in urban sites,
whereas herbarium observations indicated only the presence of trop-
ical and herbaceous species.

Bamboos were found across a range of altitudes from 33 m to
1700 m above sea level. Temperate bamboos tended to occur at higher
altitudes on average (1231 m) compared to tropical species (583 m).
No populations were observed to be flowering or seeding. Some land-
owners mentioned that they had seen flowering (in what is suspected
to be Bambusa balcooa), but we were unable to confirm this. We noted
that populations were typically close to water sources.

3.2. Identification of species

Wewere unable to reliably identify our samples to the species level
because our specimens lacked reproductive structures, and there is no
regional taxonomic expert specialising in bamboo. We were, however,
able to group populations by the lineage (temperate, tropical or herba-
ceous), with the exception of four sites. The lineage is related to the
growth form, with temperate species having a running form with
woody culms, and tropical also having woody culms but growing in a
clumping manner; herbaceous species are smaller and more grass-
like. Temperate species spread rapidly compared to clumping tropical
species, separating bamboos by growth form is therefore, an important
indicator of invasion potential (Lieurance et al., 2018).

We were able to successfully sequence the rpl16 region. However,
we were unable to confindently assign taxonomic identitiesies to our
sampled bamboos based on the BLAST results. For example, we
retrieved a perfect DNA sequence similarity match (100%) with multi-
ple species from different genera and even different lineages. This
shows that there is low resolution between species for this DNA
region and that this approach is not appropriate for identifying bam-
boos to the species or even genus level.

3.3. Invasion rate at the Nonoti river site

There was a significant increase in the area of Bambusa balcooa
(suspected species) clumps between 2006 and 2017 (V = 1524,
p<0.01), although the rate of expansion was slow. In 2006, bamboo
clumps occupied an estimated total area of 175,456 m2. By 2017,
there had been a 6% increase in area (total area 186,454 m2). Individ-
ual bamboo clumps increased in size at a rate of 2.52 m over 11 years
or < 0.3 m a year, on average. However, not all sites showed an
increase in size; of the 95 clumps, 61% (58 clumps) had increased,
with the remaining 37 clumps reducing in size (mostly only margin-
ally). We found only one new clump (�29.297996°, 31.387759°) that
was present in 2017, but not in 2006.

3.4. Regulatory recommendations

Sasa ramosa was not found to pose a high invasion risk in South
Africa and it is recommended that this species should be delisted
(See Supplementary Material 3). In contrast, Phyllostachys aurea was

http://www.earthpoint.com


Table 1.
The evidence for the presence of alien bamboo species (taxa in Poaceae subfamily Bambusoideae) in South Africa. Scientific names were adjusted to match the
nomenclature in The Plant List (www.theplantlist.org, accessed October 2019). We were unable to confirm any of these species using DNA sequencing methods.
Herbarium records are based on samples in the Botanical Database of Southern Africa (http://newposa.sanbi.org/, accessed 20 June 2020). Current status is based on
field evaluations during this study, iNaturalist observations (https://www.inaturalist.org; excluding those made by S. Canavan during fieldwork for this study) as of
14 May 2020 (* indicates “Research Grade” level). For more details see Supplementary Material 1 Terms used under ‘current status’ follow Blackburn et al. (2011).

Scientific name Herbarium record Literature record
of presence

iNaturalist record Current status Provinces recorded

Bambusa balcooa Roxb. Yes Yes Yes Present | Naturalised Gauteng, Limpopo, Mpumalanga,
KwaZulu-Natal, Western Cape

Bambusa bambos (L.) Voss Yes Yes No Present | In cultivation KwaZulu-Natal
Bambusa flexuosaMunro No Yes No Unconfirmed Not known
Bambusa multiplex (Lour.) Raeusch.

Ex Schult
No Yes Yes Present | Naturalised Western Cape, KwaZulu-Natal

Bambusa oldhamiiMunro No Yes Yes* Unconfirmed Western Cape
Bambusa polymorpha Munro Yes Yes No Unconfirmed KwaZulu-Natal
Bambusa textilisMcClure No Yes No Unconfirmed Not known
Bambusa vulgaris Schrad. Yes Yes Yes Present | Naturalised KwaZulu-Natal, Western Cape
Dendrocalamus asper (Schult.) Backer No Yes No Unconfirmed Not known
Dendrocalamus giganteusMunro No Yes No Unconfirmed Not known
Dendrocalamus latiflorusMunro No Yes No Unconfirmed Not known
Dendrocalamus membranaceus

Munro
No Yes No Unconfirmed Not known

Dendrocalamus strictus (Roxb.) Nees Yes Yes No Unconfirmed Limpopo, Mpumalanga, KwaZulu-
Natal

Drepanostachyum falcatum (Nees)
Keng f.

No Yes No Unconfirmed Not known

Himalayacalamus hookerianus
(Munro) Stapleton

No Yes No Unconfirmed Not known

Melocanna baccifera (Roxb.) Kurz No Yes No Unconfirmed Not known
Ochlandra scriptoria (Dennst.) C.E.C.

Fisch
No Yes No Unconfirmed Not known

Olyra latifolia L. Yes Yes No Present | Naturalised KwaZulu-Natal
Oxytenanthera abyssinica (A.Rich.)

Munro
No Yes No Unconfirmed Not known

Phyllostachys aurea Rivi�ere & C.
Rivi�ere

No Yes Yes* Present | Naturalised Western Cape, Free State, KwaZulu-
Natal

Phyllostachys nigra (Lodd. Ex Lindl.)
Munro

No Yes Yes Present | In cultivation Western Cape, Gauteng

Phyllostachys viridiglaucescens
(Carri�ere) Rivi�ere & C.Rivi�ere

No Yes No Unconfirmed Not known

Pleioblastus fortunei (Van Houtte)
Nakai

No Yes No Unconfirmed Not known

Pleioblastus simonii (Carri�ere) Nakai No Yes No Unconfirmed Not known
Pseudosasa hindsii (Munro) Nakai No Yes No Unconfirmed Not known
Schizostachyum dullooa (Gamble) R.B.

Majumdar
No Yes No Unconfirmed Not known

Thyrsostachys siamensis Gamble No Yes No Unconfirmed Not known
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found to pose a high risk as it spreads rapidly, and forms dense
monocultures that compete and crowd out other vegetation. Infra-
structural damage to property is also commonly observed in urban-
ised areas from escaped P. aurea plants. These recommendations
have been submitted to the South African Department of Forestry,
Fisheries, and the Environment, for consideration.

4. Discussion

Our study confirmed that bamboos are an inherently difficult
group to identify accurately and that we lack the tools required to
easily differentiate the species that are present in South Africa. We
also determined that there has been a marked under-reporting of the
presence of bamboos around the country, particularly of the more
invasive temperate species found in urban sites. We identified that
the threat of certain bamboo species is not adequately reflected in
current legislation relating to the management of alien species.

4.1. Issues in identification of bamboo species

Molecular dentification of bamboos via DNA barcoding was not
possible in this study due to the low variability of the rpl16 chloro-
plast region. One should be cautious when comparing available
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reference data on GenBank, as a reliable inference would hinge upon
the correct identification of reference material deposited into this
database. For example, more than a third (36.2%) of bamboo samples
sequenced and uploaded to GenBank (n = 366 species) were syno-
nyms, indicating an inherent issue with the poor taxonomy of listed
species and a lack of resolution between frequently employed genetic
markers (data downloaded: 12 Sep 2015).

Taxonomy-related errors are common in ecological datasets and
are a general problem in invasion science (Py�sek et al., 2013;
Murray et al., 2017; Magona et al., 2018). A recent study by
Zermoglio et al. (2016) found that only 47% of 1000 scientific names
of vertebrates listed in digitised biocollections were correctly vali-
dated. Such errors in identification is a serious issue for biosecurity
and risk assessments. Even if targeted species are known to pose
high risks, the ability to correctly identify them visually or through
DNA barcoding is currently limited. Our study illustrates the need for
identifying more variable gene regions that can be used to classify
bamboo species accurately.

4.2. Distribution of bamboo species in South Africa

We found that the distribution of bamboo species in South Africa
varied with the type of bamboo. This was particularly true for the

http://www.theplantlist.org
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herbaceous bamboo Olyra latifolia which is restricted to coastal for-
ests extending from the Eastern Cape to Mozambique. Temperate
bamboos are associated with urban sites or sites with high human
population densities, most likely because they are popular ornamen-
tal plants that are selected for their frost-hardiness, smaller stature,
and utility for screening purposes (Canavan et al., 2019b). Tropical
bamboos have a more varied distribution and are found across the
country and are naturalised at rural sites and are grown in gardens
(Fig. 1a). The sites where tropical bamboos grow also cover a greater
variation in environmental conditions. The wide distribution of tropi-
cal bamboo might be influenced, in part, by the long introduction his-
tory of these species (Fig. 1b), and multiple introduction events by
different groups of people (Canavan et al., 2019b). Predictably, bam-
boos were not found in regions where there is low rainfall and
extreme temperatures, like the Northern Cape.

The distribution and type of species reported also varied depend-
ing on the source of information. The observations from this study
suggest that there is a growing popularity for temperate species in
gardens which has gone undetected in national alien species data-
bases (Fig. 1b). Temperate species pose a greater invasion risk
(Lieurance et al., 2018) and there is likely also a lag between temper-
ate species being planted in gardens and them naturalising in sur-
rounding sites. Of the 25 temperate ‘running’ populations observed
during our sampling, 48% (n = 12) were found to be spreading beyond
where they were planted (e.g. under perimeter walls), and/or there
were clear attempts made to manage the bamboo via manual clearing
or burning. In a cultivated setting temperate species are aggressive in
their growth and should be carefully monitored so that they do not
become naturalised in sites where they cannot be managed.

Overall, we found combining expert and public observations use-
ful. This was possible as woody bamboos are large in size and stand
out from native vegetation in South Africa, making them an easy
group for public sightings. However, as for many other grasses, espe-
cially smaller species that are more discreet, invasions are often not
noticed and/or are generally under reported (Visser et al., 2017).

4.3. Evidence of increase in area, but not much spread

The Bambusa clumps at the Nonoti site increased in size over time.
However, we found no clear evidence that these bamboo populations
were invasive, i.e. spread was much less than 2 m a year as per the
invasive definition outlined in Richardson et al. (2000) for invasions
via propagules spreading vegetatively. There are a number of possible
reasons why we did not observe spread: (1) the surrounding site is
under cultivation and highly managed, and so the bamboos clump
could not spread into the adjacent landscape (although there was no
evidence of the bamboos being directly targeted for clearing); (2) the
bamboo is limited to riverine sites by water availability; and (3) sig-
nificant spread will only occur after seed dispersal (no flowering has
been observed to date), or following flood events.

Despite a lack of substantial spread, the bamboos might be having
negative impacts on the river ecosystem [cf. naturalised Bambusa
species along rivers in Central America (Blundell et al., 2003)]. More
field research is needed to understand the effects of clumps on the
ecology of the ecosystem and on the hydrology of the river system. It
would also be worth investigating whether all clumps were directly
planted or whether new clumps have established downriver from
initial planting sites. However, currently there is no evidence that
these bamboo clumps should be a high priority for management.

4.4. Regulatory and management recommendations

Only two taxa are listed under the NEM:BA A&IS Regulations: Sasa
ramosa and the genus Arundinaria. We found no evidence of Sasa
ramosa being invasive in South Africa, or elsewhere in the world
(Canavan et al., 2016). None of the three ‘cane’ species in the genus
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Arundinaria, that are native to North America, are widely introduced
or known to be invasive (Canavan et al., 2016). The listing of Arundi-
naria may be due to the confusing taxonomic history of the group
which was only stabilised in 2009 (Triplett and Clark, 2009). Arundi-
naria was initially a large genus that included important woody spe-
cies from Asia that have now been reassigned to other genera
including Fargesia, Guadua, Pleioblastus and Pseudosasa. The listing of
the genus was likely intended to target Asian temperate species of
Pleioblastus and Pseudosasa which are known to be invasive. The tax-
onomic confusion of the group has been reflected in current regula-
tions, and therefore the listing of bamboo species needs to be
updated to better reflect current taxonomic designations and the
invasion risks posed.

We propose that S. ramosa and Arundinaria should be removed
from the list of regulated species in the NEM:BA A&IS Regulations,
and that Phyllostachys aurea should be added (See Supplementary
Material 3 and 4). Many other Phyllostachys species are also highly
invasive and have costly impacts (Canavan et al., 2019a). Therefore,
we also recommend that the entire genus should be carefully moni-
tored and considered for adding to the regulatory lists.

In contrast to other regions of the world, we found no evidence of
major bamboo invasions in South Africa. However, there could be a
lag phase or delay before invasions and impacts are seen. If large
stands of bamboos were to have a gregarious seeding event, this
could promote a boom in rodent populations, which is associated
with the destruction of crops as well as the spread of diseases, as
seen with bamboo forests in India (Lalnunnmawia et al., 2005). Sec-
ondly, the areas where bamboos are introduced and cultivated are
not the habitats where impacts and invasions are typically observed.
Many bamboo species are inherently weedy and can be problematic
following human disturbances, even in their native ranges (e.g., tim-
ber extraction and logging), but such impacts are usually confined to
forest ecosystems (Canavan et al., 2019a). In South Africa, bamboos
tend to have been planted in urban areas or rural farming areas, with
the exception of one site in an old plantation in KZN, bamboo infesta-
tions were not found in areas with high tree densities potentially lim-
iting their impacts. Lastly, the species of bamboo with a longer
introduction history (tropical bamboos) are less invasive than more
recent introductions (temperate species, namely Phyllostachys spp.)
used in horticulture so we could expect these more invasive bamboos
becoming problematic in the future. Therefore, in order to maintain
lower invasion rates, further plantings should avoid forested ecosys-
tems, and not propagate species from high-risk clades.
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