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Name of CoE : DST-NRF Centre of Excellence for Invasion Biology
Abbreviated CoE Name Centre for Invasion Biology

Host institution : Stellenbosch University

Progress against our five Key Performance Areas (KPAs)

Research

The C:I-B’s research addressed a wide range of disciplines, scientific approaches, issues, spatial and
temporal scales, and taxa during 2015, resulting in the most productive year in our history in terms of
publications. We published 178 peer-reviewed papers in 113 journals (107 ISl-accredited and 7 non-
ISI), including contributions in the high-impact journals Nature, Nature Communications, Proceedings
of the National Academy of Sciences of the USA, Proceedings of the Royal Society B, and Trends in
Ecology & Evolution. Another four contributions appeared in edited books. Our publications for 2015
covered many of the most pressing issues in invasion ecology internationally and in a South African
context, and the full spectrum of focus areas identified in the C:I-B’s strategic plan for 2014-2019. Our
research addresses fundamental issues related to the biology of invasive species, aspects of invaded
ecosystems, invasion processes, and many facets of the human dimensions of invasions. The report
that follows provides an idea of the research outputs for 2015. Further details of these and other

publications produced during 2015 are available on the C:I-B website.

Education and Training

In 2015, the C:I-B supported 68 students and 16 post-doctoral associates. For the first time we had
seven South African post-doctoral associates (44% of the total), the majority of whom were graduates
of the C:I-B programmes, reflecting the success of the CoE at ‘growing its own timber’. Altogether, the
C:I-B hosted 21 foreign students and post-doctoral associates from African countries Madagascar,

Rwanda, Uganda and Zimbabwe, and from Australia, Canada, Chile, Germany, Ireland, Italy, Portugal,
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Spain the UK and the USA. Graduations in 2015 included seven honours/4™" year (four black, three
white), 12 Masters (seven black, five white) and 7 PhDs (three black, four white).

Among the 86 students and post-doctoral associates, 31 students and eight post-doctoral associates
were fully supported (bursary and project running costs), while 18 students and one post-doctoral
associate received partial support (in the form of a partial or full bursary, running costs only, or ‘in
kind’ support, e.g. supervision by a core team member). Independent funding was sourced by 19
students and eight post-doctoral associates, from other funding institutions, private foundations, and
other (non-CoE) NRF instruments. However, raising additional funds for student and post-doctoral

support remains a challenge and a high priority for the Centre’s management team (see Red Flags).

Networking

In 2015 the C:I-B continued and developed its interactions with its national and international partner
organisations. Crucial funding partnerships with SANBI and the Natural Resources Management
Programme of Dept. Environmental Affairs were backed by successful production of joint workshops,
peer-reviewed publications and student graduations. The C:I-B fellowship programme went from
strength to strength, with the appointment of four Visiting Fellows and one Fulbright Fellow — one
each from Australia, Brazil, Canada and the USA. A local highlight was the interaction with the
University of Cape Town’s MPhil course in Environmental Humanities, which has already resulted in
one co-supervised student and several joint publications, and promises to improve our impact on the

social sciences in future.

Information Brokerage

C:I-B team members hosted several important workshops, including two international workshops on
Functional responses as a tool in invasion ecology and Evolutionary dynamics of tree invasions: drivers,
dimensions, and implications for management, as well as a national workshop on Conservation in the
Cape Floristic Region. All these will lead to several collaborative publications and joint student
supervisions with other institutes. In addition, the C:I-B co-funded the 6th International Symposium-

Workshop on Frugivores & Seed Dispersal in KwaZulu-Natal.
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The limbovane outreach programme deepened its involvement in the target schools in the Western
Cape, and in monitoring the outcomes of its interactions with learners. In this regards we saw several

‘alumni’ of the programme embark on undergraduate degrees in the life sciences.

Generally, the C:I-B’s activities resulted in a host of media interactions, from print media to radio and

television. Our presence in social media expanded with very active website, Facebook and Twitter

pages.

Service Provision

Many of the Centre’s members provide inputs to policy and management guidelines on a regular basis.
Several core team members work closely with initiatives of the Department of Environmental Affairs
(DEA), and in particular their Natural Resource Management Programmes. Our collaboration with
SANBI ensures inputs at all levels to SANBI’s Invasive Species Programme. Dr Sabrina Kumschick works

closely with DEA and SANBI to develop best-practice methods of risk assessment for invasive species.

C:I-B-affiliated researchers hold prominent positions as Editors-in-Chief, Editors, Associate Editors, and
serve on Editorial Advisory Boards of many top journals. C:I-B Director Dave Richardson stepped down
at the end of 2015 as Editor-in-Chief of the journal Diversity and Distributions after 19 years at the
helm of that publication. Our team members acted as editors of several important journal special
issues during 2015. The expertise of our core team members is often sought to evaluate funding

applications and staff appointments from many parts of the world.

What was the gender impact of the C-I-B’s work?

Invasive species heavily affect women, who bear the most responsibility for agriculture, water
provision and household management. Public engagement and application of invasion science is
crucial to bring research results into policy and practice, and this forms the focus of greater effort in
the current phase of the Centre’s development. In terms of the other KPAs, women represent 31% of
the core team (8 out of 26), but are much better represented among the C:I-B staff (83%; 15 out of
18), post-doctoral associates (56%; 9 out of 16) and students (52%; 36 out of 68). The limbovane
project is staffed entirely by women, providing a powerful role model and informal career path

guidance for aspiring scientists. limbovane is increasingly being drawn into hosting learners who wish
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to do vacation work in the limbovane labs, and interestingly, it is almost invariably young women who

volunteer in this way.

Red Flags

The C:I-B has another four years of assured funding from the Department of Science and Technology,
through the NRF. Although we generate substantial funds to support our operating costs from outside
sources, core funding from DST is crucial for maintaining the infrastructure of the C:I-B and supporting
the current model which is providing excellent service to our network of team members in higher
education institutions and partner organizations. In 2015, discussions were held with several partner
organizations about options for restructuring the C:I-B. This is an issue that will need to receive
increasing attention in the near future to allay the concerns of staff regarding job security and to
prevent the C:I-B from losing momentum. Currently we are arguably the world’s most productive

research and training unit in the field of invasion science.

General Comments

2015 was a very successful year for the C:I-B. Our papers continue to appear in all the top-rated
ecology journals and received many citations, and much attention in the media. The C:I-B continued
to make substantial contributions to policy relating to biological invasions and associated issues in
South Africa and internationally. Various measures clearly show that the Centre is widely
acknowledged as a global centre of excellence in this field. New partnerships continue to be sought to
ensure coverage of all geographic and thematic areas in South Africa. Our partnerships with the
Natural Resources Management Programmes, the South African National Biodiversity Institute, the
South African Institute for Aquatic Biodiversity and the City of Cape Town were especially productive
during 2015. Our international Research Associates were very productive during the year. Besides
boosting the C:I-B’s output of publications these collaborations build crucial partnerships that improve
the global reach and reputation of the C:I-B and provide exciting opportunities for C:I-B-affiliated
personnel (core team members, research associates, students and post-doctoral associates) to work
with global leaders in the field. The C:I-B Fellowship initiative is now firmly in place and is attracting

top international researchers to work with core team members.
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1 Scientific Research

1.1 Objectives

The C:I:B’s research aims to reduce the rates and biodiversity impacts of biological invasions, by
understanding how these can be reduced and remediated through appropriate policy interventions,
and how interactions among global change drivers, especially climate change and biological invasions,

might further influence the impacts of biological invasions and alter policy advice.

Therefore, our projects and integrated programmes of research target all aspects of the phenomenon
of biological invasions, all taxonomic groups and all ecosystems(Figure 1). Better understanding of
invasion patterns and processes is required, and options for management and remediation need to
be explored. We further realize that each stage in the invasion process (pre-introduction; initial

incursion; expansion; and dominance) demands special tools, insights and types of study.

Besides the aspects attached specifically to the aforementioned compartments, the C:I-B proposes to
undertake work in several overarching themes: Biological foundations; model systems; human
dimensions; basic inventories; modelling capacities; and policy formulation and risk assessment. This
suite of themes provides the scope for cutting-edge work in invasion science, while providing
opportunities to draw in students from diverse biological fields (from fundamental to applied) and

many other disciplines.

1.2 Progress

Short-term strategic research priorities are grouped under the following major headings: biodiversity
foundations; acacias as model systems for understanding invasions and impacts; detection,
demonstration, responses and remediation; global environmental change and ecosystem services;
and human dimensions. Molecular methods as a tool in invasion science are a cross-cutting theme, as
they are becoming increasingly widely used to identify the provenance of introduced species and for
uncovering many aspects of the invasion process. The ability to distinguish apparently similar species
at a cellular level is a fundamental component of the C:I-B’s research tool box, and substantially
contributes to many of the research projects detailed below. Further details of many research projects

are given on the C:I-B’s web site (http://academic.sun.ac.za/cib/). The projects summarized below give

a précis of the wide range of disciplines, taxa, spatial and temporal scales, and scientific approaches
in the C:I-B’s research during 2015 (Figure 1).

Research focussed on many of the most pressing issues in invasion ecology and the full spectrum of
focus areas identified in the C:I-B’s strategic plan. Our research is addressing fundamental issues
related to the biology of invasive species, aspects of invaded ecosystems, invasion processes, and

many facets of the human dimensions of invasions.
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Figure 1. Word cloud reflecting the titles of C-I-B publications in 2015

1.2.1 Long-term collaborative research

Long-term change in insect assemblages

The C:I-B manages three long-term monitoring transects which gather data on invertebrate
communities in relation to altitude, aspect, climate, vegetation and other biological variables. The
system is summarised in Table 1. The plan is to analyse the long-term data from the three transects
separately and together to advance our understanding of the relationship between biodiversity and
climate using hyper-diverse insect groups such as ants. As the long-term data sets reach maturity, the
analysis and publication of this work will be an ongoing collaboration between the C:I-B core team
members and the Universities of Monash (Australia) and Oxford (UK).

Beta diversity of montane ants

A recent study involving several current and recent C-I-B affiliates explored how the composition of
ant groupings changes across environmental gradients. The paper made use of data from the Sani Pass
transect (Table 1) (Bishop et al. 2015; J. Biogeogr. 42: 1776-1786).
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Table 1: Summary of the C:I-B's long-term monitoring of insect assemblages

Type of No.of Replicates Traps per Aspect Sampling Elevation  Arthropod

sampling sites per site replicate periods range groups
(m amsl) sampled

Cederberg (2002-2014):

Climate; 17 4 10 W Mar, Sep 0-1926 Ants, carabid

biological beetles and

spiders*

Sani Pass (2006- ):

Climate; 8 4 10 E Jan, Sep  900-3000 Ants

biological

Soutpansherg (2009- ):

Climate; 11 4 10 N, S Jan, Sep 800-1700  Ants, beetles

biological and spiders*

*spider by-catch is donated to the South African National Survey of Arachnida.

The study used several new methods to assess how the ant communities changed in response to
elevation (Figure 2). Firstly, changes in both the taxonomic and functional structure of the ant
communities were analysed. The taxonomic part of the analysis looked at how species identities
changed along the gradient. The functional aspect used morphological data to describe the ecology of
the 92 different ant species. This functional description of the ant fauna recognizes that some species
are similar to each other than others. For example, specialist predatory species are more ecologically

similar to each other than to generalist scavenging species.

-1.0 -0.5 0.0 0.5 Figure 2. Biplot displaying the
structure of the morphological
~ — 05 space on the first two principal
coordinate axes occupied by the ant
fauna of the Sani Pass. From:
o — — 0.0 Bishop et al. 2015; J. Biogeogr. 42:
1776-1786
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Secondly, changes were ascribed to either turnover or nestedness. Turnover occurs when species (or
functional types) are replaced by new ones at different parts of the gradient. Nestedness describes a

pattern of species loss whereby some sites are simply “nested subsets” of those with more species.

“We found that different species occupied different elevations in a turnover pattern,” said lead author
Tom Bishop. “As you climb the mountain, however, these new species tend to occupy a smaller and
smaller subset of the functional types available. This is a pattern of functional nestedness. These results
allow us a greater understanding into the factors that may be shaping ant ecology and biology in harsh,

mountain environments.”

Monitoring the rate of spread of alien plant invasions and evaluating outcomes of management
actions in the Cape Town metropole

Metropolitan areas such as the City of Cape Town (COCT) are particularly vulnerable to the
introduction of invasive alien species. As one of the hottest ‘hot-spots’ of biodiversity, the Cape
Peninsula has the highest density and number of threatened plants of any metropolitan area in the
world. Alien plant invasions have been identified as being one of the biggest threats to native
biodiversity and ecosystem services. Invasive plants are also regarded as a serious fire hazard in Cape

Town.

The City of Cape Town’s Green Jobs Unit (which is part of the Biodiversity Management Branch) is
responsible for controlling invasions and restoring functional native ecosystems in Nature Reserves,
Critical Biodiversity Areas and Ecological Support Areas. A major challenge for the Branch is that
funding for alien clearing operations and restoration is difficult to obtain. Management actions
therefore have to be carefully justified, and monitored to identify the most effective solutions and

demonstrate levels of success.

One of the main objectives of the Green Jobs Unit is to monitor the spread of selected invasive plant
species in relation to control efforts. The C:I-B hosts a researcher, Dr Mirijam Gaertner, who is
responsible for leading the monitoring operations of the City, while post-graduate students and
technical staff of the Centre assist with monitoring. Mirijam Gaertner and her team have designed a
monitoring framework to answer the main important question of whether the problem of invasions

in the City of Cape Town is getting worse, is stabilising, or is getting better.

In a first step the team has developed the monitoring protocol and evaluated it against previous
monitoring efforts, an important task if the new long-term monitoring programme is to make optimal

use of existing data and knowledge.

In a second step monitoring plots where randomly established on aerial photographs in the BIONET
lowland areas within the COCT using Arc View GIS (Figure 3). Monitoring plots were used to make
estimates of invasive tree cover for the following sub-groups: (1) Protected-treated areas; (2)
Unprotected-treated areas; (3) Protected-untreated areas; (4) Unprotected-untreated areas.

Estimated were made for 2002 and 2013 to establish how invasive tree cover changes over time.
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So far 400 plots have been established and tree cover has been estimated for 2002 and 2013
respectively in treated unprotected and protected areas. In a next step plots will be established in

untreated unprotected and protected areas.

In the process of estimating tree cover in the low land areas it turned out to be very difficult to
distinguish between invasive Acacia species and native fynbos species. We therefore decided to
ground-truth these areas visiting reserve and area managers.

Once the dataset is finalised the results will be processed and presented to the City of Cape Towns’

Green Jobs Unit.

The C:I-B has committed to host the monitoring project for five years (until 2019).The monitoring
system will be passed on to CoCT by the end of 2019 in the form of a protocol and monitoring tool for

monitoring spread of invasive species and measuring success of clearing operations actions.

Figure 3. All green (dark and light) are the BIONET areas within the City of Cape Town boundary. The dark
green areas are protected areas and parks. The inset map shows some of the randomly selected plots that will
be used to make an estimate of invasive tree cover for lowland areas

1.2.2 Biodiversity foundations

Recognizing the significance of the foundational aspects of biology and the social sciences within the
context of invasion biology, and the fact that human activities more generally are not ontologically
separable from other natural processes, the C:I-B has undertaken much foundational work over its
lifespan. Such work has also been essential to draw in students and collaborators who are particularly

interested in ‘the workings of nature’ rather than on particular framings of biological invasions.

No time to waste in dealing with a biodiversity debt crisis
Recently there have been a series of debt crises in economies around the world, from Greece to

Argentina to the U.S.A. Unfortunately we also have a global biodiversity debt crisis. These debt crises

5
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share an important feature - managers need to respond to the emergency. Natural resource managers
must deal with wild-fires burning out of control, or a disease outbreak threatening bee populations,
or air pollution levels so high that they endanger a high-profile athletics event. The political pressure
to act is often intense. However, these are examples of events where the underlying causes are far
removed from the current crisis. The wild-fire might have been caused by the introduction of invasive
trees centuries ago. The disease affecting bees arose from events decades ago in a different country.
The air pollution might be the result of desertification kilometres away. This separation between

causes and consequences is a result of a series of cumulative time-lags.

The need to understand cumulative biodiversity lags in conservation was recently highlighted in two
papers by C:I-B Associate Franz Essl and colleagues at the C:I-B. Essl and colleagues found that current
patterns can be poor indicators of the underlying processes. Extinction debt, invasion debt, and
immigration debt are all cases where the environmental processes have been enacted (i.e. habitat
destruction, introductions of alien organisms, and climate change respectively), but where the full

impacts will only be known in the future (Fig 4).

How the effects of a change in environmental forcing are transmitted along a series of cause-effect
relationship can take a number of forms. For example, if stones are thrown into a pond, there will be
a series of ripples that interact and interfere with each other, but in a few minutes the pond level will
return to its previous state (the relaxation time). In contrast, a butterfly flapping its wings in a tropical
forest can (at least in theory through a series of amplified intermediary links) cause a thunderstorm
on the other side of the world sometime in the future (the reaction time). In the case of the butterfly,
the whole system can be permanently changed. The vast majority of cases fall somewhere in between.
A key argument made by Essl et al. (2015; Trends Ecol. Evol. 30: 375-378.) is that such sequentially

lagged response are not fully appreciated in (socio-) ecological research.

A good example of delayed biodiversity responses was presented in a linked paper (Essl et al. 2015;
Diversity Distrib. 21: 534-547). As nitrogen deposition continues over time, a threshold can be reached
beyond which the soil nitrogen content starts increasing rapidly. This causes a cascade of delayed
effects on the biotic components — plants show a physiological response to the changes in soil
chemistry, the change in plant tissue chemistry and plant species composition affects the herbivores,
and the herbivores affect higher trophic levels. Therefore there can be time-lags between each
subsequent component losing its resilience, the Damage Delay Time (DDT); and delays between the
event stopping and system recovery, the Recovery Delay Time (RDT). Some of the underlying

mechanisms are shown in Figure 4.

Essl and colleagues came up with five areas that need urgent attention:
e Incorporate lagged biodiversity responses into management planning;
e Include lags in long-term biodiversity projections;
e Investigate the interactions between mechanisms and how effects might cascade;
e Research thresholds and tipping points, to identify early warning-signals;

o Make explicit the role of shifting baselines in assessing environmental changes.
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Figure 4. Examples of lagged biodiversity responses due to changing pressures. For details, see Essl et al.
(2015) Diversity Distrib. 21: 534-547

Behaviour of species informs conservation strategies

Have you ever wondered why species are organized in such a way that species in one group interact
more with each other, than with species in other groups? Ecologists name this form of self-
organization “compartmentalization”. In trying to understand how this organization happens,
ecologists have noticed that consumer species are constantly selecting and adjusting their selection

of resources (species) to exploit (Figure 5). They select highly profitable resources rather than
consuming all available resources.

Previously, it was believed that life histories and evolutionary processes determine the
groupings/compartments in ecosystems. However, a paper by C:I-B PhD student Savannah Nuwagaba
showed that this behaviour of selecting and adapting (selective/adaptive behaviour mechanisms),
which occurs at time-scales faster than normal ecological time-scales, could be responsible for such
compartmentalisation. Savannah’s study showed that adaptive behaviour can explain the level of

compartmentalisation in 61 real predator-prey ecological communities (Nuwagaba et al. 2015; Proc.
Royal Soc. B. 282: 2015320).
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“This behaviour allows the abundance of species to
fluctuate without necessarily leading to extinction
of some species.” explains Savannah. She adds “that
ignoring species’ adaptive behaviour can lead to
either under or overestimating expectations. We
should carefully observe species behavioural
processes as they may have important implication

for conservation strategies.”

Figure 5. Herbivory, parasitism and predation are three
antagonistic interactions common in nature. Images from
Corbisimages and Abretelibro

Why do some frogs eat other frogs?
Normally, frogs eat small invertebrates that easily fit into their mouths, but studies of stomach
contents have shown that they sometimes eat eggs, tadpoles and even adults of other frogs. What

are the conditions under which frogs eat other frogs?

This was the starting place for a study led by C:I-B researchers John Measey, Giovanni Vimercati, André
de Villiers, Mohlamatsane Mokhatla, Sarah Davies and Shelley Edwards. They reviewed 323 papers on
frog diet, extracting variables that might help explain why frogs sometimes eat frogs (Measey et al.
2015; Peer) 3:€1204). Each species was scored for a number of traits which included their size,
whether or not the report was of an invasive population, whether or not cannibalism was reported,
the habitat type, as well as the number of species that are thought to occur at the study site. Over a
fifth of these records reported predation on frogs (anurophagy), and there were some superfamilies

that were particularly biased in this behaviour (Figure 6).

Invasive frogs are claimed to have a negative impact on native amphibians through a number of
mechanisms, but the significance of predation has rarely been quantified. The study showed that
invasive frogs have a higher proportion of anurans in their diet gives substance to the claim that they
are detrimental to local species. Surprisingly, invasiveness was included in the best model despite the
small number of studies of the diets of invasive anurans that were available. The researchers found
that large invasive frogs that live in forests with high anuran diversity are most likely to have a higher

proportion of anurans in their diet.
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Figure 6. Taxonomic bias in anurophagy across superfamilies (From Measey et al. 2015; PeerJ 3:€1204)

“Itis particularly interesting that we found invasiveness to be a significant determinant of anurophagy”

said John Measey. “This will help managers who are often unaware of the effects of invasive frogs.”

Skyscrapers and bungalows: the alien species real estate market on Marcus Island

A study by C:I-B PhD student, Saachi Sadchatheeswaran, examined the different number of species
(species richness) and invertebrates on the rocky shores of Marcus Island after the arrival of alien
species that were also ecosystem engineers. Saachi and colleagues surveyed the rocky shores in 1980,
2001 and 2012, and recorded over that period invasion by three alien species - the Mediterranean
mussel (Mytilus galloprovincialis), the North American Pacific barnacle (Balanus glandula) and a tiny

mussel from South America, the Bisexual mussel (Semimytilus algosus).

To examine the alien species’ influence on the habitable volume (complexity), Saachi used a 3D
graphics programme to recreate the samples collected in 1980, 2001 and 2012 (Figure 7). She found
that in 1980, the habitat complexity increased with increasing proximity to the water. In 2001, the
Mediterranean mussel dominated five of the six visible intertidal zones and complexity equalised
across the invaded area. Then in 2012, when the Pacific barnacle and Bisexual mussel were first
recorded on Marcus Island, complexity returned to 1980 levels (Sadchatheeswaran et al. 2015; Biol.
Invasions 17: 1799-1816.).
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Figure 7. Three-dimensional models of rocky shore zones on Marcus Island, depicting dominant space-
occupying species on five 5 cm2 quadrats (native species: Choromytilus meridionalis, Aulacomya atra,
Scutellastra granularis; invasive alien species: Mytilus galloprovincialis, Balanus glandula, and Semimytilus
algosus) as sampled in 1980, 2001 and 2012. Models were generated in Blender 2.64. From: Sadchatheeswaran
et al. 2015; Biol. Invasions 17: 1799-1816

“The samples covered with the Mediterranean mussel bore a striking resemblance to skyscrapers,
while the samples covered with the acorn barnacle looked like a neighbourhood of bungalows,” says
Saachi. She explains further “Skyscrapers provide lots of living space in a small area because of vertical
living; therefore more species and individuals can be accommodated. In comparison, a spread of

bungalows in the same size area provides very little living space.”

Using the skyscraper-bungalow analogy, Saachi made predictions on the changes to species richness

and abundance of invertebrates, and found that 18 of 20 predictions were correct. Wherever the
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habitable volume (complexity) increased, decreased or stayed the same, so too did the number of
species and individuals. While habitat complexity was able to predict changes to the species richness
and individuals in each zone, the community structure (the actual species that make up each zone)

was probably affected by a combination of habitat complexity and tidal height.

Investigating ecological effects of polyploidization in a cosmopolitan grass genus

Polyploidization, the process whereby an organism receives two whole copies of its parents’ genomes
(instead of half of each parents’ genome), is very common among plants and is thought to be an
important mechanism for creating new species (polyploids). Arguably the most important change
brought about by polyploidization from an ecological perspective is an increase in genetic diversity,
but other changes also occur during the process. These changes are predicted to have physiological
and ultimately ecological effects on the new species. Polyploids are predicted to live in a greater range
of environments, more extreme environments, and in environments different to that of their parental

species.

Using the globally cosmopolitan (found across all or most of the world in appropriate habitat) grass
genus Phalaris, C:I-B postdoc, Vernon Visser, and Jane Molofsky (University of Vermont; Jane spent
part of her sabbatical leave in 2013 at the C:I-B) tested whether some of the predicted ecological
effects of polyploidization held true. This genus includes reed canary grass (P. arundinacea), a major
invader in North American wetlands and the cereal used for birdseed, canary grass (P. canariensis)
(Visser & Molofsky 2015; Am. J. Bot. 102: 36 — 49).

Evidently, these predicted effects of polyploidization might be important for helping alien species to
establish and eventually become invasive in their alien ranges. Previous research has already shown a
strong correlation between polyploidy and invasiveness. This study therefore provides useful insight

for both ecologists and invasion biologists.

Despite investigating the highest number of environmental variables of any study to date, this study
found very little support for any of the predicted effects of polyploidization (Figure 8). The authors
suggested that a number of factors other than polyploidization are likely playing equally important
roles in shaping the ecologies of polyploid species. For example, in the case of Phalaris, the group
originated in dry Mediterranean climates, but some polyploid species have gradually moved into
wetter habitats such as wetlands and riparian areas. This is counter to the prediction that they should
inhabit more stressful habitats. This suggests that understanding the ancestry and evolution of a

species is just as important as knowing whether a species is polyploid or not.
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(A) Evolutionary relationships among Phalaris species Figure 8. The evolutionary history of
species within the grass genus
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1.2.3 B. Acacias as model systems for understanding invasions and impacts

Together with some other key groups which are under ongoing investigation (invasive birds, the
harlequin ladybird, Xenopus laevis and environments such as urban areas and agricultural contexts),
Australian acacias provide a superb model system for exploring the full range of challenges and
management options associated with introduced species. This group of plants has featured
prominently in research at the C:I-B since its launch. In 2015, this group yielded several important

research products and collaborations.
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Invasive acacias have commercial and other benefits in certain contexts, but increasing negative
impacts in others. Furthermore, they have substantial influence (positive and negative, depending on
geographical and socio-political context) on ecosystem services, and much value as a natural
experiment of widespread introductions and plantings. This allows useful lessons to be learnt from

other regions of the world.

The chronicle of a tree well-travelled

The Australian tree Acacia saligna has been moved around for world for well over a century. It is a
hardy, drought resistance species that grows in a wide range of environments, including saline and
nutrient-poor soils. It is commercially important in the drier areas of outback Australia, where it is
virtually impossible to grow crops of agricultural value. Its resistant nature and use as fodder for
livestock and biomass for fire has resulted in a long history of dissemination via the Australian Tree
Seed Centre that began in the early 1960s. The species is listed as invasive in South Africa, parts of the
Mediterranean Basin (e.g. Portugal, Italy, Spain), California (USA), Ethiopia, and Israel. Based on
morphological characteristics, three subspecies lineages have been tentatively identified within A.

saligna.

Work by C:I-B researchers and students and co-authors from Australia looked at native populations in
Australia and introduced populations from South Africa. This work identified significant genetic
divergence between South African populations and all native populations from Western Australia.
Statistical parsimony revealed a level of genetic distinctness between South African and other A.
saligna populations that exceeded the divergence previously identified between acacia subspecies
and, in some instances, even species. Nuclear gene regions and ten microsatellite loci were however
able to link South African populations with two cultivated populations of A. saligna in Australia.
Further qualitative research on the use of the species in Australia suggested that the unique genotype

arose as a result of cultivation and associated breeding programs on the species in Australia.

More recently, a follow up study undertaken by C:I-B PhD student Genevieve Thompson and co-
workers expanded the sampling area to include introduced populations in Israel, Italy, New Zealand,
Portugal, Spain, the USA and non-native populations from the eastern parts of Australia. This work
confirmed the unique nature of the genetic entities present in South Africa. Despite the identification
of all three lineages of A. saligna in globally introduced populations, no single genetic entity was
present in all introduced populations or countries. Bayesian assighnment analysis did however identify
admixture within non-native Australian populations and populations from Israel, Italy and Portugal.
On the basis of shared nuclear sequences and microsatellite assignment tests, the following
subspecies lineages were identified in the introduced ranges as follows: A. saligna subspecies lineage
‘lindleyi’ in eastern Australia, Portugal and the USA; subspecies lineage ‘saligna + pruinescens’ in Italy,
Portugal and South Africa; and subspecies lineage ‘stolonifera’ in wild populations in Western Australia

and introduced populations in Portugal, Israel and Spain (Figure 9).
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Figure 9. Maximum parsimony phylogenetic network representing the relationships among external transcribed
spacer ETS sequences for 120 individuals of Acacia saligna. From: Thompson et al. 2015; J. Biogeogr. 42: 305-
314

Given the presence of a variety of subspecies lineages in regions globally, the authors concluded that
it was unclear how effective management of invasions in one region may be successfully applied in
other regions. For instance, biological control agents successfully used in South Africa may be effective
against similar genetic entities in Portugal, but the same control agents lack efficacy against dissimilar
genetic entities present elsewhere. Further work is needed to conclusively link the relative extent of
invasions to genetic differences, and to determine whether genetic novelty can explain the
widespread invasions of A. saligna observed in South Africa and Portugal (Thompson et al. 2015; J.
Biogeogr. 42: 305-314).

Learning lessons from well-advanced wattle invasions

Problems associated with invasiveness of non-native tree species used in forestry are increasing
rapidly worldwide and are most severe in areas with a long history of plantings. Lessons learnt in areas
with long histories of plantings and invasions may be applicable to areas with shorter planting
histories. Most research towards understanding such tree invasions has focussed on Pinus species,
though all groups of trees that have been widely used in forestry are invasive to some extent. C:I-B
core team members Dave Richardson, Jaco Le Roux and John Wilson undertook a study to explore the

experience with Australian Acacia species (“wattles”) (Richardson et al. 2015; Sth Forests 77: 31-39).

Unlike some other groups of trees, no particular set of traits clearly separates highly invasive from
less- or non-invasive wattles. All species that have been widely planted over a long period have
become invasive; the extent of invasions is largely a function of human usage. These findings imply

that propagule pressure together with residence time are the main drivers of invasiveness in wattles
14
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(many factors mediate this driver, including fire, forest clearance and soil disturbance). There have
been massive plantings of wattles in South East Asia in the last few decades - large-scale invasions are

inevitable in this region unless pro-active management is implemented quickly (Figure 10).

The history of wattles in South Africa highlights the need for such proactive management. Wattles
were of considerable net value to the South African economy immediately after introduction.
However, the costs of wattle invasions increased over time to such an extent that (certainly over the
last few decades) these costs exceed the benefits derived from the forestry industry. Wattles now

dominate many natural ecosystems.
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Figure 10. Historical and possible future costs and benefits associated with Australian Acacia introductions.
Panels a & b summarize insights from A. mearnsii in South Africa. Panels ¢ &d suggest likely trajectories for
Acacia mangium x auriculiformis in South East Asia. From: Richardson et al. 2015; Sth Forests 77: 31-39

The authors proposed several interventions to prevent a similar pattern in South East Asia and to
ensure the sustainability of plantation forestry based on wattles in the region. A spatially-explicit
assessment of invasion risk is required, and a monitoring system should be implemented. Cost-benefit
analyses (that consider the full suite of perspectives relating to costs and benefits) need to be applied
to determine the need for sustainable mitigation methods. Options for reducing potential invasiveness
should be implemented; these include biological control targeting seed production (very good success

has been achieved in South Africa) and the use of sterile cultivars.

Feathered friends help rooikrans spread

Birds are important role-players in the spreading of seeds from the invasive tree Rooikrans (Acacia

cyclops). The birds are especially attracted to the bright red fleshy stalks that surround the seeds.

Between 1991 and 2002, conservation authorities used biological control to reduce Rooikrans stands
15
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and seed production. While the biological control was successful in reducing seed production, the
guestion now remains — will birds stop visiting trees with low seed numbers, or will they return and

continue to spread Rooikrans?

A recent study by former C:I-B PhD student Thabiso Mokotjomela, together with John Hoffmann
(University of Cape Town) and C:I-B core team member Colleen Downs, used field experiments with

caged birds to see whether birds disperse the seeds from remaining rooikrans stands (Figure 11).

Figure 11. Dr Thabiso Mokotjomela conducting experiments in a dense stand of Acacia cyclops.
Photo: Thabiso Mokotjomela

The study found that birds indeed removed and dispersed seeds from remaining Rooikrans stands. He
further found that seeds eaten by the granivore Red-eyed Dove (Streptopelia semitorquata) and the
frugivores Knysna Turaco (Tauraco corythaix) and Red-winged Starling (Onychognathus morio) had
higher germination rates, but not the granivore Laughing Dove (Streptopelia senegalensis). Granivores
are animals and birds that feed on seeds, while frugivores are fruit eaters. Thabiso also examined how
the body size of birds influence the germination of seeds. No relationship was found between the
birds’ body sizes and the time for which the seeds stayed in the gut. This means that the birds’ body
sizes could not be used to predict the length of seed retention time in the gut and thus how far seeds
might be dispersed (Mokotjomela et al. 2015; Ibis 157: 449-458).

Thabiso explains: “Even though there were less seeds available for the birds after using biological
control, the birds continued to eat and spread the remaining Rooikrans seeds. Our next step is to use
mini GPS transmitters to track the movements of bird species that eat Rooikrans seeds. This will show

us where and how far the birds spread the seed”.
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1.2.4 C. Detection, demonstration, responses and remediation

South African alien species databases — are they useful?

Information on how or why alien species arrive in a country can help prevent future introductions.
Such information is usually stored in databases, and in many parts of the world, these databases are
used for research and management. In South Africa, alien species databases are available for many
types of organisms (like mammals, birds and plants) but it is unknown whether South African

databases can be used to the same extent as the databases of other countries.

C:1-B PhD student Katelyn Faulkner and colleagues assessed the information content of South African

alien species databases to see how it compares with databases from other countries.
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Figure 12. Percentage of the total number of alien taxa per taxonomic group for which data on (1) pathway of
introduction, (2) date of introduction, (3) region of origin, (4) distribution, (5) invasion status and (6) all the
aforementioned categories were provided. The number of species in each taxonomic group is given in round
brackets and taxonomic groups are arranged according to descending data comprehensiveness (i.e. the number
of categories for which data is available for greater than 50% of taxa) (From. Faulkner et al. 2015; Bothalia, 45,
doi: 10.4102/abc.v45i1.1103)

They found that the information provided by South African databases is good for some organisms (e.g.
birds), but is poor for others (e.g. insects), and that useful information is often not provided (e.g.
invasion status data). South African databases also have less information than many of the databases
for other countries (Faulkner et al. 2015; Bothalia, 45, doi: 10.4102/abc.v45i1.1103) (Figure 12).

Katelyn and colleagues came up with eleven recommendations to address the gaps they identified.
One recommendation is that a single, standardized meta-database be developed that would facilitate

cross-taxon comparisons. According to Katelyn, “A meta-database will make information on alien
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species more accessible, and will have a standard format which will facilitate research within and

across different types of organisms.”

Public surveys contribute to rose-ringed parakeet research

Rose-ringed parakeets (Psittacula krameri) are the most invasive parrot species in the world and have
already invaded 35 countries on five continents. In South Africa, the first sightings were noted in the
1970’s with strongholds predominantly in Gauteng and KwaZulu-Natal. Today populations are also
known in Cape Town, and Steytlerville in the Eastern Cape. Rose-ringed parakeets are a generalist
species, which can thrive in a range of habitats and feed on a variety of food items. They nest in
cavities, and where food and nest sites are not limiting these birds have the capacity to reproduce

successfully and rapidly.

C:I-B core team member Colleen Downs and
post-doctoral fellow Lorinda Hart undertook a
study of the current distribution of rose-
ringed parakeets, Psittacula krameri (Scopoli,
1769) in the Durban Metropolitan area of
eThekwini (Hart & Downs 2014; African
Zoology 49:283-289). Newspaper articles,
newsletters and networking with local bird

clubs were used to identify roost sites and

areas where parakeets were observed.
Surveys were then conducted to determine

parakeet presence in and around these areas.

The South African Bird Atlas Project 2 (SABAP2) indicates that the parakeets currently occupy 475 km?
of the 2292 km? of the Durban Metropolitan area. Surveys from this study indicate an occupancy of c.
730 km?2. Such data comparisons indicate that rose-ringed parakeets are expanding their distributions.
This could have negative consequences on native bird species, particularly cavity nesters. Rose-ringed

parakeets are currently associated with urban areas, but could potential expand as populations grow.

Promising prospects for the eradication of Melaleuca quinguenervia in South Africa

The discovery of a clump of broad-leaved paper-bark trees (Melaleuca quinquenervia) in 2009 by a
field ranger lead to an exciting study on this global wetland invader (Jacobs et al. 2015; Biolnv. Records
4: 53-59). CapeNature employee and part-time C:I-B student Llewellyn Jacobs assessed the
distribution of the plant across South Africa and examined the prospects for the eradication of this

well-known invasive species from the region.

Working together with the South African National Biodiversity Institute’s Invasive Species Programme,
Llewellyn extracted localities from herbarium specimens and targeted land managers and researchers
to get information of where these plants may be. He found seven records in South Africa of which two

populations are naturalised (alien species that form populations that persist, and reproduce, for at
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least 10 years without intervention by people) (Van Wyk & Jacobs 2015; Afr. J. Aquat. Sci. 40: 299-
306). The Melaleuca quinquenervia working group then targeted one of the naturalised populations
for clearing to see which characteristics hinder or favour its eradication, and whether it is a cost
effective management option. After initial clearing and herbicide treatments in 2009, the population
were monitored for a six-year period until 2014. Results showed that by removing seedlings before
maturity and by chemical treating regrowth from the stumps, the population can be eradicated. The
project has cost R532 000 with the highest input during the initial clearing activities in 2010. Expenses
then dropped to R20 000 per year in 2013 and 2014.

This study shows promising results for efforts to protect wetlands affected by small populations of
paper-bark trees at a relatively small cost, especially once efforts reach a maintenance phase” says
Llewellyn Jacobs, who is currently a Scientific Technician with CapeNature’s Scientific Services. He
adds “Itis a concern however that the recent national invasive species legislation lists the broad-leaved
paper bark as category 1b (requiring compulsory control), but national heritage trees are exempted
from this. This tree is listed as one of the global top 100 most invasive species, and if eradication or

control is attempted, it may be hindered by this listing.”

Alien urchin no longer a concern for the West Coast

It is important that lists of invasive and alien species be updated regularly, but sometimes it can be
difficult to decide when a species should be removed. A recent study by C:I-B student Clova Mabin and
supervisors Tammy Robinson and John Wilson considered the case of the Chilean black urchin,
Tetrapygus niger (Mabin et al. 2015; Bioinvasions Records 4: 261-264). This urchin was first detected
in an aquaculture dam on a diamond mine in Alexander Bay on the West coast of South Africa in 2007.
Itis thought that this species was accidentally introduced with immature oysters which were imported

by the oyster farm that utilised the dam.

Although this species has not been recorded as alien elsewhere in the world, the presence of this
urchin caused concern because of the role that this species plays in its native range. Back home in
Chile, the urchin feeds on algae, particularly kelp, and is capable of converting healthy kelp populations
to barren landscapes. Kelp forests dominate the West coast and have both ecological and economic
value to South Africa. If this species were to spread from the aquaculture dam, this important resource
as well as abalone farming operations in the region could be threatened. As a result of these potential
economic and ecological impacts, T. niger was listed as a target for eradication under South Africa’s
National Environmental Management: Biodiversity Act of 2004 (NEM:BA). In an effort to support the
management of this species, the study undertaken by the C:I-B team involved the re-survey of the
affected and neighbouring aquaculture dams, as well as intertidal and subtidal searches of the
surrounding coast (Figure 13). The latter areas were of concern as runoff from the dams was believed
to have reached the shoreline during routine aquaculture operations and this could have transported

urchin eggs to the coast.
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Despite intensive fieldwork
Clova and colleagues found that
T. niger was absent from all
sites, despite the presence of a
healthy population of native
urchins Parechinus angulosus.
There was also little indication
of urchins grazing on kelp
stipes. The study recommended
that T. niger be removed from
the South African list of

introduced marine species, but
that it be retained on the list of Figure 13. A field worker searching for the urchin Tetrapygus
prohibited species and on a niger along the open coast. Photo: Clova Mabin '
watch list until there is an

absence of vectors to South

Africa.

1.2.5 D. Global environmental change and ecosystem services

Drivers of global change: interactions of invasive species and habitat loss

Global biodiversity is declining at an alarming rate. Causes of these declines include the destruction of
natural habitats as a result of human development, and the introduction of non-native species. The
interaction of these processes can have serious consequences for the functioning of natural systems
and are of particular concern in freshwater systems. One method to investigate the impact of a non-
native species on the surrounding environment is to measure its resource use, for example, its
consumption of native species as prey. This can also be investigated over a range of habitat types and
complexities to see how the loss of habitat might change this impact of the invasive species (Figure
14).

A study led by C:I-B post-doctoral associate Mhairi Alexander, involving C:1-B staff and collaborators at
SAIAB in Grahamstown, examined the impacts of an invasive fish species towards a prey species under
a series of habitat complexities that simulated habitat loss (Alexander et al. 2015; Environ. Biol. Fish.,
98:477-486). Habitat complexity refers to the variety of shelter that is available to fish and other
aquatic species in a river or water body and is important as it provides shelter, food and nursery
habitats.

The study examined the resource use of the invasive freshwater fish, the largemouth bass
(Micropterus salmoides), in simulated reed bed habitats that decreased in density as they would
through stages of habitat loss (Figure 15). By using a prey item, the guppy Poecilia reticulata, the study
found that only slight decreases in habitat complexity cause an increase in prey consumption across a

density of prey.
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Figure 14. Masters student Lubabalo Mofu collecting invertebrates in the Rondegat River.
Luba has since graduated and is pursuing a PhD with C-I-B support. Photo: Olaf Weyl

Figure 15. An experimental tank with an example of intermediate densities of the simulated habitat
complexity. Photo: Mhairi Alexander

“What this study has highlighted is that when two drivers of global change, that is habitat destruction
and invasive species, are considered in combination, their effects are potentially exacerbated.” says
Mhairi Alexander, lead researcher of the study. She adds that “the study has important implications
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for managers and policy makers to invest resources in cost effective mitigation of both invasive species

but also protection of important habitats.”

Reconstructing the invasion routes of a major agricultural pest
In a rapidly changing world, the ability to prevent invasions by intercepting foreign organisms or by
implementing quarantine measures is critical. Few studies however investigate the effectiveness of

such measures in preventing new or ongoing invasions.

A recent study involving several C:I-B-affiliated researchers genetic markers to determine the
population genetic structure (the movement of individuals between different sampling localities) and
the potential routes of invasion (the path taken to the introduced range) in the Mediterranean fruit
fly (Ceratitis capitata) (Figure 16) (Karsten et al. 2015; Diversity Distrib. 21: 813-825).

Figure 16. The worldwide route of invasion of the Mediterranean fruit fly (Ceratitis capitata). Arrows indicate the
most likely route of invasion coloured circles represents a sampling area in our data and the bracket indicates
admixture between populations (GUA = Guatemala, MAD = Madeira, GRE = Greece, AUS = Australia, NATIVE =
All African populations, UNS = Unsampled location, BUR = Burgers Hall). Dates indicated are for the first record
available. From: Karsten et al. 2015; Diversity Distrib. 21: 813-825

Results showed that the flies move freely between locations on the African continent, but not from
their African native range to the introduced range. Making use of Approximate Bayesian Computations
(ABC), the study showed that the likely invasion pathway of the fly was an initial colonization of Europe

from Africa (the native range) and a secondary colonization of Australia from Europe. The authors

22



C-1-B ANNUAL REPORT FOR 2015

further showed an introduction from Europe to the Americas and a back-introduction into South Africa

from Europe.

“Given the lack of new introductions into colonized, non-African locations despite growing trade, it is
clear that quarantine and interception measures for export consignments from Africa have been
largely successful.” says Minette Karsten, C-I-B-funded PhD student who was lead author of the
study. She adds “A concern, however, is the high levels of movement of flies over the African
continent. This does not bode well for the fruit industry on the continent, especially in the light of

preventing new invasions into previously pest-free regions.”

Impact of invasive alien birds on seed germination

A study by C:I-B student Vuyisile Thabethe and colleagues assessed how the germination of invasive
seeds are influenced after being eaten by indigenous, Knysna (Tauraco corythaix) and purple-crested
(Gallirex porphyreolophus) turacos, and invasive, rose-ringed parakeets (Psittacula krameri). To test
this, fruits of four invasive alien plants: bugweed (Solanum mauritianum), camphor (Cinnamomum
camphora), guava (Psidium guajava), and mulberry (Morus alba), were fed to the rose-ringed
parakeets and turacos. The seeds from each bird’s excreta or regurgitation were removed and planted
in separate trays (Thabethe et al. 2015; Biological Inv. 17: 3029-3039).

Vuyisile found that seeds passing through the gut passage of the two indigenous birds’ had higher
rates of germination. In contrast, seeds passing through the digestive tract of rose-ringed parakeets
had lower rates of germination. The results suggest that turacos are seed dispersers of these fleshy-
fruited invasive alien plants, while rose-ringed parakeets are seed predators. Damage to the seeds can
be caused by the parakeets crushing them while feeding and/or destruction of viable seeds in the

digestive tract.

“Although parakeets are not promoting the spread of invasive alien plants, indigenous plants may
suffer similar fates and have reduced germination rates,” says Vuyisile Thabethe, lead author of the
study. She adds, “This is perhaps one of the first studies highlighting the destructive behaviour of rose-

ringed parakeets on indigenous fruiting plants in South Africa.”

1.2.6 E. Human dimensions

Pathways of biological invasions

A study led by C:I-B associate Franz Essl (University of Vienna), and involving several C:I-B researchers
and a large international team explored the current level of understanding regarding pathways of
invasions (Essl et al. 2015; BioScience 65: 769-782). Invasions of alien species begin with the human-
assisted movement of living individuals or propagules across biogeographic barriers (Figure 17). As a
result, the contributions of specific pathways to introduction and subsequent invasion—and the
changes in the importance of pathways over time—are receiving increasing attention from scientists

and policymakers.
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This research provides a comprehensive assessment of the role of introduction pathways in causing
biological invasions. In particular, the study reviewed current knowledge, highlights recent advances,
identifies pitfalls and constraints, and discusses key challenges in four broad fields of pathway research
and management: pathway classification, application of pathway information, management response,
and management impact. The authors also provide recommendations for a research agenda with
particular focus on emerging (or neglected) research questions and present new analytical tools in the
context of pathway research and management.

“Improving the understanding of introduction pathways is essential for advancing the management of
alien species”, says Franz Essl. “We thus believe that the guidance provided in this publication will be

useful for scientists and alien species managers alike.”
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Figure 17. The role of bilateral trade in explaining biological invasions. Given are the temporal trends (1950-
2009) of total import volume of continents, which is a proxy for propagule pressure of alien species. From Essl et
al. (2015; BioScience 65; 769-782)

A costly affair — pine invasions in protected areas
Protected areas (PAs) are a key intervention for conserving biodiversity and ecosystem services. A
major challenge for PAs is the control of invasive alien plants that spread into PAs from surrounding

areas such as forestry plantations. The links between invasions and different plantation sources are
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poorly understood, making it difficult to assign responsibilities for control costs (Figure 18). To address
this issue, C:I-B post-doctoral associate Matthew McConnachie and co-workers used a new quasi-
experimental method to estimate the effect of plantations of invasive pines (Pinus species) on the
spread of these trees into PAs in the Cape Floristic Region (McConnachie et al. 2015; J. Appl. Ecol. 52:
110-118).

They found that 51% of PA pine invasions were caused by nearby plantations. Costs of controlling
invasive pines in the study area totalled 98 million Rand between 2001 and 2012. It could cost between
273 and 916 million Rand, and take between 34 and 113 years, to clear the remaining pines in the
study area, depending on rates of spread and cost-effectiveness of control. The results provide a
starting point for estimating the contribution of plantation forestry to invasions in protected areas in

the Cape Floristic Region.
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Figure 18. A hypothetical example of trade-offs faced by policymakers in deciding on the socially optimal target
for reducing the spread of pine trees from pine plantations. From: McConnachie et al. 2015; J. Appl. Ecol. 52:
110-118

Getting to grips with decision-making in invasive plant management

Making decisions about the clearing of invasive alien plants is not an easy process. Despite a plethora
of academic literature and practical examples, managers continue to rely on experience and
anecdotes instead of using scientific findings. This so-called “science-practice gap” receives a lot of

attention in the scientific literature, with natural resource managers often being criticized for not using
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scientific evidence when making decisions in their day-to-day operations. However, little regard is

given to the practical constraints that managers experience in their work environments.

A study led by former C:I-B PhD student Phumza Ntshotsho, involving C:I-B staff and collaborators at
the CSIR, assessed the use of scientific evidence in the management of invasive alien plants in South
Africa (Ntshotsho et al. 2015; Biol. Conserv. 184: 136-144).

Using the national Department of Environmental Affairs’ Working for Water (WfW) program as a case
study, the researchers showed that there are several factors that determine the extent to which
science is used in decision-making. For example, the institutional context within which decision
makers operate plays an important role. Organizational structure, policies, priorities and capacity

influence, and may even limit, the use of scientific evidence when making decisions.

“Our findings highlight the importance of conducting research with the end user in mind. Being
cognizant of other factors that may affect the practical utility of our science may encourage closer
collaboration with decision makers” says Phumza. “Co-producing knowledge with end users would
increase the potential for its application, which would ultimately mean we are doing impactful

science”, she concludes.

Anglers contribute to invasive bass research

Information on how invasive fish species enter and spread in aquatic ecosystems of southern Africa is
critical for managing such invasions. This is particularly important for alien sport fishes that are
“conflict species” because they have economic and recreational value. Black bass (a collective term
for species belonging to the genus Micropterus such as largemouth bass M. salmoides and smallmouth
bass M. dolomieu) are good examples of “conflict species” because they are popular angling species,
but also have impacts on native ecosystems. To manage such conflicts, South African legislation set

aside activities, including catch and release angling, in areas where black bass is already established.

C:I-B core team member Olaf Weyl and his international team worked with the South African Bass
Angling Association (SABAA), the Zimbabwe National Bass Federation (ZNBF) and the Bass Anglers
Sportsman Society (BASS) in the United States to evaluate the invasion status of black bass in southern
Africa. The team made use of data from 14,890 days of tournament fishing (11,045 days from South
Africa and Zimbabwe; 3,845 days from the United States).They mapped the distribution of black bass
using records from tournaments in Botswana, Mozambique, Namibia, South Africa, and Zimbabwe.
The team compared (1) catch rates (indicator of abundance) and (2) fish weights (indication of fish

size) from native and non-native ranges.

The study (Hargrove et al. 2015; PLoS One 10 e0130056) found no significant differences between

catch rates, average daily bag weight, or the average fish weight between countries.

“That means bass populations in southern Africa reached comparable sizes and numbers relative to
the waters where they are native,” says Olaf Weyl. He adds, “Given the minimal cost associated with
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data collection (i.e. tournament organizers collect records); the standardized nature of tournaments,
and consistent bias (i.e. angling for the biggest fish in a population), the use of recreational angler data

can be a novel approach for determining the status and distribution of invasive sport fish.”

The negative impacts of Prosopis invasions outweigh its benefits

Many invasive species provide both benefits and costs to society and the environment. These benefits
include aesthetic values, but also provide resources such as timber, fuelwood, fodder and food.
However, these invasive species can have costly consequences. For example, they reduce the supply
of ecosystem services such as water and grazing, reduce native biodiversity and have negative impacts
on local economies. Species that have both benefits of and costs can lead to conflicts of interest and

have often hindered effective management.

Work by C:I-B PhD student, Ross Shackleton, explored one such conflict-species: Prosopis or mesquite.
Interviews were conducted with several communities to compare the household use and perceptions
of mesquite as compared to native trees (Shackleton et al. 2015; For. Ecosys. 2: 16
doi:10.1186/s40663-015-0040-9).

Most households use both native trees and/or mesquite for fuelwood. However, the majority of
stakeholders across ten communities in the Northern Cape still use native trees more than mesquite.
This suggests that its direct use value for households is not as important as previously thought, and
that native trees, that mesquite displaces, are still more important in the area. This was because
fuelwood from native trees was seen as being of a better quality. The reasons for stakeholders to
prefer native trees include: coals from native trees are longer lasting; wet mesquite wood gives off
odorous smoke; large thorns make it difficult to harvest mesquite; and dried mesquite wood is
particularly susceptible to a borer beetle which turns it into pulp faster than in wood from native
species. The study further found that the reliance on both native trees and mesquite is decreasing as

the electrification of towns increase.

“This study showed that the impacts of mesquite exceed the benefits, and that conflicts of interest
surrounding mesquite are not as high as previously thought. The improved management of mesquite,
for example, through biological control agents, needs to be implemented to reduce the costs of

invasion and possibly improve benefits” explains Ross Shackleton.
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2 Education and training

2.1 Objectives

Recognising the enduring requirement for improving the demographic, gender and age profiles of the
South African scientific community, and for retaining excellence in the science system, the C:I-B will
continue to support 3™ and 4™ year students who meet either (and increasingly both) of these
requirements. The main idea is to draw students into the Centre’s sphere of influence and to

encourage them to think about the research done by the Centre as a rewarding career path.

2.2 Progress

In 2015, the C:1-B supported 68 students and 16 post-doctoral associates (see Table 2 and Table 3). For
the first time we had seven South African post-doctoral associates (44% of the total), the majority of
whom were graduates of the C:I-B programmes, reflecting the success of the CoE at ‘growing its own
timber’. Altogether, the C:I-B hosted 21 foreign students and post-doctoral associates from African
countries Madagascar, Rwanda, Uganda and Zimbabwe, and from Australia, Canada, Chile, Germany,
Ireland, Italy, Portugal, Spain the UK and the USA.

Table 2. Demographic information on the 2015 student and post-doctoral associate group

All supported students 68 All supported post- 16
doctoral associates

Academic level
Honours/4th year B. Agric. 7 10%

Masters 35 52%

PhD 26 37%

Gender Gender

Male 32 48% Male 7 44%
Female 36 52% Female 9 56%
Student demographics Student demographics

Black 35 52% Black 1 6%
White 33 48% White 15 94%
Funding level Funding level

Full 31 45% Full 8 50%
Partial 18 27% Partial 1
Independent 19 28% Independent 8 50%
Citizenship Citizenship

South African 57 84% South African 7 44%
Foreign 11 15% Foreign 9 56%

2.2.1 Postgraduate training

A full list of students and post-doctoral associates supported by the Centre and their progress in 2015
can be found in Appendix A.2. Graduations in 2015 included seven honours/4™" year (four black, three
white), 12 Masters (seven black, five white) and 7 PhDs (three black, four white) (Figure 19).
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Figure 19. C-I-B doctoral graduates in 2015. Clockwise from lower left: Katelyn Faulkner (UP), Caswell Munyai
(UniVen), Matthys Strydom (SU), Ony Minoarivelo (SU), Jessica Allen (SU), Uninjee Poonan (Wits), Ross
Shackleton (SU). Information on the current whereabouts of these graduates can be found in Table 3 below.

2.2.2 Awards

Giovanni Vimercati (PhD candidate, advisor: Dr John Measey)

Giovanni was awarded the C:I-B travel prize for the best PhD presentation at the C:I-B’s Annual
Research Meeting in November 2015, for his talk and infographic titled “Game of Toads: is winter
coming? Studying guttural toad eradication in Cape Town through an individual-based model”. He
plans to use the award to travel to Réunion Island to work with researchers on another invasive
population of guttural toads. Giovanni was also awarded the prize for best PhD-level presenter at the
Department of Botany and Zoology’s Annual Meeting.

Susan Canavan (MSc candidate, supervisor: Dr John Wilson)

Susan was awarded the C:I-B travel prize for the best Masters presentation at the C:I-B’s Annual
Research Meeting in November 2015. Susan plans to attend a Phragmites workshop in Sardinia in April
2016, as well as organize an additional one-day focus group to discuss the invasiveness and
management of large-statured grasses more generally, including species like Phragmites spp., Arundo
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donax, and bamboos. Susan also won best MSc presentation for her talk titled “Alien bamboos: A

threat or opportunity?” at the Department of Botany and Zoology’s Annual Meeting at SU.

2.2.3 Employment

The C:I-B puts considerable effort into tracking the progress of students and post-doctoral associates
who leave our programmes. This information is not always comprehensive, however, and the table
below supplies the information available at the time of writing this report. As requested by our

Steering Committee, we aim to track students for the first five years.

Table 3. Where are they now?

Name Level Institution Current position Race Gender
completed

Alexander, Post-doctoral SU Lecturer, University of West Scotland, Glasgow " F

Mbhairi associate

Ellender, Post-doctoral SAIAB Pursuing independent research in Zambia w M

Bruce associate

Faulkner, PhD UKZN Post-doctoral associate, University of Pretoria w F

Katelyn

Hill, Matthew Post-doctoral SU Post-doctoral associate, CSIRO, Canberra, Australia W M
associate

Mofu, PhD candidate, Rhodes Univ. (C:I-B-supported) B M

Lubabalo

Munyai, PhD UniVen Lecturer, UKZN B M

Caswell

Musedeli, Masters UniVen Professional Development Programme, Agricultural B M

Jufter Research Council

Poonan, Ulli  PhD Wits Director, Scimitar Social consultancy B F

Shackleton,  PhD SuU Consolidoc Fellowship, SU " M

Ross

Strydom, PhD SuU Academic Manager, African Academy of w M

Matthys Environmental Leadership

Visser, Vernon Post-doctoral SU Post-doctoral associate, University of Cape Town w M
associate

2.2.4 Funding

Among the 86 students and post-doctoral associates, 30 students and eight post-doctoral associates
were fully supported (bursary and project running costs), while 18 students and one post-doctoral
associate received partial support (in the form of a partial or full bursary, running costs only, or ‘in
kind’ support, e.g. supervision by a core team member). Independent funding was sourced by 19
students and eight post-doctoral associates, from other funding institutions, private foundations, and
other (non-CoE) NRF instruments. These figures reflect the C:I-B’s success in leveraging student
funding from partner organisations, particularly through partnerships (e.g. SANBI’s Invasive Species
Programme), contracts (e.g. Natural Resources Management Programmes of the Dept. Environmental
Affairs and CABI’s Research for Development grant to Prof. Brian van Wilgen) and other NRF funding

programmes (e.g. NRF funding for foreign post-graduate students).
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2.2.5 Internships

The C:I-B continues to support interns from various organisations, including SANBI, NRF and DAFF. In
particular, a DAFF collaboration with UKZN supports an undergraduate apprenticeship programme in
biocontrol of invasive species. Ten to twelve undergraduate students are involved in research at PPRI
(Cedara), Sugar Research (Mount Edgecombe) and at the University of KwaZulu-Natal,

Pietermaritzburg during the January and June vacations.

2.2.6 Undergraduate training

The CIB offers a semester course in invasion science to 3™ year BSc students from the Faculties of
Science and Agrisciences. During 2015, 60 students registered for the course, which means that a large
number of students in Botany, Zoology, Entomology and Conservation are exposed to the basic

principles of invasion ecology, management and policy-making.

3  Networking

3.1 Objectives

The C:1-B will continue to encourage a variety of approaches to scientific excellence, and to facilitate
networking both among its members and with like-minded individuals and organizations in South
Africa and abroad. In consequence, networking will continue to form a critical component of the C:I-B’s
work. The C:I-B’s Fellowship programme will remain a key instrument for maintaining and developing

partnerships, particularly in the international sphere.

3.2 Progress

3.2.1 Agreements with partner institutions
The C:I-B’s partners are shown in Figure 21 below. No new national or international networking
agreements were signed in 2015, but the existing partnerships were developed and strengthened

through research and training collaborations.

Z INSTITUTE - . s
‘/ OF BOTANY ASCR Ccpe Naiure IZIkO

museums of cape town
LABORATORIO DE
| | B INVASIONES
BIOLOGICAS
D) 4

UNIVERSITYo'TENNESSEE | br BirdLife

Figure 21. Partner organisations of the C:I-B (memoranda of understanding signed)
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3.2.2 Interaction with UCT Environmental Humanities

During 2015 the C:IB initiated in-depth discussions with the coordinators of UCT’s new MPhil in
Environmental Humanities, Prof. Lesley Green and Prof. Lance van Sittert. We supported one MPhil
student, Thomas Stielau (supervisors: Prof. Lance van Sittert and Dr John Measey), and hosted the
entire MPhil class (11 students) for a full day of field-based interaction in the Jonkershoek Valley, on
15 May. The day was themed “And a river runs through it” and involved a day-long walk along the
Eerste River, the main water supply for Stellenbosch which also crosses the eastern portion of the
Cape Flats and exits into the sea near Strand. The walk began in Jonkershoek Nature Reserve
(CapeNature) among fynbos vegetation with C:I-B core team members Dave Richardson, Brian van
Wilgen, John Measey, John Wilson, Karen Esler and Mirijam Gaertner and visiting Fulbright fellow Prof.
James Vonesh. From there, the group walked along the river through pine plantations, pasture and
vineyards into the peri-urban areas around Stellenbosch and discussed the history of water
management, plantation forestry and fire. The occasion gave unique opportunities for two academic
groups from traditionally separate disciplines to discuss matters of mutual interest concerning
invasion biology and will lead to stronger interactions between the two organisations in future (Figure
20).

Figure 20. UCT Environmental Humanities students and C:I-B researchers and students holding field-based
discussions in Jonkershoek Nature Reserve. Photos: James Vonesh
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3.2.3 Fellowship Programme

The C:I-B fellowship programme went from strength to strength in 2015. The Centre hosted four C:I-B

Visiting Fellows from Canada, Australia and Brazil and a Fulbright Fellow form the USA.

Prof. James Vonesh (Commonwealth University of Virginia, USA) is a
Fulbright Fellow hosted at the main C:I-B hub by Dr John Measey. Prof.
Vonesh co-supervised Measey lab group students studying Xenopus laevis
and the threatened Western Cape endemic Xenopus gilli. In addition Prof.
Vonesh has given grant writing workshops for graduate students in the
Department of Botany and Zoology and the C.I.B at SU and served on the
2015 national committee for the selection of South African students seeking
Fulbright Fellowships to study and do research in the USA.

Prof. Vonesh also helped to co-coordinate the Functional Responses
workshop led by Dr John Measey, and will be a contributor to several
research outputs from this meeting. Prof. Vonesh and C.I.B. core team
member Prof. Cang Hui collaborated on a theoretical study of the evolution
of the timing of metamorphosis which they will present at international
meetings in the USA and Europe in 2016. Prof. Vonesh is the lead Pl on a US
National Science Foundation collaborative research grant proposal to focus
on the effect of large invasive fish predators on aquatic food web structure
and linkages between aquatic and terrestrial agroecosystems in the
Sundays River valley, a collaboration with Prof. Olaf Weyl’s research group
at SAIAB and Prof. Cang Hui (SU), Dr Michelle Jackson (UP), Dr Darragh
Woodford (Wits) and recent C.1.B visiting fellow Dr Mike McCoy.

Prof. Paul Downey (Institute for Applied Ecology, University of Canberra,
Australia) visited the C:1-B from April to July, and again in November. He was
co-hosted by Dr Sabrina Kumschick (at the main hub at SU), and by Dr
Llewellyn Foxcroft (SANParks, Kruger National Park). Downey’s
collaboration with Dr Sabrina Kumschick focused on risk assessment
systems and approaches for alien species and how we can improve such
systems globally by comparing risk assessment systems across invasive taxa
and stages of the invasion. Prof. Downey is preparing a review on this
subject. Secondly, Paul is working with Dr Llewellyn Foxcroft on examining
how to improve management of alien species in Kruger National Park using
an adaptive management system based on Thresholds of Potential Concern
(TPCs), for which a series of alien species TPCs have been developed. Paul
and Llewellyn will evaluate these TPCs and their management outcomes,
with the aim of increasing management effectiveness for alien species in
protected areas.

Prof. Jean Vitule (Universidade Federal do Parand, Brazil) was hosted by
Prof. Olaf Weyl in June and July, at SAIAB in Grahamstown. Prof.s Vitule and
Weyl organized a workshop on the invasive catfish Clarias gariepinus in the
Western Cape at CapeNature, Jonkershoek where Vitule also talked about
catfish and other invasive fish species in Brazil. This workshop was attended
by Drs Kumschick and Measey, CapeNature colleagues and others, and
yielded a paper subsequently presented at the joint ESSA/ZSSA Conference
in mid-July (see Vitule & Weyl. 2015. Understanding invasion status and
risks of an emerging species in the global aquaculture industry — the African
sharptooth catfish Clarias gariepinus). Profs Vitule and Weyl have also
submitted a review paper to Journal of Fish Biology (now accepted) on
Clarias gariepinus invasions in Brazil and South Africa.
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Prof. Ben Evans (McMaster University, Canada) collaborated with Dr John
Measey to explore the impact of interspecies hybridization on a threatened
African clawed frog, Xenopus gilli. This frog is endemic to lowland coastal
habitat in the Cape Flora Kingdom, and faces threats from a common and
highly versatile species called the common platanna, Xenopus laevis. This
project aims to better understand population structure within each of
these species, and also how the extent of gene flow between them may
have changed over the past two decades. Prof. Evans gave a seminar on
sex chromosome evolution in amphibians, and a workshop on analysis of
next generation sequence data (RADseq) at Stellenbosch University to
provide a basic understanding of how it can be used to address research
questions, and what bioinformatics tools are available to facilitate analysis.
Prof. Evans co-supervises C:I-B-funded PhD student Ms Likho Sikutshwa.

Dr Mike McCoy (University of East Carolina, USA) was hosted by Dr John Measey at the main C:I-B hub, where
he planned and participated in the Functional Responses workshop which will produce a manuscript on size-
dependent functional response (in preparation). The Functional Responses workshop was attended by staff and
students from across Stellenbosch University, as well as SAIAB and Rhodes University students of Prof. O. Weyl.
Dr McCoy also participated in discussions on research in the Sundays River catchment, as well as leading lab
group discussions. Profs Vonesh and Weyl and Drs McCoy and Measey prepared and submitted a National
Science Foundation (USA) pre-proposal (January 2016).

4 Information brokerage

4.1 Objectives
Information brokerage will continue to be a core component of the C:I-B’s business. The limbovane
Outreach Project is the primary outreach and community interaction activity undertaken by the C:I-B.
Its main goals are to increase the understanding of science by learners at the secondary school level,
to help develop their critical thinking skills, and to provide a means to stem the extinction of
biodiversity experience. Further information brokerage will also take place via the dissemination of
knowledge through primary scientific literature, scientific books, popular publications, print media,
radio and television, and web resources. The C:I-B will continue to make use of the full range of
information brokerage mechanisms at its disposal, recognizing that as an essential part of the
knowledge economy, it must serve society at a broad range of levels.
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4.2 Progress

4.2.1 Workshops hosted

Conservation in the Cape Floristic Region (national focus)

C:1-B researcher Prof. Brian van Wilgen, in collaboration with leading scientists from the Cape Floristic
Region, hosted a colloquium on management challenges in the Cape Floristic Region on 13 April 2015
at the Lanzerac Hotel, Stellenbosch. The colloquium, co-hosted by the Royal Society of South Africa,
marked the 70" anniversary of the publication in 1945 of C.L. Wicht’s landmark paper on “The
preservation of the vegetation of the South Western Cape”, which appeared as a special publication
of the Royal Society of South Africa. Among other things, Wicht’s publication made proposals for
protected areas, identified the threats posed by invasive alien plants, and it made the first serious
suggestion that fire could be used to manage fynbos. Much progress has been made since then, and
eight speakers made presentations about historic progress and future challenges. The colloquium was
attended by 70 invited guests, representing a range of stakeholders from academia, management and

government (Figure 21).

Figure 21. Participants in the colloguium on management challenges in the Cape Floristic Region held on 13
April 2015 in Stellenbosch. Photo: Wiida Basson.
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The main outcome of this colloquium will be a monograph that is to be published in the Transactions
of the Royal Society of South Africa. The monograph, entitled “Ecological research and conservation
management in the Cape Floristic Region between 1945 and 2015: History, current understanding and
future challenges”, is the result of a collaboration between 15 authors from 14 institutions, and will
be published during 2016. It constitutes a unique blend of history, science and applied management,

and will provide an exceptional wealth of information for scholars and managers in future.

6th International Symposium-Workshop on Frugivores & Seed Dispersal

Core team member Prof. Colleen Downs (SARChI Chair in South African Research Chair in Ecosystem
Health and Biodiversity in KZN and the Eastern Cape) coordinated the 6th International Symposium-
Workshop on Frugivores & Seed Dispersal at Alpine Heath in the Drakensberg in June 2015, co-funded
by the C:I-B. The theme for the conference was “Searching for commonality in frugivory and seed
dispersal: merging community ecological dynamics with phylogeny across different biomes.” This was
a multi- and interdisciplinary conference where aspects of frugivores and their seed dispersal
mechanisms were discussed. At the conference, researchers from around the world presented their
work on focal topics on frugivores and seed dispersal, including invasive species. In total, 28 countries
were represented at the conference by researchers who presented their work, either via a poster or
a talk. The conference also gave students the chance to make presentations and several of our MSc

and PhD students and post-doctoral associates presented talks and posters.

Evolutionary dynamics of tree invasions: drivers, dimensions, and implications for management

C:I-B post-doctoral associate Dr Heidi Hirsch, in collaboration with core team members Jaco Le Roux
(Dept. Botany and Zoology, SU) and Dave Richardson, organized an international workshop entitled
“Evolutionary dynamics of tree invasions: drivers, dimensions, and implications for management”
which was held on 9 and 10 November 2015 at the Lanzerac Hotel, Stellenbosch. A diverse team of 25
scientists from South Africa and nine other countries came together to synthesize current knowledge
on the key processes which underlie evolutionary processes associated with tree introductions and
invasions, to seek improved understanding of the dimensions of these processes across different

scales, and to explore their consequences for management.

The main outcome of this workshop will be a special issue of the international journal AoB Plants
(impact factor = 2.3) comprising most of the papers presented at the workshop, as well as several new
contributions that emerged from the discussions at the workshop. This special issue will also lead to
multidisciplinary research contributions and collaborations between various South African and foreign
institutes. A major benefit of such an approach is the establishment of international links that will lead

to further collaborative research in the future.

Functional responses as a tool in invasion ecology (international focus)
C:I-B post-doctoral associate Dr Mhairi Alexander, in collaboration with core team member Dr John
Measey (SU), C:I-B Visiting Fellow Dr Mike McCoy and visiting Fulbright fellow Prof. James Vonesh,

organized an international workshop which was held on 9 and 10 November 2015 at Stellenbosch
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University. The workshop hosted 25 scientists from 11 institutions in South Africa and overseas to
discuss how functional responses have been used as a tool in invasion ecology, and how this approach
can to be developed into a best-practice model for the future. Three outputs from the meeting are
expected in 2016: a Flashpoint Perspective article in Biological Invasions, with counterpoint and
response. This will provide different viewpoints on the use of functional responses in invasion biology,
as well as caveats that should be taken into account. Another paper (also intended for Biological
Invasions) will cover the empirical analyses of functional responses, resulting in a suggestion for best-
practice analysis of functional response data. Lastly, a database of functional response experiments
will be compiled and published, to be used for future studies. The workshop provided an opportunity
for a range of South African and international researchers, post-doctoral associates and students to
generate long-term ties with the C:I-B in relation to functional responses, and for C:I-B delegates to be

aware of ongoing complementary work across the Centre.

Southern African Amphibian Red List Workshop (international focus)

C:I-B core team member Dr John Measey is the IUCN’s regional chair of amphibians and as such is
responsible for convening a workshop of African amphibian experts every five years to re-assess the
conservation status of the region’s amphibians. The southern African region (Angola, Botswana,
Lesotho, Malawi, Mozambique, Namibia, South Africa, Swaziland, Zambia and Zimbabwe) has 239
amphibian species, of which 38 carry an IUCN threatened status (Vulnerable, Endangered or Critically
Endangered), and a further 32 are considered Data Deficient. The entire region was last assessed in
2004, while South Africa, Lesotho and Swaziland were assessed during a workshop in 2009 (see
Measey 2011; SANBI Biodiversity Series 19; 84pp). The workshop conducted from 4 to 6 November
2015 had 16 representatives from Angola, Malawi, South Africa, and Zimbabwe, whose combined
expertise on amphibians is considered to cover the entire region. Over three days, the participants
considered each of the 70 species from the southern African region that were not of Least Concern,
together with any newly described species or species that had been taxonomically updated. This was
the first IUCN Red Listing experience for partners from Angola, Malawi and Zimbabwe who gained

important training and insights into the Red Listing process.

Participants were able to bring attention to regions under particular threat, as well as species that
have not been seen for many decades. In addition to the formal Red Listing procedure, the workshop
made time to examine the results of priorities that were made for amphibian research at the 2009
meeting. Given the low capacity and funding for threatened amphibian species, prioritising amphibian
research was seen as a successful initiative for South Africa, with the suggestion that this should be
extended to the entire southern African region. Participants began to put together new priorities for

the next five years that will go together with the next Red List assessment for the region in 2020.

Invasive Xenopus (INVAXEN) workshop (international focus)

Held simultaneously in both Portugal and South Africa, via a teleconferencing link, the INVAXEN
workshop brought together 22 researchers from Europe, North America and South Africa (including
six C:I-B post-graduate students) conducting research on the invasive frog, Xenopus laevis. Delegates

discussed issues as diverse as demography, physiology, genetics and ecology of X. laevis in both its
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native and introduced ranges. C:I-B Visiting Fellow Prof. Ben Evans (McMaster University) gave a talk
on his ongoing work with C:I-B core team member Dr John Measey on genetic introgression between

X. laevis and the Cape endemic X. gilli in South Africa.

A reduced representation approach to population genetic analyses and applications in evolution

Next generation sequencing is set to revolutionise the way in which we approach many fields of
genetics, including population genetics. Core team member, Dr John Measey and visiting C:1-B fellow
and faculty at McMaster University, Prof. Ben Evans, recently presented a hands-on workshop in June
2015 for those wishing to gain a basic understanding of reduced representation genome sequencing,
how it can be used to address research questions, and what relevant bioinformatics tools are available
to facilitate analysis. The workshop was split into a morning which gave an introduction to reduced
representation genome sequencing (e.g. RADseq, GBS), exploring examples from Ben’s research that
utilize this datatype. The afternoon session was interactive, including (a) basic Unix use, including file
manipulation and text editing with Emacs, (b) quality scores, file types, and de-multiplexing of
multiplexed samples, (c) aligning reduced representation data to a reference genome, (a) assembling
reduced representation data without a reference genome, (d) genotype calling, and (e) applications

to phylogenomics, population genomics, and linkage analysis.

The workshop was attended by 22 people from across several faculties at Stellenbosch University.
Ben’s down-to-earth presentation of complex data manipulation issues provided us with an
exceptionally clear insight into reduced representation genome sequencing. There are a host of ways

in which such data can be used to study the nature of invasive populations.

Annual research meeting (national focus)

The 2015 ARM was attended by 125 people, composed of post-graduate students, post-doctoral
associates, core team members, staff, guests and Steering Committee members of the Centre (Figure
22). Guest speakers included Prof. Laura Meyerson (University of Rhode Island, USA) who was
appointed to the C:I-B Steering Committee in 2015 as one of two science advisors. Prof. Meyerson
presented a fascinating talk about the role of the common reed, Phragmites australis, as a model
species for the study of plant invasions. Prof. Tony Ricciardi from the Redpath Museum, McGill
University, Canada, presented a keynote address titled “The future of invasion science” in which he
gave an incisive overview over the field of invasion science and proposed an agenda for a vibrant
future research programme that includes exploring the generality of concepts, creating coherent
theory for understanding impacts, embracing context dependence, integrating more evolutionary

biology, using large-scale coordinated approaches and exploring linkages with other fields.

Forty two Masters and PhD students participated by presenting a talk and an infographic designed to
communicate their work to a lay audience. The student sessions were each coordinated by a post-
doctoral associate leader, who guided the students in designing their presentations and integrated
the subject matter of the talks with their own work. Nine post-doctoral associates of the Centre

participated in this way.
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For the first time, we asked students to prepare an infographic that could be used to communicate
their science to a non-scientific audience. The students did a superb job of producing punchy,
interesting illustrations of the nature and importance of their work. The C:I-B’s international science
advisors commented: “Many of the infographics were superb while others afforded the opportunity
for students to evaluate their skills in communicating their research in a broad forum. This was a
modern and forward-looking approach to all important science communication that allowed all
students to participate and gain experience.”

Figure 22. Staff, guests and team members at the 2015 Annual Research Meeting held in the Department of
Botany and Zoolgy, Stellenbosch University.

The range of topics addressed by the student and post-doctoral associate sessions at the 2015 Annual
Research Meeting included:
e Pod 1 - Looking at alien species from a human perspective, Chair: Ana Novoa
e Pod 2 - Learn before we leap: how much do we need to know to manage invasive species?
Chair: Jeremy Shelton
e Pod 3 -Invasions, functional traits and niche dimension interactions, Chair: Ryan Wasserman
e Pod 4 - Spatial dynamics of ecological communities from local to continental scales, Chair:
Heidi Hirsch
e Pod 5 — Drivers and management of biological invasions, Chair: Raquel Garcia
e Pod 6 - A toolbox for the 21st century invasion biologist, Chair: Matt Hill
e Pod 7 —Urban invaders - Where they are and where they might go, Chair: Palesa Mothapo
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The winning pod was coordinated by Dr Ana Novoa (SU) and addressed a range of invasion issues from the
role of rats in urban ecosystems to the costs and benefits of earthworm introductions.

“Looking at alien species from a human perspective”:

Rats: worming their way through the city Rolanda Julius, PhD candidate, UP
Invasive alien plants on private land in the Cape Floristic Region  Jacques van Rensburg, MSc candidate, SU
Costs and benefits of earthworms in South Africa Siviwe Lamani, PhD candidate, SU
Alien bamboos: A threat or opportunity? Susan Canavan, PhD candidate (upgr.), SU

Historical expansion of the African Clawed Frog, Xenopus laevis ~ Thomas Steilau, MA candidate, UCT

4.2.2 Web-based services

Information Retrieval and Submission System

The C:I-B’s Information Retrieval and Submission System (IRSS) contains a total of 1896 items, an
increase of 21% on 2014 figures. The material archived includes. The database is growing but requires

much further input from team members to become a comprehensive library of Centre outputs.

Web page
The C:I-B web page (URL: http://academic.sun.ac.za/cib/) had 20699 unique visitors (17% increase).
These visits are made up of:

e SA:2881(14%)

e USA: 11842 (57%)

o UK:2548 (12%)

e Spain: 630 (3%)

e Germany: 468 (2%)

e Other: 12%
There were 39 512 unique page views, with an average visit duration of 2 m 48 s. our pages are found
through search engines (50%), direct link (37%), from other sites (13%).

Social media

The C:I-B has maintained a Facebook presence since July 2013 (URL:

https://www.facebook.com/centreforinvasionbiology). We have 371 likes

(followers) in total. More than ninety posts were submitted in 2015, with an
average reach per post (i.e. number of people who view each post) of 377.

Visitors to our Facebook page are 52% female; 46% male. Most visitors are

between the ages of 25 and 34.

limobvane also maintains its own Facebook page Created on 31 October 2015

(URL: https://www.facebook.com/limbovaneOutreachProject). To date

limbovane has 135 followers (63% women and 35% men) and has reached

1418 viewers. Most followers are between 18 and 24 years old (second most

common age group is 13 — 17 years). The age groups fit into the age group I1TMBOVANE
EXPLORING
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targeted by the programme (senior high school learners and young adults) and indicates that the

Facebook page is reaching the right target market.

Late in 2014, the C:I-B became active on Twitter in 2014. Our Twitter handle,

@InvasionScience (URL: https://twitter.com/invasionscience), now has 134

followers, has tweeted 386 times and has distributed 72 videos and photos.
The profile of our Twitter followers include senior academics around the

world, media officers of similar institutes in other countries, former Science

Advisors, alumni and current students and post-doctoral associates of the

Centre. All vignettes sent to the NRF are also distributed on Twitter.

4.2.3 limbovane Outreach Project

In 2015, the limbovane Outreach Project visited its partnership schools with a new initiative called
“Ants up close”. The initiative involved the use of mini-microscopes to investigate morphological
differences in ant species. The “Ants up close” initiative was a hit with both learners and educators.
After presenting to the class the basics of taxonomy, ant morphology and how it is used to distinguish
between different species, the learners then had to use his/her own microscope to discover the name
of his/her ant. In doing so, the learners could see how ant species differ from each other based on
their “looks”, thereby developing their understanding of biodiversity. This initiative also taught the
learners basic skills associated with microscopy, for example: how to use the focus function of a
microscope, how to handle a specimen under a microscope, how to identify different parts of an ant’s

body and how to use a scientific identification key.

During the October school holiday, the limbovane Outreach Project hosted a workshop for 30 learners
(38% males and 62% females) from 13 partnerships schools. The workshop titled “Antastic” was held
from 5 to 9 October 2015 on the Stellenbosch University campus. The workshop met with the goal of
teaching learners about biodiversity in Fynbos ecosystems (both terrestrial and freshwater),
biodiversity as indicators of environmental health, biodiversity loss and invasive species. Training was
done through interaction activities whereby learners were involved monitoring, sampling, and data
collection and analysis (Figure 22). This allowed the learners to apply the scientific method to the

activities, on which they reported back through a PowerPoint presentation.

The limbovane Outreach Project hosted a further one-day “Biodiversity Explorer” workshop (16
October 2015) for a group of Grade 10 Life Science learners from the Umyezo Wama Apile Combined
School, in Grabouw. Due to the school’s proximity to the Stellenbosch University campus, the project
team invited the whole Life Science class for a unique university experience instead of visiting the
school grounds. The morning session took the learners to a nearby nature reserve, the Jan Marais
Nature Reserve, where they learned about the scientific method, biodiversity monitoring and
sampling techniques. The afternoon session focused on microscope work, insect identifications and
morphology. The workshop benefitted the learners by taking them for one day away from their usual
classroom and by showing them how scientists work in an academic setting. The workshop was
attended by 23 learners of whom 12 were male and 11 female (Figure 23).
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Feedback from learners who attended limbovane’s Biodiversity Explorer workshop (16 October 2015)
“New skills such as team work were the most important skill at this workshop.”
Learner from Gerrit du Plessis Secondary School, Riversdal
“Hoe om insekte en miere te versamel, asook onder watter tipe groep dit geklassifiseer word.”
Learner from Riviersonderend High School, Riviersonderend

“It was my first time | come to the university lab in fact any lab and use microscope.”
Learner from Umyezo Wama Apile Combined School, Grabouw

In 2015, the limbovane Outreach Project once again joined other conservation institutions to
showcase career options in the biological sciences at the Western Cape Education Department’s
(WCED) Careers Expo. limbovane played an important role in giving the learners guidance on subject

choices and tertiary institution entry requirements.

In 2015, the limbovane Outreach Project featured in the Quest: Science for South Africa magazine. This
popular science magazine is published quarterly and aimed at a target audience comprising of
learners, educators and the general public. The Quest publication further featured a profile on Leonne
Adams, currently a third year BSc student at Stellenbosch University student, who has been involved

with limbovane since her Grade 10 school year in 2010.

Figure 23. Clockwise from upper left: A learner from
the Riversdal investigating an ant during the “Ants
up close” initiative (Photo: Dorette du Plessis).
Learners from Grabouw sampling invertebrates
during the “Biodiversity explorer” workshop in
Stellenbosch (Photo: Dorette du Plessis). Grade 10
Life Science class of Umyezo Wama Apile
(Grabouw) during the “Biodiversity explorer”
workshop (Photo: Sophia Turner).
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In November 2015, the limbovane Outreach Project appointed a new staff member. Ms Londiwe

Msomi, took on the role of Education Outreach Officer for the project in November 2015. Londiwe's

expertise lies in the fields of environmental education and educator training. She has been the past

six years an Environmental Education Practitioner with the Wildlife and Environmental Society of

South Africa (WESSA) in Howick.

4.2.4 Media highlights

In 2015, the C:I-B’s research was reported on in both local and international media. The complete list

of media mentions can be viewed in the media section (Appendix A.4) of the report; however, there

are a few highlights that deserve special mention.

In May 2015, the C:I:B team collaborated with the
popular science magazine Quest to produce a
special issue dedicated to biological invasions in
South Africa. The magazine included articles about
issues that are being addressed by research groups
at the C:I'B, ranging from plants to insects and
marine organisms. Apart from giving information
on these problem species, the articles highlighted

career profiles of invasion scientists working in
academic and non-academic organisations. Post-
graduate students and limbovane learners were
also interviewed about their interest in invasion

science (see Figure 23 below).

limbovane learner begins her future in science

Leonne Adams was introduced 10 invasion science dunng a visit 1o her
school by the imbovane Qutreach Project. This sparked Leonne’s interast
in science, so much so, that she enrolled for a degree in eological
sciences. Quesr asked her a few questions about her studies.

Where did you go to school?

Gerrit du Plessis Secondary School, Riversdale,

What are you studying?

| am doing a of Science in Sciences (Human Life

at h
Tell us about your interest in science
My interests lie in nature and in the body, paricularly human tissues, |
would like 10 go into forensics. My first expenence of real science was
during our schools involvement with the limbovane Outreach Project.
The project showed me as a Grade 10 leamer what science is about,
from working outside in the field, doing laboratory work and microscope
work and how to explam one's findings. The limbovane Outreach Project
played a part in my choice for Tefiary studies. | atways knew that |
wanted to study further after school, but | was not familiar with the
different courses offered. Being based at Stellenbosch University during
one of the limbovane Outreach Project workshops, | was exposed 1o the
university and what it offers. It made me feel sell-assured about coming
1o Stellenbosch University,

- Euerythmg yoll ever
wanted to Imnw :

; Inuash'ﬁ?v&; :

Jand usge plannmg

Do you have any advice for school learners that are considering

a career in science?

If you want something enough, you will get it. Show interest, go the
extra mile and grab every opportunity, 5o that you can make an informed
decision. Talk to people in the field, read up on different research fields
and participate in volunteer work.

Quest 1112 2015 13

Figure 23. Leonne Adams, a former limbovane learner, has started a Bachelor of Science degree at
Stellenbosch University. Leonne featured in the special issue of Quest devoted to biological invasions research.
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A paper by C:I-B Core Team Member John Measey and his herpetology research group received wide
media attention. The paper, published in the journal PeerJ, presented a review of the available
scientific literature on frog diets from all over the world. The group found that it is not uncommon
for a frog to eat another frog. The paper has led to several articles in the media and featured in Die
Burger, and on online news sites including New Scientist and Live Science. The research was further

publicised through an interview with Dr John Measey on Radio Sonder Grense FM.

C:I-B Core Team Member and fire ecologist, Prof. Brian van Wilgen, received much media attention
following large-scale wildfires in Cape Town, in March 2015. Van Wilgen’s response to fire
management and its prevention featured on several online news platforms including Bizcommunity,
SciDevNet and Cape Times. The importance of fire in the Fynbos biome and fire control received
further exposure through radio interviews with Prof. Brian van Wilgen on Channel Africa, Matie FM
and WitsRadio.

In September 2015, a paper by C:I-B Associate, Petr PySek and colleagues in the journal Nature drew
much attention from both national and international media. The research, which found that 13,168
plants (3.9% of the total plants worldwide) have become naturalised elsewhere as a result of human
activity, featured in articles on news sites including The Guardian, Der Tagesspiegel, Reuters, The
Japan Times, News 24, SABC news, International Business Times, Deutsche Welle, Times Live, ABS
Science and Nature Middle East.

5 Service provision

5.1 Objectives

The C:I-B strives to be valued for its excellent, evidence-based, reliable, affordable and impartial
service and to ensure that clients will always be in a position to follow up on the service they have

received in such a way that they derive the full benefit from the C:I-B services available.

Many of the Centre’s members provide inputs to policy and management guidelines on a regular basis.
Several core team members work closely with initiatives of the Department of Environmental Affairs
(DEA), and in particular their Natural Resource Management Programmes. Our collaboration with
SANBI ensures inputs at all levels to SANBI’s Invasive Species Programme. Dr Sabrina Kumschick works

closely with DEA and SANBI to develop best-practice methods of risk assessment for invasive species.

A full list of service provision activities can be found in Appendix A.5.

6 Gender impact of the Centre’s work
The gender-specific impacts of the Centre’s research are difficult to quantify, because the research is
not by design gender-specific. However, it almost certainly has some gender-based impacts. For

example, an extensive portfolio of the research is conducted through our collaborative research in
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support of the management of invasive plant species in South Africa, to inform the operations of the
Natural Resource Management Programmes (formerly Working for Water). The majority of people
employed to work on NRM projects are women, and so any changes to the efficiency of these
programmes may have a beneficial effect on the employees. In addition, in subsistence livelihoods,
women bear the most responsibility for agriculture, water provision and household management
(Seleti and Tlhompho 2014; J. Hum. Ecol. 48: 33-41). Therefore, invasive species heavily affect women,
their health and their burden of work in these contexts. Public engagement and application of invasion
science is crucial to bring research results into policy and practice, and this forms the focus of greater

effort in the current phase of the Centre’s development.

The C:I-B gives careful attention to the representation of women in all facets of its work. Although
women only represent 31% of the core team (8 out of 26), women are much better represented
among the C:I-B staff (83%; 15 out of 18), post-doctoral associates (56%; 9 out of 16) and students
(52%; 36 out of 68). The limbovane project is staffed entirely by women, providing a powerful role
model and informal career path guidance for aspiring scientists. limbovane is increasingly being drawn
into hosting learners who wish to do vacation work in the limbovane labs, and it is almost invariably

young women who volunteer in this way.

7 Governance and organisational structure

7.1 Steering Committee

The C:I-B is advised by a Steering Committee, as stipulated in the 2014 Memorandum of Agreement
between the National Research Foundation and Stellenbosch University. The Steering Committee
meets twice each year and advises on and approves annual plans and budgets, as well as key reports
such as this Annual Report. The committee also provides crucial links with key organisations in the
biological field and with funding bodies, as well as providing expertise in certain research areas that

may be under-represented in other Centre structures.

Table 4. The Steering Committee of the C:I-B in 2015

Name Affiliation Role

Prof. Eugene Cloete Vice-Rector, Research, Innovation and Postgraduate  Chair of the Board; ex officio
Students, Stellenbosch University

Prof. David Richardson Director, C:I-B, Stellenbosch University Ex officio

Prof. Louise Warnich Dean, Faculty of Science, Stellenbosch University Ex officio

Dr Thandi Mgwebi Executive Director, Research Chairs and Centres of Funder representative

Excellence (RCCE) Programme

Prof. Laura Meyerson  Professor, Natural Resources Science, University of Science advisor
Rhode Island, USA

Prof. Piero Genovesi Head of Wildlife Service, ISPRA Institute for Science advisor
Environmental Protection and Research, and Chair
IUCN SSC Invasive Species Specialist Group, Italy

Dr Wendy Annecke General Manager, Cape Research Centre, SANParks  Social science advisor
Scientific Services
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Name Affiliation

Role

Prof. John Donaldson
SANBI

Prof. Paul Skelton

Mr Ahmed Khan

Prof. Michael Somers

University of Pretoria

Prof. Stefan Foord

University of Venda

Dr Sarah Davies

Director, Applied Biodiversity Research Division,
Emeritus Professor, SAIAB & Rhodes University
Natural Resources Management Programmes,
Department of Environmental Affairs

Associate Professor, Centre for Wildlife Management,

Associate Professor, Department of Zoology,

Deputy Director, C-I-B, Stellenbosch University

Industry representative

Industry representative
Industry representative

Core team rep.*
Core team rep.*

Ex officio member, staff rep.

* The core team representative changed during 2015, with Prof. Foord serving for the first half of the year and

Prof. Somers from October onwards.

7.2 Core team members

Core team members are researchers located in a range of South African institutions, including

universities, national regulators and municipalities. Core team members conduct research, train

students and undertake outreach in biological invasions towards the goals of the CoE.

Table 5. C:I-B Core Team members in 2015

Name Nationality Institution Race Gender % Time spent
working in CoE

Prof. David Richardson SA SuU w M 100
Dr Sarah Davies SA SU W F 100
Prof. Marcus Byrne SA Wits w M 5
Prof. Chris Chimimba SA up B M 10
Dr Susana Clusella-Trullas Spain (SA resident) SuU w F 70
Prof. Colleen Downs SA UKZN w F 8
Prof. Karen Esler SA SuU w F 10
Prof. Stefan Foord SA UniVen w M 20
Dr Llewellyn Foxcroft SA SANParks W M 20
Dr Mirijam Gaertner Germany (SA resident) CoCT w F 95
Prof. Charles Griffiths SA ucTt w M 20
Prof. Cang Hui China (SA resident) SuU B M 20
Prof. Steven Johnson SA UKZN w M 5
Dr Sabrina Kumschick Switzerland SuU w F 95
Prof. Jaco Le Roux SA SuU w M 50
Dr John Measey UK SuU w M 100
Prof. Mark Robertson SA up w M 20
Dr Tammy Robinson SA SuU w F 50
Prof. Mathieu Rouget France (SA resident) UKZN w M 10
Prof. Michael Somers SA up w M 10
Prof. Peter Taylor SA UniVen w M 10
Prof. John Terblanche SA SuU w M 10
Prof. Brian van Wilgen SA SuU w M 100
Prof. Olaf Weyl SA SAIAB w M 10
Prof. John Wilson SA SANBI w M 100
Prof. Theresa Wossler SA SuU w F 10
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7.3 Research associates

The C:I-B’s research associates are individuals working within academic and non-academic
organisations who are expert in or interested in matters related to biological invasions. The research
associate network allows the Centre to extend its reach and influence outside the academic sphere,
and to draw on the expertise of a diverse range of skilled personnel. In some cases, the Centre’s
support for research associates also contributes to research capacity development and keeps us in
touch with our growing alumnus of graduates and former post-doctoral associates, some of whom

occupy influential positions in partner organisations.

Table 6. C-I-B Research Associates in 2015

Full Name Affiliation

Prof. Tim Blackburn Professor of Invasion Biology, Centre for Biodiversity & Environment Research,
Department of Genetics, Evolution & Environment, University College London,
United Kingdom

Dr Jane Carruthers Private

Prof. Steven Chown Head, School of Biological Sciences, Monash University, Melbourne, Victoria,
3800, Australia

Prof. Franz Essl Senior Scientist and Professor, Biodiversity and Nature Conservation,

Environment Agency Austria, and Division of Conservation Biology, Vegetation
and Landscape Ecology, University of Vienna, Austria

Dr Sjirk Geerts Lecturer, Dept.Conservation and Marine Sciences, Cape Peninsula University
of Technology, Cape Town, South Africa

Prof. Jan Gilliomee Research Associate, Dept Botany and Zoology, Stellenbosch Unviersity, South
Africa

Dr Patricia Holmes Biodiversity Management Branch, Environmental Resource Management, City
of Cape Town, South Africa

Prof. Brian Huntley Private

Ms Ulrike Irlich Project Manager: Early Detection, Rapid Response (EDRR) Programme, City of

Cape Town, South Africa
Dr Charlene Janion-Scheepers Post-doctoral Fellow, School of Biological Sciences , Monash University,
Melbourne, Victoria, 3800, Australia

Dr Jesse Kalwij 